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ABSTRACT

In this study, the pump and fertilize (PAF) was applied to reduce nitrogen infiltration into groundwater at three corn
cultivation sites over a three-year period, and its effectiveness was evaluated. PAF involves pumping nitrate-contaminated
groundwater and using it for irrigation, thereby replacing the need for chemical fertilizers. This method not only
substitutes chemical fertilization, but also reduces nitrogen infiltration into groundwater through root zone consumption.
To confirm PAF’s effectiveness, an equal amount of nitrogen was applied in each cultivation plot, either through chemical
fertilizer or irrigation with nitrate-contaminated groundwater. Regular monitoring of infiltrating pore water and
groundwater was conducted in each cultivation plot. The linear regression slope for nitrate concentration in the pore water
after repeated application of PAF ranged from -3.527 to -8.3485 mg-N/L/yr, confirming that PAF can reduce nitrate
concentration in the pore water. With an increasing proportion of PAF, the infiltrating nitrate mass in pore water was
reduced by 42% compared to plots fertilized with chemical fertilizer. Additionally, the linear regression slope of nitrate
concentration in groundwater was calculated as -2.2999 and -9.2456 mg-N/L/yr. Therefore, continuous application of PAF
in rural areas is expected to significantly contribute to reducing nitrate concentration in groundwater.

Key words: Groundwater, Nitrate, Non-point source, Pump and fertilize

=
BAA e R = 7ISEEH] 5] FHE F
JE Are 50% oldo] AR FEE AL Uk Viers
et al, 2012). 53] =ZollMe 2147] ©IF 744 W

FA: GoiE, mevekL STk, AT
FAR: 7, Telthsh BN FIS, 1
FHBAG EFASF AT, A7 23,
SRV BRI, AR
sAlAA): 9747, FmEfetn 8475
Email: rudwls1009@ut.ac.kr

Received : 2024.01. 09 Reviewed : 2024.01. 13
Accepted : 2024. 01. 21  Discussion until : 2024. 04. 30

Zl ZI:

18

FUFS pasiileels el 99 9
FUFE 13% S7FSIAAL, ol we} &A1 A
W Axbgare) Hed FAVE 2SR

24%% X E 1} JATHOECD, 2008). KMOE(2014) 1

o

o

)=

d

ol W=l 5G] sk v A kel
T A% 5 Raje) avz AEHlon), ofs g

B2 571 vIEERE eSSl 3 Kim

et al 2019y Ff FEARN ofs) T A
A3 O AL B} e o) JaerE 7K
2 % v ek, e PAAF BN
Axe mEed Fuz AT Aske W) A
& 09 i) 2 9FL AT Yo,

olol] HAE-L King et al(2012)9] FA} AFZ Fx



Asla BN Aule] Aska= W

Jo] Aanlgel Al thal AL 29 ABIE &
2 Nge A, A U dh FY 2 WRE A
Sl tiAEE gk ohE} FAMIEAT) ZEe] o3l A
e F ARNTFE Wl AR A5 A &
WA a3t s B A8l (pump and fertilize, PAF)
5 T2AY AR i HE Be1Fe 20)7] 9
F rloko 2 nSI ). Martin et al.(1982)2] <=5l
Ak F5o) i3 3 mdg Ao wad, )
8 ) Zabgddavt 3 miERg A §4 589
O =the 295 Yehllo] Wl Alvle 24 HIEE o
Ashs Aol 7Fed = USS ERIgH bt . odf] m]
= Agxo} ] Edlo] E AU AHe] YR 57}
< W AMIE APste] A8 Fo|thKing et al,
2012). U FARSE Q7= wlFE S5 W Al BEAL
o] B A7 EFHKim et al, 2007), 2FFS o)
doz BY 2 Wwiese A 5 A} #7el digt |
2 2 AR} 78 A95(Cho, 2011) 5o Ao}, o
thre] W AlH] B 71E ATs RSkl ZAe 9
ol st ae7t FESAY Al 3 241 Sl A
o] ATt 2 9] Baram et al.(2016) =] 2 =
28} AJolgh olE e} BB 0E Hdo s I
ARS8 2 1Sl Cahn(2016)S 5ol BE
AYE oz W AHIE HE A 2Ee] A v
Fo] tiA 7FeAS HrrekA.

A7) FUe] AT AlEES AaALsE odd A3
T Wl A7} HEAHoE Tkt AEol| 28 7hFsst
The AL AR st dld d75e 2 2=
o] A wlge] oA 7hsAdeRt 2EE FlaL, =4
FA| BHelA PAF 8ol wE BEs|FoA X350
2 AEHE A 9IS 71854 ¥of PAF A8 o}
2 73RN BlEe Aa A g3t AR eksk
. olell B Atelae Il AYY S5 RS
Jo = oF 37t PAFE B3l FiHdEA o A3l
7N ARIEIAAL, 2 ARReIM Y] BXsls 2 ¥
HES B3l PAF A& & A U] dibd4
Az a7 skt

ol

N

fi&r‘*m
Y ool

o
;‘d&

-

ﬂ

Bt

L

2. ol

2.1. FXE AET M ¥ 2L EE Fy| MX]

AT EA= disil= S4E= BR, YSI, YS2 X9
of fRIetar om, 7t AHe] S5 HAA] W) Al
£ sl I AMIE AE 2 Uit B S5

