Korean Journal of Environmental Agriculture

Korean J Environ Agric. 2014;33(1):44-51. Korean Online ISSN: 2233-4173
Published online 2014 February 24. http://dx.doi.org/10.5338/KJEA.2014.33.1.44 Print ISSN: 1225-3537

Research Article

Understanding Spatial Variations of Water Quality Using Agricultural Nutrient
Indices in Chonnam Province

Byeong-Jun Jeon,' Sang—Sun Lim,! Kwang-Seung Lee,' Se-In Lee,' Jong-Hyun Ham,' Sun-Ho Yoo, Kwang-Sik Yoon'
and Woo-Jung Ch01 (‘Department of Rural & Biosystems Engineering, Chonnam National University, Gwangju
500-757, Korea, “Department of Agricultural Biotechnology, Seoul National University, Seoul 151-921, Korea)

Received: 6 September 2013 / Revised: 16 January 2014 / Accepted: 24 February 2014
Copyright (©) 2014 The Korean Society of Environmental Agriculture

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Abstract to both chemical fertilizer and livestock manure; whereas

T-P is likely to be affected by livestock manure rather than
BACKGROUND: Water quality of rural areas are susceptible chemical fertilizer. The concentrations of BOD and COD
to agricultural nutrient input and supply such as chemical were also positively (P<0.05 or P<0.01) correlated with

fertilizer and livestock manure. This study was conducted livestock manure production.

to evaluate the usefulness of nutrient (N and P) indices in CONCLUSION: This study shows the usefulness of
understanding spatial variations of water quality across nutrient indices in understanding spatial variations of water
Chonnam province which is a typical agricultural region in quality and suggests that livestock manure rather than
Korea. chemical fertilizer can be a more critical water pollution
METHODS AND RESULTS: The nutrient indices source and thus highlights the need for more attention to
including chemical fertilizer supply, livestock manure livestock manure treatments for rural water quality
production, and nutrient balance were correlated with water management.

quality data (T-N, T-P, BOD, and COD) for the twenty-two

districts of the province. Concentration of T-N were Key words: Chemical fertilizer, Livestock manure, Non-

positively correlated with chemical fertilizer supply, livestock point source pollution, Nutrient balance, Water quality
manure N production, and nutrient balance (P<0.05 or
P<0.01). Meanwhile, T-P concentration was not correlated

with these nutrient indices; however, there was a tendency ME

that T-P concentration increases with livestock manure P

production (P=0.06) and with nutrient balance (P=0.09). FEAAL F8A, FAL A, s 5 v v
These results suggest that T-N concentration is susceptible 2ol AbAs glo] e eHEd frE A=At 53

sto] =4 #e)7} o] tiOngley et al, 2010; Sun et al,
— ) . 2012). 1980 7H4= thefet wiHe sl & Hoksdel
WAIA 2K Corresponding author): Woo-Jung Choi m2 ge| g ot AbRo] EExel uAd ool =g 9
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2002). 1980\ ©]F AX=E FHoE 1FY FoksslelA
AFY ASTbesgors HIS fE FEEEH
(integrated nutrient management, INM)E =
s g AM-S 7538kl Qlti(Parris, 2011). ©]¢} 22
o] AxE 1990~2002'd Atolell OECD =7toll4 318t
of ot Jo] kel oF 17% WA= AARE, A15E2] 4
(NOy) 3 (P) 2.5l it F]lEoke] 7ol 2442 30~
80%3} 20~70%% ©]H3] H FEOE FUHHI
(Parris, 2011). o]} o] 38| & AN TSl B+
FA el gt FHnH LAY ko] 03] T A
Aoz Hedd A A Gl 7IRIg Ad £
A|eKSkinner et al, 1997), tFe& SHA = sl g0 ]
o] HHLA(NE 91 MEEw)e A% AY & 9
(OECD, 2008).

vl A% 199710 id‘ %!
3 slehu)go] thet AR RS Akela 7R
71 5o gk Ads %‘Eﬂi Az} ZAAAT 38|
(N+P,05+K,0) AH-2-2- 20001 381.9 kg/haolA 2010
232.7 kg/ha® FFASIITHEHTAM]E 54195, 2000
~2010). ¥, 71 E)E 23 G714 HlE AR
200197+ 2010 Atelell 1,990 MgellA] 3,908% Mgo.=
S7FI AL, olF w9l A WA o® ki 2001 0.95
Mg/ha¥} 2010Lﬂ 2.2 Mg/ha°ll alg3i(s3, 2011, 2012).
o]—X]H]— z ?j %/d xﬁxﬂo] 7ﬂ;<—1 o7 A]sﬂﬁ ZOOOLﬂ
8 Ta]w,]-a]- 41—4171(5}71 27, FET), bl A AR
Agel4] Ak @99 Biochemical oxygen demand, BOD),
s}ekA AkA O:rL'V”ﬁ(Chermcal oxygen demand, COD)

