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ABSTRACT

Monitoring on soil chemical properties, soil physical status and soil microorganisms in arable
soils was conducted on 4 cropland types including upland, orchard, rice paddy and plastic film
house from 2013 to 2016 in order to provide basic information for soil fertility management of
Gangwon Province. Monitoring of agricultural irrigation water, surface and ground-water,
quality was investigated annually too. Objective of this study was to provide the fundamental
data of environmentally-friendly agriculture policy and to product agricultural safe products.

Soil Chemical Properties

Upland soil samples were taken from 170 sites in 2013. Chemical properties were pH 6.5,
organic matter 26 g kg !, available phosphate 675 mg kg ' and exchangeable K, Ca, Mg were
0.82, 5.7, 1.4 cmolc kg !, respectively. The content of pH, organic matter and exchangeable Ca
were within the optimal range. The content of exchangeable Mg was lower than the optimal
range. Available phosphate content and exchangeable K were over the optimal range.

Orchard soil samples were taken from 80 sites in 2014. Chemical properties were pH 6.2,
organic matter 38 g kg!, available phosphate 804 mg kg ! and exchangeable K, Ca, Mg were
141, 80, 2.3 cmol. kg!, respectively. The content of organic matter tend to increase
gradually since first investigated 2002. Available phosphate content was much high than the
optimal range. The ratio of high-level site was increased from 62% in 2002 to 70% in 2014.

Paddy soil samples were taken from 150 sites in 2015. Chemical properties were pH 5.9,
organic matter 22 g kg!, available phosphate 123 mg kg, available silicate 170mg kg ' and
exchangeable K, Ca, Mg were 0.39, 4.8, 0.9 cmol. kg, respectively. The content of pH,
organic matter and available silicate were within the optimal range. The content of exchangeable
Ca and Mg were lower than the optimal range for plant cultivation. In the long—term
analysis, the contents of Avail. SiO,, Exch. K and pH of paddy soils showed increasing
tendency. However, Avail. P-Os, exchangeable Ca and Mg tended to decrease, and there were
no significant changes in the contents of OM. Soil OM, Avail. P:O5; and SiO» were not
different among the different topographical sampling sites. However, the mean value of
exchangeable K and Ca were different among the different topographical sampling sites, and
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exceeded optimal values in the fluvio-marine plains. Soil pH was different among the
different soil texture sampling sites. OM, Avail. Po-O5 and SiO, were not different among the
different soil texture sampling sites. Paddy soil samples within appropriate pH range were
increased from 65% in 2013 to 77% in 2007, 68% in 2011, and 71% in 2015. In case of Avail
Si0,, soil samples within appropriate range were increased from 20% in 2003, to 37% in 2007,
29% in 2011, and 45% in 2015.

Plastic film house soil samples were taken from 100 sites in 2016. Chemical properties
were pH 6.5, organic matter 40 g kg !, available phosphate 1240 mg kg ! and exchangeable K,
Ca, Mg were 1.9, 13.3, 39 cmol. kg!, respectively. The content of organic matter tend to increase
gradually. In that increased EC and exchangeable K, Ca, Mg, there were severe salination.
Heavy metal content investigated was much lower than soil contamination criteria.

Soil physical Properties

Upland soils samples were taken from 40 sites in 2013 were following as; Bulk densities
of surface soil and subsoil were 1.31 and 149 Mg m*. Yamanaka hardness of surface soil
and subsurface were 125 and 15.8 mm, respectively. In addition, the average of surface soil
depth was 185 cm.

Orchard soils samples were taken from 40 sites in 2014 were following as; Bulk densities
of surface soil and subsoil were 1.29 and 1.43 Mg m°. Yamanaka hardnesses of surface soil
and subsurface were 14.2 and 15.8, respectively. In addition, the average of surface soil depth
was 28 cm.

Paddy soils samples were taken from 40 sites in 2015 were following as; Bulk densities of
surface soil and subsoil were 1.31 and 1.56 Mg m®. Yamanaka hardness of surface soil and
subsurface were 10.2 and 16.4 mm, respectively. In addition, the average of surface soil depth
was 16.1 cm.

Plastic film house soil samples were taken from 40 sites in 2016 were following as; Bulk
densities of surface soil and subsoil were 1.03 and 1.38 Mg m*°. Yamanaka hardness of
surface soil and subsurface were 3.7 and 11.6 mm, respectively. In addition, the average of
surface soil depth was 23.7 cm.

Soil Microorganism

Biomass C of upland soils was 138 mg kg ! and soil dehydrogenase activity was 47 ugTPF
g 124h!. Bacterial dominant phylum rank was Proteo-bacteria(35.1%), Acido-bacteria(20.1%),
Actino—bacteria(8.0%). and The estimated value of species richness index was Ace 1,234 and
Chao 1,945. The diversity index was Shannon 5.9 and Invsimpson 304.
Biomass C of orchard soils was 233 mg kg and soil dehydrogenase activity was 24 ugTPF
g 124h!. Bacterial dominant phylum rank was Proteo-bacteria(37.1%), Acido-bacteria(16.9%),
Actino—bacteria(12.4%). and The estimated value of species richness index was Ace 1,435 and
Chao 1,024. The diversity index was Shannon 5.7 and Invsimpson 244.
Biomass C of paddy soils was 362 mg kg ! and soil dehydrogenase activity was 120 ugTPF




g 124h!. Bacterial dominant phylum rank was Proteo-bacteria(29.6%), Chloro—flexi, (15.2%),
Acido-bacteria(14.2%), Actino-bacteria(6.196). and The estimated value of species richness
index was Ace 4,129 and Chao 2,242. The diversity index was Shannon 6.3 and Invsimpson 602.
Biomass C of plastic film house soils was 335 mg kg ! and soil dehydrogenase activity was
& ugTPF g '24h’. Bacterial dominant phylum rank was Proteo-bacteria(39.9%), Acido-bacteria(14.6%),
Bacteroidetes(9.6%), Actino-bacteria(7.8%). and The estimated value of species richness index
was Ace 2,263 and Chao 1,383. The diversity index was Shannon 59 and Invsimpson 344.

Agricultural Water Quality

Surface water quality was estimated at 34 sites from 2013 to 2016. In 2016, the average

concentration of DO, BOD, CODMn, SS were 10.1, 0.9, 24, 2.72 mg/L, respectively. and pH
was 7.4. The sampling site ratio of pH, T-P which was over the agricultural water criteria
was 3.9, 2.0, respectively. and All of the other factors were within the criteria.
The sampling site ratio of exceeding the agricultural water criteria, from 2013 to 2016. pH
was 2.9, 2.0, 3.9, 3.9% in 2013, 2014, 2015, 2016, respectively. T-P was 1.0, 2.9, 2.0%, in 2014,
2015, 2016, respectively. As for DO, BOD, CODMn, SS, there was no excess site from 2013
to 2016.

