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Characteristics of Nutrient Concentrations in Groundwater under Paddy and Upland Fields
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ABSTRACT

The objective of this study was to compare concentrations of nutrients such as total nitrogen (TN), nitrate nitrogen (NO3-N) total
phosphorous (TP), and phosphate phosphorous (PO4-P) in groundwater under paddy and upland fields, and surface water recharging
from a rural mixed land-use watershed. Chinese cabbage and hot pepper were cultivated on the upland field plot. The TN concentrations
in upland groundwater showed double peaks (4.7, 4.3 mg/L, respectively) in April 2009 shortly after fertilizer application, indicating
that TN concentrations are greatly influenced by fertilization. However, the TN concentrations in paddy groundwater were always

lower than 2.0 mg/L irrespective of fertilization.

Whereas the mean concentrations of TN and NOs-N in upland groundwater significantly (p<0.05) higher than those in surface
water, the mean concentrations of TP and POs-P in upland groundwater were significantly lower than those in surface water. On the
other hand, the mean concentrations of TN, NOs-N, TP and PO4P in paddy groudwater were significantly (p<0.05) lower than
those in surface water. The TN concentrations in upland groundwater were generally higher than those in surface water during early
April to early December due to the effect of fertilization, but vice versa in the other periods. In contrast, the TP concentrations in
upland groundwater were always lower than those in surface water due to the sorption of inorganic phosphorous by soil. Moreover,
the TN and TP concentrations in paddy groundwater were always lower than those in surface water, and therefore paddy groundwater
may dilute nutrient concentrations in surface water when paddy groundwater and surface water mix.
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2. Q&3 AH|FH

= 5 kol o]ste] 9¢Y sl eyl
o K= 39 sleollA 59 2L7HA wiE7E, 5Y SReollA 9
o sle7kA] 57t A= ik

B9 AH|= A5 232, 5 &0l 718, 79 Fwol £
|7} AAEE Zom ZAREGITE AH|E Aot Qo]
120.8 N kg/ha, 25.8 P kg/ha® FZAIH|ERS] 110.0 kg N/ha,
19.5 kg P/haol| B]a} A7} 1,14, <lo] 1.38] AR Zo=z
ZALE] Tt

i3 39 Skeo] 7|9 49 39| FH|7F AAEQ o,
5= 5 slkeoll 7]u]9E A =i vSof AlnjE A} 9
o] 9k& 2279 kg N/ha (7]H]: 45.3 kg N/ha, 5=H]: 182.6 kg
N/ha), 73.5 kg P/ha® ¥EZAM]EF 320.0 N kg/ha, 34.1 P

Table 1 Physical characteristics of study plot soils according
to textural triangle

Textural class Paddy field Upland field
Sand (%) 64.8 76.4
Silt (%) 22.0 15.9
Clay (%) 13.2 7.7
Soil class Sandy loam Sandy loam
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Fig. 3 Temporal variation of precipitation and runoff discharge
in study area
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ek 1309 11*9} 0]9] ok& 7}7} 90.6 N kg/ha, 52.8 P
kg/ha® EFAIRIFES 190 N kg/ha, 56 P kg/haoll vls A4
7} 0.54H, 2lo] 0.9HH AH[E Ao® Yy
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A1717k81 20099 195H 200949 12971R]9] A7b4eRe
1019.8 mmZ 7|2E913, ¥ 3 ZEEe 20099

dof 80.5 mmE 7|E3I%ic) 9 2 ARk 20099 7€
345.7 mmZ ¢ 7] 34 %S 71=3I%cE ZAPITE Bk
197F 655F2 610.6 mmE $EE2 60 %= YeRTH (Fig. 3).

4. Xot?

A9 W s — 229~ — 2,08 m, I5E A= — 251
~ =236 m, =oflAE — 150~ — 1.43 m9] WA HE
sto], e W 3, =04 212 0.21, 0.15, 0.07 m
& Wol WA 7P 3A YeRstth (Fig. 4).

