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Abstract 

Fluridone and simazine were sprayed in field experiments on coarse and humic sandy soils 
in spring or in late autumn, and hexazinone on coarse sand in spring. After a spring applica
tion, over an eight-month period, fluridone and hexazinone were detected by bio-assay in the 
profile of coarse sand from 0 to 60 cm, whereas simazine did not leach below 15 cm. Both 
fluridone and simazine were found to a depth of 60 cm in coarse sand after an application 
in late autumn. Thus, at winter conditions the transformation rate is not fast enough to pre
vent leaching of fluridone and simazine to deeper soil layers after autumn application. 
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Introduction 

On sandy soils with a very low organic matter content, adsorption of herbicides 
might be too low to prevent leaching and subsequent contamination of ground 
water. This may be illustrated with results obtained by Zandvoort et al. (1980), who 
found that in a sand bed of a railway track with a low content of organic matter, 
bromacil penetrated to depths around 100 cm. 

Since bromacil can contaminate ground water, we began looking for alternatives. 
Fluridone and hexazinone were chosen for testing because of their different solubili
ty in water and their spectrum of weed control. Simazine was included as a reference 
substance. 

Leaching will be favoured by weak adsorption and by conditions which retard 
degradation. Fluridone is adsorbed strongly to organic matter and will only partly 
desorb (Weber et al., 1986). Adsorption of simazine correlated very positively with 
organic matter content (Talbert & Fletchall, 1965). Despite repeated washings, 10 % 
of simazine was not released. Rhodes (1980) and Bouchard & Lavy (1985) found a 
weak adsorption of hexazinone in loamy soils. Fluridone has a long persistence and 
is degraded by micro-organisms (Banks et al., 1979). Degradation is retarded by 
lowering the temperature, as has been found for simazine (Walker, 1976) and hex-
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azinone (Bouchard et al., 1985); and by lowering the soil moisture content, as has 
been found for simazine (Walker, 1976). 

From the available data on sorption and transformation of fluridone and hexazi-
none, leaching of these herbicides from railway beds cannot be excluded. Therefore 
in the present study their leaching from coarse sandy soils was studied under field 
conditions. A few experiments were done on a normal agricultural soil. 

Materials and methods 

Field experiments on coarse sand beds of a railway track were laid out near Maarn 
in 1980 and Eist (Gelderland) in 1981/1982. The experiment on humic sand was situ
ated on an agricultural field near Wageningen in 1981. Organic matter content in 
the 0-10 cm layers of soil was 2.4, 1.0 and 2.0 %, clay content 3, 2 and 6 %, and 
the moisture content at field capacity 11, 5.5 and 15.5 % for the Maarn, Eist and 
Wageningen soils, respectively. 

The sites were divided into four blocks with randomized treatments and kept free 
from vegetation. Commercial wettable powder formulations were applied in coarse 
droplets in 600 litres of water per hectare from a propane knapsack sprayer. 

Fluridone and simazine were sprayed in spring at Maarn in dosis of 2.5 kg ha1, 
at Eist in doses of 2 and 4 kg ha ', respectively, and at Wageningen in doses of 2 
kg ha-'. At Eist, simazine and fluridone were sprayed in doses of 2 kg hain au
tumn. Hexazinone was sprayed at Eist in spring in a doses of 3 kg ha-'. 

Soil samples for residue analysis by bio-assays were collected as described by 
Zandvoort et al. (1980). 

Simazine in soil samples from Maarn and Wageningen was detected by bio-assay 
using a nutrient solution with fodder radish (Raphanus sativus L. spp. oleiferus 
(DC.) Metzg.) cv. Siletina (Zandvoort & Braber, 1981). Residues of fluridone were 
detected with oat plants (Avena sativa L. cv. Condor) grown in the samples as 
described by Zandvoort et al. (1979). Simazine and hexazinone in the Eist soil was 
detected in the same way. The plants were exposed to the nutrient solution or to the 
soil samples during 3 or 4 weeks. The detection limit of fluridone and hexazinone 
was 0.02 mg per kg dry soil and of simazine 0.07 mg per kg dry soil. In some samples 
with levels of fluridone below the detection limit, symptoms (retardation of growth 
and chlorosis in combination with a transverse constriction in the middle of the 
leaves) typical of its presence were observed in the test plants. 

Results 

After an application in spring (Fig. 1), residues of fluridone and simazine in humic 
sand at Wageningen were found mainly in the layer 0-5 cm, especially the upper 2 
cm. The concentration decreased below the detection limit at a depth of 10 cm. For 
fluridone, 15 % of the total applied mass was recovered after 4 months, and for 
simazine 20 % after 5 months. 

