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This report describes a2 simple method of comparing the efficiency of
derivatives of MCPA using musterd and buckwheat seedlings grown in boxes under
glass, and in the open, The method is illustrated by two serizs of experi-
ments, comparing (a) sodium and potassium salts and (b) the lower esters of
MCPA,

In five trials, no difference in efficiency was found between formulations
of MCPA ( sodium) and MCPA ( potassium), but in one trial the latter gave signifi-
cantly better results, A limited comperison of esters of IMCPA suggests that
the butyl esters are more efficient than the lower alcohol esters,

Introduction

Musterd is a favourite test plant with those studying horrone type weed-
killers, both becsuse of its susceptibility to the chemicals #nd its suitability
for experimental work. It was the first and obvious choice when it became
evident that there was a need for a quick, accurate and relisble glasshouse
technique for testing formulations of MCPA and 2,4-D derivatives, either before
¢r concurrent with field trials. The method is described and some experimental
results given in detail so that others may judge its usefulness and appraise the
results obtainable when using simple equipment and a minimum of labour in
preperation, application and assessment,

Experimental Procedure

Plants sown in boxes are sprayed in the seedling stege with weedkiller
and the mortality assessed two cor three weeks later,

A measured volume of seed, calculated to give about 250 seedings
per box, is broadcast ir John Innes Sterilised Seed Compost in seed trays,
L8 or 6L sq, inches in azrea and 1% inches deep., After sowing, the seed is
covered with a fine sifting of compost and boxes are Kept in the propagating
house at 60°-709F, until ready for spraying. This is normally when the plants
have two well developed cotyledons and the first true leaves are just appearing,
usually six to eight days after sowing. Before spraying, boxes that have
germinated unevenly, are rejected, The remaining boxes ere divided into
replicates in such a way that any differences in growth are between the repli-
cates and not within them, Because trials generally involve abcut 21 treat-
ments #nd cre cerried out under controlled conditions, trreefold repliczstion was
found to give sufficiently accurate results, bearing in mind limitations of
time and space. The number of application rates is three or, preferably,
four; the rates increasing in logerithmic progression, (Two trials quoted
later are exceptions to this rule.)
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Chemicals ere diluted with water and the spray solution applied st
100 gallons per zcre although rates as low as 30 gallons per acre can be
setisfactorily distributed, A B.E.N, Model 'S.I,! spray gun, intended for
poster painting is attached to an air compressor with a reservoir and operated
at a pressure of 25 1b, per sq, inch, This equipment was chosen becsuse the
rate of delivery is sufficiently slow to allow the plot to be sprayed in two
opposite directions and because the container empties itself completely. The
spray gun is moved by hand over a square plot, the size being chosen so as to
have a L inch discard srea outside the boxes. A1l the replicectes of a trestment
are sprayed at the ssme time.,

The boxes are handled as little as possible until the Spray has dried, then
they are arrenged at random in compzct replicates in s glasshouse or in the open,
in such a way as to minimise the effects of variation in the environment, Con~
trol boxes sre not sprayed but are otherwise treated in the manner described
above. Reguler watering is maintained in the glasshouse; and boxes in the
open are watered when necessery, No nutrients sre given. On completion of
each test, the used soil is discerded and the boxes stood in the open, and
allowed to weather for a few days. This method of decontamination has proved
perfectly satisfactory and eliminates laborious washing and drying.

As the volastile and persistent nsture of esters of MCPA can ceuse misleed-
ing results, esdditionzl preczutions sre taken to overcome the difficulties in
testing this type of chemicel, Contzminztion or carry-over of treatment effect
could occur in at leest three ways:- glasswere or spray equipment might be
difficult to clezn between treatments; sprey might drift during epplication, or
it might volatilize from the leaves lster. Special attention was peid to these
points, For exemple, spraying wes 2lwzys done in the open, @nd immediately
after treatment, all boxes sprzyed with the szme chemical were grouped at a
minimum distznce of 6 yzrds from boxes sprayed with snother; boxes that had
received different rates of the ssme chemical were kept several feet apzrt.

When the spray deposit had dried completely they were moved to their finel
positions and placed at random in a single line scross the direction of the
prevailing wind, In the first experiment an untreated box was placed between
each treated one and the boxes spaced 7 feet apart. In later experiments the boxes
were moved progressively closer and it is now known thet no undesirable effects
follow even when treated boxes zre only 1 foot apert. In addition to the control
boxes in the experiment (which are placed at random), extra untreated boxes ere
also placed close to treatments that might be expected to be psrticulerly

volatile,

In the experiments described, mustard Sinagpis alba L. and tuckwheat
Fegopyrum esculentum Moench sre the only test plants. However, sugar beet
Beta vulgeris L. and trefoil Medicago lupuline L. have been used in later trials.
Crop plants were chosen in preference to weeds beczuse of their higher and more
reliable germinstion value and their availability, The species mentioned were
selected because of their quick germination, ease of volumetric measurement
when sowing, relatively large cotyledons, a habit which facilitetes counting
even when the plants are dead, and finally their reaction to hormone
weedkillers,

Assessment of results

To avoid handling the plants no pre=treatment count is made, but zn assess-
ment is cerried out before dead plants become indistinguishable, All the
plants in each box zre pulled up and placed in one of the following categories:-

(1) Unaffected - showing no indication of hormone treatment.
(2) Affected - cotyledons withering but apical shoot still green,
(3) Dead - no green tissues.
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The number of plants in each category is counted and recorded. Where
necessery, affected plants may be subdivided into slightly affected and
seriously affected:- slightly affected seedlings show green apical shoots

with leaves slightly curled and reduced in size, withered cotyledons, and
shortened stemn, Severely affected seedlings are almost completely dead

except for the apical shoot which is still green but curled and greatly reduced
in size.

The number of dead plants, or occasionally the dead plus the seriously
affected plants, in each box zre expressed as a percentage of the total in that
box. As there are generally a wide range of percentages to be exemined, the
data are transformed by replacing the percentage X by the corresponding value
sin—1’.'x Analysis of variance is carried out on the transformed data,
Results from control treatments (where the counts have always been nought) are
omitted, since to include them would unjustifiably reduce the error variance.,

Two series of experiments will serve to illustrate this technique, The
first concerns a comperison of the biological efficiency of the sodium and
potassium salts of MCPA, the second, of a series of high volatile esters of
MCPA,

EXPERIMENTAL RESULTS ON MCPA (SODIUM) & MCPA ( POTASSIUM)

The chemicals used were as follows:-

MCPA (potassium) A* ~ an aqueous solution of the potassium salt drawn
from a bulk sample and contzsining L 1b, active ecid
equivalent per gallon, (L.4 1b, total acid per
gallon),

MCPA ( potassium) B ~ an esqueous solution containing L,L 1b, of active acid
equivelent per gallon. (4,9 1b, total acid per
gallon).

MCFPA (sodium) = an aqueous solution of the sodium salt drawn from a
bulk sample and containing 2,6 1lb, of active acid
equivalent per gallon. (4.6 1lb. total acid per
gallon),

Four experiments on mustard seedlings and one on buckwheat indicate that
MCPA ( sodium) and MCPA ( potassium) in the formulations tested, are very similar
in efficiency. In a single experiment on musterd during the winter months,
MCPA (potassium) was superior, but this result was not repeated in trials carried
out under the more normal conditions of spring and summer,

Considering first the trials where no statistically significant differences
were found between the chemicals, the actual percentege kill achieved varied
according to the rates used and the season (Table 1), but comparison of the
chemicals at the szme level of application in any one trial (No. 116 being
excluded) shows that the difference on mustard was never greater than 8 per cent.
and the averege figure was 3 per cent. On buckwheat a difference of
13 per cent, was found at the lowest rate, but the difference was less at higher
rates. In all but one of these trials the coefficient of variance was
reasonably low suggesting that the non-significance was not likely to be due
to a large experimental error, In the fifth trial (No. 153), however, the

A formulation sold as a commercial product.during 1954.
A formulation sold as a commercial product during 1953 and in earlier
years.
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coefficient of variance was high, being more than twice as great. This trial
was in the early spring. It is of interest that a trial completed in

December also had a high coefficient of veariance, suggesting that trials during
the winter months are less satisfactory than those carried out between May and
October, It was in this latter trial (116) that a significant difference was
found between chemicals, MCPA (potassium) being superior to MCPA ( sodium) at

a rate of 20 oz, acid equivalent per acre. We have been unzble as yet to
repeat this result,

Experimental Results on Esters of MCPA

Five esters of MCPA, the methyl, ethyl, iso-propyl, n-butyl end
iso=butyl formulated as water miscible liquids have been compered in four
experiments on mustard, The n—- and iso-butyl gave significantly better
results then the methyl and iso-propyl esters. The iso~butyl was better
than the ethyl ester 2lso.

In this series of experiments the coefficients of varisance were higher
than in the previous series. However, it must be reczlled that the boxes
were out of doors and subject to the vageries of the weather, less reguler
watering and occasional slight rabbit damzge,

Discussion

The method of test described has been in use for eighteen months during
1953 and 1954 and has proved of value when testing salts and esters of MCPA
and 2,4-D,

The use of seedling plants has several advantages, It increasses the
number of tests per season as the interval between seed sowing and treatment
is minimised and beczuse seedlings die more quickly than mature plants, It
allows the inclusion of many more plants per treatment thus leading to greater
accuracy, (Only L5 well developed plents could be grown in the zres occupied
by one box trial,) Assessment of results is easier and more reliable as the
effect of sprays on seedlings can be measured quantitatively; but as death may
take many weeks the effect on well developed plants is assessed qualitztively
ranking by the degree of epinasty,

Rates of chemical application have been veried in these trials in relation
To the species being sprayed, the time of the year and as a result of experience.
The aim has alwsys been an almost complete kill at the highest rate and some kill
at the lowest. Rates between 8 and 32 ozs. of acid equivalent MCFPA ( sodium)
and MCPA (potassium) achieve this at most seasons on mustard seedlings grown
under glass, as exemplified in three of the triasls quoted and confirmed by later
experience. Rates between L, and 12 oz. acid equivalent in ester form have
given satisfactory results on the Szme crop in trials during the summer months
in boxes in the open. The difference between the maximum rate of MCPA used
as a salt and an ester is no indication of their relative efficiency as the two
Types of trial are not compsrable and rates were, to some extent, chosen erbitra
arbitrarily,

Trials have been conducted at 211 seasons, but tzke about twice 28 long to
complete during the winter months znd mey not be as reliable, Artificial
lighting has not been used as yet.

