Chapter 10

Wetlands and Agriculture
Charles M. Cooper and Matthew T. Moore

The values of wetlands are commonly known among the general population—
waterfowl habitat, sport fisheries, timber, recreation, and so forth. More impor-
tantly, ecological wetland functions such as nutrient cycling and mitigation
(filtering) of pollutants are becoming more widely recognized, especially in the
agricultural community. So then what is the importance of agriculture and wet-
lands? Although their affiliation may seem antagonistic at first glance, it is more
closely related to one of mutualism. Certain agricultural crops thrive in the
moist, rich wetland soils, while wetlands near agricultural lands receive nutrient
inputs to maintain an ecosystem balance. More importantly, this relationship
shows the intricate balance between viable food and fiber production and preser-
vation of natural resources. Wetlands, both natural and constructed, serve as
important habitats for a variety of plants and animals. They also serve as natural
buffers for rivers, lakes, and streams. By maintaining these wetlands around
production agriculture landscapes, significant improvements in water quality
may be achieved. This will have a direct effect upon the preservation of our
aquatic resources. Therefore it is imperative to not only discuss the historical
relationship of agriculture and wetlands, but to also focus on future symbiotic
relationships resulting in sustained food and fiber production, while not com-
promising the ecological integrity of the surrounding watershed. After a brief
discussion of the historical relationship between agriculture and wetlands, this
chapter will address research results of wetland mitigation of specific agricultural
pollutants—sediments, bacteria, pesticides, and nutrients. Further evaluation of
the success of riparian wetland habitat will be presented, as well as new
discoveries of drainage ditch wetlands for pesticide mitigation. Conclusions and
recommendations for future research needs will conclude the chapter.
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Background

Agriculture had its beginnings in the fertile floodplains of the large river valleys
of the world where fresh silc was deposited annually and seeds were sown in wet
soils enriched with new sediment. Today, subsistence cultures still grow plants
in the wet areas along wetland fringes, with the most common wetland agricul-
ture being rice paddy cultivation (Hook 1993). Some seasonal marshes and wet
floodplains around the world are now human-managed wetlands. The most
common example is the rice field; however, freshwater and brackish aquaculture
are also common practices.

Until recently, wetlands not directly used for agriculture have been treated by
many with contempt as wastelands. This contempt has resulted in the loss of
many areas of wetlands over the years. In tropical regions, it is estimated that
recent losses of mangroves have been 6 percent in Indonesia, 8 percent in
Malaysia, 20 percent in Thailand, and 50 percent in the Philippines (Gosselink
and Maltby 1990). In temperate zones, most wetlands have been drained and
converted to agricultural systems. It is estimated that over 1.6 million square
kilometers of wetlands had been drained prior to 1985 (Lvovich and White
1990), of which three-fourths were in the temperate regions. Williams (1990)
and Gosselink and Maltby (1990) have thoroughly discussed wetland drainage
for agriculture with detailed examples from the United States, Europe, and
Australia. According to the U.S. Department of Agriculture, Natural Resources
Conservation Service (USDA NRCS), until the mid-1950s, agriculture was
responsible for an estimated 87 percent of wetland conversion. For the period of
1982-1992, only 20 percent of the total wetland losses were attributed to
agriculture, while 57 percent were attributed to urban development (USDA
NRCS 1999).

Wetland losses generally result in major hydrologic changes and species
declines. Impacts from agriculture involve additional complications, including
inputs of nutrients (primarily nitrogen and phosphorus), addition of pesticides,
and lack of fertility replacement with reduced flooding cycles. At some point,
the sustainability of wetland ecosystems becomes intertwined with the sustain-
ability of agro-ecosystems.

Natural wetlands, at the interface of upland or floodplain agriculture, have
served as the interface and buffer between agriculture and other ecosystems.
However, many natural wetlands are at or beyond their carrying capacity.
Constructed wetlands, therefore, are being developed to provide the filtering
and processing component of the landscape previously provided by natural wet-
lands. Constructed wetlands are areas of designed hydrology (water), hydrosoils
(soils), and hydrophytes (plants). They may be constructed in former wetland
areas or other suitable locations. Thus, constructed wetlands will more and more
become partners with agriculture in water-quality improvement and protection.
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Nonpoint Source Agricultural Pollutants

Excessive sediments, nutrients, pesticides, and bacteria are the most common
potential agricultural contaminants. Fowler and Heady (1981) considered sedi-
ments to be the single largest pollutant affecting aquatic systems, and according
to the U.S. Environmental Protection Agency (U.S. EPA), sediment is the
primary impairment cause listed on individual states’ 303(d) lists (U.S. EPA
2001). These lists identify bodies of water targeted for development of total
maximum daily loads (TMDLs) for specified pollutants. Sediments were listed
as the top cause of impairment, responsible for 6,133 of 37,428 identifiable,
reported impairments (16 percent), followed by pathogens (14 percent), and
nutrients (13 percent). Pesticides were identified for approximately 4 percent of
listed impairments (U.S. EPA 2001).

