










































































Foliar applications of ethirimol geve lower yields than tridemorph, suggesting
possible phytotoxicity of the former treatment; this gains support from the data in
Table 2. The ethirimol seed dressing controlled mildew and this was associated with
increased grain yield.

In the second trial (No, 8) on Golden Promise, similar treatments were made, but
chloraniformethan (25% e.c.) at 0,26 1 a.i. in 450 1/ha was also included, The seed
was sown on 7 April, the sprays were applied at G.S. 4=5, 7-8, 9=10 and 1041 (20 May,
10, 23 and 28 June respectively), mildew was assessed at G.S. 10,5 and 11,1, and the
crop was harvested on 9 Sept. The infection at these stages and the resultant yields
are shown in Tebles 4 and 5 respectively.

Spray :pglécation % mildew on top three leaves at:
& =
G.S. 10,5 G.S. 11,1

Bthirinol Tridenorph Jior¥3-  Etnirinol Tridemorph i

4=5 2446 28.1 31.0 5heb 449 48.3
7-8 1544 17.3 134 31.9 38.3 21,0
9-10 11,0 7.2 139 18.5 19,3
10,1 17.3 20,1 23.9 22,1 29.4

Ethirimol seed-
dressing 10.6

Nil. Control 346
S.B. (difference) =+ 4.3

In this trial, as in Trial 7, both ethirimol and tridemorph reduced mildew about
equally at G.S. 10.5 and the latter fungicide was on the average slightly more
successful at G.S. 11,1, In contrast to Trisl 7, however, the greatest yield
responses were obtained with the sprays applied at G.S. 7=8 and 9-10, It can be
seen that these correspond with the lowest mildew figures for each fungicide at
G.S. 10,5, The responses to chloraniformethean were essentially similar to those of
the other two chemicals.

The level of mildew control obtained with the ethirimel seed-dressing paralleled
that recorded in the esrlier trials. On this occasion it resulted in the highest
yield of the trial, out-yielding the control by more than 1 t/ha.




S ication - :
praya:'p SJ..S. Ethirimol Tridemorph Chloraniformethan

45 k2 4e33 437
7-8 4eT2 5.02 4+86
9-10 470 4Bl 495
10.1 463 Lably 4e62

Ethirimol seed-

dressing 5.38

Nil, Control ‘ 432

S.E. (difference) + 0,20

DISCUSSION

The results show that in the first and second years the mildew levels were
generally low, while in the third year considerable infection occurred. It is also
evident that both the mildew and yield responses showed remarkable consistency
throughout the experiments. In all three years the ethirimol seed treatment reduced
the amount of disease in the crop, the effect persisting to the "milky ripe" stage of
development (G.S. 11,1), Reductions in mildew were also oblained with foliar sprays
of ethirimol, tridemorph and chloraniformethan, there being little to choose in
fungicidel efficiency between them.

The ethirimol seed treatment generally resulted in increased yields, though the
magnitude did not necessarily reflect the level of disesse reduction. In general
the sprays also resulted in yield gains though there was a suggestion in some trials
of a depression in yield associated with the ethirimol sprays.

At current prices en increase in grain yield of approx. 0.12 t/ha would pay for
the cost of the various fungicide treatments (including the ethirimol seed-dressing),
and it is apparent, particularly in 1971, that the yield benefit often exceeded
treatment costs.

Advisory experience has indicated that mildew occurrence is sporadic in the
south-west of Scotland, In situations favourable to the disease, however, and
especially where a mildew=susceptible variety is being grown, the use of ethirimol
seed treatment as a precaution against possible mildew build-up is justified. In
other situations relisnce should perhaps be placed on the use of a gingle spray with
any of the three systemic fungicides tested.

The timing of the single spray clearly depends upon the likelihood of an upsurge
of the disesse, and work is in progress elsewhere to find a satisfactory forecasting
system, Meantime, if mildew hae begun to establish in the crop, yield bemefits are
1ikely from sprays applied at almost any stage of development up to G.S. 10, )
Progressive delay in spraying, however, reduces the potential yield benefit end this
is exacerbated by increasing wheel damesge, In practice therefore it may be
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inadvisable to enter the crop after about G.S. 8 or 9 unless there is imminent
likelihood of a severe flare-up of the disease. It is not anticipated that such a
situation will occur frequently in the south-west of Scotland,
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THE EFFLCTS OF MILDEW (ERYSIPHE GRAMINIS) ON

LEAF GROWTH AND YIELD OF SPRING BARLEY

B.L. llea
The Boots Company Ltd., Lenton Hesearch Station, Nottingham
.h. Scott
School of Agriculture, University of Nottingham

Summary  Experiments in mildew infected spring barley crops in the East
Midlands during 1971 and 1972 tested the effects of applying a systemic
fungicide sequentially and at different growth stages. During the growth
analysis the area of leaf laminae and the areas affected by disease were
measured,

Un a heavily infected crop in 1972 yields of sequentially treated,
early treated and untreated crops (5620, 4265 and 3588 kg/ha respectively)
were directly proportional to Leal Area Duration (LAD). Although increases
in LAD from early treatment were similar on less severely infected crops in
1971, yields from untreated crops were much better and responses to
treatment not as substantial. Treatment at different growth stages had
consistent effects on the development of the leaf surface, but relation-
ships between grain yield and LAD were not so straightforward.

Resumé Des essais effectués en 1971 et 1972 sur les cultures d'orge de
printemps infestées de mildiou dans 1'Est des comtés centraux de
I'Angleterre ont permis d'etudier les effets d'un fongicide systémique
appliqué en série et a differents stades du développement. La surface des
limbes des feuilles et les zones infestées par la maladie furent mesurees
au cours de l'analyse de croissance,

Sur une culture de 1972 fort infest3e, les recoltes de cultures
traitées en série, traitées a un premic: stade et non traitees (5620, 4265
et 3988 kg/ha respectivement) etaient directement proportionnelles & la
Durée de la Surface de la Feuille (lAlL). Bien que les accroissements de la
LAD diis a un premier traitement £taient semblahbles sur des cultures moins
infestées en 1971, les recoltes de cultures non traitées se sont avérees
bien meilleures et la rcpunbo au traitement ne fut pas si favorable., Le
traitement applique & difféerents stades du développement avait des effets
evidents sur le developpement de la surface de la feuille mais le rapport
entre la récolte de grains et la LAD n'@tait pas si @vident.

INTRODUCTION

Field experiments on 13 spring barley crops in the BEast Midlands between 1970-
72 tested the effect of applying a systemic fungicide to the foliage, sequentially or
at different growth stages {Rea and Brown, 1971). In general a single application
gave the greater part of the yield improvement of sequential treatment and there was
no clearly defined best time for a single dose. The response to treatment at the




onset of mildew infection, just prior to stem extension (G.S.4-5 on the Feekes Scale
- Large 1954), was usually similar to, sometimes slightly less than, that from
treatment during early stem extension (G.S.6-8), The response to a later
application, between the emergence of the flag leaf (G.S.9) and partial heading out
(G.s. 1U.3) was more variable, sometimes as great, on other occasions less than for
earlier applications,

In 1971 and 1972 opportunities arose to investigate the effects of the wvarious
fungicidal treatments on the development of the leaf surface and the relationship
with grain yield. Studies in the glasshouse (Last, 1962; Paulech, 1969) revealed
that with pot grown plants mildew restricted the development of the root system more
than the shoot, and lamina development least of all. Mildew inhibited photo-
synthesis and stimulated respiration i,e. diminished Net Assimilation Rate. Brooks
(1972) confirmed effects on root and shoot growth in field experiments. Large and
Doling {1962) were able to relate the percentage loss of grain yield to the extent
of mildew infection after the completion of heading and before the onset of ripening.
The effect was not directly proportional, there being more severe effects with low
levels of infection and less severe effects with heavy infection. In disease free
crops Thorne (1966) has shown that grain yield is directly related to Leaf Area
Duration i.e. the integrated Leaf Area Index from ear emergence until harvest, In
the experiments reported here it was possible to test how grain yields were related
to the extent and duration of the leaf surface both including and excluding the
proportion covered by pustules or yellowed by the disease.

METHOD AND MATERIALS

Growth analysis was done on two experiments in 1971 and one in 1972, details of
which are given in Table 1. Each experiment was in a randomised block design,
replicated sixfold in 1971 and fivefold in 1972. The fungicide was triarimol((2,h~
dichlorophenyl jx-phenyl-5-pyrimidine methanol) formulated as a 4.5% e.c., applied
at 1.8 1/ha in 225 1 water by the Lenton small plot sprayer. Plots were 44 m long
and 2.7 m wide allowing areas for growth analysis samples with appropriate discards
at either end. Final yields were estimated on the central strip 37 m long and 1.8m
wide harvested by combine,

The first treatment coincided with the onset of rapid infection. Samples for
growth analysis were taken when treatments were first applied and at two weekly
intervals thereafter. The sampling unit was one metre of row from each plot. Plants
were dug, roots discarded since an unknown proportion was recovered, and weights
determined. Leaf laminae from 10 randomly selected tillers were traced, the disease
covered regions marked in, then areas were determined using a planimeter. 1In
addition estimates of lamina area covered by mildew were made by reference to the
mildew key (ADAS 1971). The total lamina area in the harvest unit was estimated by
simple proportionality knowing the number of tillers in the whole sample and
expressed as an index of the ground from which the sample came (LAI). Values for
Leaf Area Duration were obtained by measuring the area under the LAI curves and
expressing them in weeks, one week's LAD being equivalent to the area encompassed by
unit Leal Area Index persisting for one week,




Table 1

Details of the experiments,

LOCATION CALVERTON 1972 BARTON 1971 THRUMI'TON 1971

Variety Sultan Zephyr Sultan
Sowing date 8.h.72 15.3.71 b G, Py i
Sowing rate (kg/ha) 140 160 160
Fertiliser N:PQUG:KQU{kg/ha) 43:17:17 67:3h: 34 47:39:78

Treatments

1. Untreated

2. Application at (.5.5
3. Application at G.S5.7
k. Application at G.3.9
5. Sequential application

Grain Harvest date 18-19.8.71

RESULTS

Comparison of untreated, sequentially treated and early treated crops, 1972.

Mildew was first seen in the late drilled, rather sparsely tillered, Calverton
crop at the beginning of June and the first spray was applied on B June when 2,5%
of the leaf surface was affected by mildew. The infection then spread very rapidly
to reach 4% in the untreated crop by mid July (Fig. 1). Sequential treatment
prolonged the phase of expansion of the leaf surface and increased maximum Leaf Area
Index (LAl) by 30%. Throughout treated plants had at least one additional active
leaf. The overall Leaf Area Duration (LAD) was increased by 46% and Mildew Free
Leaf Area Duration (MFLAD) by 70% (Table 2). The single early application main-
tained an extra leaf active during late June, but the leaf surface became reinfected
and both in terms of LAD and MFLAD the benefit was slightly less than half that of
the sequential treatment. Grain yields wev equally well correlated (r = 0.99) and
virtually directly proportional to LAD whether or not infected areas were included,
but the regression line for MFLAD more nearly passes through the origin (Table 3).
Yields were also very well correlated (r = 0.99) with LADs measured post ear
emergence i.e. during grain filling, but the direct proportionality no longer held,
e.g., sequential treatment increased LAD post ear emergence nearly fourfold but
grain yield by only 60%.

Sequential treatment increased all components of yield as did treatment at
G.5.7, although to a lesser extent. Early treatment increased ear number and grains
per ear but not grain weight, and later treatwents increased ear number, rather
surprisingly, and grain weight. In this heavily infected crop even the best
treatment at G.S5.7 gave slightly less than half the yield improvement of sequential
spraying.