An obvious criticism of this method is that an ill-timed assessment may
measure only relative speed of action and not finel effect. The assessments
are always delayed as long as possible, but as there is no pre=treatment count,
They must be made before the dead plants heve decayed beyond recognition, An
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experiment (No, 23L, Table I) was designed to test this and a count was made
before and 10, 16, 21 and 2, days after treatment. There was no significant
difference between MCPA ( potassium) and MCPA (sodium) at any time, indiceting
that these formulations do not differ either in speed of action or final effect,

However, it is worth recording that s different MNCPA (sodium) formulation
was significantiy superior to the other formulations in the trial at 21 and
2Ly days after treatment, although there was no significant difference after
10 or 16 days. This factor, therefore, needs to be examined for each
formulation tested.

Finally, how do results obtained in glasshouse trials compere with field
performance? Comperetive field testing of the ester formulstions has not been
undertaken, However, field testing under practical conditions of the formu-
lations of MCPA (sodium) and MCPA ( potassium) mentioned in this report has not
detected any difference in their biological efficiency. A direct check has
been made in two experiments each having four replicates under glass and four
on field plots, Comperison of MCPA ( potassium) and two formulstions of 2,4=D
salts on musterd, sugar beet and trefoil showed a close similarity between the
two series, indicating that glasshouse tests are a useful and reliable method
for determining the comperative efficiency of hormone type weedkillers.




MUSTARD AND BUCKWHEAT SEEDLINGS - EFFECT OF SODIUM AND POTASSIUM SALTS CF MCPA

ANALYSIS

RATE OF APPLICATION after
transformation
CHEMICALS Oz, of acid equivalent in 100 galls., per acre Sign, diff, at 5%

after

ys

trectment

Coeff, of
variance

Between | Between
Totals T'ments

D

ACTUAL PERCENTAGE KILL | TRANSFORMED PERCENTAGE KILL

3 0z 6 02|12 oz 3 oz z| Total
Mustard|MCPA ( potassium) A% 36 65 37 136 Insi
177 |MCP4 ( sodium) L2 65 38 128 sESIEhe
16 oz 4O oz 16 oz 0

Mustard|MCPA ( potassium) B*| 78 92 99 62 288
820 [MCPA (sodium) 77 o5 98 | 62 293

Insign.

8 oz 20 oz 8 oz

Musterd|MCPA ( potassium) 39 79 | 8 | 38 220
153 |MCPA ( sodium) LL 86 81 L1 69 229

8 0z 13 02|20 oz 8 oz 20 oz

Mustard|MCPA ( potassium) 29 51 71 83 32 58 201
116 MCPA ! sodium) 16 1 31 351 82 22 3L 154

&_OZ“}_»Q?‘

Mustard/MCPA ( potassium) 82 92 ! 97 99 67 80 311
231, MCPA (potassium) 80 87 | 94 | 100 63 76 298
MCPA ( sodium) | 82 92 99 1 97 65 85 309

!

fjg 0z417 0z |2l oz | 12 o0z 2L oz

Buck- 1MCP(} (potassium) A | 68 80 9% 56 6l 75 195
vheat |MCPA (potassium) B | 81 88 92 65 72 T 21ly | Insign, | Insign, | 10,2| Oct,
98 |MCPA (sodium) 79T 87 | | 63| 70| 70 203 = !

N.B. The percentage kills given ere the averages of three * Deteils of formulation ere given in the text.
replicates, except 153 which is the average of five, %  Totals of rates of potassium salt better than
sodium salt,

Insign.

0 0z(32 0z | 8 oz 20 oz




TABLE 2
MUSTARD SEEDLINGS EFFECTS OF ESTER DERIVATIVES COF MCPA

" ANALYSIS T | resus
after i Iso~b o
transformation | Coeff, *sgigﬁtyl ns?gﬁyl

Sign. diff, at 53| of better | better
—_ - O — _— ] ver‘ g i S
LCTULL TRANSFORMED Between | Between | 1 sl o - TRAKE
Derlvat1ve of MCPA| FFRCENTACE KILL PERCENTAGE KILL Totals | T'ments

RATE OF APPLICATION
Oz. of acid equivalent in
CHEMICALS 100 gells. per acre

L 0z|7 0z {12 oz u»oz;7‘9z 12 oz;Total
Methyl 35 9 |35 |59 | 80 | 174
Ethyl 16 96 |23 | 59 | B | 163 | i , ' |
Isopropyl Lo 89 | 38 | 51 | 74 § 163 ‘ | 1 | Aug, fIsopropy1=*f
n-butyl L5 98 | L2 | 63 85 | 190 | i

Iso-butyl 61 99 |52 | 78 86 | 216 |

Methyl 2 100 | 32 | 56 | 90 | 178 | | Methyl: Methy 1
Ethyl 100 | 37 | 62 | 90 | 189 | 1 ;
Isopropyl 98 | 39 | 58 83 | 180 : e | Isopropyl® | Isopropyls
n-butyl 100 | 51 | 76 90 | 217 |
Isobutyl 6 99 | 65 | 85 8 22l |

Methyl 85 | 27 | L5 139 | ' | Me thy L
Ethyl 3 88 | 33 | L6 1L9 Ethyls
Isopropyl 81 | 28 | L7 140 | Aug, Isoplopjl
n-butyl 92 | 38 | 165 .

Isobutyl 90 | L3 | 173

Ethyl | ' 19 | 1 5.4 | Moy \Ethyl®
n-butyl ol 99 il ’ 87 i 163

The % kills given sre the averages of 3 repllcates. * = significantly different at the 5% level

The ccmperisons in the results column are based on %%
the totzl percentage kill of the three rates of

application, Comparison at any one level of

applicetion shows slightly different relative efficiences,

significently different at the 1% level




The Value of Different Isomers of Phenoxyacetic Acids
and Phenols and the Effect of Technical MCPA

0
Ewert Aberg

Royal School of Agriculture, Uppsala, Sweden
Summary

Isomers of phenoxyacetic acids and phenols commonly found in technical
MCPA* were studied in regard to their weed-killing effect as well as to their
effect on some cultivated plants, It was found that among these isomers the
Li-1somer, i.e. the 2-methyl-4-chlorophenoxyacetic acid, is the most effective
one against the weeds, Nevertheless it is possible to avoid abnormalities
on the cultivated plants by observing the right developmental stage of the
plants for spraying. On the basis of these observations it is reccrmended that
future technical products should have an active substance containing at least
90 per cent of the L-isomer. Technical products of this type have already
been manufactured and tried in Sweden, They have given satisfactory results,
Observations on 2,l~dichloro-phenoxyacetic acid and impurities possibly
occurring with this acid in technical products have also been made, They
suggest the use of 2,4-dichlorophenoxyacetic acid in the purest possible form,
The activities of 2 L,5-trichlerophenoxyacetic acid and 2,L4=di chlorophenoxyacetic
acid have been studied. It might be possible to use, 2lso in sgriculture,
mixtures of 2,4,5=T with one of the two other acids, especially against weeds
resistant to MCPA or 2,L-D.

Introduction

Observations on fields sprayed with weed-killers of the phenoxyacetic
acid type had shown that these weed-killers caused abnormsl heads and kernels in
cereals, abnormal leaves, stem bendings and abnormal infloroscences in linseed,
abnormal leaves on potatoes and so on, These abnormalities were obtained at
the same time as the weeds were seriously demeged or killed. Abnormalities of
the cultivated plants were often said to originate from chlorinated phenols
appearing as impuritios in the weed-killers. In a survey published in 1948
Zimmerman and Hitchcock (1) discussed the possibilities of activating
2,li-dichlorophenoxyacetic acid by adding chlorinated phenols, It therefore
seemed highly desirable to study the effect of different components of the
technical products of hormone weed-killers. It seemed most logical first to
take up the question of the effects of different components of technical
methoxone, since this product is the one most commonly used in Sweden, The
phenoxyacetic acids and phenols which are most likely to appeer in this product
were therefore chosen for the studios at the Depertment of Plant Husbandry.
In an investigation at the Department of Plant Physiology, University of Lund,
the same substances were simultanecusly studies in regard to their physiological
activity. Results of these studies were published by Hansen 1951 (2). The
investigations at the Department of Plant Husbandry went on from 1948 to 1954.
A preliminary report on results up to and including 1951 was published by the
present author in 1952 (3), and a final detailed report has been submitted this
year (L),

Experimental Results

Effect on Weeds
In the 1952 publication just mentioned the reaction of Sinapis arvensis
and Chenopodium album after spraying with different isomers of phenols and
* formulated as "Methoxone"
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No treatment
2-methyl=-phenol
2-methyl-l-chlorophenol
2-methyl-6-chlorophenol

Results:

TABLE 1

5. 2~methyl-phenoxyacetic acid
6. 2-methyl-L-chlorophenoxyacetic acid
7. 2-methyl-6-chlorophenoxyacetic acid

Number and weight of weed plants on
% squere meter a2fter spraying on

Weed species and
Chemicals no,

May 24 June 2

Sinapis arvensis

Chenopodium album

ooununuwun~

Lemium purpuroum

Polygonum convulvulus
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phenoxyacetic acids was given. After spraying in 1951 with 1/50 mol solution
of three phenols and three phenoxyecetic azcids it could be shown that the pure
2-methyl-L-chlorophenoxyacetic acid was the most effective one, Some figures
ere given (Teble 1) to illustrate the results in 1951 with these tvo

weeds, end also with Lzmium purpureum L. and Polygonum convolvulus L, which eare
only slightly sensitive To the treatments. These figures cre based on spraying
with the chemicals mentioned below.

