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Summary: In an experiment on conifer seedbeds, 2,6-dichlorobenzonitrile

(2,6-DBN) at 1 or 2 1b/ac (active ingredient) cultivated into the top
2-3 inches of conifer seedbeds completely controlled annual weeds from
the time of application until mid-July. The material was applied as a

wettable powder 8, or 2 weeks before plots were sown (in early April
or early May). The number and height of seedlings of Pinus sylvestris,
Larixleptolepis, Tsuga heterophylla and Piceasitchensis was seriously
reduced on plots treated with 2 1lb/ac cultivated in, and by some, but
not all, applications of 1 lb; on plots treated with 1 1b/ac of 2,6-
DBN 4. or 8 weeks before sowing, the weed control was good and Picea
sitchensis, and Larix leptolepis seedlings were undamaged. Applications
of 4 lb/ac of 2,6-DBN cultivated in had little effect on crop or weeds.

Applications of 2,6-DBN to the soil surface had little effect on crop or

weeds.

INTRODUCTION

2,6-DBN Was supplied with the information that it had shown promise’as a
killer of both dormant and germinating seeds. The compound was said to be
moderately persistent but that this property was influenced by whether the com

pound was incorporeted in the top layers of the soil or left on the soil surface

From this preliminary information, 2,6-DBN appeared to have a potential value in

forest nurseries if applied to seedbeds well before sowing, the seedbeds being

as nearly ready for sowing et the time of treatment as possible.

METHODS AND MATERIALS

2,6-DBN was applied as a 50 per cent wettable powder to prepared seedbeds at

Kennington Nursery, Oxford, at rates of 4, 4, 1 and 2 2 lb/ac active ingredient.
It was sprayed on the soil surface as 2 suspension in water ot 60 gal/ac, and

immediately after spraying, half the plots in the experiment were lightly culti-

vated so thet the 2,6-DBN was incorporeted in the top 2-3 in. of soil. The
compound was epplied on six dates, 8, 4 and 2 weeks before sowing in the first

week in April, and 8, lL and 2 weeks before sowing in the first week in May. A

5x3x2x 2 factorial design with 2 single replication was used in this

experiment.

Plots 3 ft x 3 ft in area, were sown with seed of Scots pine (Pinus

sylvestris)iSitka spruce (Picca sitchensis), Western hemlock (Tsugs. heterophylle)

and Jepanese lerch (Larix leptolepis). Seed was sown on the soil surface (which

had been consolidated and lightly raked immediately before sowing); the seed

was then covered with coarse send.

The soil ct Kennington is 2 light loam, pi 5.5. The weed flora is composed

of ennucls, the ost importent of which are Poa annua, Senecio vulgaris, Spergula

arvensis, Polygonum pcrsicearic end Chenopodium album,
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Assessments were mede of the number of seedlings at the end of May and at
the end of Junc, and of the height and number of seedlings ot the end of the

growing season, i.e. carly October. (These last assessments werc not available
at the time this paper was written). Weed growth was assessed by measuring the

time teken to remove by hand all the weeds on a plot, weeding being done at

intervals of l weeks.

Samples of soil from O to 3 in. in each plot were taken et the time of

sowing for determination of residues of 2,6-DBN.

RESULTS

Teble I gives the number of conifer secdlings at the end of June on plots

sown in early April and in early May. The table shows that 2 lb/ac of 2,6-DBN

cultiveted into the top 2-3 in. of soil, and applicd 8, 4 or 2 weeks before sowing
in April or May, drastically reduced the number of seedlings of 211 species.

1 1b of 2,6-DBN cultivated in, reduced the numbers of /April-sown Scots pine and
Japanese larch whatever the intervol between treatment and sowing but did not

effect other species sown then. On plots sown in May, the same treatment reduced

the numbers of three species, but only where plots had been treated 2 weeks
before sowing (4 weeks also for larch). The fourth species, hemlock, failed on
all plots.

ipplications of 4 or + lb/ac of 2,6-DBN hed no effect on the number of plants

on any plot or species except for Scots pine where 4 1b/ec cultivated in 2 wecks

before sowing in May apprecicbly reduced the number of secdlings of this species.

The height of secdlings (judged by cye) at the end of the season wes less on

plots where the numbcr of seedlings was reduced by treatment with 2,6-DBN, but

not on other plots.

Teble II shows that where 1 or 2 lb/ac of 2,6-DBN was cultivated-in, almost
complcte weed control was obteined which lasted until mid-July; the weed growth .'

in August end Septembcr was Very slight on these plots and could have resulted
from re-infestation of the plots with weeds from outside the plot as much as from

germination of dormant resistant seeds. /pplications of 4 and 4 lb of the
compound cultivetcd-in gave moderate control of wecds on some plots, but not on

others. Where 2,6-DBN was applied to the soil surfacc, there was little control

of weeds, cven at the highest dose.

There were no residues of 2,6-DBN greater than 0.1 ppm dry soil in soil

somples teken from 0-3 in. on any plot. It was not possible to detect residues

at lower concentrations then this. (0.1 ppm is equivalent to approx. 0.1 ib/ac).

DISCUSSION

The striking feature of the results of this cxperiment is the almost complete

control of weeds on plots treated with 1 or 2 lb/ac of 2,6-DBN when this is

cultivated in. While the higher of these doses seriously domeged all four species

of conifer, where 1 1b/cc had been cultivated in 8 weeks before sowing, Sitka

spruce end !-estern hemlock were not affected at all, and Scots pine end
Jepancse larch were reduced in numbers only on April sown plots. There is some

suggestion that Scots pine was most susceptible to 2,6-DBN, Sitka spruce and
Western hemlock least susceptible and Japanese larch intermediate. This might
possibly be related to speed of germination. Scots pine is the quickest to
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germinate of the species used here, normally coming through in 12-18 days, where
the larch and spruce would take 21-28 days and the hemlock slightly longcr still.
If 2,6-DBN is more toxic to germinating than to dormant seeds then one would
expect quickly-germinating species to be more affected than species germinating
slowly.

Comparison of the numbers of seedlings at the end of May and at the end of
June shows quite clearly that on all those May-sown plots where the number of
Plants hed been affected by 2,6-DBN, plants had emerged and were live and
epperently healthy at the end of May but had died by the end of June, the plants
not having developed beyond the cotyledon stage. ° Of the species sown in early
April and affected by 2,6-DBN, only Sitka spruce seedlings dicd in appreciable
numbers between the counts at the end of May and at the end of June. Sccdlings
on the other April-sown plots affected by 2,6-DBN had died by the timc the May
count was made. These results suggest three possibilities: firstly, that there
was 2,6-DBN in the soil around the seed and germinating seedlings but that it did
not enter the plant until after emergence; secondly, that there was no 2,6-DBN
in the surface soil but that it was present an inch or so below the surface and
the seedling roots only came into contact with it later, or, thirdly, that the
seed picked up the 2,6-DBN soon after it was sowm but only succumbed to its
effect after several weeks.

The effect of the interval between application of 2,6-DBN and sowing is not
consistent. Table I shows that whatever the interval, i.e. 2, 4 or 8 weeks,
between application and sowing in April, there was no clear effect on the number
of seedlings; in contrast, on May-sown plots, applications two wocks before

sowing depressed numbers of seedlings at doses which had no effect when applicd

four and eight weeks before sowing. There is no evidence that the interval

between application of 2,6-DBN and sowing had any cffect on weed growth efter

plots were sown. Any weed growth which developed before sowing was removed when

the appropriate plots were consolidated and lightly raked in preparation for

sowing. The only note made at this time was that the plots where higher doses

of the compound were cultivated in were clean, The consolidation end raking at

the time of sowing (which are standard operations in all forest nurscries) may
elso have disturbed the surface soil and brought up healthy weed seeds from 4-1 in

below the surface, so reducing the effect of treatments applied to the surface of

the soil.

The dete on which plots were sown had some effect on plant numbers; there

were more Scots pine seedlings but fewer Western hemlock, Sitka spruce and

Japanese larch on the Mey~-sown plots than on the April-S0WM plots. These

differences agree with evidence from other experiments where the date of sowing

is varied. The date on which plots were sown also effected the amount of weed

growth at the time of the first weeding, this being due to the timing of assess-
ments. The first weeding was carried out on 25th May on all plots. The plots

sown in early April had seven weeks in which to develop a weed cover while the

May~sown plots only had three weeks. There is no difference in development of
the weed population leter in the season.
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TLBLE I. THE NUIIBER OF CONIFER SEEDLINGS AT THE END OF JUNE
 

 

Dose 2,6-DBN cultivated in 2,6-DBN applicd to soil surface
applicd 8 wks wks. 2 wks, 8 weeks 4. weeks 2 weeks
Ib/eac before sowing before sowing

Scots pine (Pinus sylvestris)

Plots sowninearly ‘pril

92 121 105
99 98 110
86 66 104
19 23 111
13 0 422

Plotssownincarly May

12h 4119 105
122 136 115
116 39 128
96 25 120
h 0 118

Sitka spruce (Picea sitchensis)

Plots sownincarlyfpril

149 172 1he2
149 152 152
133 138 152
118 113 134
2 56 1hh

Plots sowninearly May
100 92 68
120 63 100
104 95 90
63 28 88
33 0 70

Western hemlock (Tsuga hetcrophylla)

1h3 2th 105

215 189 208
191 +132 166
161 126 185

0 22 192

Plots sown in early May 



TABLE I (Contd.)

Dese 2,6-DBi! cultivated in 2,6-DBN applied to soil surface
applied 8 wks wks 2 wks 8 weeks k weeks 2 weeks
1b/ac before sowing before sowing

Japanese Larch (Latrix leptolepis)
Plots sown in early April

52 «63 55 37
5366 63 2B
81 5h 88 80
ki 37 63 70
h 4 63 6h,

Piots sown in early May

Lo ho 3h he
65 38 56 Ot 5h
hg 2 37 L8 52
2k 5 5 51 0
6 0 0 SY 53

TABLE II, THE EFFECT OF 2,6-DBN ON WEED GROWTH
(ASSESSED BY THE TIME TAKEN TO REMOVE WEEDS BY HAND)

Time taken to remove weeds

Method (Seconds/sq yd)

and time of

treatment Date of weeding

2505 26> 2167 17.8
 

178 50 58
82 10 20
26 2 ho
12 2 9
0 0 16

164, 64, 56
198 20 26
132 50 18
52 12 Lo
102 11 36

Cultivated in 2 weeks

before sowing in April h
O

Left on surface 2 weeks
before sowing in April

12 16
106 15
hh 38
2 Lo
0 15

Cultivated in 2 weeks

before sowing in May
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Mre_S. Campbell If the use of irrigation or heavy rainfall tends to increase

the persistence of the chemical, possibly by removing it from the soil surface,

to what extent might surface cultivation help to counter this?

Mr. Barnsley Our experiments have so far been confined to an initial culti-

vation aftcr spraying and this has consistantly extended the persistence of

2,6-DEN. If anything cultivation and irrigation are additive.
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DIQUAT - A REVIEW OF RESEARCH AND DEVELOPMENT
WITHTHECOMPOUND, 1955-1960

He P. Allen

Plant Protection Ltd.

INTRODUCTION

Several papers have been published in which laboratory, grecnhouse, and
field studies with diquat and related compounds are described in detail

(Brian Re Cs et ale 1958; Homer Re Fe et al, 1960; Stubbs J. 1958). These
papers cover chemical and physiological aspects of the action of diquat and out-

line some of the likely uses of dipyridyls in agriculture and horticulture.

The object of this paper is to review these studies as a whole and to

present to this Conference as complete a picture of diquat as present knowledge
will permit. In compiling the paper the writer has drawn freely upon the

material contained in the publications referred to above and makes grateful
acknowledgement to the authors thereof.

INITIAL INVESTIGATIONS

It is already known (Brian R. Co. et ale 1958) that diquat (the coined
common name for 1:l'ethylene ~ 2:2! dipyridylium dibromide) was first noted as

a chemical of exceptional activity early in 1955 during an investigation at
Jealottt's Hill Research Station into the herbicidal properties of a series of

quaternary ammonium compounds. Diquat was first prepared by Re J. Fielden at

Dyestuffs Division (1.C.I.) Laboratories at Blackley by the quaternization of
2:2! dipyridyl with ethylene dibromide, a reaction which produces a well-

defined crystalline product of the formula mentioned above. The structural

formula for diquat is:-

2Br~

Diquat forms a pale yellow monohydrate from water, is readily soluble

to the extent of 70 g in 100 ml water at 20°c., and is stable in acid or

neutral solution. In alkaline solution diquat is less stable and coloured

complex products are formed which appear to arise from the opening of one of

the pyridine rings, a process associated with the uptake of one molecule of

alkali (Brian R. Co et ale 1958).

(781 78) 



In their letter to "Nature’((Brian Ro. C. et al. 1958) these workers describe
greenhouse studies in 1955 in which diquat, applied as a foliage spray in
aqueous solution with 0.3 per cent v/v of a wetting agent ('Agral! LN) added to

tne diluted spray, gave complete kill of sugar beet, wheat, white mustard,

marigold, red clover and cleavers at doses down to 0.5 lb per ac of diquat in

100 gal total spray/ac.

The 0625 lb/ac rate gave 100 per cent kill of marigold, nearly complete

kill of mustard, and even at 0.125 lb/ac diquat seriously damaged all the test
plants mentioned with the exception of cleavers. Without the wetter, also at

low-volume (20 gal/ac) applications, diquat gave very similar results. It was
noticeable also that the action of diquat on the plant was very rapid.

This apparent independence of volume of application of diquat as a foliage

spray suggested systemic activity and the uptake and translocation of the com-
pound through the aerial parts of broad beans and oats was readily demonstrated,

and confirmed by use of material labelled with 14C,

Root uptake by oats growing in culture solutions occurred but applications

to the soil around the bases of full grown plants had no effect on the plants;
further investigations in this direction showed that diquat was instantaneously

adsorbed and immediately inactivated in soil.

Thus by the end of 1955 the following properties of diquat were apparent:-

1. The compound is very rapidly absorbed into plant foliage and there is

movement through the aerial parts of plants.

2e Partly due to its systemic activity diquat is as effective when
applied low volume (at least down to 20 gal water/ac) as in high
volume applications.

Diquat is highly active against a number of annuals under greenhouse

conditions at rates of application down to 0125 lb/ac. Its action
indicates considerable potential for the compound as a herbicide and
desiccant,

hk.  Diquat is adsorbed immediately on contact with the soil by base

exchanges

The next steps in the investigation were now clear. These were:-

le To continue field tests to define more clearly the properties of

diquat both as a herbicide and as a desiccant in the field. This

study would embrace tests of the compound with various wetting agents

and alone, at different doses and volumes on a wide range of crops and

weeds both in Britain and overseas.

2. To set up chemical and physiological work with the object of throwing

light on the mode of action of diquat,

These two lines of investigation were followed simultaneously by teams of

biologists and chemists; in this paper the studies concerning mode of action
of diquat will be dealt with first and the biological field investigations will
be described later,
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STUDIES ON MODE OF ACTION

The unique properties of diquat which revealed themselves in the biological
tests of 1955 led to the examination in the period 1956 - 1960 of a range of
quaternary salts derived from heterocyclic systems related to 2:2'dipyridyl, in

particular those salts derived from possible isomeric dipyridyls, with the object

of (a) determining the chemical requirements for the appearance of the type of
phytotoxic activity displayed by diquat, and (b) elucidating the mode of action

of these compounds.

These studies are described in detail by Homer, Mees and Tomlinson in their

paper to the Pesticides Group of the S.Cole, read in February 1960. The main

points arising from this work are as follows:-

The activity of thc dipyridyl quaternary salts depends on the reversible

production in the plant of a free radical, This is formed from the quaternary

salt by reduction, namely the uptake of one electron, at biological redox

potentials, and within the limits set by these potentials, the more readily the

chemical is reduced the more active it will be.

It was possible to confirm this hypothesis by comparing the redox potentials

of a number of these compounds with their biological activity. Thus the 2:2t

and 4:h"! dipyridylium salts are the most easily reduced; they are also the most
biologically active. In contrast it is not possible to reduce the 2:3! and
3:3' dipyridylium salts and these are inactive. Further, certain substituted

2:2! salts are more difficult to reduce than diquat and are proportionately less

active. Light appears essential for this rapid killing effect of diquat.
Plants treated in the dark take longer to die if they are kept in the dark than

if they are transferred to the light, This would suggest that the necessary

redox potentials are developed in normal respiration processes, but a more rapid

reduction occurs during active photosynthesis, Translocation of the chemical
continues efficiently in the dark and when "dark" treated plants are brought out

into the light the aerial parts die rapidly.

It has been mentioned earlier that diquat acts very rapidly on the acrial

parts of plants. It is well to enlarge upon this point because it is this

aspect of activity which is most striking. In plants sprayed with diquat in

the light the death of the leaves is extremely rapid; effects are frequently

visible in less than an hour and the treated leaves are completely desiccated

in avery few days, Stem tissues, e.g. potato stems, die more slowly and it is
more likely that here death follows the slow diffusion of the chemical into

healthy tissue.

The result of the very rapid 'contact' kill of the leaves of plants by

diquat is to kill the translocating mechanism, but a very small amount of diquat

is moved from leaves down the stems by passive translocation. Amounts of

diquat moved downwards in this way are just sufficient to produce detectable

residues in underground parts of plants, e.g. potato tubers, but far too low to

have any herbicidal effect, and 'kill! of the plant by diquat normally stops at

soil level giving an effect similar to cutting or burning. It follows that

treated perennial plants will recover, some more slowly than others.

There are two more aspects of diquat which should be mentioned here, namely

residues and mammalian toxicity.
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Residue analyses of large numbers of potato tubers harvested from potatoes

where haulms were treated with diquat have shown residues ranging from 0.05 ppm

to Ol ppm. This is consistent with the known lack of effect of diquat on

those parts of plants below soil level.

Diquat has a low oral memmalian toxicity to rats, the oral LD 50 being
hoo - 4Lo mg/kg, and 500 ppm w/w of diquat in the daily diet of rats for sixteen
months did not affect the rate of growth during the period, nor was any chronic

toxicity apparent.

FIELD USES FOR DIQUAT

When considering the role of diquat we should start from the point that it

is a contact herbicide and desiccant with an extremely rapid action with

absolutely no activity in the soil and with a low mammalian toxicity.