A8l HPOML 739 oJste] Wgdh= HhHO, =0l Al

= WY GRS W= Ao YERTH T 5= 24 )
41 S 7 551 Tl 45 051 S o

7 %
2k 7t A Adssto] T skext 849 sheoll #9igh (—2.08
m-& el shdsiinth =9 Askedie 49 %—ﬁ‘%ﬂ A
o ofsf “ds3tr] ARtste] W7lole E2 s v i
FHE AL 8E iﬂ% Shezoll &gk (- 143 m<
H &, H7t AFEe 98 E A skt (Fig. 4).
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= fAsIL 718 A% G438 F7et] 49 STt ]
250l 49 sl 299 Hgk (22 4.7 4.3 mg/L)S EQ
3 7rasieict Esh TN 5hs 59 dkeofl 13 Al A 7]
H|Z2 QI3 71l 6~ 9Y7tR| 9 HIHSH 7492 H|wF]
2 ZF (3.6~3.9 mg/L)= A8t (Fig. 5(a). T3t F%
gzol TR 99 ok o|¥ o= AaFEe AA3E| fdadk=

), ol ol 7} Il A uIE} 7F9o] 4t

W ZJelre] TP g% 49 skefd 78 25714 0.02~
0.06 mg/Le| & Blou, 11 HFo= 0.02 mg/Le] Heol
A 3A HEsA] 9t (Fig. 5(b). o]t Adke 28 2|
S e R 43t A3YA (Song et al., 20100014 YeRt
=8, 53] 9719 s=7F o =A vehd A& 2008E 697
e #1574 Fo] Bole2 SREORERE ¢l o] ¢t

1

A Atz JER7] dieor A F2OIE4H (1 nm

22 I

6.0

| Chinese

I

| Hot pepper
Cabbage :

|

— Waterlevel
TN

-©-NOs -N >0

N
%

2.4

Groundwater level (m)
P
Concentration (mg/L)

2.0
2.5

2.6 0.0
Jan Feb  Mar Apr  May  Jun Jul Aug  Sep  Oct Nov  Dec

Month
(a) Nitrogen

2.2 I T I 0.10

| Chinese | | Hot pepper | — Waterlevel

I Cabbage I I : _e- TP

| 1 1 —©-PO4 -P 0.08
e | 11 | a
= | I I =
[ | 11 | )
>
3 I Il I 006 2
5 24 | [ 2
2 - | [ [ g
ES | | | =
€ 1 0.04 &
=] | | 2
3 1)
© s I ! ©

2. I |
1 0.02

-2.6 0.00
Jan Feb Mar Apr  May Jun Jul Aug Sep Oct Nov  Dec

Month
(b) Phosphorus

Fig. 5 Change of nutrient concentrations in the groundwater
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—1 pm)9] 2 EF ol A QHgstE]A] Ghot A|5kE &
sto] dA| olEsl= AR UHA St} (Kretzschmar et al.
1999).
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. &xu)
O = 1o

= Aslpet 59 285 71 Bt sEe BE FEoA =
Aslerel §o Z|@Eoll =4 LRt (Table 3).

TN BH-s=ol tigh NOs-N Hts29] Hj&L2 i 2|3l
A 86 %, = RslollA 83 %, AEFOIA 80 %S Hol A|E
FL Aol BAgle] iR 8249 FEHE EA5te AL
B Ut 2AR S T 25 e] NOs-N9| Hitsk (2.3
mg/L)E 150~ 400 kg N/hao] A4 7A7|= Hagk z]djo]
Aslpol| Al BaE Hats=9l 6.1 mg/L (Choi et al., 2007),
634 kg N/hao] A8H = LA 2] Het 5% 8.1 mg/L (Liu
et al., 2005)%t}t WA YERIT) (Table 4). %3 o] gk vl=;
HYHEF 205 Whof o] 8~ 1099 HalsEel 15.1 mg/L
(Weil et al. 1990), 170 kg N/hao] Al-8% dE 715F (i £
%) Y2mk Aol A ¥ 57.1 mg/L (Babiker et al., 2004)

Table 2 Mean and range of nutrient concentration between
surface water and upland groundwater

Mean concentration (mg/L)
Type
N TP NOs-N POs-P

No. of samples 42 42 42 42
Groundwater in 2.6 0.02 2.3 0.01

upland field 0.7~47" [(0.01~0.06)| (0.5~40) (<0.01~0.04)
Surface water 22 0.05 L8 0.02

(1.4~3.9) [(0.01~0.27)| (0.8~3.6) | (0.01~0.09)
Significance p<0.01 p<0.001 | p<0.001 p<0.001

+ Values in parenthesis indicate the range of nutrient concentration

Table 3 Mean and range of nutrient concentration between
surface water and paddy groundwater

