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ABSTRACT

Monitoring on soil chemical properties and microorganisms(population of indicative
microbes, microbial diversity and biomass) in arable soils was conducted on 4 cropland
types including rice paddy, upland, orchard and plastic film house from 2009 to 2012.
Soil physical status was also measured at orchard in 2010 and at rice paddy 2011, 2012.
Monitoring of agricultural irrigation water, surface and groundwater, 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

Paddy soil samples were taken from 150 sites in 2011. Chemical properties were pH
5.8, organic matter 25 g kg, available phosphate 104 mg kg”, available silicate 131mg
kg" and exchangable K, Ca, Mg were 1.19, 44, 0.8 Cmol. kg, respectivelly.

The content of available phosphate, available silicate, exchangable K, Ca, Mg was

lower than the optimal range for plant cultivation. The low-level sites of available
phosphate tend to increase since 1999, first invesigated. Especially, the optimal-level site
of available silicate was only 5~ 9%, and low-level site of it was 63~80%.

Upland soil samples were taken from 170 sites in 2009. Chemical properties were pH
6.3, organic matter 20 g kg, available phosphate 699 mg kg’ and exchangable K, Ca,
Mg were 1.19, 44, 0.8 Cmol. kg’l, respectivelly. The content of pH, organic matter was
within the optimal range. The content of exchangable Ca, Mg was lower than the
optimal range. Available phosphate content was over the optimal range.

Orchard soil samples were taken from 80 sites in 2010. Chemical properties were pH

5.9, organic matter 25 g kg, available phosphate 791 mg kg’ and exchangable K, Ca,




Mg were 0.97, 49, 1.3 Cmol. kg’, respectivelly. 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 sites was increased from 80% in
2002 to 90% in 2010.

Plastic film house soil samples were taken from 100 sites in 2012. Chemical properties
were pH 6.2, organic matter 36 g kg', available phosphate 1358 mg kg” and
exchangable K, Ca, Mg were 098, 122, 3.9 Cmol kg'l, respectivelly. The content of
organic matter tend to increase gradually. In that increased EC and exchangable K, Ca,
Mg, there was severe salination.

Heavy matal content investigated was much lower than soil contemination criteria.

Soil physical Properties

Soil physical properties of orchard soils were measured at 35 sites in 2010. The
average physical properties of orchard soils were following as; Bulk densities of surface
soil and subsoil were 1.33 and 144 Mg m”. Yamanaka hardnesses of surface soil and
subsurface were 16.1 and 19.1, respectively. In addition, the average of surface soil depth

was 13.5 cm.
Soil physical properties of paddy soils were measured at 30 sites in 2011 and 2012.

The average physical properties of Paddy soils in 2011 were following as; Bulk densities
of surface soil and subsoil were 1.35 and 1.38 Mg m”. Yamanaka hardnesses of surface
soil and subsurface were 15.0 and 19.9, respectively. In addition, the average of surface
soil depth was 14.0 cm. Bulk densities of surface soil and subsoil were 1.38 and 1.59 Mg
m>. Yamanaka hardnesses of surface soil and subsurface were 131 and 18.1,

respectively. In addition, the average of surface soil depth was 19.3 cm in 2012.

Soil Microorganism

Biomass C of paddy soils was 61.6 mg kg” and soil dehydrogenase activity was 265
ugTPF g'24h”. Bacterial dominant phylum rank was Proteo-bacteria, ~Chloro-flexi,
Actino-bacteria. The shannon index for microbiel diversity was 6.7(5.6 ~7.4).
Biomass C of plastic film house soils was 207.4 mg kg" and soil dehydrogenase activity
was 278 ugTPF g'24h™. Bacterial dominant phylum rank was Proteo-bacteria,
Actino-bacteria. Actino-bacteria. The shannon index for microbiel diversity was 6.0(5.4~6.3).
Biomass C of upland soils was 128 mg kg". The average populations were 9.1 x 10° cfu
g’ of aerobic bacteria, 17.8 x 10* cfu g' of fungi, Bacillus 2.7 x 10° cfu g" and
Psudomonas 2.6 x 10* cfu g", respectively.
Biomass C of orchard soils was 315 mg kg'. The average populations were 4.7 x 10°

cfu g' of aerobic bacteria, 122 x 10* cfu g of fungi, Bacillus 2.2 x 10° cfu g" and
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Psudomonas 5.0 x 10* cfu g”, respectively.