ZyTotal-nitrogen, T-N), &<)(Total- phosphorus, T-P)5%
= 2V} 23~34 mg/L, 38~57 mg/L, 2.8~3.6 mg/L,
0.09~0.19 mg/L9 WA BODE A9t F3
s AAEA A Aol (UiTHhttp:/ /stat.me.go.kr,
http:/ /water.nier.go.kr). ©]9} -2 BOD taE YAHA
O BODE 90%°1} A = Q= srAferlAd &3]
2001 19,2307 MgelA 20109 25,118 Mgoz S7F
ato] HIF ] LA ert aal] WEow
ﬂu}(ﬁl A%, 2011). H Yoo et al. (2012)°] 1980 ] ©]
T fEvet 4add FE2 AAGE wE Al AR 4
o] oJabd T-N#} T-P 55(1989HE] A4S E4)=
PS5 ARG} A7 QISR RbE QR (e
A AR eae Aol Ao AAHTA(T-N:
r’=0.61, P<0.001, n=22, T-P: r’=0.37, P<0.001, n=22)7}
ALk T3 COD (19819HE FAAE E4)=
ubAE} 799 *Pﬂﬂrﬁl(rz—o 53, P<0.001, n=30)Z X3t} o]
o} 22 A= FEAEEe] e 2000 0% FEA
o] HV“E@’OHH speR9] 7o ert ekl o
str, o Yot nidded #E flsiMe shelast 7t
_fd_?‘_l_a JJ/]—‘O’].__‘ B‘]—?HO] 7(—1:3_0] .ﬂ 061—_— ;(ﬂ/\ 6]—1:].(Y00
et al, 2012).
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’\] T SAIAE (http:/ /www.jeonnam.go.kr) 1.
STt
2011 F3F 4 A3E(T-N, T-P, BOD, COD) &% #
v 3AF] B HEA 2 (http:/ /water.nier.go.kr)
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W SAAR R ool tigt o] gl7] whEell £ AellA
Tk Ak E ARSIt 2011 V) A #]ede] WA
VAR FRE 3% 517,151 7, A4 32,377 ¥, HA
967,686 1, H 29,722,062 = T3 AAWAT TEHAR
5 1016 F/ha® A= 107.1 —r/ha BT} vk Hogltk
Al - o] FFE ARAPEE vluehd e 8(54,238
Er), A UA1(8,322 %) A= L1~M1(172 555 )¢k
R(176,175 ), B WFAI(5,552,220 ), kS
(4,757,704 ), &¥1(4,531,800 F)ollA] HivfEE ARSE L
U THhttp:/ /www jeonnam.go.kr).
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balance, Soil surface balance (SSB), System balance 2]
Al 7 Z T2 EH, OECDeM = LRbd o 2 SSBE -85
UKParris, 1998). SSB "HellA il sheh]5(77]
A, f714), T2, 715 By, ek (44l B¢ A
=8 Aa uAFE Fhol ot FE FABI 2= AF
T k] st AAHS] zto]2 AibEthParris, 1998). 7}
S e oHE TS A7 @EE sk YRRl
Ao AEEE AN F Qe v 2w HE5C ofgRel 2
3 &gert sobd £ itk B AFelAE Yoo et al
(2012)3} LA FAEA7E THE AR FHF0] foldt
sSSP 7S] oeh ot RS R
o weleldln, Fo ARECIT, WF, 43, FF, A
, A, 587, A58 BEANRe] AME A e
& G AAROE AgIITE

s g a2 Al - I AR AR

(2006)°] FEBAAAELA(SH, A, A, gl s 7}
7} A2 409, 88.0, 13.5, 0.4 kg/F (F)/4d, ik 117,
30.7, 7.7, 0.3 kg/ 5 (7)/') 9 WOz AFsSin 22
G oS TR AT, U, A, T A A
%, BEEAE, 399 Ht BFAMEY & FEF A
wj A e] o ow AESIginh vl=(H), #(Ee,
), AH(ETF), FRHE), AFGEHA, AT, A
(15 9] 419), SEAE(ET 9 199), A+ 9 8%F)
o 7 A Y UIAMIRS FhS 247t 955, 78.0,
157.8, 46.0, 95.5, 168.4, 116.6, 127.4 kg N/ha%} 44.7,
70.6, 32.5, 56.5, 68.5, 58.3, 110.3, 84.9 kg P,Os/ha%ith
(FEXEA, 2007). B9 B¢ =a Aol Heol =
AP FEEA] BAol| ZAZ ], A4 W QlikAe] o] 7}
7} 600 kg N/ha¥ 200 kg PrOs/haith(EExE%
2011).

