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Abstract

Inadequate nematode control on some loamy soils after fumigation with 1,3-dichloropro-
pene prompted further study of transformation in these soils. The rate of transformation of
(Z)- and (E)-1,3-dichloropropene was measured in moist soils incubated at 15 °C in fumi-
gant-tight systems. In six loamy soils, transformation was gradual and pseudo first-order dur-
ing 3 to 6 days but thereafter it was very fast. At an initial content in dry soil of 62-80 mg kg™!,
the remaining amounts were less than 0.2 % of the dose after a week. The greatly acceler-
ated transformation after a short lag time suggests that the soils contained micro-organisms
that can transform 1,3-dichloropropene effectively. The fast transformation was measured in
soil from fields once or twice fumigated previously as well as from fields never treated. In one
of these loamy soils, a fast transformation (less than 0.2 % remaining after 7 days) was mea-
sured at initial contents of 3.7, 18 and 92 mg kg™'. But when the initial content was 470 mg
kg™, the transformation rate was drastically suppressed (half-life 33 days). In another loamy
soil, which showed no accelerated transformation patterns, the pseudo half-lives substantial-
ly increased from 4.3 to 36 days when the initial content of 1,3-dichloropropene was raised
from 3.7 to 470 mg kg™,
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Introduction

In the Netherlands, there is increasing interest in fumigating heavier loamy soils
with low doses (about 150 1 ha™') 1,3-dichloropropene (1,3-D) to reduce injury of
crops by soil nematodes. However, it was difficult to obtain adequate control of po-
tato cyst nematode (Globodera rostochiensis and G pallida) in field trials with loa-
my soils (Been & Schomaker, 1987; Plant Protection Service, unpublished results).
One cause for the insufficient nematode control on heavier loamy soils may be that
it is difficult to get these soils in the proper structural condition for soil fumigation.
Another cause could be the high transformation rates of 1,3-D in loamy soils if com-
pared to sand and peaty soils (van Dijk, 1974; van Dijk, 1980; Roberts & Stoydin,
1976). The combination of high transformation rates with low diffusion rates, espe-
cially at the higher soil moisture contents, will result in low concentration-time
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products at some distance from the injection sites (Leistra, 1972).

After fumigation of heavier loamy soils, the top layers showed very low 1,3-D
contents. In some fields, disappearance was distinctly faster in the second week af-
ter injection than in the first week, under fairly constant soil and weather condi-
tions. Reducing vapour losses by plastic sheeting did hardly influence the disap-
pearance (Smelt et al., 1989). These findings suggested that disappearance of the
1,3-D was mainly due to fast transformation.

Observations from field studies prompted further study on transformation rates
under laboratory conditions, particularly in loamy soils. These rates were also
needed to compute the concentration-time products of the fumigant in the soil pro-
files with simulation models as used by Leistra (1972). Such computations can be
helpful in interpretation of the inadequate nematode kill as found in field trials
(Been & Schomaker, 1987).

Materials and methods
Collection of soils

Soil was collected from 11 arable fields, listed in Table 1. Ten fields were in East
Flevoland and the North-East Polder, which are both young polders reclaimed
from the lake IJsselmeer. Loamy soils are the most common types in these polders.
One soil was collected from a field in the reclaimed peat area in the province of
Drenthe (Table 1, field AZ). The four fields, coded KD 35 to KD 38, are fields of
the Kandelaar Experimental Farm in an area of 1.2 km X 1.0 km in East Flevoland.
The history of fumigation of the fields before sampling is given in Table 2.

At 15 to 20 sites on each field, soil was collected from the arable layer (to 0.25 m

Table 1. Composition, pH values, and moisture contents of soils at sampling.