SRIEEN

by
o

{
X
&
N
3

19

T BAAE 9t A7IRE BARE o]l itk BR,
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Fig. 1. Schematic diagram of cultivation plot and PAF system.
Table 1. Fertilization configuration of this study
uch GAP? CFY-60% PAFY-15% PAF-30% PAF-60%
. . Not 15,800 mg-N/m?> 9,480 mg-N/m?’ 7,110 mg-N/m’ 4,740 mg-N/m> Not
Chemical fertilizer . .
applied  (100% of GAP) (60% of GAP) (45% of GAP) (30% of GAP) applied
PAF Not Not Not 2,370 mg-N/m? 4,740 mg-N/m> 9,480 mg-N/m>
applied applied applied (15% of GAP) (30% of GAP) (60% of GAP)
- 2 = 2 - 2 - 2 ~ 2
Net N fertilization None 15,800 mg-N/m~ 9,480 mg-N/m 9,480 mg-N/m 9,480 mg-N/m 9,480 mg-N/m

(100% of GAP)
Remarks

(60% of GAP)
Fertilization reduced

(60% of GAP) (60% of GAP) (60% of GAP)
Fertilization reduced, PAF applied

YUC: Uncultivated

PGAP: Good agricultural practice
9CF: Chemical fertilizer

“PAF: Pump and fertilize

Al A Al Fast A 9 Tk o] At A
SR AFshe Aoz ddEo], F5Ho=E 3Hls
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Table 2. Applied fertilization by plots and details of pump and fertilize
Cultivati od Plot #2
(Elaplsle(liviirlr(l): ::rigoraph) Plot #1 PAF Irrigated Nitrate conc.
proportion volume (L/plot)  (mg-N/L)
Fall, 2019 o 0
. - +2.
(0.1 to 02 year) CF-60% PAF-15% 1,780 3529
BR Spring, 2020 CF-60% PAF-30% 3,555 47425
Site (0.8 to 1.0 year)
Fall, 2020 CF-60% PAF-60% 7,110 46+1.6
(1.0 to 1.2 year)
Spring, 2021 5 o
- o +
(18 10 2.0 year) CF-60% PAF-60% 7,110 41+£1.8
Fall, 2021 . .
- o +
2.0 1o 22 year) CF-60% PAF-60% 7,110 50+2.5
Cultivati iod Plot #2
ultivation perio - -
(Elapsed time on graph) Plot #1 PAF‘ Irrigated Nitrate conc.
proportion volume (L/plot)  (mg-N/L)
Fall, 2019 o 0
- - +
(06 to 08 year) CF-60% PAF-15% 3,000 25+1.0
Spring, 2019 . . .
(14 to 1.5 year) Soil regenerated by 1:1 ratio
YS1 Fall, 2019 CF-60% PAF-15% 1,780 34+0.4
Site (1.6 to 1.8 year)
Spring, 2020 o o
. - +4.
23 to 2.5 year) CF-60% PAF-30% 3,555 49443
Fall, 2020 o 0
. . +0.
(2.6 to 2.8 year) CF-60% PAF-60% 9,480L 34+0.6
Spring, 2021 CF-60% PAF-60% 9,480L 30+1.4
(3.3 to 3.5 year)
Fall, 2021 o o
- o +
(36 10 3.7 year) CF-60% PAF-60% 9,480L 31+6.5
Cultivati od Plot #4
ultivation perio - -
(Elapsed time on graph) Plot #1 Plot #2 Plot #3 PAF. Irrigated Nitrate conc.
proportion volume (L/plot)  (mg-N/L)
Spring, 2019 . . .
(04 to 0.5 year) ucC Soil regenerated by 1:1 ratio
Fall, 2019 ucC GAP CF-60% PAF-15% 1,780 37+0.2
v$2 (0.6 to 0.8 year)
Site Spring, 2020 uc GAP CF-60% PAF-30% 3,555 4842.6
(1.3 to 1.5 year)
Fall, 2020 ucC GAP CF-60% PAF-60% 14,220 20+0.6
(1.6 to 1.7 year)
Spring, 2021 uc GAP CF-60% PAF-60% 14,220 21429
(2.3 to 2.5 year)
Fall, 2021 ucC GAP CF-60% PAF-60% 14,220 21+2.1

(2.6 to 2.7 year)
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Fig. 2. Soil and pore water monitoring data of uncultivated plot #1 at YS2 site (a), and GAP applied plot #2 at YS2 site (b). Square
symbol ([J), diamond symbol (<), triangle symbol (), circle symbol (O) with solid line represent T-N, NH;-N, NOs-N, organic-N
concentration in soil or pore water respectively; x symbol(X) with solid line represents organic matter(OM) concentration in soil; vertical
dotted line represents cultivation period; bold solid line represents linear regression of NOs-N concentration in pore water.
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Fig. 3. Soil and pore water monitoring data of CF-60% applied plot #1 at BR site (a), and PAF-15, 30, and 60% applied plot #2 at BR site
(b). Square symbol ([J), diamond symbol (<), triangle symbol (), circle symbol (O) with solid line represent T-N, NH;-N, NOs-N,
organic-N concentration in soil or pore water respectively; x symbol (X) with solid line represents organic matter (OM) concentration in
soil; vertical dotted line represents cultivation period; bold solid line represents linear regression of NOs-N concentration in pore water.
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organic-N concentration in soil or pore water respectively; x symbol (X) with solid line represents organic matter (OM) concentration in
soil; vertical dotted line represents cultivation period; bold solid line represents linear regression of NOs-N concentration in pore water.
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