Nonpoint Source Agricultural Pollutants and Wetlands

With increased concern over water-quality issues across the globe, more emphasis
is being placed on best management practices (BMPs) designed to decrease
deleterious effects of potential agricultural pollutants to downstream receiving
systems. One suggestion involves using constructed wetlands as a buffer between
agricultural fields and aquatic receiving systems. This is an approved practice,
with standards already put into place by the Natural Resources Conservation
Service (USDA NRCS 2000). Mitsch (1993) outlined some preliminary princi-
ples regarding ecological engineering of constructed wetlands that minimize
nonpoint source pollution. Among his suggestions:

* Constructed wetlands should be designed for minimal maintenance

* Constructed wetlands should mimic natural systems

e Utilization of natural energies should be incorporated in the design

* Wetland systems must be designed with the landscape in mind

* Multiple objectives should be incorporated in the design, with at least one
identified major objective and several secondary objectives

* Sufficient time must be allowed for the system to operate properly.

Sediments and Wetlands

Sediments are unique contaminants, since other potential pollutants (such as
pesticides, phosphorus, and metals) often piggyback on sediment particles.
Therefore, efforts to decrease the amount of sediment entering receiving water-
bodies often lead to concomitant decreases in potential pollutants such as phos-
phorus and pesticides. Several studies have reported on the use of constructed
wetlands to reduce sediment outflow into receiving waterbodies. Higgins et al.
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(1993) reported on the use of a constructed wetland to control agricultural
runoff. Performed on the Long Lake watershed in northern Maine, this study
focused on combining several best management practices for optimum
nonpoint source runoff mitigation. Utilizing the combination of sedimentation
basin, level lip spreader, grass filter strip, constructed wetland, and detention
pond, researchers documented that annual removal efficiencies of total suspended
solids were 96-97 percent, but that seasonal removal rates were quite variable.
Spring outflow of suspended sediment was actually higher than the inflow due
to the high groundwater table that surfaced in the system during April and May
(Higgins et al. 1993).

In their classic text Wetlands, Mitsch and Gosselink (1993) reviewed works
reported by Knight (1990) and Mitsch (1992) regarding comparisons of sed-
iment retention by natural, nonpoint source (wetlands receiving nonpoint
source effluent) and wastewater constructed wetlands (both surface and
subsurface flow wetlands). The only data for a natural wetland indicated
approximately 3 percent sediment retention, while nonpoint source wetlands
retained between 88 and 98 percent of sediment input. Surface and subsurface
flow constructed wastewater wetlands retained between 61and 98 percent and
49 and 89 percent, respectively.

Elder and Goddard (1996) reported mean suspended sediment retention of
48 percent in the Jackson Creek Wetland. This wetland area is actually a 95-acre
shallow prairie marsh housing three sediment retention ponds. The project goals
were to decrease the amount of sediment and nutrient inflow into Delavan Lake.
Other results indicated that there was consistent sediment retention throughout
the year, including periods where retention was up to 80 percent.

Bacteria and Wetlands

Although bacteria are not typically considered agricultural contaminants, with
increased poultry, hog, and dairy production, bacteria are becoming more preva-
lent as nonpoint source pollutants within waterbodies. Much work has been
published in the literature regarding the efficiency of constructed wetlands in
mitigating potential effects of dairy farm effluent. Going beyond typical reduc-
tions in fecal coliforms, most constructed wetland and dairy wastewater research
has also examined changes in nutrient concentrations, biochemical oxygen
demand (BOD), chemical oxygen demand (COD), and suspended solids.
Cooper and Testa (1997) examined efficiency of three constructed wetland
cells located on a dairy farm in northern Mississippi, which housed an average
of eighty Holstein cattle (ranging from sixty to one hundred head). The three
parallel, non-sloped cells were 6 meters in width and 24 meters in length and
were dominated by Scirpus (bulrush). Results of nonpoint source pollutant
reduction were grouped according to weather patterns—warm and cool—with
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warm representing spring and summer, and cool representing fall and winter.
Warm season results indicated decreases in COD, BOD, and fecal coliforms of
50 percent, 68 percent, and 89 percent, respectively. Cool season results revealed
decreases in COD, BOD, and fecal coliforms of 79 percent, 84 percent, and
97 percent, respectively.

Reaves and DuBowy (1997) reported results from constructed wetlands on
a similar-sized dairy operation (seventy cows) in Kosciusko County, Indiana. In
this system, two wetland cells in series were used, one rectangular-shaped
(64.6 x 14 meters) and the other horseshoe-shaped, with the two arms measur-
ing 32.3 x 14 meters each and the upper end measuring 9 x 6.1 meters. Outflow
from the second cell indicated an 83-93 percent decrease in COD.

Using a combination of constructed wetland cells, a settling basin, and a veg-
etative filter strip, Schaafsma et al. (2000) assessed effects of BMPs on dairy
wastewatet. The system under investigation had been designed to treat waste
for 170 cows, basically double that of the above described studies. Several
parameters were examined for reduction, including total nitrogen, ammonia,
total phosphorus, ortho-phosphate, suspended solids, and BOD. In particular,
BOD was decreased by 97 percent following treatment in the settling basin and
wetland cell.

