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FACTORS INFLUENCING TRIFLURALIN PERSISTENCE IN SOIL: A REVIEW
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Summary. The loss of trifluralin in soil involves many processes which are dependent on the
physical and chemical characteristics of the soil. The major pathways of trifluralin loss are
volatilisation, chemical degradation and possibly microbial degradation. Other processes
involved are photodegradation, uptake by plants, leaching and runoff. Laboratory and field
studies indicate that trifluralin persistence increases with decreasing soil moisture and
temperature. Hence, persistence is more likely to occur in drier and cooler climates and will
vary with seasonal changes. Organic matter has also been shown to affect trifluralin persistence
by increasing the adsorption of trifluralin to soil and thus decreasing its degradation. The
addition of montmorillonite clay to soil did not affect the persistence of trifluralin.

INTRODUCTION

Trifluralin is a pre-emergence, incorporated herbicide used for selective weed control in a
variety of agronomic and horticultural crops. It is generally regarded as a moderately persistent
herbicide with a half-life (time for 50% degradation) of 1.5-6.5 months (7,3). In a review of
field studies world-wide, persistence of trifluralin was generally rated as low to moderate with
some instances of higher persistence (10). As trifluralin is used extensively in many regions of
the world, much research has been undertaken to identify the processes and factors which
influence its persistence. This data is used to assess the possibility of carryover and subsequent
damage to crops which are sensitive to trifluralin.

The processes involved in the loss of trifluralin are dependent on soil physical and chemical
properties including organic matter, soil moisture and soil temperature. Therefore trifluralin
loss depends on a variety of factors such as climate, soil type, time of application, incorporation
technique and probably other, as yet unidentified, factors. The degree of interdependence
between factors affecting trifluralin persistence makes the significance of individual factors
difficult to assess. Only a very comprehensive study which altered one factor at a time and
measured all processes involved in trifluralin loss could fully identify the interdependence of the
various factors and the relative importance of the individual processes. For practical purposes
most studies investigating the loss of trifluralin focus on only one or two processes for a limited
number of soils. These studies indicate the major mechanisms and factors involved in
trifluralin loss although they cannot completely identify the role of such variables.

PROCESSES INVOLVED IN TRIFLURALIN LOSS FROM SOIL

Volatilisation. Due to its relatively high vapour pressure, trifluralin needs to be incorporated
into the soil for maximum retention. Studies on the loss of trifluralin by volatilisation indicate
that the degree of loss will depend on the depth of incorporation. Savage and Barrentine found
that with no incorporation there was only 2% of the initial amount present after 12 weeks.
Three to four weeks after application 26% and 40% of the applied trifluralin remained following
incorporation of 2.5-5 cm and 7.5-10 c¢m respectively (20). These data suggest that
incorporation increases the contact of trifluralin with adsorptive sites in the soil as well as
providing a physical barrier of soil between it and the surface. The degree of volatilisation
primarily depends on soil moisture. In one study the total volatilisation over three hours
increased from 2 to 6% where soil moisture content was increased from air dryness to field
capacity (16). In a detailed investigation, Harper suggests that soil moisture was the dominant
factor affecting volatilisation (4). Volatilisation of trifluralin was found to be high when surface
soil water was high and increased with temperature. In comparison, when surface soil water
was very low, volatilisation was low and temperature had little effect. Loss of trifluralin by
volatilisation can be minimal to very significant depending on depth of incorporation, and the
soil moisture and temperature.

PROCEEDINGS OF THE 9 TH AUSTRALIAN WEEDS CONIERENCE
ADELAIDE. SOUTH AUSTRALIA. AUGUST 6-10 1990



295

Microbial degradation. Most studies indicate that microbial degradation plays only a minor role
in trifluralin degradation. Probst et al.found a difference in trifluralin degradation, as measured
by plant response, between nonautoclaved and autoclaved soil but this only became observable
after 4 months (17). At this time other processes would generally have degraded a significant
amount of the trifluralin. No significant difference between the persistence of trifluralin in
nonautoclaved and autoclaved soil was reported in a United States study (19). In another study
(15), the total amount of extractable radioactively labelled trifluralin was higher in autoclaved
than nonautoclaved soil for one soil type, indicating microbial degradation. However, the
opposite occurred for two other soils in the same study. The results are inconclusive and no
data was given as to whether the difference between the soils was statistically significant or not.
A study which involved the addition of three fungi populations to soil and subsequent
incubation for 60 days showed that 90% of the trifluralin had degraded (28). It is probable that
this rapid rate of degradation is due, to some extent, to the fungi populations but as no control
test was reported, the exact proportion of degradation attributed to fungal activity cannot be
determined. The various reports document contradictory results as to the extent to which
microbial degradation is involved in the loss of trifluralin from soil. In general, however, they
indicate that it plays only a minor role.

