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Annually about 2500 ha of onions are produced in Ontario 
worth an estimated value of $13 to 25 million depending on 
the market price which has been shown to fluctuate widely 
from year to year (OMA 1986, 1987). Production is largely 
confined to the marsh areas where the land has been cleared 
and is intensively cultivated for vegetables. Most of these 
marshes are below natural surface water levels. Banks, 
canals and ditches have been constructed to control flooding 
and facilitate irrigation and drainage of the areas. Water 
being removed from the systems is pumped from ditches to 
rivers or canals above the marsh. Tolman et al. (1986) have 
shown that a critical part of onion production is the control 
of weeds. Onions have been shown to be weak competitors with 
weeds and without herbicides it is difficult to produce any 
marketable crop. Over the last decade several major 
herbicides, used for controlling broadleaf weeds, have been 
deregistered because of health concerns or removed from the 
marketplace because of low sales volumes. These include: (i) 
allidochlor (Randox), (2) nitrofen (Tok), (3) ioxynil 
(Totril) and (4) aziprotryn (Masoranal). Research into the 
efficacy of oxyfluorfen (Goal) has shown this herbicide to be 
an effective replacement for the control of broadleaf weeds 
in the emerged crop (Yih and Swithenbank, 1976; Beste et al., 
1983). However there is a lack of data on the dissipation of 
residues on onions and in organic soils under Canadian 
conditions. This study was intended to address some of these 
needs. 

~ B S  AND MATER/AIS 

Field experiments 1 and 2 were conducted during 1985 and 
1986. The onion, cultivar, Rocket, was seeded into plots on 
an organic soil at the Research Station, Kettleby on the 
Holland Marsh north of Toronto. Plots i0 m x 3.4 m were 
included in a randomized block of four replications. Seeding 
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occurred on 3rd and 4th May respectively in the two years 
using a four row precision planter, plots consisted of 8 rows 
0.4 m apart. Onions emerged during May and were in the six 
leaf stage on 12 and i0 July respectively in 1985 and 1986 
when oxyfluorfen was applied. Oxyfluorfen was formulated as 
an emulsifiable concentrate sold under the trade name of 
Goal R and contained 192 g ai L -I of oxyfluorfen. The rates 
of application of ox~fluorfen was 120 and 240 g ha -I in 1985 
and 60 and 120 g ha -• in 1986 (Table I). The treatments were 
applied with a boom-type sprayer that delivered 550 L ha -I of 
water at a pressure of 140 kpa. Onions were pulled at 
several stages of development up to normal harvest time at 
day 70 after treatment and analysed for residues (Table i). 
Onions were also sampled from storage and analysed. Soils 
were collected at the same time onions were sampled in the 

Table i. Residues of oxyfluorfen on onions grown on organic 
soils following application on 12 July 1985, i0 July 1986 and 
29 June 1987 in the six leaf stage, Research Station, 
Kettleby, Ontario (field experiment I, 2, 4). 

Days after 

Application 

1985 oxyfluorfen residue in onions mg kg -I 

120 g ha -1 240 g ha -I 

0 0.63• i.i0~_0.23 
i0 <0.05 <0.05 
701 <0.05 <0.05 

1986 
60 g ha -I 120 g ha -I 

0 0.33+0.05 0.38• 
ii <0.05 <0.05 
40 <0.05 <0.05 
701 <0.05 <0.01 

1987 
60 g ha -I 120 g ha -I 

0 0.15• 0.71• 
i0 <0.05 <0.05 
25 <0.05 <0.05 

i001 <0.05 <0.05 

iIn 1985 sanples taken in storage on days 109, and 139 after 
treatment, residues <0.05 mg kg -I, in 1986 additional samples 
were taken on days 20, 34, and 56 in field and days 105 and 
133 in storage and residues were <0.05 mg/kg, in 1987 
additional samples were taken on days 50 and 75 in the field 
and no residues were detected. 
2Mean + S~4 
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field and sent for chemical analyses. The depth of sanpling 
was 0 to 5 cm. Onion and soil sanples were stored frozen at 
-20 C until analysed. 