Pesticides and Wetlands

Using constructed wetlands to mitigate agricultural pesticide runoff is of increas-
ing research importance. Because of the proximity of agricultural production to
aquatic systems such as reservoirs, lakes, rivers, and streams, there is a potential
for contamination by a variety of pollutants, especially pesticides (Moore 1999).
Rodgers and Dunn (1993) suggested general modeling and design guidelines for
using constructed wetlands as buffers between agricultural fields and their
receiving aquatic systems (rivers, lakes, streams, etc.). Their model is based on a
combination of wetland physical, chemical, and biological characteristics that
guide the fate and persistence of pesticides targeted for remediation. To be
mitigated, pesticides can only be either transferred or transformed. Transfer of
pesticides refers to processes including, but not limited to, volatilization,
solubility, flow, retention, sorption, and infiltration. Pesticide transformations
refer to, but again are not limited to, photolysis, oxidation, hydrolysis, and
biotransformation. In order for the effects of the targeted pesticide to be miti-
gated, it must be capable of being held within the wetland for a determined
amount of time (pesticide retention time, or PRT). If pesticides cannot be held
within the wetland, then they are not appropriate targets for constructed
wetland mitigation. Even though there are several explicit assumptions incorpo-
rated in their model, initial efforts by Rodgers and Dunn (1993) have benefited
later pesticide studies, discussed below.
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Darby (1995) first used the suggested modeling parameters for examining
the fate of the organophosphate insecticide chlorpyrifos (sold under the trade
names Lorsban and Dursban) in constructed wetlands. She determined that the
majority of chlorpyrifos was rapidly bound to the sediment and plant material
in the inflow area of the wetland cells. Moore et al. (2000, 2001b, 2002)
expanded Darby’s original study to also include the herbicides atrazine and meto-
lachlor, and reevaluated chlorpyrifos at worst-case scenario storm runoff concen-
trations. Targeted inflow chlorpyrifos concentrations were 73 micrograms/L,
147 micrograms/L, and 733 micrograms/L, representing 0.5, 1, and 5 percent
estimated chlorpyrifos runoff. Based on water, sediment, and plant data collected
weekly for twelve weeks following a simulated storm runoff event, 47-65 percent
of the measured chlorpyrifos was located within the first 30-36 meters of wetland
mesocosms. Of the measured chlorpyrifos, 55 percent was in sediments and
25 percent was in plant material. Based on models and equations provided
by Rodgers and Dunn (1993), wetland travel distances of approximately
184-230 meters would be needed to mitigate chlorpyrifos runoff of the magni-
tude described above (Moore et al. 2002).

Similar studies were conducted by Moore et al. (2000, 2001b) evaluating the
use and efficiency of constructed wetlands in mitigating atrazine and metolachlor.
Target concentrations of 73 micrograms/L and 147 micrograms/L atrazine were
amended to the wetlands. Mitigation was much less than that observed for chlor-
pyrifos, with no detectable atrazine measured in either plant or sediment samples
collected throughout the five-week exposure period. These results were similar to
those obtained by Glotfelty et al. (1984), who reported no detectable atrazine
residues in bottom sediments of an estuary from edge-of-field runoff. Between 17
and 42 percent of measured atrazine mass was located within the first
30-36 meters of the wetlands. Based on field data and equations from Rodgers
and Dunn (1993), 100-280 meters of wetland travel distances would be needed
to mitigate runoff episodes of this magnitude. While this is somewhat lower than
distances needed for chlorpyrifos, one must remember that chlorpyrifos is much
more potent to nontarget organisms such as fish and aquatic invertebrates than is
atrazine (Moore et al. 2000). Identical concentrations of metolachlor were also
amended into the constructed wetlands and evaluated for a five-week period. Only
7-25 percent of the measured metolachlor mass was within the first 30-36 meters
of the wetlands, and only 10 percent of the total metolachlor was measured in
plant material. The range of wetland buffer travel distance needed to mitigate this
size event was 100—400 meters (Moore et al. 2001b).

Runes et al. (2001) examined the remediation potential of atrazine in small,
265 liter wetland microcosms. According to their results, less than 12 percent of
the applied atrazine was present in the water column after fifty-six days. They
also reported that 67 percent of atrazine and hydroxyatrazine residues were
detected in the sediments of the wetland microcosms.
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Even though the majority of research regarding atrazine and wetlands has
been conducted on constructed or artificial systems, some literature exists on use
of natural wetland systems. Alvord and Kadlec (1996) reported on atrazine fate
and transport within the Des Plaines natural wetlands in northeastern Illinois.
Their results indicated that wetlands decreased spikes of atrazine, as well as
decreased atrazine concentration, by 26-64 percent from inflow to outflow.