Field Mass fraction pH Moisture
Organic Clay Silt CaCO, (KCH El(:mlfn_tl)
matter (<2 um) (2-50 um) (%) gxe
(%) (%) (%)

KD 35 35 37 50 9.1 7.2 0.30

KD 36 35 43 49 9.0 7.4 0.32

KD 37 34 46 50 11.1 7.5 0.33

KD 38 - - - - - 0.26

SG 4.2 36 45 8.0 7.3 0.32

WD 2.8 31 54 9.8 73 0.26

TP 2.5 30 59 10.1 7.4 0.26

PA 3.0 25 32 8.1 7.5 0.28

DW?7 1.4 6.3 9 35 7.5 0.16

DW9 1.8 7.2 13 4.2 7.5 0.17

AZ 11.0 2.0 - 0.5 52 0.22

2 Field on the same farm and with similar composition as KD 35, 36, 37.
® Not measured.
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Table 2. History of 1,3-dichloropropene applications (about 150 L ha™!) on the fields.

Field Number of Period between last application
applications and sampling (years)

KD 35
KD 36
KD 37
KD 38
SG
WD
TP
PA
Dw7
DW9
AZ

»
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<

2 Six applications with metham sodium (rate of a.i. 150 kg ha™') in the last 7 years.
® About two applications in the last 15 years; last fumigation with metham sodium 2 years before sam-

pling.

depth) and thoroughly mixed. About 10-kg portions of the soils were stored in the
dark at 10 to 17 °C in plastic bags with a small opening for gas exchange. Incuba-
tions started within 1 to 11 weeks after collecting the soil.

Incubation system

In preliminary experiments, several systems were tested for loss of 1,3-D vapour.
The best results were obtained with 600-cm® glass flasks closed with ground glass
stoppers, placed top-down in a layer of water to prevent drying of the seal of stop-
per. Of a mixture of (Z)- and (E)-1,3-D, 5 ul was added to each of 14 flasks, which
were then stored in the dark at 20 °C. Remaining masses were dissolved after rapid
injection of 25 cm® of n-hexane. No loss of fumigant could be detected during an in-
cubation time up till 115 days (average recovery 93.2 %;s = 7; n = 14).

In a parallel study, the same flasks were filled with 25 cm® solutions of 1,3-D in
distilled water (1 and 50 ug cm~>) and incubated in the dark at 10 °C. Flasks were
extracted with 25 cm® of hexane at intervals over a period of 40 days. A first-order
disappearance, corresponding with a half-life of 53 days was measured for the two
isomers at the two concentrations. This half-life is quite similar to that of 50.9 days,
measured in other hydrolysis studies with 1,3-D at 10 °C (McCall, 1987). These two
tests proved that the system was reliable for the transformation studies in soil.

First incubation series with nine soils

Moist soil in quantities of 100 g (corresponding to 76-85 g of dry soil) were weighed
into series of 14 to 16 flasks and moisture contents adjusted, if necessary, to those of
Table 1. These moisture contents were representative for field conditions during fu-
migation. The corresponding moisture pressures were about —10 kPa (-0.1 bar).
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A mixture of equal amounts of (Z)- and (E)-1,3-D (99 % purity) was added with
microlitre syringes to get initial contents in dry soil of 30 to 150 mg kg™! for each iso-
mer. The two isomers were added in aqueous solution (0.2-2.0 cm®; 1 g I'!) to get
initial contents less than 30 mg kg™'. At intervals during incubation (up to 40 days),
one or two flasks were taken for extraction. The length of the intervals were adjust-
ed to the observed rate of disappearance of the compounds.

The humic sand soil AZ was incubated with either (Z)- and (E)-1,3-D. Six flasks
for each isomer were extracted at intervals in a period of 14 days.

Allincubations were done in the dark at 15 (% 1) °C.

Second incubation series with five loamy soils and with single soil cores

The results of the first incubations with soils collected from East Flevoland sug-
gested a very rapid degradation of 1,3-D by specific micro-organisms. During sam-
ple handling in the field and in the laboratory, one soil, which possibly contained
these organisms, could have infected other soil samples. To exclude this possibility
and to check the reproducibility of the incubation results, fresh samples were col-
lected from fields KD 36, KD 37 and TP in January 1986. In the period between the
date of collecting the soils for the first incubation series and January 1986, the field
TP was again treated with Telone I1 (95 % 1,3-D) at 150 1 ha™".

