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Effects of Farming Practice and NO3;-N Contents of Groundwater with Different
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ABSTRACT: To investigate effects of farming practice and NOs-N contents of groundwater in intensive
horticultural greenhouse area of Yeongnam province, the groundwater samples from 1,370 sites were collected
and analyzed. In addition, cultivation year, crops, desalinization methods, amounts of manure application,

tube well depth and

soil texture with clay contents were observed. Of the investigated sites, 19.7% of

shallow groundwater and 1.3% of confined groundwater were exceeded over 10 mg/ £ as the NOs-N drinking
limit value, respectively. NOs-N concentration in groundwater was highly significantly correlative with clay
content (r=-0.241**), well depth (=-0.228**) and cultivation duration (r=0.104*), respectively. In case of
desalting crop method being executed for desalinization of greenhouse soil, the NOs-N value of groundwater
was lower than any other desalinization method. The fact that NO;-N contents of confined groundwater was
affected by shallow groundwater was clarified by that NO;-N contents in shallow were significantly
conrelative with the confined groundwater (1=0.532%*%).
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Fig. 1. Investigated area in Yeongnam province.

Arska, AldAElA oA AetrE o] AREsHE Al7]Q) 4~
54 Alole] ARSI tlEAQ] A A ] 2 B
FEEE ¥ 20 YeRSIth

A A EA Y] FEEE> AR FA s FF Wt
AEZANE ol AR 2AIET A AT,
AuhrE, Aol Zlo] T AR KAAA, A, #7
2 Hge] B 9 S5 5o AuHE At AR
ANFH ARG JAA 20 24 7o AUEYFE(1:25,0000F

Table 1. The number and location of investigated sites according to groundwater's levels

Gyeongbuk Gyeongnam
Ground : Nackd ' Nam river area
_water  Nackdong river area ackdong river area am Total
level Go Seong M Chang Chang  Kim Yeo Ham .
. . Busan Jinju
-ryeong -ju i-ryang -won -nyeong -hae -ryeong  -ahn
Si‘}fuov"ly 24 339 140 50 78 92 18 54 94 920
arged
Confined
aquifer 22 62 84 44 - - 43 136 16 450
Total 46 401 224 94 78 92 74 190 110 1370
* ref.) Investigated year
1999: Miryang
2000: Kimhae, Busan
2001: Goryeong, Seongju, Changwon, Changnyeong, Yeoryeong, Hamahn, Jinju
Table 2. Amounts of average monthly precipitation of investigated area
City Jan. Feb. Mar. Apr. May Jun Jul. Aug.  Sep. Oct. Nov. Dec. Total
Busan 37.8 449 85.7 1363 1541 2225 2588 2381 167.0 62.0 60.1 243 14916
Jinju 331 42.6 75.5 1353 1310 2177 2910 2858 1559 52.7 48.8 205 14899
Miryang 21.7 304 54.1 1046 1043 1998 2419 2304 1366 494 43.0 17.6 12338
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Fig. 2. Distribution ratio of well depth under intensive
greenhouse area in observed province.
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Fig. 3. Distribution ratio of crop cultivation periods to
wells under intensive greenhouse area in observed province.
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Fig. 4. Distribution ratio of wells according to application
amounts of livestock manure under intensive greenhouse
area in observed province.
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Table 3. Average NOyN concentration and its distribution in the groundwater sampling sites under intensive

greenhouse cultivated area of Yeongnam

Confined

Shallow

ftem groundwater groundwater Total
] Mean 1.3 6.7 5.0
Co?rff;‘/“?t;on Minimum 0 0 0
Maximum 21.4 87.8 87.8
No. of sites and 0~10 mg/ ¢ 444 (98.7)* 739 (80.3) 1183 (86.4)
distribution rate of Above 10 mg/ ¢ 6 (1.3) 181 (19.7) 187 (13.6)
NO;-N concentration Above 20 mg/ ¢ 2 (0.4) 82 (6.3) 84 (6.1)
Total 450 (100) 920 (100) 1370 (100)

* Number in ( ) denotes the distribution ratio of their correspondent sites
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Table 4. NOsN concentrations of groundwater used in each cultural crop under greenhouse area