Other studies have examined the effectiveness of small constructed wetlands
to buffer against the effects of pesticide runoff and spray drift. Water quality
within the Lourens River (South Africa) has been declining over the last few
decades because of intensive agriculture, sediment input, and loss of indigenous
vegetation (Tharme et al. 1997; Schulz 2000). A study was conducted to deter-
mine the capability of a previously constructed wetland (originally designed to
decrease sediment input into the Lourens River) to buffer against pesticides
associated with particles from runoff, as well as input from spray drift (Schulz
2000). Sediment and nutrient retention, as well as in situ exposures, were exam-
ined within the wetland. Little information exists regarding toxicity assessments
within constructed wetlands for pesticide or nutrient retention. This information
is important, however, since sublethal concentrations of these contaminants may
affect growth, reproduction, behavior, and physiology of aquatic organisms
(Anderson and Zeeman 1995; Rice et al. 1997). It was determined that 75-84
percent of suspended sediment, orthophosphorus, and nitrate were sequestered
within the wetland. Bioassay results indicated decreased Chironomus toxicity
from wetland inflow to outflow, demonstrating the ability of constructed
wetlands in decreasing possible effects from potential agricultural contaminants.

Nutrients and Wetlands

While many other studies combine evaluations of pollutant-trapping efficiencies
(e.g., bacteria and nutrients), some have focused primarily on nutrient trapping
efficiencies of constructed wetlands. Hey et al. (1994) studied four wetlands at
the Des Plaines River Wetlands Demonstration Area in Illinois. Wetlands
ranged in size from 2 to 3.5 hectares, and they had trapping efficiencies of
39-99 percent and 52-99 percent for nitrate-nitrogen and total phosphorus,
respectively. In another Illinois study, Kovacic et al. (2000) evaluated three wet-
lands (0.3—0.8 hectares in surface area; 1,200—5,400 cubic meters in volume) for
mitigation of nitrate-nitrogen and total phosphorus. Although 37 percent of the
total nitrogen inputs were trapped in the wetlands, nitrate-nitrogen concentra-
tions were decreased by 28 percent compared to inflow concentrations. Total
phosphorus trapping was only 2 percent for treatment wetlands (Kovacic et al.
2000). Rehabilitated wetlands along the Maryland coastal plain were studied by
Whigham et al. (1999). Wetlands ranged in size from 0.4 to 7.3 hectares and
were capable of mitigating 50 percent of dissolved phosphate and 70 percent of
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dissolved nitrate. Likewise, 30—40 percent of dissolved organic nitrogen, phos-
phorus, and carbon was trapped in the treatment wetlands (Whigham et al.
1999). Smaller-scale (microcosm) wetland studies were conducted by Rogers
et al. (1991) and Ingersoll and Kasperek (1998). Plants were responsible for
90 percent of the nitrogen removal in gravel bed wetland microcosms, with total
nitrogen removal ranging from 91 to 98 percent (Rogers et al. 1991). Ingersoll
and Baker (1998) used eighteen flow-through sediment-water wetland micro-
cosms and reported varied nitrate trapping efficiency between 8 and 95 percent.
This was believed to be caused by fluctuating hydraulic loading and carbon
addition rates.

Riparian and Other Natural Buffers as Wetlands

In some agricultural situations, construction of wetlands may not be a viable
option due to constraints such as cost and available land. In such cases, we must
look to natural wetland—related buffer systems already in place in the agricultural
landscape. In 1997, the U.S. Department of Agriculture established the
National Conservation Buffer Initiative, whose goal was to install 3.2 million
kilometers of conservation buffers by the year 2002 (USDA NRCS 1998).
These buffers are small fringe areas left in permanent vegetation designed to
retain potential agricultural contaminants. Buffers may be in many forms,
including herbaceous wind barriers, grass filter strips, or the more traditional
riparian zone.

Vegetated (grass) filter strips are effective at decreasing concentrations of
sediment, as well as nitrogen, phosphorus, and pesticides bound to soil.
Research has indicated that a 7.6-meter-wide strip of land with a 6-7 percent
slope was capable of decreasing movement of total nitrogen and the herbicides
atrazine and alachlor by 70 percent, with total phosphorus being decreased by
almost 85 percent (Leeds et al. 1993). Research on fields in Iowa, Virginia,
Maryland, and Indiana with slopes of 3—12 percent indicated a decrease in sed-
iment between 56 and 97 percent, depending upon the filter strip width and
contributing drainage area (Franti 1997). Trapping efficiencies from vegetated
filter strips (4.5-13.7 meters) in Kentucky fields with 9 percent slope ranged
from 96 to 99 percent for sediment; 94 to 98 percent for nitrate-nitrogen; and
93 to 99 percent for atrazine (Snyder 1998). Fields in northwest Arkansas
(3 percent slope) containing vegetated filter strips exhibited marked reduction
in contaminant loss with a 6-meter strip (54 percent decrease in total nitrogen;
70 percent decrease in ammonium-nitrogen; 58 percent decrease in total phos-
phorus; and 55 percent decrease in orthophosphate-phosphorus). These same
studies utilized a 21-meter filter strip, and trapping efficiency rose to 81 percent
for total nitrogen, 98 percent for ammonium-nitrogen, 91 percent for total
phosphorus, and 90 percent for orthophosphate-phosphorus (Snyder 1998).
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The value of riparian zones has been well documented since the early 1980s.
According to Henry et al. (1999), riparian corridors and associated wetlands
provide flood velocity control and storage, as well as stream-flow maintenance
in the dry season. Riparian zones also serve as a source of woody debris within
the stream, while helping to maintain a moderate surface water temperature
through vegetative shade. Both surface and subsurface water quality are better
maintained with a continuously vegetated riparian corridor. Such stable vegeta-
tion will also decrease the likelihood of streambank erosion (Henry et al. 1999).
As previously stated, there is abundant literature concerning riparian forest and
wetland capacity to intercept and remediate nutrient- and sediment-associated
waters (Lowrance et al. 1984; Jacobs and Gilliam 1985; Peterjohn and Correll
1986; Pinay and Decamps 1988; Chescheir et al. 1991; Brinson 1993; Haycock
and Pinay 1993; Barling and Moore 1994).

