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TRIFLURALIN PERSISTENCE IN SOIL: A REVIEW OF FIELD STUDILES
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Summary. Trifluralin is generally regarded as a moderately persistent herbicide with a half-life
(time for 50% degradation) of 1.5-6.5 months. Some studies, however, have found instances of
much higher persistence where the half-life varied from 7.5 to greater than 12 months. These
instances of high persistence generally occurred at sites with very dry climates or very cold climates
where the soil freezes over winter. Throughout Australia, the United States, Canada and Europe
sensitive species are often grown in rotation with crops on which trifluralin is used. Hence, there is
need for caution if sensitive species are to be sown after a particularly dry season or a particularly
severe winter. These conditions are most likely to occur in the drier steppe climates and the cooler
temperate and subarctic climates.

INTRODUCTION

Trifluralin is a pre-emergence, incorporated herbicide used for selective weed control in a variety of
agronomic and horticultural crops. In the United States about 60% of trifluralin is used on
soybeans (Glycine max), and 30% on cotton (Gossypium hirsutum ) (12). In Canada trifluralin is
mainly used in soybean and tomato (Lycopersicon esculentum ) crops. In the United Kingdom it is
used on crops such as cotton, soybeans, carrots (Daucus carota), tomatoes and peppers (Capsicium
annuum) (5). Trifluralin is used extensively in cereal cropping systems of Victoria, Australia. A
survey conducted over 4 years found that trifluralin was used on 50% of wheat crops in the
Wimmera, 23% in the Mallee, 48% in the southern Mallee region and less than ten percent in the
north-east of Victoria (7). It was also used to a large extent on barley (Hordeum vulgare) and pea
(Pisum sativum) crops. In Western Australia trifluralin is used in legume crops such as lupins
(Lupinus spp.) and field peas and in wheat (Tritcum aestivum), barley and oats (Avena sativa). In
Queensland, trifluralin is used on peanuts (Arachis hypogaea), soybeans and navybeans (Phaseolis
vulgaris).

In Australia, United States and Canada trifluralin is often used in rotation with susceptible crops,
such as oats, forage grasses and legume pastures, hence, conditions which could lead to persistence
from one season to the next need to be known to prevent possible crop damage. In view of the
large extent to which trifluralin is regularly used in some regions of the world and the possibility of
carryover detrimental to sensitive crops much research has been carried out to assess the persistence
of trifluralin and the possibility of accumulation. This review summarises these studies.

FIELD STUDIES ON TRIFLURALIN PERSISTENCE

Basic assumptions in reporting trifluralin_persistence. A summary of the results of
investigations into trifluralin persistence in Australia, North America and Europe is given in
Table 2. The studies reported include trials which were conducted in the field and which give
residue results as a percentage of the amount applied which remains after a given time, or those
whose results can be converted to this form. The persistence results have been arbitrarily
categorised according to the percentage of the theoretical amount applied which remains 365
days after application. The categories chosen are, very high (greater than 50%), high (30-
50%), moderate (10-29%) and low persistence (less than 10%). Most studies indicate that the
degree of persistence is independent of concentration and hence trifluralin degradation can be
assumed to follow first order kinetics (36,19). The reported results have been categorised by
assuming first order behaviour and determining how much should have degraded for each
category given the time after application. (See Table 1). The application rates used in the trials
are generally the standard rate used by farmers in the region. Trifluralin is incorporated to 5-10
cm throughout the trials reported and the sampling depth is generally to the same depth or
slightly deeper. As trifluralin has been shown not to leach below the depth of incorporation
any apparent loss of trifluralin from the field can be assumed to be due to degradation and not
leaching (18). For comparative purposes the investigations reported in Table 2 have been
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assigned to climatic categories. Each region has been classified according to a world wide
classification system, and as such, it is not as detailed as one which classifies only one country
(28). Each region is classified according to the rules summarised at the end of Table 2.
Regions within the same category will be the same with respect to these rules. Several other
studies are not included in Table 2 since the results cannot be reported in standard form suitable
for comparison (i.e. percentage carryover). This is due to residue data being given as plant
response or the lack of reported data such as, date of application, date of sampling and
theoretical application rate. Results are generally recorded as the percentage of the theoretical
amount applied remaining after a given time so this convention has been followed. However,
there can be a large difference between the theoretical amount presumed to be in the soil and that
determined by sampling immediately after application. A Victorian study, for example,
sampled immediately after application at three sites and found that the concentration of trifluralin
in the soil ranged from 32-84% of the theoretical amount (17). Research by Duseja found that
the concentration of trifluralin determined in the soil after application varied from 97-162% of
that expected from the amount applied (6). The difference between the theoretical and actual
amount of trifluralin in the soil can be attributed to the various factors involved in the
application of the herbicide and in the sampling technique (17).