Table 2

Grain yield, its components and the relationship with Leaf Area Duration,

1000
Site Location Grain Yield LAD overall(wks) LAD post ear emergence(wks) Ear Ng. Grain No, Grain wt.
& Treatments kg/ha Total Mildew Free Total Mildew Free per m~ per ear

(2)

CALVERTON 1972

Untreated 3588
Application at G35 4265
Application at (57 4541
. Application at (39 k114
Sequential treatment 5620
Standard error 70.3

BAIKTON 1971

Untreated 5369
Appliecation at GS5 5946
Application at GS7 5745
Application at GS9 5921
Standard error 69.0

THAUMPTON 1971

Untreated

2. Application at G35
Application at GS7
Application at G359
Standard error




Pig. 1

Effect of fungicide on total lamina area index (TIal), area covered by mildew
pustules, and mildew free area index {UFA!} on spring barley al Calverton 1972,

TIAl =— , MPAT —, Area covered by mildew pustules ””

o—o0 UIntreated

e—o [reated #/6 ((.5.5)

A—ac-equential application
(Hr-'f\, '._'H,"’IF‘ antl }2{?)

ear Ry
4 emergence !
JULY AUGUST

In 1971 growth analysis data were available from the untreated crop and from
crops treated at different growth stages.

The effect of treatment at different growth stages.

In 1971 crops were drilled about a month earlier than in 1972 and events
occurred about one month earlier throughout, Mildew began to spread during early
May and by 12 May, when the first treatwent was applied, mildew infection was 7%
at Barton and 10% at Thrumpton. The infection was always more severe al Thrumpton
but never so severe as at Calverton in 1972. DBoth 1971 ecrops had at least five
and sometimes six leaves partially green during June. At the end of the month there
were still four or five active leaves at Barton, but only four on treated plants and
three on untreated plants at Thrumpton. Uy mid July there were three or four active
leaves at Barton and two or three at Thrumpton, with late treated plants noticeahly

greener.

The differential timing resulted in very similar patterns of leaf development
at hoth sites., Early treatment (G.5.5) increased leaf area primarily in June and
later treatment ((.5.9) increased it during July (Figs 2a and 2h), The mid treat-
ment (G.3.7) increased leaf area from late May onwards but to a lesser extent than
the other treatments. The overall Lils of untreated crops were similar at all three
sites, but yields in 1971 were much heavier (Table 2), Although early spraving
increased | AU more at both 1971 sites than at Calverton yields were not so much
improved, At both sites LAD and MFLAD were most extensive from early treatment and
more extensive from the late than the middle application yet yields were similar;
neither effects of timing nor the interaction between timing and dose rate were
significant at either site (itea and Brown, 1971). 1In general vield was sliclitl




Fig, 2

Effect of fungicide on total lamina area index (TLAI), area covered by
mildew pustules, and mildew free area index (MFAI) on spring barley at
Barton and Thrumpton 1971.
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Table 3

The relationship between Leaf Area Duration (lil)) and grain yield.

Overall Correlation Post ear emergence Correlation
CALVuTuN 1972 Coefficient Coefficient
LAD:yield = -963.9(% 757.66) + 225.8(231.36) 0.99 2376.8(2273.40) +480.2( 26.27) 0.99

e

VFlib:yield 577.0(2 who.40) + 175.6(221.33) 0.99 2035.3(% 79.03)+426.5(218.82)

BAKTUN 1971
Lib:yield = hlhh.h{f 553.19) L ; 0,90 yield h?hl.ﬁ(:ruﬁ.52J+l35.5(;?1.WU}

MFLAD:yield §352.8( % 461.062) . 0.91 yield h?Ul.H(:HB?.7U}+138.H{:53.97]

LLUML TUN 197

Labryvield = 4039.2(21016.06) 50.2(En2.69) 0.64 yield = h764.0(2363.78)+100.0(262,72)

MPLAD:yield = A114.4(Z 978.45) 50.2(543.90) 0.63 yield = 1791.8(2437.79)+138.0(263.97)




better correlated with MFLAD than total LAD at both sites and agreement was closer
at Barton (r = 0.82 - 0,91) than at Thrumpton (r = 0.63 - 0.84) (Table 3). In the
main the origin of the poorer correlation at Thrumpton was the small increases in
yield from increased LAD associated with early treatment. By measuring LAD post
ear emergence this effect was minimised and correlations were improved. Not all
yield components were determined in 1971 but the evidence available indicates

that yield increases occurred via effects on grain number rather than grain size.
There was a striking difference in the effect of the fungicide treatment on the
thousand grain weight of Sultan at Thrumpton in 1971 and Calverton in 1972. At
Calverton thousand grain weight was significantly increased by all treatments except
application at G.S.5, whereas there was no significant change at Thrumpton.

DISCUSSION

Evidence for the existence of a direct relationship between the extent of
mildew infection and yield loss is rather contradictory. On the one hand greenhouse
experiments show that the effects of mildew are likely to be more severe than the
degree of restriction of the leaf surface would suggest (Last, 1962, and Paulech,
1969). Root and shoot development can be severely affected as mildew reduces Net
Assimilation late. Yet Last (1963) and Large and Doling (1962) show that while this
holds true with relatively mild infections, effects on photosynthesis and yield from
heavier infections are less than would be expected from examination of the leaf

surface.

Mildewicides which are the usual agency for testing these relationships have a
dual role; they restrict the incidence of disease and permit extra leaf development
thereby. Comparisons using the Mildew Key (Large and Doling, 1962) do not directly
take account of the second effect. In our experiments we found that estimates of
the extent of infection using the Mildew Key in 200 comparisons agreed well with
measured values when infection was light, but over-estimated the level when leaves
were heavily infected. This may be one of the reasons for the over-estimation of
yield losses using the Key or may simply reflect the precision with which it was
used.

In the present work relationships between the extent of a healthy leaf surface
and yield were very close in a heavily infected crop but not in less severely
infected crops. The lack of a sequential treatment at Barton and Thrumpton makes
it more difficult to interpret the information which does exist. (ne possible
reason for the breakdown of the relationship between leaf area and yield improvement
in some situations may be that leaves which are most affected are least capable of
phytosynthesis since being lower leaves they are more heavily shaded. Parallel
studies in barley crops monitored the contribution of individual organs to grain
yield and measurements of mildew infection on individual leaves will be combined
with this data to explore these relationships more fully.
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DEVELOPMENT OF THE CHLORQUINOX RECOMMENDATIONS FOR MILDEW CONTROL OF

SPRING BARLEY

E. Evans, J. Marshall and M.H. Rickard

Fisons Ltd., Agrochemical Division, Chesterford Park Research Station,
Nr. Saffron Walden, Essex

Summary Chlorquinox is a new fungicide of low mammalian toxicity
developed specifically for use on cereals. The product has been
tested extensively over the past four years in small plot and farmer
trials in the East and South of England. The curative aspects of
the compound have been stressed but data are provided to show that
curative treatments at low levels of disease are more effective in
stimulating yield increases than similar treatments made later in
the epidemic. This product is a reliable treatment for mildew on
spring barley in the U.K. as long as applications are made prior to
the logarithmic phase of epidemic development,whether this occurs
prior to or during the stem extension phase of the crop.

INTRODUCTION

Tetrachloroquinoxaline is a general mildew fungicide which has been developed
over the past four years for the control of cereal mildew (Erysiphe graminis). A
product of low toxicity to mammals with acute oral LD5C values in the range of 100 to
40O mg/kg leaving very low residues in both straw and grain at harvest, it has been
tested extensively on spring barley throughout northern Europe and found to be non-
phytotoxic under a wide variety of climatic, edaphic and cultural conditions. This
report is confined to studies in the United Kingdom but the pattern of results
recorded has been confirmed in trials in other areas.

METHOD AND MATERIALS

In the work reported here a 2% wettable powder formulation of chlorquinox was
used at a rate of 3.36 kg/ha in 225 1/ha of water. In small plot trials the product
was applied to 9 x 2 m plots with 8 replicates/site using a knapsack sprayer.

"Grower" trials were applied with farmers' sprayers on large plots not less than 30 m
wide. As yielding potential and disease levels may vary considerably from one end of
a field to another, unsprayed areas were left between each treated plot in farmer
trials. Yield responses of treated plots were calculated relative to the yield of
adjacent unsprayed plots.

In large-plot yield trials four sirips of 20 metres were harvested with a Hege
125 Miniature Combine and weighed separately. in small plmt trials the harvested strip
was 9 m long. Disease assessment was based on the key devised by Large and Doling
(1962) being an estimate of the mean percentage of leaf surface covered by mycelium
and leaf yellowing associated with mildew on the top three leaves at GS 10.5 on the
Feekes scale (Large 1954). Percentage disease control was calculated using the




formula,

% disease control =

where D, = disease assessment on treated crop and D, = disease assessment on untreated
Crop. The data reported here are confined to trials on spring barley carried out
primarily in the east and south of England on farmer crops irrespective of nearness or
otherwise to overwintering sources of mildew.

Statistical analysis of all data has been carried out where practical but the
variation shown throughout these yield trials rarely allowed multiple comparison tests
to show significant differences between treatments within individual experiments.
These tests were therefore avoided and preference given to non-parametric tests
(Dunnett 1970) comparing data from simple comparative treatments on a large number of
trial sites.

As yield response is dependent on the severity of the epidemic as well as the
efficiency of a given treatment, multisite data were considered as frequency/response
histograms when sufficient data had accumulated.

RESULTS

Timing recommendation

Since the incidence, distribution and intensity of mildew varies from site to
site and from season to season it was necessary to repeat replicated timing trials as
frequently as possible and to confirm the overall pattern by reference to the

performance of the product under a wide variety of field conditions. This was
achieved by carrying out 7 small plot trials in 1970 and again in 1971. Disease and
yield records were taken from a series of plots sprayed at weekly intervals and
related to the growth stage at the moment of application. The pattern of disease
control and yield response was fairly consistent and is summarised as mean values of
the 7 trials in 1971 (Table 1).

Table 1

Disease control and yield response to variously timed sprays of
chlorquinox on spring barley in East England (mean of 7 sites)

GS Mean % disease Mean % disease % yield increase
at application at G5 10.5 control at G5 10.5 over control

12
19
37
kg
50
69
62
0

——
. .

10
Untreated

.

OO = F Oh
.
WD S Mo An 00

iy

The data given in Table 1 show that the overall yield benefit of a given spray
treatment is not necessarily related to the level of disease at GS 10.5; being largely
a reflection of the nearness of the spray treatment to the time of assessment.
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The relationship between yield and growth stage at application suggested in Table 1
is further confirmed by the data in Fig 1 which summarises the results from 120 trial
sites over a 2 year period, 1970-1971. This pattern probably reflects the increased
susceptibility of barley during extension, i.e. GS 6-8.

Fig 1
The relationship between time of application of chlorquinox and increases in yield

of spring barley

Data from 120
sites

1970 and 1971

Average
%
yield

increase L

2 8

Growth stage

The use of antimildew sprays on cereals often depends on the curative aspects of
these products, but their performance can vary according to the level of disease on
the crop at the time of spray application regardless of the stage of growth. Fig 2
shows the yield increase from a single chlorquinox treatment made at different stages
in the early part of the epidemic.




Fig. 2
Yield data of spring barley correlated with level of mildew at time of spray
applieation (1972 and 1G73)
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The yield benefit of early spraying in terms of mildew levels are obvious from the data
in Fig 2 but it must be stressed that premature treatment in terms of growth stage may
prove wasteful.

To avoid premature application the chlorquinox timing recommendation relates to
level of disease and growth stage of the crop as follows:

"Chlorquinox should be applied to crops during tillering i.e. GS 3-5 only
if mildew is present on the younger leaves. Later, during the stem
extension period GS 6-9 chlorquinox should be applied immediately mildew
is seen in the crop".

