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Assessment of Drainage Discharge and Nitrate-Nitrogen Loads According to Subsurface Drainage Design
in Corn Cultivated Agricultural Land in lllinois, USA
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Hwang, Soonho * Jeong, Hanseok - Bhattarai, Rabin

ABSTRACT

Subsurface drainage improves crop productivity in poorly drained soils but may also substantially contribute impairment of surface water quality due
to excess leaching losses of nutrients like Nitrate-Nitrogen (NOs-N). This research presents preliminary findings from a 3-years tile depth and spacing
study in Illinois state that includes three drain spacings implemented in 2 plots. We found that the plot with the narrower subsurface drainage (Case
1) exported more drainage water compared to the plot with the narrower subsurface drainage system (Case 2). The total drainage water from Case 1
plot showed 57% more compared to Case 2 plot. Whereas we observed that the plot with narrower drain spacing (Case 1) exported only 9% more
NO;s-N leaching losses compared to the wider plot (Case 2). The average corn yield was observed higher in plot Case 1 compared to Case 2. Especially,
we observed about 7% higher corn yield in plot Case 1 compared to Case 2 plot in the relatively dried year (2022). The preliminary findings for this
study suggest that subsurface drainage systems can be optimized to reduce nutrient losses while improving the crop productivity.
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Fig. 1 Schematic of the study field
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o= La2[k=0|F S il SBX| U

YA Al HA0 ME HieE o

o] Z3FA)7]7] 935t HtHo |t} (Johnstone and Cross, 1949). =,
TEAEs 7Y vl SHE R o R, X9
71 AVFEH B0 wet A=l 7|7k AR
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Table 1 The results of the water balance analysis for three years

o} o= YAHFAIEL] AA O] wE g Zol (FA
AAE dAu7E AR FEA A dA o] AThA
o7 A yebd)ol tigh o] 224l 2EE "2 Aot
(Skaggs et al., 2005). A=E AE AHRH, Case | S22
B 7ol A& Al BiA sfoll A e Y] AAu
22 el Ql=1, ©]+= Beven and Germann (1982)0] X
23} upel o] th3-=2] FAo| thE A& & (preferential

flow)7} MAJSHAL SEORER] S & 4 oo

Fig 2= A7 AA 713kl ot el B 2t
£ Uehd Zlojth Fig 2014 gMo 2 wAlE ke 2ha

)

H871S YEhHTE Case 19 2 mPA3A7IzEe) ofAvle
F ZUE k= A WA sl 5011 mm, F WA ]
467.5 mm, A| WA} Sl 7457 mmE LERT) Case 19] 22
71 A BUEE Ak 3 WA sl 106.2
mm, 7 WA sfof] 277.3 mm, A| WA = 40.1 mm= rER
ch Case 29] 2= HAA7IRE 7l HUEY diks
A A Sfiof 3153 mm, = WA Sfjof 3033 mm, A] WA
3= 444.0 mm = UpERAT Case 29] 2k AA7IZE b7l
= LYEH Axke 3 A sjof 43.3 mm, 5 HA o]
218.3 mm, A WA} Sz 371 mmE LR 31d7ke] BUE
o A A% Ak Case 19] 2= wA37)7F b v
o FahE 5714 mm, 25 A7 Bt 141.2 mmE e
5tom, Case 29] 2 HIAA7IZE B4 A vl Bk
3542 mm, 2bE AA7IE Fak2 99.6 mm=E YR F
3R] 2 AR7IRE SRF A 29 Ty Case
10] 22.1 %, Case 27} 21.5%2 €} QoA Hie WeQl

Average
Precipitation | Evapotranspiration Surface subsurface | Subsurface drainage | Subsurface drainage
Water vear i) (mm) flow+Infiltration | drainage flow flow in Case 1 flow in Case 2
o (mm) from all fields | (122 m x 1.1m) | (244 m x 1.1 m)
(mm) (mm) (mm)
(a) (b) (© (d)
(20115;/%7;6— 1,077.2 >75.7 93.0 408.5 607.4 358.6
2019/10/15) T (53.4%) (8.60%) (37.9%) (56.4%) (33.3%)
(25:3/‘?/57;6- 1,141.5 >27.7 119.7 494.1 744.8 521.6
2020/10/15) o (46.2%) (10.5%) (43.3%) (65.3%) 45.7%)
(203;1 /3'87; .- 0304 474.7 43.4 4123 785.8 481.1
2022/10/15) ’ (51.0%) (4.70%) (44.3%) (84.5%) (51.7%)
526.0 85.4 438.3 712.7 453.8
Average 1.049.7 (50.1%) (8.1%) (41.8%) (67.9%) (43.2%)

* Estimated_Surface_flow+Infiltration (c) = Observed_precipitation (a) - Observed_evapotranspiration (b) - Observed_ average
drainage flow from all fields (d)
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Table 2 The results of the NOs—N losses analysis for three years

NO3-N loss in | NOs-N loss in
Water year Case 1 Case 2
(kg/ha) (kg/ha)
1st year
(2018/10/16-2019/10/15) 84 770
2nd year
(2019/10/16-2020/10/15) %8.2 %.7
3rd year
(2021/10/16-2022/10/15) 47 631
Total 258.3 236.8

7h S Ao FAIHOR £ s A
A 5 7] miZoltk ol& flsl Al A
UE 235 4 E (Fig 4), Case 2 E520] Bl
IS AL s=E #A8ke s S8 29

T =2

=

L, 01 Case 1 Bl 3l & zee] A4k
&% RS AL RS o 4 ok
Case 1 59| A= A7) gt 3d Bt dAAdda
& ok 234 kgha, 2H2 BIAH71Z il
A2 W EH}EES. 62.7 kghas UreRde) Case 2 S8
2 A AZle] 3 B AL MRS 136
kg/ha, BIZHERA[7] 9] 3 ot AAMI A4 viEF ol 62.8
kg/ha= UESITE 2 A7 2 w7 7hol| it
v &5l 2folg EAE R, 2He A7t 2 v
717k viE Rkl & &5 B oF 2.74) (Case 1)oflA]
4.68f (Case 2) 7} tf 2 2 o= Uehgth 11 olf= S
Ahm AA719] Zhprko] A w79 A T
42 Bk, A A7) B, Aol ARt
e} S7behe SEARR S AHE o) Ady so= <l
o FRA =R E Aol FolE7] ol o] At
+ Fig 29| Aol 2Ig 4= Q=T Bl 2 v
7ol 735 A= B 7ol AR At B3 =
% B2 G4t o Be AL o 4 9t

oA Ak vlo} 2ol 3
2 2012 Ho|3 AL ST, TGS BT Case 1
2o AjHoR Zasre] A4S Ao Sgeol
12,416 kg/ha= Case 2 S5 11,643 kghha R} 2 ZH& B
th 2 29E F8 dAuGe uijA] 1HAo] At ow EA
AR Case | Zo] HjRelo] frelola, SARE Sz
Az SRS Wolo], 48 ZolAE Aol Stk A
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