Ground water quality was estimated at 20 sites from 2013 to 2016. The average concentration

of CI', NO3s-N were 2049, 6.27 mg/L, respectively. pH was 6.8 and EC was 0.32 dS/m in
2016. Especially, the concentration of NOs—N, critical factor of ground water quality was
much lower than the agricultural water quality criteria.
From 2013 to 2016, the sampling site ratio of exceeding the agricultural water criteria, pH
was 2.5, 5.09%, in 2015, 2016, respectively. NO3-N was 2.5% in 2013. and specific hamful
substances such as Cd, As, Hg were not detected or much lower than agricultural water
quality criteria. There was no significient change of surface and ground water quality from
2013 to 2016
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oH EC oM Av.P0s Exch. cations(cmolckg™) LR
(1:5) (@Sm™) (gkg") (mgkg™) K Ca Mg Na (kg 10a7)
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EIVEL oH oM AV.P,0s Ex. cation(Cmol+kg™)
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B Mg <05 06~10  1iMi4 15420 2125 26030 3K
- Mg 1,520
(molkg™) o3 51 14 7 2 w 2
A S0, <80 51100 101186 157~200  201~300  301~400 400
: >157

(mg kg™) 6 29 20 13 20 8 4
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ESVELS pH OM AV.P;0s Ex. cation(Cmoktkg™) AV.SI0,
NESS) (1:5) (g kg™)  (mg kg™) K Ca Mg (mg kg™
'03(150) 58 21 144 0.27 50 1.0 121
'07(150) 6.1 20 105 0.15 5.1 1.1 152
11(150) 58 25 104 0.19 4.4 08 134
15(150) 5.9 22 123 0.39 48 0.9 170
ey 55~65 20~30  80~120  020~03 5060 15~20 >157

TI% 62 20150 2AME FYE =EY 150489 B A4 ] #2eEe] wi
289 Al 2 ZAztolct pHO HAMEY] H]RL 20034 65%, 2007d 77%, 20119 68%, 20154
T2 bt g ZAES AW ¢ HES 20039 62%, 20079 19%, 2011 27%,
2015 29%= Wsh= A3FS HAHIY 7). Faiike] HAHS vjL-L 20034 20%, 20074
37%, 2011 29%, 20154 45%=2 Z7}59ict 20154 =Eoko] HEn|Q AEE Sl X34
Mg (87%) ) A2t Ca (63%)) FHEAF 55%) > F71& (45%) > FAIAE (35%)) pH ( 18%) )
284 K (14%)0]3ith, shd Hrpn|&e A4 K (57%) ) SREAAF (41%) » XS Ca (19%) )
£71% (13%) > pH (11%) ) AT Mg (6%) oI, whebd] FE IEE =gl dEES
AR <3t AAA S AH|Ela, JAEBEY A3l B3 Eok FEEl EY $7|E

ZHE 9JaiAE HuRE Aol W A& 5 Byt dad o7 #uE)

100% -
BO%
60%
40%
20%
0% -

5
Yo
»ﬁ” &

1Y 6. Y= =EYQ| SSIYE MYSE0 MGE UREZ (2015H)

o

l‘ ol

H EH BN
AT Jd HF
oo oX oo

, , W75 2akE AGe
AS o] BoHE T WS F9h PAA YR EFed SojrE W gAAE 2nA Mol ta
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tiste]

100%

20%

100% -

20%

L mARA A F
ek, ol He Aglstit
/9-87]% x 100)2 ot
o Jzut ¥A

Hi

(19.9%) ) Hvl&

o A=
go s

w9 QTR & 4 Qe

Ato] weh ez
EoFslA - AHA (ME, 2010)9] E9F
(15.3%) > F2] (9.5%) » 7
ZOREE

2011

L I |
AL 2
oo oXf op

2015
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=y
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"=y
REE
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sfelYE REE Hst

A= HAgho] 9
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EEoke Fddo]

s
=5y

LISF
75

2015

* aict
"y
"55

2015

= 2k
"=y

LICES
=

2015



H 13 2¥E =EY £34 32 (£421 mg ko)
Al Cd As Ni Cu Pb Zn crf gi
Z=H 0.19 2.2 19.2 217 78 56.9 340 10
ez 0.15 15 75 8.7 6.1 61.4 143 25
- =& 035 6.6 136 147 50.2 62.4 298 -

"Hel 024 36 136 102 6.2 56.3 30.6

=5 0.54 76 195 17.8 82 515 329 6

&% 0.24 5.9 277 157 89 64.1 60.7 2

e 0.35 73 16.7 20.9 126 59.8 30.7 6

=l 0.20 56 21.6 19.1 1.2 64.0 36.1 24

2y 0.05 1.4 6.8 75 76 61.4 149 16

== 0.20 49 209 209 16.0 66.3 284 5

gy 0.19 48 17.3 19.2 120 59.5 26.8 5

Y 0.33 9.0 204 19.2 14.1 55.6 26.8 3

=l 0.19 7.1 187 17.0 10.7 60.8 322 12

EIs| 0.10 2.6 225 24.4 7.3 589 409 2

&4t 0.09 12 838 10.3 96 54.9 16.2 4

OIx| 0.17 6.5 432 20.7 77 530 788 4

Ps| 0.12 33 85 102 102 485 16.2 5

U 0.08 6.2 15.0 127 10.4 55.7 308 5
15 T *0.19(0.20) *4.1(45) *157(15.7) *14.6(15.1) *9.1(138) *59.5(60.3) *285(286) 150

m/22471&%)t 48500 16.4(18) 150 97(10.1) 4669  19.8(20.1)

Yt 0.16 281 13.1 121 87 589 25.1

ES [ PN 1.90 52.7 82.0 82.1 7105 1542 1006

ZITHz| 155 20.3 378 46.1 26.6 1095 104.9

(LEXIAKI2) ' ' ' ' ' ' '

ESESN 0.00 0.02 39 26 1.41 35.1 78
27|z} 4 25 100 150 200 300 - -
CHRH7 2= 12 75 300 450 600 900 - -

$ EUSEEMBMO| EAQH 22| JIXEHE, 2010 *FZ3IS

T Sl 2Mzt N E34 DO 10 QR 2

P By BR#ACl EYRALNTIE0 Tt HIS(EHEZY/H7IE X 100)

U EUSIAETHAC| EYQN 20 ol A |F(EHL, 2010)

* E24 0| Hzop =UE 59 1AI™E MeISt 149 X[Fe| Bruh Zchgt




2}

~

A A R Btek

FHE AR ECFe] EYTIeH] WS F71H R ukofsly] fJste] 2016 AR EQFSH
S 100 A S RASIGOH(IE 1), Hot TS & 14,159 Ao} f-2uket AEAfu) £k
HEO Wt 33H4-2(2016) pH 6.5, F71% 39 g kg™, F&ESQIAF 1,041mg kg o], AFHA
72, 2 2 utadse 242 1.6, 111, 3.4 cmolkg ' o]loy, ZHE AR RG] Ht
38 pH 6.5, 97|15 40 g kg!, SH A4 1,240mg kg 'o| 9L, X3 LE,

