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INTRODUCTION

The study of factors controlling water infiltration in agricultural soils has been 
an important research area in soil science since some decades [Poletika, Jury 
1994]. The transport of water and solutes is strongly influenced by pore-system of 
the soil. The large continuous openings (macropores) affect water flow in soils. 
The macropores induced by plant roots, earth worms, and shrinking cracks may 
be a major factor influencing hydraulic conductivity and leading to bypassing 
transport in the soil. Gravity flow of water in macropores may result in very fast 
movement of soil water and solutes into the soil profiles [Aderhold, Nordmeyer
1993].

Environmental fate and transport of herbicides in the soil, investigation on 
mechanisms controlling the introduction, movement, and fate of herbicides in 
surface and groundwater are research priorities in weed science [Abernathy, 
Bridges 1994; Dan Hess 1994].

The possibility and occurrence of herbicide transport in macropores is not well 
understood. Recently, the macropore movement of alachlor, cyanazine, and pen- 
dimethalin was studied by Czapar et al. [1992], and the transport of chlorotoluron, 
isoproturon, and ethofumesate in disturbed and undisturbed soil profiles was 
compared to study influence of soil macropores on herbicide leaching [Aderhold, 
Nordmeyer 1993].
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The objective of this study was to compare leaching of two amide herbicides: 
metazachlor and napropamide in soil columns containing artificial macropore.

MATERIALS AND METHODS

A silty-loamy sand as well as Butisan 400 Sc herbicide (a.i. metazachlor: 2 
chlor-N-(2,6 dimethylphenyl)-N-(l H pyrazol-l-ylmethylacetamide), and Devri- 
nol 50 WP (a.i. napropamide: N,N-diethyl-2-(l naphtalenyloxy) propanamide 
herbicides were chosen for the studies. The soil (silty-loamy sand) contained 
2.99% organic matter and 2% clay. The herbicidal characteristics are shown in 
Table 1.

The soil was sieved through a 1 mm screen. It was then added in equal 
increments to a 10 cm dia, by 21 cm high PCV columns. They were prepared by 
splitting, applying silicone ridges to minimize water flow down the sides of 
columns, and connecting individual rings with adhesive tape. Soil was leveled 
after the addition of each layer and then compacted after each two layers with 
2 kg rammer. A perforated cap was attached at the bottom of the column. Packed 
columns were saturated from the bottom during a 24 h period with water and later 
gravity drained. 21 columns were then grouped into blocks and randomized in the 
glasshouse. Each block corresponded to one of the four treatments: continuous 
macropore, partial macropore, and no macropore, plus control columns. Each 
treatment was run in triplicate leaching soil columns 18 cm high.

The continuous macropore (Treatment 1) was created by removing a vertical 
core 18 cm long from the center of individual columns. A straight walled, 6 mm 
dia. brass tube was used to remove the 6 mm soil core.

Partial macropores (Treatment 2) were made by removing a 6 mm dia -  vertical 
core also from the bottom of the soil column, but stopping 3 cm from the top of 
the column. This simulated a macropore initiating below the soil surface or a 
macropore that had been partially destroyed by mechanical tillage.

Lastly nine columns were without macropores (Treatment 3 -  with herbicides 
and Treatment 4 treated with water only). 2.34 mg a.i. of individual herbicide in 
aqueous suspension was applied dropwise to the soil surface of the columns within 
treatments 1 to 3. After herbicide application, columns were stored in the glass
house and next day leaching with water simulating rainfall was started.

To insure that pores remained functional, columns containing macropore were 
cored a second time before leaching. Water was drip irrigated (laboratory glass 
sprayer) to simulate 25 mm rainfall. The leakages were collected, their volumens

TABLE 1. Herbicide characteristics (after Pesticide Manual 1991)

Characteristic Metazachlor Napropamide

Molecular formula C 14H 16CIN3O C17H21NO2
Molecular weight 277.8 271.4
Melting point [°C] 85 75
Vapour pressure [mPa] 0.049 [20°C] 0.53 [25°C]
Water solubility 
[mg/1 at 20°C]

17 73
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measured, and herbicide concentration determined. Similar method was used by 
Czapar et al. [ 1992]. The herbicide concentrations in the leakages were determined 
using spring wheat cv. Henika bioassay in Petri dishes lined with filter paper.

After 5 days of incubation in the thermostat, the length of bioindicators 
coleoptiles were measured. Probit analysis and regression statistical computer 
analysis of the coleoptiles length reductions by leakages and by standard herbicide 
solutions were performed to determine the herbicide concentrations in leakages 
from the columns of different treatments. Method determinability -  0:023 ppm 
(obtained in own experimentation with metazachlor and napropamide).

RESULTS AND DISCUSSION

Under the experimental conditions employed in this study, the time required 
for leakage to pass through the soil column was the shortest in columns with 
continuous macropore. All of the columns received the same amount of input water 
in the form of simulated rainfall. The waterfront apparently moved down macro
pores first, followed by chromatographic leaching. A rapid water flow through the 
preferential pathways of the soil profiles with natural macropores was observed 
by Aderhold and Nordmeyer [1993]. Herbicidal solutes breakthrough occurred 
much sooner in columns with continuous artificial macropore [Czapar et al. 1992]. 
Mean volume of leakages from the columns without macropore was the lowest.

Herbicide concentrations in leakages from columns with continuous macropore 
were the highest. Metazachlor and napropamide were detected in effluents from 
columns with continuous macropores (Table 2). In contrast, no herbicide was 
determined in leakages from columns without macropores, and metazachlor only 
was determined in leakages from columns with partial macropore. Metazachlor 
concentration in the drainage from soil column with continuous macropore was 
some times higher than napropamide concentration. No napropamide was identi
fied in columns with partial macropore, and metazachlor concentration in treat
ment 2 was nearly ten times lower than in treatment 1.