Observed  Oriental - Water Pepper Straw Tomato Cucum Pumpkin Perilla Rose Carnation Else
conc. melon  melon -berry -ber
Average 41 33 75 38 12.3 13.9 53 75 2.7 8.0
(mg/ ¢)
Maximum g ¢ 577 819 376 285 659 738 231 723 201 777
(mg/ ¢)
Minimum tr* r o tr tr 0.1 tr r 03 0.3 0.0
(mg/ ¢) :
. 456 240 203 195 65 19 53 17 17 104
No.ofsites 7w (172) (45 (40) @7 ¥ @9 (14 @8 (12 (@12 (74

* tr: Below 0.1 mg/ ¢
** Number in () denotes the distribution ratio of their correspondent sites
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Table 5. Changes of NOsN content in groundwater with farming practices in each cultural locations under intensive

cultivated greenhouse area (unit : mg/ £)

Cultural conditions Go SeQng Mi  Chang Chang Kim Yeo  Ham Jinju  Av.
-fyeong  -ju  -ryang -won -nyeong -hae -ryeong -ahn
Crop 1~10 43 4.0 1.6 3.1 77 34 23 2.5 11 164 45
cultivation 10~20 37 5.2 19 4.3 10.3 3.6 3.1 3.7 15 194 50
periods
(Years) Above 20 8.9 6.0 29 5.8 172 89 5.0 3.8 36 214 66
Amounts 1~3 52 4.8 13 5.3 45 4.6 6.8 5.5 11 157 51
of manure 3~6 4.6 53 24 41 39 32 1.9 21 15 151 39
application
(t/10a) Above 6 49 3.6 29 1.3 22.0 1.0 3.6 - 46 235 108
Soil - 33 - - - - - - - - 33
dressing
Flooding 4.6 57 - - 10.0 - - - 07 214 102
Rice
45 5.7 - - 9. - - 31 15 124 40
Methods culture 6
of Overturn
desalinization  of subsoil i 79 ) . i ) - - - - 79
Desalting 24 - . : - - - - 33 27
plant
Mo 40 55 27 - 0.8 - - - 02 333 64
treatment ’ ) ’ ’ ’ | )
ref) The denotation (-) means that the observed site is absent
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Table 6. Changes of NOsN content in groundwater by locational conditions under intensive cultivated greenhouse

area(unit : mg/ £)

Location Go Seong Mi Chang  Chang Kim Yeo Ham ..
.l . Busan Jinju Av.
condition -ryeong  4§u  -ryang -won -nyeong -hae -ryeong  -ahn
Tube 1~10 54 5.0 5.1 8.0 20.0 6.0 44 94 41 220 82
well 10~20 - 5.0 35 46 18.3 2.2 - 8.8 27 150 54
depth 20~30 - 58 0.8 0.4 43 1.9 - 0.6 33 58 36
(m) Above 30 35 24 0.8 1.1 17 14 - 21 09 33 15
Sandy 12,6 44 7.4 - 30.6 - 271 - - 284 1938
Sandy 5.1 41 3.0 5.8 17.5 67 45 85 42 247 70
Soil loam
texture Loam 41 47 2.7 3.1 3.6 2.0 2.2 1.7 10 128 35
Clay - - 24 - - 13 - - - - 20
loam
1~10 5.1 48 26 47 18.0 6.7 8.1 85 11 249 77
Clay 10~20 5.8 49 2.0 36 44 2.0 1.3 1.7 24 219 42
contents
(%) 20~30 41 35 29 1.7 14 - 29 - 05 46 27
Above30 - 33 21 1.1 - 0.3 26 - 19 12 21
Poorly 3.1 4.4 2.5 - - 1.3 29 - - - 4.1
Imperfectly 4.0 45 1.0 2.1 3.6 2.0 2.6 29 0.7 5.6 3.1
Drainage Mo‘if;ﬁtely 5.6 45 42 42 9.1 38 59 0.9 13 203 53
class .
Well 55 48 2.8 45 204 3.6 - 14.3 40 340 104
Somewhat - 49 50 - 306 - - - - 249 144
excessively -

ref) The denotation (-) means that the observed site is absent
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Table 7. Correlation coefficients between NOs-N concentration in groundwater and farming practices under intensive

cultivated greenhouse area

Concerning Years of Amounts of Tube well Clay
factors cultivation manure application depth content
Correlation coefficient r=0.104* r=0.047" r=-0.228** r=-0.241**




