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Abstract

The total global emission of CO; from soils is recognized as one of the largest fluxes in the global carbon cycle. Especially
it is necessary to quantify the amount of CO; emitted by the organic material decomposition processes of microorganisms
in the soil, because it becomes one of a factor for determining the carbon stocks in the soil. This study was conducted to
estimate the impact of the Korean water deer(Hydropotes inermis)’ feces to the soil organic matter. Also, effects of Korean
water deer” feces on CO; emissions of soil and land use pattern dependent CO; flux quantification are studied. The organic
materials in the Korean water deer’ feces significantly changed organic matter content of soil and influenced the activity
of soil microorganisms, both changing of respiration of the soil and physical-chemical components in soil. In particular, C/N
ratio and the CO; flux of soil of four regions (Rice paddy, Fallow ground, Salix koreensis community, Phragmites australis
community) showed a statistically highly significant correlation (/X0.01) with the presence or absence of feces. CO; flux
of soil affected by the feces was 2-20 times higher than the soil unaffected by the feces. This study has great significance
to quantify the extent of the material circulation and its impact to the terrestrial ecosystem and soil zone throughout Korean
water deer’ feces. Feces of wildlife can affect soil and soil material circulation.
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2. Mg A AA|Y

2.1 AREE

a2 (Hydropotes inermis)= AAXCR =3} F=
of EAFor Fiast, it ngAl] AR Aok
AR7} o]FEo] Rust= ZAog daA i Cooke and
Farrell, 1998). I8l A5 (Artiodactyla), AREHCervidae),
A& (Hydropotes)ofl &5k, S0 27 ofdol A
Aste S22t (H. L inermis)@F Syt Ao B
St Qe =Y (H. i argyropu)E A7 ERHL

dA F= = IUCN(nternational Union for
Conservation of Nature)¥ &= ZFof 23] Lower Risk/
Near Threatened species®} Vulnerable speciesZ Z+Zb %]
Aol Ro W JtH(Wang, 1998; Hilton, 2000). L3t
b= aEfy o] A9 fEuEr Ao AAlsts I/fEToR
FUd Z{F T ANEETE =1 FE ARS 57, 5
AANA BEohe Aoz dHAH glow(Park and Lee,
2013), AFEE A HxHog MA7t FHote] of
A 5AE BESHE 5ol folcdsE 2 o8 S22 A
stof ol xZelS 5ot Ik 24 AAE Asstar vk

o /=2 O

(Kim et al.,, 2009). 200398 2007d7tx] Z2H e}
Yol A4 18,3670tg] o]tk (Ministry of environment,
2008).
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== gGA 7Z & o] 1YY ATt 3A STtk
k. 1ty E AdrEA Wel HEUYRTE B &5 2ol
UolA A4 et o F2] HoARt AAlshe 47t
50-70ut8] 2 &# A th(Han river Basin Environmental
Office, 2009).

498 ET vefy o] E12 20129 9dof AHFst ‘:]'
AapAle) Eopel B4l el AR, FAA, MERS
2 4 528 BEG Als AFH AH9E F2skiih 7:”—1';‘]
(Rice paddy)+= B354

2]
57 F AR e A A
B RAHZ 2AA%S QAU of A%E 04 5AS

A7 Qlom FTio| 1o

Z](Fallow ground)= 7424 & T’ﬂzﬂ A

=5 311] (3%'% ]*IE
Adeiston, 42 W aefye] 2y 22 tg A
dERT HA Busty 9ot HEURE 2EH(Salx

koreensis) S Far&A] sk x5t <)
Eofo g WA (Hiromantes dehaan)®] AAA 2 o]-&E] 1
gQlom, FHA ] FHy £ 9 o] 712 23S
A G T 5= ATk, ANEA (Phragmites australi= HIE
i el 230 9x)5k7 9lon M= Zeto] EoFHth
EQF Y mefjet Apdo] @2 Flo] EXoltt, o] 32 HYSH
2ol ety o] FHS fA HFEE 5+ AUk

 olRe HEY

£ §9d2 Tk Bue] 9 W B 3T, 3
e Bulo] ke WA ohe B9 332 FAYR 4%
sto] E9F =S AASAcHTable 1). BF Az g4
o o] AsHAL AP J1%e] A £, de Fo] G
e 2o A9 shdon weh] B G we £
A seh]e] Ble] A7 B E%o] RE o] AS