On May 2Lth the weeds had 2=l leaves, and on June 2nd they had 6-8 leaves.
The results show that 2-methyl-L-chlorophenoxyscetic acid hes a better effect on
the weeds than any of the other five substances.

With these results in mind the experiments in 1952 and 1953 were so plznned
that the effect of different isomers of phenols and phenoxyacetic acids could
be studied when used with the same zmounts per hectare as in the technical pro-
ducts, These contain per litre solution 0,4-0,5 moles of 2-methyl=l-
chlorophenoxyacetic acids, 0,2-0.4 moles of other methyl chlorophenoxyacetic
acids, and 0,15-0,4 moles of chlorinated methyl phenols. The solution prepered
for the experiments contained 0,50 moles of phenoxyacetic acids and 0,15 moles
of phenols per litre. A number of experiments were carried out with such solu-
tions, They were sprayed in amounts corresponding to 5, 10, 20 and LO litres
per hectare of a technical product with 10 per cent active substance. Depending
on whether the weeds 2ppeared in linseed or cerezls one or the other of these
amounts were chosen. It was found thot the L-isomer, i.e. the 2-methyl-4~
chlorophenoxyacetic acid, was superior to the other ones in effect and in
addition proved equally satisfactory as the combination of the 2-methyl-l~-
chlorophenoxyacetic acid and a chlorinated phenol. This can be exemplified by
the following figures (Table 2) from one of the 1953 experiments, The weeds
ere given as numbers per one-fourth squere meter.

TABLE 2

Chenopodium_album Lamium purpureum
Treatment sprayed on sprayed on
May 28 June 10 May 28 June 10

1. Not sprayed 9 10 18 10

Sprayed with:
2, 2=-methyl=-L-chlorophenol

5 1 per hectere
10 1 per hectere

3, 2-methyl-4-chlorophenoxy-
acetic acid

5 1 per hectare
10 1 per hectere

L. Treatments 2 + 3

5 1 per hectere
10 1 per hectere
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Effect on Cultivcted Plents

The observations mode on the effect of different isomers on cultivated
plants were in mony respects similar to those mode on the resction of the
weeds, Already in 1952 it wos reported from 2n experiment in 1951 that barley,
sproyed in a very sensitive state of development, could produce a high percen-
toge of abnermal heads after treatment with 2-methyl-L-chlorophenoxyacetic acid,
hdded in amounts corresponding to 10 litres per hectare of a technical product
with 10 per cent active substance, this acid gave as much 2s 15 per cent
abnormal heads. When sprayed with four times the amount of that product it
ccused 85 per cent abnormal heads, When combined with a chlorinated phenol
the percentage of abnormalities was approximetely the some as when used alone,
None of the other phenoxyacetic acids (2-methyl-€-chloro and 2-methyl-l, 6=
dichloro) gave the some high percentage of abnormalities, In 1952 and 1953
the socme percentoge, of abnormalities were not obtained, This is illustrated
by the following figures (Teble 3) from a field experiment in borley, where
the spraying took place at a stage of development at which the barley was only
slightly sensitive to the treatment.

TABLE 3

Treﬂtment Abnormal heads Abnormal kernels

%
1, Not sprayed 0
Sprayed with:

2. 2-methyl-L-chlorophenol

10 1 per hectore
20 1 per hectare

3, 2-methyl-l~chlorophenoxy-
acetic acid

10 1 per hectaore
20 1 per hectere

L. Treatments 2 + 3

10 1 per hectare 1.25
20 1 per hectare 2

These figures verify eerlier observations in regard to the stronger effect
uf the pure 2-methyl-L~chlorophenoxyacetic acid and they also show that its
combination with chlorinated phenols gives no better results. At the same time
these figures, in relation to the ones from 1951, clearly show that abnormalities
in the cultivated plants can be avoided if the plants are sprayed when at the
right stage of development. This can easily be done, as Hagsand (1954 (5)) has
shown, The rate of abnormalities given in the last table is of no practical
impertance,

In linseed similar observations were made in several experiments carried
out in 1952 and 1953. The figures (Table ;) from one experiment at
Kungsangen near Uppsala in 1953 are given below, They refer to spraying with
an amount corresponding to 10 litres per hectare of a technical product with
10 per cent active substance,

(22334) 358




TABLE L

SPRAYED ON
Treatment May 28 June 10 June 25
Height Abn, stem Height Abn, stem Height Abn. stem

cm, bendings cm, bendings cm. bendings
% % b

| 1. Not sprayed 0 65 0 50 0

| Sprayed with:

Chlorinated methyl
phenols 5 € 55 55

2=methyl=L4~-chloro=
phenoxyacetic acid L3 55

2-methyl=6-chloro-
phenoxyacetic acid 65 65 60

2-methyl-L,6-dichloro-
phenoxyacetic acid 60 60 L8

Treatments 2 + 3 L7 40 L7

Treatments 2 + L 55 3 L5 0 50

Treatments 2 + 5 L5 7 L3 0 L7

There is no doubt that the 2~methyl-L-chlorophenoxyacetic acid has a
stronger effect than any of the other phenoxyacetic acids. Also, it is
definitely more effective than the chlorinated methyl phenols, From the
figures in the table it is further clear that the percentages of abnormalities
ere lower after spraying at an early stege of development, which is completely
in accordance with the recommendations for practical application of hormone weed-
killers in linseed (Hagsand 1954 (5)),

The experiments curing *he period from 1948 to 1953 have clearly shown
that the pure 2-methyl-l-chlorophenoxyacetic acid is the most effective pert of
the active substance in technical MCPA, The results with detailed data of
these experiments, and the discussion of these results, sre found in the final
report (L), The above examples merely serve to summarize the results of the
investigation as a whole, Those examples, however, ere fully sufficient to
show that the cheracteristic behaviour of the pure 2-methyl-L-chlorophenoxyacetic
acid is exactly that of the technical MCPA, Consecuently the pure 2-methyl-L-
chlorophenoxy-acetic acid is the really important part of the active substance
in technical MCPA. It may then be questioned why there is no higher percentage
of 2-methyl-lLi=chlorophenoxyacetic acid in the active substance than is evidently
the case for the commonly used types of technical MCPA, In Swedish products,
2-methyl=L=chlorophenoxyacetic acids constitute not more than 62-63 per cent of
the total amount of phenoxyacetic acids, The experimental results above
suggest that a technical product with ua percentage of pure 2-methyl-4-

chlorophenoxyacetic acid as close to 100 as possible should be desirable from
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a biological viewpoint. For technical reasons, however, it would appear, that

a product with 90 per cent pure 2-methyl-L-chlorophenoxyacetic acid, or slightly
above, is the most desirable one, In any case, it seems to be a mere matter of
time that the chemicel industrios will be producing, sooner or later technical
MCPA with a content of pure 2-methyl-L-chlorophenoxyacetic acid lying between

90 and 100 per cent of the active substance. As it is also clear that 2-methyl-
Li-chlorophenoxyacetic acid is the substance to be analysed in the first place,
there are now possibilities of using for the control cf the products chemical
analyses together with biological tests,

Products which are thought to meet the requirements here presented have
already been made and tried, In Sweden, for example, the "Uddeholm High Isomer
Trippel" from Skoghallsverken, Skoghall, the "Agroxone 4" from Plant Protection,
Limited, England, and the "Cornox M" from Boots Pure Drug Co., Limited, Englend,
have been tried., They have given good results, and continued tests of products
of this type ere highly desirable,

Studies on the effect of pure 2,4-dichlorophenoxyacetic acid in compsrison
with the effect of phenols and a few other phenoxyacetic acids appeering in small
amounts together with the 2,4-dichlorophenoxyacetic acid in technical products,
were carried out according to plens similer to those followed in 1952 and 1953
for methyl phenol and methyl phenoxyacetic acids, These studies dealt with
L=chlorophenoxyacetic acid and 2,L4,5-trichlorophenoxyacetic acid and the phenols
corresponding to these acids, It was found that the pure 2,lL-dichlorophenoxy-
acetic acid is fer superior to the other substances in effect on the weeds, but
that it is also more detrimental to the cultivated plants,

In addition, the effects of 2,L,5-trichlorophenol, 2,L,5-trichlcrophenoxy-
acetic acid and 2,4-dichlorophenoxyacetic acid were compared. The phenol is
not as effective as the phenoxyacetic acids, The two phenoxyacetic acids
behave in a different way. Both of them have a2 good effect but act differently
on the weeds. Thus 2,L,5=trichlorophenoxyacetic acid seems, for example, to be
active against Galium mollugo. a species that is quite resistant to spraying with
2,l4-dichlorophenoxyacetic acid. These differences in activity of the two
phenoxyacetic acids raise the question zlso for agriculture whether thay should
be used in mixtures for spraying. In forestry they are already being used in
mixtures with satisfactory results., A speciel interest in such mixtures
certainly arises now that it is being found in Sweden that a close relative of
Galium mollugo, nemely Galium aperine, is becoming increasingly common in winter
wheat fields and cennot be effectively controlled by spraying with preperations
of the type methoxone or 2,4-D,

CONCLUSIONS

Since the L~isomer of the methylphenoxyacetic acid, i.e, the 2-methyl=l-
chlorophenoxyacetic acid, is the most active ingredient in the active substance
of technical MCPA, the preparations should in future be manufactured with an
active substance containing at least 20 per cent 2-methyl-l-chlorophenoxyacetic
acid, The preperation of technical 2,4-D should contain the highest possible
percentege of pure 2,L-dichlorophencxyscetic acid in the active substance,

The differences in the specific effects of 2-methyl-L4-chlorophenoxyacetic
acid, 2,l4-dichlorophenoxyacetic acid, and 2,L,5-trichlorophonoxyacetic acid
make 1t necessery to study closely the possibilities of combining 2,1,5-
trichlorophenoxyacetic acid with one of the other two acids in order to control
weeds, e.g. Galium species, which appesr to become more common in fields where
several other weeds are controlled by spraying with 2-methyl-L-chlorophenoxyacetic
acid or 2,L4=dichlorophenoxyacetic acid. Such mixtures should, however, be based
on the pure acids,
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TECHNIQUES FOR THE RAPID EVALUATION OF POTENTIAL

NEW_EERBICILES
by
K. Carpenter, I, Soundy & C. W. Wilson
(Msy & Baker Ltd,)
Summery

The need for continuity of method throughout all stages of weedkiller
development is considered, and two pieces of apparatus are described which were
designed to achieve this:=

(i) A laboratory sprayer for the treatment of weeds and crops in pots,
(ii) A field sprayer for the accurate treatments of small plots.