H 14, ZET AMIHHIEY U8t SiStME §H2H2016)
e A EC  S712  |aowt Rt Zolz(emol/kg) NOs—N
= (pH)  (@S/m)  (g/kg)  (mg/kg) K Ca Mg Na (mg/kg)
3 65 48 40 1240 19 133 39 07 157
. i 82 20,0 132 2364 6.7 265 110 4.4 558
A 45 02 10 113 02 37 06 0.1 9
=Y 6.5 36 38 1,189 16 13.1 36 05 125
s 6.4 2.7 30 1,038 14 10.7 30 0.6 111
e Z|CH 79 14.1 74 2243 45 248 80 2.7 382
AL 43 02 p) 123 02 10 03 0.1 4
= 65 16 07 986 10 110 26 0.4 81
HMHHO|  60~70 2005t 2535 300~550 05~08 50~60 1520
= 15 AAITBHESSO| bt Ststas 254 2mH|S(EE)2016) (19l )
= slEIET H|S B
oH <50  51~55 5.6~5.9 6.0~65 6.6~7.0 71~75 76
. 6.0~7.0
(1:5) 4 11 8 29 28 14 6
oM <10 ~24 25~35 36~40 41~50 ~60 61¢
9 25~35

(9 kg™ 1 18 26 13 14 17 11

Av. PO, <299 300~550 51~800  801~099 1000~1499 1500~1999 2.000(

e 300~550

(mg kg™ 2 4 14 13 33 23

Ex K <04  05~08 0.9~20 2.1~30 31~40 41~49  50(
- 05~08

(cmolckg™) 10 12 42 20 8 3

Ex Ca <49 5060 6.1~90  91~120 121~150 151~180 181
- 5.0~6.0
(cmolekg ™) 3 2 12 26 22 18
Ex Mg <14 1520 21~30 3.1~4.0 41~50 ~60  6.1( oot
(cmolekg™) 10 8 24 14 17 11 16 o

2016 AP



H 16 ZHE AEMHIEYS| 2EE EY SEM(EE)

. Atz EC oJ|12 S50l R0l 2(cmol./kg) NOs—N

E (pH)  (@S/m)  (g/kg)  (mg/kg) K Ca Mg  Na (mg/kg)
I3(22) 6.3 43 35 1,205 1.4 11.9 32 06 149
E0KE(21) 6.6 52 37 1,249 1.9 129 40 0.7 202
20((8) 6.2 7.1 46 1,462 26 14.1 48 1.1 131
(8 6.5 12 37 1,132 18 1.2 2.2 03 53
HISEOLE(5) 7.0 78 51 1,836 1.0 19.2 6.8 1.2 188
2Hi(4) 6.2 79 28 818 1.3 136 5.0 09 332
A=) 6.2 2.7 43 1,105 1.2 1.0 28 03 154
IK3) 6.1 76 37 1,339 2.1 1.3 5.3 1.0 196
2X(3) 58 52 51 1,213 26 14.2 38 08 287
npmZ2|7H2) 6.5 99 27 1596 30 176 5.4 12 145
HE(2) 6.7 86 a1 1,199 40 16.5 6.3 1.5 133
FF(2) 6.6 10 70 936 1.9 15.9 28 03 40
7|EK16) 6.8 33 42 1,160 1.4 126 38 05 112
gt 6.5 48 40 1,240 1.9 133 39 0.7 157

EEHY 6.0~70 200l5t 25~35 300~550 05~08 50~60 1520

e At EC o2 SF0ut x[&H4L0[2(cmol/kg) NOz—N
(pH) (dS/m)  (g/kg)  (mg/kg) K Ca Mg Na  (mg/kg)

2004 64 28 33 1214 17 90 3.1 0.4 164

e 2008 6.3 2.0 33 1,179 1.4 88 2.5 0.4 89
2012 6.2 29 36 1,359 2.0 12.2 39 1.1 244

2016 6.5 48 40 1,240 1.9 13.3 39 0.7 157

2004 6.1 1.7 28 974 1.1 7.2 2.3 0.3 91

2008 - - - - - - - - -

AE

2012 62 13 24 924 11 86 26 08 78

2016 6.4 2.7 30 1,038 1.4 10.7 3.0 0.6 110

MMM 80~70 200|5F 25~35 300~550 0508 50~60 15~20

ZF 1.9, 13.3, 3.9 cmolckg ' ©JQUTHE 14). pHE= HAHSY ool U
QAN AR, AL E, AHdutavleS HA

=]
=
VSRS GISICHGE 1), U AU kel SRbgR B SR RENES E 15
=

2399 3 15¢f
e, FUE AR ZEw B SBY(EE)S ® 163 Pk AMAH B
FEFT WE U B2 ug AL ¥ 177 77 8,99 UehhTh 169 HEuIE pH (24%) )
715 (19%) ) A8 K(13%) > 2gHd Mg(11%) ) A Ca(d3%) ) FaA4H2%) ©llaL, Tt

EEERER 541



542

HlE2 A8 Ca(95%) » FEALH94%) > AT Mg(83%) » *I$H K(78%) ) #71=(55%) )
pH(20%) ©] AT

U= AAAEES T55 e F 189 UEidith A= A B S5 B
#e] EFed 7SR gtk vE(%)2 obd(41.4%) > e1(211%) ) YA15.2%) ) 7=
(5.0%) ) H(4.7%) ) Wx(1.8%) % 7|EHT AF] Wol Ta&o] disto] vl hsirial

Elail=g
100% -
80% -
60% -
40% - L=}
"y
20% - mue
0% -

O2 8. ZHEE AMMHIEYS| setdE MPsFEol ME nRES (20168)

el

100% 1

100% -
80% -
80% -
60%
60% -
40% " aet
0% - -
Hy
20% 20% |
0% B T T T

0% -

L]
FL
ox

ojo

2008 2012 2016 2004 2008 2012 2016
o7|= o=
7 IE WR?JH'
100% - 100% -
80% - 80% -
60% - 60% -
“me arc
20% - "=y 40% "y
LETE LN-E3
20% - R 20% - o
0% - ! : . 0% - - : :