(@=31cm, h=10cm)& A#|5}e] EE Z9] EF(0~10cm)
S YHst T, ZA AW Qo] WRstgIch TEh] B

HO| kg W] gk EQR AR Wi aEfY ERlo] ¢l
= 29 2AE AASH 5§ MEH(@=31cm, h=10cm)
< AXAste] BE F9] EQF0~10cm)S AF sttt

A BEFS ZA] APgAR 70 H o] 2HE A AS o
Az vjeFg7]o ol wieFstaom, ojnf e Eo]
FFe FH EF AF Aol 9d ey S B

ofefe]l $1A18 E9F 9ol Eafstel viorstect.

3.2 pH

P EF A=) CO, fluxet pHeY| H4adAE &
obiaz] Sial Wief 717 %t 25 Qo pHE 2l
pHE EFstsHEAH(National Academy of Agricultural
Science, 2010)¢] pH 1:5 A=) &AsIRoH, F21
= pH meter(HORIBA F-51)& ©ol]gste] EF Alm A%

9] pHE Zstqrt.
33 EY gd
EY dee BY 0o 34 W00 0 slof 574
staeH, 24 AFEHAA, FAA, HEWLT 2=, s
ANz AFRE A2k FHe] ge W2 EG Aty 21
o] S WA P2 EFS 70T 2B Yol 4847k F<t
Az AR 5 72t 2AAEE EFY] 58 FFE ot
3.4 CO; flux

ety el ZHe) 9%
st7] 9Jstel £ CO; fluxE ZAstict |
ES 2000 #m2] AE o]§sto] EFe] W =
AstAH. 183 EY JAVE ddsHA 2 EY AwE
25t 871(@=33cm, h=15cm)o]| Yol 25CE |A=)+= <
FHlolefo] 53t v AzleH, wid A EGY +EE
STl MBI S Gl ) Al 42
g ks ok 25 tAC = HHY et H(Closed
dymanic chamber)o] 8% E%‘F Y2 H CO; analyzer
(LI-820 CO; analyzer, LI-COR)E °]&5to CO; fluxE
Z45t9tHRobertson, 1999). CO; fluxE S ot= &<t
Hobo data loggerg o|-&sto] 2x9t i, 7|4-&
Ark. S diole= &719 dHE F7telA 43
B A= oSt A FUHERREH COEEE 74]
Atsto] GAZIE G A Ao oliteleta WERS

T3k o] BE A9 3WtRo R HASH

2 \a

3.5 C/N ratio

E W C/N ratios F517] flslf ZF 2o A E
Ft BHAIRE 70C ovenoll 4841 AXA|Z o1, XA
A AN=E 92 APEE o]-§sto] 24%F §| NICEMS] ¢+
A YA HFEATE ol8sto] EG 23 U &
Sh= CeF N9 FFs Fate] C/NH[ES A4tsaith

Table 1. GPS point of sampling sites that were collected of Korean water deer' feces

Rice paddy Fallow ground Salix koreensis community Phragmites australis community
Site 1 N37° 38 " 01.1" N37° 377 58.9" N37° 38 27.0" N37° 38 26.9"
E126° 46~ 06.7" E126° 46 042" E126° 44~ 57.8" E126° 44" 57.1"
Site 2 N37° 38 7 01.0" - N37° 38 28.0" N37° 38 7 25.7"
E126° 46~ 06.9" - E126° 447 55.1" E126° 337 56.4"
) N37° 387 00.8" - N37° 38 28.0" N37° 38 7 25.4"
Me3 Bige 467 073 - E126° 44 55.1" E126° 44 559"
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Fig. 1. Changes of pH of the soil type : (a) unaffected soil of the Korean water deer' feces (b) affected soil of the Korean water deer' feces.
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Fig. 2. Comparison of the soil moisture contents with and
without feces.
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Fig. 3. Changes of CO; flux of the soil type and Korea water deer' feces : (@)Rice paddy, (b)Fallow ground, (c) Salix koreensis
community, (d) Phragmites australis community. Box plots average 25-75% and medium in the line.

