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Alternative environmental benefits of agricultural drainage ditches

Charles M. Cooper, Matthew T. Moore, Erin R. Bennett, Sammie Smith, Jr. and
Jerry L. Farris

Introduction

Agricultural drainage ditches have received mixed
reviews pertaining to therr influence, 1ole, and defi-
nion within the agricultusal ecosystem. In the early
parc of the 20th Century, drainage ditches were
viewed as a posiftve means to reduce mosquito-
infested wetlands and convert them into valuable
agricultural production acreage (GruMsLES 1991). In
recent decades, however, there has been a concerted
effort to attain a ‘no net loss of wetland acreage.
This has placed drainage ditches in a precarious situ-
ation. They arc needed to maintain field drainage,
yet frequently their own characteristics may identify
them as being wetlands themselves. Many dramnage
ditches possess the thiee macrofeatures of any wet-
land: hydroperiod, hydrosoil, and hydrophytes
There 1s, however, a fundamental difference in how
agricultural dramnage ditches are defined. For the
purpose of the present study, dranage ditches are
limited to those structures created to drain produc-
tion acreage — not marginal wetlands.

Within the agricultural community, drainage
ditches have been viewed as conduits for removing
water from production acreage. The public percep-
tton has generally been negative in recent years,
because constructed ditches have replaced natural
drainage systems. Draiage ditches have largely been
ignored 1n sciennific research. Research from the
Netherlands has focused on drainage ditch maince-
nance sssues (VAN SirieN et al. 1989, 1991), while
Drent & Kersiing (1992) reported the use of
experimental dramage ditches for ccotoxicological
evaluations Unul now, littde information has been
available on the potential mitigation capabulities of
drainage dirches.

By viewing drainage ditches as buffers between
production acreage and downstream aquatic recerv-
1ng systems, 1t 15 possible to tncrease the water qual-
iy of agricultural runoff following storm events
Therefore, ditches may serve as an altetnative best
management pracuce (BMP). Historical BMPs
related to agricultural land include, but are not im-
ited to, winter cover crops, stiff grass hedges, riparian

zones, grass filter strips, constructed wetlands, and
conservation tillage. Most BMP research has been
performed in the capaaty of reducing sediment and
nutrient-laden agncultural runoff (BUTLER et al
1974, Hayrs & Hairstox 1983, HAYES et al 1984,
LeF et al. 1989, BARLING & MOoORE 1994). Little to
no research has attempted to document the capabil-
1ty of vegetated agnicultural dramnage ditches in the
mitgation of pesticide-associated stormwater runoff
If drainage ditches, as proposed, serve as an effective
means for the mnganon of pesticide-associated
stormwater runoff, farmers and landowners will have
a low-cost, environmentally beneficial BMP alterna-
tve

Materials and methods

Simulated pesticide storm  runoff was achieved
through two different controlled-release expert-
ments, beginning in the summer of 1998. Both
experiments werc conducted within the Mississipps
Delta Management  Systems  Evaluation  Area
(MDMSEA) (Scrrrmsrr et al 1996a, b) (Fg 1)

The first experiment was conducted on a 50-m reach
of a vegerated agricultural drainage ditch within the
Beasley Lake watershed. With a top ditch width of
approximately 4 m, a depth of 1.3 m, and a bottom
slope of 0.004, the drainage ditch discharge during
the simulated event was 3680 1. h™". Experimental
sampling sites were established at the runoff point of
entry, 10 m above the pont of entry, and 10, 20, 40,
and 50 m below the point of entry A muxture of the
herbicide atrazine (2-chloro-4-ethylamino-6-isopro-
pylamino-s-triazine) and the 1nsecucide lambda-cyh-
alothnin  (A-cyano-3-phenoxybenzyl-3-(2-chloro-
3,3.3-trifluoro-1-enyl)-2,2-dimethyl  cyclopropane-
carboxylate), stmulating pesticide runoff from a 10-
ha field, was applied to the drainage ditch segment.
Aqueous samples were collected at O min, 60 min,
90 min, 120 min, 150 min, 180 min, 24 h, 7 days,
14 days. and 28 days. Sediment and plant samples
were also collected at all sampling intervals except 90
min, 120 min, and 150 min Atrazine and lambda-
cyhalothrin are most commonly used for pest con-
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Fig. 1 Mississippt Delta Management Systems Evaluacon Area (MDMSEA) watersheds 1n western Missis-

sippt, USA.