Agricultul Water Quality

Surface water quality was estimated at 34 sites from 2009 to 2012. The average

concentration of DO, BOD, CODMn, T-P, SS were 8.0, 15, 1.7, 0.05, 52 mg/L,
respectively. pH was 7.4 in 2012. The sampling site ratio of pH, BOD, SS which was
over the agricultural water criteria was 2.9, 1.0, 1.0%, respectively.
The sampling site ratio of exceeding the agricultural water criteria, from 2009 to 2012.
pH was 4.6, 6.8, 2.9%, in 2009, 2010, 2012, respectively. SS was 2.0, 1.0%, in 2011, 2012,
respectively. BOD was 1.0% in 2011, 2012. As for DO, there was no excess site from
2009 to 2012.

Ground water quality was estimated at 20 sites from 2009 to 2012. The average
concentration of ClI, NOs;-N were 14.1, 3.67 mg/L, respectively. pH was 6.7 and EC
was 0.24 dS/m in 2012. Especially, the concentration of NOs;-N was much lower than
the agricultural water quality criteria.

The sampling site ratio of exceeding the agricultural water criteria, from 2009 to 2012.
pH was 4.9, 6.8, 29%, in 2009, 2010, 2012, respectively. SO% was 2.0, 5.0%, in 2011,
2012, respectively. CI' was 1.0% in 2010. As for the major water quality index NOs-N,
there was no excess site from 2009 to 2012.

Specific hamful substances such as Cd, As, Hg were not detected or much lower than

agricultural water quality criteria.
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oF
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ZAMA = pH Av.SiO, oM Av.P,Os Ex. cation(Cmol+kg'1)
AEF) (15 (mgkg) (gkg’) (mgkg') K Ca Mg
'99(247) 6.0 121 19 146 0.23 4.4 0.9
“03(150) 5.8 121 21 145 0.27 5.0 1.2
"07(150) 6.1 152 20 105 0.15 5.1 1.0
"11(150) 5.8 131 25 104 0.19 44 0.8
HAAQWMY 55~65 157~180 25~35 350~500 0.7~0.8  5.0~7.0 1.5~2.5

B 25 g kg, &4 131 mg kg,
H@? ‘;‘ vladl5-& 22t 019, 44, 0.8 Cmolkg”
o FEAN, FETAY A8 Z2E, 2w % v

We B9RF WRoIAL, AT A3 FAAOE oA AToIRL AR ol e
e & W3 fller fFacdibe solx= Aotk 53] fattihe 2007978 FH
433712 =BG NFAR FFsE A EIEE 39 FUIR TS FEdedE 23]
gk 201190 2AME SElE =EYY EYSIst S 9 FFoE EI¥HES Ay 2
Asbe ¥ 29 PO
£ 2 wEY H4Y §F 57 FEE (®<]: %)
A = g FEEYE AW
pH =45 [ 4650 [51-55 [56-60 [ 61~65 [ 65< | .
(1:5) 0.0 13 26.0 6.7 18.7 7.3 s
OM <10 | 11~20 | 21~30 | 31~40 | 41~50 | 50 <
(g kg?) 13 34.0 36.7 19.3 5.3 33 2573
P,0s <50 | 51~100 | 101~150 | 151~200 | 201~250 | 250 <
(mg kg™ 28.7 32.0 17.3 10.7 53 60 | 2007300
Ex. K < 010 [0.11~0.20]0.21~0.30|0.31~0.40|0.41~0.50| 0.50 <
(cmol” kg) | 187 453 233 6.0 40 2.7 03-08
Ex. Ca <30 | 31~40 | 41~50 | 51~60 | 61~70 | 7.0 <
(cmol” kgl | 4.0 20.0 30.0 21.3 12.0 127 | V760
Ex Mg | =05 [06-10 | 11-15 [ 16-20 [21-25] 25< |
(ecmol” kg) | 373 433 8.7 53 2.7 2.7 e
Av.SiO; <50 | 51~100 | 101~150 | 151~200 | 201~250 | 250 <
(ng ke") 14.7 30.0 23.3 13.3 6.0 17 | 77180
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#7185 e BXE 21~30g kg MW 36.7% = P =gon, 11~20g kg'o] 34.0%,
31~40g kg', 10g kg ©l8lE 13% «o7 EXaged #AAS f71=23Fe  25-30g
kg'(sdH71& 9, 2006)?_1 A& Hol Hu B 5‘32‘, T, BT FAEY EYS
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7} 373% % ZAMF AT FETFAS 51~100 mg kgt W7 303% 2 7Hg Bol RIS
3, 101~150 mg kg’ o] 23.3%, 50 mg kg ©l8l7} 14.7% % FAFE AT 3 151~
200 mg kg o1& 320%E ¥ AL HHLFEQ 157~180 mg kg ©] HHAW HFHA
TAFEHIE 9 Al&o] a7 H ATk
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d 59% oiHl AP E vtk 43 SUkekla, A B Ao HEE 19999 ZARA A F-E
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X3 A RES A W
ZAE = pH oM Av.P,0s Ex. cation(Cmol+kg'l)
N EF) (1:5) (g kg')  (mg kg") K Ca Mg
‘01(172) 5.9 20 638 0.8 5.4 1.5
"05(170) 6.0 20 728 0.6 46 0.4
"09(170) 6.3 20 699 0.6 44 1.1
Z AW 9 6.0~6.5 20~30 300~500 0.5~0.6 5.0~6.0 1.5~2.0

g5 wEY Hi 33422009 pH 63, f71% 20 g kg, FEUA 699 mg kg'o]

