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Summary: In an experiment on conifer seedbeds, 2,6-dichlorobenzonitrile
(2,6=DBN) at 1 or 2 lb/ac (active ingredient) cultivated into the top
2~3 inches of conifer secdbeds completcly controlled annual weeds from
the timec of application until mid-July. The material was zpplied as a
wettable powder 8, L or 2 weeks before plots were sovn (in early fLpril
or early May). The number and height of seedlings of Pinus sylvestris,
Larix leptolepis, Tsuga heterophylla and Picea sitchensis was seriously
reduced on plots trented with 2 1b/ac cultivated in, and by some, but
not all, applications of 1 1b; on plots treated with 1 1b/ac of 2,6~
DBN L or 8 weeks before sowing, the weed control was good and Picea
sitchensis and Larix leptolepis scedlings were undamaged. Applications
of % 1b/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 dormont and germinating sceds. The compound was said to be
moderately persistent but that this property was influenced by whether the com=
pound was incorporsted in the top layers of the soil or left on the soil surface
From this preliminery information, 2,6-DBN appeared to have a potential value in
forest nurseries if opplicd to seedbeds well before sowing, the seedbeds being
as nearly ready for sowing ot the time of treatment as possible.

METHODS AND MATERI/ZLS

2,6-DBN was applicd as a 50 per cent wettable powder to prepared seedbeds at
Kennington Nursery, Oxford, at rates of %, %4, 1 and 2 2 1b/ac active ingredient.
It was sprayed on the soil surface a=s o suspension in water ot 60 gal/ac, and
immedintely after spraying, half the plots in the experiment were lightly culti-
vated so that the 2,6-DBN was incorporasted in the top 2-3 in. of soil. The
compound was applied on six dates, 8, L and 2 weeks before sowing in the first
week in April, and 8, L and 2 wceks before sowing in the first week in May. A
5x 3 x2x 2 factorial design with o single replication was used in this
experiment.

Plots 3 ft x 3 ft in arca, were sown with seed of Scots pinc (Pinus
sylvestris).Sitka spruce (Picca sitchensis), Western bemlock (Tsugr heterophylle)
and Jopanese lerch (Larix leptolepis). Seed was sown on the soil surface (which
had been consolideted and lightly roked immediately before sowing); the seed
was then covered with coarsc sand.

The so0il ot Kennington is o light loem, pi 5.5. The weed floro is composed
of snnunls, the most important of which nre Poa annua, Senecio vulgaris, Spergula
arvensis, Polygonum pcrsicaric and 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 scedlings ot the end of the
growing secoson, i.e. carly October. (These last assessments werc not availsble
at the time this paper was written). Weed growth was nssessed by measuring the
time teken to remove by hand all the weeds on a plot, weeding being done at
intervols of L weeks.

Samplcs of soil from O to 3 in,., in each plot were taken ot the time of
sowing for detcrmination of residucs of 2,6-DBN.

RESULTS

Toble I gives the number of conifer secdlings at the end of June on plots
sown in early ipril and in ecrly lay. The table shows that 2 1lb/nc of 2,6-DBN
cultiveted into the top 2-3 in. of soil, and applicd 8, L or 2 wecks before sowing
in /pril or liny, drastically reduced the number of scedlings of 21l specics.

1 1b of 2,6-DBN cultivated in, rcduced the numbers of Lpril-sown Scots pine and
Japancse lorch whatever the intervel between treatment and sowing but did not
affect other species sown then. On plots sown in May, the seme treatment reduced
the numbers of three species, but only where plots had been treated 2 weeks
before sowing (L4 wecks also for larch). The fourth species, hemlock, failed on
all plots.

Lpplicotions of 4 or ¥ 1lb/ac of 2,6-DBN had no effect on the number of plants
on any plot or spceics exeept for Scots pine where 4 1b/zc cultivated in 2 weeks
before SOWing in May apprecisbly reduced the number of scedlings of this species.

The height of scedlings (judzed by eye) at the end of the sceson was less on
plots where the number of seedlings wes reduced by treatment with 2,6-DBN, but
not on other plots.

Toble IT showis that where 1 or 2 1b/ac of 2,6-DBN was cultivated-in, almost
complcte weed control wes obtained which lasted until mid-July; the weed growth .
in /ugust and September was Very slight on thesc plots and could have resulted
from re-infcstation of the plots with weeds from outside the plot as much as from
germination of dormant resistant seeds. /fipplications of 4 and 4 1b of the
compound cultivotcd=in gave moderate control of wecds on some plots, but not on
othcrs. Where 2,6-DBN was applied to the soil surfacc, there was little control
of weceds, cven at the highest dosea

There were no residucs of 2,6-DBN greater than 0.1 ppm dry soil in soil
samples teoken from O-3 in, on any plot. It was not possible to detcct residues
at lower concentrations thon this. (0.1 ppm is cquivalent to approx. O.1 1b/ac).

DISCUSSION

The striking feoture of the results of this cxperiment is the almost complete
control of weeds on plots treated with 1 or 2 1b/ac of 2,6-DBN when this is
cultivated in. While the higher of these doses seriously demeged all four specics
of conifer, where 1 1b/ac had been cultiveted in 8 weeks before sowing, Sitka
spruce and !estern hemlock were not affected at 2ll, and Scots pine and
Jepancse larch were reduced in numbers only on fpril sown plots. There is some
suggestion that Scots pine was most susceptible to 2,6-DBN, Sitka spruce and
Yiestern hemlock least susceptible and Japanese lorch intermedicte. This might
possibly be related to specd 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, whcre
the larch and spruce would take 21-28 days ond the hemlock slightly longer still.
If 2,6-DBN is more toxic to germinating than to dormant seeds then onc would
expect quickly-germinating species to be more affected than species germinating
slowly.

Comparison of the numbers of scedlings 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 hod 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
Lpril and affected by 2,6-DBN, only Sitka spruce seedlings died in apprecicble
numbers between the counts at the end of May and at the end of Junc. Secedlings
on the other April-sown plots affected by 2,6-DBN had died by the timc the May
count vias mede. 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
sced picked up the 2,6-DBN soon after it was sown but only succumbed to its
effect after several wceks,

The effect of the interval between application of 2,6-DBN ond sowing 1s not
consistent. Tecble I shows that whatever the interval, i.e. 2, L 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 wecks before
sowing depressed numbers of scedlings at doses which had no effect when applied
four and eight weeks before sowing. There is no evidence that the interval .
between application of 2,6=DBN and sowing had any effect on weed growth after
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 werc cultivated in werc clean., The consolidation end raking at
the time of sowing (which are standard operations in all forest nurscries) may
2lso have disturbed the surface soil and brought up healthy weed seeds from %=1 in
below the surface, so reducing the cffect of trentments applied to the surface of
the soil.

The dete on which plots were sown had some effect on plant numbers; there
were morc Scots pine seedlings but fewer Western hemlock, Sitka spruce and
Japanese larch on the Mey-sown plots than on the April=8OWn piots. Thesc
differences agree with evidence from other eXperiments where the date of sowing
is varied. The date on which plots werc sown also ~ffected thc smount 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 2 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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T/BLE I. THE NUIBER OF CONIFER SEEDLINGS AT THE LID CF JUNE

Dose 2,6=DBN cultivated in 2,6-DBN opplicd to soil surface
applicd 8 wvks L wks 2 vks, 8 weceks Ly weeks 2 wiceks
Ib/ec before sowing before sowing

Scots pinc (Pinus sylvestris)
Plots sown in early /lpril

%2 121 105
99 98 110
8 66 10l
19 23 1
13 0 122

Plots sown in carly lay

124 119 105
122 136 15
116 39 128
9% 25 120

L 0 118

Sitka spruce (Piceca sitchensis)
Plots sown in carly fpril

149 172 142
149 152 152
133 138 152
118 113 13
28 56 14

Plots sown in early May

100 92 68
120 63 100
104 95 90

63 28 88
33 0 70

Western hemlock (Tsuga heterophylla)
Plots sown in early 4pril

143 214 105
215 189 208
191 132 166
161 126 185

0o 22 192

Plots sown in early lay

3
32
35

3

0




TABLE I (Contd.)

Dcse 2,6-DBIl cultivated in 2,6-DBN applied to soil surface
applied 8 wks 4 wks 2 wks 8 weeks Ly weeks 2 weeks
1b/ac before sowing before sowing

Japanese Larch (Latrix leptolepis)
Plots sown in early April

52 63 55 37
53 66 63 73
81 5l 88 80
1y L7 63 70

L L 63 6l

Piots sown in early May

Lo Lo 3L Lo

65 36 56 2 54
L9 32 37 L8 52
2l 5 5 51 Lo
6 0 0 37 55

TABLE II, THE EFFECT OF 2,6-DBN °N 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

25:5 - 2l6 2147 17‘.‘8”

178 50 58
82 10 20
26 2 Lo
12 2 9

0 0 16

164 6l 56
198 20 26
132 50 L8

52 12 L0
102 11 36

Cultivated in 2 weeks
before sowing in April

8- O

Left on surface 2 weeks
before sowing in April

12 16
106 15

L 38

2 Lo

0 15

Cultivated in 2 weeks
before sowing in May

N = N=3- O N = p= s O N = N
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Mre Se 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. Barnslcy Our experiments have so far been confined to an initial culti=-
vation aftcr spraying and this has consistantly extended the persistence of
2,6-DRN, If anything cultivation and irrigation are additive,.
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DIQUAT - A REVIEW OF RESEARCH AND DEVELCPMENT
WITH THE COMPCUND, 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 R, Cs et al, 1958; Homer R, Fo 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 thercof,

INITIAL INVESTIGATIONS

1t is alrcady known (Brian R. C. et al. 1958) that diquat (the coined
common name for l:1lfethylene = 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 compoundse. Diquat was first prepared by R. J. Fielden at
Dyestuffs Division (I.C.I.) Laboratories at Blackley by the quaternization nf
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 arc formed which appear to arise from the opening of one of
the pyridine rings, a proccss associated with the uptake of one molecule of
alkali (Brian R. Co. et ale 1958),
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In their letter to "Nature”((Brian R, C. et al. 1958) these workers describe
grecnhouse studies in 1955 in which diquat, applied as a foliage spray in
aquecUs 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 1b per ac of diquat in
100 gal total spray/ac.

The 025 1b/ac rate gave 100 per cent kill of marigold, nearly complete
kill of mustard, and cven at 0,125 1lb/ac diquat seriously damaged all the test
plants mentioned with the excecption 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 thé uptake and translocation of the com-
pound through the aerial parts of broad beans and oats was rcadily 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 effcct 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.