trol 10 corn {Zea mays) and coteon (Gossyprum hrsu-
tum). The domimant aquatc plant species present 1n
the ditch included Polygonum sp. and Leersia sp

In 1999, the ditch scudy was conducted on a 650-
m vegetated agricultural dranage ditch leading 1nto
Thighman Lake, still within the MDMSEA The
ditch had an approximate top width of 4.5 m, and a
water width and depth of 2.8 m and 0 35 m, respec-
tvely. Sampling sites were established ar 10 m above
the pownt of entty, 0 m {point of entrv), and 25, 50,
75. 100, 200, 400 and 650 m below the point of
entry. Two pyrethroid imsecticides, lambda-cyhalo-
thrin and bifenthrin ([2 methyl(1,1"-biphenyl)-3-yl]
methyl 3-(2-chloro-3,3,3- trifluoro-1-propenyl)-2,2-
dimethyl-cyclopropanecarboxylate) were mixed and
amended into the ditch, simulating pesticide runoff
from a 20-ha field Aquecus samples were collected
every 15 min for 1.5 h, then again ar 2 h, 3 h, 6 h,
12'h, 24 h, 7 days, 14 days, 30 days, 44 days, and 99
days. Sediment and plant samples were collected at
all sampling intervals from 3 h to completion of
study, as well as at 0 mun. In both studies, pesucide
muxtures were amended with only water (e.g no sed-
tment partculates added), esnimaring a worst-case
concentration scenario. Bifenthrin, like atrazine and
lambda-cyhalothrin, 1s commonly used for pest con-
trol in corn and cotton. Ludwigra sp. and Lemna sp.
were the dominant aquatic flora i the Thighman
drainage ditch. For both ditch experiments, pesticide
concentrations were based on label application rates
and potential pesticide runoff percentages (Wau-
CHOPE 1978) Samples of water, sediment, and plants

were collected spatially and temporally in both stud-
ies and analyzed according to BENNFTT er al. (2000)
for the presence of atrazine, lambda-cyhalothrin, and
bifenthrin, according to the respective experiment

Results

Atrazine

During the first 24 h following initiation of the
simulated storm event on the Beasley Lake
drainage ditch, 59-61% of the measured atra-
zine was associated with the ditch vegetation.
Fourteen days after the simulation, atrazine
aqueous concentrations in all five ditch mont-
toring sites were below the ecotoxicological
threshold of 0.020 mg L™ (HusFr 1993). Mea-
sured mean percentages of atrazine in water,
sediment, and plant material were 15 + 24%,
28 £ 23%, and 57 + 21%, respectively, for the
duration of the study (28 days)

Lambda-cyhalothrin (Beasley Ditch)

Within just 3 h of the simulation event, 97% of
the measured lambda-cyhalothrin was associ-
ated with ditch vegetarion, while the remaining
3% was assoctated with the water phase. By the
end of the study (28 days), 3% of the measured
lambda-cyhalothrin was associated with sedi-
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ment, while 97% was associated with plant
material. By end of the study, aqueous concen-
trations of lambda-cyhalothrin at cach of the
five monitored ditch sites were at, or below, the
ecotoxicological threshold of 0.00002 mg L~
(EXTOXNET 1996). Mean measured percent-
ages of lambda-cyhalothrin in aqueous, sedi-
ment, and plant material at the end of the study
were 1+ 1%, 2 £ 1%, and 97 + 0.4%, respec-
tively.

Lambda-cybalothrin (Thighman Ditch)

As with the 1998 lambda-cyhalothrin results,
96% of the measured lambda-cyhalothrin was
assoctated with ditch vegetation only 3 h after
initation of simulation 1n the 1999 study. The
remaining measured 4% was associated with
the ditch sediment. Samples collected at 12 and
24 h indicated that berween 94 and 99% of
measured lambda-cyhalothrin was associated
with the ditch vegetation. Lambda-cyhalothrin
rapidly degraded in water concentrations
throughout the length of the ditch within 24 h
of the stmulated storm event (Fig. 2). Aqucous
concentrations in extreme downstrcam moni-
toring sites (200 m and beyond) were below the
acceptable ecotoxicological threshold level 7
days after the simulation, with all monitoring
sites recording concentrations below the thresh-
old 30 days after the simulation. At the end of
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the study (99 days), mean lambda-cyhalothrin
percentages 1n water, sediment, and plant mare-
ral were 1 + 1%, 12 + 16%, and 87 + 16%,
respectively.