When continuous macropore was used (treatmentl) 6.24% of total metazachlor 
applied, and 1.01 % of total napropamide were leached respectively (Table 3). For 
columns with partial macropore (treatment 2) 0.39% of metazachlor was recove
red. Both herbicides were more likely to move down the macropore, but the total 
percentage of applied herbicide quantity was low. The sorption processes within 
artificial soil profiles could retard leaching of herbicides, and the presence of 
macropores created conditions for the movement in preferential pathways.

TABLE 2. Herbicide concentrations [ppm] in leakage from soil columns

Treatment Column with Metazachlor Napropamide
1 continuous macropore 1.170 0.190
2 partial macropore 0.119 ND
3 no macropore ND ND
ND -  below method determinability.
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TABLE 3. Percentage of applied herbicides recovered in column leakage

Treatment Column with Metazachlor Napropamide
1 continuous macropore 6.24 1.01
2 partial macropore 0.39 ND
3 no macropore ND ND

ND -  below method determinability.

Herbicides applied to soil are initially sorbed mainly in the surface 3 cm layer 
[Franklinetal. 1994].

Apparently in our study napropamide was bound by 3 cm soil layer above 
partial macropore, but partial macropore presence created conditions for down 
movement of less sorbable metazachlor herbicide (treatment 2). The effects of 
macropores on increasing leaching were apparent for both herbicides, but meta
zachlor revealed leachable herbicide.

Metazachlor is mobile herbicide in typical Finish soils [Braunschweiler 1992]. 
In other experiments [Rouchaud et al. 1992] metazachlor was generally not 
detected in the 10 to 20 cm soil layers (combined TLC-GLC method -  sensitivity 
limit 0.02 ppm). Napropamide was characterized by the lowest mobility in soils 
in comparison with diphenamid and metolachlor [Suwanketnikom, Kitboonyarit 
1990]. Alachlor, cyanazine, and pendimethalin herbicides were detected only in 
the drainage from columns with artificial continuous macropore [Czapar et al.
1992]. The breakthrough of water, chlorotoluren, ethofumesate, and isoproturon 
showed differences between disturbed and undisturbed soil with natural pores. The 
effluents concentrations of all 3 herbicides were higher in the undisturbed soil with 
natural pores [Aderhold, Nordmeyer 1993]. Leaching of ethofumesate was incre
ased when the herbicide was applied to the air dry soil, whereas that of atrazine 
was practically not influenced by soil moisture at the moment of application 
[Ostrowski, Reisler 1976].

Movement of herbicides into groundwater and surface water has become a 
cause for public concern. Herbicides comprise the major usage (63.2% by the 
weight of a.i.) of crop protection chemicals in Poland [Zalewski, Mieczkowski
1994]. Metazachlor and napropamide herbicides are commonly used mainly to 
control weeds in oil-seed rape. This crop is cultivated in regions of better precipi
tation, and in structural soils some water carrying traces of herbicides can move 
down macropores. Therefore the channelling macroporosity of the soil should be 
taken into consideration in studies on soil leaching of herbicides. Results of this 
study shed some light on the process of amide herbicide movement through the 
preferential pathways in soils. Once the transport mechanisms in soil with macro
pores have been identified under laboratory conditions, field studies can be carried 
out to confirm this process and develop effective management practices for 
reducing the movement of herbicides via preferential pathways. Much research 
on herbicide leaching remains to be done.

CONCLUSIONS

1. Metazachlor is more leachable herbicide than napropamide.
2. Amide herbicide soil migration is strongly influenced by soil macropores.
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3. Macropores lead to greater leaching of amide herbicides in the soil via 
preferential pathways.

4. Leachability of herbicides should also be studied in modified soil columns 
with artificial macropores.

5. During the registration process of new herbicides a variety of studies should 
be carried out to provide information on the behaviour of herbicides in soil and 
water.

6. Field studies should be carried out to develop and demonstrate effective 
management practices reducing the movement of herbicides through preferential 
pathways.
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WPŁYW MAKROPORÓW GLEBOWYCH NA WYMYWANIE 
HERBICYDÓW AMIDOWYCH
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Streszczenie

Przeprowadzono badania nad wymywaniem metazachloru i napropamidu z kolumn glebowych wyso
kości 18 cm ze sztucznym makroporem o zróżnicowanej długości i średnicy 6 mm. Wykazano znaczny 
wpływ makroporów glebowych na wymywanie z gleby herbicydów amidowych. W wodzie przesiąkowej 
z kolumn z pełnymi makroporami długości 18 cm określono obecność 1,170 ppm metazachloru lub 
0,190 ppm napropamidu. Trzy centymetrowa warstwa gleby nad makroporem zapobiegała obecności 
napropamidu w wodzie przesiąkowej. Analogiczna warstwa gleby nie przeciwdziałała obecności 
0,119 ppm metazachloru w wodzie przesiąkowej. Nie wykryto herbicydów w wodzie przesiąkowej z 
kolumn glebowych bez makroporów. Badania nad przemieszczaniem herbicydów w glebie przeprowa
dzone z zastosowaniem sztucznych makroporów lepiej odzwierciedlają zachowanie się herbicydów w 
naturalnych warunkach polowych w porównaniu do doświadczeń laboratoryjnych z kolumnami glebo
wymi bez makroporów. W naturalnych warunkach glebowe makropory powstają w wyniku działania 
korzeni, organizmów glebowych i pęknięć związanych z kurczliwością gleby. Wpływają one na 
przewodnictwo hydrauliczne gleby.

Praca wpłynęła do redakcji w lipcu 1995 r.
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