At the second sampling date, soil was also collected from the fields KD 35 and
KD 38 of the Kandelaar Experimental Farm. These two fields (5 ha each) were cho-
sen because they had never been treated with 1,3-D, like field KD 36 on that same
farm. In addition, 15 single soil cores, systematically distributed over an area of
about 2 ha, were taken from field KD 36.

In the field, each core (70 to 105 g moist soil) was placed in a flask, which was
transferred to the laboratory for incubation. This sampling was done to examine
whether the rapid degrading capability, as measured in the first incubation series
with this soil, was evenly spread over the field. The sampling tools were rinsed and
disinfected with methanol before the next core was taken or another field was sam-
pled. In the laboratory, the soils were prepared strictly apart and incubated as de-
scribed in the previous section, with an initial content of 1,3-D of 62-80 mg kg™*. In-
cubations started 7 days after collection of the soils.

Effect of initial content on transformation rate

The results of the first incubation series indicated that the transformation rate could
depend on the initial content of 1,3-D. To study this effect in more detail, soils of
fields KD 36 and KD 38 were incubated with 1,3-D at initial contents in dry soil of
3.7, 18,92 and 470 mg kg™, ratio 1:1 for the (Z)- and (E)-isomer. These soils were
chosen because of their different properties in degrading 1,3-D. Soil KD 36 showed
very fast transformation after some days, whereas KD 38 had a rather constant and
moderate rate of transformation for 1,3-D. These transformation rates were mea-
sured after an initial content of about 80 mg kg™' in the first and second incubation
series, respectively.
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Analysis

100 cm® n-hexane and 50 cm® water was quickly added to the incubation flasks,
which were subsequently shaken on a reciprocating shaker for 2 h. Concentrations
of (Z)- and (E)-1,3-D in the hexane extract were measured with a Tracor 550 gas
chromatograph with a ®Ni electron-capture detector. The stainless steel column
(length 3 m; inner diameter 2 mm) was packed with 8% Carbowax 20 M on Anak-
rom ABS (particle size 0.18-0.21 mm). With a nitrogen flow rate of 40 cm® min™!
and a column temperature of 100 °C, the retention times of (Z)- and (E)-1,3-D
were 2.5 and 3.6 min, respectively. Concentrations in the extracts were calculated
with the external standard method based on peak heights or integrated areas ob-
tained from 3-ul injections of solutions of the analytical-grade isomers in hexane
(0.1-1.5 mg I'"). The minimum detectabie mass in the incubation systems was 5 ug
for each isomer.

Recovery varied from 80 to 90 % as calculated from the extracted masses after
0.02 to 1 day. The masses measured were not corrected for this recovery.

Duplicate measurements at each extraction time in general differed only a few
percent, and therefore averaged. Recovered masses were given separately if they
differed more than 10 %.

Results
First incubation series with nine soils

Plots of the extracted amounts on a log scale against time showed linear decline of
the two isomers of 1,3-D in the DW 7, DW 9 and AZ soil. This suggested that first-
order kinetics could be used to describe the transformation of the compounds dur-
ing incubation. The calculated pseudo first-order rate coefficients k (d™!) and the
corresponding half-lives are given in Table 3. There was no difference between the
transformation rates of the (Z)- and (E)-isomers in the AZ soil (single isomers ap-
plied), nor in the two DW soils in which the isomers were incubated together. In the

Table 3. First-order rate coefficients (k) and corresponding half-lives for transformation of (Z)- and
(E)-1,3-dichloropropene in three moist soils at 15 °C.

