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Leaching of metolachlor in some South African soils
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Summary
Leaching studies with metolachlor 2- chloro -N -(2- ethyl- 6- methylphenyl)- N- (2 -me-
thoxy -l- methylethyl) acetamide were done in soil columns with 18 South African
soils. The organic matter content of these soils varied from 0.22 to 1.6% C,
clay content from 5 to 57% and cation exchange capacity (CEC) from 4.63 to
41.14 me 100 g -1. Metolachlor at 2.25 kg at ha-1 was surface applied followed
by water applications of 12.5; 25.0 and 50 mm. Japanese millet (Echinochloa
frumentacea (Roxb.) Link) was subsequently planted in segments of these columns
to indicate leaching 'depth. Correlations and multiple regressions wereperformed. Leaching depth of metolachlor was significantly better correlated
with carbon content (r = -0.87) than with clay (r = -0.56) and CEC (r = -0.47).
A model which predicts the leaching of metolachlor in these soils was developed.

Introduction
The vertical movement of a herbicide in the soil is important in determining itsefficacy, placement selectivity and potential for contaminating ground
water (9). The leaching behaviour of metolachlor is mainly determined by
organic matter content and it may be sufficiently mobile in low organic matter
soils to cause crop injury (3, 6). The leaching behaviour of metolachlor was
investigated in South African soils since they are poor in organic matter (5)
and soil conditions may differ, from that in the Northern Hemisphere.

Materials and Methods
Leaching studies with 18 soils (Table 1) were carried out in columns. PVC pipe
sections of 25 mm length x 100 mm diameter were attached to each other with
silicone rubber. Ridges of silicone rubber were placed inside the columns at
the joints of the sections to prevent water moving down the sides. The bottom
ends of the columns were covered with mutton cloth. Columns of 225 or 325 mm in
length were used depending on soil type and amount of water applied. The short
columns were used for soils high in organic matter and /or clay content and the
long columns for the sandy soils low in organic matter and where 50 mm of water
was applied. Between 1800 and 4200 g of top soil, depending on soil type and
column length was hand - packed into the columns by shaking them lightly while
adding air -dried soil. The bulk densities for the soils in the different
columns are given in Table 1. The soils were brought to FC during a four day
period followed by the application of metolachlor at 2.25 kg ai ha-' with a
precision small plot sprayer using CO2 as propellant. Six hours later three
water levels of 12.5; 25.0 and 50.0 mm were surface applied at 20 mm hr-1 The
columns were placed on dry soil and the sections split after four days. The top
section (not filled with soil) and the bottom section of each column was
discarded. After sowing Echinochloa frumentacea in the sections, the bio- assays
for all soils were done simultaneously in a glasshouse using a completely
randomised layout. Each replication consisted óf sections of the treated and
untreated columns. The different replications were done separately for ease ofmanagement. For most soils the metolachlor- treated and the untreated columns
were replicated three times. Four replications were done for the Ventersdorp
and Pretoria (K4) soils. Green leaf mass was harvested seven days afterplanting. The Durbin - Watson test (1) for auto - correlation between the different
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depths of the control columns were performed but no auto - correlations were

found. The leaching depth per soil type was determined by comparing with

t -tests the test crop yield in the untreated columns with that in sections of

the treated columns.

Results
Metolachlor was readily leached in soils 1 to 5 (Table 1). Leaching depths of

125 to 225 mm were obtained after the 50.0 mm application. These soils

contained <0.5 percent C, clay content varied between 5 and 25 percent and CEC's

between 4.63 and 7.37 me 100 g -1. Kaolinite was the dominating clay type in all

these soils. Less leaching of metolachlor was observed in soils 6 to 12.

Leaching depths varied between 100 to 150 mm after application of 50 mm water.

