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RELATIONS BETWEEN SOIL MOISTURE AND
THE METSULFURON METHYL EFFECTS ON
THE SEEDLING GROWTH OF SOYBEAN
(Glycine max L. Merr.)

BAZZIGALUPI, O. 1; CEPEDA S.1

SUMMARY

The expansion of no till system has determined an increasing use of herbicides
on fallow period. Although Metsulfuron methyl (MM) is one of the most common
and safe herbicides applied in that period of time, several damages in soybean
have been reported, especially during soil drought conditions. In order to evaluate
the effects of three soil moisture levels on the kinetic of MM active soil
concentration, bioessays were conducted. Soybean seeds were sown at 0, 20, 40
and 60 incubation days.  Root dry matter was determined to evaluate the MM soil
concentration.  A factorial experiment was arranged in a completely randomized
design with four replications.  Three treatment factors were evaluated: a) incubation
soil moisture, 32% (M1), 45% (M2) and 85% field capacity (M3), b) herbicide dosage
0,0 (D1) and 4,2 (D2) g a.i..ha-1 of MM, and c) incubation days (0, 20, 40 and 60
days).  Variance analysis, comparison of means by Duncan test (P < 0,05) and first
order linear regression were performed with SAS statistical program.  Root of
seedling accumulated less DM in the soil treated with MM, regardless soil moisture.
Hence, the minor content of water in the soil treated with MM during incubating
period, the minor DM of soybean root. When soil was treated with MM and
incubated during 20 or 40 days, the accumulation of DM in the root was similarly
reduced in soil with 45 and 85% field capacity. Anyway, it decreased markedly in
soil with 32% of field capacity.  The accumulation of DM of root was not affected by
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MM in soil incubated during 60 days with 85% of field capacity, but decreased
8,4% and 5,26 % in soil incubated at 32% and 45% of field capacity respectively.
The study of low MM concentration in different substrates under laboratory
conditions is suggested.

Key words: metsulfuron methyl, soil moisture, soybean

RESUMEN

La expansión de la siembra directa determinó un incremento en el uso de
herbicidas durante el período de barbecho.  Aunque metsulfurón metil (MM) es
uno de los herbicidas más usados en ese período, se ha reportado el daño al
cultivo de soja en  varias ocasiones, particularmente en condiciones de sequía.
Con el objetivo de evaluar el efecto de tres niveles de humedad de suelo sobre la
cinética de la concentración de MM, fueron conducidos varios bioensayos con
semillas de soja sembradas a los 0, 20, 40 y 60 días de incubación.  Se determinó la
materia seca de raíz para evaluar la concentración de MM en el suelo.  Se utilizó un
DBCA con arreglo factorial con cuatro repeticiones.  Tres factores de tratamiento
fueron evaluados a) humedad del suelo en incubación (32, 45 y 85% de la capaci-
dad de campo), b) dosis del herbicida (0 y 4,2 g i.a. .ha-1) y c) tiempo de incubación
(0, 20, 40 y 60 días después de la aplicación).  El análisis de la varianza, la compara-
ción de medias por la prueba de rangos múltiples de Duncan (P<0.05) y la regresión
lineal de primer orden, fueron determinadas mediante el programa estadístico
SAS.  La menor acumulación de materia seca de raíces en plántulas se determinó en
suelo con MM, independientemente de la humedad del suelo.  Durante el período
de incubación, a menor contenido de agua en el suelo tratado con MM, menor la
acumulación de materia seca en raíz obtenida cada evaluación.  Cuando el suelo
fue tratado con MM e incubado durante 20 o 40 días, la acumulación de MS en la
raíz fue similarmente reducida en el suelo con 45 y 85% de la capacidad de campo.
Pero disminuyó marcadamente en suelo con 32% de la capacidad de campo.  La
acumulación de la MS de raíz no fue afectada por MM en el suelo con 85% de la
capacidad de campo incubado durante 60 días.  Pero, disminuyó 8,4 y 5,26% en
suelo incubado con 32 y 45% de la capacidad de campo respectivamente.  Se
propone el estudio en condiciones de laboratorio de bajas concentraciones de MM
en diferentes sustrato.

Palabras clave: metsulfuron metil, humedad de suelo, soja
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INTRODUCTION

The expansion of no till system has determined an increasing use of
herbicides during fallow period. Metsulfuron methyl (MM) is one of the
most common herbicides. It can be applied alone or in tank mixture with
burning herbicides for weed control in that period of time.

Contrary to 2,4-D and atrazine, MM has the advantages of low
application rates and both long and high efficacy on weed control
(Herbicide Handbook WSSA, 1986).   Moreover, it has low probability of
soil and water contamination.  MM is mainly decomposed by chemical
hydrolysis.  It has low rates of photo-decomposition and volatilisation,
and high rates of lixiviation (Devlin et al., 1992; Herbicide Handbook WSSA,
1986).  Soil moisture, temperature, organic matter, pH, texture and rains
are the main factors that determine the persistence and mobility of
herbicide (James et al., 1995; Lücke et al., 1995; Vicari et al, 1994;
Fredrickson & Shea, 1986; Joshi et al, 1985; Thirunarayanan et al, 1985;
Walker  et al, 1989).  Although, low herbicides soil residues are evaluated
by analytic methods like high performance liquid chromatography (HPLC),
ELISA and gas chromatographic, they present several limitations
(Klaffenbach et al. 1993; Günther et al. 1989; Rahman 1989).