Table 2. Statistical analysis between the CO; flux and the variable of each soil by using the analysis of two way-ANOVA( P<0.05,  P<0.01,
“P<0.00D).
Source SS DF F-ratio P
Feces 54979.6 1 17.5 0.001**
Rice paddy Period 12149.4 2 1.9 0.187
Feces™Period 16306.4 2 2.6 0.116
Feces 47411.9 1 21.3 0.001**
Fallow ground Period 10432.4 2 23 0.138
Feces*Period 15860.2 2 3.6 0.061
Feces 103583.9 1 59.2 0.000%***
Salix koreensis Period 19247.3 2 55 0.016*
community
Feces™Period 33271.0 2 9.5 0.002**
Feces 49346.3 1 16.1 0.002**
Phragmites australis Period 11613.6 2 1.9 0.193
COmleI’llty
Feces*Period 24007.0 2 3.9 0.049*
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299 §52 ES #g7IE Zolo] wret C/N ratio
9] FHzko] TAZLE {Fu|gt zlo]lE Yol 7] 5t
SPSS Statistics 21.09] o] ¥EAIEAE ]85t AXSHA
ok AZzel §A4A, HEUE =] B
HiF7|Zh, R s FT)gE o] e ago)] ofgt Fkel
o 25 SAHe=s fomt 3
At ddE2] EG2 g0 /ot gE e W

[e] =] [e]
Bl B, Bwol R

Table 3. Changes of C, N, C/N ratio in unaffected soil of the Korean water deer' feces and affected soil of the Korean water deer' feces.

1 week 3 weeks 5 weeks

C 1.237 0.916 1.066

affected soil of feces N 0.103 0.048 0.084

Rice paddy C/N ratio 12.021 19.043 12.647
C 0.590 0.605 0.433

unaffected soil of feces N 0.080 0.062 0.006

C/N ratio 7.363 9.762 70.614

C 0.935 0.959 1.035

affected soil of feces N 0.090 0.057 0.089

Fallow ground C/N ratio 10.403 16.958 11.590
C 0.974 0.894 0.875

unaffected soil of feces N 0.128 0.089 0.054

C/N ratio 7.578 10.083 16.294

C 0.975 1.135 0.965

affected soil of feces N 0.084 0.060 0.078

Salix koreensis C/N ratio 11.586 19.004 12.374
community C 1.007 1.054 1.158
unaffected soil of feces N 0.115 0.102 0.096

C/N ratio 8.729 10.330 12.044

C 1.374 1.156 1.250

affected soil of feces N 0.134 0.103 0.110

Phragmites australi C/N ratio 10.230 11.274 11.356
community C 1.452 1.487 1.487
unaffected soil of feces N 0.157 0.142 0.127

C/N ratio 9.239 10.450 11.669

SREAIEE A173 AH3ZE, 2015
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Fig. 4. Changes of C/N ratio of the soil type : (a) unaffected soil of the Korean water deer' feces (b) affected soil of the Korean water
deer' feces.

Table 4. Statistical analysis between the C / N ratio and the variable of each soil by using the analysis of two way-ANOVA( P 0.05,

ok

" P0.01, " P<0.001).