Fluridone and simazine residues in coarse sand samples from Eist and Maarn were 
found mainly in the top 10 cm. Only small quantities of these herbicides were 

258 Netherlands Journal of Agricultural Science 37 (1989) 



> 

LEACHING OF FLURIDONE, HEXAZINONE AND SIMAZINE IN SANDY SOILS 

mg/ kg dry soil 

1.20 

1.00 

0.80 

0.60 

0.40 

0.20 

0.00 

Fluridone after spring application 

w 
w 

M 

II 

• 50 - 60 cm 

H 40 - 50 cm 

H 30 - 40 cm 

I 20 - 30 cm 

Ü 15-20 cm 

H 10-15 cm 

I 5 -10 cm 

• 0 - 5 cm 

mg / kg dry soil 

3.00 

2.50 

2.00 

1.50 

1.00 

0.50 

0.00 

W 

2 3 4 5 6 

Simazine after spring application 

w 

w 

8 months after application 

W 

H 15-20 cm 

H 10-15 cm 

H 5 -10 cm 

D 0 - 5 cm 

mg/kg dry soil 
3.5 

3 

2.5 

2 

1.5 

1 

0.5 

0 

Hexazinone after spring application 

7 months after application 

B 50 - 60 cm 

• 40 - 50 cm 

• 30 - 40 cm 

H 20 - 30 cm 

H 15 - 20 cm 

H 10-15 cm 

B 5-10 cm 

I I • 0 - 5 cm 

1 2 3 4 5 6 7 months after application 

Fig. 1. Average amount of active ingredients of herbicides in different soil layers (mg kg-1 dry soil) 
during 8 months after spring application of fluridone in doses of 2.5 kg ha1, 2.0 kg ha-> and 2.0 kg 
ha1 at Maarn (M), Eist (E) and Wageningen (W), respectively, and of simazine in doses of 2.5 kg 
ha1, 4.0 kg ha-1 and 2 kg ha-' at Maarn, Eist and Wageningen, respectively, and of hexazinone in 
a dosis of 3 kg ha-1 at Eist. 
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Fluridone after autumn application 
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Fig. 2. Average amount of active ingredients of fluridone and simazine in different soil layers (mg kg -1 

dry soil) during 8-11 months after autumn application of fluridone and simazine in a dosis of 2 kg ha-1 

at Eist. 

present in the next 10 cm. Traces of fluridone penetrated to depths of 60 cm at Eist. 
The total amount of fluridone recovered at Eist decreased to 40 % in 3 months and 
at Maarn to 3 % in 8 months. At Eist that of simazine decreased to 4 °7o of the ap
plied dose in 6 months and at Maarn to 40 % of the applied dose in 2 months. Hex-
azinone residues in samples from Eist were recovered mainly in the top 10 cm and 
in small quantities in samples from deeper layers. The total amount recovered 
decreased to 3 % of the applied dose in 7 months. 

After an application in autumn (Fig. 2) fluridone and simazine in a coarse sand 
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were detected to a depth of 60 cm in the following summer. In 11 months the residue 
for fluridone decreased to 30 % and for simazine to 30 % in 7 months. The disap
pearance was faster in spring than in winter. 

Discussion 

The highest concentrations of fluridone and simazine were found in the top 10 cm 
of the soil profile at Maarn and Eist and in the upper 2 cm at Wageningen. As the 
content of organic matter was the highest in these layers, these results correspond 
with the results of Talbert & Fletchall (1965) and Weber et al. (1986). 

Although total rainfall was nearly the same in the first month after the spring ap
plication (about 35 mm), leaching of both herbicides at Maarn was less than at Eist, 
due to the higher content of organic matter in the top layer at Maarn. 

At Eist, fluridone and in particular simazine leached more after autumn than 
spring application. The rainfall in the first period after spraying in autumn was 
higher than after the spring application. Moreover, evaporation of a bare soil is low
er in autumn than in spring and consequently the excess of rainfall over evaporation 
was higher in autumn than in spring. The low temperature in winter delayed degra
dation of fluridone and simazine in the field at Eist and thus the possibility of leach
ing increased. Delayed degradation was found for simazine in laboratory experi
ments by Walker (1976). From half-life data for hexazinone (Rhodes, 1980; 
Bouchard et al., 1985) and from the amounts recovered (Eist), it can be concluded 
that degradation can be so slow that contamination of deeper layers with hexazinone 
is possible even after a spring application. The data presented here and in former 
publications for bromacil (Zandvoort et al., 1980) show that contamination of deep
er soil layers may occur on sandy soils with a low content of organic matter. To pre
vent leaching of herbicides it is recommended that applications be restricted to her
bicides with a short to moderate persistence on sandy soils with a low content of 
organic matter in spring. 
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