Mean concentration (mg/L)
Type
TN TP NOs-N POs-P

No. of samples 42 42 42 42
Groundwater in 1.2 1.0

paddy field 0919 | <0 | @715 | <00
Surface water 2.2 0.05 18 0.02

(1.4~3.9) [(0.01~0.27)| (0.8~3.6) |(0.01~0.09)
Significance p<0.001 p<0.001 p<0.001 p<0.001

1 Values in parenthesis indicate the range of nutrient concentration

Hop GH ke ghof| gt

AR = Zslpol| 9] TN Bate® (1.2 mg/Le 55
o F&a7d AT HhsEdl 2.4 mg/L (Cho et
al., 2006)%tt WA Yebd=t, ol EYY B84 549 2
oj¢} = A HjZof Q= A 5] I WEoRE Yzt
SHH TP Hatsko] Hidt PO-P Ha-sro] vl ¥ A3}
ZoA 53 %, w= AslpolA 40 %, ARTAM 11 %5 H
Aetpof| Az Qlo] e S84 FER EAshY, 2o
A HiRE A FEHIE EAskE AoE YERit

7. 89 X E4 = g X549 A7 sE H|W

N FEe 79 AEpeh 3 S 2ol Ae fARE 4
S B, STAHA SEoAE W zskeet 49 A%

3 EAS Bt} (Fig. 7(a). 129 sleblE 3¢
o A9 FErh W Aekre] FEET =
Yol o]Rojx= 39 FLEE 129 o7t

o}, o]of o] F Aot W A|5k=e] Tt A7ER 9
k= A2 H| s 700l e wigA]of| Q= AR o RRE §9
k= Aolre] GFoR Y2 g Ho|tprl, Yol -
oF g7 whof| AlRjE Havt AREo] FEE Eol7] gECR
Az}, AH|e] ek jE7] Hol 1~ 290 ’F Z|8kre] TN
% 1.0 mg/L AFY W2 g Hel=d (Fig. 7(a), o=
> A o R HE] 3QlE= A5k Y R o AZbE
o]=e] A ZJgkpo A9 NO;-N $E% 1.0 mg/Lo2 2EiE]
At} (Gburek and Folmar, 1999). YEoJAE ZA] Z Ao
ofgt sl AL = AGS AQlgh ofg] oA TAE I
(Kumazawa, 2004). Kim et al. (2002)< 7$7} $7l514 &
ol Z4H LEEH (F2 H|B)ZHEQ A feo] F
7kttt Buseich TN skt = ABkroMs Gs7]d=
2.0 mg/L oJa}e] W& gre B, ol o ulate] Aln|EF
o] A1, YREJoA HAshe SR tEo s AzEc) W
Aetre] Ah Fre Furlol ABe] JEgor §o 2w49]
TR A YERER AH[RRe] A3 AR[Eke] A2 A&

Table 4 Comparison of mean nitrate concentration in the groundwater under upland field

Source Location Precipitation (mm) Vegetation Nitrogen application rate (kg N/ha) | Mean concentration. (mg/L)
This study Chungbuk, Korea 1020 Chinese cabbage, Hot pepper 319 2.3(0.5-4.0)"
Choi et al. (2007) Gyeonggi, Korea 1526 Vegetables 150-400 6.1(0.1-23.8)
Liu et al. (2005) Shandong, China 565 Winter wheat, Summer corn 634 8.1
Weil et al.. (1990) Maryland, USA 950 Corn 240 15.1
Babiker et al. (2004) Gifu, Japan 1915 Vegetables (Carrot) 170 57.1

T Value in parenthesis indicates the range of nutrient concentration

Journal of the Korean Society of Agricultural Engineers, 53(6), 2011. 11

71



3 ¥ A5 GURY BT 54

e 502 @ Asido] YE Aa Pt s Ao A7)
B}, = Asie] TN St wEo] A1 §o Ao} vl
sto] A e 2k BT} (Fig. 7(b)).

weby, = 2|5iee} GOERT TRt A9 i A
L 1T 9k fol ARS0] TN SEE AHAl7IEY) we
o, = ekt SOXESY TN 5ES AN Ao A
7y,

L Bl TR 0.03 me/L ofste] ulma]
e 3 B, = AalolAls 34001 mglL ulgke]
ez $o AEnch = Asieol 4 WA U

5.0
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