Soil Initial (Z)-isomer (E)-isomer
content 7 - =t .
(mg k™) k(d™) half-life (d) k(d™ half-life (d)
AZ 15 0.039 18
15 0.038 18
65 0.021 33
93 0.022 32
DW?7 145% 0.044 16 0.038 18
DW9 1452 0.07 10 0.056 12

@ For each isomer, total content of 1,3-D 290 mg kg™!.
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AZ soil, the transformation was distinctly faster at the lower initial contents than at
the higher. This could indicate an effect of the content on the transformation rate.

The recovered amounts of (Z)- and (E)-1,3-D in the six loamy soils KD 36, KD
37, TP, WD, SG and PA differed less than 10 % on each sampling date. This means
that there was also no difference in transformation rate between the isomers in
these soils. Therefore the amounts recovered of the two isomers were averaged for
each extraction date and the mass fraction remaining from the dose (%) were
plotted on a log scale against time (Fig. 1).

At total initial contents of (Z)- and (E)-1,3-D between 62 and 80 mg kg™!, the
disappearance in these six loamy soils was quite similar. During the first 3 to 6 days,
transformation was slow, but from day 6 on the amounts recovered were very low
and mostly below detection limit (e.g. 0.2 % of the dose). The greatly accelerated
transformation rates after a short lag time suggested the presence of micro-orga-
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Fig. 1. Transformation of (Z)- and (E)-1,3-dichloropropene (1:1) in six loamy soils at 15 °C. Initial
content in dry soil of (Z) + (E): O-——0 8 mg kg™, @——@ 62-80 mg kg, A——- A 300 mg kg!,
| = <0.2 % remaining.
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nisms which could quickly build up an effective transformation capacity.

A possible dose-dependent transformation rate was observed with the incubation
at two initial contents in the soils KD 36 and PA (Fig. 1).

Second incubation series with five loamy soils and with single soil cores

The transformation patterns of the two isomers in these second incubation series in
fresh soil of the fields KD 36, KD 37 and TP are presented in Fig. 2. In general, re-
sults were similar to those measured in the first incubation series (Fig. 1). In the sec-
ond incubation series, the lag period before the fast transformation started seemed
somewhat longer in the KD 37 soil and shorter in the TP soil. As extraction intervals

were comparatively long (1 to 2 days) and the number of extractions limited, these
small differences in lag period may not be material.
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Fig. 2. Transformation of (Z)- and (E)-1,3-dichloropropene (1:1) with the second incubation series in

fresh soil samples at 15 °C. Initial content of (Z) + (E) 62-80 mg kg! dry soil. @ in mixed soil, O in sin-
gle soil cores, | = <0.2 % remaining.
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The pattern of disappearance in the separately collected and incubated soil cores
of field KD 36 was similar to that in portions of the mixed soil sample. This suggests
that the capacity for fast transformation was evenly spread over the sampled area (2
ha) in this field.

The transformation of 1,3-D in the soil samples of the fields KD 35 and KD 38
could be described by first-order kinetics (Fig. 2, half-life 14 d) during the first three
weeks. But afterwards, an accelerated transformation was measured also in the two
soils that had never been fumigated before.

Effect of initial content on transformation

At an initial content in dry soil of 3.7 mg kg™!, transformation was about nine times
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Fig. 3. Effect of initial content of 1,3-dichloropropene on rate of transformation in soil of field KD 38.
Initial content of (Z) + (E) in dry soil 3.7, 18, 92, and 470 mg kg!. Temperature 15 °C. — calculated
regression line.
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as fast as that with 470 mg kg™! in soil of field KD 38 (Fig. 3). At initial contents of 18
and 92 mg kg™!, the masses recovered were somewhat irregular after 9 days of incu-
bation and sometimes they were very low. Therefore, pseudo first-order rate con-
stants and corresponding half-lives were calculated only for the first 8 or 10 days,
respectively (Fig. 3). The irregular decrease after prolonged incubation suggests
that microbes involved in transforming the 1,3-D developed differently in some in-
cubation flasks. This potential for accelerated transformation after a longer incuba-

