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Preferential Flow Effects on NOs-N L osseswith Tile Flow
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Absract

The veriation in continuity and geomelry of macropores over the growing seeson can affect subsurface
drain ‘tileé water and nitratenitrogen (NOs-N) concentrations in tile water. This study anayzes the patterns of
tile flows and nitratenitrogen (NOs-N) concentrations in tile water in reation to ranfdl events usng fidd
measured data as wel as invoking the macropore option of the Root Zone Water Qudity Modd (RZWQM98).
The increase in NOs-N concentration in tile flow during the growing season in comparison with the decrease in
NOs-N concentrations after the crop harvest following heavy rainfals support the role of dua flow theory, soil
matrix flow and preferentid flow. These results and model smulations suggest that variation in macropore
during the growing seeson can have dgnificant effect on tile flow and NOs-N concentrations in tile water for
soilssmilar to the study area.

Keywords. macropores, growing season, water quality

Introduction

The flow of water and solute transport in structured soils is srongly controlled by the occurrence of
macropores because of their cgpacity to enhance chemicd mobility and increase groundwater contamination
(Ahuja & 4d., 1993; Haris et d., 1994). The formation and persistence of macropores depend on soil type,
cdimate and management practices. Severd studies have reported tillage effects on macropore flow (Kanwar et
a., 1997; Brown & d., 1999) but less literature is available to quantify macropores development during and
after the growing season.  The continuity and geometry of macropores can vary over the growing season due to
il moisture variaion and clay minerdogy characterigics paticulaly for soils having subsurface drainage
system.  Understanding the tempora transport behavior of macropores on nitratenitrogen (NOs-N) leaching to
the tile lines during and after the growing seeson can hdp in developing suitable management practices to
reduce adverse effects on groundwater qudity. Therefore, the specific objectives of this study were to: (1)
characterize the tempord effects of macropore flow on NOs-N concentrations in subsurface drainege water in
relaion to rainfal events during and &fter the growing season and (2) edimate the effects of macropore flow on
NOs-N losses with subsurface drainage water usng Root Zone Water Quaity Mode (RZWQM98).

Materialsand M ethods

The study area is a 22-ha, corn-soybean rotation field, in centrd lowa. The soils a the fidd site are in the
Kossuth-Ottosen-Bode Soil Association and are mogtly poorly drained.  Nine subsurface drain pipes drain nine
plots of the study area into individuad sumps. Each sump is equipped with an autométic tile flow recording
mechanism and collects composte water samples weekly for chemicd andyss. Three N-fertilizer treatments,
eech replicated three times, were goplied in a randomized complete block design.  Anhydrous ammonia was
injected one week before planting corn in 1996 and 32% urea ammonium nitrate solution (UAN) was gpplied in
1998 three weeks &fter planting. Fertilizer (actud N) was gpplied at the rate of 202 kgN/ha in 1996 and 172
kgN/ha in 1998 (cdled high N-trestments), 135 kg-N/ha in 1996 and 115 kg-N/ha in 1998 (medium), and 67
kgN/ha in 1996 and 57 kgN/ha in 1998 (low). More deal of the experimenta layout and management
activities can be found in Bakhsh et d. (20007 and Jaynes et d. (1999). On-ste measured daily minimum and
maximum temperature, and hourly rainfdl data were used to prepare the climatic input data file for RZWQM.
Soil physical properties of bulk densty, porosty, fied capacity (1/3 bar), sand, sit, and clay percentage from O
12-m and organic mater from 0-152-mm depths were measured a 42 sampling Stes in the fidd and were used
as input to the modd. Detail of these soil atributes measurements can be found in Bakhsh et d. (2000%) and
detal onthe RZWQM cdibration processfor this site can be found in Bakhsh et d. (2000'”).
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Figure 1-Nitrogen fertilizer treatment effectsand RZWQM predictions on NO3-N concentrations

and NO3-N losseswith subsurfacedrainage ‘tile’ water.
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Resultsand Discussion

The variable tempord peatterns in tile flow and its NOs-N concentrations following heavy rains in 1996
(totd rainfal of 1020-mm), corn year, indicate the possbility of soil matrix flow during the crop growing
season and preferentid flow after the growing season.  The peek tile flow of 129 mm was observed during the
growing seeson following a heavy ranfal of 161mm on 168 day of year (DOY) compared to another pesk tile
flow of 103 mm &fter a ranfdl of 49 mm on DOY 320 and 321 (Evapotranspiration requirements can be
different consderably for these two events) (Figs. lald). The NOs-N concentrations in tile flow increased
from 25 mglL to 36 mglL for the high N-treetment (Fig. 1a) in response to rainfal event on DOY of 168,
flushing NOs-N from the soil profile probably due to the concept of piston flow. But the NO3-N concentrations
decressed from 26 mg/L to 22 mg/lL in response to rainfdl event on DOY 320. All the N-fertilizer treatments
showed a gmilar trend of increesng NOs-N concentrations on DOY 168 and decressing NOs-N concentrations
on DOY 320 (Fig. 18). These trends can be explained with the concept that soil matrix flow leached NOs-N
from the entire soil profile and resulted in increassed NOs-N concentrations while the preferentid flow on DOY
320 bypassed the soil matrix and decressed the NO;-N concentrations due to dilution effect. Also, the spring
cultivation might have destroyed surface macropores which resulted in soil matrix flow during the crop growing
season in compaison with preferentid flow after the growing season. This on and off growing season andyss
on tile flow and NOs-N concentrations in tile water support the phenomenon of more macropores after the crop
growing season resulting in decreased NOs-N concentrations in tile water. The rainfdl patern in 1998 (rainfdl
of 897-mm), corn year, was different than 1996 and tiles did not flow much after the growing season like they
didin 1996. Soybean wasgrownin 1997 and 1999.