Smith et al. (2000) reported on water quality of a forested riparian and wet-
land area in the Mississippi Delta. As part of the Management Systems
Evaluation Area study located in the Mississippi Delta, characterization of water
quality in shallow groundwater wells and a pesticide-controlled release experi-
ment were conducted on the Beasley Lake watershed. Evaluation of nutrient
analyses from the riparian zone shallow groundwater wells indicated mean
concentrations of orthophosphate-phosphorus, ammonium-nitrogen, nitrate-
nitrogen, and total organic carbon of 0.02, 0.27, 0.20, and 145 milligrams/L,
respectively. Mean concentrations for the entire Beasley Lake watershed (at all
sites and shallow groundwater depths) for orthophosphate-phosphorus, ammo-
nium-nitrogen, nitrate-nitrogen, and total organic carbon were 0.16, 1.82, 0.72,
and 61 mg/L, respectively. Data from the controlled-release experiment (with
two pyrethroid insecticides) indicated rapidly decreasing insecticide concentra-
tions both spatially and temporally with no detection of pyrethroids in the
receiving water body, Beasley Lake (Smith et al. 2000).

Agricultural Drainage Ditches—The New Wetlands

Landscape features often overlooked for their contaminant mitigation potential
are agricultural drainage ditches. A network of drainage ditches surrounds many
agricultural fields for the primary purpose of promoting water removal following
rainfall and controlled-release events (Moore et al. 2001a). Originally drainage
ditches were constructed to remove water from land destined to serve as agricul-
tural production acreage. Most often, these ditches ran from a wetland or marsh
area to an aquatic receiving system. Now, ditches are commonplace, almost to
the point of being innocuous, in the agricultural field setting. In today’s litigious
society, there is a battle over the right to “clean out” a drainage ditch—more
specifically, to remove accumulated sediment, plant, and other organic material.
Although this debate can better be addressed by legal experts, suffice it to say that
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drainage ditches are valuable yet controversial ecosystems. Ditches possess many
of the same key characteristics that define wetlands: hydroperiod, hydrosoils, and
hydrophytes. Many ditches maintain some level of water enabling flooded
or waterlogged conditions throughout most, if not all, of the year. This in turn
contributes to the presence of hydric soils in ditches. The presence of aquatic
vegetation (hydrophytes) is variable depending upon many ditch parameters such
as size and water depth—much like that of natural and constructed wetlands.
Some of the same aquatic plants one may find in a natural or constructed wet-
land can also be found in an agricultural drainage ditch. It is for valid reasons
then, we consider drainage ditches as a type of wetland ecosystem.

The ditch’s ability to mitigate specific agricultural contaminants has been less
studied, although Drent and Kersting (1992) briefly reported on the use of
experimental ditches in the Netherlands for ecotoxicology research. Other studies
in the Netherlands have focused more on ditch maintenance and vegetation
(Van Strien et al. 1989, 1991). Little or no information is readily available
concerning the ecology or classification of agricultural drainage ditches. Farris et
al. (2000) reported initial efforts to categorize soils, water quality, vegetative
conditions, and physical dimensions of agricultural drainage ditches in north-
east Arkansas. The study also included preliminary information from macroin-
vertebrate surveys to serve as a possible biotic community index in future
drainage ditch classification (Farris et al. 2000). As a result of this preliminary
information, a classification of ditch ecosystems is currently under development.
By further examining these systems, we can perhaps better define estimates of
mitigation capacity. This will provide farmers and other conservationists with
specific guidelines on the development, maintenance, and trapping efficiency
of drainage ditches. By considering this type of wetland in conjunction with
certain other BMPs, perhaps agriculture can better address issues concerning
control of nonpoint source pollution.

Recommendations

The most important recommendation derived from this chapter is the need for
improved and consistent technology transfer between wetland researchers and
the general agricultural community. Historically, researchers interested in wet-
land functions were misperceived as enemies of agriculture. More participation
and understanding on both sides (see Chap. 11) is needed to continue to
progress in this area. Wetlands and agriculture, while historically having a less-
than-agreeable relationship because of agriculture’s past practice of draining wet-
lands, are intricately bound by commonality. Rice production, for instance, will
always be related to wetland systems. As agriculture continues to grow and new
production landscape is needed to sustain the world’s food and fiber requirements,
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wetlands will serve an even greater role in water-quality enhancement for aquatic
natural resources.