For a desiccant, potato haulm, legume seed crops and cotton are obvious

outlets, and considerable work has been carried out with the compound on these

cropS.

In cotton doses of diquat as low as 0675 - 1.0 lb/ac in low volumes of

water (5 - 15 U.S. gal/ac) have given acceptable desiccation of !stripper! type

cotton in Texas, comparable with the arsenic acid and pentachloro;"wiel sprays
currently in commercial use there. On Lucerne in California diquat at

1 - 1.25 lb/ac has compared very favourably with dinoseb, and on white, red and
crimson clover has proved an effective desiccant at doses of from 005 ~ 1.25 lb/ac.
In England trials up to 1959 indicated that diquat at i - 1.5 lb/ac gives satis-
factory desiccation of red clover seed crops and large-scale trials are in

progress this year (1960) to confirm these results.

In Australia diquat is proving of considerable utility as a "preburning"

desiccant of forest fire breaks. The young spring growth is desiccated by

diquat and rendered sufficiently dry for controlled burning before the remainder

of the vegetation in the forest area is tinder-dry and inflammable. It may be
possible to extend this technique to maintenance of rights of way and of fire

breaks in rangelande

In British Guiana, where sugar cane foliage is burnt before harvest and

yuere moist weather often renders this operation difficult diquat has been

tried with success as a pre-burming desiccant at rates of 1 - 2 lb/ac.

The use of diquat as a contact weedKiller may be envisaged although its
complete lack of residual activity limits it as a pre-emergence weedkiller in

the normally accepted sense, it can be used successfully whereever annual weeds

are present and the crop has either not been sown or has not emerged. The

application of diquat to a weedy seedbed could be delayed with safety until the

first "Dioneer" seedlings of the sown crop begin to emerges

An ideal medium for diquat is in late autumn as a treatment to remove

chickweed (Stellaria media) and other annuals from daffodil and tulip beds and
anemone beds before the new shoots come through the ground. The killing of

"trash" in bulb beds before lifting in late summer is another possible use for
diquat.
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In total weedkilling diquat has shown itself effective in two ways (a)

where top kill but_notroot kill is desired, i.e. on ditch banks where roots
bind the soil and prevent erosion, and (b) in combination wita substituted ureas

and/or simazineto give a quick knock-down of the treated herbagee In
situations where grass weeds are predominant, however, other dipyridyl compounds

are proving more effective than diquat. Mr. Jeater has declt with one of these

(4:4! dipyridyl) in his paper given in Session VI of this Conference.

In the field of aquatic weed control diquat has shown premise in screening

tests and small plot trials for the treatment cf submerged aquatics, but more

work remains to be done before much can be said cf diquat in this role. Diquat

has also shcwn premise as an algicide and in one test diquat, sprayed into a

flowing canal tc give a ccncentration of about 13 ppm for ten minutes, cleared

Cladophcra completely from the canal near the point cf treatment, and the effects

were visible for about 1,00U feet downstream,

Finally, whilst diquat cannct really be looked upon as a selective herbicide

in the true sense cf the word, in general the compound is mere active against

broad-leaved weeds than against grasses and even within the graminae there is a

range of susceptibility. In cereals for example, oats will tolerate an applica-

tion cf 1.5 1b diquat/ac while a dose cf 0e5 lb /ac will damage barley. The

degree cf scorch by diquat, even on the tolerant oats, rules it cut for all

practical purposes however.

It is not possible in a paper of this size to offer detailed results of

experiments nor is it the object sc to do. It is hoped that this general review
will help the reader to gain a good general impression cf the properties cf this

new compound.
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DiscussiononprecedingPaper

Mr. J. Macfarlan I would like to know, for potatoes in Scotland, what would

pe the recommended dose of diquat and the volume rate for both ground and aerial

applicationSe

Dr.H. P. Allen Last year we hed reached the peak c* our field trials, in one of
the driest scascns for many yearse One cam nevertrust completely the results

of trials carried out under such conditions. Although we had a fairly clear

idea as to the doses for best results, we wished tec confirm these in our larger-

scale trials this yeare The results that we have cbtained certainly appear tc
confirm the results which we achieved in 1958 end 1959. The optimum dose range
is 14 to 2 lb diquat/ac. 14 1b might prove successful, but there may be cases

when the higher dose might be necessary. Trials confimm that a volume rate of

24 to 3 gal/ac is sucessful with aerial application both by helicopter and fixed
wing aircraft. The results obtained were indistinguishable from ground

machines.

Mr. J. Zwijns I think there is an error of thinking when you talk about

desiccants and haulm killers. When we use desiccants we want to take away the

leaves and keep the stem but with haulm killers we want to kill the stem as
well. I would say the chemical we are talking about is a good desiccant but

on Dutch evidence not a good haulm killer.

Dr.H. P. AllenI am very well aware of the Dutch conditions. In the U.K. when
one is growing crop predominantly for seed one wants tc arrest growth as quickly
as possible. With ware potatoes, again the object is to get complete kill of

leaf and stem, but not necessarily the 3-day leaf and stem kill which seems to

be a feature of Dutch seed potato growing. Haulmkillers of fairly rapid
action on the leaves all take within the general range of 1u to 15 days to
produce complete stem kill. This generalisation may be a little unfair to

sulphuric acide Under our conditions we are eminently satisfied with the

performance of diquat but for Dutch conditions I doubt whether any single

chemical can satisfy the extremely stringent requirement.

Mr. J. G.Elliott This year we used diquat to desiccate green weed in laid

ripe barley. This enabled us to combine the barley and resulted in a cleaner,

drier sample, What does Dr, Allen think of this technique and is the grain

likely to be affected in any way?

Dr. vanderZweep Have you any data on the quality of the water - its content

of mud and organic matter - on the effect of diquat.

Dr.H.P.Allen With reference to Mr. Elliott's auestion, my personal view is

that the chances of having any diquat in the grain would be extremely smellandin

any case I think that any effect on such grain would again be very small.

That is my personal cpinion,

In reply to Dr van der Zweep, it is our view that the organic content of

water would be a direct factor in influencing the residual activity of diquat

in that water, If muddy, the chance of diquat being adsorbed on to mud
particles is very high. In irrigation the chance of flooding over land a

dilute solution of free diquat is extremely low because irrigation water must

acquire a fair emount cf crganic matter "en route",
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A TECHNIQUE FOR THE APPLICATION OF PRE-EMERGENCE HERBICIDES

ONSUGARBEET

Bo He. Bagnall, J. J. Be Caldicott and D. J. Minter

The Murphy Chemical Company Limited, Wheathampstead, St. Albans, Herts.

Summary: A prototype machine for the application of endothal and

propham pre-emergence weedkiller on sugar beet has been developed,

enabling the spray application to be applied at the time of drilling.
A band of spray 7 in. wide was applied directly over the row after the

seed had been drilled. The row was thus rendered free of weed during
the critical post-drilling period for 3 or 6 weeks. This factor, to-

gether with the ccmbination of precision drilled triploid monogerm seed

followed by mechanical thinning, has been exploited with a view to

undertaking a completely mechanised spring programme.

INTRODUCTION

A reduction in the demand for farm labour can be achieved by using a good

precision seeder with suitable seed and following with mechanical thinning.
However, the constant but thinly spaced braird produced by the precision seeder,

is more vulnerable to weed competition than that obtained from the long

established method cf drilling natural seed at a fairly heavy seed rate,

A normal means of reducing weeds is during seed bed preparation which often

results in delayed sowing and loss of moisture. Later in the season, inter-row

weed control can be mechanical but intra-row control is of paramount importance

due to the vulnerability of the thinly spaced crop and the expense cf removing
the weeds. The problem of intra-row weed control lends itself to the develop-

ment of a chemical herbicide which will keep the crop clean throughout the
critical period between drilling and thinning. Application of the chemical as

a band spray reduces the cost whilst still dealing with the most important weeds.

Twenty one trials were laid down in the spring of 1960 with the aim of a

completely mechanised spring programme, without any hand labour, by using an

endothal and propham mixture sprayed in a band as a pre-emergence treatment on

sugar beets

If the aim cf a programme such as this is to be fully realised, the ideal

need is for a good precision seeder, mechanical thinner and a reliable triploid

monogerm seed, which will give a constant braird containing a high percentage of

singles.

METHODS AND MATERIALS

The prototype machine used for the field applications cf endothal and
propham consisted of a P.T.0. operated five-row seed spacing drill which was

mounted on the three-point linkage cf the tractor. The spraying machine con-
sisted of a 60 gal tank on special mounting brackets, enabling it tc clear the

drill, a 12 gal/min rollervane pump with sufficient capacity and lift to fill the
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somewhat elevated tank, and drop arms holding the nozzles mounted to the frame-

work of each of the drill units. Special low pressure, no-drift nozzles were

adapted for the application and arranged so as to give a spray band seven inches

wees directly on top of the row, each nozzle giving an output of 8 fl o2/min

at 16 psi.

Laboratory tests were carried out on the nozzles to determine the distri-

bution of the herbicide from the 7 in. band. For this purpose a colourimetric

determination was used. Large filter papers were sprayed with a 5 per cent

solution of a salt of chicago red dye. Each paper was cut into 10 strips which

were analysed separately by extracting the dye with boiling water. The dye

extract from each strip was diluted to a constant volume until it could be

matched with standard solutions containing 4, 1 and 14 ppm of the dye. By this

means the spray spectrum was determined and distribution of the dye fcund tc be

fairly constant across the width of the band.

The outeput of the machine was 21 gal/ac on an overall spray basis, but by

the band technique, approximately one third of the area was in fact sprayed and

the actual application was 7 gal/ace

To achieve the correct spray volume, the forward speed of the tractor was

fixed at 2 mph but vhis can easily be adapted to 3 mph for faster drilling.

A control gear uperated by a rod fixed to the machine, within easy reach

of the operator, ensured that the spray cculd be shut off at the headlands whilst

the machine was positioned to drill the following bout. Hence there was no

need for the operator to disengage the P.T.O. drivee

It will be obvious that the virtue of such a machine is that it enables

drilling and spraying of the selective herbicide to be carried out in one

operation thus dispensing with a post-drilling spray programme. Ripper We Eo

(1957) has described the use of a similar machine for selective weed control in

beet whereby the germinating beet seedlings have been protected from semi-

selective herbicides by an adsorbent layer of charcoale A 612 in, band of

herbicide was sprayed directly over a consolidated seed furrow in which the

adsorbent lay mid-way between seed and soil surface.

Owing to the toxicity of endothal. all possible precautions have been taken

in machine design to prevent the accidental contamination of the operator. To

this end a deflector shield was fitted between the tank and the operator, Tests

have been undertaken where a dilute phosphate solution has been employed as an

indicator to determine the degree of spray drift. The test solution was

potassium dihydrogen phosphate with enough phosphoric acid to give sufficient

acidity to effect a change in congo red indicator papere The concentrate, con=

taining 10e8 per cent phosphorus, was diluted at the rate of 4 gal to 30 gal

yielding 1908 = 0e18 per cent phosphorus.
0

A number of 9 cm filter papers treated for half their area with conge red

indicator were fastened to the front and rear of the seeder frame, and the mud~
guard, three point linkage and rear of the tractor. The indicator treated

hal? of the papers were used to assess the contanination visually whilst, for
analytical purposes, the untreated halves were cut off, and extracted. In

addition, a white cotton boiler suit, muslin cowl-type head covering and cotton

gloves worn by the tractor driver were analysed for phosphorus. The total
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phosphorus was determined by a method described by Kitson R. E, and Mellon M. G.

(194).

Results from these tests indicate that the operator was in no danger of
contamination, Drift generally was reduced to a very low level due to -

(a) the low pressure no-drift nozzles

(b) the relatively close position of the ncezzles to soil surface, necessary to

maintain a 7 in, spray bande

TheWeedkiller

Di-sodium endothal and propham were formulated as a combined emulsion in

the proportion 4 : 3 acid equivalent. Three doses were used.e The ccmbined
emulsion was mixed in suitable quantities of water so as to give these doses

when applied at 7 gal/ac of dilution (on the basis of a 7 in. band).

SeedType

Triplex M monogerm seed was compared in each trial with seed, supplied by

the farmer, which was always 8-10/6kths gravity separated. In all instances,
both types were drilled at 14 in. spacing. Due to the smaller flatter shape of

the monogerm seed, differing seed belts were used for each type; a number 14

seed belt for the Triplex and number 15 for seed provided by the farmer,

Emergence data from the trials carried out this season showed the Triplex M

monogerm seed gave 7963 per cent singles as compared with 63.5 per cent singles

in the 8-10/6kths gravity separated seede

RESULTS

Biological results obtained from the experimental werk using this technique

are presented by the authors elsewhere. (Bagnall B. Ho et al 1960).

Acknowledgements are due to the directors and personnel cf the various

companies whcse co-operation and advice have been invaluable - The Dorman

Sprayer Co. Ltde, for the development of the band sprayer, Stanhay (Ashford) Ltde,
for supplying the seed-spacing drill; Bush Johnsons Ltde, whc provided the

Triplex M moncgerm seed and S.KeH. & Son (Salcpian-Kenneth Hudscn & Son) for
supplying a Down-the Row Thinner.
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THE SPRAY-INCORPORATING DRILL. A MACHINE
DESIGNED TO IMPROVE THE RELIABILITY OF SOIL~ACTING HERBICIDES.

J. D. Fryer, C. Parker, E. K. Woodford

Agricultural Research Council Weed Research Organisation, Oxford.
“ARC. Unit of Experimental Agronomy.

Summary: an attempt is being made to increase the reliability of

soil-acting herbicides for the control of annual weeds in drilled

row-crops by the development of a machine which performs the following

operations: i) applies the herbicide, ii) incorporates the herbicide
with the soil in bands 9 in. wide, iii) compacts the soil after
incorporation, iv) sows a crop. Preliminary trials have indicated

that the machine produces a seed-bed favourable for emergence and

growth of a number of crops and that several herbicides show
promising selectivity when incorporated immediately prior to sowing.

Much more work is required before the practical importance of the

technique can be assessed, and in particular, information is required

on the degree of incorporation brought about by rotary cultivation.

INTRODUCTION

Soil-acting selective herbicides used to control annual weeds during

the early stages of growth of drilled crops are applied either prior to sowing

the crop (pre-sowing application) or soon afterwards (pre-emergence).

Pre-sowing applications are at present confined to herbicides which require

incorporation with the soil if they are to give effective weed control, e.g TCA

for the control of Avena fatua. In farming practice the nature of the incorpora-
tion and the time at which it is carried out are likely to vary according to the

implements available to the farmer, the time he has at his disposal, the weather

and the state of the soil. The efficiency of the herbicide, however, and its

selectivity to crop and weed are greatly influenced by the manner in which it is

incorporated and by all the environmental and soil factors that can effect its

distribution and stability in the soil during the interval between application

and germination of the crop seed. Pre-sowing treatments as at present practised

cannot therefore reach a high level of precision and considerable variation in

results can be expectede

Similarly the results of pre-emergence treatments are also liable to vary.

The interval between the preparetion of the seed-bed and sowing the crop deter-

mines the stage of development of the germinating weeds and can affect their

susceptibility. The interval between sowing and spraying influences the stage

of development of the crop and its resistance to the herbicide. The weather

end state of the seed-bed are most important factors determining the movement

and stability of the herbicide in the soil and hence the concentration of

herbicide in the neighbourhood of the germinating weed and crop seeds.

(78178) 



These and other factors interact and jointly determine the result obtained
in the field. If the reliability of pre-sowing and pre-emergence treatments
with soil-acting herbicides is tobe improved, some method must be found which
will allow control over as many of these factors as possible. With this
object in view, a special machine, which has been called S.1.D, (Spray-incor-
porating Drill.) has been developed in conjunction with H. J. Hamblin and
G. R. Chalmers of the National Institute of Engineering and with F. Rayns,
A. F. Murant and G. W. Cussans of the Norfolk Agricultural Station, Sprowston.
The design of the machine has been influenced by the special requirement of a
herbicide treatment for sugar beet and the interest in this subject at Sprowston.
The principles on which the design is based are however relevant to the treat-
ment of any row-crop with soil-acting herbicides. They may be summarised as
follows: i) the time-interval between application of the herbicide and sowing
the crop rust be standardised and as short as possible, ii) the seed-bed must
be as consistent as possible with the minimum of variation of physical factors
influencing the distribution and stability of the herbicide in the soil, iii)
the movement of the herbicide from the soil surface to the germinating weed-seeds
must not be left to chance rainfall but must be determined by a standard method
of incorporation, iv) the herbicides used must be sufficiently selective not to
harm the crop even when in contact with the roots, "artificial! selectivity
resulting from differential placement of herbicide and crop playing no part in
the treatment, v) the technique must be readily adaptable for commercial use by
farmers and market gardeners,

DESCRIPTION OF THE EQUIPMENT

This description is based on a note prepared for J. Agric. Eng. Res V, 4,
1960, by Chalmers, G. R. and Kemp, D. C. of the N.I.A.E., Silsoe, who kindly
made it available for the preparation of this report and who gave permission
for the reproduction of fig. 1.

In its present form S.I.D is an experimental machine, which could be used
as the basis for designing a production model for commercial use, particularly
with sugar-beet. It is designed to apply the herbicide as required, to
incorporate by means of a rotary cultivator the herbicide with the soil in bands
9 in. wide and 20 in. centre to centre, to consolidate the loose soil after
incorporation thereby completing the formation of a !standard! seed=bed, and
finally to sow the crop by means of a precision seeder-unit. As at present
constructed, it is limited to a single row to row spacing, to operation on only
two rows simultaneously and to a rotor speed that is fixed in relation to ground
speed by the power-take-off arrangements of the tractor to Which the equipment
is attached. There are no inherent difficulties in modifying the design to
overcome all three limitations,

The layout and principle of operation of the equipment are shovm diagrammati-
cally in fig. 1. The machine is designed to be attached either to a Ferguson
20 or to a Nassey-Ferguson 35 tractor. It is semi-mounted with two castor-
wheels at the rear, an arrangement which gives manoeuvrability identical to that
of fully mounted equipment. It is coupled conventionally to the tractor draught
links with standard stabiliser bars fitted to prevent lateral movement. The
drills are connected to the tractor top-link by means of a linkage which provides
extra lift and ensures that the drills are clear of the ground when the cultiva-
tors are lifted out of work.
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Rotary Cultivator, (Howard 'Yeoman' Rotor Reduced to 9" wide).
Stanhay Spacing Drill.