The RZWQM has the macropore option and the calibrated mode for the study area (Bakhsh & 4., 2000b)
was a0 run to see the effect of macropore flow on tile flow and NOs-N losses with tile flow (Figs 1b, 1c).
Invoking the macropore option of tie modd resulted in 23% higher tile flow compared to the measured (323 vs
262 mm) and only 11% higher flow with no macropore option (290 vs 262 mm) (Table 1). The macropore
option, using congtant cracks, dightly overestimated the pesk tile flow rates during the growing seeson of 1996
but no differenceintile flow or NOs-N losswith tile flow was predicted after the growing season because the

Table 1. RZWQM smulations with/without macropore flow option

Yeas Vaiddes Nitrogen gpplication rates
Low Medium High
predicted predicted predicted
obs* nomac withmac obs* nomeac withmac obs* no mac with mac
1996 Tileflow (mm) 2615 2896 3236 2445 2860 3216 2536 2827 3191
(standard deviation) (29) (25) (69)
FWANC (mg/L) 143 148 153 18.7 155 172 242 159 18.7
NOs-N loss (kg/ha) 374 428 49.6 456 443 554 614 449 59.8
1997 Tileflow (mm) 1357 1264 1349 1348 1271 1351 1439 1268 1355
(standard deviation) (20) (11 (57
FWANC (mg/L) 9.2 165 16.2 125 209 218 181 290 252
NOs-N loss (kg/ha) 125 20.9 21.8 16.9 253 280 267 291 34.1
1998 Tileflow (mm) 3259 2252 2295 34.1 2218 2255 3176 2213 2257
(standard deviation) (12) (26) (76)
PWANC (mg/L) 114 149 13.6 13.7 208 189 181 290 269
NOs-N loss (kg/ha) 372 337 31.3 417 462 426 575 643 609
1999 Tileflow (mm) 3183 3059 3036 306.1 3035 3058 3187 3036 3055
(standard deviation) (32 (21) (78)
PWANC (mg/L) 9.3 12.7 124 113 17.2 16.3 154 250 237
NOs-N loss (kg/ha) 298 389 37.7 34.6 521 497 491 759 724

Low = 67 kgN/ha for 1996 and 57 kgN/ha for 1998; Medium= 135 kgN/ha for 1996 and 115 kg-N/ha for
1998;High= 202 kg-N/ha for 1996 and 172 kgN/ha for 1998; No N-fertilizer was gpplied to soybean in 1997
and 1999; FWANC= flow weghted average nitrate concentrations (mg/L); NOs-N [0ss=NO3-N loss with
subsurface drainege water; obs= obsarved; no mac= without macropore option; with mac= with macropore
option; * means of treatments
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modd does not support the variable cracking petterns (Ghidey et d., 1999). However, modd simulations of
NOs-N losses with tile flow, as a function of N-application rates, were improved with macropore option
paticularly for 1996 when compared with no macropore option. Modd predicted NOs-N losses with tile flow
adequately for high N-trestment using macropore option and difference between messured and predicted was
<5% (614 vs 59.8 kg:N/ha) in comparison to difference of 27% (614 vs 449 kgN/ha) with no macropore
option. The trend of prediction of NOs-N losses with tile flow in 1996 improved using macropore option.
Ovedl, the condant crack option dightly improved the modd prediction for 1997, 1998 and 1999 (Table 1).
These smulations suggest that for better predictions of macropore effects on tile flow and NOsz-N losses with
tile flow may require induction of subroutine which can take into account the variability in macropores over the
growing seeson as a result of soil type, dimate and management practices. The fidd messured daa and
RZWQM dmulations usng congant cracking suggest that macropores can develop during the growing seeson
and can affect the patterns of tile flow and the corresponding NOs-N losses with tile flow.

Summary

Feld experiments were conducted on a corn-oybean rotation fiedd in Centrd lowa to determine the effects
of N-gpplication rates on NOs-N concentrations and NOsz-N losses with subsurface drainage ‘tile water.  Tile
flow data were collected and andyses were made to determine the effect of heavy rainfal events on tile flow
and the resulting NOs-N concentrations in tile flow by comparing tile flow patterns during and after the growing
season.  The andysis of data on tile flow and NOs-N concentrations reveded tha NOs-N  concentrations
increased sharply for al N-treatments in response to rainfdl event during the growing seeson while the NOs-N
concentrations decreased rapidly after the growing season.  These trends suggest the possibility of soil matrix
flow during the growing season and preferentid flow after the growing seeson probably due to varidion in
geometry and continuity of macropores during the growing season. Moreover, the RZWQM smulations, using
congtant crack macropore option, dightly improved the mode predictions of tile flow pesks and NOs-N losses
with tile flow during the growing seeson. But the modd did not smulate tile flow and NOs-N losses with tile
flow adequetely after the growing seeson in 1996 because current verson of the mode does not support the
vaiability in cracks The modd may incdude a subroutine which can smulate the variability in cracks as a
function of soil type climate and management practices for better prediction of macropore effects on tile flow
and NOs-N lossss with tile flow. These results suggest that macropore geometry can vary over the growing
season and can affect thetile flow and NOs-N concentrationsin tile flow.
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