[e]
o
A, e Z2F, 25 2 vtadlEe 47 06, 44, 1.1 Cmolkg™ ©1%Ath pHS F718, X
3 4ES AHEYE Aoy A& A 2 vtaulse AAHES mvkolgly, f&
A AZHAE 2HsIAT /71E, XY doleF 2 fUIES & W glen
pHE A2t /s s Ao, FaI4S A thHl =& FFolley dAxpdz &
Hal= gllth

a9 38 20090 2AME SEE WHEY 170 EUEEsA HAHSE e EXH S 9

Kol
FREES AT B Aoty pHE 33%7F A84E(6.0~6.5) Hoh W& A EFolaL, 65
Z298hs AAE 48%2 FAE AT FAE9 F$ 55%7F AFFFE 20~30 g kg Ert
2 Z 7Yz} 53, 64, 75%%
A7} 64% =

Hr 4
fo 4

2

OmE DO
52
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64

53

EER(%)
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pH OoM AvP205 Ex.K Ex. Ca Ex. Mg

$HE WEFS HRYE F 47180 FEAMLY AYYF o FREE WaE 19
4o JERR AT #1822 DAL 2APE ARE 20019 Bek thd Fasds, 294
He ta Frhse AFolgon, AdAMAE 2 Wask etk KA A5 20094
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Bt A7 4% 2 B FEOR ZAEAL, FF 20, £F 16% FEIAUTE ZAE AR
® 2001 d diRl ok ¥Fe FAEAT, AFE E2FLS SUtEE AFolAk wEpA &
Y5 HEY FEAYE dlAe A Tl B VIS EEH AL AYsta {71E A
g2 ZAsool & Aoz ArHT
71 a0
58 e 65 64
"eg "eg
30
"5y "5y
12 B 1594 16 2 Bt
2001 2005 2009 2001 2005 2009

T 4% B SEAE AP BE BREE k(%)

th 49 B gt
= BEY B Bty HES Fr1How motsly] 9ste] 20109 A 80
Aol that Edsetyd BE FFe & 49 2ok

T 4. Y BEQEG] ey W)
ZAMAE pH OM Av.P,Os Ex. cation(Cmol’kg™)
Sy (1:5) (8 kg')  (mg kg") K Ca Mg
“02(80) 5.9 22 734 0.95 45 1.3
"06(80) 5.9 24 896 0.92 4.6 1.2
"10(80) 5.9 28 791 0.97 4.9 13
A 6.0~6.5 25~35 200~300 0.3~0.6 5.0~6.0 1.5~2.5
Sx BEY Bk HF 3184-2(2010) pH 59, F718 25 g kg, &SI 791 mg
kg'olQa, e ZF, 2 2 vtadlge 24z 097, 49, 1.3 Cmolkg” 1%&-%ﬂ%§}
FE AR E WSOy pHeF X3 4, whadlES HA™MS wvoldith 18 n
FNES A FEoNoY XA ZFL A FES 2H3AL: FU1EY AS HAAHe
2 FolAE AFolYn XA Fol&Fst pHE & W3l fiden FaEAAS AW
Bt mf$ Eghed ole Fdo] BPFHoE JEEENE Y A &ste 99 e
Ao g Atz Enh wibA S E Fedo] A9 ARJA I Hule] Algo] @ FHUTH
201009 2AME = Had B EdSdS I sEoR ZxHEs 49 #
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F71E FF B¥XE 11~-20g kg’ W7 31%= 7P =kon, 21~30g kg'ol 28%,
1~40g kg' 13%, 10g kg' |3l 6% +o2 BXatqdch FaQAY] ekl ZE g2 600
o]2Fo]l 63%= 7 Wekow, 301~400 mg kg', 501~600 HH7}F 11%, 201~300
mg kg 7%, 401~500 mg kg’ 6% o2 RBE3HI, HFWLQ] 200~300 mg kg ©14F
A A= 7% A= EFHsAT. et AFd EGee At FdFol w2 TSEEE 9
AEE Addlol & Aom AsHAT A FolR/Q S AHEH 50~60 mg