Bioassay is a suitable method for measuring biologically active residues
from 0.1 to 1.0 µg a.i. kg-1 (Hollaway et al. 1999), but field validation
assay are required (Menne & Berger, 2001, Moyer, 1995; James et al.
1995).

In Argentina, there is little information available about MM persistence
in soil related to no till sowing.  In soybean post-harvest, Lenardon et al.
(2002) found residues of metsulfuron applied in soil at wheat pre-sowing.
Alonso & Gonzalez de Busetti (2002) studied soil properties and MM
concentration related to adsorption/release process.  MM effects on seed
germination and seedling growth of several cultivated species, were
evaluated by Cepeda et al. (2000) and Bazzigalupi et al. (2001 & 2002) in
sand and different soil conditions.  They found that seedling root was the
most negatively affected organ in the plant.  Also, they found that the
intensity of damage was different according to the cultivated specie.

Soil moisture is one of the most important factors that affect soil
persistence of  MM (James et al., 1995; Lücke et al., 1995).  Release
herbicide dissipation may occur when the content of water in the soil,
between MM application and no till sowing, is low (Vicari et al, 1994). The
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magnitude of that process is not well-known in relation to soil property
and climatic conditions of the rolling Pampa. Therefore, local studies about
soil persistence of MM, including kinetic regulating factors, are necessary
in order to make simulation models as a tool for diagnosis and advice
decision. As there is evidence of  the negative relationship between moisture
and herbicide persistence in the soil, an assay was carried out in order to
evaluate three moisture levels effects on the kinetic of MM active soil
concentration.  Soybean seeds were sowed in a Pergamino Typic Argiudoll
soil under laboratory conditions.

MATERIAL AND METHODS

Soil samples were taken in autumn 2002 from the first 10 cm of soil
profile in a field of soybean-fallow at the E.E.A. INTA Pergamino.  Soil
properties were: pH 6,1; electric conductivity 0.072 dS/m, organic matter
2,68%, gravimetric moisture 25,94%, bulk density 1,23 (modified in seeding
substrate to 0,94 g dry soil.cm-3); bulk moisture 31,88% and 26% field
capacity.

A factorial experiment was arranged in a completely randomized design
with four replications. Three treatment factors were evaluated a)
incubation soil moisture, 32% (M1), 64% (M2) and 85% field capacity
(M3), b) herbicide dosage 0,0 (D1) and 4,2 (D2) µg a.i..ha-1 of MM [2-
((((4-methoxy-6methyl-1,3,5-triazin-2y1) amino) carbinyl) amino) sulfonyl)
benzoic acid] respectively, and c) time of incubation (0, 20, 40 and 60
days after herbicide application (dda)).  D2 was equivalent to 14,9 ng a.i.
MM.g-1 of dry soil and accounted for 470 ton of dry 5 cm-depth soil.ha-1.
MM was applied by aspersion over a 2-cm soil layer of thickness according
to get each soil moisture level (M1, M2 and M3); them was mixed to
homogenize and finally was divided according to the incubation time
treatment.

At the end of the incubating period, soil of each treatment was divided
in four repetitions.  Forty soybean seeds cv. Don Mario 4800 were sown,
1,5 cm deep, in plastic trays with 1,0 kg of soil with 85% of field capacity
(previously incubated at 32, 45 or 85% of field capacity, according to the
treatment) and stored in controlled chamber with 25ºC and 10 h light of
250 µmol photon.m-2.s-1.  The soybean seeds had 190±2 mg.seed-1, 13% of
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seed moisture and 92% of seed germination. Then total normal seedling
of 7 days were cleaned with water and cut with scalpel, separating
cotyledons, epicotyl, hypocotyl and root, and then evaluated by their dry
weight.

Variance analysis, comparison of means by Duncan test (P < 0,05) and
first order linear regression were performed with SAS statistical program
(1989).

RESULTS

DM of seedling root was the most affected organ by MM (Figure 1).
Therefore, only that organ of the soybean plant was study in this herbicide
soil kinetic trial.

Because the interaction of three factors were not significant (P>0,05),
only the second order interaction, dda*dosage and moisture*dosage, were
analyzed.

Dry matter (DM) of 7-days seedling was modified when MM was applied
in the soil and soybean was immediately sown (0 daa, Figure 1). DM of
seedling root decreased 41% while DM of hypocotyl and epicotyl increased
8,15 and 4,29% respectively (P<0.05).  All of them related to DM of each
organ of the seedling grown in soil without MM.  Mobilization of DM

Figure 1: Dry matter percentage relative to control of each seedling organ at 0 day
after metsulfuron methyl application. Soybean was cultivated in soil with 85% field
capacity and treated with 4,2 µg a.i..ha-1 of metsulfuron methyl.  Germination
conditions were 10 h light of 250 µmol photon.m-2.s-1 and 25ºC during seven days.
Vertical line indicates ±SD (n=4).