2004 2008 2012 2016 2004 2008 2012 2016

2016 = AEATE DN



R
0z
[
oju

= ajct

0%
0%
0%
0%
0%
0%

100%

80%

60% |

= ;e

a ==y 40% ==y
X|gdotads
40% k=f:]
20% -_?—#
O 9 ZEx HRME AMXHH EAQ| Sfsty HEg HS)
H 18, A&l EQL| 524 &fF (S mg kg™)
Al Cd As Ni Cu Pb Zn cr!
ZX(14) 0.15 0.35 16.9 357 92 124.4 40.1
=( 8) 0.13 0.31 14.2 27.1 7.7 104.5 29.6
22(7) 0.10 0.20 14.4 157 6.5 85.7 324
=5f( 6) 0.26 0.80 16.7 317 1.9 99.0 328
EfEH( 5) 0.26 0.38 223 492 121 140.1 49,1
25( 4) 0.26 0.60 216 395 8.4 164.0 478
A= 4) 0.36 0.95 22.2 39.7 148 1313 34,0
=3( 5) 0.15 0.40 12.0 25.1 187 119.0 219
2N 7) 0.13 0.27 6.1 26.9 8.1 128.1 16.1
2 4) 017 0.41 136 238 9.0 107.7 224
A 7) 0.21 0.29 14.2 19.0 82 95.2 219
M 2) 0.61 152 14.4 25.4 12.3 85.6 18.6
HY( 5) 0.21 0.41 100 62.3 9.3 1939 175
SEH( 3) 0.36 0.81 21.0 454 1.2 137.3 46,0
Ok 4) 0.16 0.26 99 17.3 1.7 1187 16.5
QI 4) 0.21 0.44 93 438 5.6 150.8 275
g0 7) 0.20 0.45 16.1 26.1 82 1573 325
QoK 4) 0.15 0.28 222 311 5.4 1120 536
Z|cH 0.74 1.79 329 779 25.7 254.1 89.2
ESEN 0.00 0.00 20 57 25 449 39
=Y 0.17 0.41 14.6 289 89 119.1 27.4
Ty 0.20 0.44 15.2 317 9.3 124.2 314
%4&/%7@%)* 5 18 152 211 47 4.4
ISEpIES 4 25 100 150 200 300
WESpIE 12 75 300 450 600 900
T sl Bzt
T EQUSY BXBAC| EUQHERHT|Z0| EH HIS(BHY/SE7|E X 100)
Y EUSIARTRAC] EUQY 27 I LAY |E(SER, 2010)




E 2) EEEA HE2A

Sejuele] Bk B4 AL 1984W HERE AT w9l A
ZAF A HE FFF 20%, 7715 2.03%, CEC 10,3 cmol+ kg— ©|3L
HqE
9]
1990) 59 A7k

=04 EAo] et Aite AR =EYY HETHE 5
AH 2o dAE Zo|al, 20109 <=

201292 A HE Dot = ZARSHT 0%71011*1
=24 542 Hofsty] flste] 2 013L# WFECQE 20144 T
A EFO R o s Zh7t 4043 EéA} FATHGE 1),

P

SIS
om B
shaF 18%, -7|& 1.85%, CEC 8.6 cmol+ kg— o|Qth(E = 1984) ]—ﬁr LYueEt 4
=, 1989)

s
HUESYF, 20154

rﬂ
>

ZAt = (Ap3) 2XNUT =e ASAAT S|1=e= SefpEsEr
NEses T am MM oy ey o (mm) (g kg™ (%, wiw)
0 e 13 493 194 314 125 24 15.0

185
(13 = 149 561 238 20 158 13 16,2
PSP HE - - - - 0~30
1O _
3 e - - - - (20 -
H 20, Z43s HEQAo| 22|y =Y RLH|g
& = = SI2H HIH|S (%)
<100 10.1~15.0 15.1~20.0 20.1~250 »25.0
-
S = ne 15 625 225 0 0
(mm)
Mg 75 25 60 75 0
<1.00 1.01~1.20 1.21~1.40 1.41~1.60 »1.60
Xal
SHSE e 25 225 50 25 0
(Mg m™)
Mg 0 5 15 57.5 25
0~10 10,1~20 20,1~30 30,1~40 540,
O 7|2 G2k
wlE HE e 125 35 275 125 125
(9 kg™
M 525 225 20 25 25

A% weoke] 2aly Al AW ® 199} 200 e},
1

12.5mm, m o]t FEQ £-Ux 1 31g cm 3,
Aok EY A REE A, A4, 7140l 247 49,3, 19.4, 31.4%°]81
oHak 71AFe] Hlgo] Z}7} 56.1, 23.8, 20.1%, & A QITH

2016 AP

ZIEALLS 18 5cm, AT+
AELE 1,49g cm™ WY o]
3, A9 A

HE

O
A= A



W, e EF =94

e B 2Yde 2ARE] flste] BEUSEHY RAARMAN BEYE, A8 T EYESEE
aresto] Mgt 40489 REQF HES S & 21 9} 2201 UrEHHC’*EP EY %
Wﬁ%lyﬂi%%@%2,ﬂﬁz,ﬂ%8 g4 4, Z 6, :
Ad 2, AE 1, b5 2, 95 2, o4k 2, &% 35117;53 ﬂ£17lE}1)°1‘21 o, g
Eofo] Hi AEAL 98cm, ALE HE 14.2mm, AEA 15.8mm, FES §AUE 129
(0.91~1,65)g cm®, AEL= 1.43(1,15~1,68)g cm® HYo|UTHIE 22), AT FEOA 10,1~15,0 mm
W7 52.5%0]%0en HES ZH9 151~20.0 mm HL7} 45%5 A5HT SAUES H ¢
HEX101~1.20 Mg m® ¢} 1.21~1.40 Mg m °0] 32.5%= A|EX 1.41~1.60 Mg m™® ©| 55%=
AR BFATHEE 22).

R 480 MENEE  SiZEw  EuemEm
INFSES - (Cr;; (Mg m™) A OHA} 7IAb (mm) (9 kg™ (%, w/w)
o @ EE 120 488 257 255 14.2 349 20,7

, 28
(14 e 1.43 540 241 219 158 184 17.1
| EHE - - - - - 20~30
1O _
| AlE — — — _ <20 _
H 22, Z¥E IREQO 22N =Y EMH|E
= T2 SiEY 2Enf|s
| <100 101-15.0 15.1-20,0 20.1-25.0 ¥25.0
4o _
o e 75 525 350 50 0
Mg 5 35 45 15 0
o] <1.00 1.01-1.20 1.21-1.40 1.41-1.60 11,60
gxus
s e 5 325 325 275 25
Mg 0 5 325 55 75
o] 0-10 10.1-20 20.1-30 30,1-40 Y401
oz slat
ﬁ(g'fgj')o HE 0 125 30,0 225 350
AE 10 575 25 10 0




o
AUE LRG| Bely 24 ANES F 23,249 79 100] tehieh 20159 =] AE
6

A 16.1em o]glom EES §AHUEE 131 Mg m " °J3lon] HEE= 1,56 Mg m™ ©|giTh,
ESATL ¥E 10.2mm, AE 16, 4mm ©|on $7| 535S BE 21 g kg, AE 17 g kg™*
OJATHEE 23). FHUAY =EYY EAREE 40AF 7eH REQ A AUE 1674, YE

1424, u)AFAOkE 424 o]glom AEol Ao AokE 197)%, oFE 1224, U|AFAAFE 47
Moz wo] BE o] o1y 10). ZUAd HES £AULE WP 131 Mg m 02
1.21~1.40 Mg m°0] 24X A C2 60.0%°]22™ 1.01~1.20 Mg m °} 1.41~1.60 Mg m o] Z+z+
8 OR 20,002 2Bt Qom] AES] A9 BHo] 1.56 Mg m°O.R 1.41~1.60 Mg m™® ©]
21H O 2 52 5%0]1%21 1.61~2.00 Mg m™°0] 16XHO2 40%5 ARSI HIY 11). FEQ
B3 e 10.2mmE 10mm OJ3p7F 224 H O 55%% 10.1~15.0mm 7} 14AH 02 35 0%
22k o AES AL FHA 16.4mmE 10.1~15.00] 13AH L2 32 5% 15.1~20. 0mm 7}
262 A0 & 65%S A TH Y 12).