Details of the performance, including reproducibility, are given, With
the laboratory apparatus, the standard error of the means of the deposits of
each three replicates is shown to be not more than + 0,5 galls, per acre for
volume rates of 8=80 galls, per acre, Eveness of deposit is obtained by
individual selection of the nozzles,

Reproducibility of results with the field sprayer as measured by total
deposit over the plot is of a somewhat higher order. The effect of variation
within the plot is assumed to be teken up by the normal evaluation techniques.

An example of a practical use of these machines for the rapid and accurate
evaluation of a new selective weedkiller is briefly described.

Introduction

Although the final test of a new herbicide is its performance under a
variety of field conditions, the lerge plot field trial is a slow and wasteful
method for sorting out potential new meterials and is only really suitable for
compounds whose worth is already almost certain, For any of the esrlier
stages of development it is not only wasteful of material, labour and time,
but suffers from dependence on the seasons, Thus interesting developments
erising after mid-summer must wait for a year before fuller evaluation by thls
method,

For this reason verious leboratory and greenhouse methods of screening and
development heve been evolved, some of them almost in the in vitro class., The
more removed from reality the earlier stages ere, the more wasteful the sorting
out becomes, particulerly at the intermediate level, where maximum activity in
a perticular class of compounds is being sought, It seemed to us that if
continuity of technique could be maintained from screening test to field
experiment, the results could be directly translated from stage to stage with-
out needless repetition,

The first essential of such a system is to use, whole plants of the species
of crops and weeds (or their close relatives), for which it is hoped the final
product will be used. The screening test stage and much of the early develop=
ment work, especially during the winter months, will be on a pot scale. The
only published data on laboratory spray apparatus of a suitable size were on
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spray towers concerned with insecticlde application. (Tattersfield, 1934,
ten Houten & Kraak, 1949 & Potter, 1952). All these were unsuitable for weed-
killer application because ot the type of nozzle used,

Low volume treatments could only be obtained with them by using a very
finely atomised spray on a stationary plant, giving a completely different spray
pattern from that given by field herbicide machinery.

The laboratory apparatus described here was therefore evolved to apply
accurately new test materials from the Research Laborzatories, using the small
quantities which are usually available, at the dilutions and droplet sizes
employed in field practice, As the selectivity of many contact herbicides
depends very leargely on these two factors, this was felt to be of particular
importance,

A field sprayer was concurrently evolved to bridge the gap between the
laboratory apparatus and full scale spraying machinery.

A brief description of the earlier version of the laboratory apparatus was
given at the 111rd, Internztional Congress of Crop Protection in 1952, but as
this has not yet been published some of the data are included here,

Results

A. Laboratory Sprayer

The machine was designed to spray weed and crop plants in their young
stages growing in 33" pots. As we wished to use nozzles of the standard field
machine type we decided that the only practical solution was to imitate field
conditions but to move the crop in relation to the nozzle instead of the other
way round. The details of how this was achieved are as follows:=

(a) Themotive power: The Chief practical difficulty here was the speed
at which the plants would have to be moved. Taking into account the need
for compactness and ease of operation a conpromise was reached which gave
us a maximum speed of 1.8' per second or a third of field spraying speed.

As it was essential for the truck to run at constant speed irrespective
of load, a shaded pole induction motor was selected. The type used has a
speed of 2,800 revolutions per minute,

The motor is stationary and pulls a light alloy truck along a 6' length
of railway by means of a chain drive, which is in turn driven through a
simple gear=box having three forward speeds and reverse. The forward gear
ratios are L:1, 6:1 and 9:1 giving us 1.8ft./sec., 1.2 ft./sec., and
0.8 ft./sec. respectively, With this gearing the motor can pull the
truck loaded with six to eight 34" pots and attain its maximum speed in the
three feet of track before it enters the spray fan,

(b) The Nozzles: Our aim here was to find a type or range of nozzle which
was in general commercial use, would be readily adjustable or interchange-
able to give different application rates and could be made with a fair
degree of precision., Nozzles giving a conical spray jet were ruled out

as they covered too large a length of the railway, The fan jet type of
nozzle on the other hand deposits a very narrow band of spray which gives
more space and time for the menipulation of the truck,

Two main types of nozzle were available, the ceramic tipped and the
all-brass or T-jet type.
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The first werc rejected mainly because the change in deposit due to
weer was found to be appreciable in a short time,

The final choice rested with the brass or T-jet type of which a selected
range of sizes were tested.

It was found that all gave a sufficiently even deposit only in the
centre 9" of the jet, the outer edges giving a coarser spray of hervier
droplets. This was sufficient to take two rows of 3'" pots but nozzles
had to be selected which gave even deposition in the two halves of the
used area. Eveness could often be improved by minor adjustments of the
alignment,

(c) Pressure source: In this perticular apperatus it has been

convenient to use compressed nitrogen as a source of pressure although an
air compressor could equally well be used. The gas is passed via a re-
ducing valve into a 16.5 litre reservoir fitted with an accurate pressure
geuge, until the desired working rressure is reached (usually in the range
30-50 p.S.i.). During spraying the gas is passed from here into a spray
liquid reservoir and expels the liquid through the nozzle, As the capacity
of the liquid reservoir is only €00cc. this can be emptied about three
times for a drop of 1 p.s.i. in the mressure reservoir, The effect of such
an decrease on the rate of spray deposition in the centre of the fan is very
slight, since decrease in cutput by the nozzle is pertly compensated by
decrease in the width of the fan,

(a) The apperatus has been calibrated by weighing the spray
deposit on light alloy strips. Different rates of application are obtained
by using different nozzles, Those are selected from a batch of commercial
nozzles of various sizes, first for amount of deposit and secondly for
eveness,

Total Deposit of Distilled Water from a Range of Nozzles

Mean of 12 i S.E. of means
deposits in i of each three
galls/ acre replicates

Nozzle Speed
No, ft./sec.

C/60/1 34.0
22,3

15.4
25.0
15.5

9.6
31.2
13.0

L4, 0
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5.8
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The standard errors of these results are somewhat higher than those

obtained with the improved Potter tower (Potter 1952), but compare favourably
with the values given by ten Houten & Kraak (1949). In both cases precision-
made nozzles were being usec.

Results of tests for eveness of deposit from one nozzle on the two rows
of pots are given in Table 11,

Table 11,

Distribution of Deposit for Two Nozzles

: S.E. of

Nozzle and Position | Deposit in 9 rurs
Test galls/ acre rurs on

one side

1
Sebe between%
sides on
each run

C/60/1 emulsion | R.H. 54.8
11 before
alignment L.H. Lo.7 + 1.1 + 2,

G/60/1 emulsion R.H. 52,9
11 after
alignment L.H. 51.0

G/60/1 emulsion 1 R.H. 57.8

L.H. 552

G/60/1 water R.H. 63.0

L.Hs 61.6 + 0.l | 0.9

(e) Housing and operation: Since one of the objects of this apparatus
was the evaluation of new materials, the human toxicity hazards of which
might be incompletely known, the apparatus was housed so as to isolate the
operator from the spray, How this was achieved is shown in the accompany-
ing photographs, In Fig. I, the operator's side of the apparatus is
shown, Here we see the pressure and spray reservoirs, the controls for
their operation, the motor and the switching gear. Access to the truck
is through two sliding panels, Fig. II shows the spraying side of the
apparatus with the nozzle assembly, the railway and the truck about to

pass under the spray. One filling of the 600 cc. reservoir will last for
7=10runs of the truck or LO-80 pots, according to the rate of application
rumber of pots per run, etc,

B. Field Spraying Machine

The field spraying machine was built on exactly the same principle as the
laboratory apparatus.

{a) The motive power: The spray equipment was mounted on a single wheel
motor hoe which was driven by a 98 cc. petrol engine. This engine was
fitted with a constant speed governor which worked very well under the
conditions of use, i.e, without any significant load, to give a speed of
2,5 m.p,h, (S.E. of 16 runs at different dates = + 0.1%).

(b) The nozzles: The same type of nozzles were used as in the leboratory
apparatus. Three, selected for eveness of spray pettern, were mounted in
a boom 18" apart to give a swath width of L'éM,
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General view of the type of plot layer
used with the field sprayer.
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(c) Pressure source: A small cylinder of compressed gas at approximately
2,000 p.s.i. was mounted on the machine snd fitted with a reducing valve,
For the sake of compactness the low pressure gas reservoir was omitted.

(d) Mounting: The mounting of the spray apperatus on the machine is shown
in Fig. 111, The far end of the boom is supported by a bicycle wheel and
the height of the boom above ground can be adjusted to suit the height of
the crop. Ideally that should be 18" clearance,

(e) Performance: The machine was intended to spray four replicate plots
L'é" wide and 20' long at one filling, (Fig IV). It was therefore
calibrated by filling the spray reservoir with approximately the quantity
of water needed to do this, and the distance travelled to obtain com-
plete run out was measured, This does not of course give any measure of
the evenness of deposition, but it is assumed from the other data that this
is sufficiently good to average out over the plot area in terms of weeds
killed. The results of such calibrations are given in Table III,

TABLE TII

Performance of Field Sprayer with Various Sets of Nozzles,
all Operesting at 30 p,s.i.