Bifenthrin

Three hours after the stmulation, 99% of the
measured bifenthrin was associated with ditch
vegetation. Similarly, samples collected at 12
and 24 h indicated that 98-99% of the mea-
sured bifendhiin was assocrated with plant
material. Bifenthrin concentrations in water
quickly degraded along the length of the ditch,
24 |k after the simulated storm event (Fig. 3}
Extreme downstream monitoring sites (400 m
and 650 m) were at, or below, the acceprable
ecotoxicological threshold level (0.00018 mg
L") within 24 h of runoff simulacon. Within
30 days, all ditch monutoring sites recorded
aqueous concentrations at, or below, the accept-
able threshold. Mean measured percentages of
bifenthrin 1n water, sediment, and plant at the
end of the study were 1 £ 0.5%, 18 = 28%, and
81 + 28%, respectively.

Discussion

As evidenced by current research, ditch vegeta-
tion plays a significant role 1n sequestering pes-
ticides associated with storm runoff from agri-
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cultural fields. Parucularly with pyrethroid
insecticides, heavily used on cotton within the
Mussissippt Delta and other regions of the US,
vegetation 1s a valuable component of the
drainage ditch ccosystem. As menuoned previ-
ously, most dramnage ditch research in the scien-
tific licerature deals with ditch vegetation man-
agement. In fact, it is a common practice in
many European countries to selectively manage
the height of ditch vegetation for drainage and
aesthetic purposes. Many agricultural drainage
ditches in the US are dredged or mowed to
remove as much vegetation as possible. Gener-
ally this is to provide the least amount of water
flow resistance during periods of drainage.
However, research indicates that by allowing
the vegetation to remain, to some degree,
within the ditch, a significant amount of pesti-
cides may be mingated from stormwater runoff.
Ditches must sdll perform their function of
water drainage, but by allowing vegetation to
remain in the ditch ecosystem, downstream
aquatic recetving systems (rivers, lakes, streams,
ete.) will ultimately benefit.

With the US nauonal water quality interests
focusing on the Clean Water Act and imple-
mentation of toral maximum daily loads
(TMDLs), the role of agriculeure and 1ts rela-

tion to water quality are at the forefront of pub-
lic concern and policy. Agricultural scientists
have been designing and continue to design
new, innovative BMPs ro increase the quality of
agricultural stormwater runoff. Great strides
have been made 1n this area in regards to stiff
grass hedges, conservanion ullage, and other
BMPs. Now, with the proposed addition of
agriculeural drainage ditches, a holisric manage-
ment water quality approach may be obtained.
This research 1s unique because 1t emphasizes a
new ftreatment concept — one encompassing
processes in the field, at the edge-of-field, in the
transitional flow zone, and the recerving water-
body. This concept goes beyond looking at a
particular BMP by encouraging a suite of reme-
diation tools for effective runoff miugation.
Farmers and landowners will be able to choose
those practices that arc both environmentally
friendly and economically feasible. Some prac-
tices (e.g. constructed wetlands) may have asso-
clated costs that cannot be carried by all farm-
ers. In those instances, perhaps a combinaton
of management rechniques, including agricul-
rural drainage ditches, would prove most bene-
ficral.

The scaling of dramnage ditches is of utmost
importance. Little to no mnformation was previ-
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ously available on the classification of drainage
ditches. The research reported herein was con-
ducted on relatively small drainage ditches, less
than 5 m in top width. A novel ditch classifica-
tion system is currently being proposed by Far-
ris et al. (2000). The classification ranges from
a primary ditch (less than 1 m 1n width) to a
pentenary ditch (>10 m in width). Such pente-
nary ditches, also termed riverine ditches, may
serve more for conducting water and less for
mittigation of agriculturally related runoff. Early
data suggest that smaller-scale ditches have a
higher mutigation capacity for runoff than do
larger ditches.

Drainage ditch research is relatively new, but
vitally important. The present authors are cur-
rently examining  several ditch  ecosystem
parameters, including refinement of the classifi-
catton scheme, general water qualicy parame-
ters, microbial acuvity, invertebrate and verte-
brate assessments, nutrient load, and further
pesticade mutigation capabilities. By incorporat-
ing a holistic approach to drainage ditch man-
agement, better decisions will result in
improved water quality in downstream aquatic
recetving systems.
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