Accumulation of trifluralin with repeated applications. Several studies conducted in the United
States and Australia have found that trifluralin does not generally accumulate in the soil with
repeated annual applications. In a study conducted in the United States thirty-three sites were
sampled following a single application and the mean percentage of trifluralin remaining was
8.5%. This compares to a mean of 3.7% for 12 sites which had 4 or more years of consecutive
applications (23). These results indicate that no accumulation occurred following repeated
applications. In another study on one site, the author concluded that no accumulation had
occurred, however, the figures only show this to be so for the lower rate of 0.56 kg/ha. At the
higher rates of 1.12 and 2.24 kg/ha there did appear to be a trend towards residue build-up.
For the 2.24 kg/ha rate residue levels increased from 0.01 kg/ha in 1969 to 0.07 kg/ha in 1970
and 0.19 kg/ha in 1971 (3). Whether this trend is significant or not cannot be ascertained as no
statistical treatment of the results was undertaken. An Australian study investigated
accumulation as part of a long term field trial on three sites in Victoria (19). Six consecutive
applications on one site at Rutherglen in the north-east of Victoria, indicated that trifluralin was
not accumulating in the soil. The final year's carryover was 4% compared to a mean of 7% for
the previous 5 years. At the other two sites trifluralin was applied every two years on the same
plot but, applied every year by having two phases, at each site, twelve months out of sequence.
For the site in the Wimmera, the results of both phases range from 4 to 14% with no significant
difference between any of the years. At the site in the Mallee, persistence was higher and more
variable than at the other two sites but again the results indicate no accumulation (19).

Theoretical equations predicting the rate of herbicide build-up in the soil following repeated
annual applications have been discussed by both Walker and Smith (42,35). Assuming that
herbicide loss is independent of the number of applications, an equilibrium residue level is
reached over time depending on the amount applied and the degradation rate. For a 1 kg/ha
application with 10% carryover every year it would only take 2 years for the residue level to
reach an equilibrium concentration of 0.11 kg/ha. In comparison, a 30% carryover every year
would take 4 years to reach an equilibrium of 0.43 kg/ha. These time scales for reaching
equilibrium combined with the variation in persistence from one year to another due to climatic
differences means that it would take several years to investigate accumulation at a low level or
even confirm or discount accumulation at a higher level. To be meaningful field investigations
of accumulation must be long term or designed to minimise the influence of seasonal variations.