tion time was already measured in the incubation with this soil described in the pre-
vious section (Fig. 2).
Dose-dependent transformation of 1,3-D in the soil of field KD 36, with the fast

transformation potential, is presented in Fig. 4. For corresponding initial contents
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Fig. 4. Effect of initial content of 1,3-dichloropropene on rate of transformation in soil of field KD 36.
Initial content of (Z) + (E) in dry soil 3.7, 18, 92, and 470 mg kg~! soil. Temperature 15 °C.

calcu-
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the recovery of 1,3-D was almost the same as in soil from KD 38 during the first 3 to
4 days of incubation. Thereafter a very fast transformation started, which resulted
in no detectable masses after 7 days, except for the initial content of 470 mg kg™! in
which the rate of transformation remained constant (half-life 33 d).

Discussion and conclusions

In earlier studies on the rate of transformation of 1,3-D in soils (van Dijk, 1974; van
Dijk, 1980; Roberts & Stoydin, 1976), no accelerated transformation after a certain
lag time was reported. However, van Dijk (1974, 1980) noted that the half-lives
were approximate values for some of his incubations, so the pattern seemed to de-
viate from first-order. Repeated application of many pesticides may lead to en-
hanced rates of biodegradation in soil by microbial adaptation (Kaufman et al.,
1984; Kearney & Kellog, 1985). In the present study, however, rapid biodegrada-
tion was already measured in soils treated only once or twice as well as in soils never
treated before. On the contrary, no enhanced degradation was measured in soil of
field DW 7 (Table 3) with six preceding field applications. However, in that incuba-
tion the high initial content of 290 mg kg™' (half of each isomer) may have been tox-
ic to the micro-organisms. The finding that an initial content of 470 mg kg™* sup-
presses the fast biotransformation that occurs at lower initial contents in soil KD 36
supports this assumption (see Fig. 4).

The transformation of 1,3-D in the five loamy soils in the first incubation series
was similar to that in the second series with soil samples collected three months
later. In soil from field KD 36, transformation in mixed soil and in single soil cores
was also identical. So the time of collection and the handlings to prevent contamina-
tion of the soil samples at the second date did not have much effect.

The general presence of micro-organisms capable of transforming 1,3-D at a high
rate in the loamy soils of East Flevoland is remarkable. The same holds for the exis-
tence of fields with great differences in transformation rates in a restricted area of
even one farm (120 ha), despite the same crop rotation and other agricultural prac-
tices. The causes and general occurrence of the fast biotransformation capability
are interesting points for further research. They are also of economic interest be-
cause enhanced transformation rates can considerably reduce the effects of a soil
fumigation against soil-borne pests.

The effect of comparatively small differences in the initial content in the soils on
transformation rate is also remarkable. Van der Pas & Leistra (1987) also mea-
sured a considerably faster transformation of the two isomers of 1,3-D at a total ini-
tial content of 24 mg kg™' than at 124 mg kg™' in three sandy soils. In other experi-
ments (van Dijk, 1974; van Dijk, 1980; Roberts & Stoydin, 1976) the effect of dose
was not studied. If this effect of initial content on transformation rate is universal,
one should take this into account when results of different incubations are com-
pared. The effect of the content on the transformation rate indicates that the reac-
tion rates are not real first-one. The approximated half-lives are thus pseudo first-
order. Further research is needed to study the effect of initial content on transfor-
mation of this fumigant in more detail.
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In a computation model simulating the behaviour of 1,3-D in soils, Leistra (1971,
1972) assumed that the transformation rate was independent of the content in soil.
After injection, contents vary considerably in time and with depth in the soil matrix.
Introduction of a content-dependent transformation rate as a function of fumigant
content in soil may be necessary to give a more accurate description of the fumigant
behaviour in soil, particularly for longer periods.
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