Gear box.

Spray Chemical Container.

Air Cylinder.
Drill Pressure Adjuster.

G, & Go Alternative Nozzle Positions.

FIGURE 1. DIAGRAMMATIC LAYOUT OF THE SPRAY~INCORPORATING~DRILI..

(Reproduced by kind permission of the authors:

Chalmers, G. R. and Kemp, D. C. (1960) J. Agric Eng Rschy 5, 4) 



FIGURES 2 AND 3. GENERAL VIEWS OF THE SPRAY=
INCORPORATING=DRILL
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The 9 in. wide rotary cultivators are fitted with L~shaped blades and are

driven from the power take-off to give a rotor speed of 298 rpm corresponding to

4.6 cuts per foot travel at 14 mph with the Ferguson 20 in first gear.

Corresponding performance is obtained with the Massey Ferguson 35 in third gear.

The cultivators can be individually set to work at depths from O- ing in 1 ine

stages by means of depth wheels, Alternatively, the height of the chassis can

be determined by a mechanical stop or by the hydraulic control according to the

tractor used. This greatly speeds up the work in the field if constantly vary-

ing depths are requirede

The seed-drills are standard "Stanhay" precision seeder units except that

larger front rollers 12 in. diameter and 12 in. wide are fitted to allow the

drills to function efficiently and to give a satisfactory seed-bed. In addition

to the normal adjustments on the seed-drills, a hand-wheel (F, fig. 1) is fitted

in the lift-linkage to give a rapid adjustment of pressure on all the drills to

cater for varying conditions.

The herbicide is applied by means of a modified Oxford Precision Sprayer

mounted on the machine and controlled either by the tractor driver or an opera~

tor Walking alongside. The nozzles are so positioned that a band of spray can

be applied either in front of each rotary cultivator or behind each drill as

required.

RESULTS

Trials with §.I1.D. have been mainly concerned with improvements to the

design and operation of the machine, and the stage has now been reached when

only minor modifications are required to make this equipment suitable for serious

experimental work. The testing of the prototype and all the work on sugar beet

have been done at Sprowston by Dr. A. F. Murant andG. W. Cussans. Trials

involving a range of crops and herbicides have been undertaken by the Weed

Research Organisation at Begbroke Hill Farm, near Oxford. At both places the

soil ig a light loam and the herbicides were incorporated in most cases to an

estimated but unchecked depth of 1-2 in. with the rotor working 3- in. deep.

It would not be appropriate at this stage to comment in detail on the

biological results obtained so far from these preliminary trials, but some

interesting indications have been obtained.

The sowing of crops immediately after rotary cultivation is a feature of

§,1.D. which is controversial to the extent that this practise might have some

adverse effect on emergence and subsequent growth of the crop due to inadequate

compaction and to loss of soil moisture. During the two seasons! tests (1959-60)

there have, however, been no indications that this is likely to prove a serious

problem. Impaired growth has, in fact, only been obtained in one trial: on

sugar beet when moisture in the seed-bed was already marginal for germination

and establishment.

Another promising feature of the trials has been the unexpectedly low

incidence of serious crop damage resulting from incorporation, even though the

herbicides must have been in contact with the roots of the crop plants over a

long period, The herbicide treatments that have so far proved ‘safe! when the

depth of rotary cultivation was 3-4, in. are listed in Table I.
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TABLE [. A LIST OF CROPS SHOWING THE INCORFORATED HERBICIDE TREATMENTS
WHICH HAVE NOT CAUSED APPRECIABLE CROP DAMAGE.

 

Herbicide:
 

Maize simazine (2) atrazine (2) 2,4-D “ester. (1 .5)

 Carrots propazine (1)

(4.5) (3.5)
Sugar beet | CDEC (3) TCA (4) endothal + propham, 2,3-dichloroally

di-iosopropylthiolcarbamate (3)

Red beet | endothal(6)+propham (4.5)

Mangolds endothal( 4) «propham(3)

Kale | EPIC (2) CDEC (8) CDAA (8)

Turnips | CDEC (8) CDAA (8)

Swedes | CDEC (8) CDAA (2)   
* figures in brackets indicate the maximum dose applied or the maximum

dose which did not cause damage, in lb/ac.

In the trials so far carried out, the degree of weed control has, in generalbeen little affected by incorporation of the herbicide when compared with its
application to the soil surface. The principle exceptions have been: i) the
volatile herbicide EPTC which has given consistantly better results both at
Sprowston and Begbroke when incorporated and ii) propazine which has resulted inbetter control of Matricariachamomilla at Begbroke when applied to the surface,In common with recent American experience it has been found that under some condi-tions, e.g in a stale Seed-bed, the rotary cultivator alone without any herbicidetreatment can give almost complete weed control. An extensive programme oftesting is now required to evaluate the efficiency of this technique as a methodof weed control, covering different soils, weeds, herbicides and weather.

DISCUSS ION

8.I1.D. is the result of an attempt to introduce some precision into thetreatment of drilled row-crops with soll~acting herbicides by eliminating someof the variable factors which can affect the results. The potential usefulnessof the technique described does however depend upon the availability of herbicidesthat are of inherently low toxicity to the crop in question, In this respect,the preliminary results obtained so far with a range of crops and herbicides arepromising, but will require confirmation in further work,

The advantage in terms of improved weed control cannot be assessed untilmuch tore experience has been obtained. Before the technique can justifycommercial development, it must be demonstrated that the advantages in terms of
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increased efficiency outweigh the cost in comparison with cheaper conventiofial
methods.

The solution of the problem is at present made more difficult by the lack

of information on the performance of the rotary cultivator as a method for

incorporating chemicals with the soil and on the maximum depth from which the

seedlings of different weeds can emerge. Except for such large seeded weeds as

wild oats, which are able to emerge from a depth of 4 in. or more, it can perhaps

be assumed that annual weeds are only likely to become a problem in a particular

crop, if their seeds are present in the top 2 in. of soil. If so, then S.I.D.,
to be efficient, must be able to mix the herbicide uniformly with the soil to a

depth of 2 in., and provide deeper incorporation if required. Ag yet, however,

no information has been obtained concerning the distribution of a herbicide in

the soil following incorporation by §.1.D. at various depths of cultivation and

in different soils. Until this information is available and the dose of

herbicide can be referred to as the concentration throughout a given depth of
soil in terms, for example, of parts per million of air-dry soil, biological

results obtained with the machine will be of limited value. Needless to say,
calibration of S.I.D. as a method of incorporating herbicides stands at the head
of the list of work waiting to be done.
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Discussion on preceding two papers.
 

Dr. F. Valenza. Can Mr. Bagnall's machine be used for drilling rubbed and

natural seed and has the machine been tested and proved successful on all types

of soil?

The precision machine is basically designed for rubbed and

graded seed; with natural seed there is some difficulty in getting a thin

regular stand and one would have to go over to a heavier seeding rate. We

carried out trials on stony soils and found difficulty in getting a regular spray
pattern if stones covered the soil. There was no difficulty in getting good

results from normal heavy, medium and light soils.

 



RECENT DEVELOPMENTS IN GRANULAR HERBICIDES
IN THE UNITED STATES

G. F. Warren

Purdue University, Lafayette, Indiana, U.S.A.

Summary: The use of granular herbicides has expanded rapidly in the

United States during the past few years, The popularity of granular
materials is due especially to convenience, but also to dther factors

such as broadening selectivity on established or transplanted crops
and obtaining better penetration of foliage. There are several

problems and limitations in the use of granular herbicides. Among

these are the higher cost which must be offset by savings in labour
or other advantages. The lack of suitable equipment for application

is a serious problem but progress is being made in this area.

Results are not always as good as when sprays are used. Possible

reasons for this and corrective measures are discussed.

INTRODUCTION

The use of granular herbicides in the United States has expanded rapidly in

the past few years and granular formulations of practically all soil active

herbicides are now available. For some crops, prememergence herbicides are

applied to more acres as granular materials than as sprays. The factors that

have brought about this rapid change and the problems involved in the use of
granular herbicides will be the subjects discussed in this paper,

HISTORICAL

The early experimental work with granular formulations was instigated in an

attempt to broaden selectivity on certain vegetable crops. They were applied

to transplanted or established plants to avoid the direct contact injury that

might occur to the foliage from sprays of the same materials (Danielson, 4954,

and 1955 and Warren et_al. 1947). This technique, which has now been widely
investigated and extended to other crops, is used commercially in many areas.

It has been an important milestone in expanding the use of herbicides in

horticultural and certain field crops. In the past four years a tremendous

increase in the use of granular materials on maize and soya beans at time of

seeding has tended to over-shadow the original work. This, and some other uses,
have come about mainly because granular materials are more convenient to use for

these purposes than are sprays.

Before going further, we should briefly describe what we mean when we speak
of granular formulations. The term has been used to describe a variety of

materials but in all cases the chemical is adsorbed on, mixed with, or impregna-

ted into a more or less inert carrier. The final product is dry, and it must
flow freely through various spreaders. in the early experiments vermiculite
was often used as a carrier, but because of excessive bulk and problems of drift

on windy days, the main carriers now in use are various types of clay. The

final product consists of granular particles somewhat smaller than white clover

seed. Some of the herbicides that are being mariceted in granular formulations
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iret 2,l-D, dinoseb, CDAA, chlorpropham (CIPC), EPTC, NPA, fenuron, simazine
and atrazine,

ADVANTACES CLAINED 73R GRANULAR HERBICIDES

us new look at some of the factors which appear to have brought about

i expansion in the use of granular herbicides.

4 Convenience. The ease and simplicity of applying granular materials
has been a major factor in farmer acceptance. Maize, soya-beans or other seeded

crops may be band-treated at time of planting by adding a herbicide hopper behind
the planter. This means that no extra operation is needed and it requires less

equipment and labour than mounting a sprayer in the same way. There is no water

to haul and there are no spray nozzles to block. In the case of herbicides

like propham and EPTC, that are sometimes applied broadcast and worked in before

planting, a granular product can be mixed with the fertilizer and an entire

operation savede

The householder has been another beneficiary of the development of granular

herbicides, (Daniel, 1958). For presemergence control of annual grasses such

as Digitaria species in turf, granular formulations of arsenic, chlordance and
other compounds are taking over the market, It is much simpler for the home

user to spread a dilute granular herbicide uniformly on his lawn with a small

fertilizer spreader than to apply the same chemical as a spray.

Other places where granular materials are more convenient than sprays are

for the treatment of small patches of perennial weeds and individual trees or

ehrubs with soil sterilants. They are also valuable for brush control in rough

terrain where the transportation of water is difficult, The effectiveness of

nefor control of trees was first reported by McCully and Darrow
(1956).

2. Avoid direct injury to thefoliage of established ortransplanted crops.
As pointed out earlier, this was the feature of granular herbicides that prompted

the early work, There are many herbicides which cause some damage to the
foliage of crops when applied as a spray, but are tolerated by the crop roots or

do not move deeply enough in the soil to be absorbed by the roots. Several

cases of increasing the selectivity of a herbicide by this means have been

reported (Chapell and Bower, 1959; Shear, 1959; Warren, 1957).

3e Less vapourlossof certainherbicides. Observations by several
research workers have indicated that volatile chemicals such as propham, chlor-
propham and especially EPTC are more effective when applied in granulaf formula-
tions than as sprays. This has often been attributed to less loss as vapours.
Although this may be an advantage for granular Materials, the decrease in vapour
loss is not sufficiert to eliminate the need for soil incorporation of EPTC.

h, Better penetration of foliage. Better results with granular applica-
tions, as compared with sprays, of two herbicides applied after the last
cultivation on sweet potatoes were attributed to penetration of the foliage and
ereater concentration of herbicide on the soil surface (Danielson, 1956). This
is considered to be an important feature in the extensive treatment of alfalfa
(lucerne) with granular chlorpropham for control of dodder (Cuscuta spp.). It
has also been pointed out that, for soil~active chemicals, granular applications
may be the only practical way to treat brush to avoid interception by the
foliage,
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5. Lessdamage from equipmentwithapplicationsingrowingcrops. This
has been an important feature in the swing towards greater use of granular
herbicides in onions. CDAA and chlorpropham are commonly applied as directed

sprays to control late season weeds, but because of the narrow row spracing
there is considerable damage to the onions from the spray equipment. Granular

materials are applied above the foliage, whereas sprays are applied behind
height-adjustment wheels between the rows.

6, Bettercontrolof rootedaquaticweeds. Granular applications are a

convenient and effective way of getting soil active herbicides to the bottom of

lakes and ponds for the control of rooted aquatic weeds.

There are other advantages that are sometimes claimed for granular herbici-

des, but certainly those listed above are some of the most important.

DISADVANTAGES OF GRANULAR HERBICIDES

To leave the impression that there are no problems in connection with the

use of granular materials would be a serious error. There are many factors

which will limit their use even if some of the problems are solved, Some of
the disadvantages cf granular herbicides are higher cost, lack of suitable equip-

ment for application and erratic results. These will be discussed in detail.

1. Higher cost. The cost of material is higher when using granular
herbicides because of the additional expense for carrier and freight. Any use

must therefore be based on other factors compensating for the extra cost of

materiale The rapid acceptance by farmers would indicate that they believe

that the added expense is more than offset by the saving in labour in application
or by other advantages as discussed earlier.

uitableequipment forapplication. This has been a real
Improvements are being made but most present-day equipment is

far from ideal. However, there is every reason to believe that this disadvant-

age will be overcome in time.

3. Erratic results. In several experiments weed control has been as

good or better with granular treatments as with sprays (Danielson, 1955, 19563
Sweet et_al. 1958; Lovely and Staniforth, 1959). -On the other hand, there
have been numerous cases Where granulars were inferior to sprays. Some of the

possible reasons for these inconsistent results will be discussed briefly.

There are indications that more soil moisture is needed for effective weed
control with granulars than with sprays. Sprinkler irrigation or soil incor-

poration following treatment are the only methods suggested to alleviate this

problem. Experimental data on the value of these practices is much too limited

at present to draw any definite conclusions, but more research is under way.

Some of the poor results obtained may have been due to applications on

rough, cloddy ground where the distribution pattern on the surface is poor,

This is probably more serious for the less soluble herbicides. In any case,

good seedbed preparation would be desirable.
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In general, there have been more failures with granular formulations of

the less soluble materials. This might be partly overcome by using a more

dilute product to obtain better coverage of the soil surface. Lovely and
Staniforth (1959) found that 8 per cent simazine was not as effective as a
4 per cent simazine granular material, On the other hand, the use of more
dilute granular formulations did not influence the results with the more soluble
CDAA or 2,4-D-ester.

Considerable attention has been focused on the carriers used in formulating
granular materials but results in the field do not indicate that this is an
important factor as long as the formulated granules have suitable physical
properties for application,

One final point that should be emphasized is the lack of contact action of
granular herbicides. With the exception of a few chemicals with vapour activ-
ity, all the effect of a granular treatment must come through root absorption.
For selective use, it is essential to apply granular herbicides immediately after
planting, on freshly worked soil, or after removal of all weeds by tillage in an
established crop,
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Discussion on preceding paper
 

MreAe Le Abele Would Professor Warren please indicate whether the granules
referred to are of uniform composition all through or are they coatings of the
active Ingredient on an inert filler?

Dre Ge Fe Warrene Some granules were based on vermiculite but we then switched
to attasclays because vermiculite may blow into the neighbour's field and the
bulk is quite excessive§ Last year we had a series of granules from one
company with the material in the granule or on the surfaces They were applied
at equal rates of active ingredient and the results were all the samée Other
research workers also have reported little or no difference in weed control or
crop injury when various types of granules were usede One must conclude that
factors other than formulation are more important in determining the results in
the fields
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SESSION XT

Chairman: Dr, E. E, Cheesman

THE TRANSLOCATION CF HERBICIDES IN PLANTS

 

THE TRANSLOCATION OF HERBICIDES IN PLANTS

Dr. C. C, McCready

Agricultural Research Council Unit of Experimental
Agronory, Department of Avriculture, University of Oxford.

INTRODUCT ION

When herbicides are applied to plants, they do not simply diffuse according

to laws of their own. They are translocated almost entirely in transport

Systems already functioning in the plants, MThe aim of this lecture is to

consider how far what is known about the movenents of herbicides in plants fits
in with what is known about the natural translocation mechanisms. No attempt
will be wade to survey comprehensively the extensive literature on the trans~

location of herbicides. Reference ray be rade to reviews by van Overbeek

(4956), Woodford, Holly and McCready (1958), Bollard (1960) and Zinmerrann (1960),
and to the valuable annotated bibliography by Hull (1960).

METHODS

Ail investigations of the translocation of herbicides depend on methods for

determining the distribution of the herbicide in the treated plant, and the

difficulties in such determinations have been discussed by Woodford, Holly and
McCready (1958). In particular, attention may be directed to the necessity for

caution in interpreting autoradiographs of plants treated with radioactive

herbicides. The distribution of radioactivity in the plant shows only the

distribution of the labelled element and not necessarily that of the molecule in

which it was originally incorporated.

It is difficult in practice to distinguish between absorption and trans~
location, and the distribution of herbicides in plants can be much affected by

factors which may be presumed to alter absorption rather than translocation

(Leasure 1960, Shiue, Hossfeld and Rees, 1958).