The influence of other herbicides on trifluralin persistence. Some of the field studies
investigated the influence of other herbicides on the degradation of trifluralin. This is important
since two or three herbicides are often applied to the same field. There is a possibility that these
additional herbicides may have an impact on soil microbial populations and hence accelerate or
slow degradation. Whilst there is evidence that this may occur for some herbicides it has not
been shown to occur for trifluralin. Individual field studies indicated that the presence of tri-
allate, chloramben or bromoxynil all had no effect on the degradation of trifluralin. (34,39,19)
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Trifluralin persistence in Australian soils. A project was conducted at three sites in Victoria to
investigate the long term persistence effects of three herbicides, including trifluralin.
Continuous trials were carried out from 1983 to 1989 at Rutherglen in the north east, Walpeup
in the Mallee and Dooen in the Wimmera. Persistence at Rutherglen was low with 4-7% of
trifluralin remaining after each year except 1984. In 1984 the percentage of trifluralin persisting
was moderate (11%) and statistical analysis indicated that it was significantly different from the
other years. Trifluralin persistence was low to moderate in the soil at Dooen with only 4-14%
of the initial application being present after one year. Trifluralin persistence at Walpeup was
moderate with 16-23% remaining at the end of the cropping season for three of the six years
investigated. Persistence of trifluralin was significantly lower in 1987 and 1988 (10 and 9%
remaining) and significantly greater in 1984 with a very high persistence of 71% remaining.
The Walpeup site has a dry steppe climate compared to the subtropical rain climate of the other
two sites. The soil at Walpeup is a sandy loam compared to a medium clay at Dooen and clay
loam to sandy clay loam at Rutherglen.

The degree of trifluralin persistence in the wheat belt soils of Western Australia was
investigated in 1982 and 1983 (24). Trials were conducted for two years and the investigators
concluded that detrimental persistence of trifluralin is unlikely. On the sand and loam soils used
trifluralin degraded to 10% of that applied after 4 and 8 weeks respectively. It was postulated
that the lighter soil would be more conducive to volatilisation which explains the greater loss
observed on the sand. There was a drought in the season after the trials were finished.
Unfortunately no results were obtained for trifluralin persistence under these conditions. As
this region has a steppe climate it may be that a drought year would have shown increased
persistence as found in the steppe climate of Victoria.

Trifluralin persistence in North American soils. In the United States trifluralin persistence is
generally low according to our definition. The soil types involved in the United States studies
are silty clay loam, loam, clay, sandy loam and loamy sand. Three instances of moderate
persistence and one of high persistence in the United States are reported in the literature
presented in Table 2. Moderate persistence occurred in a study conducted on a loam soil at
Illinois which has a temperate continental climate and also in a region with a dry climate and a
silty clay loam soil (23). Surprisingly, moderate persistence was also reported in a state with a
subtropical rain climate on a sandy loam (3). The only instance of high persistence occurred in
a silty loam soil in Mississippi which also has a mild subtropical rain climate (32). High
persistence would not normally be expected in this type of climate. This unusual result is
probably due to the nature of the research which investigated the effect of incorporation on
trifluralin persistence. For an incorporation depth of 10 cm 45% of the applied trifluralin
remained after 40 weeks. Although this depth is similar to that used in other studies the
incorporation technique using a power cultivator may have been much more effective.

Trifluralin persists much more in Canadian soils than it does in the United States where the
climates are milder. Whereas the United States has climates ranging from subtropical rain to
steppe and temperate continental, in the Canadian studies referred to in Table 2 the climate is
generally temperate continental. It was because the climate consists of very cold winters and
hot dry summers that most of the Canadian studies were initiated. In Canada there are nearly as
many instances of moderate persistence as there are of low persistence. There are also three
instances of high persistence and four of very high persistence. Moderate to high persistence
occurred across a range of soil texture types, from loamy sand to heavy clay.

Trifluralin persistence in Europe. The European data is consistent with findings from the other
countries. In the United Kingdom trifluralin persistence was moderate after spring applications
(41). In one study conducted in Norway persistence was low on one soil type and low to
moderate on another, depending on application rate (40). The difference in degradation
between rates for one year may indicate that first order kinetics do not apply in this case. As the
statistical significance of the differences was not given, this cannot be stated with certainty.
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The number of studies is limited but since these regions have a similar climate to the Canadian
studies results would generally be expected to show moderate to high persistence.

TOLERANCE OF CROPS TO TRIFLURALIN

Trifluralin affects the physiological growth processes associated with seed germination. This
produces symptoms such as stunting, poor germination and poor growth. Species sensitive to
trifluralin are sometimes planted in rotation with crops on which trifluralin is used. Oats,
ryegrass, canary grasses, and, to a lesser extent, wheat are all sensitive to trifluralin (2). Barley
and peas have also been shown to be sensitive to trifluralin (43,10).