=

mg kg

kg' o]dte] BEE&o] 19%, vladlES 1.2~20 mg kg ©l&7t 45%, ZEFS AHWY 0.
3~0.6 mg kg'& 23 29ste AHo] 72%2 A AT
T T71EY RS AATEF g #ARESE ¥t E

a2y 50 yeERRAS.
79 AR A& 2006 H-A ].3].9;\_—]7_,
itk EG 9F Ed ¥l AstES ¢
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Lo

E 5 A5 B S ¥ £ BEuE (=91 : %)
A B St B X v & A 9
pH < 45 | 45~50 | 51~55 | 56~60 | 61~65 65 < ocs
(1:5) 5 10 9 26 25 25 R
OM <10 | 11~20 | 21~30 | 31~40 41~50 50 < b3
(g kg") 6 31 28 13 11 1
P,Ox 200 | 201~300 | 301~400 | 401~500 | 501~600 | 600 <
) 200~ 300
(mg kg™) 4 7 11 6 11 63
B k| = 030 0310410417055 660 061~070| 070 <
L 0 0 03~0.6
(cmol” kg™)
9 7 5 7 9 63
Ex. Ca <30 | 31~40 | 41~50 | 51~60 | 61~7.0 70 < c0-c0
(emol” kg™) | 30 9 16 19 5 21 R
Ex. Mg | < 05 | 06~10 | 11~15 | 16~20 | 21~25 25 < Ly
(emol” kg') | 15 23 31 14 12 5 o
EC < 03 | 04~06 | 07~09 | 1.0~12 | 13~15 15 < ,
~ <
(dS m™) 66 20 9 1 4 ]
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pH EC #7128 FEA

35 A a0 A S v A9 a9 »s Ay a9
2000 18 48 4 6 3 4 30 3% 2 5 9B
2004 21 & 16 M4 5% 2% 43 31 4 7 8
2008 R 19 9 6 M 2 51 8 5 &
2012 % 8 7 5% 48 25 30 45 3 6 9
7% 60 60~70 70< 2013 20< <25 2535 3B< B0 o 500<
- XY K A Ca X3 Mg
= 32 Fy g wE oW Ig 3E o 9
2000 10 13 77 6 20 7 19 23 58
2004 16 4 80 4 2B &8 18 3 50
2008 15 5 80 7 71 13 52
2012 2 3 7 2 n 8 27 65
7E <07 07408 08< <50 50770 70< <15 1525 25<
w712 LEUM
100% 100%
80% aict 80% gt
60% mry || 0% n 5
40% muz || 40% nsz
20% 20%
0% 0% - . .
2000 2004 2008 2012 2000 2004 2008 2012
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s

TAHoE AAHAL

(Ni, Zn)
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A} A} (0 /1\1.2/\1
an AZ $AYE i3 (%) 7;5"
fLe -3

(cm) (Mg m™) 4 A A} 714 (mm)

ITE 135 1.33 50.1 30.6 19.3 16.1

AE 1.44 54.3 29.2 16.5 19.1
THE AFdESFY] REA] AT Folv ¥ 135cmfy, §4EEE EE 133 Mg
m’, AE 144 Mg m 0|1, EY e REE 14, A4, 714l Z+2 501, 306
193%0]3, AES ASEs 14, A 714k vl go] zhzt 543, 29.2, 165%, AEE= RE

W = EY 224
T T =ESS 2011, 20129 EGEAS nEste dAg8r 727 AR A 304 -l ol
¥ES AES EFAL X 108 o

#10. 49 =EYS 224 4% (2011, 2012)

_ A 1-0/ /1\_]_.2}\
ax B oy A% 8¥UE 3R RA0h) =
o k: (m) Mgm”) (%) 23 JF I
(mm)
b3 1.35 490 510 374 105 15.0
11 30 14.0
AE 1.57 407 593 318 8.9 19.9
TE 1.38 480 520 252 228 13.1
12 30 19.3
A& 1.59 399 601 321 7.7 18.1
2011 o= fEl= =EY¥Y REAQ AT ZHole HT 140mil, §HEEE RE
135 Mg m°, A& 157 Mg m |3, EY A4 TEE 14, 94, 714 Z7t 510,
37.4, 105%°1Q3, AES A& 14, A4, 71449 "ol 27 593, 318, 89%, AEE
EE, 4E 247} 150, 19. mmZ ZAE T 2012% ZAM M= REAQ AT Zole ¥
T 19.3cm$] L, %Zﬂ?ﬁl&% HE 138 Mg m>, AE 159 Mg m’o|9x, E% A3 RE
= %, A, 7170l 7z 520, 252, 22.8%°1AL, AES] Bee 1, A, 7139 HE
o] Z+7} 60.1, 32.1, 18.1%, A=E RE, AE ZtZ 131, 181 mmo|Qth A =EUd9 &
2l FEAde] B AF(A T, 199%5)F Hd weo] Byl & AT £ Qe JE S
o AH A=e 15~20°0]1, F% 17 mm °stoll A= FFoll Aol FFo] i, d%= 23
mm o]Fel M= FaFo] #A 3 xﬂﬁ&ﬂi HFAER 25% ool vk Baud uk gltk
B fotet fr2o dole EY 7§E~fﬂ 7kl w2, fotd] wrle EYAE
S7kl wet FolAe Aol vk RSt webA, felk =Ede] 284S WAR
Fo3 Aoew ArdEH