Movementinthe xylem, Criteria of movement in the xylem include:

1) Movement occurs upward from the roots (although not all upward movement
is in the xylem)

2) Movement is stopped by severing the xylen

3) Movement is unaffected by ringing the stem
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4) Moverient continues through a zone killed by local heating
5) Movement is altered by factors affecting the rate of transpiration

Herbicides which have been shown to move up the plant in the transpiration
stream Include 2,lrdichlorophenoxyacetic acid, trichloracetic acid, anmoniun
Sulphamate, monuron, amino triazole, prophan, simazine and maleic hydrazide.
Probably any substances which can enter through the roots can move up the xylen,
but Crafts and Yamaguchi (1960) have shovm considerable differences in the extent
to which different herbicides applied in culture solution to bariey seedlings
were retained in the roots: 2,h-D moved into the top less readily than amino
triazole, maleic hydrazide, tonuron, dalapon or simazin, Blackman and co=
workers (Blackman 1960) found that the tine course of uptake of 2,4-D by the
roots of seedlings of different species shows differences which my be correlated
with the susceptibility of the species to 2,4-D. In these experiments, however,
translocation into the shoot did not correlate with susceptibility, Crafts
(1959) reported that monuron applied to a smil area half way along a barley leaf
Moved only towards the tips He interpreted this as showing movement with the
transpiration streem not in the xylem but in the apoplast or non-living part of
the tissue (cell-walls and intercellular spaces),

Movement in the phloem, Criteria of movement in the phloem include:

1) Movement oceurs in the (presumed) direction of movement of the earbo=
hydrate stream

2) Movement does not pass a girdled region of the sten
3) Movement does not pass through a zone killed by local heating

4) Moverent is altered by factors affecting the rate of carbohydrate move~
mente

It was early shown that the export of 2,4-D from leaves to which it was
applied was closely related to the export of carbohydrate, and more recently the
concept of the assinileting stream as the controlling influence in the export of
herbicides after foliar application has been extensively developed by Crafts
and his school (eg, Crafts and Yamaguchi 1958; Yaraguehi and Crafts 1959;
Crafts 1959) «

Circulation in the plant Crafts has also suggested that the mere mobile
herbicides (esi. Talcic hydrazide), after moving In the phloem from leaves to
roots, may be transferred to the xylem and return with the transpiration stream
to the leaves, Inorganic phosphorus has been shown to circulate in this way
in plants, and sugars may occasionally do sd.

PolarTransport. Some phenoxyacetic acids have been shown experimentally to
move through excised segments of tissue by a mechanism resembling the polar
transport of natural auxin. This mechanism is highly selective between
different closely related chemicals, Some recent evidence suggests that a
hechanisn sinilar in some ways nay be involved in the movement of 2,4-D from the
Surface of the leaf into the vascular tissue in which phloem movement occurs.

CONCLES Toit

Although existing Imowledge of translocation Systems in the plant accounts
fairly satisfactorily for the difterent modes of movement of herbicides, nothing
is known of the reasons why different chemicals move in different WAYS»
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There is some evidence that differences between the movement of certain

herbicides in different species Bay occasionally be related to differences in
susceptibility, but no generalisations are yet warranted.
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Discussiononpreceedingpaper

Mrs Re ‘leSidwell_
The translocation of herbicides in the phloem and xylem presents no problems

once the materials have entered these tissues, If the movement of materials
through the mesophyll into the phloem is polar movement as Dr. MeCready SUggeSts ,
how does he account for the apparent fact that in the translocation of materials
upwards, young unexpanded leaves can receive these Substances from the phloem
terminals? Can we assune an fanti=polar't movement?

DieBe.Co.HeCready

The answer is that there is no evidence,

(78178) 



SESSION XII

Chairman: Mre Me Ne Gladstone

BUSINESS MEETING

MINUTES OF THE CONFERENCE BUSINESS MEETING HELD AT 3,15 P.M. ON
THURSDAY, 10TH NOVEMBER, 1960 AT THE GRAND HOTEL, BRIGHTON
 

Present: Dre H. G. Sanders (President)
Mr. Me Ne Gladstone (Chairman)
Mr. He S. Leech (Treasurer)
Miss C. Bloemink (Secretary)

together with about 50 members of the Conference,

1. MINUTES OF THE BUSINESS MEETING OF THE 1958 CONFERENCE

The Minutes of the meeting held at Brighton on 6th November, 1958, having
been circulated to each Conference member, were taken as read and agreed.

2. ELECTION OF PRESIDENT

Mr. Gladstone announced that, in accordance with the Constitution,
Professor Sanders automatically retired as President of the Council after the
Conference, On behalf of the Council, Mr.Gladstone thanked Professor Sanders
for his valuable services during the two years of his office and paid a special
tribute to the exceptional energy and help he tad given to the 1960 Conference,

Mr, Gladstone then asked for nominations for the office of President for the

period of two years until the next Conference, Mr,Billitt proposed
Professor Sanders for this office and Mr, Huckle seconded the proposal, As
there were no other nominations and Professor Sanders expressed his willingness

to serve, Mr, Gladstone declared him President tor a further period of two years
and the proposal was carried with acclamation, Professor Sanders. said he was

very pleased to accept the office and that he was deeply sensible of the honour,

3e SECRETARY'S REFORT

Mr. Gladstone referred to the Secretary's Report (appended) covering the
activities of the Council since November 1958, which has been circulated to all
Members, and asked for comments, He said that he had been notified by Mr, Ferro
that the penultimate paragraph on page 8 of the Report under the heading "Use of

Sodium Arsenite" was incorrect. lr, Ferro asked that this paragraph should be

deleted and he suggested a revised phrasing. After some discussion, it was

agreed that the paragraph-in question should be replaced by the following:

"Discussions between the Government and Industry resulted in December 1959
in an agreement that manufacture should stop forthwith and tht stocks could

be used for the 1960 potato harvest after which there would be no further

use of the material as a herbicide or potato haulkiller,"
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With this correction, llr, Baldit moved the adoption of the Report; the
proposal was seconded by lir,Hartt and carried.

ko FUTURE ACTIVITIES OF THE COUNCIL

llr, Gladstone, referring particularly to the conference which had Just
ended, invited Conference members to forward written comments or criticisms to
the Council, He said that any suggestions for improving the running and
organisation of the next and future Conferences would be very welcome,

5@ ANY OTHER BUSINESS

The Secretary reported that no further items had been submitted for discus=
Sion at the business meeting, in accordance with Item 13(d) of the Constitutions

6. CLOSING OF THE CONFERENCE

ProfessorSanders said that the general opinion appeared to be that the
Conference had been very successful, In bringing the Conference to a close he
drew attention to what he considered had been the highlights of the Conference:

(a) The progress made in the development of residual herbicides, He felt that
this was a very important subject and much more would be heard about it in the
future in view of the problems in connection with residues.

(b) A great deal had been said about the use of herbicides in grassland, and
there had been new slants on this subject, particularly the idea of herbicides
being selective among grasses, Professor Sanders said he thought there was a
yary great future for selective herbicides for this purpose. He drew attention,
however, to the need for appropriate crop husbandry after chemical treatment,

(c) The papers concerned with the control of couch grass and wild oats had been
very stimulating, but it would be some time before a full enswer to these prob=
lems would be ayailabie,

(d) Referring to the session on Weed Control in Horticultural Crops, .
Professor Sanders said he agreed with the Session Chairman that more attention
Should be paid to the development of herbicides for the market garden, He
regarded this field as a very pressing one in view of the increase in the cost
of and scarcity of labour,

(e) On the subject of New Herbicides and Techniques, Professor Sanders remarked
on the great developments in these fields, and he stressed the need for the
closest comoperation with the machinery manufacturers,

Finally, Professor Sanders expressed his thanks to all those who had helped
to take the Conference a success, He paid a special tribute to the management
and staff of the Grand Hotel and to the Conference Organisers, in particular,
Mre Bishop, Mr. Parker, Mr, Leech and Mr, Norris, and expressed appreciation of
all the work put in by Col, Cramphorn, Chairman of the Conference Organising
Committee who was unfortunately unable to be present owing to an accident,
Professor Sanders also expressed grateful thanks to the Chairmen of the respect=
ive Sessions, the Session Organizers, the speakers and all who had taken part in
the discussions for their valuable contributions,
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SECRETARY *S REPORT ON THE ACTIVITIES OF THE COUNCIL SINCE THE
BRITISH WEED CONTROL CONFERENCE, 1958

MEMBERSHIP OF THE COUNCIL

Changes in membership of the Council that have occurred are as follows:

Mr, Ge Le Baldit has replaced Dr. Fe Pe Coyne as representative of the

Society of Chemical Industry, Mr. J. Rhodes has replaced Mr. A. D. Harrison as

representative of the Ministry of Agriculture, Fisheries and Food and

Mr. D. We Robinson ms replaced Professor J, Morrison as representative of the

Ministry of Agriculture for Northern Irelande Col. J. Fe Cramphorn (N.A.C.AM.)

and Mr. We. Fe Pe Bishop (N.A.AeC.) were co-opted as members of the Council for

the period to 3ist December, 1960 in their respective capacities of Chairman and
Secretary of the 1960 Conference Organising Committee, Dr. Ee Holmes retired as

Chairman of the Council and Mr, M. N. Gladstone was elected in his place,

Mr. H. S. Leech was reelected as Treasurer of the Council, Miss C, Bloemink

has undertaken secretarial duties for the Council, Mr, W. A. Williams,
Secretary of A.Bsii-A.Ce, fas attended meetings of the Council during the past

two years, The full membership of the Council is therefore now as follows:

President

Dre He Ge Sanders, Mehey PheDe

Chairman

Mr, M, N. Gladstone ASB.M.ASC.

Treasurer

Mr. He S. Leech NoAcCeAchle

Members

Dr. Re de B, Ashworth MA.FeFe
Mr. Ge Le Baldit &Ce1,

Mr, A. We Billitt AeBeMeAcCe

Mre We Fe Pe Bishop NeAcheCe (co-opted)
Mr. M, Bradford NeA.CeAcle
Dre Eo E. Cheesman AeReCe
Col, J, F. Cramphorn NeAcCeAeM. (comopted)

Ce Ve. Dadd MeAeFels

S. Ae Evans MeAcFoF (co~opted)
Re Be Ferro MeAoFel’e (co-opted)
De Je Se Hartt AeBeMsAcCe

Re Ge Heddle Dept. of Ag. for Scotland
Ee Holmes AcBeMeA.Ce

De J. Columbus Jones MeAcFeFe
Re Ee Longmte NeAcAsCe
He. C. Mason NoF.Ue
Fe We Morris NeAsAeCe
D. Rhind Colonial Office
J, Rhodes MeAeFeFs
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Members (contd)

Mr. De We Robinson Min, of Ag. for Northern Ireland
Dr. Re E. Slade NeFale

Mr. We Ae Williams
Dre Ee Ke Woodford AeReCe and AsAeBe

Secretary

Miss C, Bloemink

Full meetings of the Council have been held quarterly and, in addition, the

various Committees of the Council appointed to deal with special aspects of the
Council's work, have met at intervals during the past two years, Membership of

these Committees are as follows:

Research&DevelopmentCommittee

Mr. Re B, Ferro (Chairman) E. Longmate
Mr. S. A. Evans (Secretary) S. We Simonds
Dr. R. de B, Ashworth E. Slade

Nr, C. V. Dadd K. Woodford
Mre Me Ne Gladstone

K. Woodford (Chairman) D. Fryer
Mr. A. Evans (Secretary) Holly
Dr. P, Allen D. Holmes
Dr. de B, Ashworth J. C. Jones
lir, M. Bradford E. Longnmate

Mr, W. Ge Briggs B, Lush

Mr. Carpenter Rhodes

Mir. J. Edwards A, Roberts

R, Stovell

Mr. Aw Ne Billitt (Chairman) W. Morris
Nr, H. S. Leech (Secretary) Woodford

1960 Conference Organising Committee 

Col. Je Fe Cramphorn (Chairman) S. Hartt
Mr. Vi. Fe Pe Bishop (Secretary) ! Leech
Mr, A. ie Billitt Mason

Mr. Ce. Ve Dadd W, Morris

Nr. M, N, Gladstone Woodford

FinanceCommittee

Mr, F. “%, Morris (chairman) Bradford

Mr, He S. Leech (Secretary) C. Mason
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CONFERENCES, SYMPOSIA AND TECHNICAL MEETINGS

B.WeCeC. Symposium Fund. As it was recognised that some of the more Specialised

aspectsofweedcontrolcould not be dealt with at the biennial Conference, It

was agreed that the Council should hold Symposia as and when the occasion arose

to deal with these special subjects. It was considered desirable therefore to

set up a fund to assist towards the expenses involved in publishing the Proceed-

ings of such Symposia, An appeal was therefore made to industry for financial

supporte The response waS Most encouraging and the Symposium Fund now stands

at £79~13-7. The Council records its appreciation of the voluntary financial

assistance given.

NeA»AeSe Conference, South Western Regione A farmers' Weed Conctrol Conference

was held on 25th February, 1959 at Salisbury and approximately 200 people

attended from Dorset, Hampshire and Wiltshire. The following subjects were

dealt with:

i. Weed Control in Cereals

2, Mechanical and chemical control of Couch Grass

3, Chemical Weed Control in Herbage Seed Production

4. Weed Control in Kale

The Conference was a Success and the discussions lively. In particular,

the grass session was a most valuable one.

European Agricuitural Aviation Conference, The European Agricultural Aviation

Conference organised jointly by the European Agricultural Aviation Centre

(sponsoring body), the Association of British Manufacturers of Agricultural

Chemicals, the Colonial Office, the Fertilizer Manufacturers’ Association, the

Ministry of Agriculture, Fisheries and Food, the Ministry of Transport and Civil

Aviation, the National Association of Agricult ural Contractors, the National

Association of Corn and Agricultural Merchants, the Royal Aeronautical Society

and the Society of Chemical Industry, took place at Cranfield from 1th to

17th September, 1959 with a flying demonstration, organised by the N,A.C.Ce, on

18th September, 1959, The outline programme was as follows:=

1st Day - Agricultural Chemicals and Fertilizers including their biological

efficiency

2nd Day - Aircraft, equipment and corrosion problems

3rd Day - Economics and Flying

250 delegates attended the Conference, 80 from abroad, 25 countries being

represented. The Conference was judged to be a success and provided a useful

opportunity for the exchange of views on the subject of agricultural aviation.

Symposium on Herbicides and the Soil, A symposium on Herbicides and the Soil,

sponsored by the British Weed Control Council, was held on 7th April, 1960 at

Oxford. The following papers were presented:

 

1e Microbiological Breakdown of Eerpieides in Soils

2. The Effects of Herbicides on Soil Micro-organisms

De Physico=chemical aspects of the availability of Herbicides in Soils

[Be Persistence in the Soil of some important Herbicides,
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It was thought desirable therefore that a wider survey in five or six other areas

should be carried out and the NeAeAeSe have agreed to do this further work, It

had not been possible to do the survey during 1959/60 but preparations are being
Made to carry out this work during 1960/61. A paper on the pilot survey has
been published.

LabellingofWeedkillers, Following strong representations from members of the
NoFeU., the British Weed Control Council passed the following resolution, which
was carried by twelve votes to three (the manufacturers opposing the vote):

"This Council recommends that all weedkiller labels should bear the chemical
name or the agreed common name of the active ingredient or ingredients and

asks its President to bring the matter to the attention of the Ministry of

Agriculture requesting ther to find means of implementing this."

The Ministry were accordingly approached to introduce legislation with
regard to the labelling of weedkillers, The mtter was given considerable

thought at the Ministry but it was considered that it would be difficult to

introduce compulsory measures, The attitude of the Ministry appeared to be that

the situation would probably be dealt with when the new Approva] Scheme under

discussion with the industry was formulated,

Spray Dritt. Both the Council and the Ministry of Agriculture have issued press
notices warning of the danger of spray drift. An investigation was made by the

Ministry, with the assistance of other bodies, into the extent and causes of

Spray drift damge and methods of reducing it and a special worker was appointed
by the Ministry to work under Professor Hudson of Nottingham University on the

problem, <A departmental conmittee was also set up within the Ministry of

Agriculture (Lord Waldegrave's Committee) to assess the evidence submitted by

various interested organisations on the damage caused by spray drift. The

Research &« Developtient Committee of the Council arranged a tmeeting of research

workers on 16th Mareh, 1959 at Oxford at which the various people present
summarised the research they had done so far on the subject, It was agreed

that there was insufficient evidence available at that time to assess the era)

seriousness and extent of spray damage from the use of Selective weedkillers and

a great deal of work was Still to be done in this connection, The results of

the research done by the special worker appointed by the Ministry were submitted

in @ report to the Ministry on September 1959, The report dealt very largely
with diagnostic means. The Research & Development Committee of the Council

Studied the report in detail and recommended to the Council that while it was a
very valuable docurient, it was essentially a research paper and was not ina form

Suitable for publication, The Report on Spray Drift is available at the

Ministry Library to anyone\iwho may wish to consult ite The Report of

Lord Waldegrave's Committee is awaited.

ToxicChemicals in Agriculture. In view of numerous inaccurate and irresponsible
Statements appearin in the National Press in connettion with the use of toxic

chemicals in agriculture, it was suggested that the Council might take some

action in counteracting such adverse publicity and it was felt that some official

Statement on this subject should be forthcoming from the Ministry of Agriculture

when the new Approval Scheme was Jaunched. The Association of British Manu

facturers of Agricultural Chemicals are however already in close touch with the

Ministry and with the responsible officials of the Press and the BeB.C. on this

matter, and it has been decided to leave it to A,Bsli-A.Ce to take the necessary

action and keep the Council informed.
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Use of Sodium Arsenite. The Council had been concerned for some time about the

hazards involved in the use of Sodium arsenite as a potato haulm destroyer and it

was felt that in spite of the more stringent recormendations for use and the

precautionary notices issued through the Ministry, the Council and the mani

facturers, the product was not being used in a safe manner. Moreover, reports

had been received that the material was being used on other crops besides

potatoes, outside the recormendations for the product made by the Ministry and

the manufacturers, and the Council felt that the hazards and accidents resulting

from the use of Sodium arsenite might jeopardise the future for agricultural

chemicals generally. The British Weed Control Council decided, therefore, that

the matter should be taken further. In preference however to recommending that

the use of the product should be banned, the Council agreed that nanufacturers

should be asked to voluntarily cease to supply the’chemical to farmers, and the

following resolution was passed:

"that the Council recommend the A.BM!,A.C. to advise their members to cease

selling sodium arsenite as a herbicide and defoliant,"

The Council further resolved:

"that the Ministry should be asked to delete sodiwi arsenite from its

Approved List,"

The Ministry subsequently asked manufacturers to agree to ceaSe making the

product after the autumn of 1960 and this was agreed. The Council are continu-

ing, in the meantime, to enquire into the progress made in the development of

alternative neans of potato haulm destruction, At theirmeeting on 9th June,

1960, brief details were given of "diquat" a promising new compound for this

purpose.

C, Bloenink
Secretary
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Dow Agrochemicals Ltd., London, W.1.