These observations on spray timing apply solely to spring barley; the recommended
time to spray wheat would be later, probably during heading.

Disease levels and yield

Large and Doling (1962) found a close correlation between the percentage loss in
yield and the amount of mildew recorded on the crop at GS 10.5. Increments of a
similar order should follow efficient disease control with a non-phytotoxic fungicide.
Fig 3 shows the relationship between yield gain and disease levels on the top three
leaves of the crop assessed on 20 different trial sites at GS 10. in 1970. This is
very close to that of Large and Doling, i.e. yield loss = 2.5 J% mildew at GS 10.5.
This formula proved invalid when comparing applications (Table 1) made at different
times or late in the epidemic and muast therefore be used with caution. Some variation
in response was noted depending on the relative protectant and curative requirement
for a given situation; treatments made with low infection levels at the time of
application depend largely on protection while those made at a later stage in the
epidemic are more dependent on curative activity.
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Fig 3

1 unfrealell v sp

Relationship between mildew levels at GS 10.5£and vield increases following
chlorquinox treatment at GS 6-0

X
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% mildew at GS 10.5 (X)

Although chlorquinox sprays gave consistent yield increases over untreated attempts to
correlate yield increases with 1000 grain weight failed on samples from 25 sites in 1971
(Spearman coefficient of ranked correlation). The only significant correlation

observed was that between increase in grain weight following treatment and yield in
untreated crops (Fig b4).

It is concluded that whilst the 1000 grain weight of low yielding crops can be
increased substantially by treatment, in heavier crops increased yields would appear
to be due to more, not heavier grain. These observations reinforce those made in
experiments with benomyl in 1968 (Evans et all.




Fig 4
Correlation between yields in untreated crops and thousand grain weights
after treatment with chlorquinox
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Reliability Trials

Interplot variables may be exaggerated by factors other than the efficiency of
the treatments concerned and any valid assessment of the reliability of a given
recommendation must be based on a large number of experiments, the data from which may
then be plotted as frequency response histograms (Fig 5).




Fig. 5

Reliability of chlorguinox as a mildew fungicide on spring barley, 1971

(frequency/response histogram) (45 sites)

5-9 10-14

% yield increase

The information in Fig 5 summarises the overall reliability of chlorquinox as a
mildew fungicide when used according to recommendation at the beginning of the epidemic
and has been confirmed in further experiments.

DISCUSSION

Cereal mildew (Erysiphe graminis) is now recognised as the most important disease
of spring barley in the U.K. (James 1969 and King 1972) and northern Europe with the
result that several fungicides are commercially available for its control (Pommer &
Kradel, 1969 and Brooks, 1970). Chlorquinox was first tested in the U.K. in 1967 and
was introduced on a large acreage in 1971 as a safe and reliable product intended for
application soon after the start of the epidemic. This usually occurs sometime during
stem extension when the crop is particularly susceptible to mildew (Last 1957) although
earlier spread of the disease sometimes occurs and requires immediate treatment.

The data in Fig 3 show a very close correlation between level of disease recorded
on the untreated crop, i.e. the severity of the epidemic, and the percentage increase
in yield afforded by spraying. This is in close agreement with Large and Doling (1962)
who estimated potential yield losses due to mildew from disease records taken from the
top four leaves at GS 10.5 on the Feeke's scale. The index used in these trials was
based on the top three leaves only. In making this statement however it is stressed
that this relationship is applicable only when comparing treatments made at one
appropriate time and the conversion factor postulated by Large and Doling cannot be
used to forecast the comparative yielding potential of treatments made at different
times. At present the only method of comparing treatments made at different times is
by direct measurement of yields in field experiments.




The main characteristic of all field experiments with cereal mildew appears to be
the extreme variability of the data recorded. This may be due to (a) limitations of
the technique of application, (b) differences associated with crop structure, or (e)
specific aspects of the biology of the pathogen. It is possible to exercise only very
limited control over these factors so that field data may give conflicting and
confusing results. However these effects can be minimised where data from a large
number of trials are jointly examined as frequency response histograms.
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DEGRADATION OF ETHIRIMOL IN SOIL

I.R. Hi11 and D.J. Arnold
ICI Plant Protection Limited, Jealott's Hill Research Station, Bracknell, Berkshire.

Summary  Pyrimidine ring-C14-labe11ed ethirimol was incorporated in
biologically active and in sterile soils, and incubated for up to 45
weeks. Degradation occurred, but at very different rates in all of

the soils studied; half the ethirimecl being degraded in from less than
one to a maximum of twenty weeks in non-sterile solls. Analysis for
volatile and non-volatile degradation products showed that the

fungicide was degraded by both chemical and bioclogical mechanisms.
Cleavage of the pyrimidine ring (observed as C140, evolution) was most
probably caused by biological action. The relative rates of ring opening
in soils treated by uniform incorporation and by localised high
concentrations of ethirimol were very different; in one case localised
concentrations decreasing the rate and in two others increasing it. The
presence of plants, growing from ethirimol dressed seed, in the one soil
studied considerably enhanced the rate of fungiclde degradation. After
two weeks, less than 3% of the applied activity was found associated with
plant material. Pyrimidine ring cleavage was almost entirely restricted
to the soil-root environment.

Resumé De 1' ethlrlmol dont 1'anneau pyrimidine &tait marqué au
Carbonel4 a 2t€ incorporé a des sols biclogiquement actifs ainsi qu’ 3
des sols steriles, et incubé pendant une pericde allant jusqu 3 4s
semaines. Une dégradation s'est produite, mais 3 des degres tres
différents dans tous les sols etudids, la moiti& de 1'&thirimol &tant
dégradeé durant une période allant de moins d'une semaine a un maximum
de vingt semaines. Les analyses pour dét@rminer les produits de
dégradation volatils et non-volatils ont montré& que le fongicide &tait
dégradé par des mechanismes chimiques aussi bien que biologiques.
L'éclatement de 1'anneau pyrimidine a probablement &té 1'effet d'une
action biologique. Les degrés relatifs d'Bclatement de 1'anneau dans
les sols traités par une incorporaticn uniforme et par des fortes
concentrations localisées d'ethirimol etaient tras differentes, dans

un cas les concentrations localis@es diminuant le degré d' &clatement
et dans deux autres cas 1°' augmentant. La presence de plantes croissant
a partir de semences traitfes 3 1' et\i’imol, dans le seul sol etudie, a
augmenté considérablement le degre de d'égradation Longicide. Aprés
deux semaines, moins de 3% de 1'activité appliquee etait pf@sente dans
le tissu des plantes et 1°' &clatement de 1'anneau &tait presqu’ 'entiérement
confine au systeme sol/racines.

INTRODUCTION

Ethirimol, S5-n=butyl-2-ethylamino=4-hydroxy-6-methyl pyrimidine (trade names
'Milstem' and 'Milgo'), a systemic fungicide effective in controlling powdery mildew
(Erysiphe graminis) on cereals, particularly barley (Bebbington et al, 1969;
Geoghegan, 1969), is marketed both for seed dressing and spraying of the vegetation.
Metabolism of the fungicide in plants has previously been reported (Cavell et al.,
1971).

In soil, ethirimol is moderately strongly adsorbed compared with many other
pesticides (Graham-Bryce and Coutts, 1971). Adsorption is greatest in soils
containing much organic matter and in acid soils, where a large proportion of the
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chemical is present in the protonated form. Desorption occurs but at a slower rate
than adsorption. Thus the physical interaction of the fungicide with the soil may
well influence the rate of its degration. The present paper discusses the
degradation of ethirimol incorporated both uniformly in scil and as point sources of
high concentrations, as occurs with 'dressed'seeds.

METHODS

Chemicals. Ethirimol and its fungicidally inactive 2-amino analogue (Fig.1),
labelled at the C-2 in the pyrimidine ring, were 99-2% and 98-:9% pure (by 2-
dimensional chromatography) respectively, as applied to soil in aqueous solution.

C4H9

CH3 / Fig.1

2
H , 2=amino analogue of

N N
\V ethirimol
14

;‘N\ ¥ indicates position of C* in
H R molecule

‘ = C I-{5 , ethirimol

Labelled chemical was diluted with unlabelled to a specific activity of 1uCi/100ug
and sterilised, in aqueous solution, by filtration through pre-washed Millipore
mixed cellulose ester filters, mean pore size 0-22um. The fungicide was either
uniformly incorporated into soil to a final concentration of 10 ppmw or prepared as
an aqueous 'col' of particle size 1um and used to coat barley seeds or acid washed
ground glass beads. The final weight of ethirimol per seed or bead was approximately
120ug. !

Soils. Field samples, taken no deeper than 9 inches, were returned to the laboratory
within one day of collection, carriage being in unsealed polythene bags. Prior to
treatment with fungicide, soils were passed through a 3mm sieve (after part air
drying where necessary). Sterile soils were prepared by ¥-radiation (5.0 Mrads) in
sealed polystyrene containers.

Measurements of molsture content and moisture holding capacity (MHC) per weight
of dry soil, using Keen-Raczkowski boxes (Keen and Raczkowski, 1921; Coutts, 1930),
were carried out immediately to enable soils to be prepared and incubated at 40% of
MHC (30% of MHC for peat soils) within 3 days of the original sampling. Other
physical and chemical characteristics determined included pH by glass electrode
(Peech, 1965); organic matter content by oxidation and titration of excess oxidant
(Walkley and Black, 1934; Walkley, 1935); particle size analysis by sequential
sedimentation and specific gravity estimations (Day, 1965); cation-exchange capacity
(CEC) by sodium saturation (Chapman, 1965); and a distribution coefficient (Kd)
indicating the extent to which ethirimol is adsorbed by soil (Graham-Bryce and
Coutts, 1971).

Incubation. Solls were dispensed in 30g quantities in small glass crystallising
dishes for laboratory incubation and in approximately 200g quantities for greenhouse
incubation with coated barley seeds or glass beads. All soils were incubated under
passage of moist COp-free air, the effluent air being passed through tubes containing,
in order, glass wool, 0+1N sulphuric acid (to trap volatile bases), glass wool,
2-methoxyethanol (to trap organic soluble volatiles), glass wool and ethanolamine (to
trap C1402). Sterility of air passing over irradiated soil was maintained using
miniature air line filters (Microflow, Fleet).




Soil pots supporting barley plants were incubated in a horizontally partitioned
box; the plants growing up through holes in the partition were sealed at soil level
using a silastomer (Silastic 9161 RTV, Hopkins and Williams), effectively creating 2
separate environments, one for the soil-root system and one for the foliage. The
effluent air from each was monitored separately.

During laboratory incubation the temperature was kept at 19° £ 1° and the soil
moisture content maintained by addition of sterile water at approximately ten week
intervals. In the greenhouse the air temperature fluctuated between 18° and 229, and
incubation was continued until mature 'ears' were formed on the barley.

Soil analysis. All quantitative measurements of radioactivity were made using a
Packard liquid scintillation counter (Model 3390 with Absolute Activity Analyser 5441

Volatile degradation products were detected by measuring the radioactivity in
the trapping solutions, initially at weekly intervals, later every three weeks.
Non-volatile products were extracted from soil using a cold acetone wash followed by
a hot methanolic soxhlet extraction. The combined extracts were analysed by tlc on
silica gel Fp54 plates using 12% methanol in chloroform as solvent, and auto-
radiographs prepared using Kodak no screen X-ray film. Quantitation of defined
degradation products, or groups of products,was made by scraping the appropriate
areas of silica from the plates, and shaking with methanol prior to the addition of a
fluor and scintillation counting. Extracted soil was dried, ground to a powder and
residual activity determined by combustion of sub-samples in a Packard sample
oxidiser, Model 306.

RESULTS

Soils. Table 1 shows the properties of soils used in the studies.