Source SS DF F-ratio P
Feces 708.3 1 24.699 0.000"""
Rice paddy Period 4315.4 3 50.162 0.000"""
Feces*Period 4945.9 3 57.491 0.000"""
Feces 10.9 1 25.477 0.000"""
Fallow ground Period 102.7 3 80.166 0.000"""
Feces*Period 109.6 3 85.571 0.000"""
, . Feces 94.1 1 12.055 0.002"
Salix Koreensis Period 163.8 3 6.995 0.002"
community .
Feces*Period 182.1 3 7.779 0.001
] ' Feces 0.5 1 2.403 0.141
Phragmites australls Period 10.8 3 17.59 0.000""
commumty
Feces*Period 1.6 3 2.562 0.091

Ao g0 gt gro]l ZUEA EXQ C/N ratio®] B+t
I SAHCRE Fonotr] ¢k Ao 2 YETtHTable 4).

5.1 &

ES uAEY 5718 2ollol dFE FE= 842N /7]
E U gtaet 240] sEFH|(C/N ratio)7F Atk EF 0lAY
=2 EY U f71E& Eolisty gas oqurdes 4
Ae dgdoe=w HHste] AF/gol ©]&3H(Choi, 2010).
718 2olle g4t dao] stege] wet 24 gEiAy
EZ 57189 C/N ratio7} &2 Afole /71 &9
T} oA PR A9 BA9 F2 FESIA|T T
ol Bast das Ay i uAdEY AR
Hojzw 7tofixl /7189 Rl =olXlh

TR 2] C/N ratio: 13.900.2 quthom Eof
o] f7IA =R wol AFgot= E=2] C/N ratio 17¢] H|3}
o gAH|E 7121 Qth(Park and Lee, 2014). I8 E

B

£ f71B0] B33 wehje] o] B 7}
sz m Eope] Belsteta 4ol Wk on], £
H

wo| 5o wel Aoldt Aut Liekd

8:1-15:171#] o]z &
12:10]tk(Lee, 2006). & AFollx A" EFS C/N
ratios AW HEW ZHO] FFS W2 39| C/N ratio

il =
718 gheFo] =2 Az W C/N ratio?] H9le} H| S

3 2 74 ot
g AE UgdE A2 4 & A

2 dAFelA e 2R JFE ¥ E C/N
ratior= w+H 0] FFS WA & Ee] Hls| C/N ratio}
werom, vety Bl ks W EO] C/N ratio=
i x7]oll= S7lsttrE ARte]l Ao 5 FAashe
e Bt 59] Wi 2710 EY W da 3ol 2
Z Zastled, O olfeE EX AHgste #7189

C/N ratio7} 15-30 °]%] =
o EL] oz der olgd
2 AFste] AAE Aol o] 8T daes F
of E9F £9] NHy—-NoJt} NO;—N7HA] u]A
W gAdofl o]&str] wiZe]tH(Choi, 2010

oz

=
.2 gFelA

g
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Aty o] Bl Wit C/N ratiox 14.52% H|g %
= 55 =H

SR %2 §7182 AT 90
O

Eel HulE A8stH EY

et al., 2004).

EY pHe EY 5
e folx, A= nPEA e
% = oje Fag £9o st

1o

S~

i)

o
B

)
A oz
2

o

< fllo off M

i
2 ggHEn ol s &
ESF pHIL A5ste o8 24859
Ao 2 JePStHKim at al.,, 1999 ; Yoon, 2008).

St EF9] CO; fluxet pHO| TAE B4 At 1=
Y 299 &= W= EFS pH 7olstollA &A=
pH7} Z715k1 gled ojd E9Fe] CO, fluxe #4sh
e A2 & 4 Atk pH 701421 E%Fof|AE= pHIT &
7}obH olitgteta AJitgol ZrAastal pH 7o|skel Bk
A= pHZE S7Fstd ol4tateta ABibER F7iRiohal of
A tHRao and Pathak, 1996; Sitaula et al., 1995). 182
2 B d39o] BE9F pHeE CO; fluxBHE ATTAS 7|E
o Atet HlWSHHE o BHEE A EAh