Amount determined chemically versus biological availability. Plants may react differently to the
same soil concentration of trifluralin due to differences in the chemical and physical properties
of the individual soils (45). Increases in organic matter content generally decrease the
phytotoxicity of a herbicide (13). However, Guth et al. concluded that for various herbicides,
including dinitroanilines the rate of disappearance measured by chemical techniques correlates
satisfactorily with biological availability. They reported an example for trifluralin where the
chemical half-life of 5.2 months was very similar to the biological half-life of 5.3 months. The
organic matter content which plays a major role in toxicity was not reported in this case (9).

A pot bioassay conducted in Victoria in 1985 found that trifluralin residues, which remained in
the soil at a concentration of 71% of the theoretical amount applied, were toxic to oats as
measured by a reduction in root length. Quantification of the herbicide level in the soil using
the oat bioassay technique produced an estimated trifluralin concentration of 0.23-0.36 mg/kg
compared to 0.32 + 0.02 mg/kg determined by chemical analysis (16). This indicates that all of
the trifluralin present in an easily extractable form was herbicidally active. In this case the soil
was a sandy loam from the Mallee with an organic matter content of 1.0%. The similarity of
results from biological and chemical assays is probably due to the relatively low level of organic
matter in the soil. The influence of organic matter on the difference between the amount of
trifluralin present and the amount determined by bioassay was studied in the United States (44).
It was found that both bioassay and chemical analysis gave equivalent trifluralin concentrations
in soil with no additives and also for soil with added montmorillonite clay. For soil with added
organic matter, described as organic muck, only 15% of the total trifluralin present was
biologically active. The other 85% was either non-biologically available or only slowly
available.

Tolerance of wheat to trifluralin. Studies have shown the effect of trifluralin on wheat at
recommended application rates. Severe instances of wheat crop thinning have occurred on the
grey self-mulching soils of the Victorian Wimmera region where the recommended application
rates are around 0.4 kg/ha. It was found that for maximum wheat yield and weed control
trifluralin should be applied several weeks prior to sowing and wheat should be sown 7 ¢cm
deep (46). Without these precautions a reduction in yield, as seen with a 0.4kg/ha application
rate, may occur.

A study by Lemerle over three years in New South Wales, Australia, found that for 12 wheat
cultivars tested only one was affected by trifluralin at the recommended rate of 0.4 kg/ha. In
this instance yield was reduced by 9% in one year. However, the high rate of 1.2 kg/ha
reduced yield by an average of 13% for 11 out of the 12 cultivars. Reduction in emergence
occurred in at least one year for all cultivars and seven cultivars had significantly lower mean
plant densities than the control for all 3 years. For all cultivars trifluralin was evenly mixed into
the top 5 cm of soil during incorporation and the seed was sown below this layer (21).

In Victoria, rates of 0.4 and 0.8 kg/ha applied several weeks before sowing reduced crop
establishment at one site in the Mallee for the 6 years in which trifluralin was applied and
depressed crop yield in 1985 only. The 1984 application produced severe thinning and stunting
of wheat but due to low rainfall at the end of the season combined with increased tillering there
was no effect on the yield (1).
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A study in Canada on the tolerance of spring wheat to trifluralin deep-incorporated in the
Autumn or Spring found that compared to the untreated control, yield increased with a rate of
1.0 kg/ha but any greater rate decreased the yield (22). The results from all of the above studics
indicate that high carryover occurring in conjunction with a re-application of trifluralin could put
a wheat crop at risk.