Four sites were selected for field experiment 3 on four 
separate farms located on the Holland Marsh where onions had 
been planted on four separate dates 19 and 25 April and 4 and 
5 May 1987 (Table 2). Sites 1 and 2 were sprayed with 
oxyfluorfen at 120 g ai ha -I on 29 May when the onions were 
in the first and second true leaf stages respectively. Site 
3 and 4 were sprayed on the 9 June with 120 g ai ha -• of 
oxyfluorfen (625 ml ha -I of Goal R) when onions were in the 
third and fourth true leaf. The herbicide was applied in 550 
L of water per ha at site 3 and 800 L ha -I at the other three 
sites. Onions and soil samples were taken between day 0 and 
i0 following treatment. 

O/itivar Rocket was seeded into replicated plots in field 
experiment 4 at the Research Station, Kettleby on i May 1987. 
The same early procedures were followed as in Experin~nts 1 
and 2. Onions emerged during May and were in the second true 
leaf stage when the first application of oxyfluorfen was made 
on 9 June with 60 g and 120 g ai ha -I (312, 625 ml ha -I of 
GoalR). Applications were repeated at the two rates on 15, 
23 and 29 June 87 at which time the onions were in the 4-5 
true leaf stage. Samples of onions were taken following the 
fourth application and then at intervals up to harvest (Table 
2). Samples of organic soil were taken before and after the 

Table 2. 1 ~  of c~kg-fltri'f6n (%1 cr~ c~ cn ~ soils f~l I c~/rg 
~ w i t h  oqfkrxg~ cn 29 lVhy (1-2 lesf stag~) ~c] 9 Jl/qe 
(3-4 16nf sty) 1987, an] 21 June (3-4 lesf sty) 1988, MJCk I ~  
Stad~, mtti4~z, ~ (fi~1a ~ 3, 5). 

eqflu~f~ in 

t~u~s~t m~ kT i rainmU afta~ m~ kT I_ rainfan 
(120 g I ~ - i )  2 (re'n) ~ (60 g ha -~I) (Iml) 

0 1.22 + 0.221 1 0 0.19 + 0.03 0 
i 0.51 + 0.08 1 1 0.09 _+ 0.01 11 
2 0.33 + 0.04 3 2 0.06 _+ O.Q2 11 
4 0.16 + 0.03 20 3 0.06 _-F 0.01 11 
6 <0.06 26 4 0.04 _+ 0.01 11 
8 <0.05 31 5 0.03 _+ 0.01 Ii 
I0 <D.05 39 6 ~3.01 Ii 

H~f ~fe 
1.6d 

Bs~m=~n ~q~_kn log y = -0.048 - 0.190 x 
r = n  ~a = o .97  

1,7 d 
= -0.772 - 0.177 x 
F=~ ~=0.~ 

+ :~M la~iclJe 
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'1Nale 3. ~ i a , ~  of c W n m r f ~  in Gvmic sail folkwin:j ~:p]i ,~/crs  cn 
12 July 1985, 12 July 1986 a-d 29 Jtre 1987, tb:~rt:h ~ ,  
N e b ] ,  I : l tarb (flola ~ 1, 2, 4) 

Y(~ir I~ 9 (Z/fh.rlfui in soil (lll:] ]g-l) _i%!~__~ 

(Soil d~dgl) after 120 ]g ha -I 240 ]g ha -I rainfall 

~:p]Jcatklns @1 ic~dt.i~n (ran) 

1985:12 July 
0-]5 cm 
cl]e 

tzsahmrt 

1986:I0 July 
O-5cm 
clqe 

tl'Emtlmrt 

0 0.32 __+ 0.07 0.77 __+ 0.]5 0 
i0 0.35 __+ 0.05 0.78 __+ 0.22 55 
40 0.25 __+ 0.06 0.67 __+ 0.12 150 
70 0.20 __+ 0.07 0.60 __+ 0.Ii 250 
120 0.13 _+ 0.04 0.34 + 0.Ii 331 

y = =O.499-0.004X -0.077 - 0.003X 

r:m4, ~ = 0.99 r:34, 12 = 0.96 
}{a]f life 86 103 

60 k:j" 1"~ -1 120 k ]  h~ -I 

0 0.69 _+ 0.07 0.92 __+ 0.18 0 
L1 0.66 _+ 0.07 0.94 _+ 0.12 63 
20 0.45 _+ 0.03 0.55 _+ 0.05 89 
34 0.31 __+ 0.05 0.39 __+ 0.02 165 
40 0.30 __+ 0.01 0.43 __+ 0.01 197 
56 0.14 + 0.(]2 0.30 + 0.04 258 
70 0.13 __+ 0.02 0.20 + 0.03 375 
1(:]6 0.05 __+ 0.01 0.13 --I- 0.[~ 507 
133 <]0.05 0.05 __+ 0.01 527 
Img y = -O.]54-0.010 X = -0.(]21-0.009 X 
F = 254, 12 = 0.99 F = 279, 12 = 0.99 

