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Minimizing off-site movement of herbicides in tree and vine crops is important to provide cost-

effective weed control and prevent contamination of surface and groundwater supplies.  The 

potential for groundwater contamination from herbicides is of concern, because approximately 

90% of the rural population in the United States rely on groundwater for domestic use.  

According to state water quality surveys by the EPA in 1990, contaminated water accumulates 

from the transport of pollutants (including herbicides) in runoff water, leaching, irrigation water, 

and seepage or hydrologic modification.  It is estimated that agriculture is responsible for 65% of 

Non-Point Source pollution in groundwater.  The primary factors affecting Non-Point Source 

include rainfall intensity and duration, vegetation cover, soil structure and texture, topography, 

and geology.  For the most part, surface water runoff will move pollutants to streams, rivers, and 

lakes, while groundwater will collect chemicals leaching downward through the soil.  Since it is 

very expensive to purify contaminated water, certain preventative measures should be employed 

to minimize off-site movement and maintain a high quality water supply. 

 

Maintaining effective weed control, while minimizing off-site movement of herbicides in tree 

and vine crops, can be accomplished by incorporating several strategies when selecting and using 

herbicides.  Some of the more important strategies include: herbicide selection based on how 

they behave in the soil, tillage and rainfall management, and herbicide management.  Other 

factors should be employed where deemed appropriate. 

 

Numerous factors influence the activation, efficacy, and residual properties of herbicides.  

Adsorption, leaching, and volatilization are physical processes that occur to herbicides in the 

soil.  These physical processes are different for each herbicide.  Adsorption to the soil is 

beneficial by helping retain herbicides within the surface layers of soil where they are needed for 

weed control and out of deeper layers where they might cause crop injury or enter groundwater.  

If adsorption is very strong, herbicide activity may be reduced, requiring higher application rates.  

If adsorption is weak, activity may increase to cause crop injury.  Leaching can aid in the 

distribution of herbicides in the surface layers.  If too much leaching occurs, the herbicide can 

injure the crop, be wasted, or enter groundwater.  Volatility can help distribute herbicides that do 

not move by other means within the surface layers of soil.  It can also result in loss to the 

atmosphere and poor weed control.  Since there are several physical properties for each 

herbicide, the combination of these properties often dictate how they will act in the soil.  

Selecting soil-residual herbicides based on physical properties of leaching, volatilization, and 

degradation are important to maintain efficacy and reduce possible off-site movement.  

Herbicide properties are discussed below and in table 1. 

 

Leaching is the physical process of movement of herbicides in soil water flow and is influenced 

by several factors, including solubility and soil adsorption.  The amount of movement is 
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influenced by the amount of herbicide in the soil, soil texture, and the extent of water movement.  

The amount of herbicide in the soil solution is a function of the solubility of the herbicide and 

strength of soil binding (adsorption).  Herbicide solubility is a measure of how much it ionizes in 

water.  In most cases, as solubility declines, adsorption increases and soil mobility declines.  

Herbicides low in solubility are excluded from the soil water and become associated with soil 

colloids and organic matter.  While certain herbicides may have low solubility, under certain 

conditions (like sandy soils or clay soils with large cracks) they may tend to leach in free-flowing 

water rather than adsorb to soil particles.  Soil adsorption is a measure of the affinity of an 

herbicide to soil organic matter.  Herbicides that are low in solubility and have a high affinity to 

soil particles will be less likely to leach.  Since organic matter is the most influential soil factor 

governing adsorption, the Koc (mL/g) of an herbicide is a very useful measure of its tendency to 

move with water in soil.  Herbicides that are soluble with low soil sorption are prone to leaching, 

including diuron, napropamide, and norflurazon.  Herbicides that are low in solubility and not 

prone to leaching, include thiazopyr, trifluralin, and pendimethalin. 

 

Volatilization of an herbicide is determined by vapor pressure (the pressure of the gas phase of 

an herbicide in equilibrium with the solid or liquid phase at any given temperature).  Vapor 

pressure affects how volatile an herbicide is.  Volatility is the tendency of an herbicide to escape 

as a gas.  Typical vapor pressures for herbicides range from very volatile (3.4 X 10
-2

 for EPTC or 

Eptam) to non-volatile (2.8 X 10
-12

 for halsulfuron or Permit).  Highly volatile herbicides, like 

Eptam, can escape into the air within hours if not incorporated into the soil promptly after 

application. 

 

Herbicide degradation is not a fixed property, but is influenced by soil and environmental 

conditions.  Degradation or the breakdown of herbicides can occur by microbial decomposition, 

chemical decomposition, photodecomposition, soil adsorption, volatilization, leaching, surface 

runoff, and plant metabolism.  The half-life of an herbicide is often used to express the length of 

time required to reduce the amount of active ingredient by one-half.  Herbicides that tend to 

degrade rapidly are generally not prone to leaching, unless they move in runoff water or enter 

deeper soil layers through cracks. 