Table 1

Sand Silt Clay ©O.m. pH CEC MHC Kd
% % {m.equiv/100g) %

Gore 34 27 25-9 80-0 17-9
Limekiln 20 22-5 837 15+5
Pickford 21 31-5 59.2 26+3
Stanley 5 26-3 48-3 287
Frensham 15 9.2 1.7 4-8
7
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Broadricks 14 23- 57-3 16-9
Blackborough peat 124- 207-1 not done

o o ro s 00 @

w

ETHIRIMOL UNIFORMLY INCORPORATED INTO SOIL

Degradation products in trapping solutions. Throughout incubation radicactivity was
only detected in the ethanolamine traps. Since this radioactivity had passed through
organic solvent and acid 'traps' it was assumed to be C1402, a product of pyrimidine
ring cleavage. Fig. 2 shows that ring cleavage occurred in all the non-sterile soils,
although rates differed widely. From the sterile soils studied, less than 0-13% of
the applied pesticide was recovered as c140,. Incubation of the 2-amino analogue
with Gore soil resulted in pyrimidine ring cleavage of a rate slightly greater than
that of ethirimol.




Fig. 2
cmo“ from pyrimidine ring cleavage in biologically active solls
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Soil analysis. Solvent extraction initially gave high recoveries of radioactivity,
but with the increasing time of incubation of soils treated with ethirimol and its
2-amino analogue recoveries were reduced (Fig. 5). Attempts to exchange the non-
extractable ('bound') radiocactivity by refluxing extracted soils with high concen-
trations of unlabelled ethirimol and three analogues failed to displace more than 2%
of the activity present. Use of ultrasonication in aqueous and organic systems was
similarly unsuccessful. C140, was not released by hydrochloric acid digestion, thus
'bound' material was not present as carbonates. The site of 'binding' could be on
soil particles, on or in microorganisms or the c14 might be incorporated in soil
organic matter. It is well known that pyrimidines of nucleic acid origin are
incorporated in the humus fraction of soils (Alexander, 1961). Total recoveries of
radicactivity from soil extraction and combustion, and from trapping solutions
consistently accounted for 90-110% of applied fungicide, thus it was assumed that
all the original application of radicactivity was being recovered.

Autoradiographs of chromatographed extracts of Gore soil after 45 weeks
incubation are shown in Fig. 3. The amount of extractable residual ethirimol in the
soils is shown in Fig. 4, and a more detailed balance of distribution of activity for
Gore and Frensham soils in Fig. 5. Although rates of degradation in the various
non-sterile solls were very different, the products were essentially the same,
differing only in their relative proportions.

After 2 hours soll exposure only 50-80% of the radioactivity could be
identified as ethirimol, the remainder being more polar than the 2-amino analogue,
and mostly co-chromatographing with degradation products extracted from sterile soils
(fig. 3). However, on several occasions and within one week,a reversal of some of
this 'degradation' had occurred. This phenomenon was possibly due to the formation
and rapid dissolution of complexed or polymerised ethirimeol. Initially, the amount
of residual extractable ethirimol decreased rapidly (Fig. 4), due partly to formation
of these polar products and partly to 'binding'. After this initial period, the
amount of 'bound' activity remained relatively constant. The 2-amino analogue
degraded somewhat faster than ethirimol (Fig. 4) and with the production of only
small amounts of polar degradation products, this possibly implicating the
2-ethylamino group of ethirimol in the rapid formation of these polar products.
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Fig. 3

Extracts of Gore soil after
45 weeks incubation
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Two-dimensional chromatography showed as many as 20 degradation products to be
present in soil, comparative data from sterile and bioclogically active soils
suggesting that several of these may have resulted from soil chemical activity. 4ll
the extractable products of degradation were themselves degraded further with
eventual ring cleavage and release of C“Oz (Fig. 5). Ring cleavage was most
probably biologically mediated. A sample of Gore soil sterilised by ¥ -radiation
after 5 weeks incubation with ethirimol failed to evolve any further C'1402 with
continued incubation.

Fig. 5
Distribution of radicactivity in soil during 45 weeks incubation
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No clear correlation was evident between either total ethirimol degradation or
pyrimidine ring opening and any of the physical or chemical soil characteristics
measured (Table 1). However, the rumber of soils studied was relatively limited.

ETHIRIMOL APPLIED AS LOCALISED CONCENTRATIONS IN SOIL

Degradation products in trapping solutions. Radiocactivity was again only present in
the ethanolamine and assumed to be due to C140, from ring cleavage. Fig. 6 shows
rates of pyrimidine ring cleavage in soils incubated with glass beads and barley
seeds coated with ethirimol 'col’', and also with uniformly incorporated fungicide.




Fig. 6

C“O, from soils incubated with uniformly applied ethirimol, and with ethirimol
coated seeds and glass beads
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Relative rates of CMO2 evolution from laboratory incubated soils with ethirimol
uniformly mixed and as localised concentration on glass beads were different in the
three soils studied. With Gore soil, where the local high concentration on a glass
bead reduced the rate of ring cleavage, incubation of the coated barley seed resulted
in a highly enhanced rate of C1402 evolution, greater gven than the rate cbserved
with the fungicide uniformly incorporated in soil. c'®0, from the incubation of soil
with coated barley seeds was almost entirely from the soil-root environment,with less
than 0-3% of the originally applied activity being evolved as CMO2 from the foliage.
Graham-Bryce and Coutts (1971) have shown the distribution of radicactive ethirimol
from localised seed sources into the soil to be considerably limited, under leaching
and non-leaching conditions. The same is true for glass beads and germinating seeds
(Graham-Bryce and Coutts, pers. comm.). Thus the concentration in these localised
zones will be considerably greater than in soil with informly incorporated pesticide.

In Gore soil it seems likely that the ethirimol concentration in soil around the
glass bead to some extent inhibited metabolism of the funglcide, resulting in a long
lag phase, and reduced rate of ring cleavag.. Around the seed and roots the rapid
degradation may possibly be attributable to the difference in the soil environment,
the presence of a different microflora, exudates from roots or a combination of these
factors.

Soil analyses. The distribution of radicactivity in Gore soil incubated with coated
beads and seeds is shown in Fig. 7.

Degradation of ethirimol was greatest in the presence of germinating barley.
In the presence of plants the extractable degradation products were themselves
further degraded with release of C1402, whilst in soil with coated glass beads the
amount of extractable breakdown products remained fairly constant. 'Bound' material
increased over the incubation period. After the initial week radicactivity
associated with plant material (from combustion data) accounted for less than 3% of
the original ethirimol seed application; from the sixth week the majority of this
being in the foliage.




Fig. 7

Distribution of radicactivity in soils incubated with localised high
concentrations of ethirimol
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Tt must be remembered, however, that although the degradation products in the
laboratory and the field are likely to be the same, the rates of breakdown of
ethirimol may well be different due to the variations in the field environmental
conditions and hence in microbial activity.
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THE BEHAVIOUR OF TRIDEMORPH IN SOIL

S. Otto, N. Drescher
BASF Aktiengesellschaft, Landwirtschaftliche Versuchsstation, Limburgerhof

Summary The adsorption, mobility and degradation of tridemorph in
soil were investigated.

The results indicate that, due to the strong adsorption of the
fungicide by the soil, there is no danger from leaching with drainage
water.

Investigations on the degradation of tridemorph have shown that it is
non-persistent in soil, but evidently can be completely degraded
bioclogically.

Degradation is probably initiated by the formation of tridemorph-N-
oxide. As additional producte of degradation, 2,6-dimethylmorpholine
and COg were detected.

Résumé La présente étude concerne l'adsorption, le comportement au
lessivage et la dégradation de la matiére amctive dans le sol.

Les résultats des essais montrent, étant donné la forte adsorption de
la matiére active par le sol, qu'il n'existe pas de risque de
lessivage par les eaux d'infiltration.

L'étude de la dégradation de la matidre active prouve que cette
derniédre ne persiste pas dans le sol et qu'elle semble dtre soumise &
une dégradation biologique compléte.

Le processus de dégradation débute probablement par une formation de
tridémorphe-N-oxide. D'autres produits de dégradation ont pu &tre
décelés: la 2,6-diméthylmorpholine et le CO,.

INTRODUCTION

The fungicide Calixin(R)—active principle tridemorph (N-tridecyl-2,6-
dimethylmorpholine) has been in use for a number of years for controlling
mildew in cereals. The systemic behaviour of tridemorph in plants has already
been reported (Pommer et al., 1969). The results presented at that time have
since been substantiated and supplemented by work using radioactive labelled
tridemorph (Otto and Pommer, 1973).

Using the 14C-labelled preparation synthesised by Dr. Burger in the BASF
Isotope Laboratory, investigations on the behaviour of tridemorph in soil
could also be carried out. Investigations covered adsorption of the fungicide
in two types of soil, and ite degradation in the loamy-sand soil of our
research station.

The results of these investigations will be briefly reported in this
paper:

(R) = registered trade mark of BASF AG
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EXPERIMENTAL and RESULTS

The material used in the radiotracer experiments was labelled at the
C-atoms in positions 2 and 6 in the morpholine ring:

B.e Ry N-tridecyl-2, 6-dimethylmorpholine (2,6-14C)

Specific activity: 1.70 0,12
? milli-Curie/mMol.
c

13827
1. Adsorption

The adsorption of the active substance was investigated on two different
types of soil. The characteristics of the soils used were:

Limburgerhof soil: Loamy-sand
pE (KC1) 6.7
Organic matter content 1.4 %
silt and clay 19.5 %

Bruchfeld soil Peaty soil
pHE (KC1) 7.5
Organic matter content 5.3 %
gilt and clay 46 %

Mg /g seil
The adsorption isotherms of the |25 |
active substance were determined as

follows:

To aqueous solutions (100 ml) with
fungicide concentrations from 0.2 - 5
ppm 20 g of the appropriate soil was
added, and the whole shaken for 10
hours on a mechanical shaker. The
suspension was then centrifuged, and
the concentration of fungicide in the
sediment and in the supernatant
aqueous liquor, was determined by
measuring the radioactivity. The
concentrations measured in the solid
and in the liquid phase are plotted
againet each other in Fig. 1. As may |
be seen from the graph, the slope of 1
the adsorption isotherm is very steep.|
At the concentrations investigated the|
fungicide is completely adsorbed from
the amqueous solution by the soil.

Fig. 1 shows results for Limburgerhof
gsoil; for Bruchfeld soil prectically
the same curve is obtained.

Fig. 1

Adsorption isotherm of

tridemorph on Limburgerhof soil pglel water
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2. Leaching

Due to the strong adsorption of the fungicide, there could hardly be any
grounds for fear that tridemorph in the soil would be transported by water to
any significant degree, or even that it would be leaching into the subsoil
water. Nevertheless, leaching was examined in a model experiment.

Samples of soil were packed into glass columns (inside diameter 5 cm,
length 30 cm), and, prior to the start of the test, the samples were moistened
to maximum water retention. A small amount of labelled tridemorph was
formulated, and applied, at a dosage equivalent to 0.75 litre/hectare Calixin,
to the soil. Corresponding to the approx. 20 cm? cross section of column,

114 ,ug fungicide was applied. The columns of soil were eluated with
comp{etely desalinated water, using 200 ml per day for 2 days - this being

equivalent to extremely heavy rainfall cf 100 mm/dey.

Radiocactive measurements in the soil and the leachate showed that the
fungicide, even with extremely heavy rainfall of 100 mm/day, was only washed
into the soil to a slight degree. 98 % of recovered radioactivity was detected
in the uppermost layer 5 cm of soil. The leachate was completely free of
radioactivity.

%, Degradation in the soil

Experimental methods:

Investigations on the degradation of tridemorph were carried out using
Limburgerhof soil. The labelled fungicide was dissolved in the volume of water
required to moisten the soil, and was applied evenly to the soil (2 kg soil;
10 mg = 5 ppm).

