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Subsurface drains ~ soil infiltration of rainfall and thereby 
redx~ the quantity of rtrDff water. Hills redLLT~on in the volt~e of 
runoff leads to a ~ o n  in surface loss of agrioJltural ~cals 
(r~trients and pesticides). ~ ~surface drains by d i ~  
soil moisb/re ~ the ammafc of soil leaching by ~ter, 
ocrcentratio~s of leachable chemicals in the lnx~ff active zcne of 
the soil dimini_~hes more quickly than in the ~ of subsurface 
drains. ~Inerefore, subsurface drains not only reduce the quantity of 
s~rface ztmoff but also increase its quality. 

qhe above inflt~/]oes of sutsurface drainage on surface runoff have 
b~n pointed out by Baker and Johnson (1976). I/mited data are 
awi]able in s~ort of this analysis with res~ to pesticides. 
Baldwin et al. (1975a, 1975b) reported that both f l ~  and 
p r ~  in runoff ~ affected by ~ soil moisture. Dry 
soil ccrditicns before rainfall (simulated) gave rise to runoff 
losses of ally about 10%o of ~ resulting from runoff from wet 
soil. ~ticrs of these herbicides in the first 45 L (10ram 
frum 1.5 x 4.6m plots) of runoff w~re also about 10%o of the 
~tior~ in runoff fr~n wet soil. 

Bengts(~ et al. (1988) ~ a study of the effect of subsurface 
drainage on water, sedimerfc, and nutrient losses in runoff fram plots 
with 0.1% slope in soxthezn ioaisiana frum 1981 to 1986. Subsurface 
drainage ~ total runoff by 34%, soil loss by 30%, and nitrogen 
and ~ losses by 20%0 and 36%0, respecT/vely. Using the field 
system of Bergtsan et al. (1988), we investigated the effect of 
sutsurfaoe drainage on zunoff losses of atrazine and metoladllc~. We 
re~ort here the results of that study. 

~ AND FEIt-DI~ 

Field wozk was carried out on 9 plots at the imttisiapa Agrictlltllral 
Experiment Station's Ben Hur Farms about 6 km south of Batch l%3uge. 
Plots ranging in size frnm 2.0 to 4.0 ha w~re laid out cn 
clay loam graded to 0.1% slope. Five plots oon~ained drains (10on 
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diameter aarrugated and perfcrated polyethylene tubes) 1 m de,o; 
plots varied in their drain spacing (i0-, 20-, or 30-m 

separatians), l~moff fran eaQh plot was directed tl~ a 61-cm 
H-fl~e ~ with an ~r water ~ re~x~r and an 
a~mmtic sampler. 

Samples ware stored at 5 C until extraction, qhe samples (250 mL) 
~xe s~a~t~ into s~tim~t ~d wa~r ~ by p~sing ~ 0.45 
u manbrane filters. ~he sediment portion ~Bs extracted for atrazine 
and metoladllor by Sc~llet (3 hr) with a 41:59 az~ic mixture of 
~cetone. Acetone w~ remaved fram the extraot by water 

~d the heene ~ w~ dried with s~ii~ ~ifate. sodi~ 
dlloride (2 g) was add6d to the water ~ (for salting G/t) and the 
resulting solution v~s stirred (m~netic) with i00 mL of n-hexBne for 
1 hr. After drying with sodit~n sulfate, the hexane extracts were 
analyzed for atrazine and r~toladllor by gas ~ y  using 
~th ~t~n c~X~e ~d HaU m~ezolytic ~vity det~tion. 

qhe above extra-acTion p ~  afforded the follG~ing ~ e s :  
atrazine: sediment, 14.7 _+ 5.1%, water 85.0 _+ 10.4%; metoladllor: 
sediment, 64.3 + 7.6%0; water, 93.0 + 4.6%0. An errc~ in recovery 
calculation for atrazine frcm sediment lot us to adopt the ~loloyed 
tedmnique for this herbicide. All herbicide quantities g~nerated in 
the study were ~ for reKx~ery. 

~he plots ~ planted to corn on April 15-16, 1987. On April 22-24, 
Bicep (Ciba-Geigy) was applied at 1.63 ~/ha atrazine and 2.16 
metoladllor. Corn harvest ~ in late July-early August. 

AND DISCIF~ICN 

Herbicide ~tions in runoff frtm subsurface-drain plots 
no trend with respect to drain spacirg. Chrseq2ntly, indata 
analysis the 5 plots with drains were treated as replicates, as ~are 

plots withau% drains. 