Volume applied | for 16 replicates S.E. of means of each f

Nozzles galls./ acre as % mean l; replicates as % mean

C60 i) + 0.3%

D60 10,4 x + 0.3% x
(1952)

D60 10.7 + 0.2%
(1953)

F60 0.13
(1953)

F60 5 0.2% x
(1954) ‘

660 _ ; + 0,28

x Eight replicates only




Discussion

A, Laboratory Sprayer

Table 1 shows that the standard of accuracy and reproducibility is fairly
high. In terms of deposit the standard errors are fairly constant, whatever
the volumes of water, Thus the higher volume nozzles give the greater degree
of accuracy and in development work, where such accuracy is generally needed,
nozzles giving sbout 50 galls per acre are used for preference., The 'L5' series
of nozzles, having only a L45° spread of fan, are less wasteful than the '60'
series and are therefore used for higher volumes but will not, at our trolley
speeds, give low volume deposits.

The agreement between deposits and the two halves of the spray area is good
(Table 11) providing that the nozzle is accurately aligned, This Table also
illustrates the effect of formulation on the zmount of deposit, surface tension
agents generally producing a lower rate by altering the spread of the fan,

This effect is more pronounced with very low volume nozzles, differences being
as much as 3C% reduction in deposit.

The standard errors for three replicates at a time ere given because this
is the minimum of replication allowed and is usually limited to screening tests.
For toxicity studies eight or more may be employed,

The 1imiting factor of the reproducibility of results with this machine is
thus likely to be the evenness of development of test plants before and after
spraying, This can only be achieved by having adequate glasshouse space with
reasonably controlled growing conditions, With such facilities a considerable
quantity of screening and development work can take place in the winter time, on

both weed killing power and crop toxicity (Carpenter & Soundy, 1953).

Some weed species are not easily grown in quantity in the winter months
even with artificially improved conditions, It is usually best to find sub-
stitutes for these which have been shown to give similar responses with known
herbicides. Same which we have found useful are:=-

Chenopodium amaranticolor for Chenopodium album

Shirley Poppy for Papaver rhoeas

White Mustard for Sinapis sarvensis

Perennial weeds cannot be submitted to the test but one can at least be sure
that results obtained with annual weeds will be reproducible in the field.

B. The Field Sprayer

The apperently greater accurecy of the field spreyer is, of course, due to
the difference in method of calibration, which only gives an estimate on mean
deposit over the whole plot area at each reading. The evenness of deposit with-
in the plot can only be controlled simply by selection of nozzles on evenness of
spray pattern., The significant feature of the calibration results is the high
degree of reproducibility between replicates and between runs at widely
separated dates, especially as the machine has been in constant use. The
standard error of each four replicates is given because this is the normal
arrangement in all our field experiments,

The small si;e of the plots is no disadvantage with accurate application
methods and facilitates the use of compact layouts with a high degree of evenness
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of weed population and crop growth, On the other hand the close similarity
between the spray characteristics of this machine and those used in practice
enables the results from the small plots to give a reliable indication of

field performance on a commercial scale, Naturally such dangers of commercial
application as overlapping, under and overspraying, too early and too late
spraying, must be allowed for by examining a wide range of applications rates
and stages of growth of crops and weeds, Adequate safety margins can then be
calculated,

C, Practical Working of Techniques

By suitable combinations of results from both laboratory and field
sprayers all the aspects indicated above can be examined rapidly and with very
small quantities of material, agriculturally speaking. New series of
potential herbicides can be thoroughly examined in the winter months and a
few of the most active selected for field experiments in the following spring.
Problems arising from these field experiments can be examined in detail con-
currently in the greenhouse for the most promising candidates as soon as they
arise. Frequently these can be confirmed in the field during the same season.

An example of the working of this system has arisen this year following
the discovery by Professor Yain of the greater selectivity of the substituted
lJ -phenoxybutyric acids (Wain, 1954), As the synthesis of the 2:4-D., and
2:44:5-T, series was carried out in our Dagenham laboratories by Dr., K, Gaimster
when working under Prof, Wain as a candidate for the Ph,D. degree (Gaimster,
195L) we were aware of this development and followed it up in a series of
experiments which were parallel to those of Prof. Wain, but with a different
emphasis,

By using the methods described above(:/ (L-chloro-2-methyl) phenoxybutyric

acid was shown to combine weed killing power approaching that of M.C.P.A.,
although differing in detail, with a much higher degree of selectivity in
favour of seedlings of clover varieties, Many of the details were worked out
in the glasshouse in the early months of 1954 and as a result a comprehensive
series of field experiments of the small plot type were laid down, These
established the practical value and reliability of the compound beyond doubt,

Details of safe growth stages of crop varieties have been further
examined in subsequent greenhouse and plot experiments until development is
now at a stage where practical use can be recommended., {Plate L shows a
typical standard plot layout comparing the toxicity of this compound and
1,C.P. A, ageinst white clover,)

It must be emphasised, that with this particular type of compound the
problem was greatly eased by our already extensive knowledge of the behaviour
of the corresponding phenoxyacetic acid and the knowledge that this was the
active principle, biologically speaking., With members of a completely new
series, much more confirmation over a longer period would be necessary.
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AN EXPERIMENTAL TECHNIQUE FOR INVESTIGATING LEACHING OF HERBICIDES

G. S, Hertley and P. 0. Park (Pest Control Ltd.)

There is considerable interest in the application of herbicides to the
soil, either deliberately to arrest the germination of weeds which have not yet
appeared, or incidentally to other applications. In either case a hazard to
the crop seeds may erise, The permenence of herbicidal action in the soil is
therefore a matter of some importance,

The herbicide may be decomposed by inanimate or biological mechanisms in
addition to being leached dowrnwards by rain, It seemed therefore desirable
to design some apparatus which would enable the leaching and decomposition
processes t0 be seperated, and the significance of the former to be measured,
In sampling soil from different small depths, it is notariously difficult to
avoid mixing; preferably therefore a method of analysis in situ is desirable,
Since we are in some cases (e.g. the hormones) concerned with chemicals which
gre more sensitively detected by biological response than by chemical analysis,
we decided to use the effect on seeds for determining the presence of the
herbicide.

We therefore constructed an apparatus in which a vertical column of soil
can be subjected to artificial rain but which can at the end of the experiment
be turned horizontally and opened along the side so that a line of seeds can
be sown at a stendard depth, their position along the line representing however
dif ferent depths in the original percolation experiment, The state of the
seedlings after a suitable interval then gives us as it were an automatic
chromatogram of the distribution of herbicide.

We have only recently started to use this technique. It has already
revealed that there are very big differences in the rate of leaching of
dif ferent herbicides, Dinoseb for example being much more strongly retained by
the soil than MCPA, and TCA leaching out most rapidly of all those exemined,
It is of interest that, in the only soil so far examined, nemely a typical
potting mixture, MCPA is surprisingly rapidly decomposed, In the experiments
so far undertaken the columns were uniformly filled with the seme composition,
whereas, tO represent most agricultural conditions, it would be necessary to
work with a complete soil profile,

CQur main object however in rresenting this note is not to describe results
but to demonstrate a method which others interested in this field may perhaps
find useful. The apparatus involved is more easily demonstrated than described,
and we heve therefore trought the machine along to the conference, complete with
"live" graphs and a number of photographs of results of typical experiments,
These will be available for inspection by anybody who is interested in this
subject,

DISCUSSION ON FQUR PREVICUS RESEARCH REPCRTS:

The technique described by Dr, Hartley and Mr. Park is very
interesting, but at the moment it seems to be mainly for demonstration, If
it is going to be used as a precise quentitative tool, some allowances must be
made for uneven distribution of nutrients in the columns. This msy be due
to an initial veriation or due to leaching of the nutrients in the course of
the experiment,
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Mr, P, O, Park: In the six columns demonstrated, we have included a control;
a completely untreated soil running simultaneously with the columns treated
with herbicides. The plants show that there has been very little leaching
of nutrients, such as would affect the evenness of growth of indicator plents,
nor can there be any wide variebility in the nutrient status of this
ertificial soil, This might not be so on natural soil profiles.

Mr, J, G. Elliott: Has Mr, Cerpenter had any trouble with his small plot
sprayer in manoeuvring on and off the plot? Uniform weed infestations in
the field are difficult to find and it is desirsble to have the maximum area
in the plot and the minimum discerd for moving the machine, I would have
thought that he would need a considerable area for menoeuvring,

Mr, K. Cerpenter: e usuelly have a standerd method of laying out plots that
requires a 6 foot rumvey between the random blocks but none between individusl
plots. If all four replicates are sprayed at the same time only the three
cross paths are wasted. The machine is easy to manoeuvre as the boom is made
of light alloy and where there is acute shortage oI space much narrower run-
ways can be used,

Both the engine clutch and the spray shut-=off are operated by handle=bar
levers through Bowden cables, one on each handle-bar, Movement and spraying
can thus be started and stopped almost simultzneously,
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SPRAYING EQUIPMENT FOR THE EXPERIMENTAL APPLICATION OF HERBICIDES

Je De FRYER and Je Ge. ELLIOTT
Agricultural Research Council Unit of Experimental Agronomy

Introduction

This paper describes briefly a pneumatic type knapsack sprayer and two
Land Rover mounted sprayers all of which have been developed by the Unit of
Experimental Agronomy specially for the application of liquid herbicides in
experimental worke The sprayers have been used extensively during the 1953
and 1954 spraying seasons and have reached the stage when further improvement
is likely to be a matter of detail rather than of principle.

