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When a pesticide residue remains in contact with f ield soils for 
prolonged periods a phenomenon known as aging, or weathering, can 
occur. Although the mechanisms involved during the aging process 
are poorly understood, i t  is generally considered that physical 
forces result in an increased adsorption of the chemicals to soil 
colloids (Adams 1973; Chiba 1969; Hamaker and Goring 1976; Saha et 
al. 1969). I t  has also been noted (Adams 1973; Khan 1973) that 
with time a diffusion of pesticide molecules into the inter ior of 
clay and humic colloids may occur. Such mechanisms can provide 
protection from microbial decomposition in the soil by reducing 
the concentration of the chemical in the soil solution; though 
this may not occur in every case (Hurle and Walker 1980). 

Byast and Hance (1981) have measured the decomposition rates of 
aged residues of the herbicides linuron and simazine under labora- 
tory conditions and compared these data with those from freshly 
applied residues. I t  was noted (Byast and Hance 1981) that aged 
residues of linuron disappeared more slowly from the soil than 
freshly applied chemical, whereas simazine underwent breakdown at 
similar rates whether the residues were aged or freshly added. 
These results were explained (Byast and Hance 1981) on the basis 
that the avai labi l i ty  of linuron, but not simazine, could have 
been reduced in the case of the aged residues as a result of an 
increased adsorption of linuron to the soi l .  

The soil-applied herbicide t r ia l la te  is extensively used on the 
Canadian prairies and in Saskatchewan, alone, over 20% of cropland 
sown to cereal and oilseed crops receive treatments with the chem- 
ical (Smith 1982). The herbicide is persistent and carry-over of 
residues from one crop year to the next occurs (Smith 1982). Tri- 
allate is also strongly adsorbed to soil organic matter (Grover et 
al. 1979) and has soil adsorption constants similar to those for 
linuron (Grover et al. 1979; Hance 1965, 1967). 

In the experiments to be described, the rates of breakdown of t r i -  
allate residues present in a clay field soil that had been treated 
with the herbicide 6 months and 12 months previously were compared 
to the dissipation rates in the same soil containing fresh herbic- 
idal treatments, to determine whether the avai labi l i ty  of the her- 
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bic ide to microbial degradation is changed with aging of the res i -  
dues in f i e ld  s o i l .  

MATERIALS AND METHODS 

The f ie ld soil was a clay of the Regina Association, classif ied as 
a Dark Brown Chernozemic, Rego Dark Brown and had a composition of 
69% clay, 26% s i l t  and 5% sand. The organic carbon content was 
4.2%, the soil pH was 7.7, and the wi l t ing point and f ie ld  capac- 
i t y  moisture levels were 20 and 40% respectively. 

A commercial formulation of t r i a l l a t e  was applied to the soil sur- 
face at a rate of 1.4 kg/ha during the second week of May, 1983, 
and harrowed in immediately to a depth of 5 cm. Four hours after 
application a second harrowing, at right angles to the f i r s t ,  com- 
pleted soil incorporation. Part of the f ie ld was le f t  untreated 
to allow collection of herbicide-free soi l .  Both treated and 
untreated areas were seeded with wheat (Triticum aestivum var. 
Neepawa). 

After 6 months, 50 cores (7.5 cm in diameter) were randomly col- 
lected from the top 7.5 cm depths of the t r ia l la te- t reated f ie ld 
soil and pooled. Immediately after collection, the soil was pour- 
ed 20 times through a Riff le sampler to thoroughly mix the soil 
and evenly distr ibute the remaining t r i a l l a t e .  A similar number 
of soil cores were collected from the herbicide-free areas of the 
f ie ld  and, after mixing as described, used for control purposes. 
Replicate samples (4 x 50 g) of the treated and untreated soils 
were analyzed (see later) for t r i a l l a t e  content. The former con- 
tained 0.53 + 0.03 ~g/g and the la t ter  <0.01 ~g/g. 

Samples (50 g) of the t r i a l l a t e - con ta i n i ng  f i e ld  so i ls  were weigh- 
ed into 175-mL capacity foam cartons and moistened to 85% of f i e ld  
capaci ty.  The cartons were loosely capped, to reduce moisture 
evaporation but allow a i r  exchange, and incubated in the dark at 
20 + I~ For comparative purposes, samples (50 g) of the herbic- 
ide-Zfree soi l  were treated with a solut ion of t r i a l l a t e  (26.5 uL; 
1.00 mg t r i a l l a te /mL  methanol) so that the herbicide concentration 
in the control so i ls  was the same as in the soi ls  containing the 
aged residues. Af ter  thorough s t i r r i n g  to evenly d i s t r i bu te  the 
herbicide throughout the so i l ,  d i s t i l l e d  water was added to moist- 
en the control so i ls  to 85% of f i e l d  capacity,  the cartons were 
loosely capped, and placed in the dark in the incubator with the 
cartons containing the samples of aged residues. D i s t i l l e d  water 
was added to al l  cartons (by weight) every second day to maintain 
moisture levels .  Duplicate samples from both treatments were 
extracted and analyzed for t r i a l l a t e  remaining a f ter  I hour and 
then a f te r  7, 14, 28, 42, 63 and 84 days. 

