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Preferential Flow 
How It Affects Chemical Movement through Soil 

No ONE CAN VERTICALLY BISECT A FIELD OF 

cotton down to the groundwater to find 
out how an herbicide moves as it sinks 
through the soil. But after nearly 20,000 
laboratory analyses, Jack Watson and 
his research team have a pretty good 
idea how that works. 

They are studying a phenomenon 
called preferential flow, where chemi- 
cals carried in water move downward 
through soil more deeply in some areas 
than others. As agrichemicals move 
along preferential pathways, they may 
pass rapidly below the root zone, where 
they threaten the water table. 

Since 1989, Watson has studied the 
movement of herbicides through soil in 
an effort to understand how the chemi- 

They are studying a 
phenomenon called 
preferential flow, where 
chemicals carried in water 
move downward through soil 
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than others. 

cals penetrate soil voids, spaces that 
contain air or water. This USDA -funded 
series of projects, including two field 
studies and a laboratory study, is 
shedding light on ways to reduce 
groundwater contamination. As an 
avenue for water and other liquid 
transport, preferential flow takes 
advantage of existing holes made by 
plant and animal life. 

"Sometimes worm holes allow water 
and chemicals to move faster," said 
Watson, an extension water quality 
specialist at The University of Arizona. 
"Decaying roots can also leave holes, 
and water can move faster in some soil 
textures - sandy soil, for example - 
than others. We ran these studies to 
identify a basic phenomenon, rather 
than to determine if there's a problem in 
Arizona. Problem identification is the 
job of the Department of Environmental 
Quality. 

"We're dealing with questions about 
how application methods cause herbi- 
cides to go below the root zone," 
Watson said. "Can we identify those 
practices that reduce the chance of 
herbicide loss to groundwater ?" 

"We're dealing with questions 
about how application 
methods cause herbicides to 
go below the root zone." 

To find out, Watson and his col- 
leagues set up field plots at the UA 
Maricopa Agricultural Center, located 
near Casa Grande. Soil scientist Art 
Warrick, soil chemist Janick Artiola, and 
weed scientist John Chernicky, all from 
the UA, collaborated with Watson on 
the study. 

They began to test applications of 
prometryn, an herbicide commonly 
used in cotton. On the soil surface, the 
researchers left some sections bare, and 
planted others with cotton or barley to 
determine the extent to which plant root 
development increased the preferential 
flow. 

"We chose herbicides commonly used 
in Arizona, that had some potential for 
contamination of groundwater in cases 
of excessive irrigations," Watson said. 
"We wanted to understand the impor- 
tance of preferential flow in increasing 
leaching losses." 

The team used three data collection 
techniques in each plot. The first 
involved traditional soil sample collect- 
ing down through the soil profile to a 
depth of 2.5 meters. Second, soil water 
was tested at specific depths using 
measuring devices called suction 
lysimeters. These solution samples were 
evaluated with the soil samples to 
determine whether the herbicide concen- 
trations in each were comparable. 

The third data collection method 
used pan lysimeters. Consisting of a one 
foot square glass brick with small holes 
drilled in the top, these lysimeters were 
buried at one meter depths throughout 
the plots to compare the concentrations 
of chemicals collected in the glass bricks 
with the concentrations collected in the 
suction lysimeters. 

"For each sample we took, we needed 
to identify whether preferential flow 
had occurred or not," Watson said. "It's 
really difficult to determine this, so you 
have to come up with a trick for mea- 
suring it." To solve that problem, they 
decided to add a tracer to the irrigation 
water to track its movement. "If the 

herbicide and the tracer went to the 
same depth, it would mean the herbi- 
cide was not held in the soil," he said. 

As they measured flow in the field, 
the scientists also conducted laboratory 
adsorption studies to measure the 
degree to which the herbicide was 
attracted (adsorbed) to soil particles 
when no preferential flow occurred. 
Substances that attach to the soil 
particles don't move quickly through 
the soil. In these simple batch studies, 
mixtures of herbicide and water were 
shaken and centrifuged, and then 
measured for the degree of adsorption 
attained. 

"High concentrations of prometryn 
adsorbed more, meaning more was held 
to the soil particles in the higher doses," 
Watson said. "That's the opposite of 
what you'd expect - that larger 
amounts would adhere to the soil 
particles less and therefore be more 
available to move below the crop root 
zone." The answer to that riddle may 
be the additives in the formulated 
material. Herbicides sold commercially 
contain a dilute concentration of the 
active ingredient, with other substances 
added to stabilize the product and make 
it easier to mix and apply. 

"This raises the question: since data 
for environmental studies is frequently 
obtained on the pure compound, is the 
loss actually greater or less than those 
studies show ?" Watson said. "Our 
study indicates the latter, which is 
actually better for the environment 
because the substance stays closer to the 
soil surface, instead of moving quickly 
into the groundwater, in this particular 
case." 

Watson also tested different methods 
for applying the herbicide, measuring 
the amount of preferential flow result- 
ing from each. In the first set of plots, he 
used a conventional ground rig to spray 
the material onto dry soil. For the 
second set, also on dry soil, he injected 
the herbicide into the irrigation water. 
On the third group of plots, the herbi- 
cide was again introduced into the 
irrigation water and applied after the 
soil was pre- irrigated. 

After painstaking rounds of sampling, 
measuring and comparing, a picture of 
the herbicide's movement through the 
soil profile began to emerge. When 
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applied in irrigation water to initially 
wetted soil, the prometryn moved more 
rapidly compared to the tracer than it 
did in dry soil. However, the water 
moved more uniformly through the soil 
and thus the tracer and water depths 
were more shallow. Consequently, the 
depth of the prometryn was essentially 
the same for all treatments. 

Watson said he expected the chemi- 
gation (applying chemicals through 
irrigation water) to cause deeper move- 
ment of prometryn than the conventional 
spray rig treatment. The irrigation water 
was expected to increase preferential 
flow, but it didn't. Close attention to 
maintaining the same soil surface 
conditions likely precluded the develop- 
ment of preferential flow paths. 

"It appears from this study that there 
was no enhanced movement of 
prometryn when applied in irrigation 
water versus conventional means," 
Watson said. 

Partial sub -soil layers can redirect water flow so that some areas receive little water, 
while others receive a great deal (from Watson's video How Water Moves Through Soil.) 

Another very positive benefit of the 
chemigation applications was an 
improved uniformity of application 
compared with the conventional 
treatment. The soil concentrations and 
the uniformity of those concentrations 
suggests that less prometryn would be 
needed for effective weed control if 
applied via chemigation. Such a practice 
would reduce the amount available for 

Herbicides attracted (adsorbed) to soil particles don't move quickly through the soil. 
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loss to groundwater. (There is a catch: 
the irrigation uniformity and efficiency 
need to be very good, and any grower 
using chemigation should consider 
potential carryover effects on subse- 
quent crops.) 

Watson's group is currently investi- 
gating the timing of preferential flow 
during infiltration, to determine if it 
occurs only during the initial stages of 
infiltration, or if it persists the entire 
time the irrigation water is moving 
through the soil. 

To benefit the agricultural commu- 
nity, the results of this research have 
been presented through Cooperative 
Extension to help growers understand 
ways to reduce pesticide use while 
maintaining crop productivity. 

- Susan McGinley 

For ordering 
information 
regarding the 
instructional 
video How 
Water Moves 
Through Soil, 
contact Jack 
Watson at the 
Maricopa 
Agricultural Center, Research 
Division, 37860 Smith -Enke Rd., 
Maricopa AZ 85239, (520) 568- 
2273, jwatson @ag.arizona.edu. 
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