Fi~ 1 (atrazine) and 2 (metolachlor) shc~ the ~ticns of 
herbicide in rt~Dff (water plus sediment) during the 130-day period 
following application. Both heubicides ~rw~qc a rapid reduction 
in ~ t i c n  for the first 34 days after application, followed by 
a variable but ccrs~y low (<i0 t~j/L) ccn3entzation fztmn day 54 
to the erd of the season. 

~ i o n s  of the henbicides were significantly higher (65% and 
60% greater for atrazine ard metoladllcr, respectively) free plots 
wi~ subsurfaae drains for the first runoff event on day 12. Frcm 
day 25 far metoladulcr and day 31 for atrazine no difference trend 
was ebservable ~-test, P = 0.05). 

Table 1 preser~s ~ i o n  equations (PC-&AS, versicn 6.02) relating 
PP_zbicide ~ t i o n  in runoff to time after application. For 
ead~ herbicide, the two equatians ware judged (PC-SAS) to be 
significantly different (P = 0.01). ~ hyperbolic equati~ lead 
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to negative c~z~rfcraticsls at t >= t'; fcr example, t' = 90.4 days 
for eq. (i). Table 1 lists the DIS0 (50%0 ~ time) for 
each equaticn, the time for the henbicide to ~ in rurDff to a 
level 0.5 of its ca~m~atian at t = 12 days (the first sampling 
date), qhe DIS0 far atrazine in runoff is abotlt 25% of the tl/2 
(35-36 days, reparted by Saut_hwick et al., 1990) far atrazine in the 
top 2.5 am of soil; for metolad~or, the DISO is less than 40%o of the 
respective tl/2 (20-23 days). 

Table i. Begressian equaticrs-herbicides in r~Dff a. 

(i) Atr, subsurface drains: 
l~Do~fC =-23.0 + 2080/t, r2 = 0.94 
D~O~= 9days 

(2) Atr, no suhsurface drains: 
l~offC = -45.4 + 3450/t, r2 = 0.93 

(3) I~=t, substirfaoe drains: 
l~offC = -46.5 + 3290/t, r2 = 0.92 
DIS0 = 8 days 

(4) ~=t, no sutstlrfac~ draJr~: 
l~moffC = -77.4 + 5130/t, r2 = 0.89 
DIS0 = 8 days 

a C in ug/L, t in days 

b DIS0 (50%0 ~ time): time for ~ t i o n  at 
t = 12 days to decrease to 1/2 of its value 

Tables 2 (atzazine) ~nd 3 (metoladdar) give rur~ff losses of the 
heubicides far the season. Imsses of ead~ herbicide frc~ plots with 
subsurface drains were less than half that frcm the plots withoat 
drains: 22.8 g/ha (1.40%o 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) far metoladzlcr. ~ diff~ was c~e both to the lawer 
volt~e of water (Tables 2 and 3:254 mm vs 412 ram) that flawsd off 
the s~rfaoe of the plots with s~ammface drains and to the ~aller 
~ t i c n  of herbicide in runoff fram subsurface<h-o/ned plots in 
the first runoff event (Fi~es 1 and 2). ~he l~ed r~off vol~ 
occurred in fe~er runoff events from plots with drains (21 events for 
the seascn vs 27). Even after ccr~entraticns had a~proad%ed ead% 

(after day 25, Figures 1 and 2), twice as much herbicide was 
lost from plots wi~ subsurface drains as came off plots with 
~ a c e  drains ~fables 2 and 3). qhe atrazine losses (% of 
applied) r ~  in Table 2 are c~Lrable to results of an 
investigaticn of atrazine runoff ~ fields of 2-3% slope in 
Georgia; in ~ studies seasonal ~ff ~ to less than 2% of 
the applicaticn ~ 1978). 
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Table 2. Atrazine in m/Doff. 

Atrazine in 
Dsys After Oaa. IRtr~ff Oan. Atrazine Water l~nase 
Applicat/cn ran(% of Total) g/ha (% of Total) % (SD) 

DRAIN~ 

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 (i00) 22.77 a (I00) 75.7 (22.8) 

NO IIRAIR3 

12-31 18 (4.4) 25.79 (50.0) 99.2 (i.i) 
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 (i00) 51.63 b (I00) 78.0 (25.5) 

a22.8 _+ 5.1 g/ha; 1.40%o of ~ applied 

~1.6 _+ 14.8 g/ha; 3.17% of amount applied 

Table 3. Metolachlor in runoff. 