# 23 ZHE =EY S2i4 Id
g e HEM  SmE o %) NBNZRE  QUlEEE
(cm) Mg m™)  oa oy A (mm) (9 kg™
qp  EE 1.31 495 372 133 10.2 21.0
e zb40 161
&t Mg 1.56 585 358 54 16.4 17.2
ESPS| HE - - - - - 25~30
2F ME (1.40 - - (0 -
H 24 ZH= =EY 2af oAt HEQ| HX|(%)
T E 2 2 o] At HE
TE 486 39,1 12.3
NE 495 375 130

T =2 = Al B A9 5, 19958 EH v Berh A ARd 4
% 7
[¢]

mm O[3t A= afo 79 o] L,

9»1]\{:.‘ = T = == 15,\,200]_]'7_, 78]5 1
A% 23 mm oA o] B AT GRS 25% oo] Hrkw wuE uf girk
w3 foloh $2o] Aol Ee AR S0l wet gasiv], goe] Flk EWAE0] Z7io]

[e)
et FolNt Aol drku Hustarh wehd, ZUE EGY By YA FEF R
oz ARH,
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SiC

CL

SiCL  SCL

Si

SiL

SL

LS
) SIAE, [SIUYRANE, SLAIME, L:YE SLOARIME, SiiO|AE, SICL: OJAFRIARIE  SCL:AJRIACKE

AlE, C:AlE

>N
=

CL:AME, SCIAMRAE, SIC:OAF

70 1

60 -

50 A

A

40 -

30

0 <H( X)

20

10 -

1.61-2.0

1.01-1.20 1.21-1.40 1.41-1.60

0-1.0




70 -

60

50

40

30

0 -

0-10 10.1-15 15.1-20 20.1-25 25.1-30

J2 12, Z4eE =EQko| A 2 (%)

2h) A ES =24

FHE A ECFS] Sel4 AP ATE & 25,26 9 19 139 UERHTE 201610 AJAA
HEQFe] ZEALL 23 7cm o]¢lom HEQ LAWUELE 103 Mg m™® 0]glor AEL: 138 Mg m”’
o|oltl, EYALL HE 3 7Tmm, AE 11.6mm oo S7|EF4S HE 32 g kg'!, AE
39 g kg OUTHE 25), ZYUE AlMAM] B0 EARTLE 4074 7Hod EEQ] A¢ AJE

B 25 Y= AEMHEY 221

as e Ed smas o (%) MEMEE s
cm) Mg m™) ;A oM A (mm) (9 kg™)
B HE 1.03 389 267 344 37 320
= 2+
= 240 237
& ME 1.38 520 321 159 116 390
bS] HE - - - - - 25~35
4 e (1.40 - - - (20 -
H 26, L= AMIHHEY 2af 0|A} MEO| HHX|
= =2 2 of At HE
gE 62.6 31.7 5.7
ME 62.1 318 6.1

2016 AP



23214, FA AR 9X| A, UE 6AH, UAYE 1A, AE 1AFo]qlon HES AL ARFE
22414, FAAE 8AH, GE TAH, AE, 244, vAAYSE 1A-H o7 wo] B EHof 99t
(23 13). 7F¥A Y J‘%_EPJ LANEE B3 103 Mg m °2& 1.01~1.20 Mg m ’o] 18x]do=

45%0°]91 2™ 1.00 Mg m? o]3l7} 1TAHO R 42 5%, 1.21~1.40 Mg m *o] 54 -2 12 5%
AA|BHIL Qiglon, AEQ] 73% o] 1.38 Mg m °C& 1.21~1.40 Mg m > ¥} 1,41~1.60 Mg m °0]
2¥7F 13AH O 2 32.5%°]%) . 1.61~2.00 Mg m?0] 6A Ao 15%= AP THIH 14)

FES A AELE 3. 7mmZE 5mm O|5H7} 28X HOE 70%E 10.1~15 0mm7} 7TRAHLE 25%S
2ot om, AES AL WA 11.6mm=E 10,1~15 0mmo] 25X -8 02 62 5%= 5.1~10,0mm 7}
10X - R 25%5 A TH LY 15),

25 1
20 -
L 15 -
<
R0 Uge
K
10 4 RuE
5_
0 T T T T T T ]

S LS SL L SiL Si  SiCL SCL CL SiC C
F) SIME, LS YZALE, SLIAIYE, L:YE, SLIDARIYE, SiOIALE, SICL: OIAMEAMUE SCLARASE,
CLIAIYE, SCIAIEAIE, SC:OAIRAE, CAIE

O 13, ZRE AMIHEY EM(USDA) B2

50 -
a5 - —
40
35
30
a 7 Org

% 20 "yE
15 -

10

0-1.0  1.01-1.20 1.21-1.40 1.41-1.60 1.61-2.0
0% 14, ZHE AJEMHELS] XUE FHL (%)
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uxe] gl ool Agolt, EonlEel A
o4 2Ee L kol Hs ok 54
Ao w9tk webd Al A
F3h S42 syl

RERE,RES
. =]
T 4 ndEe] EEE5 gherelall B4 Metagenomic DNAE FE3}0] 16S rRNAE
o S
=2

)
el
=
Hm
o2
lo ot o I

tg-

7h YA FAA B nYEATF U grAhgATA
AR AR EYL nyEe] FFS vk u|AEAHF(Biomass C)2 EH|SE XHEE
She =t AAE EY F 5718 Eallo dosts nE F48t v A=A H (Biomass C)+= A<

=

AEAZE ekl B vh ek sdTehe 2009), E3F EoF A Ax(Soil dehydrogenase)
22 B A4 AR sz ARSI 27),

2013 ZAME WEOFO] uAEA S 19~386 ng kg 'O HER it 138mg kg 0], EF
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Shfid T2 Wt 47 ugTPF g '24h ' 2 AR kel B9k n|AEAgS 14~393 ng kg 9]
HEZ Wit 233ng kg oL, EY Eeaas T4 Hat 24 ugTPF g*124h ‘2 2AHESleh
= 59 nAYEAFS 152~1,029 mg kg '] BEE Bt 362mg kg o], B Hpa
a

A A Wt AT ugTPF g '24h 0|3, 201610l 2ARGH AR 2] EoFe] n| Y EAFS
112~626 mg kg'Q] BXZZ HF 335mg kg 'o]|9al, EQYF Ehas AL Hi 82 ugTPF g '24h™!