Research needs identified through efforts reported in this chapter include the
following:

* Information on plant-specific uptake of agricultural contaminants (pesticides,
nutrients, etc.).

* Close collaboration between farmers, resource conservationists, and plant scien-
tists to ensure vegetation used for mitigation will not pose risks to surrounding
crops.

* Vegetated drainage ditch research needs validation outside the Mississippi
Delta region into other parts of the country, specifically the East and West
coasts and the Midwest.

* Better communication between federal agencies responsible for wetlands and
farmers. It is imperative that farmers understand their land rights but also have
an increased understanding of the benefits of wetlands.

* Encouragement of wetland banking programs, such as those found in the
Midwest, as alternatives to farmers.

* Continued practical research on the watershed level, such as reported by Smith
et al. (2000) on a riparian zone in the Mississippi Delta.

Conclusions

There is an indelible link between agriculture and water quality. Due to historical
conversion of wetlands into agricultural production acreage, nonpoint source
pollution from cropland runoff has been identified as a significant source of
surface water contamination. To decrease effects of such runoff, the agricultural
rescarch community has focused on ways to reduce the quantity and improve
the quality of runoff water. These BMPs range from changes in tillage to
construction of artificial wetlands. Where wetlands were once intentionally
drained, many landowners are now constructing “artificial” wetlands in order to
contain and remediate runoff. This chapter has examined the intricate relationship
between agricultural pollutants and wetlands. Successful evidence of wetland
remediation of sediment-, bacteria-, pesticide-, and nutrient-laden runoff has
been documented. Additional consideration was given to riparian and other
natural buffer wetland areas with successful remediation results. A final section
peered into the future of wetland remediation, focusing on the idea and initial
success of vegetated agricultural drainage ditches as small, constructed wetlands.
By implementing successful constructed wetland remediation practices, agricul-
ture can continue to decrease the effects of runoff contamination on rivers,
streams, lakes, and reservoirs.



232 + PART III. FRESHWATER MANAGEMENT

Acknowledgments

Authors wish to thank Brij Gopal, Sammie Smith Jr., Ralf Schulz, and Jerry
Farris for their gracious contributions to both the May 2000 conference techni-
cal session and book chapter. Thanks also to Janet and Jason Greer for their
technical assistance during the conference.

References

Alvord, H. H., and R. H. Kadlec. 1996. Atrazine fate and transport in the Des Plaines
wetlands. Ecological Modeling 90:97-107.

Anderson, D. P, and M. G. Zeeman. 1995. Immunotoxicology in fish. Pp. 371-404 in
Fundamentals of aquatic roxicology: Effects, environmental fate and risk assessment. 2d
ed. Edited by G. M. Rand. Washington, D.C.: Taylor and Francis Publishers.

Barling, R. D., and I. D. Moore. 1994. Role of buffer strips in management of water-
way pollution: A review. Environmental Management 18(4):543-558.

Brinson, M. M. 1993. Changes in the functioning of wetlands along environmental gra-
dients. Wetlands 13(2):65-74.

Chescheir, G. M., J. W. Gilliam, R. W. Skaggs, and R. G. Broadhead. 1991. Nutrient
and sediment removal in forested wetlands receiving pumped agricultural drainage
water. Wetlands 11:87-103.

Cooper, C. M., and S. Testa III. 1997. A constructed bulrush wetland for treatment of
cattle waste. Pp. 14-24 in Constructed wetlands for animal waste treatment: A manual
on performance, design and operation with case bistories, edited by V. Payne. Special
Publication of the U.S. EPA Gulf of Mexico Program. Payne Engineering and
CH2M Hill. Stennis Space Center, Miss.

Darby, M. A. 1995. Modeling the fate of chlorpyrifos in constructed wetlands. Master’s
thesis. University of Mississippi, University, Miss.

Drent, J., and K. Kersting. 1992. Experimental ditches for ecotoxicological experiments and
eutrophication research under natural conditions: A technical survey. DLO Winand
Staring Center. Report 65. Wageningen, The Netherlands.

Elder, J. F, and G. L. Goddard. 1996. Sediment and nutrient trapping efficiency of a con-
structed wetland near Delavan Lake, Wisconsin, 1993-1995. U.S. Geological Survey
Fact Sheet FS-232-96, Denver, Colo.

Farris, J. L., C. M. Cooper, M. T. Moore, and D. L. Feldman. 2000. Attributes of ditch
ecosystems as constricted remnant wetlands. Abstracts from the Conference on
Sustainability of Wetlands and Water Resources. The University of Mississippi Field
Station Publication Number 9. Abbeville, Miss. Abstract No. 19.

Fowler, J. M., and E. O. Heady. 1981. Suspended sediment production potential on
undisturbed forest land. Journal of Soil and Water Conservation 36:47—49.

Franti, T. G. 1997. Vegetative filter strips for agriculture. Nebraska Cooperative Extension
Publication NF 97-352, Lincoln, Nebr.