Af ter  12 months, treated and control so i ls  were again col lected 
and thoroughly mixed as described. The t r i a l l a t e  content of the 
treated f i e l d  soi l  (based on 4 x 50 g samples) was 0.40 + 0.02 
~g/g. Thus, control soi l  samples (50 g) were treated with 2~-vL of 
the t r i a l l a t e  solut ion to give the same concentration as for the 
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aged residues. As before, soils (50 g) containing the aged and 
freshly applied t r ia l la te  were moistened to 85% of f ield capacity 
and incubated together at 20 + 1~ Duplicate samples were 
extracted and analyzed for herbTcide remaining after 1 hour and 
then after 7, 14, 28, 42, 63 and 84 days. 

At every sampling time, the soil from each carton was extracted 
with 20% aqueous acetonitri le containing 2.5% of glacial acetic 
acid using an overnight extraction procedure. Triallate was part- 
itioned into hexane and quantified gas chromatographically. Full 
details of the extraction and analysis have been described (smith 
and Milward 1983). 

RESULTS AND DISCUSSION 

When pesticide residues are aged and become more strongly adsorbed 
onto soil colloids they also become more resistent to solvent 
extraction (Chiba 1969; Saha et al. 1969; Smith 1978, 1981; Smith 
and Milward 1983), so that choice of extraction procedure for the 
recovery of aged t r ia l la te  residues from the f ield soils was 
important. A previous study has indicated (Smith and Milward 
1983) that aqueous acetonitrile containing a small amount of glac- 
ial acetic acid, in combination with an overnight extraction pro- 
cedure, consistently recovered more aged t r ia l la te  residues from a 
variety of soils treated one year previously with the chemical 
than did several other solvent systems and extraction processes. 
Thus, this method was adopted for the present study to ensure 
eff icient recoveries. 

I t  has been demonstrated that t r ia l la te  can be lost from treated 
soils by both biological processes (Banting 1967; Smith 1969) and 
by volat i l izat ion (Banting 1967; Beestman and Deming 1976; Grover 
et alo 1981; Jury et al. 1980). However, in the present studies, 
biological losses were assumed to predominate since the research 
of Jury et al. (1980) has shown that over a 30-day period vo la t i l -  
i t y  losses of t r ia l la te  from the surface of moist soils, into 
which the herbicide had been incorporated, were less than 5% of 
that applied. I t  was also noted (Jury et al. 1980), that because 
t r ia l la te  is so strongly absorbed to soi l ,  upward movement of the 
herbicide to the soil surface did not occur; consequently, vola- 
t i l i t y  losses of t r ia l la te  from the soil surface rapidly decreased 
with time. In the present study the soils remained undisturbed 
and water added to maintain the moisture levels was allowed to 
distribute i tse l f  by percolation and diffusion. 

To preclude any effects resulting from adaption of soil microflora 
to degrade the herbicide, the field soils had received no previous 
treatments with t r ia l la te .  Prior to incubation, control soils 
were treated at the same rates as those remaining in the treated 
f ield soils to obviate any herbicide concentration effects that 
might affect the rates of degradation. 

The results of the biological degradation of aged and freshly 
applied residues of t r ia l la te  under laboratory conditions in the 
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clay at 20 + I~ and 85% of f ield capacity moisture are summarzied 
in Fig. 1. --All degradation data followed first-order kinetics and 
in all cases the regression mean square was greater than 0.98 
(Table 1). The linear regression equations for the degradation of 
t r ia l la te ,  together with the hal f - l i fe values (T�89 for the herbic- 
ide in the soils, are compared in Table I .  From the results (Fig. 
1; Table 1) i t  can be calculated that at each sampling date there 
was no significant difference in the breakdown rates of aged and 
freshly applied t r ia l la te  in soi l .  There was a slight difference 

Table 1. Equations and hal f - l i fe  values for the degradation of 
aged and freshly applied residues of t r ia l la te  in a clay soi l .  

Treatment Log (% t r ia l  I ate) at T days RMS* T�89 

Aged 6 months 1.99 - 0.00633T 0.99 45 
Fresh comparison 2.00 - O.O0700T 0.99 43 

Aged 12 months 2.00 - 0.00774T 0.99 39 
Fresh comparison 1.98 - 0.00773T 0.98 37 

* Regression mean square. **Half- l i fe in days. 

(significant at P = 0.05) between breakdown rates of t r ia l la te  in 
soils collected after 12 months compared to those sampled at 6 
months. This difference could be attributed to a sl ightly greater 
population of microbial degrading organisms in the soil in the 
spring of 1984 than was present during the fall of 1983. 

From these studies i t  would appear that t r ia l la te  is similar to 
simazine rather than linuron (Byast and Hance 1981) in that aged 
residues degrade in the soil at a similar rate to that of freshly 
applied herbicide. This suggests that soil adsorption does not 
signif icantly reduce the avai labi l i ty  of t r ia l la te  to microbial 
degradation. 
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