Zy Al - 28] A A WA HRE AL QI A
(N X+ P05 kg/ha)e Rt F4=7 5]

)

~

[e}
B QTN A L FAE 0, P FUB>FE 0T

a1 = [¢]
o A% P 7Y, T wh) BRE P RES ]
=8

<[ O

& 4

S v
SPSS 18.0 (SPSS Inc. Chicago, Illinois, USA)2.2
Wi AR REA e A, e TN,
(SR T, R R
A, HE FA)9 i, sk BOD, CODS} 7+
FR AR AN 95% FolTeln BAat
% o op e A% wemag 1

)
EEES
ARFTFTE S8 A AR RS A Aol

[¢]
hv

dat 9 o
ISR Y

2011 7l A AoellA S TS s 5918%
Mg ol3lerH, o]& ZEA 142694 ha) o= thr T
Al A i YRR 22.0 Mg/hai® 20104 =7 @)
A A i Ykl 244 Mg/ha (Yoo et al, 2012)
Hr} Aglry g9ro] 459 Mg/ha® 7 wWeokow, v
2421 Mg/ha)>5H437.8 Mg/ha)> %7260 Mg/h
a)>THA(34.5 Mg/ha)2l w4130, Ef Al - 7ETE 7}
FARE PRI A2 FXA], ARKE, AETe] ik AR

10 Mg/ha°]3l3itHTable 1).

U2FK| FHAe
AgA ] A gehnls a3 Aa 44,664 Mg, <l
Ab 11,422 Mgel™ ol= AEAm] W4 7Eo® 747} 166
kg N/ha? 42 kg P-Os/ha®ll 3@tk Yoo et al (2012)
o] Hargh 2010 A= Bt 9] AEAuE AT A4} Q1
Ak sleh 2 39129 kg N/has} 47 kg P,Os/ha) ¥} H]
P A9 it FEE A= B fAksAT

L o
Ad FEHE 35 kg N/ha Wotth A - 1 24 3lsh]
= o

74235 kg N/ha), +3141(222 kg N/ha)2] =491, 9] A
WA QI SR 3 15741210 kg P.0s/ha), &
(70 kg P,Os/ha), $=(66 kg P,0s/ha)2] =41t
(Table 2).

AdA 9] 75 Rt AR 4 50,076 Mg, <
AF 23,129 Mgow AEA W4 7|EowE 77} 186 kg
N/ha#t 86 kg P.Os/hacll 3d%ith ©]= Yoo et al
(2012)°] ®i1gk A= (A4 196 kg N/ha, Q4F 92 kg
P,Os/ha)¥ FAKSIE Al - T2 E 39579 dAas) ik
ubEko] 72t 411 kg N/ha¥} 209 kg P,Os/ha® 713
Wkt gk, B Ao nla) 71T AL HEA45 kg
N/ha, 18 kg P.Os/ha)$} A’k (49 kg N/ha, 19 kg
P,0s/ha), %7724 kg N/ha, 9 kg P,Os/ha)< 7F5
S O ubgEro] AJtKTable 2). WA <) 3ok &9}
7] O3t Aol AT & o e A4 352
kg N/ha?} 914t 128 kg P,Os/haolH, Al - T == 3,
o, el 93, U, 39 o o] WokthTable 2).

AAY Fo AEw(v=, 9, 3=, i A AL
584, 3) 9] AuAg FEeT#S A4 109 kg
N/ha#} <4t 53 kg P,Os/ha& 2010\ 7] A= H+f
(115 kg N/ha, 67 kg P,Os/ha) Htt A3l=t, o]= A4
A A 5 oHE ool AiFow AL A==, U,
T, A A A L] v]8(75.7%) 0] W= H3H(59.7%) K.
t 57] mEo g ddEthYoo et al, 2012). Al - 7 A
A QRS B[R] B 2t ot R AeiE 1 Sl
17Jo] 135 kg N/ha® 7F¢ Wekom e Al - 758 97~120
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Table 1. Livestock number and manure production of the administrative districts of Chonnam province

Districts Manure production (Mg) Cultivated land area (ha) Manure production per unit cultivated area (Mg/ha)