Photodegradation. Some studies have found rapid decomposition of trifluralin in solutions
exposed to sunlight. When trifluralin in a 0.33% acetone solution was exposed to sunlight for
four hours there was complete loss of phytotoxicity to sorghum (13). Other research indicates
that trifluralin degrades rapidly in water or aqueous methanol when exposed to light of
wavelengths similar to sunlight (12). In a study of trifluralin loss from a glass plate and a soil
surface, both were exposed to sunlight for 6 hours. There was much greater loss of
phytotoxicity of trifluralin on the glass than on the soil suggesting that soil inhibits
photodegradation. Detailed comparison of these results is difficult due to the variability of other
factors which may have affected the phytotoxicity of trifluralin (27). Parochetti and Hein
concluded that photodegradation accounted for only minor losses of trifluralin after application
as they found no significant difference between radiated and unradiated soil (16). Although
rapid loss of trifluralin occurs in solution and on glass plates, this would not be expected to
occur for trifluralin applied and then incorporated into the soil due to the subsequent lack of
exposure to the sun. Thus photodegradation probably plays only a minor role in trifluralin
degradation.

Chemical degradation. A study on the persistence of trifluralin indicated that chemical
degradation pathways such as dealkylation, reduction, oxidation, hydrolysis, cyclisation and
condensation produce more than 30 degradation products (2). As with volatilisation and
microbial degradation, chemical degradation increases with increasing soil moisture and
temperature. When microbial degradation is decreased by autoclaving the soil, degradation still
occurs rapidly if moisture and temperature are high (19). This indicates that chemical
degradation is a major process in the breakdown of trifluralin.

Leaching. Trifluralin is classed as a relatively immobile herbicide due to its low solubility in
water. In a review of herbicide behaviour in Canada, Smith noted that the five studies which
investigated leaching of trifluralin all found none below 10 cm (23). A field study on trifluralin
persistence in the United States also found no leaching of trifluralin below 10 cm even after
heavy rainfall (21). In a study which determined trifluralin residue levels in the soil profile
down to 120 cm, trifluralin was confined to the tilled zone of 30 cm. Throughout the four
years of the study 80% of the trifluralin residue was in the upper 15 cm of the soil (14). These
studies confirm the validity of classifying trifluralin as relatively immobile.

Runoff. The low mobility of trifluralin in soil suggests that losses in runoff water would be
low. This was confirmed in a watershed experiment where the total loss of trifluralin in surface
and sub-surface runoff for 1974 was 0.17% of the amount applied. In 1975 only surface
runoff occurred and the total trifluralin loss was 0.03% (18). In the same study trifluralin
movement was greater in runoff caused by simulated rainfall than natural rainfall due to the high
application rate and lack of buffer in the simulated case. The limited data available suggests that
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runoff appears to be a minor process contributing to the loss of trifluralin. Losses could be
higher if sediment runoff (i.e. erosion) occurs as trifluralin is strongly adsorbed to soil.

Uptake. Probst er al. reported that no trifluralin or any of its degradation products were found
in the leaves, seed or fruit of a variety of tolerant crops however they fail to mention which
crops were investigated (17). Trifluralin residues were found on the surface of root crops such
as onion, garlic and carrot when grown in trifluralin treated soil (1). Trifluralin was found in
carrot roots at an average concentration of 0.65 ppm with a range of 0.49-0.86 ppm. Most of
this (69%) occurred in the peel (1). In another study, uptake of soil bound residues by plants
was investigated. Bean shoots contained 0.06-0.15 ppm trifluralin after growing in soils which
contained bound trifluralin at concentrations equivalent to high rates of 25-34 kg/ha (15).
Relative to other processes of loss, very little trifluralin is removed from the soil by plant
uptake.

FACTORS INFLUENCING TRIFLURALIN LOSS

Soil type. The physical and chemical characteristics of soil such as organic matter, clay
content, texture, pH, and exchangable cation capacity can affect the persistence of trifluralin.
Due to the complex nature of soil however and the interdependence between soil physical
characteristics the influence of any individual soil characteristic is often unclear. The adsorption
of trifluralin has been shown to be more closely related to soil organic matter than to other soil
chemical and physical properties (8). Field trials have therefore concentrated on investigating
the influence of organic matter on trifluralin persistence.

A plant's response to the same level of trifluralin in different soils will depend on the chemical
and physical properties of the soil. Even when studying soil of the same type the addition of
organic matter or clay can affect the growth of plants in the absence of trifluralin (8). Hence
phytotoxicity data cannot be used as a measure of persistence and only studies which
determined trifluralin by chemical analysis are reported.

An investigation in the United States found that for soil with either no additives, or with the
addition of montmorillonite clay, 6.8% of the last trifluralin application remained after 27
weeks. This compared to 43% after 27 weeks for soil modified with organic matter (25).