The water content of the soil was adjusted to 12 % (approx. 43 % of
maximum water capacity). and the moistened soil was then transferred into a
2 1-glass cylinder. A gentle stream of eir (about 1.2 litres air per hour) was
passed through the vessel containing the soil throughout the test. The air, on
entry, was scrubbed with 2 N potassium hydroxide solution and 2 % sodium
carbonate solution, and was simultaneously humidified; on leaving the
apparatus, the air passed through 1 N sulphuric acid, to remove any escaping
basic substances, followed by passage into a mixture of B-phenylethylamine
and methanol (1:1), to absorb 14C0, which had geen formed. The experiment was
carried out at ambient temperatures of 22 + 3 C.

Sampling and Analysis:

25 g samples were removed from the soil at intervals 6 weeks, and were
analysed as follows: The soil was extracted with a mixture of 100 ml methancol
and 25 ml 1 N HCl. After filtration of the extract, the methancl was removed
in a vacuum rotary evaporator, and the agqueous hydrochloric acid phase which
remained was shaken thoroughly with chloroform. The chloroform extract and the
aqueous phase were evaporated, the residues were dissolved in a known volume
of methanol and aliquots thereof were removed for measurement of radioactivity
and for thin-layer chromatography.

To determine the residual activity retained by the soil after the
extraction, fractions of the extracted soil were combusted in a combustion
sutomat (Oxymat, Intertechnique), the resulting '4C0O, being absorbed in a
seintillation cocktail containing phenylethylamine, and the activity was
measured in the scintillation spectrometer (TRI-CARB 4322, Packard).

Results:

By plotting, for each sample, the activities measured in the chloroform
and hydrochloric acid phases, and the residual activity remaining in the soil
against time, we obtain the curves shown in Fig. 2.




Curve I shows the activity
extractable with chloroform at the
different sampling times and so
esgentially describes the
degradation of the parent compound
as this (as shown later) is always
the main component in the chloroform
extract.

Curve II shows the residual
activity in the hydrochloric acid
phase in the chloroform/
hydrochloric acid separation. The
shape of the curve indicates the
formation of one (or several) polar
metabolite(s), as the parent
compound, always, passes
quantitatively into the chloroform
rhase.

Curve III shows the progressive
increase of the residual activity
remaining after the methanol/HC1
extraction. The shape of the curve
indicates that, on degradation of
the parent compound, either polar
degradation products result, which
are very strongly adsorbed onto the
soil components, or that certain
molecular fragments are built into
the organic substance (humic acids)
of the soil.

The radioactive materials found in the chloroform and hydrochloric acid
phase were investigated further.

The ratemeter curves given by thin-layer chromatograms of the chloroform
extracts obtained after 6, 12 and 18 weeks, show that the parent compound
(high Rf value component), is broken down (Fig. 3), but that at the time a
more polar component is formed, this remeining at the origin. We considered
it to be poseible that this polar degradation product, whilst still soluble
in chloroform, could be the N-oxide of tridemorph. In confirmation of this,
the oxidation product obtained from tridemorph and hydrogen peroxide or sodium
periodate, when compared by thin-layer chromatography in suitable eluents,
exhibited the same behaviour as the polar soil metabolite in the chloroform
phase.




Ratemeter curves taken from the thin-layer chromatogram of
chloroform extracts

1 = 6 weeks, 2 = 12 weeks, 3 = 18 weeks after start

Silica gel: 0,25 mm; solvent system: hexanesacetone = 8:2

The structure of the tridemorph-N-oxide could be established by infra-red
spectroscopy from comparison with material obtained by oxidising tridemorph.
The fact that the soil metabolite found in the chloroform phase can be
reconverted into tridemorph by means of reducing agents (e.g., Dewarda's
alloy in alkaline solution), provides further evidence for its structure.

The residual activity remaining in che aqueous hydrochloric acid phase
was investigated by thin-layer chromatography (0.25 mm silica gel; eluent
system: benzene/ethanol conc./NH; = 55:40:5). The ratemeter curve of the
thin-layer chromatogram (Fig. 4) shows that the radioactive component present
in the aqueous phase (2) is not identical with tridemorph-N-oxide, but is a
very polar substance.




Thin-layer chromatographie comparison of the slightly polar
material in the chloroform phase and the more polar metabolite
in the agueous phase

Silica gels: 0.25 mm; solvent system: benzene:ethanol conc.slﬁ5
55 40 1 5

We established that the polar radicactive component in the aqueous phase
could be reacted with reagents such as 2,6-dinitrofluorobenzene, T-chloro-4-
nitrobenzofurazan, as well as with 2,4-dichlorobenzoyl chloride. It is
therefore not a tertiary, but most likely a gecondary, amino compound. There
were grounds to suspect that by cleavage of the tridecyl residue from the
parent molecule, 2,6-dimethylmorpholine was formed as a metabolite in the soil.

By comparison with thin-layer chromatograms of the standard substances as
well as by IR-spectroscopic and gas chromatographic comparison of the
corresponding derivatives, the degradation product found in the aqueous phase
could be unambiguously identified as 2,6-dimethylmorpholine.

Fig., 5 illustrates the corresponding gas chromatograms. Here, the
component isolated from the soil was compared, after forming the derivative,
with the analogous derivative of 2,6-dimethylmorpholine.




a—  1he goil extract 5I0,32PPH:"
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Gas Chroratogram data :

Column: 1.7m long, 2 Smm internal diameter, 2% QF1 on Gas Chrom @
Termp.of column:210°C,Temp. of injector:230 °C (100 -200 mesh )
Detector:(83Ni-ECD) pulse width 1usec pulse frequency 200 u sec
Temp.of detector: 250°C, Carrier gas 40 ml/min (No)

Purge gas 3Orﬂllnﬂn:N2}

2,6-dimethylmorpholine is,
however, not the final degradation
product of tridemorph in soil. We were
able to establish that, during the
entire duration of the test, 14C0
was evolved at a constant rate. 30
weeks after the commencement of the
test, about 20 % of the activity
initially added to the soil as
labelled tridemorph, had been
liberated as COy. Since the molecule
is labelled in the morpholine ring,
this means that even the very stable
morpholine ring is cleaved in the
goil and is oxidatively broken
down. As can be seen from Fig. 6,
the decrease in the total
activity in the soil (upper curve)
corresponds exactly to the amount
of 1%C0, liberated (lower ascending
curve).

Fig. 6

The decrease of total activity
in the soil (upper curve)
corresponds to the amount of
1400 liberated (lower ascending
curve)




As the rate of formation of 14C0, remains constant, it can be seen, by
extrapolation, that in about 3 years the total activity, which was introduced
into the soil as 5 ppm14 C-tridemorph, would be converted into 1‘008, provided
that the experimental conditions remained constant.

On the basis of the degradation stages thus far established, the
decomposition of tridemorph in the soil can be outlined as follows:

0
H,0 CH,
e
N
|
C 389

DISCUSSION

Taken as a whole, a very favourable picture of the behaviour of
tridemorph in the soil, can be drawn. The strong adsorption of the active
substance on the soil prevents it from being washed down into the deeper
layers of the soil. Therefore, the risk of contamination of surface water by

residues does not arise. Investigations into the break down in soil show that
the parent compound is non-persistent in the soil, and can obviously be
completely broken down biologically. Degradation is initiated by the formation
of tridemorph-N-oxide. As further products of degradation, 2,6-dimethyl-
morpholine and 002 have been detected.
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POSSIBLE RELATIONSHIPS BETWEEN STRUCTURE AND MECHANISM OF DEGRADATION OF

ORGANOPHOSPHORUS INSECTICIDES IN THE SOIL ENVIRONMENT

J. Adamson and T.D. Inch

Chemical Defence Establishment, Porton Down, Salisbury, Wiltshire, SP4 0JQ

Summar Rates of hydrolysis and dealkylation of some organo-
phosphorus compounds have been measured in solution. Methyl
parathion was hydrolysed and dealkylated 3 and 40 times
respectively faster than parathion. The pH values of a natural
alkaline soil, the same soil heat sterilised, and an ion exchange
resin were varied by the addition of suitable acid or alkaline
solutions and the rates of decomposition of methyl parathion and
parathion measured at field capacity. The decomposition rates
decreased in the order resin, normal soil, sterilised soil,
aqueous solution at similar pH values. Since methyl parathion
was degraded only 3 times faster than parathion in soil, and
there was no evidence for a lag phase or for decomposition in
soil washings, and hydrolysis was faster on an ion exchange
resin, it was concluded that the rates observed result from
surface catalysis and that microbial degradation plays very
little part in the removal of these insecticides from soil.

Résumé On a mesuré les vitesses d'hydrolyse et de déalcoyla-
tion de quelques composés organophosphores. SNP méthylique a
été hydrolysé et déalcoylé reSpectivement 3 et 40 fois plus
vite que SNP. Les mesures de pH d'un sol natural alcalin, le
nene sol sterilisé par la chaleur, et une résine ionique ont
été variées par 1'addition des solutions acides ou alcalines
convenables, et les vitesses de la décomposition de SNP
méthylique et de SNP ont été mesurées 3 "field capacity".

Les vitesses de decﬂmp031t10n ont diminué par ordre: résine,
sol normal, sol sterilisé, solution débarrassée du sol, aux
mesures de pH semblables. Puisque SNP méthylique a étée
dégradé dans le sol seulement 3 fois plus vite que SNP, sanms
une période d'incubation pour la décomposition, et sans aucune
decamposltlon dans les 11qu1deb de lavage du sol, qu01que la
vitesse d'hydrolyse sur une résine ionique a até augmentee, on
a conclu que les vitesses observées resultaient de 1'action
catalythue des surfaces, et que la dégradation microbienne
n'a guére d'importance en 1' enlévement de ces insecticides

du sol.

INTRODUCTION

In the heterogeneous reaction medium provided by soil, organophosphorus
insecticides can be degraded by most of the chemically or enzymatically induced
reactions that have been described for organophosphorus compounds. Unfortunately,
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because widely different mechanisms can lead to the same products, product analysis
often provides little insight into the nature of the preponderant modes of degrada-
tion. For example, an organophosphorus compound of general formula k can be con=
verted into 2 by nucleophilic attack at phosphorus by OH (hydrolysis), by nucleo-
philic attack at carbon (dealkylation) (Hilgetag & Teichmann, 1965; Miller, 1962;
Noller & Dutton, 1933) and by oxidative attack at carbon (Donniger et al., 1972).

RCH?_O\ ¢K H.O\ ;,X R = H, alkyl
g1 17N R! = alkoxy, alkyl, phenyl
X=0, 5

Y R X

A &

One possibility for distinguishing between different mechanisms of degradation
is to compare kinetic data from quite distinct chemical reactions in soil free
systems with rates of decomposition of the organophosphorus compounds in soil,
provided that the rates of the mechanistically distinct reactions differ suffic-
iently. To investigate the utility of this approach, rates of hydrolysis (nucleo-
philic attack at phosphorus) and rates of dealkylation with thiosulphate (nucleo-
philic attack at carbon) of organophosphorus insecticides and analogues prepared
by modification of the alkyl substituent (methyl, ethyl, isopropyl) have been
measured (Table 1) and the results compared both with previously reported rates of
decomposition of organophosphorus insecticides in soil and with the results of soil
studies in this laboratory.

Additionally an attempt has been made to distinguish between the relative

importance of the pH of the soil solution and other soil effects, on the rate of
decomposition of organophosphorus compounds on soil.

METHODS AND RESULTS

Hydrolyses were performed on 10 °M solutions of insecticides in 5% isopropanol
in water at a constant ionic strength of 0.1M. Phenol production was followed by
U.V. spectroscopy at 400 my for p-nitrophenol and 245 mp for 2,4-dichlorophenol.
Dealkylations were performed similarly, utilising the competition between hydroxide
and thiosulphate ions at various pH's to determine both rates.