2. 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 0.125 1b/ac. Its action
indicates considerable potential for the compound as a herbicide and
desiccant,

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

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 fielde 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 diguat,

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 Cf ACTION

The unique properties of diquat which revealed themselves in the biological
tests of 1955 led to the cxamination 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 thc appearance of the type of
phytotoxic activity displayed by diquat, and (b) elucidating thc mode of action
of these compounds.

These studies are described in detail by Homer, Mces and Tomlinson in their
paper to the Pesticides Group of the S.Col., read in February 1960, The main
points arising from this work are as follows:=-

The activity of the dipyridyl quaternary salts depends on the reversible
production in the plant of a free radical, This is formed from the guaternary
salt by reduction, namely the uptake of one electron, at biological redox
potentials, and within the limits set by these potentials, the morec 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 blological activity, Thus the 2:2!
and 4:4' dipyridylium salts are the most casily 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 nccessary
redox potentials are developed in normal respiration processes, but a more rapid
reduction occurs during active photosynthesis. Translocaticn 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 aerial
parts of plants. It is well to enlarge upon this point becausc it is this
aspect of activity which is most strikinge 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 a yvzry few days., Stem tissues, e.g. potato stems, die mwore slowly and it is
more likely that here death follows the slow diffusion of the chemiczl 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 burninge. It follows that
treated perennial plants will recover, some more slowly than others.

There are two more aspects of diquat which should be mentioned herc, namely
residues and mammalian toxicity.
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Residue analyses of large numbers of potato tubers harvestcd from potatoes
where haulms were treated with diquat have shown residucs ranging from 0,05 ppm
to 0.1 ppm. This is consistent with the known lack of effect of diquat on
those parts of plants below soil level.

Diquat has & low oral memmalian toxicity to rats, the oral LD 5q being
LOoo - LLO mg/kg, and 500 ppm w/w of diquat in the daily diet of rats for sixteen
months did not affeet the rate of growth during the period, nor was any chronic
toxicity apparente.

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 o desicecant, potato haulm, legume seed crops and cotton arc obvious
outlets, and considerable work has been carried out with the compound on these
CropSe

In cotton duses of diquat as low as 0,75 = 1.0 1lb/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;lwiicl sprays
currently in commercial use there. On Lucerne in California diquat at
1 = 1.25 1b/ac has compared very favourably with dinoseb, and on white, red and
erimson clover has proved an effective desiccant at dogec of from 0.5 = 1.5 1lb/ace.
In England trials up to 1959 indicated that diquat at 1 = 1.5 1lb/ac gives satis-
factory desiceation 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 arca is tinder-dry and inflammable, It may be
possible to cxtend this téchnique to maintenance of rights of way and of fire
breaks in rangelande

In British Guiana, where sugar cane foliage is burnt before harvest and
vilere moist weather often renders this operation difficult diquat has been
tried with success as a pre~-burning desiccant at rates of 1 = 2 1b/ace

The use of diquat as a contact weedkiller may be envisaged although its
complete lack of residuecl activity limits it as a pre-emergence weedkiller in
the normally acccpted sense, it can be used successfully whereever annual wecds
are present and the crop has either not been sown or has not emerged. The
application of diquat to & weedy seedbed could be delayed with safety until the
first "osioneer” seedlings of the sown crop begin to ecmerges

An ideal medium for diquat is in late autumn as o trecatment 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
diquats
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In total weedkilling diquat has shown itself effective in two ways (a)

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

In the field of aquatic weed control diquat has shown prcilise in screening
tests and small plot trials for the treatment ¢f submerged aquatics, but more
work remains to be dene before much can be said of diquat in this role, Diquat
has also shewn premise as en algicide and in one test diquat, sprayed into a
flowing canal tc give a ccncentration of ebout 13 ppm for ten minutes, cleared
Cladephera completely from the canal near the point cof treatment, and the ecffccts
were visible for about 1,000 feet dewnstream,

Finally, whilst diquat cannct really be looked upon as a selective herbicide
in the true sense of the word, in general the ccmpound is mere active against
broad-lcaved weeds than against grasses and even within the greminae there is a
range of susceptibility. In cereals for example, oats will tolerate an applica-
tion of 1.5 1b diquat/ac while a dose cf 0e5 1b /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 tc 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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Discussion on preced ir‘l“gmg’agel‘

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

be the rccommended dose of diquat and the volume rate for both ground and aerial
applicationse

I Last year vie hcd reached thie peak of our fileld trials, in one of
the driest scascns for many yearse One cen never trust completely the results
of trials carried out under such conditionse Although we had a fairly clear
idea as to the doses for best results, we wished te confimm these in our larger-
scale trials this years The results that we have cbtained certainly appear to
confim the results which we achieved in 1958 and 1959. The optimum dose range
is 1% to 2 1b diquat/ace 1% 1lb might prove successful, but there may be cases
when the higher dose might be necessary. Trials confim that a volume rate of
2% to 3 gall/ac is sucessful with aerial application both by helicopter and fixed
wing aircrafte The results obtained were indistinguishable from ground
machines.

Mr. J. Zwijns I think there is an error c¢f thinking when you talk about
desiceants 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. Ho P. Allen I am very well aware of the Dutch conditions. In the U.K., when
one is growing crop predeminantly for seed one wants te arrest growth as quickly
as possible, With ware potatoes, again the cbject is to get complete kill of
leaf and stem, but not nccessarily the 3-day leaf and stem kill which seems to
be a feature of Dutch seed potato growing, Haulm killers of fairly rapid
action on the leaves all take within the general range of 10 to 15 days to
produce ccmplete 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 ccmbine 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., van der Zweep 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 question, my personal view is
that the chances of having any diquat in the grain would be extremely cmcllandin
any case 1 think that any effect on such grain would again be very small,

That is my perscnal 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 highe In irrigation the chance of flooding over land a
dilute solution of free diquat is extremely low because irrigation water must
acquire a fair amount cf crganic matter "en route”,
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A TECHNIQUE FOR THE APPLICATION OF PRE-EMERGENCE HERBICIDES

ON SUGAR BEET
B, H, Bagnall, J, J, B. 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 drillinge.

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 precisicn drilled triploid monogerm seed
followed by mechanical thinning, has been explcited 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 ccnstant but thinly spaced braird produced by the precision seeder,
is more vulnerable to weed competition than that obtained from the long
established methed of 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 paremount 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 weedse.

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 beet,

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

METHODS AND MATERIALS
The Machine

The prototype machine used for the field applications of endothal and
propham consisted of a PoTo0. cperated five-row seed spacing drill which was
mounted con the three-point linkage of 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 1ift 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 applicetion and arranged so as to give a spray band seven inches
wideé directly on top of the row, each nozzle giving an output of 8 fl1 oz/min
at 16 psi,

Leboratory tests were carried out on the nozzles to determmine the distri-
bution of the herbicide from the 7 in. bande For this purpose a colourimetric
determination was usede 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 anaiysed separately by extracting the dye with boiling watere. The dye
extract from each strip was diluted to a constant volume until it could be
matched with standard sclutions containing %, 1 and 1% 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 out=put of the machine was 21 gal/ac on an cverall spray basis, but by
the band technique, approximately one third of the area was in fact sprayed and
the actual application was 7 gal/acs

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 operated 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.0. drive.

It will be obvious that the virtue of such a machine is that it enables
4rilling and spraying of the selective herbicide to be carried out in one
operation thus dispensing with a post-drilling spray programmes Ripper Wo E.
(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 charcoales A 6=12 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 sclution 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 papers The concentrate, con=
taining 108 per cent phosphorus, was diluted at the rate of % gal to 30 gal
yielding 1%g8 = 0418 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 sezder frame, and the mud-
guard, three point linkage and rear of the tractor. The indicator treated
half of the papers were used to assess the contamination 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,
(1944) .

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

(2) the low pressure no-drift nozzles

(b) the relatively close position of the nczzles to soil surface, necessary teo
maintain a 7 in, spray bande.

The Weedkiller

Di-sodium endothal and propham were formulated as a combined emulsion in
the proportion 4 : 3 acid equivalent, Three doses were useds The ccmbined
emulsion was mixed in suitable quantities of water so as tc give these doses
when applied at 7 gal/ac of dilution (on the basis of a 7 in. band).

Seed Type

Triplex M monogerm seed was compared in each trial with seed, supplied by
the farmer, which was always 8=10/6Lths gravity separateds In all instances,
both types were drilled at 1% ine. 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 79,3 per cent singles as compared with 63,5 per cent singles
in the 8-10/6Lths gravity separated seed.

RESULTS

Biological results obtained from the experimental werk using this technique
are presented by the authors elsewhere, (Bagnall B, Ho et al 1960),

Acknowledgements

Acknowledgements are due to the directors and personnel cf the variocus
companies whese 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, wheo provided the
Triplex M moncgerm seed and S.K.H. & Son (Salcpian-Kenneth Hudscn & Son) for
supply ing a Down-the Row Thinner,

REFERENCES

BAGNALL B, Ho, CALDICOTT Jo Jo Bs, and MINTER Do Jo, (1960)e Field trials
with endcthal and propham for the control of seedling weeds in sugar
beet, 5th Brit Weed Control Conf, 1960. (Session II).

KITSON R, Eo, and MELLON M, Go Colcrimetric determinaticn cf Phosphorus
as Molybdivanadcphosphoric acide Ind and Eng Chem anel Ed.
June 1944 16, No, 6 p. 379,

RIPPER We Eoy 11957)e A new methcd cf selective weed contrcl fcr related
plants, In particular broad leaved weeds in beet., Proc. 3rd Brit
Weed Control Conf, p. 225-232,

(78178) 635




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,
“AR.Cs 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: 1) applies the herbicide, ii) incorporates the herbicide
with the soil in bands 9 in, wide, 1ii) 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 herhicides 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 avaliable to the farmer, the time he has at his disposal, the weather
and the state of the soiles 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 thereforc reach a high level of precision and considerable variation in
results can be expecteds

Similarly the results of pre-emergence treatments are also liable to vary.
The interval between the preparation 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 ond spraying influences the stage
of development of the crop and its resistance to the herbicide. The weather
ond state of the sced-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.
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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: 1) 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, 'artificialt 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.