Glotfelty, D. E., A. W. Taylor, A. R. Isensee, ]. Jersey, and S. Glenn. 1984. Atrazine
and simazine movement to Wye River Estuary. Journal of Environmental Qualiry
13:115-121.



Chapter 10. Wetlands and Agriculture * 233

Gosselink, J. G., and E. Maltby. 1990. Wetland losses and gains. Pp. 296-322 in
Wetlands: A threatened landscape, edited by M. Williams. Oxford, U.K.: Blackwell
Publishing.

Haycock, N. E., and G. Pinay. 1993. Groundwater nitrate dynamics in grass poplar veg-
etated riparian buffer strips during the winter. Journal of Environmental Quality
22:273-278.

Henry, A. C., Jr., D. A. Hosack, C. W. Johnson, D. Rol, and G. Bentrup. 1999.
Conservation corridors in the United States: Benefits and planning guides. Journal of
Soil and Water Conservation 54(4): 645-650.

Hey, D. L., A. L. Kenimer, and K. R. Barrett. 1994. Water quality improvement by four
experimental wetlands. Ecological Engineering 3:381-397.

Higgins, M. ]J., C. A. Rock, R. Bouchard, and B. Wengrezynek. 1993. Controlling agri-
cultural runoff by use of constructed wetlands. Pp. 357-368 in Constructed wetlands
Jor water quality improvement, edited by G. A. Moshiri. Boca Raton, Fla.: Lewis
Publishers.

Hook, D. 1993. Wetlands: History, current status, and future. Environmental Toxicology
and Chemistry 12 (12):2157-21606.

Ingersoll, T. L., and K. Kasperek. 1998. Nitrate removal in wetland microcosms. Wazer
Research 32 (3):677-684.

Jacobs, T. J., and J. W. Gilliam. 1985. Riparian losses of nitrate from agricultural
drainage waters. Journal of Environmental Quality 14:472-478.

Knight, R. L. 1990. Wetland systems. Pp. 211-260 in Natural systems for wastewater treat-
ment. Manual of Practice FD-16. Water Pollution Control Federation, Alexandria, Va.

Kovacic, D. A., M. B. David, L. E. Gentry, K. M. Starks, and R. A. Cooke. 2000.
Effectiveness of constructed wetlands in reducing nitrogen and phosphorus export
from agricultural tile drainage. Journal of Environmental Quality 29:1262-1274.

Leeds, R., L. C. Brown, M. R. Sulc, and L. Van Lieshout. 1993. Vegerative filter strips:
Application, installation and maintenance. Ohio State University Extension,
Publication No. AEX-467. Columbus, Ohio.

Lowrance, R., R. Todd, J. Fail Jr., O. Hendrickson Jr., R. Leonard, and L. Asmussen.
1984. Riparian forests as nutrient filters in agricultural watersheds. BioScience 34
(4):374-377.

Lvovich, M. L., and G. E White. 1990. Water. Pp. 235-252 in The earth as transformed
by human action, edited by B. L. Burner III, W. C. Clark, R. W. Kates, J. Matthews,
W. Meyer, and J. R. Richards. New York: Cambridge University Press.

Mitsch, W. J. 1992. Landscape design and the role of created, restored, and natural ripar-
ian wetlands in controlling nonpoint source pollution. Ecological Engineering 1:27—47.

. 1993. Landscape design and the role of created, restored, and natural riparian
wetlands in controlling non-point source pollution. Pp. 43—70 in Created and natu-
ral wetlands for controlling non-point source pollution, edited by R. K. Olson. Boca
Raton, Fla.: C. K. Smoley Publishing.

Mitsch, W. J., and J. G. Gosselink. 1993. Wetlands. 2d ed. New York: Van Nostrand
Reinhold.

Moore, M. T. 1999. Fate of chlorpyrifos, atrazine and metolachlor from non-point
sources in wetland mesocosms. Ph.D. diss. University of Mississippi, University,
Miiss.




234 + PART III. FRESHWATER MANAGEMENT

Moore, M. T., J. H. Rodgers Jr., C. M. Cooper, and S. Smith Jr. 2000. Constructed wet-
lands for mitigation of atrazine-associated agricultural runoff. Environmental
Pollution 110 (3):393-399.

Moore, M. T., J. H. Rodgers Jr., S. Smith Jr., and C. M. Cooper. 2001b. Mitigation of
metolachlor-associated agricultural runoff using constructed wetlands in Mississippi,
USA. Agriculture, Ecosystems and Environment 84:169-176.

Moore, M. T., R. Schulz, C. M. Cooper, S. Smith Jr., and J. H. Rodgers Jr. 2002.
Mitigation of chlorpyrifos runoff using constructed wetlands. Chemosphere 46
(6):827-835.

Moore, M. T., E. R. Bennett, C. M. Cooper, S. Smith Jr., E D. Shields Jr., C. D. Milam,
and J. L. Farris. 2001a. Transport and fate of atrazine and lambda-cyhalothrin in an
agricultural drainage ditch in the Mississippi Delta, USA. Agriculture, Ecosystems and
Environment 87 (3):309-314.