AANNA ] A R §IAA 2ol AsE NOs-N #ge] nlAe 4% 267

A

EJHIX G2 Aok NO»N 8 Aloollis 41291 59
o] YU, ol EMAEEo] S71E5E Aok NOs-N
geto] Z719IUH= Silvas, Powlson $2P 3= t}= 4
Atk olE Silva 0] Byd Aup= FUS Taho)A]
YT 7] HHE AS3I9S 9 NO»N £E93S 2
AR blef] i) B AP thokst B9 Hu|gE 9 A
oA ZALL o]F A7) wiRolgtn AzEr) DiY Fo 9
2o F¥e AMZ nluws) ¥ A By 53 2 4714 9
AL AL W R HAY] Aol wel N ko)
A7 ekst] wiiel 57159 Al N geketalo)o]
FRF WA B8 ok Hasigiohd

oj9} e AFHZE Mol P AlMdAA A5k
NOs>-N & W3k 219A¢l etk X&) zloly &
A3 22 AAARl o217} o] Fom, o] 23t Qix}
Fole Aidas} 7H8 BAF Ao & ¢ Qo

EME XI5t Zo| ¥ MujAsol E NOsN SHafHs]
A8l ZoPd NO»-N H#83-3 A8k NOs-N &3
B A7 A& Fo7 wEA BAEE 79 59 el
o Qo= A8l Zolrt Ze4E X8l NOs»-N &
o] Ztashe AFo|qL, BEAHERE BT 4 ol%o]
Al Aok AFEA A3l NOs-N 3Ho| JEHRT) @
oM, AR vpol] oJah -] A sl AR A A
40 m o|Foll= ERpFo] VERd=T] o] Zo) o] o= A}
B9 4E 7F FEig 2o|r} qlgith
A1 ik AJake] 7o)zt 5~10 mSl AskE NO-N
o] Zlo] 1~5 m o9 Al NO-N&#HHT} o =
KT ol ZAAA Zo] 1~5 mo] AalrY ojiE
783} e el ARBl] Askrel FATE AAE
ol EoFellA o] =] i NOs-No| #8lkrgl A4
W= el FAHGY) wizolgtn 249} Rasiah Y
52 e EYAejol AAWEE] Johnstond FAI0A A2
A19] NOs-N°| Askrz F-abes o A|8k:% NOs-N
o] FAZ WA= S AR A3, ARAERE 40~

ne 2 e

Sandy soil

BlLoam soil

1~5 5-~10  10~15  15~20 20~25 25-30 3040 40-80 60~100 100-

Well depth (m)

Fig. 5. Changes of NOs-N content in the groundwater
between soil textures and well depth (averageS.E.).

110 kg/ha®] NOs-No| Alsirz FEHTL o]F 21~81
kg/hao] Askr =917F wobd uf AAHo] Qe AoR
ZH 00k BasiP?. o9} zho] Ao QRS 3
A8e] A9- At 2kl NOs-N7F 7553 o] gA A8}
FERE ZEE ZWRE NOs-NS 77 st 3
u &= $2.8 H]H 299 (Non-points source pollution)®
shtE AgsiA vk

EAEE Auldael] v Ask NO-N 3 wisks
AU EE(TE 6) YEAME AP Skl wE Alskr
NOs>-N 5717+ $hkgh vk, AlE o= #ishe) 7] 5ol 41g
W ohz} 30 o A7) ApfEhd Xk NO-NE %ol
58] Skl ol 2 FIe £ v} & 5o vt
20 ol AMIAY NOs-N9| 548 $7k= F% 304 ©|
&Y ARG doltge & ATh wekA ol
A9 Aslr e HeHolug AHZE A, 2HF
AgA Fx T Byt Hesty, AskrE Wrde
2 AR B Aad gl 2] 9 VSR g 2
FEAAL] AEAA 5 AArYE HASGoEs FYHE
2149 balance® ZErojol A S RlE Fjvlstal 14
g 2A=AE g sk edotslE 93 4 glowe A

MEQL MEFAIQ] YA

7 2A 49 %5 NOsN §%2 1 mg/ ¢ w)e

=

7

1~10 mg/ ¢, 10~20 mg/ ¢, 20 mg/ ¢ ©PFOE Hlx
o EEE A A5l sl A oR AjRo] =43}
3t 1 A% areatl & m o} B¥E areall HF
9 A5 W NOsN F3e vyehd Zlojrt.