BATES, R. J. E.
Manor Farm, Byfleet, Surrey.

BAXTER, J. E. V.
John E. V, Baxter Ltd.,
28 Priestgate, Peterborough,

BEDFORD, L.
Fisons Fertilizers Ltd., Lincoln, 



BEECH, C. R.
Plant Protection Ltd,, Bracknell,

Berks.

BEEDEN, PETER
Contracting Representative,

Braithwell, Nr. Rotherham.

BENSEN, E. RYORN, be

Dow Agrochemicals Ltd,, London, W,1.

BERKER, DR.

f&. Merck, A,G., Darmstadt, Germany.

BILLITT, As Ms
Boots Fure Drug Co, Ltd.,

Nottingham.

BIRD, J.
Fisons Farmwork Ltd., Harston,

Cambs,

BIRD, MISS MARJORIE L.
William Pearson Ltd., Hull.

BJERRING, JOHANNES
Elias B, Muus, Odense, Denmark.

BONDY, DR. H. F,
Coalite & Chemical Products Ltd.,

Chesterfield.

BOCGART, Ir. K.v.d.
N.V. Fabriek van Chemische

Producten,
Baarn, Holland.

BOON, DR. W. R.
Plant Protection Ltd,, Bracknell,

Berks.

* BOOTH, W.
May & Baker Ltd., Dagenham, Essex,

BOS, H. D.
F, Bos Ltd., Gedney, Nr. Spalding,
Lines,

BOWERMAN, F, G.
Baywood Chemicals Ltd.,

Regional Branch,
Aylesbury, Bucks,
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BOYLE, P. J.
Agricultural Research Council Unit

of Experimental Agronomy,

Oxford.

BRACEY, PAUL
Consultant Biologist, Salisbury,
Wilts.

BRADFORD, M. 5.
Bradford & Sons Ltd., Yeovil, Som.

BREESE, T. C.
Du Pont Company (United Kingdom) Ltd.,
London, S.W.1.

BROOKES, R, F.
Boots Pure Drug Co. Ltd.,

Nottingham,

BROOKES, R. H.

R. H. Brookes Ltd., Evesham, Worcs,

BROWN, J.,
Fisons Farmwork Ltd., Harston,

Cambs.

BROWN, QUINTIN
Scottish Agricultural Industries

Ltd.,
Perth.

BROWN, P. H.
Efford Experimental Horticultural

Station, Hants,

BUCHHOLTZ, DR. P. K.
Weed Society of America.

BUCLON, FRANCIS
Compagnie: Pechiney,
23, rue Balsac, Paris (8e).

BUDDEN, MICHAEL
Dunns Farm Seeds Ltd.,
Salisbury, Wilts,

BUGGE, E. T.
Bugges Insecticides Ltd.,
Sittingbourne.

BULL, A. W.
Boots Pure Drug Co, Ltd.,

Nottingham. 



BUNN, F. E.
The Murphy Chemical Co, Ltd.,
Wheathampstead, St, Albans, Herts.

BUNTING, J. P.
Professor of Agricultural Botany,

Reading University.

BURREE, J. P.
Manor Farm, Byfleet, Surrey.

BUTLER, D.
Lankro Chemicals Ltd., Manchester.

CADE, M. C.
Cleanacres Ltd., Cheltenham, Glos,

CAMPBELL, C. L.
J. D. Campbell & Sons Ltd.,

Manchester,

CAMPBELL, S.
National Agricultural Advisory

Service,

Newcastle Upon Tyne,

CARBONI, DR. GIOVANNI.

RUMIANCA, Torino, Italy.

CARPENTER, K.
May & Baker Ltd., Ongar, Essex.

CASELEY, J. C.
Post Graduate Research Student,

Research Station, Bristol.

CAYZER, E. PAUL

Agricultural Services Pty. Ltd.,
28 Bungaree Road, Pendle Hill,
N.S.W., Australia.

CARGILL, D.
Boots Pure Drug Co, Ltd.,

Nottingham,

CENSI, DR. G.
Societa Italo Americana Prodotti

Antiparassitari, Naples.

CHARMET, FRANCISQUE

Societe Rhone~Poulenc,
21 rue Jean*Goujon, Paris 8e,

(78178)

CHEESMAN, DR. E. 5.
Agricultural Research Council,

London,

CHANCELLOR, R. J.

Weed Research Organisation, Oxford,

CHANCELLOR, N.
May & Baker Ltd., Dagenham, Essex.

CHIPPENDALE, R. R.

Shell Chemical Co. Ltd.,
London, W.1.

CHERRY, MISS MARY
Journalist, Farmer & Stock-Breeder,

London, S.E.1.

CICCCA, BALDO

Via Vigna 6, Milano, Italy.

CLARE, K. E.
Road Research Laboratory,
Harmondsworth,

CLARKE, F. C.
May & Baker Ltd., Dagenham, Essex.

CLARK, G.
Plant Pathology Laboratory,

Harpenden.

CLARKE, T.
Vitax Limited, Ormskirk, Lancs.

CLAY, S.
John Swan Ltd., Bristol, 1.

CLIFTON, W. N.
Lincs Aerial Spraying Co,, Boston.

COLEMAN, F. T.
The Dorman Sprayer Co. Ltd.,
Cambridge.

CONRAD, GUNTER

CELA G,m.b.H., Ingelheim/Rhein,
Germany.

COON, EDWARD T.
Dow Chemical International Ltd.,

S.A.,
Zuric,. Switzerland. 



COOKE, FRANCIS C.

Editor, World Crops, London, N,W.1.

COOMBE, AUGUSTUS

Nitrate Corporation of Chile Ltd.,
20-2 Ropemaker St., London, E,C,2.

COOPER, MISS JOAN
17, Crookhill Road,

Conisbrough, Nr. Doncaster.

COSLETT, T. A.
Fisons Pest Control Ltd., Harston,

COUTTS, D. L.
The Fullers! Earth Union Ltd.,
Redhill.

COWAN, W, T.
Farm Protection Ltd., Beverley,

COWART, DR. L. E.
Du Pont de Nemours International

Shey
Geneva,

Cox, J.
Fisons Pest Control Ltd., Harston,

CRAMOND, ROBERT
Scottish Agricultural Industries

Ltd,,
Edinburgh.

CRAMP, KENNETH V.

National Agricultural Advisory
Service,

Cambridge.

CROWDY, S. H.
Plant Protection Ltd., Bracknell.

CUDMORE, D. J.

Crop Protection (Grantham) Ltd.,
Grantham,

CUNNINGHAM, F, J.

Imperial Chemical Industries Ltd.,
London,

CUSSANS, G. W.
Norfolk Agricultural Station,

Norwich.

(78178)

DAAMS, J.
N.V. Philips-Duphar,

Boekesteyn, S~Graveland, Holland.

DADD, C. V.
National Agricultural Advisory

Service,
Cambridge.

DASH, G. R.
The Murphy Chemical Co, Ltd.,
Wheathampstead, St. Albans, Herts.

DAVIES, G. E.
Hill Farming Research Organisation,
Edinburgh, 12.

DAVIES, J.
National Agricultural Advisory

Service,

Aberystwyth.

DAVIES, J. C.
NAAS, Camborne, Cornwall.

DAVISON, JOHN G.
University of Nottingham School of

Agriculture,
Loughborough,

DAYUS, C. V.
Agricultural Advisor, New Zealand

Government Offices,

London,

DEAKIN, M. A. Be
Beecham Foods Ltd., Coleford, Glos.

DETROUX, LOUIS
Station de Phytopharmacie de 1'Etat

a Gembloux, Belgium.

DEVERY, COLIN M.
Metallurgical Chemists Ltd., London,

DEWEY, MISS ROSEMARY
Fisons Pest Control Ltd.,

Saffron Walden.

DICKENSON, DOUGLAS
Joseph Weil & Son Ltd.,

London, E.C.2.

DODDS, W. H.

45, Frederick St., Edinburgh, 2.
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DODSON, Me Be

Southern Agriculturel Services

(Winchester) Ltde,

Winchester.

DOREs Pe Ce

Fisons (Chemicals) Export Ltde,
Londone

DORMANg Ae Ke

The Dorman Sprayer Cos Ltdey

Cambridgcee

DOUGLAS; Ge
Plant Protection Ltdes

Bracknell, BerkSe

DRINGs Re Je

Fisons Pest Control Ltde, Herston,
CambSe

DUNDAS; JAMES

Nitrate Corporation of Chile Ltde,
Londone

DUNN, Ce Je Fe
FeCele Crop Protection Ltde;
Brigg, Yorkse

EDMONTON, 'e Ee

Bugges Insecticides Limited,
Sittingbourne, Kente

EDWARDS, Ce Je
Fisons Pest Control, Harstone

EDWARDS, Me Je
Borex Consolidated Ltde, Londone

EGANy Dre He
Laboratory of the Government Chemist,
13 Clements Inn Passage, London,
WeCe2e

EIDy Re F.

Du Pont de Nemours (France) SeAes
77, Champs—Elysees, Paris 8c.

ELANZONs; RUNE
Gullviks Fabriks AB, Malmo, Swedene

(78178)

ELINGS, He
NeVe Philips-Duphar, Gravelondy,
Netherlands.

ELLIOTT, Ce Se
Nate Inste of Agricultural Potany,
Cambridge.

ELLIOTT, Je Ge
MReCo Veed Research Organisation,
Oxforde

ELLIS; Je He
Wessex Agricultural Chemicals Ltd,
Headley, Dorden, Hantse

ELLISON, PROFESSOR We

Institute of Rurel Science,
Penglais, Aberystwyth, Cardse

EMERY, Ge Ag
The Murphy Chemical Coe Ltde,

Wheathampstead, Ste Albans, HertSe

ENSORy He
Unilever Food Research Centre,
Shembrook, BedSe

ERSKINE, DAVID Se Ce
The Edinturgh School of Agriculture,
Edinburghe

EUE, Dre Le
Farbenfabriken Bayer, AeGey

Leverkusen~Bayerwerk, West Germanye

EVANS, STANLEY

Weed Research Organisation,

Kidlington, Oxford.

EVEREST=TODD, Sa
Consultant Biologist, Kellington,

Nre Goole, Yorkse

FAILLET, Pe
Société d'Exploitation de Produits
pour les Industrics Chimiques,

70, Avenue des Chemps=Elysecs,

Paris, 8ce

FEARON=WILSON, Se Ge
Farm Production Sales Ltde, Ipswiche 



FEEKES, Dre Fe He
NeVe Fabriek van Chemische Producten,

Baorn/Hollcande

FERRO, Re Be

Ministry of Agriculture, Londone

FISCHER, Dre
Bedische Anilin= & Side-Fabrik AG,
Limburgerhof=Pfalz, Birkenweg 2,
Germanye

FLETCHER, Te Ee
Boots Pure Drug Coe Ltdey
Nottinghame

FLIPSE, ir Le Pe
Ligtermoet & Zoon Chemical Works,
P.Oe Box 699, Rotterdam, Holland.

FORDHAMy Pe Me
Fisons Fertilizers Ltdey,

Felixstowce

FORREST, Je De

Baywood Chemicals Limited,

Cembridgee

FOUCHARD, DANIEL
Le Fly~Tox,
22, Ruc de Marignon, Paris 8e.

FRANCIS, Je Oo
Profarma Ltde, Wisbech, Cambs.

FRASER, Je Ce
Fisons Pest Control Ltde, Harstone

FROST, Miss MARY Ce
Plent Protection Ltde, Haslemerce

FRYER, Je De
Weed Reseerch Organisation, Oxforde

GAGO, Ve
Sels et Produits Chimiques,

Bruxellese

GARDNER, die Le
West of Scotlend Agriculturel

College, Ayre
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GAST, Dre ALBERT

JeRe Geigy Seis, Basle,

Switzerlande

GEARY, He
Plant Protection Ltde, Bristole

GENENOIS, Fe Re

Ae Christiacns Sehey

60 rue de 1'Etuve, Bruxelles, 1.

GILES, DONALD
Universal Crop Protection Ltde,

Londone

GIRLING, Ge Ne
Chisholm, Fox and Garner Ltdey
Hull.

GLADSTONE, Me Ne
Fisons Pest Control Ltde, Harston

GODBOLDy Ee Me
Plant Protection Ltde, Haslemere.

GODINO, Ie
Ravit (Italy),
via Mercantini, 5, Torino, Italye

GODSON, De He
Boots Pure Drug Cow Ltdey Chilwel
Nottse

GOLD, De
Rotary Hoes Ltde, Brentwood, Ess:

Goodmany Ne
Mey & Baker Ltdey Dagenham, Esse:

GOTTLIEB, Be
c/o KEMISK VAERK K@GE A/S,
39, Overhaden neden Vandct,
Copenhagen Ky Denmarke

GRANT, Me Ve
Barford Mills, Barford,
Near Warwicke

GREENFIELD, Ie
FeW. Berk & Coo Ltdey
PeOe Box 500, Portman Square,
Londony Wele 



GREENSLADE, Die Re

Fisons Pest Control Ltde,
Saffron Waldene

GRIFFIN, Te
Agricultural Enterprises Ltde,
The Hangers, Jasons Hill,

Chesham, BuckSe

GRIFF ITHJONES, Ce W.
Cleanacres, Ltde, Cheltenhame

GUTSELL, Re Je
Imperial Chemical Industries,
Londone

GYSIN, Dre HANS
Je %. Geigy SeAsy Basle, Switzerland,

HALSEYy Ge Te
Agricultural Enterprises Ltde,
The Hangers, Jasons Hill,
Chesham, BucksSe

HALFHIDEy Ie We
Cramphorn Ltdes Chelmsforde

HALL, Fe Be
Baywood Chemicals Ltde, Londone

HAMPSONy Co Pe
British Schering Ltde, Londone

HANF, Dre
Badische Anilin= & Sode=Fabrik AG,
Birkenweg, 2, Germanye

HARDING, Ge Fe
Burt, Boulton & Haywood Ltde,

Belvedere, Kent.

HARPER, Je We
Borax Consolideted Ltdey Londone

HARPURy Re Le
Fisons Pest Control Ltde, Harstone

HARRISON, Je We
Shell International Chemical Coe

Ltde, London.

HARRISONy We
E, W. Nickerson & Sons Ltde, Grimsbye
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HARTT, De Je Se
Moy & Ecker Ltde, Dagenham, ESseXe

HARTOGy Je he
ASEPTAFABRIEK NeVey Amstelveen,
Netheriandse

HASS, POUL
Elias Be Muus, Odense, Denmerks

HASSALL, PHILIP

Editor, “The Agricultural Merchant",
58 Mark Lenc, Londony EeCede

HAYHURST, He
British Transport Commission,
Research Department, Manchestere

HAYWARD, Pe Re
Hasler & Cos Ltde, Dunmow, EsseXe

HAYWOOD, Re
Baywood Chemicals Ltde, Cambridge.

HEADFORD, De We Re
IeCele Ltde, Research Station,
Bracknell, BerksSe

HENNIKER SMITH, Je

Assessor, 165 Fenchurch Ste,
Londony EeCede

HESSAYONy Dre De Ge-
Pan Britannica Industries Ltdes
Waltham Abbey, EsSsexe

HEY, Ge Le
The Murphy Chemical Coe Ltde,

HEYWOOD, Dre Be Je
May & Baker Ltde, Dagenham, EssexXe

HIERHOLZER, Dre
Ee Merck, ieGey Darmstadt, Germanye

HODGSON, Ge Le
ieReCe Weed Research Organisation,

Oxforde

HOEPPE, Ke
BASF (United Kingdom) Ltde,
Victoria Ste Londony SeWels

HojerPederseny SVe
Densk Svovlsyie OG, Copenhagen. 



HOIDSWORTH, Dre Ee Co
The Yorkshire Tar Distillers,

Wokef iclde

HOLLOWAY, Re Ie Co

East Malling Research Station,

Nre Maidstone, Kente

HOLLY, Dre Ke
AeKeCe Weed Research Orgenisation,
Oxtorde

HOLMES, Dre Ee
Plant Protection Ltdey

Fernhurst, Haslemere, Surreye

HOLMES, Ee
Impericl Chemical Industries Ltde,

Manchestere

HOLMES, Ge De
Forrestry Commission, Farnham,

Surrey e

HOLMES, Miss He
Fisons Pest Control Ltdey
Saffron Waldene

HOLROYD, Je
iieReCe Weed Research Organisation,
Oxforde

HOLZ, Dre He
Oldenburg (Oldb),
Hochhauserstrasse, 36,
Germanye

HOMER, Dre Re Fe
National Research Development Corpne
1, Tilney Ste, London, Wele

HOOPER, Se Fe
Profearma Ltdey Wisbechy CambsSe

HOUGH, Pe Se
Lengford Downs Farm, Lechlade, GloSe

HUCKLE, He Ge

Shell Chemical Coe Ltde, Londone

HUDDART, Ce He
Shell Chemical Cos Ltde, Londone

(78178)

HUGHES, Re Ge
National Agricultural Advisory

Service,

Readinge

HUNNAMs De
Murphy Chemical Coe Ltde,
Whecthampstead, Ste Albans, HertSe

HUNT, Je Le

Shell Chemical Coe Ltde, Londone

HUNTER, Re Eo
The Vigzol O11 Coe Ltdeg
Greenwich, London, SeEe10-

HURST, Le

The Chemist and Druggist Newspaper.

IDRIS, He
Department of Agriculture,
Unive of Oxforde

IVENS, Dre Ge We

heReCe Weed Research Organisation,
Oxforde

JACK, Dre Robert Ne Le

Edinburgh Universitye

JACKSON, He

National Agricultural Advisory

Service,
Shardlowe

JACOBS, Ke Fe
NeVe Philips—Duphar, Amsterdame

JACOBSON, Ee HAMMER

Holger Andreaseny

Islends Brygge 41, Kobenhavn S, Dermar
Kébenhavn S, Denmarke

JARY, Se
Fisons Pest Control Ltdey

JELTERg Re Se Le
Plent Protection Ltde, Bracknell,

BerkSe
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JEFF, Miss he Ee
NAAS, Camborne, Cornwalle

JENKINS, LLOYD

Lloyd Jenkins Ltde, Edenthorpe,
Doncastere

JENNINGS,
Chipman Chemical Coe Ltde,
2, Caxton Street, London, SeWeis

JOICE, Re
ie He Marks & Cos Ltdey
Bredfordy Yorkse

JONES, Ae

Fisons Pest Control Ltdey
Suffron Waldene

JONES, Beiie
Shell Chemical Coe Ltdey Londone

JONES, John

NeAereSe Leedse

JONES, LEWIS
Grassland Research Institute,

Hurleye

JOYs Ne Bs
Pfizer Ltde, Richborough,
Nre Sandwich, Kente

KINGSTON, He le
Bugges Insecticides Ltde,

Sittingbourne, Kente

KIRKWOCOD, Re Co
West of Scotland Agricultural

College,
Lyle

KIRT, Eo
Kemisk Vairk Koge i/s,
39 Overgaden neden Vandet,
Copenhagen, Ky Denmark.

