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Subsurface drains increase soil infiltration of rainfall and thereby
redmeﬂ)eqlnntityofmffwater This reduction in the volure of
nmoff leads to a reduction in surface loss of agricultural chemicals
(mutrients amd pesticides). Because subsurface drains by diminishing
soil moisture increase the amount of soil leaching by rairwater,
concentrations of leachable chemicals in the runoff active zane of
the s0il diminishes more quickly than in the absence of subsurface
drains. Therefore, subsurfaoedxamsmtmlyreduoeﬂleqm’ftltyof
surface runoff but also increase its quality.

The above influences of subsurface drainage an surface runoff have
been pointed cut by Baker ard Jdmson (1976). Limited data are
available in support of this amalysis with respect to pesticides.
Baldwin et al. (1975a, 1975b) reported that both fluameturon amd
pravetryn in runoff were affected by antecedent soil moisture.
so0il conditions before rainfall (similated) gave rise to nnoff
losses of only about 10% of those resulting fran nunoff fram wet
soil. Concentrations of these herbicides in the first 45 L (10mm
fram 1.5 x 4.6m plots) of runoff were also about 10% of the
concentrations in ruroff from wet soil.

Bergtson et al. (1988) canducted a study of the effect of subsurface
drainage on water, sediment, and nutrient losses in runoff from plots
with 0.1% slope in southern Icuisiana from 1981 to 1986. Subsurface
drainage reduced total runoff by 34%, soil loss ky 30%, and nitrogen
and phosphorus losses by 20% ard 36%, respectively. Usirg the field
system of Bergtson et al. (1988), we irvestigated the effect of
subsurface drainage an runoff losses of atrazine and metolachlor. We
report here the results of that sbudy.

MATERTALS AND METHODS

Field work was carried aut on 9 plots at the ILauisiana Agricultural
Experinent Station’s Ben Hur Farms about 6 km south of Baton Rouge.
Plots rarnging in size fram 2.0 to 4.0 ha were laid out on Comrerce
clay loam graded to 0.1% slope. Five plots contained drains (10-cm
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diameter corrugated and perfarated polyethylene tubes) 1 m deep;
these plots varied in their drain spacing (10~-, 20~, or 30-m
separations). Runoff fram each plot was directed through a 61-am
H-flune instrumented with an FWl water stage recorder and an
artamatic sampler.

Sanples were stored at 5 C until extraction. The sanples (250 ml)
were separated into sediment and water phases by passing through 0.45
u menbrane filters., The sediment portion was extracted for atrazine
ard metolachlor by Saxhilet (3 hr) with a 41:59 azectropic mixture of
nhexane-acetone. Acstone was removed from the extract by water
washing and the hesane phase was dried with sodium sulfate. sodium
chloride (2 g) was added to the water phase (for salting out) and the
resulting solution was stirred (magnetic) with 100 mL of n-hexane for
1 hr. After drying with sodium sulfate, the hexane extracts were

analyzed for atrazine and metolachlor by gas chramatography using
both electron capture amd Hall Electrolytic conductivity detection.

The above extraction procedure afforded the following recoveries:
atrazine: sediment, 14.7 + 5.1%, water 85.0 + 10.4%; metolachlor:
sediment, 64.3 + 7.6%; water, 93.0 + 4.6%. An error in recovery
calcaulation for atrazine from sediment let us to adopt the employed
technique for this herbicide. All herbicide quantities generated in
the study were corrected for recovery.

The plots were planted to com on April 15-16, 1987. On April 22-24,
Bicep (Ciba-Ceigy) was applied at 1.63 ky/ha atrazine and 2.16 kg/ha
metolachlor. Com harvest ocourred in late July-early August.

RESULTS AND DISCUSSION

Herbicide concentrations in runoff fram subsurface-drain plots showed
1o tremd with respect to drain spacing. Cmnsequently, in data
analysis the 5 plots with drains were treated as replicates, as were
thoee plots withart drains.

Figures 1 (atrazine) and 2 (metolachlor) show the concentrations of
herbicide in runoff (water plus sediment) during the 130-day period
following application. Both herbicides uderwent a rapid reduction
in concentration for the first 34 days after application, followed by
a variable but cansistently low (<10 uy/l) concentration from day 54
to the ed of the seasm.