d AN
o DIMEHC nokg”) YA EABH(TPFg 24n”)
B 5 4 2 of B EP 2 of
AMTHEHXI(16) 335 12 626 82 15 263
=E15) 362 1562 1,029 120 18 343
I RERA(14) 233 14 393 24 4 57
EHEQK(13) 138 19 386 47 9 247

o AR A BEok] Alit 94 E(phylum) ] At FHE(%)

FEAY B4 BEgol EAst= v E EEE Pyrosequencing 7|H& ©o]-&38to] AR &
£330l Al BExE 7 310 eIt 2HECK2013)Q Al SAE H|E-L Proteo—bacteriato|
35.1%% 7} @o| Bxslolal Actino—bacteria 20.1%, Acido—bacteria 8.0%, Bacteroidetes
7.3% £02 ZAMEQTE 20149L T4 BEFS Ao 2 XAV =Y Proteo—bacteriat-o)
37.1%% 7P Wol &

L3} L, Actino—bacteria 16.9%, Acido—bacteria 12.4%, Bacteroidetes
5.4%% ©|Utt. =EF2(2015) Proteo—bacteria 29.6%, Chloro—flexi 15.2%, Actino—bacteria
14.2%, Acido—bacteria 6.1%, Bacteroidetes 4.1% ©]11L, 20160 ZAME A|AAH}R] EoF9]
Ml S-S At X = Proteo—bacteriamo| 39.9%% 7V Wo| B339 Actino—bacteria
14.6%, Bacteroidetes 9.6%, Acido—bacteria 7.8%%x ©|tt, 7FQAR Y FAA EUL- Proteo—bacteria
wol 7 WAL, 53] =ElA Chloro—flexiw-o] ol EASIA=T ole T34 BT
W Aeirg o] S Apolof ogt Ao w wohEL:

H 28, ZHX|Y AMRHHHX] EYO| M & E(phylum)2] AtH SH=(%)
i b i b"‘* ooy Bactro0tes
A[AIRHEHE((16) 39.9 14.6 78 96
=E9(15) 296 15.2 14.2 6.1 4.1
TPIEQH(14) 37.1 16.9 124 5.4
gHEOK(13) 35.1 20.1 80 7.3




552

th ZAX Y AAA B T FRE F3F 2 by A%

I3 %ﬁﬂ ugE 7oln EguE AEe) A T uX] el 59
B2 P S o] SR B wEolw B

st o} UWPJ Helom ol Aol & 29t RASHRA 7B Pyrosequencing

[g5to] ZUAY BAA R nE % FRE) chopy A|5S BAG Azolt, 2013ue

ZAPE WES WF F FRE EAHAE Ace 1,234, Chao 1,9450|9131, THFAYA|SL

=2

) [e}
Shannon A<= 5.9, Invsimpson 30401 1, WY ESK2014)0 HEF £ FHLE 2AHRE= Ace
1,485, Chao 1,0240]%111, E}okHX] = Shannon A|$E 5.7, Invsimpson 2440]%ith 20154
o =Ecfo|olr it T FHE A= Ace 4,129, Chao 2,2420]9011, theFAdR|4== Shannon

A= 6.3, Invsimpson 6020]212“1, AR EI Al EQF(2016)9] Bt F FHE FHAE Ace
2,263, Chao 1,383, TIFAX|4= Shannon A4+ 5.9, Invsimpson 3440]3it} =E koA
s £ SHE 9 A7 3=t ole 2714 vidEY 714 mAdE 5 oheet oA
20| H4o] ZF5HE Aoz BerHr,

H 290, ZHXY 38X EYY T SRE FYX| F OAY X+

_ Zooc SR Closs xjg
T Ace Chao Shannon Invsimpson
AARHBHX(16) 2,263 1,383 59 344
=EQ(15) 4129 2,242 6.3 602
REA(14) 1,435 1,024 57 244
B QK13) 1,234 1,945 59 304

REP RS ERN

Selutete] iuﬁ el o A 19908 ehol SEAS) A2 o] ofst
| B LES AFOR, 0]1995)% A4 YU 3

BS99 %ﬁ&T WS AT, U U SHAE FHoR ¢ pHese) et

e ol § ARE ABAEARAUDA AT Ses 5UE H

U AU e wEe A FEekE HAHal B3 HT A eAE e
A= e s Aol Bpa 8aoln, el 2%t aad st 598
sHle YA 18AE F8 SUANE dwole Ao 3470l o 39 F7|Her ARE
AHstol ASIALL 20161 sHH S AR 2= # 333 Lk, 9k FUE 45
Fat pHe 7.72 FA7ieldS el o=, dRkdoz 49 pHe & ¢8F| 9=
FE A2 Al glen pHY AU E e SFH-F 7l 3 6.0~8.52 A&t

2016 E A|SIILE 1A



(5., 2000), DOGHARIE 10, Img/L, 202 5444 FA7129 2.0 mg/LE WEAAL,
BOD(A2let4] At gteh)«= 0.9 mg/L $w2o2 U8 +27]E 8.0 mg/Lofl Wt w9 e
£220]913, CODyn2 2.4mg/L, SS+= 2.7 mg/LE Z}7 =484 £=27|% 9.0mg/L, 100 mg/Loj
AU, AR AH B4 AV 2 Aol st
3 312 201610 AR wAE SRR, 39) £E F8
Z 2382 YeRfQltt, DO, BOD, CODy,, SSE 100% U8+ 4
T-P= 7l& 2IAHOl 424 3.9%, 2.0%°|H. 53] pHO| 35
SHoIA] 7128 2T AR e,

7|

H 30. SYXCHL ASKHQ] AI7IE +E $42H2016) (T - mo/L)

EC
(dS m~

44 7.9 0.18 109 14 2.3 002 272 003 27 176 315 435 878

Al7| pH ) DO BOD CODwya NHsN TN T-P SS Ca K Mg Na

74 7.6 0.18 82 06 2.7 004 335 006 48 184 256 418 7.31
108 7.7 0.21 113 08 2.1 002 304 004 07 211 022 48 881

B 7.7 0.19 0.1 09 2.4 003 304 004 27 190 198 446 830

H 31. 58 olFy £E7|E ZUkE(2016) (21 - %)
Al 7| pH DO BOD CODwn TP SS
4 4 88 0.0 0.0 0.0 0.0 0.0
7E 0.0 0.0 0.0 0.0 2.9 0.0
0¥ 2.9 0.0 0.0 0.0 2.9 0.0
B 39 0.0 0.0 0.0 2.0 0.0
7| & 6.0~8.5 20 < < 80 <90 <03 < 100

T 328 2013~2016W71A] 2
Qt}, pHE B4t 7.5~7.79 B2E r 3
SSE 0.0~2.7 mg/Le EXxZ IFAFHE=JAAMHO] =84 _?117]_5_011 ;g‘@.g]_

