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Summary
Studies were conducted to determine the effects of ions commonly present in

diluent on the activity of glyphosate [N- (phosphonomethyl ) glycine ] applied

to torpedo grass (Panicum repens L.). In addition, light spectroscopy was

evaluated as a physicochemical method for characterizing the interaction. The

activity of glyphosate on torpedo grass was antagonized more by iron than

calcium. Maximum changes in absorbance due to individual components or various

mixtures occurred at 230 nm. The expected additive absorbances of glyphosate

and iron or calcium was different than that observed. The difference in the

expected and observed absorbances was much greater for iron than calcium. Thus,

at least on a relative basis, the magnitude of ion induced antagonism of

glyphosate activity was reflected in differences in light absorptivity.

Therefore, the loss of glyphosate activity resulting from the presence of iron

or calcium in diluent is a consequence of a chemical interaction that can be

studied spectrophotometrically.

Introduction
Torpedo grass is an amphibious perennial grass that causes problems in diverse

aquatic and certain terrestrial ecosystems (6, 7, 8). In the United States

only glyphosate is registered for the control of torpedo grass growing in

aquatic environments. In Florida, results with glyphosate for the control

of torpedo grass have been variable (6, 7, 8) . Shilling et al . (6, 7, 8) reported

that diluent ions affect the activity of glyphosate on torpedo grass. Two

ions commonly found in water used as diluent in Florida are calcium and iron

(6). The magnitude of the antagonism, and consequently inconsistency in

activity, was dependent on the type and quantity of the ion (3, 4, 5, 7) as

well as other factors such as diluent pH, adjuvant added, and volume of diluent

(1, 4, 6, 8). Although numerous studies have characterized the antagonistic

effect of ions found in diluent on glyphosate activity, none have allowed the

development of a complete understanding of how ion and glyphosate
concentrations influenced the interaction. Studies were therefore conducted

to chemically and biologically characterize the influence of type and quantity

of diluent ions on the activity of glyphosate on torpedo grass.

Materials and methods
Solutions containing glyphosate and calcium or iron were prepared both with

the surfactant (0.5% v /v) MON -0818 (polyoxyethylene tallow amine) for

application to torpedo grass and without for spectrophotometric analysis.

Solution combinations were factorially arranged: glyphosate (0, 0.5, 1, 2,

4 kg /ha) and calcium chloride or ferrbus chloride (0, 0.1, 1, 5, 10, 20 mM).

The culturing of torpedo grass, application methods, and data collection and

analysis were identical to those reported previously (6).
Initially, the absorbance of solutions was determined from 220 to 800 nm

for all possible combinations of glyphosate and calcium or iron. Expected

absorbance (AE.) was calculated as the sum of individual absorbances. Maximum

difference between observed absorbance (AO of a combination and A was at 230
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nm. Therefore, the effect of herbicide and ion proportion on light absorbance
was evaluated at 230 nm.

Results and discussion
Both calcium and iron differentially influenced (significant interaction
< 0.05) the activity of glyphosate on torpedo grass (Figures 1 and 2).
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Figure 1. Interactive effects
iron and glyphosate on the
inhibitionof regrown
torpedo grass shoots.
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of Figure 2. Interactive effects of
calcium and glyphosate on the
inhibition of regrown torpedo
grass shoots.

Data from several studies allow a partially characterization of the biological
consequences of calcium and iron complexing with glyphosate (1, 4, 5, 6, 7,
8). However, this study was designed such that a more complete understanding
of the relationship between ion and glyphosate concentrations (i.e.,
proportions) could be developed. Iron was much more antagonistic than calcium
to the activity of glyphosate. The linear coefficient for iron is almost double
that of calcium. These multiple regression models allow the determination
of how much glyphosate is necessary to obtain a given level of torpedo grass
control at varying levels of calcium and iron. Iron reduced the activity of
glyphosate on torpedo grass more than calcium at the higher concentration (>
5 mM) , however, at lower concentrations (< 1 mM) both ions tended to be equally
antagonistic. Iron has been previously reported (1, 4, 7) to be more
antagonistic than calcium at high concentrations (e.g. , >5 mM) . However,
calcium is found at much higher concentrations than iron in surface and
subsurface waters (6) . Thus, the greater antagonistic activity of iron is
partially off -set by the lower concentration of iron normally found in water
used as diluent. However, iron caused more antagonism than calcium at the
intermediate ion concentrations (i.e. , 1 to 5 mM) making both ions important
factors to consider when selecting diluent for the application of glyphosate.

The light absorbances of solutions of both calcium and iron individually
and in combination with glyphosate were used to study how various factors
influence this chemical interaction. Glass (2) reported that W spectroscopy
could be used to study glyphosate and metal ion complexing.. Lundager-Madsen
et- al. (3) used changes in pH titration curves to determine the stability of
glyphosate -ion complexes. Expected absorbance of glyphosate and iron (Figure
3) or calcium (data not shown) was different than A. for the combinations.

Observed absorbances were less than expected for glyphosate and calcium
between 220 and 300 nm. These differences, although small, were greatest at
230 nm. Differences between Ao and Ae were much greater for glyphosate and
iron. Observed absorbances were greater than expected between 220 to 300 nm,
but slightly less than expected between 300 to 350 nm. 'Thus, spectrophotometry
can potentially be used to study the interaction between glyphosate and ions.
Because the maximum difference in observed and expected absorbance occurred
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at 230 nm, this wavelength was used to further characterize how various factors

influence glyphosate -ion interactions.
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Figure 3. Absorption spectrum
iron (0.1 mM) and glyphosate
(1.0 mM) individually and in
combination
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of Figure 4.Absorption characteristics
at 230 nm of iron and glyphosate
individually and in various
concentration combinations.

The difference between A, and A. at 230 nm changed depending on the
proportion of glyphosate and iron in solution (Figure 4). The largest
difference occurred at the highest concentration of iron. The difference

between A. and A. that occurred was probably indicative of the amount of

complexing between glyphosate and iron. Thus, as the difference between A
and A absorbances increased the amount of complexing increased. This logicbestefits the data because as this difference increased, as a result of
increasing iron concentration, biological activity (% inhibition) decreased.
Therefore, spectrophotometry could be a useful tool for studying how other

diluent factors such as ion type and concentration, adjuvants, and pH affect
the chemical interaction between glyphosate and antagonistic ions and

consequently efficacy.
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