KNUSLI, Dr, Ee

Je Re Geigy Seiie Basle Switzerlande

KOOPMAN, Dre He

Philips-Duphar, Nedcrlande
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LAMB, Ee Ce

Agricultural Contractor,
Grange Rdes Blunhamy Beds.

LiiNEy Me Oc
Shell International Chemical Coe,
Londone

LANGE, HANS
Ce Fe Spiess & Sohn, Kleinkarlbach/

Rheinpfalz,

Germanye

LANNG, OLE
Aktieselskabet AgromKemi,
fmaliegade 15, Copenhagen Ke

LAWS, Ge We
Profarma Ltde, Wisbech, Cambse

LAWS, Je Me
Boots Pure Drug Cos Ltde,
Nottingham.

LAWSON, He Ms
Dow Agrochemicals Ltdey

48, Charles Street, London, Wele

LEASURE, Dre Je Ke
Dow Chemical Coe, Michigan, UeSeie

LEAFE, Ke Le

Boots Pure Drug Coes Ltde,
Nottinghame

LEECH, He Se

NeleCeiieMes 58 Mark Lane, London,
EeCede

LEEDS, We Ge

Mey & Baker Ltdey Degenhame

LEES, Pe De

NeAeAeSe Experimental Horticulture
Station,

Cemborney Cornwalle

LEVALLOIS, ETIENNE
Societe Procida,

Neuilly/s/Seine, Francce

LEWIS, Dre De Te
The Government Chemist, Laboratory

of the Government Chemist, London. 



LHOSTE, Dre JEAN

Societe Procida, Neuilly/s/Seinc,

France

LILLEY, Wine
Jeg Chafer Ltd., Doncastere

LINDEGAARD, -
Elias Be Muus, Odense A/S,
DenmarKe

LINKEy Dre We

Baywood Chemicals Ltde,

7-1 Bedford Row, London, WeCele

LOCKHART, JASe fe Re
Royal agricultural College,

Cirencestere

LOCKIE, Ge De
Plant Protection Ltde, Haslemere,
Surreye

LODGE, Re
Walter Croft & Sons Ltde,
Station Mills, Chipping Norton,

Oxon.

LONGCHAMP, ROBERT
Institut National de la Recherchu

Agronomiques

Versailles, FrancCe

LONGM/ATE, Je We

Ee G. Longmate Ltde,

Terrington Ste John, Wisbech,

Cambridgeshiree

LONGMATE, Re Ee
Ee Ce Longmate Ltde,
Terrington Ste John, Wishbech,

Cambridgeshirce

LORD, Je Geo
Boots Pure Drug Cos, Nottinghame

LOW, He Pe
Evers & Well Ltde,s Newbury, Berkse

LOWE, David, CeBek.
Agricultural Research Council,
East Lothian.

LOWE, fe Je
Lenkro Chemicals Ltde, Eccles,
LancSe

(78178)

LUCCHI, Dre FLAVIO
Montecatini Sele, Milane

LUETTMER, Dre
ASF, Ludwigshafen.

LUNN=ROCKLIFFE, De Ceo
NeleCeheMey 58 Mark Lane, London,

EeCe3e

LURY, MARK
The Vigzol Oil Coe, Greenwich,

London, SeEe10,

LUSH, GERARD Be
Boots Pure Drug Coe Ltde,

Nott inghame

MACFARLAN, JOHN
Scottish Agricultural Industries Ltde,
39, Palmerston Place, Edinburgh, 9

MACFARLEN, JOHN
Scottish Agricultural Industries Ltde,

Edinburghe

MACINTYRE, Je Ge We
Farm Protection Ltde, Beverleye

MADEL, Dre We
CELA, GeMedeHey Ingelheim/Rhein,
Germany,

MAGEE, Se
Plant Protection Ltde, Haslemeree

MAGNUSSON, GUSTAF
Gullviks Fabriks Aktiebolag,

Malmo 16, Fack, Swedene

MARCHANT, JOHN
Fisons Pest Control Ltde, Harstone

MARSHALL, Re Pe

Coalite & Chemical Products Ltdey .
PeOe Box 21, Chesterfield, Dertyshire.

MARTIN, Dre HENRY

CIBA Ltde, Basle, Switzerlandse

MASON) He Cc e

National Farmers Union, Knightsbridge,

London, SeWele
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MAYES, he Je
Boots Pure Druge Coe, Nottinghame

MCCREADY, Dre Co Ceo
ARC Unit of Experimental Agronomy,
Oxforde

MCe ILVENNY, He Ceo
Imperial Chemical Industries Ltd.,
Bracknelle

MCKECHNIE, ANGUS

Shell Inte Cheme Coe, Londons

MCLAREN, As De
Ae I Marks & Coe Ltde, Bradford,

MCLAUGHLIN, Pe Je
Chemical Services, Ltde,
1 Upper Hatch Street, Dublin.

MELLOR, He Ceo
Plent Protection Ltde, Haslemerce

MIBDLETONs Me Re
Plant Protection Ltde, Bracknell.

MILBORROW, Be Ve

"Shell" Research Ltdey Sittingbourne.

MILLER, Dre Eo Je
Plant Pathology Laboratory, MAFF.

MILLER, Te Eo
National Agricultural Advisory

Service,
Lawnswood, Leeds, 166

MILNE, Ne Se
Je Me Stokes Ltde, Eveshamey

WorcSe

MINDEN, Ne Re
SeDCe Pesticides Ltdey é

23, Sloane Street, Londony SeWele

MOFFATT, Je Re
Rothamsted Experimental Station,
Harpenden, Herts,

MOILLIET, PIERRE

Agrochimie SA, Bern, Switzerland.

MONTGOMERY, De

Borax Consolidated Limited,
Carlisle Place, Londong SeWele

MOORE, Dre He IAN
Seale~Hayne Agricultural College,

Newton Abbot, Devone

MOORE, JOHN Je
Hygeia Ltde, Nuns Island, Galway,
Irelande

MORRIS, Fe Ne

Je De Campbell & Sons Ltde,

Lund Street, Cornbrook, Manchester
166

MORRIS, Fe We
Fisons Pest Control Ltde, Harstone

MOYES, Ae Je

he Ce Ce (Brotherton) Ltde, Leedse

MUHLETHALIER, Pe
c/o Dre Re Maag AeGes
Dielsdorf ZH, Switzerland.

MULLER, GUSTAV
Agrochimie SA, Bern, Switzerland.

NAHUM, DENIS
Pan Britannica Industries Ltde,
Waltham Abbeys

NEENAN, MICHAEL
Agricultural Institute,

Johnstown Castle Agricultural
College,

Wexford, Irelands

NICHOLSON, Ie he
Hill Farming Research Organisation,

Edinburghe

NOLLE, Dre HANS“HEINRICH
Aglukon Geselischaft MBH,
Dusseldorf=Gerresheim, Germany.

NORMAN, Re Fe
Fisons Farmwork Ltdes Harstone 



NORMAN, Re Ge
NAAS Hort, Officer, Worccstcre

NORRIS, Je
he Marks & Cos Ltd., Bradforde

NORTH; Je Je
NALS, Wolverhemptone

0RAMs Pe hse

Borex Consolidated Ltde,

Carlisle Place,
Londone

OREN, RAPHAEL
Paz Chemicals Ltdey,

75, Grosvenor Street, London, W.j.

PARKER, Ce
AeReCe Unit of Experimental Agronomy,

Oxforde

PARRY JONES, Dre Ee
Fisons Pest Control Ltde, Herstons

PARSONS, We Te
Lands Department, Treasury Place,

Melbourne, Victoria, fustralice

PEARCE, We
Be Pe Refinery (Kent), Rochester.

PEDERSEN, He ELBEK
4ktieselskabet AgrcoeKemiy

Copenhagen Ky Denmarkes

PERININ, OLE

Stetens Ukrudtsforsdég, Lystoftegacrd,
Skovlunde, Denmarke

PERYER, Ge
Joseph Weil & Son Ltde, London.
39/41 New road Stes Londone E.Co2e

PETTERSON, fe We

Edve Bjornrud, Oslo, Norwzye

PFEIFFER, Dre Re Ke
Fisons Pest Control Ltde,

Saffron Walden.
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PHILLIPS, Miss Je
Fisons Pest Control Ltde,
Saffron Waldene

PHILLIPS, Dre Me Ae
9,Western Roady Romford, EsscXe

PICKERING, Re Le
Reckitt & Sons Ltda, Dansom Lane,

Huil.

PIETERS, Ire Ae Je
NeVe Philips=<Duphar, Amsterdame

PIPE, CABLE Se
Plant Protection, Haslemerce

POIGNANT, PIERRE

Station Experimentale de la
Dargoire,

LyoneTerreaux (Rhone), Frances

PCOTJESs Je Re
Verdugt's Industrie &
Handlesonderneming NeVe,

Ticl, Hollande

POWELL, Te Re We
NeiieieSe Bristole

PRASADy Re
University of Oxforde

PRICEy Co De
Mine of Agriculture, Shardlowe

NeiielieSe Cambridge.

PRYTHERCH, EVAN I.
NeheleSe Aberystwythe

PURVIS, Re Ge
Cyenamid of GeBe Ltde, Bush House,

fidwychy Londone

RASCHKE, Dre KLAUS
Schering ieGe, Berlin Ne 65,
170~172 Muellerstrassee

REEVES, Ne Je
Boots Pure Drug Coe, Nottinghame
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RAYNS, Fe
Norfolk Agricultural Station,
Norwiche

REYNOLDS, Ce Ee
Profarma Ltde, Wisbech, Cambse

REYNOLDS, Je De
Pea Growing Research, Peterboroughe

RHODES, Je

Nate Agrice Advisory Service,

Readinge

RICHARDSONy De Ceo
Je Duke & Son, Bishops Walthame

RIEKIE, De Me
Boots Pure Drug Co. Ltdey

Beestone

RICHTER, Dre Eo

Degussa, Frankfurt (Main),
Weissfrausnstre 9, Germanye

RILEY, Ee Ne
British Schering Ltde, Londone WeSe

RIPPER, Dre We Eo
Dow Agrochemicals Ltdey

48, Charles Streety Wel.

ROACH, Fe he
NAAS, Maidstonee

ROBERT, ETIENNE

Nobel=Bozel, 67 Bld, Haussmann,
Paris 8ee

ROBERTS, He Ae

Nats Vegetable Research,

Wellesbournee

ROBERTS, PROFIES0n OLIVER
University College, Cork, Eiree

ROBERTSON, Angus Ge
Imperial. Tobacco Coe, Bristole

ROBERTSO:.» Ee he

Roxholme Estate, Sleaford, Lincse

ROBINSON, De We
Mine of Age Horticultural Centre,

Loughgall, Cos Armagh, Ne Ireland.

(78178)

ROBSHAW, Ce We

Plant Protection Ltde, Haslemeree

ROCHECOUSTE, Ee
Sugar Industry Research Institute,

Reduit, Mauritiuse

ROGERS, Ke We
Windsor, BerksSe

ROIVAINEN, Se
Berner Osakeyhtidy Helsinki, Finlande

ROODHANS, Ge
Produits PhytomAgronomiques he

Chistiaens Sede,
60, rue de 1!Etuve, Bruxelles, Belgiume

ROSCOE, Re Je
Murphy Chemical Cos Ltde, Harpendene

ROSE, GRAHAM Je
“Agricultural & Veterinary Chemicals",

108, Ste George's Square, London,
SeWels

ROSENFELDERy We J»

Borax Consolidated Ltdey
Carlisle Place,
London, SeWele

ROSHER, Pe He
Woodstock Agrice Résearch Centre,

Sittingbourne, Kente

ROWLANDS, ALUN

NAAS
Trawscaed, Nre Aberystwyth, WaleSe

RUDD JONES; De
Agrice Research Council,
15, Regent Street,
Londons Wele

RYAN, TIMOTHY
Depte of Agriculture, Dubline

SAGAR, Dre Ge Re
AeReCe Weed Research Organisation,
Oxforde

SALMON, Ge De

NAAS
Pickeringe 



SALMON, He We
Park Farm, Langham, Colchester.

SAUNDERS, Ce Ge Se
Fisons Pest Control Ltd., Harstone

SANDERS, DRe He Ge
MeheFeFey Theale»

SANDFORD, He
Shell Chemical Coe Ltdey Londone

SANDS, He Be

igricultural Contractor,
Brumstead, Stalham, Norwiche

SCHWARZE, Drs We

Degussa, Frankfurt (Main),
Weissfrauenstr, 9,
German.

SCOTT WATSON, Sir JAMES Ae

SCOTT, Dre Ne Re
Anderton Richardson Fertilisers,
Skeldergate Bridge, Yorke

SCOTT, Mrse Me Re
Anderton Richardson Fertilizers,
Skeldergate Bridges

SCRAGG, Ee B.
College of Agriculture,
Union Street,

Aberdeen.

SELBY, fe Te
Boots Pure Drug Co., Nottingham.

SHARROCK, Je Ne
AAS, Readinge

SHENNAM, Miss JEAN Le-
Agricultural College, Botany Depte
6, Blythswood Square, Glasgow, Ce2.

SHINNER, C, Fe Ne
Je We Chafer Ltde, Doncaster,

SIDWELL, Re We

(78178)

SIMONDS, Je Se We
Fe Pertwee & Sons Ltdey

Colchester.

SLADE, Re Es
NoFsUes Bishops Stortforde

SMITH, Ce Se

Dow Agrochemicals Ltde,

48 Charles Street, London, Wele

SMITH, Fe Es
Research Chemist,
45, Ashbourne Road, London, We5e

SMITH, Je We
Vizgol Oil Cos Ltde, Londons

SOENDERGAARD, Eo
Kemisk Vaerk Koege A/S, Copenhagen,
Denmark.

SOEST, Ire Weve
NeVe Fabriek van Chemische

Producten,
jl, Van Galeniaan, BAARN/HOLLANDe

SOPER, De
May & Baker Ltde, Dagenham, Essexe

SOWERBY, Fe Je.
Whitworth Brose Ltde, Wellingboroughe

SOUNDRY, Miss M
May & Baker Ltde, Ongare

SPALDING, Je Ve
N&AS, Londone

SQUIRES, Re Je We
Le We Vass Ltde, Flitwick, Bedforde

STAINTON, Je Re Le
Universal Crop Protection,
2h, Old Broad Street, London, EeCe2s

STAPLES, Ge He
8, Market Place, Peterborough,
Northants.

STENVERS, Ne
AAgrund Chemical Works,
Hamelakkerlaan, Wageningen,
Holland. 



STEPHENS, He Ke.
British Celanese Ltde, Foleshill,
Coventry.

STEPHENS, Re Je
Scottish Horte Rese Institute,
Mylnefield, Invergowrie,

By Dundee.

STEPHENSON, De We.
Je Weil & Son Ltde,
39-1, New Broad Ste, London, EsCe2s

STERRY, Je Re
Amchem Products Ince (UsSele),
Bauhalde 570, Untersiggenthal,

Aargau, Switzerland.

STEVENS, Pe Fe Eo
Union Carbide Ltde,

103, Mount Street, London, Wele

STEVENSON, He Aco
Boots Pure Drug Coey Nottinghame

STORHAUGEN, OLA
Plant Protection Inste,
Vollebekk, Norwaye

STOVELL, Fe Re
Shelli Chemical Coe Ltde, Londone

STRICKLAND, fe Geo
Plant Protection Ltde, Haslemeres

STRYCKERS, Dre JOSe
Agrice State College, Ghent,

Belgiume

SUTHERLAND, JAMES Pe
College of Agriculture,
Drummondhill, Stratherrick Rde,

InvernesS»

SWINSTEAD, J. M
Distillers Coe Ltde,
Devonshire House, Mayfair Place,
Londong Wele

TAYLOR, Le Je

Unilever Ltde, Sharnbrook,

Bedfords

(78178 )

TEMPLEMANy Dre We Geo
IleCele Ltde, Bracknell.

TERRELL, Fe
F, Terrell Ltd., The Grange,

Yaxley, Peterboroughe

THOMAS, Ne Ge H.

Monsanto Chemicals Ltde,
1018,Victoria Street, London, SeWele

THOMAS, Te Me
Agricultural Inste, Ireland.

THOMPSON, He fe MCKe
West Indies Sugar Cos Ltde,
Bucklesbury House, Walbrook,
London, EeCelte

THOMPSON, Pe luo
Horte Research Insts, Mylnefield,

Invergowrie, Dundees

THORNTON, MICHAEL ERNEST
AeReC. Weed Research Organisation,
Oxforde

THRUSSELLs JOHN Eo
Murphy Chemical Coe, Wheathampstead,
Ste Albans, HertSe

THURSTON, Miss Je Me
Rothamsted Expere Research Station,
Harpenden, Hertse

TOULSON; GEORGE tse
NiaiS, Trawscoed, Aberystwyth, Cardse

TOWLER, Je
"Farmers Weekly"

Press Representative,
Fairview, Great Chishill,
Nr. Royston,
Herts.

TURQUAND, Mrse Ee De

NAAS, Kirton, Lincse

TWOMEY, Ke
Fison'ts Chemicals (Export) Ltdey
Londone

TYLDESLEY, Se De
Te De Campbell & Sons, Lund Ste,
Cornbrook, Manchestere 



VELENZAyg Dre FRANCO
Solplant SepeAe, Milan, Itely.