Tolerance of other crops to trifluralin. In a field study in the United Kingdom on three soils,
trifluralin residues were measured two months after applications of 0.25-10.0 kg/ha. At this
time crops sown into the treated soil were beginning to exhibit symptoms of damage (4).
Trifluralin residue concentrations of 0.1 mg/kg caused stunting and poor germination to oats
and barley. Residues of 0.08 and 0.09 mg/kg on two soils respectively caused the same type
of damage to wheat. Ryegrass was similarly affected by concentrations of 0.09 and 0.26
mg/kg in two soils. It is well established that plants only slightly damaged by herbicides will
recover to grow normally with no reduction in final yield (4). However, the severity of the
damage to these species was such that it could lead to yield damage. Although beans, carrots,
lettuce, linseed, maize, onions, parsnip, peas, potatoes and turnip all showed signs of stunting
and root restriction they were much more tolerant to trifluralin than the cereals and ryegrass.

Trifluralin rates of 0.84 and 1.68 kg/ha produced the lowest yields of peas in a trial in
Wisconsin, United States which investigated the relative tolerance of peas to several
dinitroaniline herbicides and the relative effectiveness of weed control (10). Significant
reduction in pea yield compared to untreated plots occurred at the higher rate for two out of the
three years studied.

In a study on oats in Queensland, Australia residues from application rates of 0.84 kg/ha
produced visual damage. Up to a 39.5% reduction in height of the first leaf occurred 7.5
months after application. Mild to severe stunting occurred in 12 of 28 sites (43). Similar
results for oats were seen in New Zealand soils. A 50% reduction in growth was produced by
trifluralin concentrations of 0.65-1.17 mg/kg (26).

As seen by the various studies cited, trifluralin affects sensitive crops from low residual
concentrations up to concentrations obtained with normal application rates and above.
Trifluralin label recommendations take into account the sensitivity of different crops but the use
of trifluralin with sensitive crops poses a certain degree of risk of crop damage, due to climatic
variation. Frost for example can weaken a sensitive crop which may then be affected by
trifluralin residues which it otherwise would have tolerated and vice versa. Dry weather can
prevent the usual degradation of trifluralin to concentrations safe for a particular sensitive crop.

FACTORS INFLUENCING TRIFLURALIN PERSISTENCE IN SOIL

There are many processes involved in the degradation of trifluralin. From its site of application
trifluralin is lost through volatilisation, chemical degradation, microbial degradation,
photodegradation and to a much smaller extent, leaching and runoff. All of these processes are
dependent on the chemical and physical properties of the soil. In general, degradation increases
with increasing temperature and moisture. Both of these factors influence the processes of
volatilisation, chemical degradation, microbial degradation and photodegradation. Adsorption
to soil is also another important factor in trifluralin persistence. Although soil temperature and
moisture are major factors determining trifluralin persistence, if these are held constant
trifluralin persistence will generally increase with increasing organic matter. The factors
influencing trifluralin persistence are dealt with in detail elsewhere (18).

The very high persistence of trifluralin which occurred on a Victorian Mallee soil, 71%
remaining after 52 weeks, indicates the dependence of degradation on soil moisture (19).
During the hotter months of November to March when soil temperatures were sometimes above

50°C the total rainfall was only 37 mm. This meant that although temperatures were high and
hence conducive to degradation, the soil was virtually air dry during the entire time. Laboratory
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studics have indicated that degradation of trifluralin is negligible in this soil when air dry at
30°C (19). During the cooler months 169 mm of rain fell but the average monthly maximum
daily air temperatures ranged from 14.0-23.89C. Laboratory studies have indicated that in this
soil at 20°C and 100% field capacity trifluralin has a half-life of 60 days (19). On this basis
trifluralin would have been expected to have degraded over winter much more than was
indicated by the 71% remaining at 52 weeks. In all but two of the winter months evaporation
was greater than rainfall. This may have contributed to the lack of degradation over winter. In
comparing the 1984 result to other years, the 1985 application year had only 66 mm more rain
but the persistence of trifluralin was only moderate with 16% remaining compared to 71% for
1984. It is therefore postulated that the very high persistence 52 weeks after the 1984
application was due to a combination of factors, which included: trifluralin being strongly
adsorbed in May and June since rainfall was unusually low in these months immediately after
application; low rainfall over the warmer months and low total rainfall just below a crucial level
for optimum degradation processes. Our understanding of the factors leading to increased
persistence is incomplete and as yet we are unable to adequately predict the geographic location
and extent of instances of high persistence. By using computer models to predict herbicide
persistence it may be possible to establish the exact combination of factors which lead to high
persistence.