Gas chromatography was used for the estimation of intact starting materials
extracted from aqueous solutions with benzene. 1 and 5 ft. colummns of SE30 (5%)
on Supasorb, with an electron capture detector in the pulse mode enabled direct
analyses without prior clean-up, A flame photometric detector and a 10 ft. carbo-
wax (5Z) on Supasorb column enabled methylated reaction products to be identified
and estimated.

The results of the above experiments are recorded in Table 1.

Soil experiments followed the procedure of Getzin & Rosefield (1958). The
insecticide (0.12 mg) was added to soil (5 g) in water, and the soil brought to
field capacity. The resin experiments were performed similarly, with Amberlite
resin CG 400 (C1) Type II 200 mesh. The pH of the soil and resin were adjusted
with FeCl; or NaOH solution to the required values. The pH was measured again at
the end of each experiment to check for changes in pH.

Spils were extracted with acetone - benzene (1:1) and analysed by glc as
described. Recovery rates were shown to be better than 90%Z. Results are shown in
Figure 1. The soil used in this laboratory was from Porton Down with the character-
istics shown in Table 2.
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TABLE 1

Second Order Kinetic Constants for Hydrolysis and Dealkylation of some

Organophosphorus Compounds

Me

8.2

1.8

K/ [CoH 7
K/ [thio 7

K/[COoH 7
K/[thio 7
K2 (ethanol}*

K/[OH 7
K/ thio 7

K/[OH 7

K/[COH 7
K/ thio 7

K/[OH 7

K/[OoH 7
K/Cthio 7

* Rate of dealkylation in 952 ethanol with 10 2M NaOH.




TABLE 2

Characteristics of Porton Down Soil

7.8

H
Py.0

pHCac12 Tl

Organic Carbon 7%

Cationic Exchange Capacity 40 me/100 g
Clay 6%

Sand

Moisture Content at Field
Capacity

DISCUSSION

The hydrolysis date in Table 1 were measured in order to cbtain directly
comparable results under standard conditions. The results confirm the well estab—
lished general trends that methyl esters are hydrolysed faster than ethyl esters,
that phosphoryl derivatives are hydrolysed faster than the corresponding thiono
derivatives and that phosphonates are hydrolysed faster than phosphates.

Relative rates of nucleophilic attack at carbon were measured using thio-
sulphate as nucleophile because thiosulphate reacts more rapidly than the soft bases
such as iodide, amines, thiols etc. which are more likely to occur in biological
systems. The rates of dealkylation were essentially independent of pH, and of the
nature of the leaving group and did not vary when P=S was changed to P=0, However,
rates of dealkylation are possibly faster in phosphonates than in phosphates.

The most potentially useful diagnostic information relevant to distinguishing
between modes of decomposition in soil was that whereas methyl esters are hydrolysed
only 2 - 3 times faster than ethyl esters they are dealkylated about 40 times more
rapidly.

To date, hydrolysis and dealkylation data have only been obtained in aqueous
solution. More meaningful data may possibly be obtained from similar studies in
non—aqueous solution since in soil reactions of strongly absorbed organophosphorus
compounds may in fact be occurring in a non—aqueous enviromment. One example of
the difference between an aqueous and non-aqueous reaction concerns the hydrolysis
of methyl parathion (4, R = Me) and parathion (4, R = Et) in water containing 5%
isopropancl and in 95% aqueous ethanol. In the former case hydrolysis occurs with

essentially only cleavage of the P— NO, bond, whereas in the latter case

appreciable P-0-alkyl cleavage was observed (Plapp & Casida, 1958). The kinetic
data indicated that demethylation was about 30 - 40 times faster than deethylation,
suggesting nucleophilic attack at carbon rather than phosphorus.

In Figure 1 comparative decomposition rates for parathion and methyl parathion
are shown. Parathion was degraded about 3 times more slowly than methyl parathion
in aqueous solutions and in non-sterile soil. This data suggests that decomposition
was preponderantly by a hydrolytic mechanism since a greater difference in rates
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would have been expected if a reaction involving attack at carbon was involved (cf.
Getzin & Rosefield, 1968). Product analysis was consistent with this conclusion

as are results from other studies of the decomposition of organophosphorus insecti-
cides in soil loaded to field capacity with water. It remains to be seen, however,
whether any indication of mechanism of degradation will be provided by decomposition
rate data obtained under field conditions where the water content of the soil is
much less than the field capacity. It is under these latter conditions that des-
alkyl insecticides are usually detected. (Beynon & Wright, 1967, 1969).

The differences in decomposition rates of methyl parathion on sterile and
non-sterile soils at field capacity of water, in water in the presence of ion
exchange resin, and in aqueous solutions (Figure 1) provides a clear indication of
a catalytic surface effect for the hydrolysis mechanism. Since microbial decomposi-
tion may be precluded because of lack of an induction period (cf. Konrad, Chesters
& Armstrong, 1969) and because soil washings did not enhance degradation rates
(cf. Lichenstein & Schulz, 1964; Konrad, Armstrong & Chesters, 1967) it is probable
that the effect of soil sterilisation is to change the surface characteristics
rather than to reduce the importance of microbial decomposition (Konrad & Chesters,
1969).

The available data for the breakdown of diazinon (Getzin, 1968) (g, R = Et)
(Figure 2) parathion and methyl parathion (Figure 1) makes an interesting comparison.
Between pH 4 and 9, methyl parathion and parathion are hydrolysed more rapidly in
soil than diazinon, whereas in aqueous solution diazinon is hydrolysed more rapidly
than either.

Some indication of the importance of surface effects on these hydrolysis rates
has been provided by Konrad et al. It was shown (Konrad & Chesters, 1969) that
Ciodrin was degraded much faster in non-sterile than sterile soils. However,
irradiation sterilisation reduced the adsorption capacity of the soil such that the
ratio of degradation rate to adsorption remained constant. Malathion was degraded
faster in a sterilised soil, Ella Is, than in the same soil unsterilised (Konrad,
Chesters & Armstrong, 1969) because in this case, adsorption was increased by
sterilisation.

If it is assumed that the observed rate (K ) equals the aqueous rate (K_ )
plus the surface rate (K ) then the variation o? rate of degradation with soil
pH may be explained. For diazinon, K_is seen to be constant (Fig.2) in the pH
range studied (4.5 x 10 “h ! for sterile and 8.2 x 10 “h 'for non-sterile soil).
These experiments of Getzin (1968) were all performed on Sultan Silt loam, and the
surface rate applies to this soil only.

Our experiments with methyl parathion and parathion on soil and ion exchange
resin (Figure 1) demonstrate that the surface rate may also be pH dependent. These
results may be rationalised if it is assumed that the surface effect has acid and
basis catalytic components. Thus for diazinon which is readily hydrolysed in acid
and base, the apparent constant surface effect results from the fact that the
acidic catalysis decreases as the basic catalysis increases with increasing pH.
Parathion and methyl parathion are only hydrolysed under basic conditions so the
surface effect increases with increasing pH.
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ADSORPTION OF ORGANOPHOSPHORUS COMPOUNDS BY SOIL
CONSTITUENTS AND BY SOILS

*
R.E. Grice, M.,B.H.Hayes and P.R.Lundie

Chemistry Department, University of Birmingham, Birmingham, B15 2IT

Summary Isotherms are presented for the adsorption of dimefox by four
soils, by humic acid, and by clays, and for the adsorption of menazon
by preparations of montmorillonite. Three additional model compounds
and a variety of techniques were used to investigate the mechanisms

by which certain classes of organophosphorus compounds interact with
clays. The practical implications of the results are briefly discussed.

Re sume On présente des isothermes pour 1'adsorption du dimefox par
quatre sols, par 1l'acide humique, et par des argiles, ainsi que pour
1'adsorption du menazon par des preparations de montmorillonite. Trois
autres substances modeles et une varieté de techniques furent employées
pour la recherche des mécanismes qui entrent en jeu dans l'interaction
entre les argiles et certaines classes de composes organophosphores. On
discute briévement les incidences pratiques de ces resultats.

INTRODUCTION

Adsorption and desorption are among the most important processes
determining the effectiveness of soil applied pesticides. It is generally agreed
that the organic and inorganic colloidal materials are the most active of the
soil constituents for binding (and hence inactivating) such pesticides.

Although application of physico-chemical techniques can yield much
information on the overall interactions between any particular soil and pesticide,
they fail, because of the complexity of the soil system, to show clearly the
adsorption mechanisms involved. The modern approach therefore studies inter-
actions between pesticides and pure clay and extracted humic preparations. In
extrapolating this approach to soil systems it should be remembered that soils
contain a mixture of clays many of which are interstratified, often coated with
humic materials and with oxides and hydroxides of iron and aluminium. Therefore
increased emphasis is being placed on studies on soil clay (with and without
associated coatings) - organic chemicals interactions.

Organophosphorus compound-soil interactions have not been extensively
studied. However, data by Graham-Bryce (1967) on the adsorption of disulfoton
by a wide range of soils, and by MacNamara and Toth (1970} for the adsorption of
malathion on soils, clay minerals, and organic matter have significantly
advanced understanding in this field and have provided many ideas for the
research described here.

* Present address: English Clays, Lovering Pochin & Co Ltd., St. Austel.




This paper will describe the adsorption of dimefox (ﬁ N N'N'-
tetramethylphosphorodiamidic fluoride) by selected soils, by clay
isolated from one of these soils, by humic acid, and by well defined
clay preparations. Data from a variety of techniques will give indi-

cations about the mechanisms of interactions between clays and menazon
(s- [4,6-diamino-1,3,5-triazin-2- ylmethyl ]dimethyl phosphorothiolothio-

), three modcl compounds which are not used as pesticides, and, by
inference, organophosphorus compounds in general.

METHOD AND MATERIALS

Dimefox and menazon were supplied by the Murphy Chemical Co.
Ltd., and by I.C.I., Plant Protection Ltd., respectively. The three
model compounds used, 0,0-diethylmethylphosphonate (T); O-ethyl-S-
ethyl methylphosphonothionate (II), and 0,0-diethyl-2-(diethylamino)
ethylphosphonate (III) are illustrated in Fig. 1.
0 =1 C,H, 0

cH H,C 2
O ,/ B / N—CHZCH

> E C.H =S~p

2
OC,H, C,H,0 SC,H, ‘ / 0C,H,
cC.H_.O
275
T
Fig. 1
Model organophosphorus compounds used in research.

Scils and clay and humic acid preparations

Some characteristics of the soils used, as supplied by the
Rothamsted Experimental Station, are presented in Table 1.

Table 1

Soils used in adsorption studies

Clay Organic CEC =
Content (%) Carbon (%) (meq 100g ™)

Adventurers 28 L4o.o 170.0
Brome Pin 12 1.2 10.7
Prick Willow 68 1377 85.4
YNYS 36 1.0 7.1

In cases of montmorillonite (No. 26, Clay Spur, Wyoming) and
vermiculite (near Libby, Montana) clays, samples of <2um equivalent
spherical diameter were used. Homoionic clays were generally prepared
by using the appropriate chloride salts, as described by ”dr%hﬂd (1969).
Hydrogen ion saturated montmorillonite (hereafter called H /Al +o
monfmor;llonlto) was Obtujnod by pah§1ng the ground clay suspension
(20 g in 1.01) down a column (160 cm”’) of Amberlite 1R-120 (H*-form)
resin. The eluate was freeze dried.




5 2 . ; +
Humic acids were extracted with O.5N sodium hydroxide from H -

saturated Fenland soil (80% organic matter), and precipitated by
stepwise addition of concentrated HCI to pll 1.0, This precipitate was
washed with distilled water, then dialyzed against distilled water at
4*C for five days, and the retentates were freeze-dried.