EL

b

Kl
N
ry
i~
m
=

N

off
M oo ¢

3
a3pHe] £ 9F4(BOD 1~8) SE0] FAHTL YL o 4 Udleh,
4 7H2018~2016) 2AHE FHE spdpo] gt Fax| 29 U84 +H7]E
¥ 33¢f A5}t pHE 2013, 2014, 2015, 2016Wef 242} 2.9, 2.0, 3.9, 3.9%7} iﬂ}ﬂ‘,{iﬂ
T-P+= 2014, 2015, 20169 Z+ZF 1.0%, 2.9, 2.0%7} 2T EoH, T2 RAGHES

B




¥ 32, ¥ SiM4 £EHE S5 (&2 mg/L)
i == EINFSE pH DO BOD CODwn TP SS
2013 34 75 9.0 1.3 1.6 0.26 0.2
2014 34 76 9.2 1.3 13 0.04 0.0
2015 34 77 102 1.0 1.7 0.06 0.0
2016 34 77 10.1 09 2.4 0.04 2.7
PRT|IEX 6.0~85 20|A 8 9 0.3 100
A2 o7& (50, 85 ¢ - - 0(CODy) ¢ - -
X PEDIE S8 SRV IREEYMI|2Y, MeetgriE Ved)
H 33. sY8 st sYEs IR zuE (] : %)
Al 7] pH DO BOD CODwn TP SS
2013 2.9 0.0 0.0 0.0 0.0 00
2014 2.0 0.0 0.0 0.0 1.0 00
2015 39 0.0 0.0 0.0 29 0.0
2016 39 0.0 0.0 0.0 2.0 0.0
7| 6.0~85 20 < < 80 < 90 < 03 < 100
W) 58 Aot =4
FeFHEE = &, AAA ol AFEEl= RSk 242 5, 5, 104 & & 20A S 20164
23)(49, 79) AF, LA Ao E 349} 2}
H 34 ISSTEE sYUE Xloke £F $2H2016) (=] - mg L)
B} EC _
O .= 54| —
S HE] pH (@S ) NOs—N Cl Ca K Mg Na
= 6.6 0.30 497 28.05 29.84 2.64 5.66 1474
= 6.8 0.34 8.20 13.38 4214 2.99 8.78 8.26
INESPSLET 71 0.31 5.65 20.02 37.32 2.94 7.34 9.24
o 6.8 0.32 6.27 20.49 36.43 2.90 7.24 10.74

—Z\—A}Q IR

].

rsi'

I_’, EC: 0,32 dS/m, Cl &
-N)= 6.27 mg/LE A5}

AN
B, $g4 4

20.49 mg/Lo|%l o
29| AR A 7|F
7124 10mg/Lof &= HA|A]
49 HEL W A = o2 ZAEY
%151 Aot=(2024] 4

, A 3%# FA9 71
¢l 20mg/Lof+=

OFL-

U= T

zom e

9, 23) $4S Fo ZAYRY A5t5 24
i 23 RIS, B40)2003 A AENO-NE FUS FAlEd At
UL, pHE 5,007 A3t £U/1EE ZBAYOM, BY fAEA =R, w2, W e
S mE £U/E oAy 4R gt

2016 AP



H 35 SYUE Xlst+ £E7IE =ukE(2016) (T2 %)
ASEH pH NO;—N cr Cd As Pb Hg
= 200 00 00 00 0.0 0.0 0.0
at 00 0.0 0.0 0.0 0.0 0.0 0.0
INEEH 00 0.0 00 00 00 00 0.0
g 50 00 00 00 0.0 0.0 00
7| & 6.0~85 <20 < 250 < 001 < 005 < 0.1 ND
# 362 2013~201697H4] Z 44 7 $PlE HUG Al 44 A% gelsto] vehy gt
pHE B 6.8~7.09] EXE H3, ZAAAZA(NO;—N)L 4.92~6.27 mg/L, ECE= 0.24~0.32 mg/L,
A0l 2(C1)2 12.74~20.49 mg/L F=0]qla A2k ¥Eo] ALY giden wHE8X st ¢4

B 36, A= Xl HHS B =% - mo/l
i EAES pH EC (dS m™) NOs—N cr
2013 20 7.0 0.24 572 12.74
2014 20 7.0 0.25 492 16.43
2015 20 6.8 0.28 535 15.83
2016 20 6.8 0.32 6.27 20.49

% AEIIE ¢ BYUSS 4EYIFENAY =Y, MBEZIE TS)

21 449 7H2013~2016) 2APE 594 A} A4 gt oA R FU8S $EVE 23
88 ¥ 379 AYsttt pHE 2015, 2016W9] zHz 2.5, 5.0%7F Z2TE QA A s Sd9)
7V Fag AES A AANOy-N)= 20139t 2.5%7F Z3k3kdct,

B 37. 598 X6k 2WIE 2118 (% - %
A pH NOs—N Cr Cd As Hg
2013 0.0 2.5 0.0 0.0 0.0 0.0
2014 0.0 0.0 0.0 0.0 0.0 0.0
2015 2.5 0.0 0.0 0.0 0.0 0.0
2016 50 0.0 0.0 0.0 0.0 0.0
7| & 6.0~85 <20 < 250 < 001 < 005 ND
4. 3
(HMAIS IR @ 2 LitsHX] ELstety A S22l HEXAD
N" 1) EFSHY wEeAt
7h, WrEofo| Pt setde pH 6 5, 971E 26 g kg, FAQAL 675 mg kg o], AFHA
ZE, 2% % uaulee 47 0.82, 5.7, 1.4 cmolkg ' ©I%lth pHOF §71E, AEHA




HE ARUIIE WSO B vhTulGe AAES) nlgleloln, FEAN} Ay
ZES ARUNS Zustgnt EG pHE AR WSIETH B o] @atow e
A7 ulgol Z7HSIAT. §7120 AT WAL 2APE AAE 001dnTh £EG
Aol grastem, We Aol F/hstAth REALS ket AFol, ATH Mg
BES Aho] Be AFS Uitk Qs WES B FI4 duS WHed
el 2A BlXA R AUEA AE FABE FIE oQonNY dHFS &

6.2, 971% 38 g kg, GAA 804mg kg o],
NS g, 2 2 ool 2k 1,41, 8.0, 2.3 cmolkg ' 0|11, LRS 149 o]ith

A A9 ZdE, AR des AAEAE

o
(0]
N
ox
ofN o
ofn
(¥
1p
o
&
N
MN
o
B
|
9,15
rlr
ifi<}
N
rlr
%2,
s
H
ol
al X
1p
i
ot
flo
(o o
o,

il
LH7IE By I Wi
o}, =EoFo| Bt slEAS pH 5.9, G718 22 g kg, GAAl 123mg kg o]QlA, A
7

(o]
28, 24 9 upadlsS ZH2F 0,39, 4.8, 0.9 cmolkg™' ©|9lth pH, $71E, SAFARS

BT, AP VL Gk AU = FFE BRRe =%
Se/1EAe] B ulE (e okd(1.4%) ) Fe(@11%) > UA15.2%) > FFERG.0%) )
B9 > U080 2 SeIERTk Jus] vok Fade] diele] vl erasie & 4 ek

