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Summary 
The influence of different levels of or
ganic matter on the biological activity 
and mobility of metsulfuron-methyl was 
investigated. The effect of rainfall on the 
mobility of metsulfuron-methyl was also 
determined under greenhouse as well as 
under natural conditions. The presence of 
the herbicide was assessed by bioassay. 
Biological activity was inversely related 
to the organic matter content of the soil. 
Dry weight of Chinese cabbage (Brassica 
chiueltsis l.) in sandy soil decreased by 
56% of the control at 1.0 g ha- I of 
metsulfuron-methyl. However, a similar 
concentration in soil containing 100% or
ganic matter did not affect fresh weight. 
Movement of the herbicide down the soil 
profile, assessed by bioassay, was in
versely related to the organic matter con
tent of the soil. [n soil containing 100% 
organic matter, phytotoxic levels of 
metsulfuron-methyl were restricted to 
the surface layers when the soil columns 
were applied with a total 88 mm of simu
lated rain over 21 days of experimental 
duration. After four weeks of daily appli
cation of simulated rain, metsulfuron
methyl had leached to a depth of 2(}-25 
cm in Sungai Buluh series. The com
pound was duly detected at a depth of 
15-20 cm when the columns containing 
Sungai Buluh series were exposed to 110 
mm natural rainfall for a period of one 
month. 

Introduction 
Metsulfuron-methyl is a relatively new 
sulfonylurea herbicide developed for pre
and post-emergence control of a number 
of broad leaved and grass weeds at rates of 
3-8 g a.i. ha·' (WSSA 1989). The behaviour 
of some of the sulfonylurea herbicides in 
soil has received considerable attention 
(Nicholls el al. 1987, Walker el al. 1989, 
Oppong and Sagar 1992). This group of 
herbicides shows a range of mobility in 
soil, from those with low mobility (e.g. 
bensulfuron-methyl) to those that are 
relatively mobile (e.g. chlorsulfuron and 
triasulfuron). Determination of the length 
of persistence and the mobility of this her
bicide in soil is important in evaluating 
both its efficacy as well as its potential for 
crop damage and environmental pollu
tion. 

In general, soil pH and organic matter 
are the principle factors influencing the 
mobi lity of the sulfonylurea herbicides, 
with mobility generally increasing with 
increasing soi l pH and decreasing organic 

matter content (Mersie and Foy 1986, 
Nicholls ef al. 1987). With low soil organic 
matter, most of the sulfonylurea herbi
cides are weakly adsorbed by soil. Thus 
they have the potential to leach under con
ditions of high rainfa ll . If herbicides are ex
tensively mobile in the soil, they may 
move into deeper soi l layers where micro
biological activity is often lower than that 
at the soi l surface, with important implica
tions for the persistence of residues 
(Nicholls el 01. 1987). In the present study, 
the influence of soil organic matter con
tent on the movement and biological ac
tivity of metsuHuron-methyl in soil was 
studied. The effect of ra infall was also de
termined under controlled as well as un-
der natural conditions. 

Materials and methods 

Effeci of organic mailer in soil on Ihe 
biological activity of metsu/furon-methyl 
Plastic pots 14 cm in diameter were filled 
wi th ei ther sand, peat or sand-peat mix
tures containing 5,10 or 20% (w / w) peat. 
Twenty seeds of Chinese cabbage were 
sown in the different planting media at a 
depth of 1 cm. The soil in each pot was 
watered to field capacity and maintained 
at 75- 100% field capacity throughout the 
experiment by watering from above as 
necessary. The plants were thinned to 10 
per pot at day 7 after sowing. Solutions of 
metsulfuron-methyl were app lied at dose 
rates of ei ther 0, 1.0,2.0, 3.0 or6.0 g a.i. ha·' 
in 450 L ha-' of water. The herbicide was 
applied at the pre-emergence stage using 
a pot sprayer. The experiment was de
signed as a randomized complete block 
with three replicates. The experiments 
were conducted under natural light in the 
greenhouse w ith day/ night temperature 
of 30/20°C. A week after sowing, each pot 
received 40 mL of quarter-strength 
Hoagland nutrient solution. Harvesting 
was carried out 14 days after sowing. 
Whole plant pry weights per pot were de
termined after drying at 60cC for 72 hours. 

Effects of organic matter in soil on the 
mobility of metsulfuron-methyl 
The second experiment was conducted to 
determine the effect of soil organic matter 
content on mobility of metsuifuron-me
thyl in the soil column. Thirty plastic tubes, 
9 cm in diameter and 25 cm long, were cut 
at 5, 10, 15, 20 and 25 cm from the top to 
produce five smaller tubes, which were re
assembled to recreate w hole columns. 