ES o2 APForE g9 B 250 nE g
Foll, A czs EF =835l FHo HMIE
o EYA wiEEE CO, ¥l ¥isH
2 EYO COMEe F83 FF QlAtold, E
ZSE AL Z3PFH o LT 2= FY)
2 Hoto] EGOoRREH HiEE+= CO; 42 &
A5k "h(Raich and Schlesinger, 1994; Schimel and
Clein, 1996). T3t EFO] 8o =& B¢ EF 3= Y
SHEETE AStEo] {719 oot e SEoRREH
YA L= CO.7F oA =t (Linn and Doran, 1984; Doran
et al., 1990).
gt oz EqF g<d] 0-60% ZAoAE eulrt F
Frg n s @57t $7lekaL, 60-100% oA =
evrt FE 5 udE LUt fAAshed

Y g O

e

N

(Hammel et al., 1981), & A3 o] E¢F g4H|= 14-25%
2 B9} gaus) 2w
CO; flux?t Z7tst= AS 5]
St CO, fluxste] BAE A v 290 9P
wz] oro il Hte 3 i B9k ghpdfo] =2 2]H9

i A
CO; flux9] 27} 7F¢ & Aoz

+

e
=)
oZ,
o
it
offt
H
N
o
N
ol
Q.

e g 4 A
B ATt B GF 4Rt =G 430wt
CO; fluxe] HjZwpo] AolahA vebgteh, Hwoz
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G W EFIAL 2]
w7 ok Eopurt A 209e] COt B
t Eope] 87 x7l0] A

4z o2 Kl

frtl
B o lo & g Bl M oogh b

lo

o

weE 4 gl Bo] B9 gl RYUsY B 2
Aol 7ol wet o gsteiael o 37 F7te7)

ol
Ip

(]
Ll

b
i
i
@)
Q@
lo
i
r
)
ki
o
=
=)
>
o
_>'~1_4
2

O

Bolehe]elg, 2006). 53] B2 T 0)4E TF
4

—

CO.9 %E7k 718 4 9IeHOh et al.
2005). J|BR Teh] Bl Eg] sAuA £
1o RS A EF nlEo
550 F7kstel £

g CO, fluxe] APl 7K Aoz dAE Tejn
SAE A=A FAA W9 o &

O &

o

2t B JRFE W= A9 CO; fluxe ARl &
I & a5 facte AFE Btk 1 o+ EY &%
o2 s F7ke CO2t 2] ¥hgote] w4t FAdstar
MNEA TER AR 49, Bt 22 oheket
B2 TAA FRHAY o] T o] ¥Hg-E S
EoF Y EAste= CO7l AR wfjZo|th(Bener et al.,

F Ul F71=9 Fol g4
wol nA=9] Bo] AotHH, 2 22 f7]Ec] B
el 7HeliRE o efstu|aet o= o 29

Aoz Fetal AmH 54 wEel’l: sttk(Yoon,
2008). a2&mz dty FHe] Fo Hx7b gasH] H
o] Algto] A/G4E CO; flux®] o] HAasHA He Ao
& gdHn

6.2 &

2 a7 1ol Bd W #7180 EFRPl wt
mAE 28kt ql gk Jotwglth 1w BY £
A3t pahg Bdol ogke|| olst E9F CO, fluxs =435}
o wate] BHo] EoF CO, fluxdl&dl = 9 E
2]} o] go] wel WMslsts CO, fluxs A%3} shgich 1
At neto] By Yt B $718A5e BY 14
B Bl 9FL F A= J3 B & H EY
W Za)shetAel Wyl wAEle] wahy Bwlel e
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we Eofut meh]o Bulel GeFe wA e Ege A
2 02 S70] vehde S 4 9t

aYnE getet A 1T BEekT Gk OPYEE
o EF TS ol gstel Teh] BHL ol§F E
oo B 2o Pt A FRY Wulo] Eofol Fi
GFS Yot B 5 Ut ou] gt Avet F 4+ YAt
EG Meh] BNL oY £ B 43 ATE 5o 5
2 AeAet 2arie] 24 S99 JES 4%
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