AU, EC, #7lE, wAAL ALE, A ge, AdriavaS A4

AE 2) EFEZAY 24

7}, WEoko] "Wyt AEAL 18 5cm, AE= EE 12, 5mm, AEOA 15.8mm ©|ct EEQ
HAUEE 1.31g em™”, AEE 1.49g em *ollth, EF A BEE 14, A4, 740
b7k 49 3, 19.4, 31.4%0]91l, AEX 747} 56,1, 23.8, 20.1%, 2 RALE| QT
TUEFO Hit ZEAL 28.0cm, AE= HE 14 2mm, HEO|A 15 8mm, EE9]
HUE 1.29g em ™, AEE 1.43g em® o3t EF A4S BEE 34, A4, 7140
Y7+ 48,8, 25.7, 25.5%°]%11, MNEX= 7217 54,0, 24.1, 21.9%% ZAFEQICH

oo

N

-
oo

N
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ot =Eoko] Hit AEAZ 16.1cm, FEE HE 10.2mm, 4E 16 4mm ©]9lth RES] §7
UEE 131 Mg m”, HEs 156 Mg m” o|qlth, BEME REE 314, o, 714l
747} 495, 37.2, 13.3%0]913, HEE 717} 58,5, 35,8, 5.4%% FAME Qi)

gf, AR ESFS] Hit ZEALS 23.7cm, X+ EE 3. 7mm, AE 11.6mm ©|%ty, EEY]
SAUEE 1,03 Mg m ™ o]3lom] HEx 138 Mg m* o3tk B REE 14
WA} 7|Ako| ZFZk 38,9, 26.7, 34.4%01%3L, AEE= Z1ZF 52,0, 32.1, 15.9%= ZAME Qi)

’

9’

(MM 2tr| - 43 detsEX| 0jdE 22 & sPEF +EXAD

HI

A ) EGUE ZE2AF

7h EGO vlYEAFL Bt 138 mg kg, LAY 4T uglTPF g 24h ), Al 4
F(phylum)-& Proteo—bacteria(35.1%), Acido—bacteria(20.1%), Actino—bacteria(8.0%),
20|91, UAE £ THE 2AAL Ace(1,234), Chao(1,945)%T, TFFARZL Shannon
5.9, Invsimpson 3049°]31t}.

U AedEe] vBEAYS Fat 233 mg kg, EPAELTY 24 ugTPF g 240, Al
2Hd E(phylum)& Proteo—bacteria(37.1%), Acido—bacteria(16.9%), Actino—bacteria
(12.4%), = °3aL, WA= & FHE FAHA = Ace(l,435), Chao(1,024) 3L, TFFIA G+
Shannon 5.7, Invsimpson 2449|3\t}.

ot RG] vBEATE Bt 362 mg kg, DRARALUY 120 ugTPF g '24h7, At 93
E(phylum)& Proteo—bacteria(29.6%), Chloro—flexi(15.2%), Acido—bacteria(14.2%),
Actino—bacteria(6.1%), % 0|1, H|AWE £ FHE =H2= Ace(4,129), Chao(2,242)
911, t}eFAIX]4== Shannon 6.3, Invsimpson 6020]31T}.

2}, AR ulA] Eoke] nEA SRS Fi 362 mg kg, @4ARATA 120 ugTPF g '24h !
Al 4 E(phylum)S Proteo—bacteria(29.6%), Chloro—flexi(15.2%), Acido—bacteria
(14.2%), Actino—bacteria(6.1%), <= ©|Q1L, A E £ FHE FAX|= Ace(4,129), Chao(2,242)

a1, thoFAI R4~ Shannon 6.3, Invsimpson 6020]1t}.

AE 2) T8 TAZRA

7}, 598 shd49] B pHE 7.7, DO+ 10.1 mg/L, BOD+ 0.9 mg/L, CODyn 2.4mg/L,
T-P& 0.04 mg/L, SS+= 2.7 mg/Lo|3ll, 5985 87| 2BA42 pH7} 3.9%,
T-P7} 2.0%°1lth, 2 49 7H2013~2016) AME 5H-8 sl digh Faxx9
Lolal A7) E 2189 pHE 2013, 2014, 2015, 2016|e] z+zF 2.9, 2.0, 3.9,
3.9%°]% 1L, T-P+= 2014, 2015, 20169 1.0, 2.9, 2.0%7} 2= T2 8 FJH2

2ste Aol .




pHE 6.8 & 9FAMAJ0|9l, ECE 0.32 dS/m, CI™2 20.5 mg/L
dom, sk o] 7H} Fadt AE] HAMIHA(NO;-N)+= 6,27 mg/LE A8}
20mg/Loll= FA pAA] Fe A0R RAEQIT T 49 2t

(2013~2016) 2AHE UL A3 Aol tie Faxxe] $Y& VS a2
;"
A

il
r
(e}
il
B
N
M
rO

=
5 QUEE

ro

FSAUSY, 2009, SAVAUERAAG 109 FARTH © pp 179~182,
3 32 o

2]
H
PAUY, 2012, FPIBE PR 93k
W89 1996, T4 09 Aejet AN o8, BARAY FAL U B HEAS, B

WAB, 1991 5UTE BADY, GRAASAI FY 1079 /19 HEAL. plol~212
YR ST 2004, UGS FRLF0] AR VAL G ATHF)
SEUER. 2006, FAGS FARY o2 L AR

ubgsl 1007, EQFY 2429 HelAA THUel ARAA AR U

AN, BE, e, BT, WA 1990, Selutet EY B SRR,

% 1 ATINY

A
ehg . 2005, ELHEA
5. 2008, EFEAEAY,

APAH, AWWA, WEF, 1992, Standard method for the examination of water and waste
water, 18th, APHA,

NAAS (National Academy of Agricultural Science), 2010a, Method of soil chemical
analysis, Rural Development Administration, Korea,

NAAS (National Academy of Agricultural Science). 2010b. Fertilization standard of
crop. Rural Development Administration, Korea,

Kim, M.S,, W.I, Kim, J.S, Lee, G.J. Lee, G,L, Jo, M,S, Ahn, S.C, Choi, H J, Kim, Y.S,
Kim, M.T, Choi, Y.H, Moon, B K, Ahn, HW, Kim, Y.J, Seo, Y.H, Lee, J.J. Hwang,
Y H., Kim, and S.,K, Ha, 2010, Long—term monitoring study of soil chemical
contents and quality in paddy fields, Korean J, Soil Sci, Fert. 43(6):930—936,

Peters, J, B, 2000, Gambian soil fertility trend, 1991~1998 Commun, Soil, Sci, Plant
Anal, (31):2201~2210,

RDA (Rural development administration), 2013, Monitoring project on agro—environment

quality,; the second round of the workshop, Rural development administration,

Suwon, Korea,
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