PNEUMATIC TYPE KNAPSACK SPRAYER (FigeI, II & III)

This equipment, which is now being manufactured commercially under the
name fOxford Precision Sprayer!, has been designed with the following objects
in view:

Te 1t must apply accurately volume rates between 5 and 100 gallons per
acre on plots of up to 1/200 acre in area, larger plots being permissable
with lower volume ratese

2¢ The spray applications should, if required, resemble applications
made by commercial low volume or dual purpose sprayers operating at
pressures of up to 60/1b/sqe 1ine

%e There should be no wastage of the spray fluide

Le All parts in contact with the spray fluid must be easily dismantled
for cleaninge

Se It must be able to spray a large number of plots In a day without
unnecessary time being spent on filling, washing and adjustmentse

6e It must be adaptable for varying needs and capable of being trans=
ported in the luggage boot of an average care

7o It should be capable of spraying corrosive liquids if required with=
out undue deterioratione

8e It should be usable In undeveloped parts of the worlde

% It should be light in weighte

A light alloy air pressure container carried on the back of the operator is
pressurised to 110 1b/sqe Ine through a car type !Schrader! valve, A con-
venient source of pressure is the compressed air line available at most garages,
or in the field a portable compressor or tyre foot pumps Each container is
tested before use to 220 1b/sge 1ne by the manufacturers and has a bursting
pressure of not less than 500 1b/sqe Ine A safety valve operates at about
140 1b/sqe ine
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FIG. I.
OXFORD PRECISIOR SPRAYER

air pressure container.

base plate of air pressure container witn °*schrader®
valve air inlet, outlet tap and safety valve.

pressure reducing valve, air inlet tap and liquid outlet
tap mounted on base plate of liquid container.

liquid container (3 pint size) mounted on breast plate.
accessory air tube to convey air to top of lijuid
container when the 5 pint liquid container is used.
handle assembly with fore-arm rest, handle containiny
filter, trigger tap and pressure gauge.

main lance section.

centre boom section with two jets.

outer boom section with one jet.

adaptor for use when single jet only is required.
additional lance section.

liguid container tubes (1 and 5 pints capacity) and
tension rods.




Fig. 11, OXFORD PRECISION SPRAYER

For transport and storage, all components except for air
containers and windshield are packed into box as shown.




Figellle Oxford Precision Sprayer. Method of operation.

The spray liquid is carried in a transparent plastic® and metal pressure
container mounted on a breastplate and slung from the webbing shoulder straps of
the air containere Three liquid container sizes have been used: 1 pint,

3 pint and 5 pint capacitye The container ends are easily removable from the
plastic tube so that change of container size involves only a change iIn the
length of plastic tube and supporting rodse This can be carried out in the
field without tools in under five minutess The 1liquid container 1s pressurised
from the air container, pressure being adjusted by a reducing valvee The liquid
container is connected to the lance and spray boom by a short length of pressure
tubinge The lance is fitted with a sensitive trigger action tap giving
instantaneous cut—-off; a large capacity fine mesh filter is fitted into the
handles Two lance sections are available giving a maximum length of 6 feete

At the end of the lance a single jJet or a spray boom can be fitteds

x 'Perspex! acrylie tubing
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The spray boom 1s in three sectionse If the centre section only is used,
a swathe width of 3 feet is obtained utilising two ceramic fan jets at 18 inch

spacings The centre and two outer sections have a total width of L4.5 feet
giving a swathe width of 6 feete The boom can, of course, be readily modified
for any desired jet type or spacinge

A celluloid and light alloy angle windshield for the boom has proved
effective when the centre boom section only is used, but has been unsatisfactory
when fitted to the Le5 foot boom because of the surface area presented to the
wind and the air turbulence caused by 1te

Two models of the YOxford! sprayer have been constructed: (1) a fstandard!
model, the metal parts of which are mostly of chromium plated brass, for use
with non=corrosive liquids,(2) an acid=resisting model in which parts liable
to corrosion are made of stainless steel or ebonitee

Production of the latter type has proved difficult and expensive because
of the working properties of stainless steel and our present view Is that the
standard model for general experimental work is the more satisfactory, even
for occasional use with corrosive liquids providing the equipment is washed
thoroughly after usee

Weight of the equipment has been reduced wherever possible; the operator
carries only 185 1bs including air and liquid containers and lance and boom
assembliese The air and liquid containers alone weigh 12 1bs,

Operation

The equipment can be used by one persons but an additional person facili-
tates assembly and fillinge A team of two is ideal, one operating the equip—
ment, the other mixing and handling the spray solutions and attending to the
change=over of air containerse

When using an tOxford sprayer a plot size of 12 yards x 2 yards
(Ce1/200 acre) has been found convenient for many types of herbicide experiments
where volume rates of up to 100 gallons per acre are required, Smaller plots
can be easily sprayed, also larger plots of up to 1/10 acre btut the volume
rate may be limited by the capacity of the liquid container. The maximum plot
size that can be conveniently sprayed at up to 30 gallons per acre is in the
region of 1/60 acre eege 20 yards x L yardss, This {s about the minimum plot
size for cereal yield trials when 8T6" cut pusher type combine harvesters are
to be used for yield assessment; plots of twlice this length are very desirable
if accurate comparisons are requirede

These larger 1/30 acre plots may be sprayed at up to 15 gallons per acre
with the 'Oxford! sprayer, but this might be tedlous as a routine proceduree

Before each day's spraying, both air containers are pressurised to
100 = 110 1b/sqe ine Each container charge will deliver about L5 pints of
1iquid at 30 1b/sqe ine, the amount depending on the initial charge pressure
and the number of 1liquid container fillings mades The latter will be
influenced by the spraying technique adopteds If low volumes or small plots
are used, it will be possible to have enough spray fluid in the liquid con=
tainer to treat all replicate plots of any one treatment without refilling
thus economising in air; for higher volume rates and larger plots i1t may be
necessary to refill the liquid container after each plot sprayed and more air
will therefore be consumede In general, our experience has been that two
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fully charged air containers will give sufficient air pressure to spray the
majority of 1/200 acre plot field experiments carried out by the Unit of
Experimental Agronomye

Accuracy

The accuracy of the sprayer is, assuming accurate delivery and application
from the jets, Influenced mainly by the pressure at the Jets and speed of travel.
The pressure gauges used are claimed by the manufacturers to be accurate to
+ 1 = 2% and are located so that no significant pressure drop takes place between
the gauge and the jets when the sprayer is delivering its maximum recommended
throughput (60 gallons per acre at 2 mePshe With 6 foot swathe)e The Speed of
travel 1s, of course, subjective and a matter of practice, but it has been
found easy to attain an accuracy of + 2% A good check on accuracy is obtained
if the exact quantity of liquid for each plet is put into the liquid container
as a routine procedures

The method of walking is important in attempting to obtain a uniform boom
speede Long slow steps give rise to an irregular movement; while short quick
steps allow an even forward motione A convenient speed is 2 mepeshe A short
length of chain suspended from the boom so that its end brushes the top of the
crop or weeds to be sprayed helps to maintain the boom at the required heighte

Ceramic fan jets are used at present because they are cheap and light ard
obtainable in a wide range of orifice sizes; The individual jets are matched
for throughpute The spray pattern is far from perfect, but at least it is
representative of that obtained with many commercial spraying machinese
Improved jets will be substituted as and when they become availablee

Materials

As has been stated, stainless steel has proved difficult to work, parti-
cularly in the fabrication of the handle and trigger tape A promising alter—
native material is ebonite, which has shown considerable resistance to strong
acids and oils in preliminary testss The design of the tap allows the assembly
to be made from a single piece of ebonite rode

All taps work on the principle of a diaphragm being pressed against two
concentric orifices and all but the lance trigger tap are obtainable as proprie~
tory preductss The taps have proved reliable in operation and are light in
weight and cheape 01l resisting synthetic rubber is used for the diaphragmse
The body of the taps are of acid=resisting bronze or ebonite where they come
into contact with liquid, or light alloy in the case of the air tapse

The liquid container is constructed from &" x 4" o0.de plastic tubinge
This has proved reliable in practice and has shown no deterioration with a wide
range of herbicide formlationse

The Unit of Experimental Agronomy has during the last four years carried out
in co—operation with the NeAeAeSe an extensive programme of field experiments,
chiefly on cereals and on grasslande Preliminary results and the general
administration of some of these experiments have been briefly recorded by
Fryer (1) and Elliott (2)s During this period about a hundred and eighty ex—
periments have been sprayed involving some six thousand plotSe The majority
have been sprayed by means of two mobile large plot sprayers mounted on !Land
Roversf, It is not feasible to give detailed descriptions of these machines but
a short survey of their more interesting features is given belowe
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Bl eV LAND ROVER SPRAYER FOR LOW VOLUME APPLICATIONS. General view —
boom closed, ready for road transport.

LBt

iatmest A L 488
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Fig. V.  LAND ROVER SPRAYER FOk Fig. VI. LAND ROVER SPRAYER FOR
LOW VOLUME APPLICATIONS. Showing LOW VOLUME APPLICATIONS. Showing
pump drive and mounting under speedometer and drive for use while
centre seat. spraying.
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Sprayer for Low Volume Applications (FigeIV, V and VI)

One of these Land Rovers has been equipped with an half inch gear pump
driven by chain from the central power take—off assembly and is positioned under
the central seate The pump operates at about 1,000 repeme when the vehicle is
travelling at 4 mepshe with the transfer gear box engagedes

The spray liquid is carried in 4 gallon fjerricans! and is fed to the pump
by means of a pipe inserted into the filler orifices A quick-action lever tap
for controlling the spray 1s situated near the drivere A by=pass circuit with
a spring=loaded relief valve allows ready pressure adjustments The 15 foot
boom assembly is based on that from a well known proprietory sprayer, the verti=
cal steel joists being permanently mounted on the vehiclees The sprayer can
start work within ten minutes of arriving at a fielde The carrying capacity of
the vehicle is In no way reduced by the equipmente A specially made speedometer
indicates accurately ground speeds of up to 12 mepeh., the required speed being
maintained by the use of a hand throttle controle

This equipment is suitable for spraying at volume rates up to 30 galluns
per acre at L mepehe and pressures up to 60 1b/sqe ine Plot size 1s limited
only by the capacity of the liquid containers used.