Hajji life 30 d 33 d 

1987:29 Jtre 
(0-]5 c=) 
f a ~  
t:zEstmmts 

60 k: 3 ?'a -1 120 k ]  ha -I 

0.13 __+ 0.03 0.21 __+ 0.05 
0 0.34 __+ 0.02 0.55 __+ 0.08 0 
i0 0.25 __+ 0.(]2 0.39 __+ 0.i0 0 
25 0.21 _+ 0.112 0.31 _+ 0.03 60 
50 0.]9 -I- 0.03 0.24 _+ 0.01 135 
75 0.19 _+ 0.04 0.26 _+ 0.06 163 
i00 0.ii _+ 0.01 0.19 _+ 0.03 218 
(301) (0.11+ o.m) (0.18 _+ 0.04) (593) 
Img y = -0.525-0.004x = -0.291-0.004x 
F = 24, r 2 = 0.93 F : 19, 1 "2 = 0.901 

}hlf life 78d 69d 
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four applications and then at various intervals up to hmrvest 
and again in the spring of 1988. Cultivar Rocket was seeded 
into replicated plots in field experiment 5 at the Research 
Station Kettleby on 3 May 1988. The same procedures were 
followed as in Experiments 1 and 2. Onions emerged during 
mid May and were in the 3-4 true leaf st@ge when treated with 
oxyfluorfen on 21 June with 240 g ai ha -I (1260 ml ha -I 
GoalR). Onion samples were collected daily following 
application for the first 7 days (Table 2). 

Organic soil at the Research Station Kettleby was treated 
with oxyfluorfen at 720 g ai ha -I on 21 June 1988 in field 
experiment 6. Samples were collected prior to treatment to 
detemnine if any residues were present on the site. A 
replicated randomized design was used and application was 
made using the spray equipment described above under 
Experiments 1 and 2. Samples of organic soils were collected 
from three depths, namely 0-5, 5-10 and 10-15 cm. Water 
sanples were collected at weekly intervals between 7 July and 
i0 August 1988 from a manhole draining the plot area on the 
Research Station. 

Thirty grams of onions and 50 g of air dried organic soil 
were extracted twice with dichloromethane by shaking. Air 
dried organic soil contained 64-70% moisture. The extracts 
were then cleaned up on a neutral aluminum column. The 
purified extracts were taken up in benzene after evaporation 
and residues were determined on a Perkin Elmer 8320B 
capillary gas liquid chromatograph equipped with a nitrogen 
phosphorus detector. The column was a DB-5 fused silica 
capillary column 0.25 ~n x 30 m with a 0.25 m coating 
thickness and programmed over the range of 60 to 225 C. 

Recoveries of oxyfluorfen from both onion and soil samples 
fortified at levels of 0.12 and 0.24 mg kg -I were 80 to 95%. 
The limit of detection was 0.05 ~]/kg for both onions and 
soil samples. Residues in soil were corrected for moisture 
content. 

RESULTS AND D ~ I O N  

The results of analyzing onions in field experiments i, 2, 3 
and 5 conducted in 1985, 1986, 1987 and 1988 respectively, 
appear in Table 1 and 2. On day 0 residues of oxyfluorfen 
were detected on onions in all fourlYears. Initial residues 
varied between 0.15 and 1.22 mg kg- and were correlated to 
rate of application which varied from 60 to 240 g ha -I. In 
experiments i, 2 and 4 the second sampling date was between 
i0 days following treatment and residues of oxyfluorfen were 
already below the detection limit of 0.05 mg kg -I. No 
residues were detected subsequently following sampling up to 
hm_rvest time and taken from storage. 