In a study on four soils trifluralin residues were measured by chemical analysis. Persistence
was greater for the three soils with organic matter contents ranging from 6.8-9.2%. Forty-
seven percent of the initial amount remained after 17 weeks compared to the other soil with
2.9% organic matter which had 40% remaining after 17 weeks (26). In this case the clay
content varied with organic matter and therefore individual effects cannot be distinguished from
each other. The increase in persistence, however, is most likely due to the increased organic
matter content, although there may be some interdependence between clay and organic matter
content.

Moisture and temperature. Trifluralin persistence increases with decreasing soil moisture and
decreasing temperature due to the decrease in volatilisation and microbial and chemical
degradation. In laboratory studies carried out on a sandy loam soil at constant temperature a
decrease from 8.0-5.2% moisture produced nearly a two fold change in half-life from 219 to

442 days. Similarly in constant moisture trials a decrease in temperature from 25-5°C
produced nearly a three fold increase in half-life from 292-982 days (24). In a study conducted
in the United States the same trend was found with a sandy loam and a silty clay loam at 80%
field capacity (13). Trifluralin generally degraded faster with an increase in temperature.

Soil moisture and soil temperature conditions are both directly related to climate. Warmer
climates such as tropical and subtropical would provide conditions for increased degradation.
Longer persistence of trifluralin would tend to occur in the colder countries, which are further
from the equator. Soil moisture, and hence rainfall is a major factor influencing trifluralin
persistence. Dry climates would tend to have more instances of high persistence than wetter
ones. In areview of trifluralin persistence, very high persistence (greater than 50% remaining
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after 52 weeks) occurred on a soil with a dry climate after a much lower than average rainfall
(10). These dry climates occur in parts of Australia and the United States. Another instance of
very high persistence occurred in a Canadian study on three soils after an Autumn application of
trifluralin where 71% of the applied trifluralin remained after 30 weeks. For a Spring
application in the same year an average of 19% remained after 21 weeks indicating moderate
persistence. Over the Winter in this region the soil is frozen for about 5 months and the soil
moisture is unavailable for degradation processes (10). Thus much less degradation occurred
after the Autumn application which is followed by Winter than after the Spring application
which is followed by the warm weather of Summer. These cold conditions occur in the colder
climates such as the temperate and subarctic climates found in parts of Canada, the United
States and Europe.

Soil type versus climate. A review of field trials indicates that neither climate nor soil type has a
dominant influence on trifluralin persistence (10). Some field trials indicate that the soil type
can affect trifluralin persistence much more than climate. On two soils in Nova Scotia, where
the climate was the same, the percentage of trifluralin remaining after 26 weeks was 74% for a
loamy sand, with 18% clay and 4.2% organic matter compared to 44% remaining for a loamy
sand with 6.0% clay and 1.3% organic matter (9). Laboratory results also indicate that
trifluralin persistence is affected by soil type. For a clay, sandy loam, and clay loam kept at a

constant 100% field capacity and 10°C the half-lives were 142, 315, and 472 days respectively
(11). In this type of study it is difficult to distinguish between the effects of soil constituents
such as clay and organic matter content and the effect of the hydrological properties of the soil
which influence the actual moisture content.

Other studies suggest that climate can affect trifluralin persistence more than soil type. In one
study application of trifluralin to three soils within the same climatic region but with different
soil textures and organic matter contents ranging from 4.3-11.2% resulted in the same high
persistence of 71% remaining after 30 weeks (22). For two different soils in the same climatic
region, there was no significant difference in degradation over Winter for three years. In both
soils degradation was very slow indicating that climate not soil had the greatest effect on
degradation (6). In another study the authors concluded that the rate of breakdown is not
influenced markedly by soil type as similar results of trifluralin persistence were obtained for a
silty clay loam and fine sand (17).

There are seemingly contradictory results as to whether organic matter or climate, has the
greater effect on trifluralin persistence. In the studies where climate appeared to be the major
influence the organic matter contents were low in one case and not given for the others. For the
field study which indicated that soil type was the major influence localised climatic differences
may have had a role. There may need to be a large difference in organic matter content, the soil
characteristic influencing persistence the most, to produce a difference in soils with the same
climate. Similarly for soils which have relatively the same characteristics there may need to be a
large difference in climate to show a difference in persistence.

CONCLUSION

Volatilisation and chemical degradation are probably the main processes which degrade
trifluralin in the soil. The loss of trifluralin via processes such as microbial degradation and
photodegradation are still not fully understood. Both laboratory and field studies indicate that
the major factors influencing trifluralin persistence are soil moisture, soil temperature and
organic matter. Instances of high trifluralin persistence generally occur in dry and cold climates
where the soil moisture is very low. Very high persistence is relatively rare as the conditions
needed for crop production, namely, mild temperatures and moderate moisture levels, are
conducive to trifluralin degradation. Since many agricultural regions are subject to considerable
variations in climatic conditions occasional instances of high persistence do occur.
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