(81 9 AusRA BAE PERA

EFAES =4, 388 24 55 Tl & Jde EY A3 B ARE AT
q2A WAES] Yxot 4L EGARZA wgdd dig ¢ AxE 82 & U
(Kennedy “5; Pankhurst &, 1995). £ dAFolAe 2= F4A EYe AxA 9AEY

S 29 vARSHY 7)ER

f
i
2
>

7hH & B nAE

FEAS RESE 2B65AHA e At v AL AT, AT wrlE Eae dA7
208 Bacillus, ZAEHSZZ n|AEZA A A< Psudomonas$t v EZFo T ofR
PoolZA 7]%°] 345+ Biomacc CE =7 35t9Th

WES nYEe % 113 o] FHEE 3714 AF 91 x 10° cfu g', AP 17.8 x 10*
cfu g'2 AFe Wxr} =9kow, Bacillus 2.7 x 10° cfu g, Psudomonas 2.6 x 10* cfu g'&
ZAE A, PAEA FE B 128 mg ke FE ATk

-

W) J5d B g4

2010 el BESF 25F 30 thE ARt v A, AT f71= Eeiek BA
7} 28 Bacillus, ZEASZR v|AEZA 744 M2 PsudomonasSt v EZHFOZ
H Pool2A 7]%5°] 3|4 =& Biomacc CE 43 ZAd= ¥ 129 2o}

Hrd EG VAR FFEE 3714 AT 47 x 10° cfu g, AMFF 122 x 10° cfu g
Z AT U=t =90, Bacillus 2.2 x 10° cfu g'l, Psudomonas 5.0 x 10* cfu g'li Z A}

993, MAEAFES BT 315 me k' FEOIAL VBB FFL vt B EAY
< EY T vdE 29 2T #AE oy Ad9uj el o3 Ag rbed vde g
= TR "t 23 53 AT AeE 1% ClstE A& oy o] Jou wAEY
et v EA e Ao FAAAE FARE Barrl vh2009 = H e Hsk).
3E 11 ALAY eSS v B A=A
HAE F(cfu g'l)
334 n A EAF
4T A% x4 Az Aww owams TFE TS
6 4 6 T —
(<10%) (x10") (<10%) 10"
2010 25 9.1 17.8 2.7 2.6 128

3 A v EAF

e T s L R S
6 4 5 —- b
(<10%) (x10") (x10) 10"
2010 25 4.7 12.2 22 5.0 315




Ede T d¥ds Y ZvidelA we B3 vdE @40t EYrdE TS
EF FEe &2 w8 #Hosta, 59 gddH A FFE VAT Wil F
4 B Az=E F AT T8 29 Fo dvelth bty EdudES] dgdS Fetat
7] 915kl Be "ok Esta obF mAo ez golgle AAclth EGAYE
AEEA, 715 5 sty e ESolA =5 2 ujo] ssslor kA &
Al EYZANA wF 75 PAES 1% A= A= dHAL UTHAmann et al
1995). webA 2011 FE= 7]E9 dgujAle vl dE rdE A 2ARE SEEa HA 9

=

2 F2183 71 Pyrosequencings ©]-&-3F wAY

A TH2012. =95 73h9).

¥ 132 Pyrosequencing 7S 0|83 2T =EY F £ AT EEXE YR
ATk = =EUY ATF-S Proteo-bacteria®o) Hit 35.8%(27.0~443%)2 7H4 w@o] &
3t a1, Chloro-flexi 16.7%, Actino-bacteria 12.1%, Acido-bacteria 10.2% T2 ZALE ATH
He =Edd EAds mAdE TEY =S AR FFY T89S & 149 2ok
T THE FAHA chao@S B 394303, =EYo] EAstE vAEY TGUdd F#FA
shannon AT 672 &2 Al7]d ZAME Ax =ES I 2o oh 3o

TR E4o7 HIbete] HA|s)