Adsorption experiments

Adsorption from aqueous solution was determined by the
conventional slurry technique, or by the Continuous Flow (piafilo)
procedure described by Grice and Hayes (1972) and by Grice et al.
(.I‘_)T:}). Previously (Grice and Haves, 1972), it had been noted that
sedimentation of adsorbent on the membrane of the Continuous Flow
cell caused some anomalies in the adsorption isotherms obtained from
this technique. For the experiments described here, a very f[ine
stainless steel wire mesh was placed over, and in intimate contact with
the Pellicon PSAC membrane [supplied by Millipore (U.K.) Ltd.,
Millipore House, Abbey Road, Park Roval, London, NWI10 ,f-ii’-!, and the
magnet which rested on this mesh was vigorously agitated to prevent
adsorbent sedimentation and concentration polarisation at the
membrane surface.

Analvtical procedures

Aqueous solutions of dimefox (24 aliquots) were analysed by
gas liquid chromatography (g.l.c.). A 5ft x 0.25in glass column,
packed with S.E. 30 (10%) liquid phase on a Universal Support
material (60-85 mesh size), was used in a Perkin Elmer F11
Chromatograph equipped with a series 900, dual, flame ionisation/
halogen - phosphorus specific detector. An oven temperature of
110°C was standardised and employed with the appropriate (]’erki.n—
Elmer setting 2-_',}qin;jr_-.ctj0n block temperature. Hydrogen (17 1b in“)
and air (25 1b in"] pressures were as recommended by the makers.
There was a gradual variation in response of the detector, and this
was overcome by taking into account the response for standard samples
injected after every third application of unknown.

Polarography was used to measure the equilibrium solution
concentrations_of menazon. Samples (0.5 f_‘mi}, in Britton Robinson
buffer (5.0 em”, pH 6.0), gave a sharp peak at a reduction potential of
1217 mV. In order to measure decomposition in solution, an aqgueous
menazon solution was monitored over a 16 day period and hydrolysis was
estimated at less than 2% per day.

Thermoanalytical investigations

Adsorbate-clay complexes were Tormed by adsorbing the
appropriate organophosphorus compound from the vapour phase or from
solution in n-hexane. Thermogravimetry (TG) and derivative thermo-
gravimetry (DTG) studies employed the Perkin-Elmer TGS-1 Thermobalence,
and a Perkin-Elmer DSC-1B Calorimeter was used in differential scanning
calorimetry (DSC) work. Experimental details are given by Lundie (1971)
and will also be presented in later publications.

X-ray diffraction studies

- . " \ + :
Dimefox was adsorbed from aqueous solution on Na -montmorillon-
ite and the sample was then formed into an orientated disc. Compounds

I, IT, and IIT were adsorbed from the wvapour phase or from solution in
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n-hexane onto the appropriate montmorillonite preparations. Diffraction
Eata were obtained by means of a Picker Powder Diffractometer with
smoothed KV and mA stabilized CuKa-radiation (36KV and 20 ma).

Infrared spectroscopy

Spectra of liquid samples were obtained from thin films
(between sodium chloride discs) by use of a Perkin-Elmer, Model 457,
Infrared Spectrophotometer. For spectra of powdered samples (20mg,
prepared by adsorbing compound I from solution in n-hexane onto the
appropriate clay preparation) the Model TR 25 Multiple Attenuated Total
Reflection (MATR) attachment was used. All spectra were scanned from
4000 - 600 cm-1.

Calorimetric studies

Adsorbents (250-1000mg) were suspended in 25 cmj of n-hexane
at j0°C. Solutions of I, II, and II1 in n-hexane (0-5 cm of3ca. 1l x
107"M solution in each case) were sealed separately in 1.0 cm” glass
vials. The separate reactions were initiated by breaking the wvials,
and allowing adsorbent and adsorbate to equilibrate in an LKB
Precision Calorimeter. Experimental and calculation procedures, as
described by Wadsd (1966), were followed. In separate experiments,
the amounts of adsorbate adsorbed were measured by g.l.c. Enthalpy
changes were expressed in terms of heat evolved mole™ of compound
adsorbed. An LKB Batch Microcalorimeter was used in some experiments,
and the technique employed was similar to that of Hayes et al. (19?2).

RESULTS AND DISCUSSION

Adsorption of dimefox by humic acid, soils and montmorillonite clay

Isotherms for the adsorption of dimefox by nine adsorbents
are presented in Fig. 2. Some of these data have been presented
already (Grice and Hayes, 1972), but the new stirring procedure used in
the Diaflow cell has made it possible to produce more accurate data for
the isotherms in this instance. Isotherms 1,4,5,6,7,8, and 9 (Fig. 2)
were obtained by the Diaflow procedure, and the solid lines are
extrapolated, as broken lines, to the wvertical axis. %he procedure
used to obtain the data involved the collection of 2em” fractions by
means of a syphon device, and analysis of each fraction was carried out
by g.l.c. Volumes of the fractions were not sufficiently reproducible
to allow confident analysis of the data below an equilibrium solution
concentration of 0.005g 100g™"., Taking into consideration the data
available, and the errors inherent in it at the low concentrations, we
feel that the extrapolations indicated (broken lines, Fig. 2) give a
fair representation of the shapes of the isotherms for the adsorption
of dimefox on the different adsorbents. Continuous monitoring of the
eluent concentrations would largely offset the difficulties experienced.
There is good reason to believe that the isotherms presented are of the
high affinity type, except perhaps in the cases of 1,2, and 3 (isotherms
2 and 3 were obtained by slurry technique).

+ It can be seen that the most extensive adsorption took place
on H -humic acid, Langmuir and inverse Langmuir plots, using the data
available from the solid line of isotherm 9 (Fig. 2) gave adsorption
capacities of 30.7 and 33.3g, respectively for monolayer coverage per
100g of humic acid. A Courtauld atomic model of the dimefox molecule
indicated that it occupied a space with dimensions 5.75 x 6.76 x 8.50A,
The maximum area occupied by the dimefox molecule was thus 57.37542,
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Isotherms for the adsorption of dimefox by:
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1, Brome Pin soil; 2, Na -kaolinite; 3, Na -illite; 4, Adventurers soil;
5, Prick Willow seil; b6, Clay extracted from YNYS soil; 7, Na -mont-
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Correlation with clay contents for the adsorption of dimefox
on 1, Brome Pin; 2, Adventurers; 3, Prick Willew; 4, YNYS,
5, Clay extracted from YNYS; 6, Na -montmorillonite.

Combination of this vglue with that of 33.3g l()Og_l gives a surface
coverage area of T='|Tm"'{_:‘ - for dimefox on H -humic acid. This agrees with
quoted data for the surface area of such compounds. Because dimefox
could be expected to be protonated at the pH of the medium (pH 3.5) it

is reasonable to expect that ion-exchange was responsible for some of the
adsorption observed. This aspect is being researched further.

There was, however, no correlation between adsorptien of
dimefox and the organic matter contents of the soils studied. Extents
of adsorption, as shown in Fig. 3, correlated with soil clay contents
(oxcept, in the case of YNYS), and also with adsorption by Na*-
montmorillonite.

It can be seen that the adsorption ot dimetox by the clay
extracted from the YNYS soil was of the order which might be predicted
from the correlation data in Fig. 3. No satisfactory explanation is
avajlable at this time for the anomalous adsorption behaviour of the
YNYS soil although the high adsorption capacity of this soil might be
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attributable to the presence of colloidal amorphous materials such as
allophanes.

DSC failed to differentiate between the desorption of water
and dimefox adsorbed on Na -montmorillonite. From adsorption isotherm
and microcalorimetry data the AH of adsorption was estimated at -15.0
to -17-5 Kj mole™l of dimefox adsorbed, and this range agreed well with
the value of -14.6 Kj mole‘l obtained from treatment of the isotherm
data by the method of Joyner et al. (1947). These data point to the
involvement of weak attraction forces, such as van der Waals forces,
in the adsorption mechanisms.

Adsorption of menazon by montmorillonite preparations

lqothtrmb for the adsorption of menazon by Na'-montmorill-
onite and by H /Al3+—montmorlllon1te are presented in Fig. 4. It is
clearly evident that the latter adsorbent had the higher affinity for
the adsorbate.

adsorption (g/100g)

200
equilibrium concentration (g/100g)

Fig., 4

Adsorption of menazon by: 1, H+/A13+-montmorjllonite;
2 Na+-m0ntm0rillonite.

A ph value of 4.4 was determined polarographically for

menazon, and tho pH values for Na+— and H+/Al +-montmorillonite
suspensions (U lg in 25 cem3 hdter} were 8.7 and 4.1, respectively.
These data suggest that the triazine ring in the menazon molecule was
protonated in the more acid medium, and was then adsorbed as the
charged species.

Microcalorimetry studies gave AH adsorption=-11.3 Kj mole
adsorbed for the menazon-Na -montmorillonite system. The enthalpy
of adsorption was constant for all points on the isotherm. This
indicates that the same mechanism of adsorption operated over the
entire range, and points to the involvement of weak specific attraction
forces, such as van der Waals forces, between adsorbent and adsorbate.
In the case of the menazon-H'/Al3*-montmorillonite system the enthalpy
of adsorption was constant (AH = -25.9 Kj,mole~™ 1 adsorbed) for amounts
of menazon adsorbed greater than 2g 100g™" of clay. However, the
average enthalpy value mole™" adsorbed for amounts less than lg 100g
was =81 Kj. Thus highly energetic attraction forces were involved at




organophosphorus compound with iron and aluminium impurities, or
chemical interaction with any iron and aluminium oxides and hydroxides
deposited on the clay surface. The value AH = -25.9 Kj mole™ adsorbed,
for the higher levels of adsorption, suggests the involvement of
processes such as ion exchange, hydrogen bonding, or non-specific
charge-dipole interactions in the adsorption mechanism.

Interactions of model organophosphorus compounds with clays

Compound I was chosen because it is aliphatic, has a
relatively low molecular weight, and because it does not contain
readily ionizable functional groups. Compound II was chosen in order
to examine the effects of the thiophosphoryl and ethylthio functional
groups on adsorption, and compound III was chosen because it contains a
triethylamine group instead of the methyl group in I.

DSC, TG, and DTG techniques were used to study the desorption
of I from powdered glass, K -kaolinite, pyrophyllite, Ca2*- and H'/A13+-
montmorillonite preparations. DTG indicated that desorption from glass
powder was of zero-order, and that the attractive forces between glass
and adsorbate were no stronger than the organophOsphatc-organophosphate
interactions. Materialgdesorbed at less than 128°C from K -kaolinite
were held at energies approximately equivalent to that held by glass.
This indicates that some multilayer adsorption had taken place. From
results with DSC it was calculated that the energy required to desorb
the surface layer of I from K -kaolinite was 50 Kj mole™" adsorbed.

By the same technique the activation energy for desorption of this
compound from pyrophyllite was estimated at 54 Kj mole~+.

Thermoanalytical analysis indicated the presence of three
different sites for the adsorption on I on Ca?*-montmorillonite. The
energy required to desorb the compound from the external surface was
the same as that for pyrophyllite, and an activation energy of 67 Kj
mole~! was calculated for desorption from the interlammellar surfaces.
However, the strongest interaction was shown to take place between the
phosphoryl group of I and the calcium ion located in the interlamellar
spaces. From DTG analysis it was shown that the amount of I desorbed
in the 300-400°C range corresponded to two molecules of organophosphate
per interlamellar calcium ion, and the energy required to remove,the
adsorbate, co-ordinated in this way, amounted to 137210 Kj mole .