a4k7 iyt

9] ksl AT<re] NOyN 328 29

9} ehilss NOsN 5 Afelells a159] A(IE)9) 3
0.532%)0] Ig=o} AT NOsN &0 w2 A
o9 NO;N 3T s AME & &= Qoich,
area®l /W7t B3 NOs-N % 1~10 mg/ ¢ 9

Aak AN ZelA ik Fkal o] F5lo) vl
Jerome 5% FAX ] 9213 Kervidy Aol = A

&
=

2 m e
of Ct rlo

39 EBSandy solil
o8 I #@loam soll
24

NOs=N{mg/L}

1~5 §~10 10~15 15~ 20 20~25 26~30 30~

Cultivated year

Fig. 6. Changes of NO:;-N content in the groundwater
between soil textures and cultivated years (average+S.E.).




268 AL - oA - AN - BEE - AT - 9

e (r=0.532)0] A Ho] AT o] Pk NO-NF
* >l L

o | =iiom . Pl IS RS & 5 A

Soq2 ) A 1020 ML

55 X <20 moiL

sE 10

D23

§ 1. Magee, P. N. and Barnes, J. M. (1967) Carcinogenic

nitroso compounds. Advan. Cancer. 10:163-246.

0 5 10 15 20 25 30
NO3-N contents of shallow groundwater{mg/L}

Fig. 7. Distribution of NOyN between shallow groundwater
and confined groundwater.

sirs) 257 AXSY) AL HAE A3t AejE of
Aol = WFASHRY A o] BEAeGE) Aol
S WITH: APIS Bl & 29 ol AE
s,

2 Aol 2R gl FAAH 54 93 5
o] AR shikre] S7lo] AsAel Vo] S v
359 43} Bl QIgIE 2L AP WA, A B
FEE 229 THE BAG A3ANEE 09249
% 228 sk Belrh 900918
% gle webd =, WE B9 B Fede] g A
Hergal A ol AAMANE 3lo] 2ol
uAE o] GG AAA) e AR Askeo)
A4 P27} B a7

e

rz,j_,’

K
2
&
o
B

o OfF

G

FHET 9 Ak 4R 27i0] AVAAENA] Aske
o] NOs-N§Hgol| mx|= gae Lot azl JEx9 1078
AR Q. A AR oA A8 1370 A S] NOs-N
e ZAleka, Ao 2A A A2 Azhd<,
A8 A W AF 2H0EA Aol FE
& Wl a 5 ARt

A8 19.7%, GikRIsE9] 1.3%

©
A AR F
7 $Euel 85 587122 10 mg/ £ & 295191,
B985 447129 20 mg/ £ & 2= AP W25
6.3%, S 0.4%% YERGTH
Al NO;-NTE 71 o] =&
sl E 1% FEolA ool AFHUHAES
F r=-0.241**, A|3}2l0] r=-0.228*). AYuhzA0] whehr
= B3AdTe) 5% Tl FaAe] QAP AAS
r=0.104%), EWIAEF Sk AdRaAT QFEHA ol A
w2 242 FUEFETE BEA Zo) 59 9AF =4
o gk NO-NgHFe] vl 3ke vAlE 207 Vet
3 HETY NOs-NF 952 NOs»-N 3 Ale]9]
S AW A b Aolel: 1S A(IR)e] g

AL AEH

huil
=

10.

11.

12.

. Ministri of Construction and Transportation. (1995)

Underground Water Acts.

. Baeg, C. O. Kang, S. G., and Lee, K. 5. (1996) A

status of agricultural water quality and improvable
countermeasure in Korea. Kor. |. Environ. Agric.
15(4):506-519.

. Kreitler, C. W. and Jones D. C. (1975) Natural soil

nitrate: The cause of the nitrate contamination of
groundwater in rural county, Texas Ground Water
13:53-61.

. Pionke, H. B., Sharma, H. L., and Hischberg, K. ]J.

(1990) Impact of irrigated horticulture nitrate con-
centrations in groundwater. Agri. Ecosyst. Environ.
32, 119-132.

. Thorburn, P. J., Biggs, J. S., Weier, K. L., and

Keating, B. A. (2002) Nitrate in groundwaters of
intensive agricultural areas in coastal Northeastern
Australia. Agriculture, Ecosystems and Environment.
1941:1-10.