CONCLUSION

Trifluralin is a useful herbicide for several agricultural and horticultural crops. In general, label
recommendations for its use are conservative and trifluralin does not affect crop yield. From
results of trials conducted over more than one year and at different times of the year it can be
seen that the degree of persistence depends largely on the climate and season of application and
can be quite variable. Some climatic conditions lead to increased persistence. An unusually dry
spell or severe winter may slow trifluralin degradation and lead to high residues in the soil.
Cases of very high trifluralin persistence occurred in a hot dry Australian steppe climate and in a
cold temperate continental climate in Canada. These residues could affect the next crop if
sensitive species are sown. There was no correlation between soil texture and tritluralin
persistence but increasing organic matter content has been linked with increased persistence in
several studies. Due to the different climates, times of application and agricultural practices, it
is difficult to make clear comparisons between studies. It appears that more instances of high
and moderate trifluralin persistence occur in dry and cool climates. Further research is needed
to more clearly elucidate the factors leading to increased persistence in order to predict the
geographic locations and seasonal conditions which may be conducive to high persistence and
hence lead to sensitive crop damage.

Table 1. Persistence categories arbitrarily defined using the percentage remaining at 365 days.
These have been assigned to field studies of varying durations.

DAYS 365# 285 210 154 119 60 30
WEEKS 52 41 30 22 17 9 4
CATEGORY Percentage of trifluralin remaining

Very High  >50% >58% >67% >75% >80% >89% >94%

High 30-50%  39-58%  50-67% 60-75%  68-80% 82-89% 91-94%
Moderate 10-29% 17-38%  27-49% 38-59% 47-67% 68-81% 82-90%
Low <10% <17% <27% <38% <47% <68% <82%

# Categories were arbitrarily set for 365 days and values calculated for shorter times by
assuming that first order kinetics apply for trifluralin degradation.
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Table 2. Summary of trifluralin persistence investigations in Europe , United States, Canada
and Australia. Trifluralin persistence is reported as the amount remaining in the soil at
a given time after application expressed as the percentage of the theoretical amount
applied at the last application. (Some sites had more than one application)