1 13. LAY =EY Al 4 i (phylum)d] o FH%(%)
7 7 Proteo-bacteria Chloro-flexi Actino-bacteria Acido-bacteria
W 35.8 16.7 12.1 10.2
A% 27.0 7.3 54 53
ol 3k 443 30.0 19.6 16.7
E 14 LAY =S § IHE F4A 2 0 AF
T ' 4 971  coverage T IHE F3X = A
MeF chao ace shannon  simpson
3 4,901 0.75 3,943 5,860 6.7 25
Ak 1,694 0.55 1,889 2,543 5.6 1.5
2 gk 10,363 0.90 7,135 12,396 7.4 3.1
nA g FFS vst= P EA F(Biomass C)> EYHISE ARE, EY d5iar
(Soil dehydrogenase) & E%k 7d$j/“ AxEAd], = =EYS A 29+ £ 13

of Yetldth 2= =
ol BEY g5rEs E*é% ﬁéﬁ 265. ugTPF g'24h' 2 ZAIE AT

.
0
12
=)
ox
m{n
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rlo
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= o
ol A EAF (mg ke?) G52 EAEA (ugTPF g'24h™)
B e Ah gt B A 20t
61.6 143 224.9 265.1 64.0 763.0

2 AAA A Ege] nAYE REzAL
2012 d 9% A A8 A Eoko] mAE BEyE L ChokA
stol ARG # FF] AT %3—2— I 169 YERRATE %
1=

Proteo-bacteriax-©] Bt 37.1%(29.8~49.7%)Z 7} o]

< Pyrosequencing 71H & ©o]&
Y= /‘]*47‘]]‘3“7(] Eok«l At

Acido-bacteria 7.1%, Firmicutes 6.6% Coi ZAE Y 85 Al XHHH A E ko] &) O]-‘—E
HAE FEY THEY AEY F RS ¥ 159 2o
[e)

<= B 1,838°10aL, Al A ) A Eok"ﬂ A8 v ES] g
6.7%2 &2 A7l 2AME A= AAAM A BEF BE B v

B% F4A chaodk
0

ofN

Sy

J shannon A4+

o2y ofd

AL
¥2

£ 16. FHAS AR A EY AT 3 E(phylum)o] o] FHE(%)
T % Proteo-bacteria Actino-bacteria Acido-bacteria Firmicutes
i 37.1 16.6 7.1 6.6
A3k 29.8 7.8 24 11
H o gk 49.7 25.0 16.9 12.6
E 17, FLAG A A A] B F SHE FHA L g A
T % coverage T IHE 43X 9¥d A
chao ace shannon
o 0.56 1,838 3,359 6.7
AL 0.46 1,083 1,923 5.6
Aol gk 0.70 2,503 5,016 7.4
2= AJA A )] R EOkA u| A &) F(Biomass C)# @48 4 (Soil dehydrogenase) €
qe zAE Ade ¥ 187 2Tl A|AAMI A B wAEAFLS 158~486.7 mg kg9
Byg B 2074ng kg'olYa, EY @5AEA B4 Hi 278 uglPF  g'24h’'® XA}
= Aok

T 18 AAAS AGANA B VABAF L CF2ELBA
t A EA F (mg ke™) G954 548 (ueTPF  g'24h™)
STy HA o gk ot HA Hoj g
207.4 15.8 486.7 27.8 2.0 164.5
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& s £4 aRe st U

+ 111~2.67 mg/L, CODyn 1.74~

BAY e BPeF FA7F AT

Mol glslth 531 sase Fad
3)

FLol AL s

218 2009~2012¢ 744 H2 49 7 9% loc
EMJMEP pHE #H 73~7.69 EXE XY, B
2.27 mg/L, SSE 252~6.77 mg/LY E¥E g

29 vk Xx<Ql pH, DO, T-P, SS 5
%l BOD9| 7% 548§ &t #4222

38

¢

tlo
e

o}

4 74H2009~2012) ZAME Q& stHFol dd FoARY wHE&F FEE =
S 3 220] AY3AT. pHE 2009, 2010, 2012139 z+z 49, 6.8, 2.9%7F ZFH AL
BOD+= 2010~20121 ] 1.0%, SS&= 2011, 2012 Z+2k 2.0, 1.0%7F 2=#FH A o™, DOE
ZAZE St 2= AR o] gl

%21 A= FAF FAWE dF (09~12) (%41 - mg/1)
d = =ZAHSF  pH DO BOD CODwx NH;3N T-P SS
2009 34 7.6 7.02 1.11 1.96 0106 0049 252
2010 34 7.5 8.78 2.67 2.27 0595 0042 332
2011 34 7.3 8.48 1.92 243 0748 0050  6.77
2012 34 7.4 7.99 1.51 1.74 0.248 - 5.16