. Jung, G. B, Lee, J. S., and Kim, B. Y. (1996) Survey

on groundwater quality under plastic film house
cultivation areas in southern part of Gyeonggi
province. J. Korean Soc. Soil Sci. Fert. 29(4):389-395.

. Jung, Y. S, Yang, J. E. Joo, Y. K,, Lee, J. Y. Park,

Y. S. Choi, M. H,, and Choi, S. C. (1997) Water
quality of streams and agricultural wells related
to different agricultural practices in small catchments
of Han river Basin. Kor. J. Environ. Agric. 16(2):
199-205.

. Kim, J. H,, Lee, ]. S, Kim, B. Y., Hong, S. G., and

Ahn, S. K. (1999) Analysis of groundwater used
for agriculture in Kyonggi province. Kor. J. Environ.
Agric. 18(2):148-153.

Yun, S. G. and Yoo, S. H. (1993) Behavior of
NOs-N in soil and groundwater quality, Kor. J.
Environ. Agric. 12(3):281-297.

Harris, GR.,, Henry, B.D., and Deyette, J.5. (1996)
Nitrate levels in shallow groundwater of upstate
New York. USA. Environmentalist 16:307-311.
Walker, W. E. and Kroejer B. E. (1982) Nitrates in




A AR o] A gl 414 2z10] A3k NO-N deel vjx= 9%

269

13.

14.

15.

16.

17.

18.

19.

groundwater resulting from manure applications
in irrigated croplands. EPA. 600/2-82-079. US.
Environ. Protection Agency, Washington, D.C.
Di, H. J. and Cameron, K. C. (2002) Nitrate leaching
in temperate agroecosystem : source, factors and
mitigation strategies. Nutrient cycling in agoecosystems
46:237-256.

Dico. F., Leo J. M. B, Gerard van D., Tjomme de
H., and Wimm D. de H (1998) Nitrogen monitoring
in groundwater in sandy regions of the Netherlands.
Envron. Pollution. 102 S1:479-485.

Strebel, O., Duynisveld, W. H. M., and Bottcher, J.
(1989) Nitrate pollution of groundwater in western
europe. Agriculture, Ecosystems and Environment
26:189-214.

Cultural practice of cucurbitaceae plant (1996) Rural
development administration.

Nielson, D. R., Biggar, J. W., and Wierenga, P. J.
(1982). Nitrogen transport process in soil. Am. Soc.
Agron., 423-448.

Han, K. W, Cho, J. Y., and Son, J. G. (1998) Losses
of chemical components by infiltration water during
the rice cultivation at silt loam paddy soil. Kor. ].
Environ. Agric. 17(3):268-273.

Staver K. W. and Brinsfield R. B. (1998) Using
cereal grain winter cover crops to reduce ground-
water nitrate contamination in the mid-atlantic
coastal plain. J. Soil Water Conserv. 53:230-240.

20.

21.

22.

23.

24.

25.

Steven, D. S. and Neilsen, G. H. (1990) Nitrogen
additions and losses to drainage in orchard-type
irrigation lysimeter. Can. ]. Soil Sci. 70:11-19.
Kolenbrander, G. J. (1981) Leaching of nitrogen in
agriculture. In nitrogen losses and surface run-off.
(ed. Brogan, J. C.) Nijhoff : 199-216.

Silva, R. G. Cameron K. C., Di H. J.,, and Hendry
T. (1999) A lysimeter study of impact of cow
urine, dairy shed effluent and nitrogen fertilizer
on drainage water quality. Austr. . Soil. Res. 37:
357-369.

Powlson D. S. Poulton P. R. Addiscott T. M., and
McCann D. S. (1989) Leaching of nitrate from
soils receiving organic or inorganic fertilizers
continuously 135 years. In: Hansen J. A. A and
Heriksen K (eds). Nitrogen in organic wastes
applied to soils. Academic press, London, pp.
334-345.

Rasiah, V., Armour, J. D. Yamamoto, T., Mahendrarajah,
S.,, and Heiner, D. H. (2003) Nitrate dynamics
shallow groundwater and the potential for transport
to off-site water bodies. Water, air, and soil pollution
147:183-202.

Jerome M., Patrick D., Chantal G. O, Philippe D.,
and Gerad G. (2002) Mechanism of nitrate transfer
from soil to stream in an agricultural watershed
of french rittany. Water, air, and soil pollution
133:161-183.