Peterjohn, W. T, and D. L. Correll. 1986. The effect of riparian forest on the volume and
chemical composition of baseflow in an agricultural watershed. Pp. 244-262 in
Watershed research perspectives, edited by D. L. Correll. Washington, D.C.: Smithsonian
Institution Press.

Pinay, G., and H. Decamps. 1988. The role of riparian woods in regulating nitrogen
fluxes between the alluvial aquifer and surface water: A conceptual model. Regulated
Rivers: Research and Management 2:507-516.

Reaves, R. P, and P J. DuBowy. 1997. Tom Brothers dairy constructed wetland.
Pp. 9-13 in Constructed wetlands for animal waste treatment: A manual on perform-
ance, design, and operation with case histories, edited by V. Payne. Special Publication
of the U.S. EPA Gulf of Mexico Program. Payne Engineering and CH2M Hill.
Stennis Space Center, Miss.

Rice, P J., C. D. Drewes, T. M. Klubertanz, S. P. Bradbury, and J. R. Coats. 1997. Acute
toxicity and behavioral effects of chlorpyrifos, permethrin, phenol, strychnine and
2,4-dinitrophenol to 30-day-old Japanese medaka (Oryzias latipes). Environmental
Toxicology and Chemistry 16(4):696-704.

Rodgers, J. H., Jr., and A. W. Dunn. 1993. Developing design guidelines for constructed
wetlands to remove pesticides from agricultural runoff. Ecological Engineering 1:83-95.

Rogers, K. H., P. E Breen, and A. J. Chick. 1991. Nitrogen removal in experimental wet-
land treatment systems: Evidence for the role of aquatic plants. Research Journal of the
Water Pollution Control Federation 63(7):934-941.

Runes, H. B., P J. Bottomley, R. N. Lerch, and J. J. Jenkins. 2001. Atrazine remediation
in wetland microcosms. Environmental Toxicology and Chemistry 20 (5):1059-1066.
Schaafsma, J. A., A. H. Baldwin, and C. A. Streb. 2000. An evaluation of a constructed
wetland to treat wastewater from a dairy farm in Maryland, USA. Ecological

Engineering 14:199-206.

Schulz, R. 2002. Use of a constructed wetland to reduce nonpoint-source pesticide con-
tamination of the Lourens River, South Africa. Pp. 154-159 in Proceedings of a
Conference on Sustainability of Wetlands and Water Resources, edited by M. M.
Holland, M. L. Warren Jr., and J. A. Stanturf. USDA Forest Service, General
Technical Report SRS-50.

Smith, S., Jr., J. D. Schreiber, C. M. Cooper, S. S. Knight, and P. Rodrigue. 2000. Water
quality research in the Beasley Lake forested wetland/riparian area of the Mississippi



Chapter 10. Wetlands and Agriculture * 235

Delta MSEA. Abstracts from the Conference on Sustainability of Wetlands and Water
Resources. The University of Mississippi Field Station. Publication No. 9. Abstract
No. 82.

Snyder, C. S. 1998. Vegetative filter strips reduce runoff losses and help protect water
quality. News and Views. Potash and Phosphate Institute and the Potash and
Phosphate Institute of Canada. Oct.

Tharme, R., G. Ratcliffe, and E. Day. 1997. An assessment of the present ecological con-
dition of the Lourens River, Western Cape, with particular reference to proposals for
stormwater management. Cape Town Freshwater Research Unit, University of Cape
Town, South Africa.

USDA NRCS (United States Department of Agriculture, Natural Resources
Conservation Service). 1998. Buffer strips: Common sense conservation. Accessed
12/4/02: www.nrcs.usda.gov.

. 1999. State of the land: Wetlands. Accessed 12/4/02: www.nrcs.usda.gov.

. 2000. Conservation practice standard: Constructed wetland. Code 656. Accessed
12/4/02: www.ms.nrcs.usda.gov/constructedwetland. pdf.

U.S. EPA (United States Environmental Protection Agency). 2001. Total Maximum
Daily Load (TMDL) Program. Accessed 12/4/02: www.epa.gov/owow/tmdl/.

Van Strien, A. J., T. Van Der Burg, W. J. Rip, and R. C. W. Strucker. 1991. Effects of
mechanical ditch management of the vegetation of ditch banks in Dutch peat areas.
Journal of Applied Ecology 28:501-513.

Van Strien, A. J.,J. Van Der Linden, T. C. P. Melman, and M. A. W. Noordevliet. 1989.
Factors affecting the vegetation of ditch banks in peat areas in the western
Netherlands. Journal of Applied Ecology 26:989-1004.

Whigham, D. E, T. E. Jordan, A. L. Pepin, M. A. Pittek, K. H. Hofmockel, and N.
Gerber. 1999. Nutrient retention and vegetation dynamics in restored freshwater wet-
lands on the Maryland coastal plain. Final Report. U.S. Environmental Protection
Agency and the USDA Natural Resources Conservation Service, Wetland Science
Institute, Laurel, Md..

Williams, M. 1990. Wetlands: A threatened landscape. Oxford, U.K.: Blackwell
Publishing.