Metolachlcr in 
Days After O]m. l~noff ~ Fetolachlcr Water I%k%se 
Applicaticn ram(% of Total) g/ha (% of Total) % (SD) 

DRAIR3 

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 (I00) 23.08 a (i00) 99.2 (1.6) 

N0 I[P,A.12q3 

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 b (i00) ioo (o.o) 

a23.1 _+ 5.4 q~na; 1.07% of ammmt applied 

~2.7 _+ 8.07 g/ha; 2.44% of am~mt applied 

For the season, loss of atrazine frcm subsurfaoe drained plots was 
28.86 g/ha I_~_~ than frc~ plots without drains (Table 2). qhis 
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rec~c~ was O~Lposed of 4.84 g/ha (16.8% of the total r ~ )  
stemming frcm the lower c~r~ntraticn of herbicide in the first 
runoff event from plots with drains and of 24.02 g/ha (83.2%) of the 
total ~cn) arising frcm the snaller volt~e of runoff from 
~ c e  drained plots throughout the season. Loss of metolad~Icr 
from plots with drains ammmted to 29.60 g/ha less than from 
plots without drains (Table 3). ~he red~cn in this case was 
csmposed of 6.54 g/ha (22.1% of the total redncticn) caused by the 
smaller herbicide cor~ticn in the first event and of 23.06 ~/ha 
(77.9%0 of the total) cu~ing from the ~ller r~1off volume far the 
seascn. 

Tables 2 and 3 s~ that the early runoff events e~hibited the 
greatest influ~noe cn runoff losses of the herbicides, qhe runoff 
(3-4% of the total far the seascn) that occurred in the first 31 days 
ccr~ 41-50%o of the atrazine (Table 2) and 58-63% of the 
metolad%lor (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%0 of the metolachlcr losses took place. During this 
61-day pe/iod more than 90%0 of the atrazine [water solubility = 33 
ug/mL ~aa) (Beste et al. 1983)] and mare than 83% of the metoladllor 
[water solubility = 530 ug/mL (Beste et al. 1983)] occurred in the 
water ~3se of the runoff. Pesticides with water solubilities 
greater than 3 ug/mL usually occur m3stly in the water l~hase of 
ZlEDff CWa~ 1978). 

Ie~ et al. (1979) reported cn loss of several herbicides 
irc_luding atrazine in runoff fzcxn small Piedmcnt watersheds in 
Gecrgia. ~hey develcped the following relationship between henbicide 
ccrcentxaticn (nr/qL) in runoff (almost entirely in the water I~ase) 
and in the top l-cm soil layer (ug/g) : 

rtw~ffC = 0.05(soilc)**l.2, r2 = 0.86 

Our atrazine and metolachlor runoff and soil data (soil 
co~tions from S~ck et al., 1990) prod~ the foll~_rg 
cozres~ equaticns (subsurface- and ~ ~  plots 
were crmbined sinoe the soil ~ticns ~ no differerce with 
~ to ~-~) �9 

runoffC (atr) = 0.034 (soilc)**l.9, r2 = 0.69 

rtr~ffC (met) = 0.013 (soilC) **1.4, r2 = 0.73 

Pa~ing the analysis of ~ et al. (1979), the coefficient 
reflects the distrib~c~ betwsen ~ff and the soil zfxqe that 
provides pesticide to runoff (tap 2.5-cm in cur c~se), qhe expcrent, 
significantly different frua i, may indicate decreasing plrtitionirg 
with time; that is, partitioning into the runoff phase sccn after 
a~plicaticn was highest ~ surface ccrcentraticns were also at 
~ r ~ .  
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In s~i~ry, c~rc~trations of atrazine and metoladllor in runoff were 
affected by ~L_}~face drainage status far only the first 1-2 runoff 
~ .  After this time no significant tma~ in c~x~ntraticn 
(r~x~f quality) was observable with respect to the presence or 

of subsurface drains. On the other hard, runoff quantity 
c ~ s ~ y  ~ ~ influ~x~ @Je to s• dra~s: ~r twk~ 
as mu~h runoff flowed frGm plots wi~ subsurfaoe drains. 
re~ticn in runoff losses from sutsurfac~<Iraired plots was not 
offset by an ~ in lead~ng losses from these plots. Atrazine 
runoff was ~ by 28.8 g/ha hut le~hing losses were cnly 0.62 
~/ha; metolad%lor runoff decreased by 29.6 g/ha but lea~hing amounted 
to cnly 2.76 g/ha (~ck et al. 1990). 

~ l e ~ .  We are pleased to ackn~ledge the careful and 
c~sci~ci~ tedmical help of Angala St.Oyr. 
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