A lowering, by 25 cm™+, of the frequency of the infrared absorption
band of the phosphoryl group (when I was adsorbed on clay) had
indicated the involvement of dipole-charge interactions between this
group and the exchangeable calcium ions on the clay. X-ray diffraction
data_had shown that adsorption of I caused an interlattice expansion of
12.7A., This indicates that a bimolecular layer of adsorbate,
"sandwiching" Ca?+ ions, was formed in the interlamellar regions.

The DTG curve for the l—§+/Alj+—montm0rillonite complex had
similar features to that for the Ca~*-montmorillonite system.

Reaction calorimetry was used to compare the integral enthalpy
(4H.) values for the adsorption, from solution in n-hexane, of the three
modeél compounds (5 x 10=3 moles in each case) by Ca”*-montmorillonite
(0-5g, containing 19% by weight of water). The Gibbs free energy
change was calculated from the equation AG = -RT 1n Csfg/Cfl' where
C and Cq were the concentrations in solution and on the adsorbate
surface, respectively, and fl and fs were the respective activity
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coefficients, assumed to be unity. Entropy changes (AS) were obtained
from: AG = ﬂHi—Tﬁs; where T is the absolute temperature.

Results are summarised in Table 2. It should be remembered
that the integral enthalpy values take into account the total energy
changes in the system, and the AH value for the adsorption of the
appropriate organophosphorus (OP) compound will be lowered by the
amount of energy required to displace the water initially present on
the adsorbent surface.

Table 2

2
AG, AHi and AS values for adsorption of model compounds by Ca Fa

montmorillonite

Compound Formula No. AH., Kj mole™ L AG, Kj mole T AS, 3°K'l
EtOi P(O}CH I -34.0 -23.5 -34-4
Et0O fEts P(g)CH II o ~13.4 +40.3

0)CH2CH0§Et2 IIT -50-0 -23.5 -75-6

(EtO0)

P(
(Eto)fEts)p(o)cﬁ3 IV 2% <104 -58.8

Compound IV is introduced in Table 2 because the thermo-
dynamic data given for it, when compared with those for compound I,
provide an evaluation of the effects on the thermodynamics of
adsorption of substituting the -SEt for the -0Et group. It can be
seen that the -AH, wvalues for II and IV are less than that for I.
The larger value tor the phosphoryl (compared with the thiophosphoryl)
compound can be attributed to the greater polarity of the phosphoryl
group which allows stronger coordination between this compound and the
interlamellar calcium ions., Similarly, the polarity of the phosphoryl
group was lowered by substituting -0Et for -SEt {compare I and 1IV),
and the effect of this is reflected in the appropriate —GHE values for
adsorption.

Substitution of 3PS for PO and of one -SEt for one -OEt
group gave striking differences between the 4S values for the adsorptim
of I and II by Ca?*-montmorillonite. These changes reflect the
differences in the interactions between the two compounds and the
solvent, n-hexane. The less polar molecule will have the higher
affinity for the solvent.

X-ray diffraction showed that monomolecular lavers of
compounds I, II and IV were interlamellarly adsorbed. In the case of
I1IT, however, three molecular layers were adsorbed in the interlamellar
spaces of Ca~*-montmorillonite. The increased reactivity of this
compound can be attributed to the co-operative contribution to
adsorption of the tertiary amine group. Co-ordination between the
phosphoryl groups and interlamellar calcium ions is almost certainly
involved in the adsorption mechanism. A simple model of the conform-
ations adopted by this compound in the interlamellar spaces would have
two of the three molecular layers lying on the internal surfaces of the
clay lattice, and co-ordinated with calcium through the phosphoryl
groups (pointing outwards into the interlamellar space). The middle
layer need only share co-ordination with a calcium ion already
co-ordinated with one of the surface adsorbed molecular layers.




GENERAL CONCLUSIONS

HY _humic acid was shown to have a high affinity for dimefox,
and the mechanisms of adsorption in this instance were thought to
include a contribution from cation-exchange processes. At the pH of
agricultural soils, however, the dimefox molecule would not be expected
to be protonated, and clays were shown to have a greater affinity for
this molecule than did the organic matter content of the soils used.

In general it would appear that soil clays will have a higher affinity
than soil organic matter lor polar aliphatic OP compounds. However,
the possibility of strong interactions between these compounds and
mineral oxides and hydroxides in soils is recognised. Co-ordination of
the ;l‘t_l and »PS functional groups with interlattice mineral cations
will provide the strongest binding mechanism for soil clay-0P inter-
actions (in the absence of oxide and hydroxide coatings on the clay
surfaces). S containing OP compounds will be less strongly bound by
soil elays than their O containing analogues.
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A SIMPLE RELATICNSHIP BETWEEN SOIL ADSCRPTICN OF CRGANIC

CHEMICALS AND THEIR OCTANCL/WATER PARTITION COEFFICIENIS

G.G. Briggs

Rothamsted Experimental Station. Harpenden. Herts.

Summary The adsorption of un-ionised organic chemical by four
Rothamsted soils, expressed as soil organic matter/water partition
coefficients (Q), is related to their octanol/water partition co-
efficients (P) by log Q= 0.524 log P + 0.618. A similar relation-

ship exists between P and Rf values on soil thin layers. Good predict-
jeén of soil behaviour of organic chemicals can be obtained using mobil-
ity classes based on octanol/water partition coefficients.

Resumé L'adsorption des produits chimigques organiques non-ionisés
par quatre sols de Rothamsted, exprimée par les coefficients de partage
entre la matikre organique du sol et l'eau (), a rapport & leurs
coefficients de partage entre l'octanol et 1'eau (P) par l'expression
log § = 0,524 log P+ 0.618. Un rapport semblable existe entre P et les
valeurs Rf sur des couches minces du sol. Cn peut obtelir une bonne
prédiction du comportement des produits chimiques organiques dans le
sol en utilisant des classes de mobilité fondées sur les coefficients
de partage entre l'octancl et 1'eau.

INTRCDUCTION

The correlation between adsorption of un-ionised organic compounds by soil and
the soil's organic matter content is well established, Several attempts have been
made to predict adsorption by soils by relating the organic matter/water partition
coefficient. (Q), to the parachor (Lambert 1967, Hance 1969) or free energy subs-
tituent constants within related series of compounds (Briggs 1969). In practice,
these relationships need to be determined for each series of compounds and they cannot
be simply applied to a wide range of chemical structures. This paper reports a rela-
tionship between § and octanol/water partition coefficients that can be easily and
widely used.

Previous work has shown that adsorption by soils can be related systematically
to chemical structure and supports the hypothesis that organic matter behaves 1like
an organic 'solvent' (Lambert 1967). If it does then eguation 1, found by Collander
(1950), which relates partition between one organic solvent and water and a second
organic solvent and water should hold, as Lambert (1968) has suggested, when organic
matter/water is one of the solvent pairs.

log F; = a logP, + b (1)




RESULTS

This hypothesis was tested using average values of § determined as previously
described (Briggs 1969) on four Rothamsted soils for 30 chemicals with a wide range
of polarities and values of P, the octanol/water partition coefficient, either taken
from the literature (Leo et al 1971) or determined spectrophotometrically (Fujita
et al 1964) COctanol/water was chosen because of its wide use as a model for biophas-
es in correlations between biological activity and chemical structure. Equation 2
gave a good fit to the data (r?= 0,84).

log ¢ = 0;524 (£,048) log P + 0,618 (+.113) (2)

A similar test of the hypothesis can be applied to results obtained from scil
thin-layer chromatography if it is assumed that relative mobility on the plates is
governed only by adsorption on soil organic matter as the stationary phase. The
Martin and Synge (1941) equation may then be written:

log (1./51f -1) = log @ + log A / Ay (3)

For a given soil AB and A , the cross-sectional areas of the organic phase and
water phese, are constants and Eubstituting for log ¢ from equation 1 gives equation
4 where P is again the octanol/water partition coefficient.

log CI/Pf -1) = a log P + constant (4)
Frontal Rf values for 25 un-ionised pesticides on Hagerstown soil from Maryland

U.S.A. were taken from Helling and Turner (1968), Helling (1971 a,b,c) and Helling
et a1 (1971). The regression line is:

log (1/R, -1) = 0.517 (£.022) log P - .951 (t.0?5)(5)

The slope is almost the same as that in equation 2 as it should be if organic
matter from different soils behaves relatively uniformly as an adsorbing surface.
where comparable values of § are available they are similar for soils from England,
Europe and North America despite obviously different origins and probable differences
in the detailed chemical structure of the soil organic matter. The close similarity
of the slopes of equations 2 and 5 indicates that log F and equation 2 can be used
to give an estimate of 4 that is widely applicable. It is interesting that the
slopes are similar to the average value (0.55) found by Leo et al (1971) in equations
relating log P to the partition of organic compounds onto a number of biological
macromolecules.

DISCUSSICN

Helling and Turner (1968) divided pesticides into five mobility classes based
on Rf values on Hagerstown soil (2.5 per cent organic matter) and Helling(1971c)
concluded that this classification adequately described behaviour in 14 soils
containingl-8 per cent organic matter, a range common to most agricultural soils.
Rf values for a given compound decreased as organic matter content increased;
however the range of Rf used to define the mobility clase on Hagerstown scil was
wide enough to cover most of the soils examined. Using equation 5 these mobility
classes can be defined in terms of log P and <.




Class log P Q

Immobile > 3,78 > 298
Low 3,78 - 2,39 398 - 74
Intermediate 2.39 - 1,36 74 - 29
Mobile 1.36 - 0.08 29 - 4.5
Very mobile <0.08 < 4,5

The mobility class from the above table or the approximate values of  from
equation 2 can readily be obtained for new compounds or possible soil metabolites
either using log P values from the review by Leo et al (1971), calculated using
Hansch's W constant, (Fujita et al 1964 or a simple experimental determination.
Many ® constants in the literature are derived from the phenoxyacetic acid series
where electronic effects of substituents are small; in a series such as the phemyl-
ureas where P is very sensitive to electronic effects, experimental values of P,
which include these effects, predict ¢ much better than calculated values.

Three examples illustrate the use of the octancl/water partition coefficient to
predict behaviour of three different tyres of compound in soil.

The herbicide 2,6-dichlorothiobenzamide is converted in soils to 2,6-dichloro-
benzonitrile which in turn is hydrolysed to 2,6-dichlorobenzamide (Beynon and Wright,
1972). Using the value for an aliphatic amide (because of steric inhibition of
resonance), calculated values of log P are 2,3, 3.0 and 1.3 and indicate mobility
classes of 'intermediate', 'low' and 'mobile' for the thiocamide, nitrile and amide.
This agrees well with field observations. Calculated values of & are 66, 155 and 20
andaexperimental values are 57, 135-165 and 5-15 (Beynon and Wright, 1972; Briggs
1968) .

The oxime carbamate insecticide aldicarb is rapidly oxidised in soil tc the

sulphoxide. &Experimental values of log P of 0.8 and -0.7 classify the parent com=
pound as 'mobile' and the metabolite as 'very mobile' which is the leaching behaviour
observed in practice (Goring, 1972).

The polychlorinated biphenyls, important environmental contaminants are a third
example of a different structural type, whose behaviour in soil has not been closely
examined. The experimental value (Leo etal, 1971) of log F for biphenyl itself is
4,0 so that it would be classed as immobile in soil. The bulk of the material in
commercial PCB samples contains more than 3 chlorine atoms per molecule and has a
calculated log P > 6, Extensive metabolism would have to cccur before any leaching
in soil would be expected.

Octanol/water partition coefficients provide a good prediction of soil behaviour
using equation 2 and the mobility classes derived from it. Organic matter in soils
has similar properties to the humic materials in lakes, streams and rivers so that
a good indication of the likely redistribution in the environment by water transport
of un-ionised compounds from any source can also be obtained from a simgle measure-
ment or calculation.
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