In exper~ts 3 and 5 initial residues of 1.22 and 0.19 mg 
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kg -I declined below the detection limit in six days. A half 
residue disappearance was calculated at i. 7 days with a first 
order regression equation (Table 2). The residue decline did not 
appear to be correlated to rainfall. In both experiments residue 
appeared to decline the greatest when no rainfall occurred. 

Oxufluorfen residues in organic soil varied with the rate of 
application between 60 and 720 g ha -I and the depth of sampling 
between 0-15 can. The data collected appear in Tables 3 and 4. 
The organic soil had a density between 0.2 and 0.3 g ml -I and the 
soil weighed between 0.30 and 0.45 x 10 6 kg ha -I to a depth of 15 
ore. The theoretical concentration in the upper 15 om of organic 
soil was 0.30 or 1.02 mg kg -I in the upper 5 cm from an 
application of 120 g ha -I. Initial concentrations indicated 
there was little or no loss during application. 

Table 4. l~irlues of c~;fluc~'f6n in c ~  so~/s f~l 1 ~ a ~ 
of 720 g Gn 21 June 1988, Ra~srd~ ~ ,  Fettleby ~p~dm3~ 6). 

e,yfl.~xc,~, ~:~i,-h~ in ~ soils ( ~  kj  -I) n:xxm.na~ 

0--5 an 5-10 Qu 10-15 an 0-15 an rainfall (ran) 

- 5 <0.05 <0.05 <0.05 <0.05 
0 4.5 0.93 0.41 1.96 _+ 0.15 0 
i0 3.98 1.45 0.82 2.08 _+ 0.17 ii 
30 3.85 1.45 0.82 2.04 _+ 0.14 53 
50 2.03 0.82 0.77 1.21 _+ 0.05 106 
99 1.65 0.48 0.26 0.80 _+ 0.05 265 
134 1.83 0.48 0.29 0.60 _+ 0.08 346 

H~]f life 70 d 
Iog y 0.345 - 0.004x 

F=71, r=0.97 

Iw~_y staples of ~ a~]]ectsd f~m tile drairsge %~re helcw 0.i 
~L -I a~i~ ar~ ~ ~ in~i~. 

Regression analysis showed that a best fit for the disappearance 
of oxyfluorfen was a Log y = a + bx equation. The half life 
disappearance from the upper 15 om of the soil ranged from 30 to 
103 days and varied with the year. The diappearance appeared 
rapid in 1986 at 30 days while in 1985 the time was considerably 
longer at 86 and 103 days. 

Oxyfluorfen used as a post emergence herbicide on onions and 
weeds declined to non detectable levels within six days of 
application at rates between 60-120 g ai ha -I. Half residue 
disappearance was within 1.7 days. Fadayomi and Warren (1977b) 
reported that there was very little movement of oxyfluorfen from 
the roots to the shoots of pea (Pisum sativum L. ) or sorghum 
(Sorqhum bicolor (L.) Moench) and almost all the applied 
herbicide to the foliage of green bean (Phaseolus vulqaris L. ) 
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and soybean (Glycine max (L.) Merr. ) remained at the point of 
application. This would explain the fact that while residues 
were present in the soil residues did not appear in onions once 
the foliar treatments disappeared. It was also reported that 
oxyfluorfen was very resistant to removal by rain and it was not 
readily metabolized in plants (Beste et al., 1983). The rapid 
loss from onions suggested either rapid metabolism or 
volatilization from the plant. 

Fadayomi and Warren (1977a) repol~ced that oxyfluorfen was readily 
adsorbed into muck soils and this resulted in a rapid loss of its 
bioactivity. The half life disappearance in the upper 15 cm of 
the soil profile ranged from 69-103 days. The fact that a 
shorter half life disappearance in the surface 0-5 cm suggested 
movement vertically contributed to disappearance. It was evident 
in one experiment that when soils were analysed in October and 
then in April the following year no decline in residue occturred 
over the winter months. 

A preliminary report indicated thatmicrobiological degradation 
was not ~major route of breakdown andhalf life in soilwas 30 
to 40 days (Beste et al., 1983) however this appeared to be on 
mineral soils. 

Fadayomi and Warren (1977a) reported that oxyfluorfen was held 
tightly against desorption on muck soils and less than 2% of the 
parent material was found in leachate. In this study no residues 
of oxyfluorfen were found in the tile drainage water leaving the 
treated area. 
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