General Purpose Sprayer (FigeVII, VIII, IX, X, XI)

The second Land Rover has permanently fitted to it more elaborate equipment,
allowing it to be used for the rapid and accurate spraying of experiments
involving the comparison of up to three different volume rates, the maximum
rate being well over 100 gallons per acre at 4 mepshe In addition to normal
crop spraying, it can be used for special applications such as scrub and road=
side verge sprayings The proto=type of this equipment was built at Long Ashton
Research Station and the existing equipment at the National Institute of
Agricultural Engineeringe

The equipment consists basically of three independent spraying circuits,
each with i1ts own pump, controls and spray boome Four 20 gallon tanks, generally
used for the high volume spray liquids, are connected by a manifold and multi-
way tap to the suction side of a 1% Inch gear pumpe Medium and low volume
spray liquids are carried in specially adapted L4 gallon jerricans and are fed to
a 1 inch and a % inch gear pump respectivelys Each pump is fitted with an in-
take and output filter and a by=pass circuit incorporating a relief valve and
feeds to one of three spray booms mounted on a framework at the rear of the
vehicles The height adjustment of this framework allows a vertical movement of
over L, feet and the booms can also slide in a fore and aft direction to ensure
that the rear of the vehicle is not sprayed when cone jets are used with the
boom at its maximum heighte Each boom is fitted with a pressure gauges

The pump drive is an interesting feature of the equipmente A counter=
shaft 1s mounted on the floor of the Land Rover at the rear and driven by chain
from the rear power take~offe A swinging arm is pivoted on this shaft, trans=—
mitting power by a second chain to a shaft at its upper ende This shaft is
fitted with a dog clutch which engages in a similar clutch on the shaft of each
02 the three pumps. The latter are mounted so that their shafts lie on the
arc traced by the swinging arm dog clutchs A fixed quadrant takes the weight
of the drive off the pump shafts and allows positive location of the driving
clutche

The main tanks are built as a single unit to reduce weight and keep the
centre of gravity as low as possible to allow spraying on slopese They are
self-draining and fitted with a large filter basket and a watertight cover so
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FigsVilt. Land Rover 3Sprayer — General Purpose dodel. S8ooms closed ready
for road transport.
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FIGS. IX & X. Two close-up views showing details of pump drive. An enclosed
chain drive (A) transmite power from the power—take-off (B) to a counter shaft
(C), which forms the axis of a swinging arm (D). A semi-enclosed chain drive
(E) on the swinging arm transmits power to the pump drive shaft (F), which
connects to the pump shaft through a dog clutch (G); the pumps are mounted so
that their shafts lie on the arc traversed by the pump drive shaft. The
swinging arm is located for a given pump by means of a fixed quadrant (H).

In

both photographs the pump drive is connected to the 2 inch pump (J). The

1 inch (K) and 1% inch (L) pumps can be seen in Figure IX.
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FIG. XI. Close-up rear view showing general layout. Centre section only of

spray boom assembly visible. Note the triple booms for different volume
rates (A). Liquids for high volume application are contained in four unit-
construction 20 gallon tanks, on the top of which the filler-caps (B) and
control levers (C) can be seen. Liquids for lower volume applications are in
*jerricans®’ (D). The pump drive is connected to the 1% inch pump (E). Two
out of the four 1% inch taps (F) for the 20 gallon tanks are visible.
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that no leakage occurs while travelling on the road or over rough countrye
The tanks are zinc sprayed internally to resist corrosions

The problems of preventing road-dust from entering the spraying circults
and contamination of the operatorts hands with poisonous spray liquid have been
overcome by permanent connection of all parts of each circuite This has been
aided by mounting the spray booms at the rear of the vehicle allowing them to
fold inwards for travellings This applies to both of the lLand Rover sprayerse

The Land Rover sprayer can travel as a self contained unit, providing all
spray treatments have been mixed before startinge A rack for !jerricant
transport 1s provided on the front bumper in addition to two at the rear of the
machines Normally, a second vehicle carries chemicals, water supply and
auxilliary equipment in order to reduce the load on the Land Rovere The latter
has, in fact, withstood the heavy load extremely well; no special modifications,
apart from heavy duty springs at the rear, have been necessarye

The accurate control of ground speed while spraying is aided by an engine
governor and an aircraft-type electrical tachometere The equipment is readily
operated by the driver alone; all controls being conveniently piaceds

Detailed drawings of the larger of the two Land Rover sprayers are avallable
from the National Institute of Agricultural Engineering, Silsoe, Bedfordshiree

DISCUSSION

The respective uses of the knapsack and the Land Rover equipment can be
fairly clearly defineds Plot size, availability and cost of chemicals and the
size of the experimental area are the chief factors concerneds The Land Rover
sprayers are unavoidably wasteful of the spray liquid as the spray circuits
have to be filled before the spraying of a plot begins and hold liquid that
must be discarded after the spraying of a single treatment has been completede
Their use, therefore, 1s largely restricted to development work with herbicides
that are already commercially availables Another drawback inseparable from
their use is the relatively larger discard area around each replicate to allow
manoeuvring in and out of the plotse This may not be important in cereals or
in grassland work but 1s often disadvantageous by increasing the total area of
an experiment, thus limiting the number of plots and possibly increasing the
experimental errora

A further disadvantage with the centrally mounted boom is the wheel=
marking of the plots; this can in some measure be compensated for by running
the sprayer over the unsprayed plots, but a better solution Is to use a boom
projecting to one side only of the vehicle and run the wheels on discard areas
between the plotsSe

In spite of these drawbacks, the Land Rover sprayers have proved invaluable
tools for experimental spraying, being versatile, accurate and economical in
man power and time, vital factors in weed control work when the spraying season
1s shorte

The knapsack equipment possesses none of the drawbacks mentioned, but 1ts
scope is obviously limited by the plot size and volume rates stated abovee
Within its limitations 1t has proved very satisfactory and has largely replaced
the land Rover sprayers, except where plot size or spraying technique have
necessitated use of a blgger machine,
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In conclusion it may be said that, while the equipment described above has
proved satisfactory for a large variety of experimental applications of her—-
bicides, there is still much room for improvement; it is anticipated that
modification of the existing equipment; and if necessary design of new equip-
ment, will be carried out from time to time and as new spraying techniques and
new chemicals requiring a different type of spray application are developeds
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SOME OBSERVATIONS ON THE RELATIONSHIPS BETWEEN
SPRAYING TECHNIQUE AND BIGLOGICAL EFFICIENCY
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Station, Umea, Sweden)

ANDERS BENGTSSON (Department of FPlant Husbandry, Royal School
of Agriculture, Uppsala, Sweden)

Sumrary

The results from the laboratory and fleld experiments can be sumnarized as
followss= :

ie MCPA and dinoseb have a stronger effect on linseed and peas at low—
volume spraying and at spraying with small dropletse

2s The volume (= concentration), the droplet size and the surface tension
change the selectivitye

e Studies of retention and ability to retain liquids can give valuable
contributions to the possibilities of Jjudging in advance the outcome of a

spray inge
Introduction

At the Department of Plant Husbandry of the Royal School of Agriculture an
investigation was started in 1949 of the biological and the technical problems
that are of fundamental bearing on the construction of sprayerse The investi=
gations aimed at throwing light upon the effect of different technical factors
on the bilological effect on sprayinge The mode of action of the chemical weed=
killers and the reaction of the plants to such technical factors as volume and
droplet size highly affect the construction of the sprayerse Modern herbicides
have enlarged the basis for the use of the chemical weedkillers and, therefore,
the constructive development of sprayers is more urgent than evere

Retention and Wettability

At spraying a larger or smaller quantity of the liquid which falls on a
plant will be retained on the surfaces of the leavese Different species will
have In this respect different retention abilitye Several different factors
affect the retentions These factors can be of biological or technical nature:

1e The morphology of the plant (leaf structure, halriness, angle of
inclination of the leaf-surface)e

2¢ The physical=chemical characters of the leaf=surfacee (Difference in
wettability)e

%e The physical=chemical properties of the spraying liquid (surface
tension)e

Lhe The volume ratee

5e The droplet sizes
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Factors 1 and 2 are biological, whereas 3, 4 and 5 are technicale Of these,
factors L4 and 5 have a direct and decisive bearing on the construction of the
sprayers.

The knowledge of the behaviour of the droplets on a leaf=surface is indis=
pensable for the discussion of technical problems in sprayinge Thus it 1s of
interest to know how large a quantity of the spray will be retained at varying
volume rates, droplet sizes, and surface tensions. Different workers have also
tried to determine the size of the retention by laboratory experiments (L )e

In retention experiments the present authors have used water solutions of
indigo carmine or nigrosinee The apparatus used in these experiments has
previously been described in part (2)e

The experiments with different volume rates have been carried out with a
Teejet ran-nozzle (650067, pressure: 5 kg/cm<, mean diameter = 88 U)e In
order to determine the droplet size slides covered with a layer of oil were
exposed under the sprayere The droplets were photographed and the film pro-
Jected by a microprojector and the droplet size determinede Various volumes
were obtained by giving the sprayer different speeds over the objecte The
results obtained with different volume rates show that at any given droplet size
a greater proportion of liquid i1s retained at a small volume than at a large
onee The difference in retention at low and at high volume 1s more marked for
plants with small wettability (large contact angle) than for plants with great
wettability (small contact angle)s The size of the retention 1s highly depen=
dent on the surface tension of the spraye This is evident from the following
figures for the retention on barley and peas sprayed with different volumes and
with liquids of different surface tensione

Barley

Litre per hectare 53 5500 25" wLi25
Surface tension, dyn/cm 50 35 50 35
Retention, per cent 26s8 61k  10e7 5763
Peas