Boseong 200,819 15,983 12.6
Damyang 259,093 8,408 30.8
Goheung 244,782 20,470 12.0
Gangjin 226,338 13,323 17.0
Gurye 109,320 3,754 29.1
Gokseong 212,036 6,988 30.3
Gwangyang 48,885 4,311 11.3
Haenam 368,605 36,641 10.1
Hampyeong 535,756 11,677 459
Hwasun 199,242 7,626 26.1
Jindo 29,340 10,132 29
Jangheung 340,112 11,845 28.7
Jangseong 175,485 8,468 20.7
Muan 711,564 18,839 37.8
Mokpo 4,001 693 5.8
Naju 853,174 20,245 421
Shinan 120,925 19,389 6.2
Suncheon 277 437 8,041 34.5
Wando 67,571 4,313 15.7
Yeongam 417,587 20,148 20.7
Yeonggwang 415,735 13,783 30.2
Yeosu 99,932 4,180 23.9
Total 5,917,740 269,257 22.0

Table 2. Nutrient supply, demand, and balance of the administrative districts of Chonnam province

Nitrogen (kg N/ha) Phosphorus (kg P,Os/ha)
Districts - Supply Demand Balance o Supply Demand  Balance
Fertilizer manure Total Fertilizer manure Total

Boseong 79 100 179 135 44 13 39 52 64 -13
Damyang 121 260 381 106 276 34 110 143 50 93
Goheung 169 94 262 106 156 50 31 81 51 30
Gangjin 153 148 301 97 204 38 61 98 51 47
Gurye 160 239 398 101 297 52 105 157 55 102
Gokseong 108 283 391 102 289 27 147 174 51 122
Gwangyang 200 90 289 117 173 68 38 106 68 38
Haenam 177 85 261 112 149 43 37 80 53 27
Hampyeong 200 411 611 103 508 34 209 244 51 193
Hwasun 163 212 375 102 273 43 99 142 53 89
Jindo 142 24 165 120 46 15 9 24 52 -28
Jangheung 159 242 401 100 301 37 87 124 53 72
Jangseong 210 166 376 106 270 50 69 119 55 64
Muan 186 327 513 113 400 41 171 213 53 159
Mokpo 120 45 165 110 54 29 18 47 63 -16
Naju 139 358 497 105 392 35 183 218 54 164
Shinan 161 49 210 114 95 36 19 56 55 1

Suncheon 222 266 488 102 385 70 116 186 56 130
Wando 191 127 319 106 213 66 38 104 56 48
Yeongam 125 176 301 102 199 30 79 109 51 58
Yeonggwang 235 263 498 103 395 64 139 202 49 153
Yeosu 384 208 592 107 485 210 92 302 53 249

Average 166 186 352 109 243 42 86 128 53 75
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kg N/ha%lth. Hd, Ak @732 49~68 kg P,Os/ha’]
9%t Table 2).

UY=LK|

A o] A Bt A= A4 243 kg N/ha, QA
75 kg POs/ha® ¢t 74 AE|SithTable 2). = Yoo
et al. (2012)0] ®.a13k 2010 715 $-2lvhet B FE5A
(84 269 kg N/ha, ?14F 110 kg P,Os/ha)$} OECD7}
ZAFSE 2002~2004 FQF] eyt A (H4 240 kg
N/ha, 914 110 kg P2Os/ha) 5t} W& Wb OECD 71S]
9] ot FEGA (74 kg N/ha, 23 kg P,0s/ha)ol 13
Rt T AETE Hasl Qb B 3u) ode] sttt
(OECD, 2008). A& EE Al - oA 7] Al vk
Q2 BA, Ak, H537F 747} -13 kg POs/ha, -28 kg
P,0s/ha, -16 kg P,0s/hai % A3 AEglom, Aok
QI RETFAIZE 1 kg POs/ha® 3¢l 717kslthTable
2). Al Al - T, T, o] Al ik A7k
7}7} 508, 400, 485 kg N/ha¥} 193, 159, 249 kg P.Os/ha
2 AgA R Foth 7 Al - Y] Al Fihs ¥
Hgo] AHACR W ofFE Agetie i AT
o o] dEaAZE Ql=Hl(Fig. 1), ol 3SR R
Rt EEAA Y A YIRS vtk g
W, FAR B w3l ol dae) it A7 24z}
385 kg N/ha, 485 kg P,Os/ha%l 130 kg N/ha, 249 kg
P,Os/hal® A H (47 243 kg N/ha, 75 kg
P,0s/ha)Z =tEd|(Table 2), <49 4% #A4 ARF
77} 58,286 F % A 2271 A - & T B WIAR SzobA
7wl oJgh R Ee] Woky Ao w e
b S e Al WAo] 1,548 ha® AA Al - F A
WAIZ 7] wlitel sfekn|g ARSEFO] Weky] witow
hch apARl of5e] A9 B AtellA] FEAQl iAol
ol# gtk