DESCRIPTICN OF THE E(UIPMENT

This description is based on a note prepared for J. Agric. Eng. Res V, L,

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 shown diagrammati=
cally in fig. 1. The machine is designed to be attached either to a Ferguson
20 or to a lassey-Ferguson 35 tractor. It is semi=-mounted with two castor—
wheels at the rear, an arrangement which glves 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 1ift 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.
G1 & G2 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 Rsch, 5, 4)




FIGURES 2 AND 3, CGENERAL 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
L6 cuts per foot travel at 1% 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 0=4 ine in 1 in,
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 ugsed, 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, fige. 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 S.I.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 and G. 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 is 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 3-4 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
S.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 fsafe! when the
deptir of rotary cultivation was %=/ in, are listed in Table I.
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TABILE I. A LIST OF CROPS SHOWING THE INCOR#ORATED.HERBICIDE TREATMENTS
WHICH HAVE NOT CAUSED APPRECIABLE CROP DAMAGE.

Crope. Herbicide:

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

Carrots | propazine (1)

(4.5) (3.5)
Sugar beet | CDEC (3) TCA (L) endothal + propham, 2,3-dichloroally
' df-iosopropylthiolcarbamate (3)

Red beet % endothal(6)+propham (L4.5)

Mangolds E endothal(L)+propham(3)
Kale | EPIC (2) CDEC (8) CDAA (8)

Turnips | CDEC (8) cDaA (8)

| Swedes | CDEC (8) cDAA (2)

x figures in brackets indicate the maximum dose applied or the maximum
dose which did not cause damage, in 1b/ac.

In the trials so far carried out, the degree of weed control has, in general
been 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 EPIC which has given consistantly better results both at
Sprowston and Begbroke when incorporated and ii) propazine which has resulted in
better control of Matricaria chamomilla 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 herbicide
treatment can give almost complete weed control. An extensive programme of
testing is now required to evaluate the efficlency of this technique as a method
of weed control, covering different soils, weeds, herbicides and weather.

DISCUSSION

S.1.D. is the result of an attempt to introduce some precision into the
treatment of drilled row=crops with soll-acting herbicides by eliminating some
of the variable factors which can affect the results. The potential usefulness
of the technique described does however depend upon the availability of herbicides
that 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 are
promising, but will require confirmation in further vork,

The advantage in terms of improved weed control cannot be assessed until
much more experience has been obtained. Before the technique can justify
commercial 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 L 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. As yet, however,
no information has been obtained concerning the distribution of a herbicide in
the soil following incorporation by S.I.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?

Mr, B, Ho Bagnall 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

Ge Fe 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 ather 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 ares.

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, pre=emergence 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, 1954
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 sprayse.

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 marketed in granular formulations
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Dy dinoseb, CDAA, chlorpropham (CIPC), EPTC, NPA, fenuron, simazine

OR CRANULAX EERBICICES

1. 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 pre=emergence 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 rore convenient than sprays are
for the treatment of small patches of perennial weeds and individual trees or
onrubs with soil sterilants. They are also valuable for brush control in rough
terrain where the transportation of water is difficult, The effectiveness of
suchénreatments for control of trees was first reported by McCully and Darrow
(1956) .

2,  Avoid direct injury to the follage of established or transplanted 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 0f increasing the selectivity of a herbicide by this means have been
reported (Chapell and Bower, 1959; Shear, 1959; Warren, 1957).,

3. Less vapour loss of certain herbicides. 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 10SS 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 EPIC.

L, 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
greater 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 chemicais, granular applications
may be the only practical way to treat brush to avoid interception by the
foliage,
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5, Less damage from equipment with applications in growing crops. 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 wWeeds, 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 rowse.

6. Better control of rooted aquatic weeds. GCranular 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 1imit their use even if some of the problems are solved, Some of
the disadvantages c¢f 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
material. 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,

2, Lg table equipment for application. This has been a real
disadvantage., vements are being nade but most present~day equipment 1is
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 csses where granulars were inferior o 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 herbicidess With the exception of a few chemicals with vapour activ-
1ty, 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

Mre Ae Lo Abels 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 G, Fo Warrens Some granules were based on vermiculite but we then switched
to atta=clays because vermiculite may blow into the neighbour's field and the
bulk is quite excessived Last yesr we had a series of granules from one
company with the material in the granule or on the surface, They were applied
at equal rates of active ingredient and the results were all the samee Other
research workers also have reported little or no difference in weed control or
crop injury when various types of granules were useds One must conclude that
factors other than formulation are more important in determining the results in
the field,
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SESSION XI

Chairtan: Dr, E, E, Cheesran

THE TRANSLOCATION CF HERBICIDES IN PLANTS

THE TRANSLOCATION OF HERBICIDES IN PLANTS
Dr, Cs C, McCready

Agricultural Research Council Unit of Experimental
Agronory, Departrnent of Acriculture, University of Oxford,

INTRODUCT ICN

When herbicides are applied to plants, they do not sinply diffuse according
to laws of their own, They are translocated alnost entirely In transport
systens already functioning in the plants, The ain of this lecture is to
consider how far what 1s known about the nmovenents of herbicides iIn plants fits
in with what 1s known about the natural translocation Liechanisns, No attenpt
will be made te survey conprehensively the extensive literature on the trans=
location of herbicides, Reference my be rade to reviews by van Overbeek
(1956) , Woodford, Holly and McCready (1958), Bollard (1960) and Zirmerrann (1960),
and to the valuable annotated bibliography by Hull (1960).

METHCDS

A1l 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 deterninations have been discussed by Woodford, Holly and
McCready (1958), In particular, attention nay be directed to the necessity for
caution In iInterpreting autoradiographs of plants treated with radiocactive
herbicides, The distribution of radioactivity in the plant shows only the
distribution of the labelled elenent and not necessarily that of the nolecule In

which it was originally incorporated,

It is difficult in practice to distingulsh between absorption and trans-
location, and the distribution of herbicides In plants can be nuch affected by
factors which rey be presumed to alter absorption rather than translocation
(Leasure 1960, Shiue, Hossfeld and Rees, 1958),

Movement in the xylem, Criteria of movenent In the xylem Include:

1) DMovement oceurs upward from the roots (although not all upward novenent
is in the xylemn)

2) Movenent 1s stopped by severing the xylen

3) Movenent is unaffected by ringing the stem
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l4) Movenent continues through a zone killed by local heating
5) Movenent 1s altered by factors affecting the rate of transpiration

Herbicides which have been shown to move up the plant in the transpiration
strean include 2,l-dichlorophenoxyacetic aeld, trichloracetic acid 5 arrlonium
sulpharate, nonurcn, anino triazole, propmn, simazine and maleic hydrazidee
Probably any substances which can enter through the reots can rove up the xylen,
but Crafts and Yamaguchi (1960) have shown considerable differences in the extent
to which different herbicides applied in culture solution to barley seedlings
were retained In the roots: 2,4-D moved into the top less readily than anino
triazole, maleic hydrazide, monurcn, dalapon or simezin, Blaclknan and co=
workers (Blackman 19€0) found that the time 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 specles to 2,4-D, In these exreriments, however,
translocation into the shoot did not correlate with Susceptibility, Crafts
(1959) reported that ronurcn applied to a smll area half way along a bariey leaf
roved only towiards the tip, He Interpreted this as showing movement with the
transpiration stream not In the xylem but in the apoplast or non=iiving part of
the tissue (ecell-walls and intercellular spaces),

Moverent in the phloen, Criteria of movement in the phloem include:

1) Movenent occurs 1nh the (presumed) direction of movement of the earbo-
hydrate strean

2) Movement does not pass a girdled region of the sten

3) lMovenent does not pass through a zone killed by local heating

L) TMoverent is altered by factors affecting the rate of carbohydrate Dove~
1ent,

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 rore recently the
concept of the assinflating stream as the controlling Influence in the export of
herbicides after follar application has been extensively developed by Crafts
and his school (eegs Crafts and Yamaguchi 1958; Yaraguchi and Crafts 1959:
Crafts 1959).

Circulation in the plant Crafts has also suggested that the mere mobile
herbicides (esize maleic hydrazide), after moving In the phloen fron leaves to
roots, Iny be transferred to the xylem and return with the transpiration strean
to the leaves, Inorganic phosphorus has been shown to elrculate in this way
in plants, and sugars ray occasionally do so.

Polar Transporte Some phenoxyacetic acids have been shown experinentally to
rove through excised segments of tissue by a mechanisn resenhling the polar
transport of natural auxin, This mechanisn is highly selective between
different c¢losely related chenicals, Some recent evidence suggests that a
Dechanisn sinilar in some ways may be involved In the movenment of 2,4-D from the
surface of the leaf Into the vascular tissue in which phloeil Novement oceurse

CONCLIS ICH

Although existing knowledge of translocation systens in the plant accounts
fairly satistactorily for the diffterent rodes of moverent of herbicides, nothing
1s known of the reasons why different chemicals move in different WaySs
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There 1s some evidence that differences between the movement of certain
herbicides in different specles may occasionally be related to differences in
susceptibility, but no generalisations are yet warrantede
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Discussion on preceeding paper

My Re Yo Sidwell

The translocation of herbicides In the phloen and Xylem presents no problens
once the raterials have entered these tissues, It the movenent of mterials
through the mesophyll into the phloer IS polar rmovement as Dr. McCready suggests,
how does he aceount for the apparent fact that in the transloeation of raterials
upwards, young unexpanded leaves can recelve these substances tron the phloen
terninals? Can we assume an 'anti-polar?! novenent?

20v e Co. MCTORAY

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 3415 P,M, ON
THURSDAY, 10TH NOVEMEER, 1960 AT THE GRAND HOTEL, BRIGHTON

Present: Dre He G, Sanders (President)
Mr, M, N, 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, 1n accordance with the Constitution,
Professor Sanders automatically retired as President of the Council after the
Conference, On behalf of the Council, Mr. Gladstone thanked Protessor Sanders
for his valuable services during the two years of his office and pald a special
tribute to the exceptional energy and help he rad given to the 1960 Conference,
Mr, Gladstone then asked for nominations for the office of President for the

perlod 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

and the prdposal was carried with acclamation, Professor Sanders said he was
very pleased to accept the office and that he was deeply sensible of the honour,

3¢  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 sald 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, Iir, Ferro asked that this paragraph should be
delcted and he suggested a revised phrasinge 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 menufacture should stop forthwith and thet 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 haulm Killer,!
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With this correction, lir, Baldit moved the adoption of the Report:; the
proposal was seconded by lir, Hartt and carried.