Concentrations of the herbicides were significantly higher (65% and
60% greater for atrazine armd metolachlar, respectively) fram plots
withort subsurface drains for the first nunoff event on day 12. From
day 25 for metolachlor ard day 31 for atrazine no difference trerd
was doservable (t-test, P = 0.05).

Table 1 presents regression equations (PC-SAS, version 6.02) relating
herbicide concentration in mmoff to time after application. For
each herbicide, the two equations were judged (PC-S8AS) to be
significantly different (P = 0.01). These hyperbolic equations lead
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to negative copentrations at t >= t’; for exanple, t’ = 90.4 days
for eq. (1). Table 1 lists the D50 (50% disappearance time) for
each equation, the time for the herbicide to disappear in nuoff to a
level 0.5 of its concentration at t = 12 days (the first sampling
date). The DIS0 for atrazine in runoff is about 25% of the t1/2
(35-36 days, reparted by Southwick et al., 1990) for atrazine in the
top 2.5 am of soil; for metolachlor, the DISO is less than 40% of the

respective t1/2 (20~23 days).

Table 1. Regression equations-herbicides in runoff?.

(1) Atr, subsurface drains:

RINOFFC = -23.0 + 2080/t, r2 = 0.94
=9 days

(2) Atr, no subsurface drains:
RIOffC = —45.4 + 3450/t, r2 = 0.93
DIS0 = 9 days

(3) Met, subsurface drains:
RINOffC = —46.5 + 3290/, 12 = 0.92
DIS0 = 8 days

(4) Met, no subsurface drains:
RIoffC = -77.4 + 5130/t, 2 = 0.89
DIS0 = 8 days

@ ¢ inuylL, t in days

b prso (50% disappearance time): time for concentration at
t = 12 days to decrease to 1/2 of its value

Tables 2 (atrazine) and 3 (metolachlor) give nmoff losses of the
herbicides far the season. Iosses of each herbicide from plots with
subsurface drains were less than half that from the plots without
drains: 22.8 g/ha (1.40% of applied) vs 51.6 g/ha (3.17% of applied)
for atrazine; 23.1 g/ha (1.07% of applied) vs 52.7 g/ha (2.44% of
applied) for metolachlor. This difference was due both to the lower
volume of water (Tables 2 and 3: 254 mm vs 412 mm) that flowed off
the surface of the plots with subswrface drains and to the smaller
concentration of herbicide in nmoff fram subsurface-drained plots in
the first nuoff event (Figures 1 ard 2). The lowered runoff volume
ocarred in fewer nmnoff events fram plots with drains (21 events for
the season vs 27). Even after concentrations had approached each
cther (after day 25, Figures 1 amd 2), twice as much herbicide was
lost from plots withaut subsurface drains as came off plots with
subsurface drains (Tebles 2 and 3). The atrazine losses (% of
applied) reported in Table 2 are canparable to results of an
irvestigation of atrazine runoff from fields of 2-3% slope in
Georgia; in those stidies seasomal runoff amounted to less than 2% of
the application (Wauchope 1978).
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Table 2. Atrazine in ruroff.

Atrazire in
Days After Q. Rumoff Qm. Atrazine Water Phase
Aplication mm(% of Total) a/ha (% of Total) % (SD)

TRAINS
12-31 8 (3.1) 9.32 (40.9) 98.7 (0.7)
32-61 137 (53.9) 19.02 (83.5) 90.7 (8.4)
63-98 162 (63.8) 20.76 (91.2) 54.9 (16.7)
104-130 254 (100) 22.77% (100) 75.7 (22.8)
NO [RAINS

12-31 18 (4.4) 25.79  (50.0) 9.2 (1.1)
32-61 191 (46.4) 44.38  (85.0) 97.8  (4.6)
63-98 243 (59.0) 46.33 (89.7) 71.1 (16.3)
104-130 412 (100) 51.63°  (100) 78.0 (25.5)
822.8 + 5.1 g/ha; 1.40% of amount applied
b51.6 + 14.8 g/ha; 3.17% of amomt applied
Table 3. Metolachlor in runoff.