106 Relations between soil moisture and the metsulfuron methyl effects...

RIA, 34 (1): 101-110. Abril 2005. INTA, Argentina

from cotyledons in seedling grown in soil treated with MM was 7,85 %
lower than in control seedling.

Root of seedling accumulated less DM when the soil was treated with
MM, regardless soil moisture (Figure 2).  This effect decreased during the
incubation period (dda*dosage interaction  P<0,0001) as it is shown in

Figure 2:  Root dry matter per seedling (mg) of soybean cultivated under 85% soil
field capacity and treated with 0,0 (D1) and 4,2 (D2) µg a.i..ha-1 of metsulfuron
methyl.  The times of soil incubation were 0, 20, 40 and 60 days.  The values are
average of three soil moistures.  Germination conditions were 10 h light of 250
µmol photon.m-2.s-1 and 25ºC during seven days. Vertical line indicates ±SD (n=4).

the first order linear regression y=1,37X + 13,6 (P<0.05,  R2=0,46). Hence,
the minor content of water in the soil treated with MM during incubating
period, the minor DM of soybean root (moisture*dosage interaction P
<0,06; Figure 3).

When soil was treated with MM and incubated during 20 or 40 days,
the accumulation of DM in the root was similarly reduced in soil with 45
and 85% field capacity, but decreased markedly in soil with 32% of field
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capacity (P<0.05).  The accumulation of DM of root was not affected by
MM in soil incubated during 60 days with 85% of field capacity, but
decreased 8,4% and 5,26 % in soil incubated at 32% and 45% of field
capacity respectively (Figure 3, P<0,05).

DISCUSSION

Metsulfuron methyl decomposition is primarily caused by hydrolytic
process and secondarily by micro-organism activity (Devlin et al., 1992;
Cepeda et al., 2002). These processes are mainly regulated by temperature
and moisture in the substrate (James et al., 1995; Lücke et al., 1995).

Root was the most sensitive organ of the plant to MM in soil.  Similar
results were obtained in other species (Bazzigalupi & Cepeda, 2002;
Hollaway et al., 1999; Moyer, 1995). Therefore, in this work, root dry

Figure 3:  Root dry matter percentage relative to control of soybean cultivated
during 7 days, under soil with 80% field capacity, in chamber seedling growth with
10 h light of 250 µmol photon.m-2.s-1 and 25ºC.  Soil incubated with 32 (M1), 45
(M2) and 85 (M3) % field capacity during 20, 40 and 60 days after application (daa)
of 4,2 µg a.i..ha-1 of metsulfuron methyl.  Vertical line indicates ±SD (n=4)
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matter of soybean seedling was used for kinetic concentration of MM in
soil evaluation.

Root DM accumulation of seedling grown in soil incubated 40 days
after MM application was both, consistently minor to seedling control
(Figure 2) and negatively related to soil moisture content (Figure 3).  In
this experience, the damage caused by the herbicide in the root of the
soybean plant was quickly reduced until the first 20 days (Figure 3).  It is
usually accepted that MM dissipation is greater between 8 and 36 days
after soil application, and then, the rate of this process decreases (James
et al., 1995).

The root DM accumulation was affected when soybean was sown in
the soil incubated with 32% of field capacity during 40 or 60 days after
application of MM, suggesting that the decomposition of the herbicide in
this moisture condition was the lowest.

Although the bioassay is a good estimator of MM in the soil, this
technique does not quantify the concentration of the herbicide in direct
form.

Descriptive patron of root growth in laboratory conditions should be
performed for a wide range of herbicide rates. Sand may be used as
substrate because it does not exhibit herbicide adsorption. The herbicide
concentration could be estimated by comparing DM of root of seedling
growing in substrate with and without MM.

According to the results from Bazzigalupi et al (2001), in this
experiment, the concentration of MM available in the soil for the seedling
at 0 daa could be between 0.86 and 1.72 µg a.i..ha-1 of the 4.2 µg a.i..ha-1 of
MM originally applied, and less than 0,86 µg a.i..ha-1 until 40 days after
application, regardless of the incubated soil moisture.

In the agro-ecological area of Pergamino, Argentina, the necessary
period of time for safety planting of soybean in no till systems after the
application of 3 or 4.2 µg a.i..ha-1. of MM, is from 30 to 40 days.  Although,
in drought conditions, the MM degradation in the soil could be released
and more than 40 days may be necessary for safe soybean planting.
Therefore in addition to what has been previously stated it is necessary to
validate the necessity of studying the effect of low dose of MM (0 to 1
µg a.i..ha-1) on the development of the plant in sand as substrate.
Mathematical equations and description of herbicide kinetic in soil may
be carried out by integrating the results from these studies with soil
parameters like pH, texture, organic matter, moisture and temperature.
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