 

 

Table 1.  Physical properties of selected soil-residual herbicides used in trees and vines 

 

 Vapor  Soil     

 Pressure  Sorption Solubility Soil Half-Life Primary 

Herbicide (mm Hg) Volatility Koc (mL/g) (mg/L) mobility (days) degradation 
diuron 6.9 X 10-8 Low 42 480 Med 90 Microbial 

isoxaben 3.9 X 10-7 Low 1 190-570 Low 50-120 UV light 

napropamide 4.0 X 10-6 Low 73 700 Low 70 UV light 
norflurazon 2.9 X 10-8 High 28 700 High 70-180 UV light 

oryzalin < 10-8 Low 2.6 600 Low 20 Microbial 

oxyfluorfen 2.0 X 10-6 Low 0.1 100,000 Low 35 UV light 

pendimethalin 9.4 X 10-6 Med 0.275 17,200 Low 45 UV light 

pronamide 8.5 X 10-5 Med 15 800 Med 60 Chemical 

simazine 2.2 X 10-8 Low 6.2 130 Low 91 UV light 

thiazopyr 2.0 X 10-6 Low 2.5 ---- Low 64 Microbial 

trifluralin 1.1 X 10-4 Med 0.3 7,000 Low 45 UV light 
 



Tillage and rainfall management can be used to prevent herbicide movement downward through 

the soil profile and in runoff water.  Some management options include treatment prior to mild 

rainfall, using cover crops or other vegetative cover, use of conventional tillage, and maintaining 

soil organic matter. 

 

Most soil-residual herbicides in tree and vine crops require rainfall or irrigation water for 

incorporation and activation.  Since irrigation water is expensive, growers rely on winter rainfall 

for incorporation.  To avoid potential runoff, spray herbicides on non-saturated soil preceding a 

mild rainfall event.  Rainfall amounts less than ½” do not generally result in runoff and are 

useful for moving herbicides into the top inches of the soil.  Making applications ahead of large 

amounts of rains or prolonged periods of rain can result in surface runoff from the treatment site, 

especially under bare soil conditions on sloping soils.  Herbicides that are highly soluble should 

be applied toward the end of the rainy season. 

 

Cover crops or resident vegetation can be planted or maintained between tree and vine rows, at 

the ends of fields, in border strips, and at the base of irrigation ditches or canals to help reduce 

surface water movement.  Soil erosion and runoff can be significantly reduced where vegetation 

is maintained on sloping soils with heavy soil textures.  Most soil-residual herbicides have a high 

affinity to soil organic matter.  It is desirable to maintain soil organic matter where possible.  

Incorporating resident vegetation (weeds) or cover crop materials can help to maintain organic 

levels.  Soils low in organic matter favor leaching of herbicides, especially those with low soil 

adsorption. 

 

Conventional tillage practices (including disking) can help to disrupt soil macropores, so there is 

less likely to be water movement downward.  Reduced tillage or non-tillage on sloping soils 

tends to favor surface runoff.  Herbicides in runoff water can accumulate and move downward 

through the soil profile when large soil cracks are encountered following runoff. 

 

Herbicide management practices are also important in reducing the risk of groundwater 

contamination, including consulting herbicide labels, implementing IPM strategies, and sprayer 

maintenance and calibration. 

 

People involved in selecting and using herbicides should consult labels and technical bulletins to 

determine proper use rates, application procedures, timing, and other factors to maintain efficacy 

and reduce the risk of off-site movement.  Factors affecting herbicide efficacy and movement in 

soil and water have been used to help develop labels for herbicide use.  Consult other written 

sources to determine specific herbicide characteristics, including solubility, leaching potential, 

volatility, adsorption potential, and persistence.  The more familiar you are with specific 

herbicide properties, the more likely you will be to select the most appropriate herbicide(s) for 

the task.  Where possible, use the lowest rate allowable to maintain the desired degree of weed 

control. 

 

One should implement IPM strategies to help reduce the amount of herbicide needed to control 

weeds.  Mechanical control, cover crops, weed monitoring and mapping, low toxicity and low 

mobility materials, and reduced rates or spray patterns can each help to maintain weed control 



while reduce the risk of groundwater contamination.  Treating with post-emergence herbicides 

may also be desirable on soils high in runoff or leaching potential. 

 

Herbicide sprayers should undergo routine maintenance and calibration to insure proper 

herbicide placement and delivery.  Leaky tanks, hoses, and other parts should be replaced or 

repaired before herbicides are applied.  This reduces the risk of crop injury, contamination, and 

saves money.  Accurately calibrating sprayer equipment is essential to insure proper herbicide 

amounts are applied uniformly to the soil surface.  There is no set number of times a sprayer 

should be calibrated.  However, as a general rule of thumb, it is desirable to calibrate a sprayer at 

least twice a season.   

 

Many factors influence the potential off-site movement of herbicides in tree and vine crops.  

Being familiar with the physical properties of herbicides and implementing strategies based on 

maintaining herbicides at the site of placement can reduce the risk of crop injury, off-site 

movement, and groundwater contamination. 
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