L,  FUTURE ACTIVITIES OF THE COUNCIL

iir, Gladstone, referring particularly to the conference which had Just
ended, invited Conference members to forward written comments or criticisms to
the Council, He sald that any suggestions tor improving the running and
organisation of the next and future Conterences 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 Constitution,

6, CLOSING OF THE CONFERENCE

Professor Sanders said that the general opinion appeared to be that the
Conference had been very successtule 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 becn new slants on this subject, particularly the idea of herbicides
being selective among grasses, Professor Sanders said he thought there was a
vary 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 answer to these prob=-
lems would be availlable,

(d) Referring to the session on lWeed Control in Horticultural Crops, .
Professor Sanders sald he agreed with the Session Crhalirman 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 co=operation with the machinery manufacturers,

Finally, Professor Sanders expressed his thanks to all those who had heliped
to make the Conferencc a success, He pald 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, torris, 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 respecte
ive Sessions, the Session Organi Zers, 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 Lo, Baldit has replaced Dr., Fo 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, W, Robinson Mms replaced Professor J, Morrison as representative of the
Ministry of Agriculture for Northern Ireland, Col, Jo Fe Cramphorn (N,A.CeA.Me)
and Mr, We Fo Pe Bishop (N,A.A.C,) were co-opted as members of the Council for
the period to 3l1st Decembery 1960 in their respective capacities of Chairman and
Secretary of the 1960 Conference Organising Committee, Dr, E, Holmes retired as
Chairman of the Council and Mr, M, N, Gladstone was elected in his place,

Mr, H, S, Leech was re=-elected as Tregsurer of the Council, Miss C, Bloemink
has undertaken secretarial duties for the Council, Mr, W, A, Williams,
Secretary of A.BslMeAsCoey has attended meetings of the Council during the past
two years, The full membership of the Council is therefore now as follows:

President

Dre He Ce Sanders, MelAs, PheDe

Chairman

Mr, M, N, Gladstone A,B.M.A.C,
Treasurer

Mr, He Se Leech NoA.CoAllM,
Members

Dr. R, de B, Ashworth MeAoFoFe
Mr. Go Lo Baldit 8:Cels
Mr, A, We Billitt A,BoleAoCo
Mre We Fe Pe Bishop NoAoAoCo (co~opted)
Mr, M, Bradford NeA.CoAole
Dr. E., Ee, Cheesman AJReCe
Cole J, F. Cramphorn NeAoCeloMs  (co-opted)
Ce Vo Dadd MeAeFoFo
S. A. Evans MeAoFoFe (co~opted)
Re Bs Ferro MeA,FoFe (co=opted)
De Jo S, Hartt AeBeMeAeCo
Re Go Heddle Dept, of Ag, for Scotland
Ee Holmes A,BelMeA.Co
De Jo Columbus Jones MeAoFoFeo
Re Ees Longmate NeAo,ALCo
H, C, Mason NoeFaUs
Fe We Morris NeAsAsCo
D. Rhind Colonial Office
Je Rhodes MeAoFoFo
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Mr, Do We Robinson Min, of Age for Northern Ireland
Dre R. E. Slade NeFaUs

Mro We Ae Williams

Dr. Ee Ko Woodford AoReCe and A,A.B,

Secretary

Miss Co Bloemink

Full meetings of the Council have been held quarterly and, in addition, the
various Committees of the Council appointed to deal with speclal aspects of the

Council's work, have met at intervals durlng the past two years, Membership of
these Committees are as follows:

Research & Development Committee

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

Mr, Co V, Dadd K. Woodford
Mre Me Ne Cladstone

Recommendations Cormittee

Dr, E. K. Woodford (Chairman) D, Fryer

Mr, S, A, Evans (Secretary) Holly

pr, He P, Allen D, Holmes

Dr, R, de B, Ashworth Jo C, Jones

Ir, M, Bradford E. Longmte

Mr, Go Wo Geo Briggs B, Lush

Ir, K, Carpenter Rhodes

Mr, C, J, Edwards A, Roberts
R, Stovell

Publications Committee

Mr. Ao W, Billitt (Chairman) W, Morris
Mr, Ho S, Leech (Secretary) Woodford

1960 Conference Organising Committee

Cole Je Fe Cramphorn (Chairman) S. Hartt
Mr. V. Fe Pe Bishop (Secretary) y Leech
Mr, A, I, Billitt Mason
Mr, C. Vo Dadd 1e Morris
Mr, M, Ny Gladstone Woodford

Finance Committee

lr, Fo U, Morris (Chairman) Bradford
Mr, He S, Leech (Secretary) Cs Mason

(78178)




CONFERENCES, SYMPOSIA AND TECHNICAL MEETINGS

B.W.C.C. Symposium Funds As it was recognised that some of the more speclalised
aspects of weed control could not be dealt with at the biennfal Conference, It
was agreed that the Council should hold Symposia as and when the occasion arose
to deal with these special subjectse 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
support. The response was most encouraging and the Symposium Fund now stands
at £749~13=7, The Council records 1ts appreciation of the voluntary financial

assistance givene

N.AeAsSe Conference, South Western Reglon. 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:

1., Weed Control in Cereals

2, Mechanical and chemical control of Couch Grass
3, Chemical Weed Control in Herbage Seed Production
L, Weed Control in Kale

The Conference was a success and the discussions lively. In particular,
the grass session was a most valuable onee

European Agricultural 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 Assoclation of Agricultural Contractors, the National
Association of Corn and Agricultural Merchants, the Royal Aeronautical Soclety
and the Society of Chemical Industry, took place at Cranfield from 14th to

17th September, 1959 with a flylng demonstration, organised by the NoA;CeCay 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
representeds The Conference was judged to be a success and provided a useful
opportunity for the exchange of views on the subjeet of agricultural aviatione

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

sponsored by the British Weed Control Council, was held on 7th April, 1960 at
Oxforde The following papers were presented:

1 Microbiological Breakdown of perplcides in Soils

2, The Effects of Herbicides on Soil Micro-organisms

e Physico=chemical aspects of the availability of Herbicides In Soils
Ly Persistence in the Soll of some Important Herbileldes,
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It wias thought desirable therefore that a wider survey in five or six other areas
should be carried out and the Nedo.AeSe have agreed to do this further workes 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,

Labelling of Weedkillers, Following strong representations from members of the
NeFeUs, the British Weed Control Council passed the following resolution, which
wias carried by twelve votes to three (the manufacturers opposing the vote):

"This Council recommends that all weedkiller labels should bear the chemical
nane or the agreed cormon name of the active ingredient or ingredients and
asks its President to bring the matter to the attention of the Ministry of
Agriculture requesting then to find means of Implementing this,"

The Ministry were accordingly approached to introduce leglslation with
regard to the labelling of weedkillers, The matter was given considerable
thought at the Ministry but it was considered that 1t would be difficult to
introduce conpulsory neasures. The attitude of the Ministry appeared to be that
the situation would probably be dealt with when the new Approval Schene under
discussion with the industry was formulated,

Spray Drifte 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 damage and methods of reducing it and a special worker was appoeinted
by the Ministry to work under Professor Hudson of Nottingham University on the
problen, A departmental cormittee was also set up within the Ministry of
Agriculture (Lord Haldegravel®s Cormittee) to assess the evidence submitted by
various interested organisations on the damage caused by spray drift. The
Research & Developnent Committee of the Council arranged a ieeting of research
workers on 16th March, 1959 at Oxford at which the various people present
surarised the research they had done so far on the subject, It was agreed

that there was insufficient evidence avallable at that time to assess the Yot s
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 conneetion., The results of
the research done by the special worker appointed by the liinistry were submitted
in a report to the Ministry on Septemben 1959, The report dealt very largely
with diagnostic neans, The Research & Develomient Cormittee of the Council
studied the report in detail and recormiended to the Counecil that while it was a
very valuable docurienty It was essentlally a research paper and was not in a form
suitable for publications The Report on Spray Drift Is available at the
Ministry Library to anyone.who may wish to consult ite The Report of

Lord Waldegrave's Cormittee 1s awalted,

Toxiec Cheniecals in Agriculture, In view of nunerous inaccurate and Irresponsible
statenents appearing in the National Press iIn connection with the use of toxic
chenicals In agriculture, it was siggested that the Council night take some
action in counteracting such adverse publicity and it was felt that sone official
stateinent on this subject should be fortheoning fron the Ministry of Agriculture
when the new Approval Scheme was launched, The Association of British Manu-
facturers of Agricultural Chenicals are however already in eclose touch with the
Ministry and with the responsible oifficials of the Press and the BsB,C. on this
natter, and 1t has been decided to leave It to A,BllisA.C, to take the necessary
action and keep the Council informneds
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Use of Sodiun Arsenite, The Council had been concerned for some tine 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 manu-
facturers, the product was not being used in a safe manner, loreover, reports
had been received that the material was being used on other crops besides
potatoes, outside the recormendations for the product made by the linistry and
the manufacturers, and the Council felt that the hazards and aceidents resulting
from the use of sodiun arsenite night jeopardlse the future for agricultural
chemicals generally, The British Weed Control Counclil decided, therefore, that
the matter should be taken further, In preference however to recormending 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 farners, and the
followin;z resolution was passed:

fithat the Council recornend the A,B.M,A.C, teo advise thelr mermbers to cease
selllng sodiun arsenite as a herbicide and defoliant,"

The Council further resolved:

"that the Ministry should be asked to delete sodiun arsenite from its
Approved List,"

The Ministry subsequently asked ranufacturers to agree to cease raking the
product after the autwmn ot 1960 and this was agreed, The Council are continu=
ing, in the meantinme, to enquire into the progress made in the developnent of
alternative neans of potato haulm destruction, At their meeting on 9th June,
1960, brief details were given of "diquat! a promising new conpound for thls

purpose,

Ce Bloenink
Secretary
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Cambs,
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William Pearson Ltd., Hull,

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

BONDY, DR. H. F,
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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.
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Victoria Ste Londony SeWels

Hojer=Pederseny Sve
Densk Svovlsyie 0Gy Copenhagena




HOIDSWORTHy Dre Ee Co
The Yorkshire Tar Distillers,
Wokef iclde
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Oxforde

HOLZy Dre He
Oldenburg (0ldb),
Hochhauserstrasse, 36,

Germanye

HOMERy Dre Re Feo

National Research Development Corpne
1y Tllney Stes London, Wele

HOOPER, Se Fe
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Copenhagen, K, Denmark.

KNUSLI, Dr, Ee
Je Re Gelgy Seiie Basle Switzerlande

KOOPMANy Dre le
Philips=Duphar, Nedcrland,

(78178)

LiMBy Ee Ce
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LAWSONy He Mo
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Dow Chemical Cosy Michigan, UeSeie

LEAFE, Ee Le
Boots Pure Drug Coe Ltde,
Nott®inghame

LEECH, He Se
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E.Cﬂ.b.