Litre per hectare 66 146 510 1090 510

Surface tension, dyn/cm 50 50 50 50 35

Retention, per cent 1161 5e5 Sel 5¢0 391

The droplet-size experiments have been made with an atomizer essentially
built as a cone nozzle. In the swirl chamber there are intakes for compressed
alr, and a nozzles Different droplet sizes can be obtained with swirl plates
with different size and angle of the grooves and with differently large orifice
discse The pressure of the spray and of the air=current is likewise of great
importance for the droplet sizee The arithmetical mean of the diameters of the
droplets (rumber mean diameter) and the diameter of a droplet of mean volume
(volume mean diameter) are:=-

(22394)




Number mean diameter Volume mean diameter

Small droplets 38/ : 55 /M
Medium droplets 80 /4 146 /4

Large droplets 1104 216 fL

For the rest the same apparatus has been used as in the volume experimentse

In the droplet=size experiments the retention was studied on plants in the
field as well as in greenhouse, Small droplets are better retained on the
plants than are large oness The difference in the retention is largest for
plants with low wettability, l.e. fat hen (Chenopodium album), while it is con=
siderably smaller for plants with high wettability as in the charlocke

(Sinapis arvensis)e The difference in retention of the spray applied in small
and large droplets, respectively, is likewise highest when a large volume 1s
used as will be seen from the following figures, in per cent, on the retention
on linseed, sprayed with various volumes and droplet sizese (Surtace tension
of the liquid: 50 dyn/cm)e

1/hectare Small droplets Medium droplets Large droplets
160 1y 6e2 Le8
600 1067 2.6 21

Experiments with MCPA and dinoseb

The results obtained from the retention experiments carried out In the
laboratory and in the field with varying volumes show that a larger quantity
of active substance iIs retained on the surface of the plant i1f sprayed with a
low volume than with a large one, if the same quantity of active substance is
distributed per unite A larger amount of herbicidal substance is likewise re~
tained by the plant if the spraying is done in the form of small dropletse

In the laboratory experiments the same apparatus has been used as in the
retention experimentse The volume experiments were carried out with peas and
linseeds The experiments with MCPA ("Agroxone" = 10% MPCA in the form of
sodium salt was used) showed that the reaction of cultivated plants was stronger
for a low-volume than for a high=volume spray, 1f the same quantity of active
substance was applieds Experiments in linseed with dinoseb (Sevtox) in vary=
ing volumes prove that the application of a low volume may have a fatal effect,
if the same quantity of active substance 1s used as applied with a high volumes
In experiments with white mustard (Sinapis alba) with droplets of varying sizes
a stronger effect was obtained by spraying with small droplets of dinoseb than
with large ones, while no statistically significant differences between the vary=
ing droplet sizes were obtained in the experiments with MCPAe

The fleld experiments were carried out with a specially constructed plot
sprayers This sprayer is carried by two motor-cycle wheels and a pivot wheel
and 1s equipped with a four=stroke BSA=engine with a centrifugal regulators
The engine drives the sprayer over a gearbox and a shafte A 24500 r/m and
over 16 gears the speed can be varied from 0e33 m/S to 1659 m/se The engine
also drives a rotary compressor which provides the nozzles used in the droplet=
size experiments with aire The boom is on the right-hand side of the sprayers
This construction prevents the operator from treading on the plots already
treatede The sprayer alsc provides a protective zone of 120 cme between the
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plots = the gauge of the sprayer *= which also reduces the risks for drifting to
the neighbouring plotse In order to eliminate the spray drift, the herbicides
were applied on those days only when the effect of the wind could be neglectede

When Teejet=nozzles were used, the compressor was replaced by a tube of com=
pressed aire.

The purpose of the field experiments in this investigation has been to find
how the plants = cultivated plants as well as weeds = react against such purely
technical factors as volume and droplet size andy, above ally, how the selecti=
vity changes under the Influence of these two factorse

Field experiments with different volumes comprise experiments in peas,
linseed and cereals with MCPA, and In 1inseéd with dinosebe In some experiments
the reaction of the cultivated plants has been examined, in other experiments
both cultivated plants and weeds (3)e

Peas (Torsdags I1) sprayed with varying volumes show, as was the case in
the laboratory experimentsy a stronger reaction for a low volume than for a high
ONCe

In linseed a stronger bending of the stalk was obtained at low-volume than
at high=volume sprayinge Also the growth in length was affected by the volume:
the lower the volume the greater the reduction in growthe Experiments in lin-
seed sprayed with dinoseb in different volumes shows that the use of a low
volume can have a fatal effect, if the same quantity of active substance is
used at low and high volumes

The weed~killing effect of MCPA applied in different volumes on spring
cereal was investigated with the droplet size used in the experiments, there is
nothing to indicate that the effect at low volume (100 1/ha) was weaker than at
high volume (900 1/ha)e Low volume spraying is, however, not possible when
contact herbicides are usede

Field experiments with varying droplet size were carried out with MCPA and
dinosebe A number of cultivated plants and weeds have been examinede

The effect of MCPA on cereals does not seem to be influenced by"variation
of the droplet sizese Only in the laboratory experiments has the frequency of
abnormal spikes been significantly higher at a fine spray than at a coorse onee

Peas show a stronger bending when sprayed with MCPA in small droplets than
In medlum~size or large dropletse The ylelds are also affecteds In the experis
ments of 1954 the yield was reduced by a fine spray, vwhile a coarse spray re-

sulted In an Increase of the yleld (Osli = 0e8 kg MCPA per hectare, volume:
220 1/hectare).

In experiments with linseed and flax a more pronounced bending of the stalk
was produced when the plants were sprayed with small droplets than when sprayed
with somewhat larger dropletse The spraying took place about one month after
the emergence, the plants being then 15 = 20 cm highe Both the quantity and

the quality of the flax fibre was reduced to a greater extent at spraying with
small dropletse

The effect on weeds of MCPA~spraying 1s on the whole of the same proportion
for all droplet sizese Weeds with small wettability (fat hen) behave as lin—
seed and pease (Charlock on the other hand is less dependent upon droplet sizes
These differences were also found in the retention experimentse
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In experiments with dinoseb not only cultivated plants but also weeds such
as charlock show a stronger reaction for a small=droplet spray than for a large-
droplet onee

DISCUSSION

The results obtained in these experiments suggest that in certain cases
volume and droplet size are of great importancee The influence of the volume
has been established by several workers, among others Blackman (1) and Holly (4)e
The volumes generally used in Sweden vary between 150 and 400 litres per hectare,
but England and the UeSeAe practise low=volume spraying to a large extente The
results have proven this method to be a good one for cerealss The droplet size
has been a matter of greater controversye The experiments reported in the
present paper seem to indicate that the selectivity decreases with reduced
droplet sizee Besidesy, the stronger drift to which the small droplets are
exposed, cannot be disregardede "Coarse sprays of rather high surface tension
are superior for many herbicidal spray jobs" (Loomis (5))e
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DISCUSSION ON TWO PREVIQUS RESEARCH REPORTS

Mre Po Hebblethwaite: I would like to compliment the last speaker on his
foresigntin choosing 'this subject for researche In spite of the amount of
work that has been done on the chemistry and biology of herbicides, there is
remarkably little information available for the designers of spraying machinery
and particularly for the designers of spray nozzlese We frequently hear of
British fan—type nozzles being compared adversely with their transatlantic
equivalente If the basic Information on optimium droplet spectrum were avajl-
able, I feel sure that our own nozzles could be Just as goode I hope the lead
given by this paper will be followed by research workers in this countrye

We heard from Mre Culpin yesterday that there {s still some doubt about the
optimum droplet size to achieve penetration in dense foliagee Does the work
Just presented provide any Iinrormation on this subject? Which of the droplet
sizes showed greatest ability to penetrate foliage?
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Mre Ae Bengtsson: I can!t answer Mr. Hebblethwaite'!s question as we have not yet
obtained results with weed experimentse

Professor Gs Ee Blackman: I think I ought to say that Dr. Helquist spent some
time with us at Oxford learning these techniques before he took up this research
and that we are extremely interested in this worke It is difficult to define a
droplet spectrum without also considering the physical characteristics of the
spraye I do not think it is possible to be very specific in these matterss

60 microns might be the best for one type of spray and 150 microns for anothers
I too would like to congratulate the Swedish people for their work on these
lines because it is I agree very importante

Professor Hugo Osvald: I would like to say how much we appreciate the colla-
boration we have had in the past years with the scientists at 0xforde It has
been very useful to us and we hope that it will continue in the futuree

Mre We Ochiltree: Is Mre Fryer satisfied that there may not be some degree of
contamination when switching from one treatment to another? Is it his practice
to flush with water when switching from one system to another or does he Just
evacuate by air pressure?

Mre Jo De Fryer: When spraying a dose range of a single chemical, we do not
wash out the system when transferring from one treatment to anothers We do,
however, remove all liquid from the system by reversing the direction of rota=
tion of the gear pump before Introducing the new concentrations The amount of
contamination would be insignificant under those circumstancess When we
change from one chemical to another we do wash with water before introducing
the second chemicale We are quite satisfied that there is no undue contamina=
tion using these machines in this ways

systemss The danger of contamination is likely to arise when a high volume
solution follows a low volume solution in the circuite By having three com=
pletely different circuits this source of contamination is eliminatede Our
normal practice after emptying the system by 'Suck-back' 1s to flush the system
with the new treatment for a set time before spreying, after all, water can be

a contaminant in low volume spraying because it alters the concentration of
the solutione

Mre J. G. Elliott: There are cn the lLand Rover three completaly different spraying

Mre Se Ge Jary: Could Mre Fryer tell us, if, when operating the small sprayer,
the man walks forwards or backwards? The photograph looks as though he is

walking forwards over the plot he has Just sprayeds I find that it 1s better
to walk backwardse

Mre Je De Fryer: It Is our normal procedure to walk forwards and if we are
worried about walking on the treated area we can hold the boom out to one side
and walk in the pathway between the plotSe
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