VAN DER WEIJ,y Dre He Ge
1.2.5. Weed Control Department,
Bornse Stéeg 65, Wageningen,
Netherlandse

VAN DER ZWEEP, Dre We
TeBeSe Weed Control Department,
Wageningen, Hollande

VAN STAALDUINE, Dre De
IeBeSe Weed Control Department,
Wageningen, Hollande

VEENSTRiiy He

Shell Internationale Research
Maatschappij NeVes

Carel van Bylandtlaan 30,
The Hague, Hollands

VEEVERS, fe
Vitax Ltde, Ormskirk.

WADSWORTH, Pe
Mirvale Chemical Co., Mirfield.

WAIN, PROFESSOR Re Le
Session Chairmans

WALGRAVE, Je

Shell Nederland Verkoopmaatschappij
Wassenaarseqgeg 80,

PeO. Box 69, NeVe The Haguee

WALKER, Je
&e He Marks & Coe Ltdey
Wyke Lancy Wyke, Bradford, Yorkse

WALL, ERIC
Evers & Wall Ltde,
Lanbourn Woodlands,

Nre Newbury, Berks,

WARING, Te Re Le
Plant Protection Ltds, Birminghame

WARREN, PROFESSOR, Ge Fe

University of Furduc, UsSe::e

WATKIN, Je Ee
N.u.8, Westbury on Trym, Bristol.

(78178)

WAY, Je Me.

Nate Vege Research Station,
Wellesbourne, Warwicke

WELLS, LEONARD
We Wells & Sons Ltde,
Bescar Lane, Nre Ormskirk, Lancs.

WEST, Re Le
Fisons Pest Control, Harstone

WEST, We Je
National Institute of Agricultural

Engineering,

Howden, Midcalder, Midlothiane

WESTLEY, MisS Je De
Wye Colleges Nre Ashford, Kente

WHEELER, ie Fe Je
Plant Protection Ltdey Bracknell.

WILLIAMS, Je TREVOR
Depte of Botany, University

College of North Wales,
Bangol'e

WILLIAMS, We he

Assne Brite Manufrse of Agricultura:
Chemicals,

86, Strand, London, WeCe2.

WILLIAMS, Ne Eo
Burt Boulton & Haywaod Ltde,
Brettenham House, Lancaster Placc,
Strand, WeCe2s.

WILSON, Ce We
May & Baker Ltde, Ongare

WILSON, Pe
Independent Oils Ltde, Pulboroughe

WISE, Se Ge
“agrice Spraying Cos Ltde,
Houghton Hall, Cavendish, Suffolke

WOOD, Ce He Pe
Pan Britannica Industries Ltde,
Waltham Abbey, Essexe

WCOD, Je
NiaSs Kirton Experimental Farm,
Kirton, Boston, Lincse

68h, 



WOODFORD, Dre Eo Ke
Weed Research Organisation, Oxforde

WOODHAM, Vs Fe
Baywood Chemicals Ltde, Londone

WOULD, We
Je We Chafor Ltde, Doncastere

WRIGLEY, Gs We

Fisons Pest Control, Ipswich.

NRIGHT, Se Je
Ford Motor Cos Ltde, Dagenham,
ESSCXe

WRIGHT, Te Le
Fisons Fertilizers, Felixstowee

WYLIE, Dre Scott Me
Fisons Ltde, Edinburghe

YATES, Ge Se

Pan Britannica Industries,
Waltham (Abbey.

YATES, Dre JOHN
Shell Research Ltde, Sittingbourne.

ZWIINS, Me Je
Fabriek van Chemische Producteny
Vondelingenplaat, Holland.

(78178) 



Abel A. Le 139, 407, 545, 653

.. 611

551, 579, 587

2. 598

 

Agricultural Chemicals ApprovalwomGUM
Scheme

Agropyron repens 16, 56, 126, 129, 259, 265, 271, 279,
287, 301, 311, 321

Agrostis spp. thts 1515 172): 175, 311

Agrostis canina 158

2655 287

 

uf 12s 287, 362, 363, 393, 564, 581,
O1

Agrostis tenuis 158, 165

ALCHEMIITG AFVENSIS acpccsccncmalbactersmmaccasnceunaciiy, DO

Aldhous J. R. 617

algae 552, 562, 581, 587, 629

 

Alisma plantago-aquaticaiemnnnnnmnmnnnnen 502, 577, 581, 588

Allen H. P. 625

-- 82, 453, 50

 

Amaranthus sp. Wik, 545

amiben 416, 52h, 539

 amino triazole 17° 153,°155, 158, 311

ABTOPYTONPEPENS..mmmnnmmnnne 259, 301, 353

AQUATIC WEEKSoonunmennnn 548, 569

PELSISCENCE Ofcccmnnnenenemnnn DEL

191, 202, 209, 233, 215

PASPDETTE CS oeeceseecsseneusinenmneneee 358

687 



ammonium sulphamateow... bs wAinuindigenonen EO

ANSBALLT S SOTVONGBoi tgundnsentiaat erallanctamniontr DE OO p OS

SHCWONES cia clk pcaneteminentcclaudlcrtidmeminanaeee li 9

Anthemis spp. ...... ssaep bse rad bgt ioorel aa GT scatman AL AE

Antheni svarvensis wieko si 250

Anthemis cotula

Anthoxanthum odoratum «uu...

Apera_ spica-venti

Apium nodifloruin

Armsby Ww. A

asparagus

BUPAGLe arid Sn BE aaclEEeel 09, 415, 433, 6h2

AQTOPYPON YOPONScence

AQUATIC WEES onereecccssccsscssneusnenssssntsssnstnses

blackcurrant’ccc:

ZOOSEDELTIECScee

granular formulation

TE 26 eet scscenrmcnedanedee terre tt

peas

DOCATOES oeneeeessnentctsensieniennennnennannnieanee OO

PASHH ELTOG censmcsnsrascmnnaniuonuumliscusien, SOO

g SUPAWDETTICS oocncnmnnmnmmnnnninin SOL

ALTEPLEX PAbula nncuccninnanannanununninnnnnnnnnnnnnn Dey 50, 137 362

AtPIpleX Nastatum nc ccccnsmnmmnnnninnstininsenie 50

AVIONE (SDD 0:0) cashiousanalaaenmnconnsgeten munacasubcanloamast 4, 118

AVONS 8UUcant danaidcouscinnnce news D2, 5d 82,115, ili, H535 U7T 94181,
487, 495, 503, 521

(78178) 



AVENE TUGOV UCLADS cc puncecntet piercesRa assscnsacsasoass dicen

Pee OTBache ccellynyiera

BRST Big Hig senccuasswrsetmensieitlonecrnteeslvonrenertrreneenseeetmnsrerasstt

BBR CY Co sens cccccvesuaycesizenscnsiesteisspnnctsecetaccbttacsenscctiiniecotsy

BabOT Hogs Kies wninnscansnscicsuindnsinmanscsmacunamnrennunsecaasnaces

BERie Wie Be sssecssssssscnscengancienlaeelbennotesmetneense

DANG SDPAYLG sssscsscscoisscct bs acosccnevcsvnczsmoncantsonssvencsssvcesesasiunteita .

barban

"

"

barley.

 

p DENG PCSST CY ccccceescssssnsnsrtnen

y Surface*active agents...ds

go WODEMG PCG scestiitsanssconasensastishoscivepitbonseeeloein

 

BPRSLOY Gir Bi se cctsessseancasevcesoccvsascuateasesesnestssesecobintNbteaoee—

beans, BOGO ssssscccsacecsouscengesredacuczssaeescnissbsssscamerissayeosvoesssvatios

DWERICE FOPCL inasceseeccaecenreetrcnitoencecmrsntiresrist

Field 

ERIUD OY aasenscesnsienroeeneeernteerecenscnesessi sissiessic

CHLOLpopNaM/GLUONon eceececcecseeceennee

CRE GI BOE sec eskscennsortencoreqrnerecereernneesas eiSeasincesancacabcabae

FEREC oc cuereonenaiterancenmnsneseyameimaccenanamnsssctiraes

CSG CL i cccecepesrccesaticesznennn nsemente ener

BOLUSPOPOL Sasccaisesnnnennercrspsiouermeminnemenerentnsii

Berula erecta

BIPC.....

(78178)

 

453, 496, 539

552

23, 139, 633

iy

11, 19

5h

48, 338, 360, 633, 637

. Ut, 453, 471, 487, 503, 523, 533

. 538

53k,

534,

. 321, 453

597

10, 626

AiO, 599

65, 79, 20

L16

115

Wik

M15

hog, 416, 6h2

ihe

56h, 584

315 54, 139
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blackcurrants
 

borax
 

S5f 9 S614 368, 387, 405, 600

582

ec DOE

Bradford M.S.
 

Bracey Pe.
 

Brassica alba

Brassica oleracea

Breese J.C.
 

Brown P. He
 

brush
 

brussels sprouts
 

 

Buchholtz K. P.

Bullen E.R.
 

Bunting A. H.

butinol-3-chlorophenyl carbamate -
see BIPC

ButoniusUmbellacusccmmnmnmmneunutnnn

cabbage
 

cacao
 

Cade M. Ce
 

Caldicott J. J. Be.....

Callendula
 

Callitriche sp.

Callitriche obtusangula

Callitriche stagnalis

(78178)

2h3

439

540

135, 137

115

335

648

kik

t

79, 99

54h,

409, 416, 599

603

140

23, 633

626

573, 581, 588

562

561 



165 

« B75

Campbell S. 149, 62h

Capsella bursa=pastoris oommmmnnnenanene Dey 370, 427, 526

» chlorpropham............... 118
/diuron

9 2g6-DBN acne, 611

» diquat

9 SOMPUMcnn 50
nitrate

158, 168, 561, 581 

Carex pseudocyperue........... iemttnemrrceinnses: EO

CALTEXVAPAT1anneemnmnnnnnnnnnnnmninnmnninenn BOD

CardaminePVatensennmmmennnnnnnmnnnninnennnnn DP

carrots 409, 415, 436, 642

cauliflower Wik

CDAA hih, 481, 642, 648

CDEC M5, 62 

celeriac 599

celery 16, 436

 

CeratophyllUM Spo.nnnmnmmnmmeminmnnnnnnnnnnnn B5O

cereals 13

CHANCELLOL Reo Soecesennsssututnsintnnenesanaannnnanaenen

Chara sppe

Chard J. Re. Ae
 

 

CDSNOPOGLUM SD i nscnisscaniedcsmpieannemen

Chenopodium alummnt

(78178)

301, 559, 595, 569

. 562, 588

144

437

5L5

32, 54, 56, 122, 127, 348, 351, 370,
373, Wi6, 526 



chlorpropna

diuron

2,6-DBN

diquat

OMU /B IPC

pentachlor-

phenol

simazine

sodium nitrate

anemones

granular formulation

peas

persistence of...

potatoes

raspberries ooo

» BUPAWDEPTLES scccscesceuitaasarcmy

CRPYSANLREMUM sacsasoadeiiwiacmmanaincnncendMonsaanncamnmerstecn LI0

Chrysanthemum leucanthemum wenn. OF

CIPC,see chlorpropham

CU PSTUMVARVCNSE al ilisndlliaincmmatetadinucion TOy TAT. CU2y Tok 572

i Hooft SpSADE ooasnilhcdentammisenntmnrnr OOO

g SAMAZINGnnn Gly 126

» sodium nitrate. 50

Cladophora sp. 629

clover 7 540

" , Alsike — o a 166

"yy Red 142, 538, 620, 628

» " , For seedyss. sennmunnunnun, O28

(78178) 



 
clover, White

cocksfoot
 

CONVOLVULUS ALVENSIS oissussnnneetntnnnnutnnenie

 
Conway E.

Cooke Fe Ce
 

Coombe fs.
 

 
copper sulphate

cotton
 

Cowan W. T,.
 

K-CPA, Pteridium aqualimumoemmne

KeCPP, Pteridi uM aqualiNUMnnenmnnmmenemmnn

 
Crepis Sppe

crocus
 

Crowdy Se He
 

cucumbers
 

Cussans G,. W.
 

Cuscuta spp.
 

cyclo-octyl dimethylurea =see OMU

Cynodon dactylon
 

Cyperus spp.
 

 
2,4-D

142, 166, 173, 538

142, 166, 173, 538

16, 50, 370

187, 23k

255

47

237, 551

15, 628

115 406

191, 202, 209, 215, 233

200

1h2

435

177

h16

31, 139

648

1

415

17, 153, 250, 543, 62

AQUALLC WEEKS oienennesstnnunentnentntnnenese 549, 569, 579, 587

compatibility with barban.ouw. 448

BYanular COTMULACIONSaeneueesenee 579, 648

maize 14,122

Pheridium aquali numnenneneeessin 200

SCPAWDOTILCSeseecsouneorenesenttesennsenneisnssisninie 31

(78178) 693 



Daams J. 

daffodils 

 dalapon

AMUACIC WEEKS icc

peas 

PEPSI SCONCE Ofcnn

’

?

Davies G. E.
 

2,6-DBN-see 2,6-dichlorobenzonitrile

delphinium
 

2,4-DEPhosphite see 3X9

2,4-DES
 

1 9 PEPSLSCENCE OLncccccnuccnmuesemmeemenmeen

9 POTATOSS onccseunennesesununsnnesinnntsietnenesntete

9 TASPDETTUCSoccscsssssmessnsnessnsnsienentnensssee

q § SUPAWDODIGS srccccsccspccc.

Deschampsia caespitosa

Deschampsia flexuosa

D@UtZIaA SLACLLIS ocmmmemnmmmmnmmennenmunmaentsensen

Dewey O.» Re
 

2,5-dichloroallyl di-isopropylthiol-............
carbamate

2 O-dichlorobenZonitri Le oocmnnnnnnmnnnnneen

Gichlorobutyric acid oocrs

(78178)

623

118, 628

151 9 1575. 1715. 3115 3875 406

175 259, 271, 279, 287, 353

287

548, 569

52h

321

mI

59

202, 209, 215, 233

157

436, 439

363

139

60, 63

374, 381

341, 381

142, 156, 172

151, 158, 166

34

91

. 481, 495, 503, 533, 543, 62

Li6, 561, 597, 617

ss 548 



2,6-dichlorophenyl methyl isopropyl................. 576
phosphoro amidothioate

 

dimethyl dipytridyliiim dimethosulphate...........

dimethyl 2,3,5,6-tetrachloro-...
teraphthalate

dinoben
 

 
dinoseb

" , granular formulationoo.

 
"  , peas

Mg DOTATOCSeccnnnnnnnssininnnnsnennes

t 9 TABPDOTLLCS onicctecccueeresicasssinceenmneumen

Giphenyl acetonitrilecessaesesnssesesnee

Dipsacu's fullorun..................

diquat
 

diuron
 

AGUACIC WEEDScss

bulbs
 

cotton
 

peas
 

potatoes
 

raspberries...

SUPAWDCIT1 CSieccssnsnsntetnteteteee

 

Dundas J.
 

dust formulations, aquatic weeds...

(78178)

Mik

311

_ ui6

li6

. 200, 302, hih, 50

64,8

105, 52h

56, 61

374

Li6

a DTE

56 137, 250, 302, 311, 430, 39,625,

407, 415

550

430, 40

16

103, 115

59, 62

352, 381

ee 354

200

47 



Echinochloa sp. Wik

Elliott J. G. 1hO, 177, 623

Ellison W. 177

ELOMeaCANACCNSLS srcacimsanevenmmmidnnnton 552, 561, 581, 589

endothal 235 31, 555 6335 6h2

Entermorphaintestinalisccmmmnmnnnmnnnne 562, 589

Epilobiumangustifolium . 601

EpPLLObIU WIPSCUGWsccccncnrtaccaamnatininnananannns 564, 572, 581

EPTC 60, 353, 415, 62, 648

Equisetum spp. 596

EQUUSCCUMBPVENSG picwirnannnnmnmecuncimnnnaunmiatanan 50

Equisetumf1Uvi atenmntnnn 562, 571

E,guisetumpé a72

EPSKINEG Dis Bie Coe scicccsnsnntimiansisasasascesasnssesansissvance 209

EuphorbiaNeLiOscopla.ccsiicsisommmnnnanranimaicanais, OO

Evans S. A. 287, 3275 328, 503 

Everest-Todd S. 139, 234, 235

Feekes Fe He 1h0, 439

fenac 17, 523, 560 

fenuron 115

9 ANEMONES ocecmssnnmnnnnnnnnnnnnesininnnnnne Lig

y aquatic Weeds.ee 560

» bulbs 25

» Branular formulationseen 648

(78178) 696 



fenuron, peas 105

g Peusistence Of scimestemmmmomumnanasl9

POTATOES oiesnnnnnnnnmnnnnnnsnsiinsennnnnnsnessren OO

9 TASPDELTLCSLonminD2, BIL

9 SETAWDETTCS.nnnnnnnninnnnnnnnnnnnnt 354

Ferro R. Be 255

141, 165

151, 158, 172

173

Festuceveers 1h2, 158

 

 

 

PADpendllaUIMATIAiicimunsminnimnamacaaanmsnnan DEE

Fir, Douglas 235 

Fraximus sp. 43h,

 Fryer J. De 637

Fumaria Off 1CiNALISccmmmnnnnnmmnnnnnnnnninnnnnn Dey 1279 351, 373, 407

" » chlorpropham/.wee. 117
diuron

(oh Ke)=)137

MONUPON oncseesecetsctsnnnnnsnnn DOU

SAMAZING oecscninsnennnennnnnn 126

SODIUM MICTALE evenness 50

GaleCOPSiS Ladanu onccecnccnnnnnnnnnnnnnenennnnnnnnnn HO

GaleopsisStetrahitacemcnnnnnmmmmmmnmmnennn Oy 56, 118, 137, 551, 526

GATINSOBA PATVLORAcssdsaatintmernetsiemeern IO

Galiumaparine 572

(78178) 



Galium aparine, 2,6-DBN oommm 611

§ DQoases 137, 626

gf BUALYT Oi rcccrrecdicreceeeamiea ; 82, 126

» SOGIUM MICTAbEcen 50

Galinm hercynicuo................

Galium palustre
 

Galium saxatile
 

Gardner A. L,
 

Gast A.
 

Geary H.
 

Geranium molle.
 

gladiolus
 

Glyceria fluitans

Glyceria maxima
 

gooseberries
 

 

Grant M. V.

granular formulations savesosensesasbnninasscassscssac anememssnss esseseset

Gregory P.
 

Hamm P.C,.
 

Hannah L, H.
 

Helenium
 

 

Hemerocallis sp.