LEEDS, We Ge
Moy & Baker Ltde, Dogenhame

LEESy Pe De

NefielieSe Experimental Horticulture
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LEVAQLQIS, ETIENNE
Societe Procidao,
Neuilly/s/Seines, Francce

LEN'IS, Dre De Te
The Government Chemist, Laboratory
of the Government Chemist, London.
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Societe Procide, Neuilly/s/Seinc,
Francce

LILLEY, Ve
Je We Chafer Ltd., Doncastere

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

LINKEy Dre We
Baywood Chemicals Ltde,
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LOCKH.RTy, J4iSe Ae Re
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Cirencesters

LOCKIEy Ge De
Plant Provcction Ltde, Haslemerc,
surreye

LODGE, Re

Walter Croft & Sons Ltdes
Station Mills, Chipping Norton,
Oxone

LONGCHAMPy, ROBERT

Institut National de la Recherchu
Agronomiques

Versailles, Francce

TIONGMATE, Je Ye

E. Co, Longmate Ltda,
Terrington Ste John, Wisbech,
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LONGMATE, Re Ee

Ee Ce Longmate LUde,
Terrington Ste John, Wishbech,
Cambridgeshirces

LORDy Je Ge
Boots Pure Drug Cos, Nottinghame

LOWy; He Pe
Evers & Well Ltdes Newbury, Berkse

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

LOWEy #e Je
Lenkro Chemicals Ltdes Eccles,
Lancse
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LUCCHIy Dre FLAVIO
Montecatini Seliey Milane

LUETTMER, Dre
BLSF, Ludwigshafene

LUNN=ROCKLIFFEy De Ce
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EeCe3e

LURY, MLRK
The Vigzol 0il Coes Greenwich,
London, SeEe10s

LUSH, GERARD Be
Boots Fure Drug Coe Ltdey
Nottinghame

MACFARLAN, JOHN
Scottish igricultural Industries Ltde,
39, Palmerston Place, Edinburghy e

MACFARLEN, JOHN
Scottish Agricultural Industries Ltdes
Edinburghe

MACINTYRE, Je Ge We
Farm Protection Ltdes Beverleye

MADELy Dre We
CELA, GemebeHey, Ingelheim/Rhein,
Germany,

MAGEE, Se
Plant Protection Ltde, Haslemeree

MAGNUSSON, GUSTAF
Gullviks Fabriks Lktiebolag,
Malmo 16, Fack, Swedens

ARCHANT, JOHN
Fisons Pest Control Ltde, Harstone

MARSHALL, Ro P.
Coalite & Chemical Products Ltdes :
PeOe BOX 21, Chesterfleld, Derty¥shire.

MARTIN, Dre HENRY
CIBA Ltde, Basle, Switzerlande

MASONy, He Ce
National Farmers Union, Knightsbridge,
Londony SeWele
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MAYESy /e Je
Boots Pure Druge Coey Nottinghame

MCCRELDY, Dre Co Ce
ARC Unit of Experimental Agronomy,
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MCo ILVENNY, He Ce
Imperial Chemical Industries Ltde,
Bracknelle

MCKECHNIE, ANGUS
Shell Inte Cheme COey Londone

MCLAREN, A4 De
he I, Marks & Coe Ltdes Bradford,

MCLAUGHLIN, Pe Je
Chemicel Services, Ltde,
1 Upper Hatch Street, Dubline

MELLOR, He Cs
Plent Protection Ltde, Haslemerce

MIBDLETONy Me Ra
Plant Protection Ltde, Bracknelle

MILBORROW,; Be Ve
" Shell®™ Research Ltde, Sittingbournc.

MILLER, Dre Ee¢ Jo
Plant Pathology Laboratory, MAFF,

MILLER, Te Ee

National Agricultural Advisory
Service,

Lawnswood, Leeds, 16e

MILNE; Ne Se
Je Me Stokes Ltde, Evesham.,
Worcse

MINDEN; Ne Re
SeDsCe Pesticides Ltde, .
23, Sloane Street, London, SeWele

MOFFATT, Je Re
Rothamsted Experimental Station,
Harpendexn, Heris,

MOILLIET, PIERRE
Agrochimie SA, Bern, Switzerlands

MONTGOMERY, De
Borax Consclidated Limited,
Carlisle Placey, London, SeWele

MOOREy Dre He IAN
Seale~Hayne Agricultural College,
Newton Abboty Devone

MCORE, JOHN J,
Hygeia Ltdey, Nuns Island, Galway,
Irelande

MORRIS, Fe Ne

Je De Campbell & Sons Ltde,

Lund Street, Cornbrook, Manchester
160

MORRISy; Fe We
Fisons Pest Control Ltde, Harstone

MOYES’ A. J.
hLe Ce Ce (Brotherton) Ltde, Lcedse

MUHLETHALIER, Pe
c/0 Dre Re Ma2g LeGey
Dielsdorf ZH, Switzerlande

MULLER, GUSTAV

Agrochimie SA, Bern, Switzerlande

NAHUM, DENIS
Pan Britannica Industries Ltde,
Waltham Abbeye

NEENAN, MICHLEL

Agricultural Institute,

Johnstown Castle Agricultural
Collegey

Wexford, Irelande

NICHOLSON, Ie fie
Hill Farming Research Organisation,
Edinburghe

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

NORMAN, Ra Feo
Fisons Farmwork Ltdes, Harstone




NORMANy Re Ge
NAAS Hort, Officer, Worcestera

NORRIS, Je
e Morks & Coe Ltde, Bradfords

NORTHy Je Je
N&LSy Wolverhamptone

O R.[.M, P. J‘AO

Borax Consolidated Ltda,
Carlisle Place,

Londone

OREN, RAPHAEL
Paz Chemicals Ltday
75, Crosvenor Strcet, London, W.i.

PALRKERy Ce
AoReCe Unit of Experimental lgronomy,
Oxforde

PARRY JONESs Dre Ee
Fisons Pest Control Ltdes Horstone

PARSONSy We Te
Lands Department, Treasury Place,
Melbourne, Victoria, fustralice

PELRCE, Vi
De Pe Refinery (Kent), Rochesters

PEDERSEN, He ELBEK
Lskticselskebet Zgre=Kemi,
Copenhagen K, Denmearke

PERININ, OLE
Stetens Ukrudtsforsdg, Lystoftegoard,
Skovlundcy Denmarke

PERYER, Ce
Joseph Well & Son Ltdey London,
39/41 New Troad Stes Londone LeCeZ2e

PETTERSON, Fe Wa
Edve Bjornrud, Oslo, Norwoye

PFEIFFERy Dre e Ka

Flsons Pest Control Ltde,
Saffron ‘Jalden.
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PHILLIPS, Miss Je
Fisons Pest Control Ltdes
Saffron Waldene

PHILLIPS, Dr, Me he
9, Western Road, Romford, Esscxe

PICKERINGy Re Le
Reckitt & Sons Ltdass Dansom Lane,
Huil.

PIETERS, Ire Ae Je
NeVe Philips=Duphar, Amsterdam,

PIPE, CABLE Se
Plant Protection, Haslemerce

POIGNANT, PIERRE

Station Experimentale de la
Dargoire,

Lyon=Terreaux (Rhone), Francece

PCOTJESy Je Re

Verdugtts Industrie &
Handlesonderneming NeVe,

Tiel, Hollande

POWELLy Te Re We
Neiiai:eSe Bristols

PRASLD, Re
University of Oxforde

PRICE, Ce Ds
Mine of igriculture, Shardlowe

NeiieiieSe Cambridge.

PRYTHERCH, EVAN I,
Nelie/iaSe Aberystwythe

PURVISy Re Ge
Cycnamid of GeBe Ltdes Bush Housey
{ldwych, Londone

RALSCHKE, Dre KLAUS
Schering /.eGey Berlin Ne 65,
170~172 Muellerstrassece

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

REYNOLDSy Ce Eo
Profarma Ltde, Wisbech, Cambse

REYNOLDS, Je De
Pea Growing Research, Peterboroughs

RHODES, Je
Nate Agrice Advisory Service,
Readinge

RICHARDSONy De Ce
Je Duke & Son, Bishops Walthame

RIEKIE, De Me
Boots Pure Drug Coe Ltdes
Beestone

RICHTERy Dre Ee
Degussa, Frankfurt (Maln),
Weissfrausnstre 9, Germanye

RILEY, Ee Ne
British Schering Ltde, Londone WeOe

RIPPER, Dre We Ee
Dow Agrochemicals Ltdaey
L8, Charles Streety Wele

ROACHy Fe he
NAAS, Maldstonee

ROBERT, ETIENNE
Nobel-Bozel, 67 Bld, Haussmann,
Paris 8ees

ROBERTS, He Ae
Nate Vegetable Research,
Wellesbournee

ROBERTS, PROFIEION OLIVER
University College, Cork, Eiree

ROBERTSONy Angus Ce
Imperial. Tobacco Coey Bristole

ROBERTSO:., Ee fie

Roxholme Estate, Sleaford, Lincse

ROBINSCNy De We

Mine of Age Horticultural Centre,

Loughgall, Co,. iArmagh, Ne Irelands

(78178)

ROBSHAW, Ce We
Plant Protection Ltde, Haslemeree

ROCHECOUSTEy Ee
Sugar Industry Research Institute,
Reduit, Mauritiuse

ROGERSy Fe We
Windsory Berkse

ROIVAINEN, Se
Berner Osakeyhtid, Helsinki, Finlande

ROODHANS, Ge

Produits Phyto—Agronomiques Ae
Chistiaens Sedey

60,rue de 1'Etuve, Bruxelles, Belgiume

ROSCOEy Re Je
Murphy Chemical Coe Ltdes Harpendene

ROSE, GRAHAM Je

wpgricultural & Veterinary Chemicals",
108, Ste George's Square, Londony
SeWela

ROSENFELDERy We Js
Borax Consolidated Ltdaes
Carlisle Place,

London, SeWele

ROSHERy Pe He
Woodstock Agrice Research Centre,
Sittingbourne, Kente

ROWLANDS, ALUN
NiAS

Trawscaed, Nre Aberystwyth, Walese

RUDD JONESy De

Agrice Research Council,
15, Regent Street,
London, Wele

RYAN, TIMOTHY
Depte of Agriculture, Dubline

SACAR, Dre Ge Re

AeR.Ce Weed Resecarch Organisation,
Oxforde

SALMONy Ge De

NAAS

Pickeringe




SLIMON, He We
Park Farm, Langham, Colchesters

SAUNDERSy; Ce Ge Se
Fisons Pest Control Ltd., Harstone

ShNDERS, DR‘ Ha Go
Nc!L.FuF., Theales

SANDFORD, He
Shell Chemical Coe Ltde, Londons

S4ANDS, He Be
lgricultural Contractor,
Brumstead, Stalham, Norwiche

SCHWARZE, Drs We

Degussa, Frankfurt (Main),
Welssfrauenstr, 9,
Germany.