FANE" 6.0~85 204 8 9 - 03 100
SAE 93)7]FE  50~85 - - 50(COD.) - -

£ 22, 598 S HETF ST 2982009 ~2012) (S92 %)
3 =2 2009 2010 2011 2012
pH 49 6.8 0.0 29
DO 0.0 0.0 0.0 0.0
BOD 0.0 1.0 1.0 1.0
SS 0.0 0.0 2.0 1.0
W) 548 Astge 4
FEFHERZ =, L, A A A}J@EJ—”— A3t 242E 5, 5, 10234 5 F 2044 S 2012
| 23](4¢, 7€) AF, EA% A= £ 237 2k
i 23 JEFHE $98 A 2 (2012 (F9 - mg L
EC
w i )
R pH (dS/m) NOs>-N cl Ca K Mg Na
= 6.3 0.192 3.627 1591 20.15 1.04 3.46 11.03
wk 6.8 0.303 4.269 12.87 34.68 1.10 7.09 7.00
A1 Al 6.9 0.233 3.125 13.40 30.68 210 5.40 9.98
g T 6.7 0.24 3.67 14.1 28.50 141 5.32 9.34




e = %‘?3% A&t4o] W pHE
mg/Lo| e s
'5-4 ﬁ”"‘”‘a 714l 2 =

Ql 20mg/Lol= w]X]#] ?%% —’F%E—E-— ‘/}E‘r‘i\":}. agar Aol A gA e
=) Al A o2 AR T

F 24+ 20129 %0 =AM Q8 ASHH20AH, 23) S T AEE AgE
T4 71 2AEE UEdT daol2(C)F 2 ZAANO-N)= sd85 F271%
gt o, pHE 25%7F A3l 27155 2Hsdoy;, 54 falEdel /=g, v, 52
T B FAE el AY AEEA Gtk
* 24 Y98 A FAVIE 27H8(2012) (&1 %)

FEIH pH NOs-N Cr cd As Hg
= 10.0 0.0 0.0 0.0 0.0 0.0
ks 0.0 0.0 0.0 0.0 0.0 0.0

A] 3 A uf 0.0 0.0 0.0 0.0 0.0 0.0
A 25 0.0 0.0 0.0 0.0 0.0

7l & 6.0-8.5 < 20 < 250 < 0.01 < 005 ND

¥ 255 2009~201237+A] H Ao 4 d3e Asie
et pHE B 6.6~682 EXE HIYa, é_‘ﬁ‘_*ééli(NOg—N)»% 2.55~5.85 mg/L, EC
E 022~026 mg/L, @Axo](C)S 9. 0] 2(S0,)e 4.27~1551
mg/Le] FX & R &itolo] AxHo = Z7ML ﬁz}o Aoy 11w AHIES

]
3, AE 438 wEel A9 Yon, Ass £471FL wEssin:

rd
=
L
)
o
ic)
ki
off
ind
oo

3 25 A= Aty FAWME A(09~'12) (49 : mg/L)
d = ZANH%  pH EC NOsN cr S0,
(dS/m)

2009 20 6.8 0.22 2552 14.92 4.27
2010 20 6.6 0.23 3.497 9.46 -

2011 20 6.6 0.26 5.828 14.96 12.80
2012 20 6.7 0.24 3.674 13.90 15.51

FANE" 6.0~8.5 - 20 250 -
D e 50~85 - -

% £A7F  BUEF FANHBAINILN, ABRANFE VER)

A
rl
IS
r\"

7H2009~2012) ZAHE sHE Ak Aol v FoAEY v4E&F F27]
2988 #2690 B3I pHE 2009, 2010, 2012139 Z+zF 4.9, 6.8, 2.9% 7} X35

M
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1

AL,
2011,
ALNONE AT 5

d ol (C)e 20110 1.0%, 4ol (S0 20100l FAMH A ekgron,
2012\ A2 25, 5.0%7F 2HEHASH, Aty LAY 7PF FagH AR HLiA
¢t 293t= Aol AT

E 260 A 597 Adkr wH & FAVIE 238(2009~2012) (TS %)
3= 2009 2010 2011 2012
pH 4.9 6.8 0.0 2.9
NOs-N 0.0 0.0 0.0 0.0
cr 0.0 0.0 1.0 0.0
SO, 0.0 - 25 5.0
4. 5 2
<AIARZA : ZY dsFA ESEESY 2L YA WEFRA
AE 1) EYsIEA mszAt
7b. =E%e HF 88492(2011) pH 58, F71% 25 g kg, +ETFAF 131 mg kg', F&
Q14F 104 mg kg'olAx, XA 2§, 24 ¢ vtaulES 247t 019, 44, 0.8 cmolkg”
ol At}
U frEA AR, X3 ol ZE, Zw, wtadlee HF FEET St
ZAE AAHE 19999 o2 fFraQlLte] B 2L AAFom FUheke A0l
i, frETAY A8 L 5~9%, =5 I 63~80% % FE B ol A4 E
G FEE T EYLATIIE vnog w2 FEIY
1;]_‘ HLEokg] B §}6 pH . o
Z