Hodgson G. Le
 

(78178) 698

577, 581

166

171

433,

257

611

119, 435

562, 571, 596

548, 562, 571, 581, 596

357, 362, 387, 600

596

139, 337, 415, 551, 559, 579, 587,

65

181

181, 545

436

136

562, 581

215, 233, 23h 



 

 Holeusmollis
HOLLOWAY Re Lo Ca rcccctecmsctntintntanteentnisieeie

Holly K. 

 Holmes E..

Holmes G. D. 

Holmes H, Me 

Holroyd Je

Howick S. J.
 

Hughes R. G.
 

Hunter R. F.
 

12, 158, 362, 393

158

367

301, 533, 545, 595

249, 256

177, 235

Lh

487, 495, 531, 5uh

.. 561, 584

has

79, 121, 298, 299

157

Hydrocharis morsusranca 564, 577

Hypochaeris Tadicatammm126

Iberis 436 

Impatiens CarpensiSooesemenmnnemmenenennnneneneinn DFG

invert emulsions, YrCPAwna 216, 233

IPC - see propham

Iris 118, 436

570

{sodiazine S77

 

 

Ivens G. W. 439

(78178) 



 Jeater Ro S. Le

Jeff AWE. 

Jones A. J.
 

Jones Le
 

Juncus spp. 

Juncus bulbosus 

 

kainit
 

kale
 

King J.
 

Kniphofia
 

Kirkwood Re Ce
 

Lamium spp.
 

larch

 

 

Larix decidua
 

Larix leptolepis

Lawson H. M.
 

Leasure J. K.
 

leeks
 

(78178)

311

Lig

Ln

141, 149

156, 562, 581

62

577

166

237

133, 240, 321, 642

157

L136

201, 235

I5

50

235

L354

617

177

279, 328, 329, 596

599 



lettuce
 

 
Lemna spp.

Lemna gibba 

 

 

e 

Lockhart Jie Aw Ree sisssccccsssscecssnacesssssisciit

Lochie G. D. 

Longmate R. 5. 

Lowe D. 

lucerne 

Lush G. Be
 

Lythrum Salicaria oosmnmmnmnnnen

Macfarlan J. 

maize 

Maledc. Hydra We sacccsmccscssscnsscnsainanssies

mangolds 

 Matricaria spp.

Matricaria chamomilla

Matricaria discoidease

 McCready C.-C.

(78178)

382, 09, lié

552

577

235, 577, 588

565, 588

237

439

LO?

538, 628, 648

139, 328, 543, 545, 595

50

56l,

. BIT, 581

57

631

13, 92, 121, 540, 62, 647

eee 397, 523, 552

62

117, 370

62

50

32, 50, 127, 425, 526, 611

327, 655 



NeIlvenny He. Ce 

MCPA
 

"compatability With Darbarccs

liCPB
 

1 , compatability with barban ww.

mecoprop 

g » compatability with barban............

melons 

NGLanOrLUM:ADUM.ceccnsnssmssmnacnsumcaccmnivedtnnmivmany

 

METHOXY PPOPAZ AMEotacessssssnnesetsnsntnnnentnnniinntneene

Miller T. E.
 

Minter D. J. 

MOLINLACACTULE! aeeememennnutuensnssninnnenennunse

monuron 

i 9 AQUACLC WECB csscsccnssssssmiiemienmsitmintsen Niustine

9 DOTATOSS oieecssmaseenesnsunussuntnsnnniitntnennssnuaeses

6 PASPBOTTCS cccscesrccsemetarcscessssncnsaeereumiaenss

go, SUDEWOEEDT 68 ocsssocsbassunscsemnonnnccneietii

Murant A. F. 

mustard, white 

Myosotis sp.
 

 

Myriophyllum alternmi forumocsmmmmnnn

Myriophyllum spicata

(78178)

311

17, 56, 122, 141, 152, 191, 237, 250,
543, 549

448

60, 105, 153, 52h

LL8

60, 543

LL8

dik

526

575

577

560

5h

23 633

1h1, 157, 165, 172

115, 367, 384, 407, 415

550, 560, 570

60

352, 37h, 381, 405

35h

31

626

562

.. 50, 126, 137

517

552, 588

656

561, 581 



Naphar lutea

naphthyl phthalamic acid

narcissus

Nardusstricta

neburon

Neenam M.

Nicholson I. A.

nomenclature

Norman R. F.

Norris J.

Notification Scheme

oats

oils, cotton

OMU

onion

Ormrod J. F.

(78178)

577

Li6, 648

118, 425, 35

141, 157, 165, 172, 213

562, 577, 581

115, 346, 353

17

179

239, 26, 256

545

191, 233, 234

2h

382, 599, 626

515

577

16

31, 54, 62, 139

409, Lik, 649

151, 177

 



Paeony
 

Panicum spp. 

Papaver_rhoeas 

Parker C. 

parsley 

parsnip
 

pears 

peas 

DENCACHLOTPHENOL (PCP) necennnmnnnennnnnnnnnnnnnnnnnn

peppermint
 

persistency, monuron & simazine.........

" » amino triazole & dalapon..............

Pfeiffer Re. K.
 

phenyl amides
 

Phillips J.

PHYAGMITES COMMINAS iccassnssnsenesnstense

 

PANUS BYLVGSURES ictiscticsccississcscutnjnencsseiiameianiisusctnata

PEantaGo LancO Olata nsecccicmnsuidannmiconcnaneincnimane

Plantago major
 

Plantago media

plum 

Poa annua
 

g CHLOPPropham/GLUON .eecccccnnsncneennunnennee

9 GOLSDON trssscsncaricnarszsssarsas oaMacmamcinsscencaten

£2GPDBN ercondoasuntommimamexananannenel

(78178)

436, 439

623

32, 50, 118, 311, 436, 611

. 53, 139, 140, 637

. WiO, 416

ho9, 4i6

368

101, 115, 240, hoo, Wik, 521

60, 133, 200, 302, 23, 26

Li5

. 38h

321

327, 439, Ubi, 453, 544, 545

.. Do

Li6

453

331, 548, 570, 581, 596

235

O17

617

1h2

50, 1h2, 611

611

603

32, 341, 351, 362, 370, 373, MWh,
he 40Ts

118

387, 393

600, 617 



PoaANNsSIMAZINGinnnnnnnnminnnnnnnnene

I g SODIUM NICTATESeceesmnnnunnnenennnnnsnee

 Poa pratensis

Poa trivialis 

 

. BLT

50

158

142, 363, 393, 572

ho, dik

.. 564, 577

g CNLOTPPOPNAaM/...ncwsenninnennen
diuron

if 9 MONUPON fosececmaseneasen

" p SAUMAZUMEcccccssmnnneee

iq 9 SOGIUM. NITTACC.Liciicicsan

» Chlorpropham/......ccnccc

diuron

2GMDBN oaeceniiseecinmennnnee

GL QUAD cpcscsnsscocnsscnsvscmnsneas

9 MONUTON ereccscnancmnemmmnnre

SUMAZAMEeeeeeerernesrnee

H sodium nitrate.................

32, 56, 352, 362, 373, 526

418

384

82, 126, 38h

50

32, 348, 473, 526

118

611

137

38h

82, 126, 129, 384

50

024 577

in Oy 82

55 362, 526

uy » ChlorprophaM/......ecccncnen
diuron

DJO9DBN posscsccincnccmcesantu

OL QUAY \wcetcenanetrmnensseniemsen

PENCACNLOLOR...ecsecrsenenenene

phenol

a SUMAZ AMG aise csssccsasscapsinseanssnanse

(78178)

118

611, 617

137

135

82 



Polygonum persicaria, sodium nitrate

Polytrichum

Portulaca oleracea

Potamogeton crispus

Potamogeton densus

Potamogeton natans

Potamogeton pectinatus

potassium cyanate

potatoes

" , sprout inhibition, 2,6-DBN

W » haulm destruction, diquat

Potentilla erecta

Prasad R.

Proctor J. M.

propazine

propham

a » granular formulations

» Deas

» Potatoes

» Taspberries

9 st

y sugar beet

Prunella vulgaris

Prytherch E. 1.

Pteridium aqualinum

(78178)

7, 50

166

Lik

581, 563

565

577+. 583

563, 589

Li6

555 59, 4ih,

399

628, 631

158, 166

235

265, 331, 579, 595

60, 346, 09, 43h, 642

415, 481, 6h2

6148

105, 521

60

37h, 381

Bui, 354

235 31, 53, 633

151, 611

133

179, 187, 191, 201, 209, 215, 601,
623 



 

raspberries 

LOLACIVE ADSOLPCION onccccscsssssssgesnssnssnsesnsivssnssenessniesntn

Reynolds J. D. 

rice 

Ripper We 

Roach Fe Ae 

Roberts He A. 

Robertson I. Ne 

Robinson D. W. 

YOCATY CULTTVACLONolasusnennseinninnen

Rowlands Ae 

roses 

 

 

RumeXAYGTOLAPACU oecsessentseneetntnstnennssnnnss

RUMEXODCUSIPOLLUS ooeeemnnusinenen

ryegrass 

" mT LRTAY assed ssademconsotinceiii eptrermensbrecoadietanietanbnt

i g DOLONMIAL aceceenenmisnnsnnestntnnenenitnnnnamainnnse

(78178)

hog, 599

50, 118, 126, 526, 611

. 12

. 581

DUT

126, 142, 151, 575

.. 581

562

351, 357, 368, 373, 381, 387, 405

33

101, 521

599, 623

327

06, 407

o9, 439

55

357, 387, 405, 07

259, 261, 265

165

433, 439

56h

. 512, 577

32

577

126

142, 538, 599

56, °59, 364

166, 173 



Sagar, Ge Re 259, 271, 327, 322, 329

. 577

Salmon H. W. 256, 328

SalviniaAUTICULACAammnnnnnunnmmnnannne 607

Salvinianatens 235

Sanders H. G. 1

Sandford H. 

scabious 

SchoenoplectusLacustris neemmmmmmnnmmmnmemnmnin

 
Scirpus sp.

Scragg E. B.
 

ScrophulariaNOdOSa oocecmmumnnannnnnnsmennnanennnen DEE

577

1,36

Selleck G. We 481

 

SenGClO VULSAL1S aciseeseremseeecepereeneetervinmeneitiemnsnnsisineen se 31, 351, 362, 370, 373, 407,

ft

CHLOLProphaMm ooenna 117, 425

2OADBN ooccnennnninnaneinnnnnnin 617

monuron.............. 384

SUMAZANG oonsnnnnsnsnnrnnne S29 BY

1 SOGLUM NITTACC eee, 5O

Setaria sp. Wik

shrubs 33

Sidwell R. W. 327, 439, 658

simazine 357, 367, 406, 409, hi5, 433, 439,
598, 62

" g ANEMONES Lacccmccnenmnmnnnnenonenn UV

(78178)

 

  



Simazine, aquatic WeedS oonuummmmmnnnnenn 550, 560, 579

" , breakdown in soil... sceminen ED

u DLACKCULTANESooccwscntnnunnnninannnnunnnen B01 9 YOS5

bulbs 426, 430

field beans...... 65, 79

BOOSEDETTIES i csmmmmnnnnnnnmnnnnnnnnnn DOD

granular formulations voc... O48

maize 13, 121

persistence of 91, 384

iy DOWACOCS srneastucwcsastecanenntgunmrnmntcad 59, 62

9 TASPDETTICSWnsD92y 358, 374, 381, 405

g SUTAWDETTICSimnnnnnmmmnnen Dy B54, 4OS

"4 as total herbicidenen629

Simonds Jo S. We 257

50
 

Sinapls ALVENSLSammmemmmuniinnsnnninnnetsinnse 526

Wg PHLOTprophase 118
diuron

9 QODBNaececnrntnnnnnnninnnnnnenee OFF

» pentachlorophenol...... mee LOD

go SAMAZINCscsssenesnsneneneen 82,

5h9

Stl

Slade R, E. 256

 

 

 

sodium borate 560

sodium chloride 53

sodium nitrate 7, 53

(78178) 709 



Solanumnigrum 

Solidago
 

BONCHUS,AYVCNSLS soesccccscectiatenRieasaamntiiiuatinanaya

Sonchusasper 

SonchusOLeraceus, diquatemnmmnmnnnennnnnn

e if 9 OMDBoenmnnennnnnnnnmnnnnnnn

4 " g SIMATANC  rrcccnsanLeiiedinons

i u g SOGUUM NICTACC ooececsnmsatann

Sorghum Nali penseccccsemsnneemnnnesn

Soya beans 

Spalding J. V.
 

Sparganium sp,

SparganiUMPAMSUMcemmnnmnnnnnnnsennnee

spear mint
 

SpergulaarvensisESiliesibeorerremcemantiene

spinach
 

 

 

Spruce, Norway
 

StachysS Palustriscss

 

(+) altKo}0} a0) 0) ot)(1)

diuron

2,6-DBN...

2pD7*AICNLOLOALLYLeee
di-isopropylthiol-

carbamate

(78178)

126, 439

L36

50, 126

43, 50

137

611

82

50

1

15, 647

595

561, 571, 589

548, 562, 570, 581

M5

50, 135, 351, 617

409

562

43h

235

50, 578

De, 56, 34 9 551 , 362, 370, 373»

ih, 426, 526

118

600, 610

5h0

137, 628

139 



Stellaria media, péntachlorophenol oo.

is Wg SEMAZANCececntntnsntnnenmennaeetns

" ny sodium nitratewo.

 Sterry J. R.

Stephens R, J 

Stovell F. R.
 

strawberries
 

ql 9 GINO! oneeeeseesmntnetnemenmeneenenensete

" - “aleic hydrazidece

fn » Simazine ....

Strychers J.

sugar beet
 

fo eoa

t " , diquat.......

: Mg endothad/prophase

" Wy OMUBIRT oeeeccnnennssennunnnntnnnsenssen

sugar cane
 

 sulphuric acid

Sutherland Je Poo ccecsscscscsensvntnsnnevisnsinstnensesstnsnnaesee

Swedes
 

sweet corn
 

Sweet potatoes 

Syringa
 

{ 78178)

137s :

82, 125, 347

we 4

.. 578

596

59, 373, 381

321, 587

BLO

351

l16

397

w. BUT, 405

149

47, 540, 638

599

.. 626

23, 31, 633

31

91, 628

237

59, 3515 373, 381, 407

4133, 382, 642

415, 599

lik, 648

43k 



TAPAXACUM OFPACAMALS nnnmmnninimnninnnnennn ww 5O, 142, 149, 611

2ltyST g AMUATIC WOODS oieeecceemnimnns snmninnnisinrnee 560

2,3,6-TBA . 17, 560 

i » compatability with barban............ . 448, 488

2,lty5-TP 551» 560

1 p2 yl S~LetrachlorobenZene .ecccocccuinnnnmnnnnnennine St

 

2,3, 5,6-tetrachlorom] nitrobenzene .n-nnenenmn 599

Thlapsi_arvense 49, 126

Thompson P. A. 397, 406, 623

Thurston J. M. 543

timothy 166, 173, 50 

tomatoes ih, 599

Toulson G. A. 133, 139, 177, 407, 545

CLICHLOVACETIC ACIDeeeYUL6, 642

 

 

. 259, 353

9 AQUATIC WEEKS Loemmnnnn BYO

POCATOESnn DOy 62

PASPleITieSmeDDD BTL, 381

» SULAL DECueccmunn, 5B

o WIId 0808Sce DD 521

tLichloropropiONic ACIGcnn BYB

trietazine 60, 409, 434, 579

tris-2,l4-dichlorophenoxyethyl phosphite... 60

 

Tsuga NeverOPHyLaaecmmenmnmnnnennnnnnmnnnnnnnen, OF

tulips 118, 425, 435

turnips 133, 62

Turquant E. D. hes

(78178) 



TUSSILag0 PAPEATS ou.sensuneninmmnimanansniondinisn

 Typha spe

Typhaangustifoliassn

Typhalatifolia 

Urtica dioica . 

 

2 i-D.....

2 SOADBN onsnnonennnmnininenininnennsennen

GL GUAE scaciessnscsscecencecanseasencasnsasseensmcesnorcate

MCPA

SUMAZUMES ecceccccsnsscsssnssceecseeseeneeenteeseestnsee

BOG UUM: ECLAG6 execssnssczpcomesercssisensssasntcsio

Urticularia vulgaris ........

Valenza Fe 

VEN GOL WLS Hie Ceciscsccnssscnsanscsccssasesresscensstsareccssmqeusenties

van der Zweep W. 

Van Sta@lLGuine Doocccccsnscsssennennnsssnintieeennsnaeneeneareie

 Veronica spp.

iu » CHLOrpropham/ALULON .csreneennenenn

" FL

(78178)

a 50

5L8

570

570, 582

1h2, 572

370, ik, 427

127

610

137

len

126

50

561

.. 158

645

547, 595

329, 596, 623

341, 407

355, 407, 27, 526, 56

117

611 



VePONiCa SPPoyg SIMAZIMG ooccmmmmmmnenetnnnenvienene

8 » Sodium nitrate .......

Veronica agrestis

Veronica catenata

Veronica hederifolia

Veronica persica

e Mg MOMUPONicccnnnennernintnennsce

y " , Sodium nitrate ...

Viciacracca 

Vicia hirsuta

Viola Spe

Viola arvensis
 

Viola tricolor

Vine
 

Warren G. F
 

West We. J.
 

Westley J. D.
 

Wetting agents, dalaponoocmmmmmmnene

L Wo, SOdium nitrateen

wheat
 

Wheeler Ae Fe Je
 

Whitwell J. D.
 

Wilson Be Je

Wood Ce Ae
 

Wood J.
 

(78178)

82

49

125, 127

565, 578

50, 352, 370, 373

32, 352, 370, 373

384, 439

50

50

384

437

32, 50, 348

50, 373

603

139, 413, 6:7

140

623

279

48

453, 626

233

439

09

59, 373

425, 440 



Woodford Ee K. 08, 637

 356

gp, DOCGOCaiscessncissneubin i tagreatlinimsessseanenenisatli 60

g PASPDELRI CS. rcccccrssctlenneansmnemanuiscenenacimenillontsas 352

9 SUPAWDETTI CSacest 352, 356

Zinnia 

Zwijns J. 

DSD. 78178/1/227 750 12/60 DL 