Each COIUrIUl was packed carefully with ei
ther sand (0% organic), peat (100% or
ganic) or sand-peat mixture containing 5, 
10 or 20% (w /w) peat. Each column was 
embedded for support in a 12 cm diameter 
pot containing sand. The pots with col
umns were arranged on benches in the 
greenhouse under the conditions de-
scribed above. A 5 cm layer of soil (400 g) 
treated w ith either 0 or 7.0 mg a.i. L'\ 
metsulfuron-methyl was placed on top of 
the soil column and was lined with 
Whatman No.3 filter paper. Twenty-four 
hours after adding treated so il , the soil col
umns were watered wi th 40 mL water 
da ily (equivalent to 4.2 mm day·' of rain) 
for 21 days. After 21 days, the d istribution 
of herbicide in soi l columns was de ter
mined by bioassay. The columns were 
separated into the units indicated above, 
and the soi l was placed in individual small 
plastic pots into which five Chinese cab
bage seeds were sown. The pots were 
placed in the same greenhouse. Harvest
ing was carried out 14 days after sowing. 
The dry weight of plants was determined 
after drying in an oven at 60°C for 72 
hours. The experiment was designed as a 
randomized block with three replicates. 

Effects of daily application of simulated 
rainfall on the mobility of metsu/furon
methyl 
The thi rd experiment was carried Qut to 
determined the effects of daily applica tion 
of simulated rainfall on the mobility of 
metsulfuron-methyl. For this experiment, 
the soil column was packed carefully with 
Sungai Buluh series soi l (89.2% sand, 4.2% 
silt, 7.6% clays, and 2.02 organic matter, 
pH 4.8 and CEC 71.6 meq per 100 g d ry 
soi l) and supported vertica lly in 18 cm di
ameter plastic pot containing sand. The 
pots were arra nged on a bench in the 
greenhouse as before. The soil moisture in 
each column was brought to 50% field ca
pacity. 

A 5 cm layer of soil (400 g) treated with 
either 0 or 7.0 mg a.i. L·I metsulfuron
methyl was placed on top of the soil sur
face and the column was lined wi th 
Whatman No.3 filter paper. Twenty-four 
hours after adding treated soH, the soil col
umns were watered with 40 mL water 
daily (equivalent to 4.2 mm day-I of rain) 
for four weeks. One, 3, 7, 14, 21 and 28 
days after applica tion, herbicide distribu
tion in five soil columns was determined 
by bioassay. For this, the columns were 
separated into the units indicated above, 
and the soi l was placed in individual small 
plastic pots into w hich five seeds of Chi
nese cabbage were sown. The pots were 
kept under the same greenhouse condi
tions. At harvest, 14 days after sowing, dry 
weights were determined after drying the 
material in an oven at 60cC for 72 hours. 
The experiment was designed as a 
randomized block with three replicates. 
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Table 1. Effect of percentage of organic matter on the dry weight (mg) of 
Chinese cabbage seedlings 14 days after sowing. 

Herbicide Organic matter content (0/0) 
(g ha") o (sand) 5 10 20 100 

0 6.7 7.1 7.8 7.3 6.7 
1.0 2.9 4.9 5.9 6.1 6.7 
2.0 2.4 4.7 5.5 5.7 6.2 
3.0 2.2 3.9 5.2 5.1 5.6 
6.0 2.1 3.4 4.5 4.8 4.9 

LSD (P=0.05) organic matter = 1.5, LSD (P=0.05) concentration = 1.0. 

Table 2. Movement of metsulfuron-methyl in Sungai Buluh series under 
natural rainfall. Data represent percentage reductions compared to control 
plants of dry weights of Chinese cabbage seedlings used as bioassay species. 
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Figure 1. Effect of percentage of organic matter on the movement of 
metsulfuron-methyl in soil column. Data represent percentage reduction in 
dry weight compared to control plants. 
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Figure 2. Movement of metsulfuron-methyl down the column containing Sungai 
Buluh series following daily application of 4.2 mm simulated rainfall. Data 
represent percentage reductions in dry weight compared to control plants. 

Mobility of metsuIfuron-methyl under 
natural conditions 
Twenty columns were packed with Sungai 
Buluh series as described above. 
Metsulfuron-rnethyl solution a or 7.0 mg 
a.i. L-I was evenly sprayed onto the soil 
surface in the columns as previously de
scribed. For this method, the columns 
were placed outdoors near the green
house, where they were exposed to out
door temperatures and natural rainfall. 
After one and two months of exposure to 
natural conditions, the distribution of her
bicide in the soil columns was determined 
by bioassay as already described above. 
The experiment was designed as a 
randomized block with five replicates. 