SCOTT WATSON, Sir JAMES Ae

SCOTTy Dre le Re
Anderton Richardson Fertilisers,
Skeldergate Bridge, Yorke

SCOTT, Mrse Me Re
Anderton Richardson Fertilizers,
Skeldergate Bridgees

SCRAGG, Ee R.

College of Agriculture,
Union Street,

Aberdeens

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

SHARROCK, Je Ne
AAS, Readinge

SHENNAM, Miss JEAN Le-
Agricultural College, Botany Depte
6, Blythswood Square, Glasgowy Ce2e

SHINNERy C, F. N,
Je We Chafer Ltde, Doncaster,

SIDWELL, Re We

(78178)

SIMONDS,; Je Se We
Fe Pertwee & Sons Ltde,
Colchester,

SLADE, R. E.
N.F.Uo, Bishops Stortforde

SMITHy Ce Se
Dow Agrochemicals Ltday
Lg charles Street, London, Wele

SMITH, Fe E.
Research Chemist,
L5 ishbourne Roady London, Webe

SMITH, Ja We
Vizgol 0il Cos Ltdes Londons

SOENDERGAARD, Ee
Kemisk Vaerk Koege A/S, Copenhagen,
Denmark,

SOESTy Ire WaVe

NeVe Fabriek van Chemische
Producten,

1y Van Galenlaan, BAARN/HOLLAND,

SOPER, De
May & Baker Ltde, Dagenham, Essex.

SOWERBY, Fa Jo.

Whitworth Brose Ltda, Wellingboroughe

SOUNDRY, Miss M,
May & Baker Ltis, Ongars

SPALDINGy Je Vs
NA4AS, Londone

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

STAINTON; Je Re Le
Universal Crop Protection,
2L, 01d Broad Street, London, EeCe2e

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

STENVERSy Ne

AAgrurdl Chemical Works,
Hamelakkerlaan, Wageningen,
Hollande




STEPHENS, He K.
British Celanese Ltds, Foleshill,
Coventrye

STEPHENSs Re Je

Scottish Horte Rese Institute,
Mylnefield, Invergowrie,

By Dundeea

STEPHENSONy Ds Ve,
Je Weil & Son Ltde,
39=L1, New Broad St., London, E.Ce2e

STERRY, Je Re

Amchem Products Ince (UsSele),
Beuhalde 570, Untersiggenthal,
hargau, Switzerlande

STEVENS,; Pe Fo Es
Union Carbide Ltde,
103, Mount Street, London, Wele

STEVENSON, He Ae
Boots Pure Drug Coey Nottinghame

STORHAUGEN, OLL
Plant Protection Inste,
Vollebekk, Norwaye

STOVELL, Fas Re
Shell Chemical Coe Ltde, Londone

STRICKLAND, fie Ge
Plant Protection Ltde, Haslemeres

STRYCKERSy; Dre JOSe
hgrice State College, Ghent,
Belgiums

SUTHERLANDy JAMES Pe

College of Agriculture,
Drummondhill, Stratherrick Rde,
Invernessy

SWINSTEAD, Je Ms

Distillers Coe Ltday

Devonshire House, Mayfair Place,
Londony Wele

TAYLOR, Le Je
Unilever Ltde, Sharnbrook,
Bedfords

(78178)

TEMPLEM/N, Dre We Ge
JeCele Ltdey Bracknell.

TERRELLy Fe
Fe Terrell Ltde, The Grange,
Yaxley, Peterboroughs

THOMASy Ne Ga H.
Monsanto Chemicals Ltdey
10~18,Victoria Street, London,

THOMAS,y Te Me
Agricultural Inste, Irelande

THOMPSONy He i McKe

West Indies BSugar Cos Ltdes
Bucklesbury House, Walbrook,
London, EeCelis

THOMPSONy Pe le
Horte Research Insts, Mylnefield,
Invergowrie, Dundees

THORNTON, MICHAEL ERNEST

A eReCe Weed Research Organisation,
Oxforda

THRUSSELLy JOHN Ee

Murphy Chemical Coes, Wheathampstead,
Ste filbanss Hertse

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

TOULSONy; GEORGE ise
NiiiS, Trawscoed, Aberystwyth, Cardse

TOWLER, Je
"Farmers Weekly"

Press Representative,
Fairview, Great Chishill,
Nre Royston,

Herts,

TURQUANDy Mrse Ee De
NALS, Kirton, Lincse

TWOMEY, Ke
Fison's Chemicals (Export) Ltdas,
Londone

TYLDESLEY, Se De
Te De Campbell & Sons, Lund Stey
Cornbrook, Manchesters




V.LLENZA, Dre FRINCO
Solplant Sepefey Milan, Itzly.

VAN DER WEIJ, Dre He Ge

+2.S, leed Control Department,
Bornse Stéeg 65, Wageningen,
Netherlandse

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

VAN STALLDUINE, Dre De
IeBeSs Weed Control Department,
Wageningen, Hollande

VEENSTR/s He

Shell Internationale Research
Maatschappij NeVe

Carel van Bylandtlaan 30,

The Hague, Hollande

VEEVERS, /e
Vitax Ltde., Ormskirke

Wi.DSWORTHy Pe
Mirvale Chemical Coe, Mirfields

WAIN, PROFESSOR Re Le
Session Chairmane

WALGRLVEs Jo

Shell Nederland Verkcopmaatschappij
Wassenaarseqeg 80,

PeOe Box 69, NeVe The Hague,

WLLKER, Je
se He Marks & Coe Ltdes
Wyke Lanc, Wyke, Bradfordy, Yorkse

WALL, ERIC

Evers & Wall Ltde,

Lambourn Woodlands,
Nre liewbury, Berks.

WARING, Te Rs Le
Plant Protcction Ltd,, Birminghame

W..RRENy PROFESSOR, Ge Fe
University of Furducy UsSe:-a

VW.TKINy Je Ee
N...Sy Westbury on Trymy Bristol.

(78178)

WAY, Je Me.
Nate Vege Research Station,
Wellesbourne, Varwicke

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

WESTs Re Le
Fisons Pest Control, Harstone

WESTy, We Je

National Institute of Agricultural
Engineering,

Howden, Midcalder, Midlothiana

WESTLEY, Miss Je De
Wye Collegey Nre Ashford, Kente

WHEELER, /e Fo Je
Plant Protection Ltde, Bracknell.

WILLIAMS, Je TREVOR

Depte of Botany, University
College of North Wales,

Bangol's

WILLIAMS, We Ao

fissne Brite Manufrse of Agriculturs.
Chemicals,

86, Strand, London, WeCe2e

WILLIAMS, Ne Ee

Burt Boulton & Haywaod Ltda,
Brettenham House, Lancaster Placc,
Strand, WeCe2e

WILSON, Ce We
May & Baker Ltde, Ongare

WILSON, Pe
Independent 0ils Ltds, Pulboroughe

WISE, Se Ge
igrice Spraying Coe Ltdes
Houghton Hall, Cavendish, Suffolke

WOODs Cs He Pa
Pan Britannica Industries Ltda,
Waltham £Dbhey, Essexe

VICODy Je
Niu.Sy Kirton Experimental Farm,
Kirton, Boston, Lincse
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WCODI ORD, Dre Ee K&
Weed Research Organisation, Oxforde

WOODH/My Va4 Fou
Baywood Chemicals Ltdey, Londone

WOULD, We
Je We Chafor Ltde, Doncasters

WRIGLEY, Gs We
Fisons Pest Control, Ipswich.

'RIGHTy Sa Ja
Ford Motor Coe Ltdes Dagenham,
EsseXe

WRIGHT; Te Lae
Fisons Fertillzers, Felixstovice

WYLIEys Dre Scott Me
Fisons Ltde, Edinburghe

YATESy Ge Se
Pan Britannica Industries,
Waltham /Abbeye

YATES 9 Dre JOHN
Shell Research Ltdey, Sittingbournce

ZWIINSy Ma Je
Fabriek van Chemische Producten,
Vondelingenplaat, Hollande

(78178)




Abel A. L.

Achillea millefolium

acrolein

Aegopodium podagraria

Agricultural Chemicals Approval
Scheme

Agropyron repens

Agrostis spp.

Agrostis canina

Agrostis gigantea

Agrostis stolonifera

Agrostis tenuis

Alchemilla arvensis

Aldhous J. R.

algae

Alisma plantago-aquatica

Allen H, P.

Alopecurus myosuroides

Amaranthus sp.

amiben

amino triazole

Agropyroqﬂzgggqg_WmmmmmWww"

aquatic weeds
persistence of

Pteridium aqualinum

raspberries

139, Lo7, 545, 653

611

551, 579, 587

598

2ly

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

1, 151, 172, 175, 311

158

265, 287

122, 287, 362, 363, 393, 56L, 581,
01

158, 165

50

617

552, 562, 581, 587, 629
562, 577, 581, 588
625

82, L53, 540

ik, 545

6, s52L, 539
175153, 155, 158, 31
259, 301, 353

548, 569




aomonium sulphamate ... d , =TMNRRD A 17, 6
‘negallis arvensis ol T, T f 3245150,,182
BHCIRONEE ..o tipsimesml s B oo o b oo i 1 O
Anthenis spp. ... . O (TP 1 S e ESI T
Anthemis arvensis ... i aiir B0
Anthemis cotula by i s homsngiaabrmas R irsesegibrsionss; D
Anthoxanthum odoratum ... g 1515 °158
APETa SPICA=VENLI ..o, 3B

Apfum nodiflorUil . i 56k, 577
368, 603
521

s

358, 409, L15, 433, 6L2

Q

ABTODYTON TEPENS v 18

aquatic weeds T s DD g 519
blackeUrrants ... N 361

gooseberries ... . 362

granular formulation... e, 6L8

W28 olvmanmainint e 15
peas

POLATOES oo ... 60

raspberries . 352

g SEraWberTies ... 35l

Atriplex patula 32y .50, 137,:362
V%8 8 B (i 0V Uyt 1 RN A e -1 50

Avena SpDe ......... 3 o L, 118

Avend fatua. s .. el o e 329 B34 82, 115, Wi, U453, L71, U481,
187, L9s5, 503, 521

(78178)