Treatment & Climate ** Country Soil ## Degree of Carry-over Timce after Refer-
Season applied Persistence appl. enee
@@
Field plots Cr Australia CL-SCL LM 4%-11% about 52 wks 19.
Late Autumn Cr Victoria C LM 4%-14%
1983-1988 BS SL L-VH 7%-71%
Field plots BS Australia S L about 10% 4 wks 24,
Winter '82 BS West Aust. L L about 10% 8 wks
Various Cs, DC, DO Western SL,SCL,CL L 1.0-17.3%  21-30 wks 23.
commercial US.A SiCL,SiL
applications DC, Cr, BS Central SL,SCL,CL,C L 1.0-10.0%
Cr, DC Eastern SiL,SiCL,L LM 0.2-30.7%
SL,SCL,CL
Ficeld plots Cr U.S.A. L L 4.2% 18 wks 6.
June '76 Tennessee C L 3.0%
April-May '67 Cr U.S.A. SiCL L 8.6% 52 wks 29.
December '67 Mississippi L 5.3% 48 wks
Field plots BS U.S.A. SiCL M 15% 69 wks 3.
May '71 Nebraska
May '77 Cr U.S.A. SiL L 50% 10 wks 31.
No incorporation Mississippi SL
Incorporated Cr U.S.A. SiL L-H 3-45% 40 wks 30.
2.5-10cm Mississippi depends on
May '67 incorp. depth
Watershed DC U.S.A. LS L 23% * 16 wks 217.
July '74 Gceorgia
1977 Cr U.S.A. SL M 22% 37 wks 20).
Sth Carolina
April '70 Cr U.S.A. - L 6.8% 27 wks 44,
Nth Carolina
Small field plots DC Canada HC LM 5% &16% 52 wks 37.
May 72 & '73 Western SL LM 9% & 17%
SiL M-H 19% & 35%
October '71 & '72 1971 1972
Small field plots DC Canada SL VH-M 71% & 31% 30 wks 33.
Saskatchewan HC VH-M  71% & 32%
SiC VH-H 71% & 55%
Continued over
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Trcatment & Climate ** Country Soil ## Degree of Carry-over “Time after Refer-
Scason applicd Persistence appl. enee
@@
May 71 & '72 SL L 14% & 14% 21 wks
Small field plots HC L 12% & 8%
SiC L 31% & 24%
June '74 DC Canada SL M 17% 50 wks 25.
Manitoba CL M 26%
Winnipeg C M 20%
November '77 DC Canada LS H 47% * 52 wks 15.
May 78 Nova Scotia VH 74% * 26 wks
November ‘77 LS M 29% * 52 wks
May '78 M 449, * 26 wks
77 78 19
May DC Canada HC L-M-M 6% 10% 20% 52 wks 1.
77,78, 79 Saskatchewan SL L-M-M 7% 13% 25%
Small field DC Canada HC L-M  20%-57% 34 wks 38.
September '76-'81 Saskatchewan SL L-M 20%-49%
April '79 & 80 EC Canada CL L 50% 17-25 wks 8.
Southwestern  SL L 50% 9-11 wks
Ontario SL L 50% 10-17 wks
Small field plot 1977 1978
May 77 & 78 DC Canada HC L 19% 16% 20 wks 34,
Saskatchewan SL L 9% 20%
May '79,'80,'81 '79 '80 '81
Small field DC Canada HC M-M-L 40% 53% 16% 22 wks 39.
plots Saskatchewan SL L-M-L 33% 39% 13%
Small field plots DC Canada HC L 11% 22 wks 32.
May Saskatchewan  SiC L 21%
May '78 DC Canada LS M 50% 20.5 wks 14.
June 79 Nova Scotia M 50% 23 wks
May '78 SL M 50% 23 wks
June '79 M 50% 21 wks
April '76 DO United Kingdom SL M about 65% 17 wks 41.
May '76 Warwick M about 60%
May '77 M about 57%
Autumn '78 DC Norway As L LM 30&50%# 17 wks 40.
Two rates EO Holt LS L-L 20 & 10% # 14 wks

Legend - see over
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Table 2. Legend

* Persistence expressed as a percentage of the amount determined in the soil immediately after
application.

# The result was converted to the appropriate form using a soil bulk density of 1.0 and the rate
applied.

** Climate categories (28).

Climates are classified from A-F in the order of generally declining temperature at sea level
from the equator to the poles with the exception of the dry climates, designated B.

Category Description

BS - Steppe climate, evaporation exceeds precipitation
Cr - Subtropical rain climate, 8-12 months over 9°C, no dry season
Cs - Subtropical summer rain climate, 8-12 months over 9°C, summer rain

DC - Temperate continental climate, 4-7 months over 9°C, Mean temperature of coldest
month less than zero

DO - Temperate oceanic climate, 4-7 months over 9°C, Mean temperature of coldest
month above or equal to zero.

EC - Subarctic continental climate, 1-3 months over 9°C, Mean temperature of coldest
month less than -10°C

EO - Subarctic oceanic climate, 1-3 months over 9°C, Mean temperature of coldest
month above or equal to -10°C

## Soil texture

C -clay CL - clay loam HC - heavy clay S -sand
SC - sandy clay SiC - silty clay SL - sandy loam SCL - sandy clay loam
SiCL - silty clay loam  SiL - silty loam L - Loam LS - loamy sand

@@ Degree of persistence
Refer to Table 1 for details of persistence categories.
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