Metolachlor in
Days After Qm. Rmoff Qum. Metolachlor Water Phase
Aplication mm(% of Total)  g/ha (% of Total) % (SD)

TRATNS
12-31 8 (3.1 13.38 (58.0) 83.3 (3.3)
32-61 137 (53.9) 21.48 (93.1) 98.0 (3.6)
63-98 162 (63.8) 22.14  (95.9) 98.2 (3.5)
104-130 254 (100) 23.082 (100) 99.2 (1.6)
NO [RAINS

12-31 18 (4.4) 33.14  (62.9) 85.9 (2.7)
32-61 191 (46.4) 47.79  (90.7) 94.6 (9.9)
63-98 243 (59.0) 49.13  (93.3) 83.2 (11.8)
104-130 412 (100) 52.68°  (100) 100  (0.0)

823.1 + 5.4 g/ha; 1.07% of amount applied
bsy.7 + 8.07 g/ha; 2.44% of amourt applied

For the seastn, loss of atrazine fram subsurface drained plots was
28.86 g/ha less than from plots withoat drains (Table 2). This
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reduction was camposed of 4.84 g/ha (16.8% of the total reduction)
stemming from the lower concentration of herbicide in the first
runoff event fram plots with drains amd of 24.02 g/ha (83.2%) of the
total reduction) arising from the smaller volure of runoff from
subsurface drained plots throughaut the season. Ioss of metolachlor
fram plots with drains amunted to 29.60 g/ha less than fram those
plots without drains (Teble 3). The reduction in this case was
camposaed of 6.54 g/ha (22.1% of the total reduction) caused by the
gmaller herbicide concentration in the first event ard of 23.06 g/ha
(77.9% of the total) caming from the smaller nmoff volume for the
season.

Tables 2 and 3 show that the early nunoff events exhibited the
greatest influence on runoff losses of the herbicides. The ruoff
(3—4% of the total for the season) that ccomrred in the first 31 days
cortained 41-50% of the atrazire (Table 2) and 58-63% of the
nmetolachlor (Table 3) that flowed off the plots during the 130-day
seascn.  Within 61 days greater than 83% of the atrazine losses and
more than 90% of the metolachlar losses took place. During this
61-day period more than 90% of the atrazine [water solubility = 33
ug/mL (oam) (Beste et al. 1983) ] ard more than 83% of the metolachlor
[water solubility = 530 ug/nl (Beste et al. 1983)] ocaurred in the
water phase of the minoff. Pesticides with water solubilities
greater than 3 ug/nl usually oocur mostly in the water phase of
raoff (Wauchope 1978).

Ieonard et al. (1979) reported on loss of several herbicides
inclhuding atrazine in runoff from small Piedmont watersheds in
Georgia. They developed the following relationship between herbicide
concentration (mg/L) in nuoff (almost entirely in the water phase)
ard in the tap 1-om soil layer (ugy/g):

NNoffC = 0.05(soilC)**1.2, ¥2 = 0.86

Qur atrazire and metolachlor nmoff and soil data (soil
concentrations from Souttwick et al., 1990) produced the following
correspording equatians (subsurface— and nonsubsurface-drained plots
were carbined since the soil concentrations showed no difference with
respect to drainage) :

runoffC (atr) = 0.034 (soilC)*¥1.9, r2

0.69

rnoffC (met) = 0.013 (soilC)#**1.4, r2 = 0.73
Paraphrasing the analysis of Ieonard et al. (1979), the coefficient
reflects the distribution between runoff amd the soil zone that
provides pesticide to nmuoff (top 2.5-am in aur case). The exponent,
significantly different fram 1, may indicate decreasing partitionirg
with time; that is, partitioning into the rnunoff phase soon after
application was highest when surface concertrations were also at
their highest.
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In sumary, concentrations of atrazine amd metolachlor in nupff were
affected by subsurface drainage status for only the first 1-2 raroff
evants. After this time no significant trend in concentration
(runoff quality) was doservable with respect to the presence or
absernce of subsurface drains. On the other hard, nroff quantity
consistently showed an influence due to subsurface drains: over twice
as mxh runoff flowed fram plots without subsurface drains. This
reduction in runoff losses from subsurface-drained plots was not
offset by an increase in leaching losses from these plots. Atrazine
nneff was reduced by 28.8 g/ha lut leaching losses were only 0.62
a/ha; metolachlor runoff decreased by 29.6 g/ha but leaching amounted
to only 2.76 g/ha (Soutiwick et al. 1990).
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