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HERBICIDE MOVEMENT IN SOILS 

George F. Czapar. 
Extension Associate, Weed Science 

Iowa State University 

Introduction 

The effect of agricultural chemicals on groundwater quality continues to be 
a major concern. Although point source contamination is recognized as a 
stgnificant factor, the extent of herbicide leaching from normal field use is not clear. 
Since herbicides are used on approximately 98% of the corn and soybeans acres in 
Iowa, it is important to understand herbicide movement under normal conditions. 

Herbicide characteristics 

The potential for any pesticide to contaminate groundwater is dependent on 
several factors. Since herbicides have distinct chemical and physical properties. 
their leaching potential can be very different. Water solubility. herbicide 
persistence, and the extent of chemical adsorption to soil all influence the extent of 
field movement. In general. as water solubllity increases, the more Ukely a chemical 
is to leach. Also, a persistent herbicide with a long soil half life is more prone to 
leaching than one which is readily degraded. 

The soil/water distribution coefficient (Kd) is a common measure of 
herbicide binding. It is the ratio of pesticide adsorbed by the soil relative to the 
amount present in water. This varies with soil texture and the amount of organic 
matter. The importance of herbicide adsorption can be easily seen with paraquat. 
Paraquat is very soluble in water (62,600 ppm) and has a long soil half life. Since 
it is one of the more acutely toxic herbicides (oral LD50 of 120 mg/kg). it might 
pose a health risk if it ever reached water supplies. However, paraquat has a high 
Kd and binds extremely tightly to clay minerals. Once adsorbed, it is biologically 
nnavailable in most soils and can only be removed by breaking down the clay 
mineral with concentrated nitric or sulfuric acid. 

In addition to pesticide properties, indMdual field aspects are also 
important. Soil texture, organic matter, water holding capacity, depth to 
groundwater, rainfall amount. and timing should all be considered. Cohen et al. 
(1984) listed several pesticide characteristics and field conditions which suggest 
high potential for groundwater contamination. 

Macropore flow and herbicide movement 

Traditional herbicide leaching experiments have been done using soils which 
are mixed and repacked into columns. As a result of these studies. herbicide 
movement in sandy soils has been recognized as a problem for many years. 
However. this approach can underestimate herbicide leaching in fine textured soils 
and ignores the importance of natural soil structure. 
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Recently, there has been considerable interest in the role of macropores for 
chemical leaching under field conditions. Macropores are naturally occurring soil 
cracks, worm holes and root channels. Water flowing preferentially through 
macropores may bypass the soU matrix. Under certain conditions, surface-applied 
chemicals may also be able to move rapidly through the root zone. 

Several research projects studying the role of macropores are currently 
underway. One conunon approach is to use intact soil columns taken directly from 
a field. Intact cores retain some natural soil structure and have been shown to 
conduct surface-applied water and chemicals more rapidly than mixed, repacked 
soil columns. 

The effect of conservation tillage on macropore development and chemical 
transport is receiving considerable attention. Under no-tillage systems, macropores 
near the soil surface remain largely undisturbed. Conventional tillage, however, 
disrupts these large pores and creates more numerous smaller pores. The 
importance of these changes on chemical leaching is not clear, and there is data to 
support both positive and negative effects. In some cases. greater water infiltration 
through intact macropores may increase pesticide movement. Chemicals on the 
soil surface might be transported rapidly through the root zone. 

In contrast. a surface-applied chemical, which is not immediately leached by 
water, will diffuse into smaller pores in the soil. Any additional rainfall which 
results in macropore flow may actually bypass chemicals in the soil matrix and 
result in less total leaching. 

Field monitoring studies 

Although fields experiments provide excellent information about pesticide 
leaching, they also have some limitations. Soil sampling·, for example, has been 
used extensively to measure herbicide movement in the field. However, soU cores 
alter the plot area, and sampling over time becomes more difficult. Also, there can 
be large spatial variation between plots. 

Field drainage tiles have been used to study fertilizer and herbicide 
movement through the root zone. Once the tiles have been in place for several 
years, they reflect groundwater quality. Since tile sampling is nondestructive, soU 
structure remains intact and the same area can be repeatedly sampled. Also, tiles 
usually drain large areas and ind.ivtdual soil variation is averaged over many small 
sites. Lastly, if flow rates are lmown, the mass loss of herbicide can be calculated. 

Clearly, the amount and timing of rainfall are two important considerations 
affecting both herbicide leaching in soil and also the extent of surface runoff. 
Several researchers have shown that when significant rainfall events closely follow 
pesticide application, chemical movement is more likely to occur. Further, the 
amount of herbicide loss due to surface runoff is usually much higher than the 
extent of field leaching. 



Conclusion 

The leaching potential of any pesticide is affected by its' chemical properties. 
individual field characteristics, tillage, environmental factors, and application rate. 
Understanding the extent of herbicide movement in different situations is necessary 
to prevent groundwater contamination. Although sinkholes, agricultural drainage 
wells, sandy soils, and areas With a shallow water table are more vulnerable, 
leaching under normal field conditions should also be considered. 
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