2
i
rr

Qo dxpEE 2 Wil Qoo

Bed B Hi 394220100 pH 5.9, #7118 25 g kg, FrAESIAF 791 mg kg

olda, XA ZF, 2w L viadlES ZHz 097, 49, 1.3 Cmolkg” oItk #7718

e AYYNAE WSy pHY XA Zw, viavlsS AP-S vl

7= B AAHLR FolAle Bl NS doleFe pHE 2 ¥t gl
o fFEILMe AAHES BHo =& EAo] 80%(20001)~90% (2008 )2 F7t H A

o H e
o Ege] 335 g EFegeesE nwow e sEodn

A A Bk B 338H43-2(2012) pH 62, F71% 36 g kg, F&SI4T 1358 m,

aQ

= = 'TQI‘
NEe] A WAHOR wolAE AFoIUT ABA FoleFol EC/MEIHE AoR



wol df PAo] AAEe ¢ F AN B FES FBe EdodNFE 7

Hog v FFEoIAN

(M3 2) EFETE A

7b B59ESFS] REANY AS ol HT 135mAL, $HALEE EE 1.33 Mg m”,
AE 144 Mg m°, Z5E EE 161 mm, AE 19.1 mmo] It}

U =E%011)9 EEAQ AZ Zols i 140emPy, 49 EE XE 1.35 Mg m”,
AE 157 Mg m°, ZEE ZE 150 mm, AE 19.9 mm ©| 3t}

th 20129 FAE =EYS REARI AT Zole I 193emfy, §AEEE HE
1.38 Mg m”, A E 159 Mg m”°|Q1, AEE ¥E 131 mm, AE 181 mmE FA}

= At

<ARAEZA : Fd 4 ERA MAE X 2 5HE&EF FEXRA>
AE 1) EGuAE FEZAL
7} =B tWEAF Bt 616 mg kgl, BFAEATA 2651 uglPF g'24h”, Al

4 F(phylum) Proteo-bacteria, Chloro-flexi, Actino-bacteria = ©]il, V¥ = F

B FAX S AT Ao Fa v oi =g

A o] wAEAFTF B2 2074 mg kg1, EFLEALEA 278 ugTPF

g'24h™, AT 3 F(phylum)e Proteo-bacteria, Actino-bacteria, Acido-bacteria <=L,

FTHE FAXY dFATE Ao B di¥] i Sk

ok HEYS mAEAS F7)4AT 91 x 10° cfu g, A3 17.8 x 10* cfu g, Bacillus
2.7 x 10° cfu g", Psudomonas 2.6 x 10" cfu g'2 ZAIE AL, PP EAFS HFo 128
mg kg’ FFoIATh

gt Y BEdo mAERS AT 47 x 10° cfu g, APFF 122 x 10* cfu g7,
Bacillus 2.2 x 10° cfu g'l, Psudomonas 5.0 x 10* cfu g'li ZAE 1, R AEAHS
1t 315 mg kg FEoIAT

7} 594 S, HHE pHE 74, DOE 80 mg/L, BODE 1.5 mg/L, CODw 1.7mg/L,
T-PE 005 mg/L, SSE 52 mg/Lollx, pH, BOD, SS& 71& Z#A| o] ztz}
2.9%,1.0%, 1.0% ©]Ath H 43 7H2009~2012) ZALE FHE 5o sk F2
A% FHdEF FANE 2FEL pHE 2009, 2010, 2012\ zHzt 4.9, 6.8, 2.9%
7} 3= 03, BODE 2010 ~ 2012939 1.0%, SS= 2011, 20123 Z+z}h 2.0, 1.0%
7} 2350 oH, DO A1 ¢t 273t A F o] i

Y. g8 AR Bt pHE 67 2 oFabAollal, ECE 024 dS/m, CI'e 141 mg/L
ojglon, A8k FA9 7PF Fag AxX HEHIEHNO-N)E 3.67 mg/LE A3t

°

G WAL 7129 Wmg/Lele A WA We oz 2AHEUt A 437

326 < 1. AEHAF A



Foll thgk FLeA|xe

Z}7} 4.9, 6.8, 2.9%7} ﬁ%ﬂ‘iit} Ao
2011, 201239 Z+z} 25, 5.0%7F Z#E Ao,
2011, 2012 do| zZ+z+ 25, 5.0%7}F

(2000~2012) ZAME B & A3}
A4 AHNONE ZA|ZE F<t
A% HA ST

==

4

>
=
>

s

pHE 2009, 2010, 20123 2]
1.0%, 2010l ZAME A gokow, ,
FaFo] &(8047)E 20101l = ZAE A FRoH,
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