Avena ludoviciana o 3535 1196, 539

Azolla. A e . o D02

Bagnall B. H, ... £3,.139, €33

Baker Co .. Lo e T LN
Bakel" He' Ko st . 141, 149

Ball Re We Ee RO

band spraying . U8, 338, 360,633, 657

barban . . Bl 453, W1, 1487, 503, 523, 533
v, 1light intensity 538
", surface-active agents............ 53L
1) YOLUME TALE ... DI

barley s 321 4 1453

Barnsley G. E. o DTT

beans, Broad- e 110, 626

» Dwarf French- s 310y, 599

Field 65, 79, 240

, amiben st O

, chlorpropham/diuron ... 115

, dinoseb B E—

, EPTC ... . 15

beet, Red ... . 409, 16, 612

Bellis perennis, : 142

Berula erecta o .. 56L, 581

BIPC ’ s O3 Dl 139

(78178) 689




blackeurrants 357, 361, 368, 387, LO5, 600

borax 582

Botrytis cinerea 397

Bradford M.S, 243

Bracey P. 439

Brassica alba 540

Brassica oleracea 135, 137

Breese J, C, 115

Brovn P, H, 235

brush 6L8

brussels sprouts L1y

Buchholtz K, P, 7

Bullen E, R, 79, 99

Bunting A, H. 5Ll

butinol-3-chlorophenyl carbamate -
see BIPC

Butonius umbellatus

cabbage Lo9, 16, 599

cacao 603

Cade Mo Ce 140

Caldicott J. J, B 23, 633
Callendula 626

Callitriche sp. 573, 581, 588

Callitriche obtusangula 562

Callitriche stagnalis 561

(78178)




Calluna spe 165

Caltha palustris 575

Campbell S. 149, 624

Capsella bursa-pastoris 32, 370, 427, 526

, chlorpropham...... 118
/diuron

611

50
nitrate

158, 168, 561, 581

Carex pseudocyperus 570

Carex riparia... 563

Cardamine pratense 572

carrots Log, L15, 436, 642
cauliflower N

CDAA Lk, L81, 642, 648
CDEC L5, 642

celeriac 599

celery 16, 436

Ceratophyllum sp. i 550

cereals 13

Chancellor Re J, 301, 559, 595, 569

Chara sppe. _ 562, 588

Chard J. R. A, 1041
437
545

Chenopodium album 32, 54, 56, 122, 127, 3L8, 351, 370,
373, L16, 526

(78178)




Chencpodium album, chlorproj
diuron

2,6-DBN
diqunt
OMU/BIPC

pentachlor=
phenol

simazine

sodium nitrate

anemones
granular formulation
peas
persistence of _
potatoes
raspberries ...
, strawberries ...
Chrysanthemun
Chrysanthemum leucanthemum ...

CIPC, see chlorpropham

Cirsium arvense .. ... % 127, 1h2;7 151

i i , 2,6=DBN ...

, Simazine 126

, sodium nitrate

Cladophora sp.

clover

W g BELSHRE. i e et

", Red e 102, 538, 620, 628

g Wy PO Seed y e, 628

(78178)




clover, White 142, 166, 173, 538
cocksfoot 142, 166, 173, 538

Convolvulus arvensis 16, 50, 370

Conway E. 187, 234
Cooke Fe Co 253

Coombe A L7

copper sulphate 237, 551

cotton 15, 628

Cowan We T, 115, 406

L-CPA, Pteridium aqualinum 191, 202, 209, 215, 233

L~CPP, Pteridium agualinum 200

Crepis spp. 142

crocus L35

crowdy S. He 177

cucumbers L16

Cussans G, W, 31, 139

Cuscuta spp. 648

cyclo-octyl dimethylurea =see OMU

Cynodon dactylon N

Cyperus spp. a5

2,4-D 17, 153, 250, 5L3, 642
aquatic weeds 549, 569, 579, 587
compatibility with barban ... LL8

granular formulations 579, 6L8

maize 14,122

Pteridium aqualinum 200

strawberries 3l

(78178)




Daams J . 623

daffodils 118, 628

dalapen 151 s 157, 171 s 31, 387, L}O6

Agropyron repens 17, 259, 271, 279, 287, 353

Agrostis spp. 287

aquatic weeds 518, 569

peas 52l

persistence of 321

Phragmites communis 331

, botatoes 59

: 202, 209, 215, 233

Davies G, E, 157

2,6-DBN=-see 2,6-dichlorobenzonitrile

delphinium L36, 439

2,L4-DEPhosphite see 3Y9
2,4-DES 363

o s bersistence of 1139

» Dotatoes 60, 63

, raspberries 374, 381

", strawberries 3L, 381

Deschampsia caespitosa 142, 156, 172

Deschampsia flexuosa 151, 158, 166

Deutzia gracilis L3l

Dewey O. R Sl

2,3-dichloroallyl di=-isopropylthiol=_ .. ... L81, L95, 503, 533, 543, 642
carbamate

2,6-dichlorobenzonitrile L6, 561, 597, 617

dichlorobutyric acid 548

(78178)




2,6~-dichlorophenyl methyl isopropyl
phosphoro amidothioate

Digitaria sp.

dimethyl dipytridyli{n dimethosulphate........

dimethyl 2,3,5,6~tetrachloro- ..
teraphthalate

dinoben

dinoseb

s Branular formulation

, beas

, botatoes

, raspberries

diphenyl acetonitrile

Dipsacus fullorum

diquat

diuron

aquatic weeds

bulbs

cotton

peas

potatoes

raspberries

strawberries

Dundas J.

dust formulations, aquatic weeds .. ... .

(78178)

31

e

lné

200, 302, L1k, 540
648

105, 524

.. 56, 61

374
6
577

56, 137, 250, 302, 311, 430, 1439,
625,

Lo7, 5
550

130, LLO
16

103, 115
59, 62
352, 381
354

200

L7




Echinochloa sp. ik

Elliott J, G. 140, 177, 623

Ellison W, 177

Elodea canadensis 552, 561, 581, 589

endothal 23’ 31 ’ 531 633’ 6L¥2

Entermorpha intestinalis ... 502, 589

Epilobium angustifolium 601

Epilobium hirstutum 56L, 572, 581

EPIC 60, 353, W5, 642, 648
596

Equisetum arvense 50

Equisetum fluviatile 562, 571

Eigquisetum palustre 572

Erskine Des Se Ce 209

Euphorbia helioscopia 50

Evans S. A. 287, 327, 328, 503

Everest=Todd S, 139, 23L, 235

Feekes Fo Ho 140, 1439

fenac 17, 523, 560

fenuron 115

", anemones 419

", aguatic weeds 560

, bulbs 125

s granular formulations

(78178)




fenuron, peas 105

", persistence of 439

i , botatoes 60

, raspberries 352, 37k

", strawberries 354

Ferro R, B. 255

Festuca spp. 141, 165

Festuca ovina 151, 158, 172

Festuca pratensis 173

Festuca rubrs 142, 158

Filipendula ulmaria 577

Fir, Douglas 235
L3L
637
32, 127, 351, 373, LO7

chlorpropham/.......... 117
diuron

137
38l
126

50

Galeopsis ladanum 50

Galeopsis tetrahit 50, 56, 118, 137, 351, 526

Galinsoga parviflora 50
572

(78178)




Galium aparine, 2,6-DBN 611

", diquat 137, 626

", simazine. 82, 126

", sodium nitrate 50

Galinm hercynicum 158

577, 581
166

Gardner A. L, 17

Gast A, 433,

Geary H. 257

Geranium molle. 611

gladiolus 119, L35

Glyceria fluitans 562, 571, 5%

Glyceria maxima 548, 562, 571, 581, 596

gooseberries 357, 362, 387, 600

Grant M, V. 59

granular formulations 139, 337, k5, 551, 559, 579, 587,
599, 647,

Gregory P, 65

Hamm P, C, 481

Hannah L, H, L81, 545

Helenium L36

Hemerocallis sp. 136

Hippuris vulgaris " 562, 581

Hodgson G, L. : 215, 233, 234

(78178)




Holloway Re I+ Ce

Holly K.

Holmes E.,

Holmes G, D.

Holmes He Mo

Holroyd Je

Hottonia palustris

Howick S, Jo

Hughes Ro G,

Hunter R, F.

Hydrocharis morsusranca

Hypochaeris radicata

Iberis

Impatiens carpensis

invert emulsions, L4=CPA

IPC - see propham

Iris

Iris pseudacorus

isodiazine

Ivens G, We

(78178)

142, 158, 362, 393
158
367

.. 301, 533, 545, 595
.. 2h9, 256

177, 235

Ly

487, L95, 531, 5Ll
561, 581

125

79, 121, 298, 299
157

56k, 577

126

436
517

216, 233

118, 436
570
577
L39




Jeater R, S, Le

Jeff Ao E.

Jones A, J.

Jones L,

Juncus squarrosus

kainit

kale

King J..

Kniphofia

Kirkwood R. C.

Lamium spp.

Lamium purpureum

larch

Larix decidua

Larix leptolepis

Lawson He M.

Leasure J, K,

leeks

(78178)

311
lng

L

14, 149
156, 562, 581
L62

571

166

237

133, 240, 321, 6L2
157

L36

201, 235

lns
50
235
L3l
617
177
279, 328, 329, 5%
599




lettuce

Lemna trisulca

Limb G. E.

Lockhart J. A. R,

Lochie G. D.

Longmate R. E.

Lowe D.

lucerne

Lush G. B,

Lycopsis arvensis

Lycopus europaeus

Lysimachia vulgaris

Lythrum salicaria

Macfarlan J,.

maize

maleic hydrazide

mangolds

Matricaria sppe.

Matricaria chamomilla

Matricaria discoidea

Matricaria maritima

McCready Ce Co

(78178)

382, L09, L16
552

577

235, 577, 588
565, 588

257

439

Loy

538, 628, 648

139, 328, 543, 545, 595
50

56L

577, 581

577

631

13, 92, 121, 540, 6L2, 647
397, 523, 552

6L2

117, 370

6L2

50

32, 50, 127, L25, 526, 611
327, 655




licIlverny Ho Co, 311

1CPA 17556, 122, 111, 152, 19, 237, 1250,
543, 549

" compatability with barban ... LL8

1CPB 60, 105, 153, 52l

# , compatability with barban LL8

mecoprop 60, 543

n , compatability with barban ... LL8

melons Ll

Melandrium album 526

Mentha aquatica 575

Menyanthes trifoliata 577

methoxy propazine 560

Miller T. E. ' 5L

Minter D, J. 23, 633

Molinia caerulea 1, 157, 165, 172

monuron 115, 367, 384, LO7, 415
, aquatic weeds 550, 560, 570

, botatoes 60

, raspberries - 352, 374, 381, LO5

, Strawberries 350

Murant A, F. 31

mustard, white 626

Myosotis sp. 562

lMyosotis arvensis 50, 126, 437

Myosotis palustris 577

552, 588
656

Myriophyllum spicata 561, 581
(78178)




Naphar lutea

naphthyl phthalamic acid
narcissus
Nardus stricta

Nasturtium officinale

neburon

Neenam M,
Nicholson I, A,
nomenclature
Norman R, F,
Norris J.