Results and discussion 
Herbicide caused grea ter reduction in the 
dry weight of seedlings g rown in the 
sandy media than those grown in media 
containing organic matter. The presence 
of 1.0 g ha" metsulfu,ron-methyl in soil 
caused a significant reduction in the seed
ling dry weight . A similar concentration of 
the herbicide in soil with 100% organic 
content did not affect the dry weight of the 
bioassay plants. However, 3.0 g ha-' of 
metsulfuron-methyl ca used a significant 
reduction in dry weight in soil containing 
100% organic matter, clear evidence of re
duction in phytotoxicity with increasing 
organic matter content (Table 1). 

There was a clear indication that there 
was a red uchon in the extent of leaching of 
the herbicide with increasing organic 
matter content (Figure 1). In sand, 
metsulfuron-methyl leached down to the 
20-25 cm zone. However, an increase of 
organic matter reduced the mobi lity of the 
herbicide. At 5 and 20% of organic matter 
content, no residue was detected at or be
yond 20-25 em and 10- 15 em depth, re
spectively. In the column containing 100% 
peat, the residue was detected at the soil 
surface only. 

Twenty-four hours after application, the 
herbicide was located primarily in the first 
top 0-5 em of the profile, but after three 
days significant levels of the herbicide 
were also detected in the 5- 10 cm zone 
(Figure 2). After 21 days of watering, the 
herbicide residue was detected at 15-20cm 
zone, and after 28 days significant reduc
tion in dry weight were recorded for 
p lants grown in soil taken from 20-25 cm 
depth. This demonstrates that after four 
weeks of da ily application of simulated 
rain, metsulfuron-methyl had leached to a 
depth of 20-25 em. 

One month after application, phytotox
icity was detected at a depth of 15- 20 em, 
and the dry weight was not affected a t 
20-25 em (Table 2) . After two months of 
exposure to natural rainfall, significant 
amounts of the herbicide were detected at 
20-25 cm. He rbicide residue moved 
downward and accumulated at deeper soil 



layers where grea ter reduction in dry 
weight was observed. At the same time, 
acu te phytotoxicity was still observed in 
the surface layer (0-5 em). 

Results showed that the growth of 
Chinese cabbage seedlings grown in 
sandy loam was greatly reduced by 
metsulfuron-methyl, but an increase of 
organic matter reduced the phytotoxicity. 
Previous reports showed an inverse rela
tionship between the bioactivity of sul
fonylurea herbicide, such as chlorsulfuron, 
and the organic matter level (Rahman 
1989, Oppong and Sagar 1992). 

It is well known that acidic herbicides 
are moderately adsorbed in small 
amounts on clay (Calvet 1980). Since 
metsulfuron-methyl is a weak acid, the 
compound is weakly adsorbed, especially 
in soil containing low levels of organic 
matter, leading to little reduction in the 
concentration of the herbicide available 
for uptake by the plants. Therefore, the 
phytotoxicity of metsulfuron-methyl, like 
other sulfonylurea herbiCides, decreases 
with increasing soi l organic matter content 
(Walkeret al. 1989). 

Under conditions of high rainfall, the 
herbidde has the potential to leach down
ward. Application of a total 118 mm of 
simulated rain (4.2 mm day") over 28 days 
following the addition of metsulfuron
methyl to the soil surface, ca used the 
phytotoxic levels of the herbicide to leach 
into the 20-25 cm zone of the column. 
Therefore, on the basis of the present stud
ies, it could be suggested that this herbi
cide, like many other sulfonylurea herbi
cides, be characterized as a relatively mo
bile compound. However, increased ad
sorption of metsulfuron-methyl onto soil 
organic matter can be expected to reduce 
the concentration of herbicide available in 
soil solution as the percentage of organic 
matter increases, thereby reducing the 
rate of leaching into deeper soil layers. 

MetsulfUIon-methyl leached to a depth 
of at least 25 cm over two months when 
the soil columns were exposed to a total of 
314 mm of natura l rainfall. The importance 
of the amount and frequency of rainfall in 
moving metsulfuron-methyl down the 
soil profile was proven in this experiment. 
During the first month of exposure, to tal 
rainfall recorded was 110 mm, and the her
bicide was detected only in the 15-20 cm 
zone. However, wi th more rainfall during 
the second month, metsulfuron-methyl 
leached down to the deeper soil. 

Our results are in general agreement 
with other published data (Gunther 
et al. 1989, Rahman 1989, Walker and 
Welch 1989), w ho demonstrated that 
metsulfuron-methyl has a moderate affin
ity for organic matter, and under high 
rainfall, the herbicide will be leached from 
the top soil into deeper soil layers. In spite 
of this, it should not pose a problem to 
groundwater contamination because of its 
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exceptionally low-dose use rates, low tox-
icity and relatively rapid degradation in 
the soil 
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