600

y=9.3x+50.1

500 {  @Nitrogen ) (r* = 0.76, P<0.001)

DO Phosphorus

400

300 A

200

100

Nutrient balance (kg N or P,Og/ha)

oo y=4.7x-218
0 (1*= 0.67, P<0.001)
a]
-100 . . . .
0.0 10.0 200 30.0 400 50.0

Livestock manure production (Mg/ha)

Fig. 1. Relationship between livestock manure production
and nutrient balance in the administrative districts of
Chonnam province (n=21). One district (Yeosu) of which
chemical fertilizer supply rate was extremely high was
not included in the analysis.

St E g A UE K|ERAL| AR

2011 AEAS Al - 7 S Hd A ARE
T-N 2.4 mg/L, T-P 0.10 mg/L, BOD 2.18 mg/L,
COD 4.9 mg/LItKTable 3). A -+ #H=Z vlwahd T-N
% T-P &%= o] 22t 0.7 mg/L9} 0.02 mg/L%E
7V oFgaiglon, 9ol 247t 5.4 mg/Le} 047 mg/L
2 7P EFSIGith o]sh 2 Aol h(dA 213 kg
N/ha, 214} 48 kg P,Os/ha) 9} 93(2& 4 395 kg N/ha,
1%t 153 kg P2Os/ha)e] Rt A3 UX|$kcHTable
2). BODS} COD+= a3+r°] 27} 0.50 mg/LS} 1.7 mg/L
2 7P ek, gedtol 2447 7.4 mg/Lél 10.6 mg/LE
7V s=ked|(Table 3), o] 949 i 2H=ko] 30.2
Mg/ha@ 1574(12.0 Mg/ha)Rtt & ) FAs 4
o]tiTable 1).

SHAF] T-N S5& 9] AdAd sieh|s 349%

Table 3. Mean values of water quality indicators of streams
in the administrative districts of Chonnam province
monitored by the Ministry of Environment in 2011

Water quality indicators (mg/L)?

Districts

BOD COD T-N T-P
Boseong 12 3.0 11 0.03
Damyang 19 3.9 3.3 0.08
Goheung 0.5 1.7 1.6 0.10
Gangjin 12 3.7 12 0.04
Gurye 1.6 42 1.9 0.05
Gokseong 1.3 3.8 1.6 0.04
Gwangyang 1.10 2.7 14 0.03
Haenam NA NA NA NA
Hampyeong 21 59 2.7 0.07
Hwasun 15 3.5 1.6 0.05
Jindo 3.5 7.8 2.2 0.06
Jangheung 11 31 11 0.04
Jangseong 15 42 2.0 0.08
Muan 4.2 7.6 5.0 0.22
Mokpo NA NA NA NA
Naju 3.9 6.9 3.7 0.20
Shinan 47 12.0 2.7 0.09
Suncheon 1.6 35 24 0.18
Wando 0.6 2.1 0.7 0.02
Yeongam 15 53 21 0.08
Yeonggwang 74 10.6 54 0.47
Yeosu 13 3.4 5.0 0.06
Average 22 49 24 0.10

NA, Not available.

aBOD, Biochemical oxygen demand; COD, Chemical oxygen
demand; T-N, Total nitrogen; T-P, Total phosphorus.
(Source: http:/ /water.nier.go.kr)
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(=027, P<0.05)2 &2 S|4 d 7158w 24
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SR AlES B8 FAK H5 WRe TEERE 98
E AzEE Hule] Eok Alge] gt shlre] A e T
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A T-P s27F S718Rs 4ol SIHFig. 2A, B). =]
A F7TE QIS BEoF wAel A FREAU 284 dow
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Fig. 2. Relationship between nutrient indices and the concentrations of total nitrogen (T-N) and total
phosphorus (T-P) in stream water in the administrative districts of Chonnam province monitored by
the Ministry of Environment (n=20): (A) chemical fertilizer supply, (B) livestock manure nutrient
production, and (C) nutrient balance. Two districts (Mokpo and Haenam) were not included in the
analysis because water quality data were not available.
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Fig. 3. Relationship between livestock manure production
and biochemical oxygen demand (BOD) and chemical oxygen
demand (COD) of stream water in the administrative
districts of Chonnam province monitored by the Ministry of
Environment (n=18). Two districts (Mokpo and Haenam)
from which water quality data were not available and
another two districts (Jindo and Shinan) in which
livestock manure production was extremely low (see
Table 1 for details) were not included in the analysis.
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