Notification Scheme

oats

Oenanthe fistulosa

Oenanthe fluviatilis

oils, cotton
OMU
onion

Ormrod J., F,

{78178)

577

L16, 6L8

118, L25, L35
141, 157, 165, 172, 213
562, 577, 581
115, 3L6, 353
177

179

239, 2L6, 256
545

191, 233, 234
2l

382, 599, 626
575

577

16

31, 54, 62, 139
Lo9, Lk, 649
151, 177




Paeony

Panicum spp.

Papaver rhoeas

Parker C.

parsley

parsnip

pears

peas

pentachlorphenol (PCP)

peppermint

persistency, monuron & simazine

L , amino triazole & dalapon.......

Pfeiffer Re K.

Phalaris arundinacea

phenyl amides

Phillips J.

Phrggmites com:unis

Pinus nigra

Pinus sylvestris

Plantago lanceolata

Plantago major

Plantago media

plum

Poa annua

» chlorpropham/diuron ...

" , dalapon

f s 2,6-IBN

(78178)

436, 439
623
32, 50, 118, 311, L36, 611

.. 53, 139, 140, 637
. 1o, L6

Log, L16
368

. 101, 115, 2440, 409, L1k, 521

60, 133, 200, 302, 23, 26
5

.. 38L

321

327, L39, Ll1, L53, 5ul, 5L5
56L

116

453

331, 548, 570, 581, 5%
235

617

617

142

50, 142, 611

611

603

32, 341, 351, 362, 370, 373, Wik,
L2 L0

75

118
387, 393
600, 617




Poa annua, simazine 3L7

1 , sodium nitrate 50

Poa pratensis 158

142, 363, 393, 572
L9,
Polygonum amphibium 56k, 577

Polygonum aviculare 32, 56, 352, 362, 373, 526

" , chlorpropham/........u.... 118
diuron

" g MONULON ... IOL
" , Simazine............. 82, 126, 384
ju , sodium nitrate 50

Polygonum convolvulus 32, 348, 473, 526

, chlorpropham/......... 118
diuron

611
. 137
... 384
simazine 82, 126, 129, 384
sodium nitrate......... 50

Polygonum hydropiper 562, 577

Polygonum lapathifolium 50, 82

Polygonum persicaria 55, 362, 526

L u , chlorpropham/......... 118
diuron :

2,6%DBN .....oooooor. 0119 617
137

pentachloro=...emw 135
phenol

" SImazine.......oowosin 82

(78178)




Polygonum persicaria, sodium nitrate
Polytrichum
Portulaca oleracea
Potamogeton crispus
Potamogeton densus
Potémogeton natans
Potamogeton pectinatus
potassium cyanate
potatoes
", sprout inhibition, 2,6-DBN
" s haulm destruction, diquat
Potentilla erecta
Prasad R,
Proctor J, M.
propazine
propham
i s granular formulations
s Deas
s Dotatoes
s raspberries
s Stirovberries
s sugar beet
Prunella vulgaris
Prytherch E, I,

Pteridium aqualinum

(78178)

L7, 50

166

Ly

581, 563

565

577,. 588

563, 589

lpeé

55, 59, Lk,
599

628, 631

158, 166

235

265, 331, 579, 595
60, 316, LO9, L3k, 6L42
s, 481, 6L2
648

105, 521

60

374, 381

31, 354

23, 31, 53, 633
151, 611

133

179, 187, 191, 201, 209, 215, 601,
623




Lo9, 599

Raphanus raphanistrum 50, 118, 126, 526, 611

Ranunculus acris 142

Ranunculus aquatilis 581

Ranunculus lingua 577

Ranunculus repens 126, 142, 151, 575

Ranunculus scleratus 581

Ranunculus trichlophyllus 562

raspberries 351, 357, 368, 373, 381, 387, LO5

relative absorption 33

Reynolds J. D, 101, 521

rice 599, 623

Ripper W, 327

Roach F, A. Lo6, LOo7

Roberts He A _ 409, L39

Robertson I, M. 55

Robinson D. W. 357, 387, LO5, LO7

rotary cultivation 259, 261, 265

Rowlands A. 165
roses L33, L39
561

Rumex conglomeratus 572, 577

Rumex crispus 32

Rumex hydrolapathum 577

Rumex obtusifolius 126

ryegrass 142, 538, 599

" , Italian 56,59, 364

" , perennial 166, 173

(78178)




Sagar, G. Re

Sagittaria saggitifolia

Salmon He W,

Salvinia auriculata

Salvinia natens

Sanders He G

Sandford He

scabious

Schoenoplectus lacugtris

Scirpus sp.

Scragg E, B.

Scrophularia nodosa

Scuttleria galericulata

Sedum sp.

Selleck G, W.

Senecio vulgaris

chlorpropham ...

2,6=BN

diuron

monuron

simazine ...,

i sodium nitrate ...

Setaria sp.

shrubs

Sidwell R, W,

simazine

" , anemones

(78178)

259, 271, 327, 322, 329
577

256, 328

607
235
1

577
577
436
1481
3§é73h1, 351, 362, 370, 373, LO7,

117, 425

617

17

38L

82, 347

50

g

L33

327, 439, 658

357, 367, 406, 409, L5, L33, L39,
5%, 6l2

ln9




Simazine, aquatic weeds 550, 560, 579

", breakdown in soil.. G

u blackcurrants 361, LO5

bulbs 26, 430

field beans 65, 79

gooseberries 362

granular formulations 648

maize 13, 121

persistence of 91, 384

potatoes 59, 62

, raspberries - 352, 358, 374, 381, LO5

, Strawberries 3L, 354, LO5

, as total herbicide 629

Simonds Je S, W, 257
50
526

s ehlorpropham/......... 118
diuron

s 2,6-DBN 611

, pbentachlorophenol o o 15
, simazine 82,
549
511
Slade R, E, 256

sodium borate 560

sodium chloride 53

sodium nitrate L7, 53

Solanum dulcamara 564, 578, 610

(78178)




Solanun nigrum 126, 139

Solidago L36

Sonchus arvensis 50, 126

Sonchus asper L3, 50

Sonchus oleraceus, diquat 137

f ", 26=DBN 611

" " , simazine 82

" " , sodium nitrate.............. 50

Sorghum halipense Pl

Soya beans 15, 647

Spalding J. V. 595

561, 571, 589
Sparganium raiosum 548, 562, 570, 581

spear mint 15

Spergula arvensis 50, 135, 351, 617

spinach L09

Spirogyra sp. 562
L3l

Spruce, Norway 235

Stachys palustris 50, 578

32, 56, 341, 351, 362, 370, 373,
Lk, L26, 526

chlorpropham/ 118
diuron

2,6-DBN 600, 610
2,3=dichloroallyl............ 540

di-isopropylthiol-
carbamate

diquat 137, 628

OMU/BIPC 129

(78178)




Stellaria media, pentachlorophenol

t . simazine

" ", sodium nitrate

Stellaria palustris

Sterry J. Re.

Stephens R. J

Stovell F. R,

Stratiotes aloides

stravwberries

Ul , dinoben ..

" 3 aleic hydrazide....oooo..

n s Slmazine

Strychers J.

sugar beet

mooom, 2,6-DBN

"« , diquat

8 ", endothal/propharn

" W  OMU/BIPC

sugar cane

sulphurie acid

Sutherland J. P,

swedes

82, 125, 347
L9

578

59%

59, 373, 381
321, 587

. 5li9

351

lné

397

3L1, 405

149

47, 5.0, 638
599

626

23, 31, 633
3

91, 628
237

59, 351, 373, 381, L07
133, 382, 62

Sweet corn

sweet potatoes

Syringa

{78178)

415, 599
lnk, e48
L3L




Taraxacur officinale 50, 142, 149, 611

2,4,5~T, aquatic weeds 560

2,3,6-TBA . 17, 560

i , compatability with barban ... . L8, 488
2,L4,5-TP 551, 560

1,2,4,5~tetrachlorobenzene L1

2,3,5,6-tetrachloro=1-nitrobenzene 599

Thlapsi arvense L9, 126

Thoupson P, A, 397, Lo6, 623

Thurston J, M, 5L3

timothy 166, 173, 540

tomatocs L1k, 599

Toulson G, A, 133, 139, 177, LO7, 545
trichloracetic acid L6, 642

Agropyron repens...... 259, 353

aquatic weeds 549

peas 105, 521

potatoes ... 56, 62
raspberries . ... 353, 374, 381
3 SUZAD Deeb ... lummsuis D
s Wild oats 53, 521

trichloropropionic acid 548

trietazine 60, 409, L3L, 579
tris-2,4=dichlorophenoxyethyl phosphite 60

Tsuga heterophylla 617

tulips 118, 425, 435

turnips 133, 642

Turquant E. D, L25
(78178)




Tussilago farfara

Typha sp.

Typha angustifolia

2,4=D

2,6-DBN

diquat

, MCPA

s simazine

5 Sodium NILrate ..o,

Urticularia vulgaris

Vaccinium myrtillus

Valenza Fe

van der Weij He Go

van der Zweep We

van Staalduine D,

» chlorpropham/diuron ...

" , 2,6-DBN

50
548
570
570, 582

142, 572
370, Lk, 427
127

610

137

127

126

50

561

158

6L5

547, 595

329, 596, 623

341, LO7

355, LO7, L27, 526, 564
17

611

(78178) n3




Veronica spp., simazine 82

" s Sodium nitrate ... 49

Verénica agrestis 125, 127

Veronica catenata 565, 578

Veronica hederifolia 50, 352, 370, 373

Veronica persica 32, 352, 370, 373

U ", monuron 384, 439

n " 4 sodium nitrate .............. 50

Vicia cracca 50

Vicia hirsuta 384

Viola sp. 437
Viola arvensis 32, 50, 348

Viola tricolor 50, 373

Vine 603

Warren G, F 139, L13, 6L7

West We Jo 140

Westley Jo D,

wetting agents, dalapon 79
" ", sodium nitrate L8

wheat 453, 626

Wheeler Ae Fo Je . 233

Whitwell Jo D, L39

Wilson Be Je 409

Tood Ce Ae 59, 373

Hood J, L25, 140
(78178)




Woodford Ee Ko L,08, 637

356

potatoes 60

raspberries 352

strawberries 352, 356

Zinnia

Zwijns J.

DSD 78178/1/227L 750 12/60 DL