These'soils contained 0.5 to 1.0 percent C, 11. to 51 percent clay and CEC's

between 4.95 and 41.14 me 100 g-1. The Towoomba soil contained mostly smectite

clays and the other soils mostly kaolinite types. Very little leaching of

metolachlor occurred in soils 13 to 18. After application of 50 mm water

metolachlor was present in the 25 to 50 mm zone. These soils contained from

1.08 to 1.60 percent C, 21 to 41 percent clay and CEC's of 8.15 to

26.28 me 100 g -1 Soils 13 to 15 were high in smectite type clays, while

16 and 17 contained mostly kaolinite type clays and chlorite dominated. in

soil 18.

Table 1. Properties of soils and leaching depth(mm) of metolachlor after

application of 12.5, 25.0 and 50 mm water.

No. Origin C Clay
%

CEC
me
100 g -1

Bulk density
in columns

g cc -1

Water'Applications (mm)

12.5 25.0 50.0

Leaching depth (mm)*

1 Viljoenskroon 0.22 5 4.90 1.78 .
75 75 200

2 Vredefort 0.37 11 7.37 1.59 75 100 175

3 Lichtenburg 0.39 15 4.63 1.65 75 75 125

4 Pretoria (K1) 0.46 25 5.07 1.40 75 125 200

5 Ventersdorp 0.24 11 5.12 1.52 75 125 225

6 Cullinan 0.62 11 4.95 1.65 25 50 125

7 Towoomba 0.66 51 41.14 1.15 50 75 125

8 Delmas 0.52 15 6.53 1.52 75 75 150

9 Kempton Pàrk 0.75 37 6.62 1.40 50 75 125

10 Pretoria (K4) 0.56 41 7.47 1.27 50 75 100

100
11 Pretoria (Turf) 0.84 57 38.08 1.21 50 50

12 Roodeplaat 0.53 17 12.43 1.46 50 75. 125
75

13 Sasolburg 1.23 29 17.36 1.27 .
25 50

14 Wolwehoek 1.54 39 25.09 1.15 25 25 50

50
15 Vereeniging 1.45 41 26.28 1.21 25 25

16 Geluksburg 1.60 35 8.15 1.15 25 25 75

75
17 Koedoeskop 1.08 43 16.52 1.15 50 50

18 Cedara 1.32 21 15.93 1.15 25 25 25

* Maximum depth where green mass was significantly (P5.0.1) less than in

untreated.

Linear regression analyses show that leaching depth was best correlated

with percentage C (r =- 0.87). The percentage clay (r = -0.56) and CEC (r = -0:47)

did not correlate very well with leaching depth.

Multiple regression analyses showed that better correlations with leaching
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or percentage C, percentage clay and CEC (R = -0.88) together. .

By using stepwise regression the following model was developed with the



88

available data, to describe the leaching behaviour of metolachlor:

Y = 77.93 - 67.99X + 1.89Z
where Y = potential leaching depth (mm) of metolachlor

X = percentage C content of the soil and
Z = amount of rainfall /irrigation (mm)

Discussion

Organic matter predominantly determines the leaching behaviour of metolachlor.
It was apparently not strongly adsorbed to soil colloids and was highly mobilein soils containing <1 percent organic matter. This confirms the results of
other workers (3, 6, 4). It can be concluded that metolachlor should be highlyavailable for plant uptake in soils low in organic matter. In such soils
metolachlor may be leached into or below the crop root zone resulting in cropinjury.

The leaching behaviour of metolachlor was still affected despite the low Ccontent. This indicates that it can be an important factor involved in the
behaviour of metolachlor in these soils. This confirms results obtained withatrazine, alachlor and metolachlor (8) where equally low levels of C stillaffected bioactivity.

Percentage C proved to be a better predictor of leaching and thusbioactivity than percentage clay, although percentage clay is the current
parameter used to determine the application rate of metolachlor. The possi-bility of further adjusting and fine - tuning the metolachlor label should be
investigated, since recommendations based on percentage C may not only result in
more consistent weed control but may also prevent overkill and phytotoxicity in
other situations and save the farmer input costs.
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