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ABSTRACT. Amino acids in the plant were intermediate metabolites which produced by uptake and assimilation of nitrogen and
these extracts which gained by bio-chemical digestion from protein of plant or animal were a source of functional fertilizer. This
study was conducted to evaluate effects of keratin amino acid fertilizer (KAF) gained from animal hair or hoof on changes of
turfgrass quality and growth by investigating turf color index, chlorophyll index, shoot number, clipping yield, and nutrient
content in the turfgrass tissue. Treatments were designed as follows; non-fertilizer (NF), compound fertilizer (CF), keratin amino
acid fertilizer treatments [CF + KAF 0.26 ml m™ (CKF), CF + KAF 0.52 ml m™ (2CKF)], and only keratin amino acid fertilizer
treatment (KF). Shoot number, clipping yield, and nitrogen uptake of KF were higher than those of CE As compared with CF, soil
chemical properties, turf color index, chlorophyll index and clipping yield of keratin amino acid fertilizer were not significant, but
shoot number and uptake of N and K were increased significantly. These results show that the application of keratin amino acid
fertilizer increased shoot number and growth by increased uptake of nitrogen and potassium.
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Glass et al,, 2001; Liu et al., 2005). o] = AbgH-2 AE0]
4z gofol] Waw YA £ 4 o] ABAS] %
AL, v ES o83 At 7wl WEshHA
ol leARS EFohE FAHES AEA el o AU
Al =] cH(Lee and Woo, 1992; Han et al., 2011).
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(Kim et al, 2003; Han et al, 2011). O}U]h: golS L
FSHE 7154 MRS olgstel A2 AHAL U, 2
2o Yo7} WA, SR}, b T 9 P24 T

o] Z7}= U tH(Kim et al.,, 2003; Cheon et al., 2006; Han et
al., 2011; Moon et al, 2012). IS}, o}n]| Al Wrg oS =3}
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Ol HBAA AAQ] SKY72 ZEZE 22| xR o)A S35
olef. BAIR 22 20064 TEElo] of 5u7k pelE =
23 HIE T (Agrostis palustis H.) ‘Pennlinks’ 52 ©]
2319t A|dZAo] EoFe USGATFZ o Agksl Hejjef
AATE7} 7FzF 95%9}F 5% a2 S3hE HaE A
wo] AL, AES2] Zol= oF 15cmA). ) Ao
Q3 okBLS T3] Qb —I—A]H]E’Lﬁ E3H| = (compound
fertilizer: N-P,05-K,0=21-17-17, G 3l| 23}, A&, gh=)<t

o/

Algtel ofu]=Al H| & (keratin amino acid fertilizer: N-P,Os-
K,0-B,05-M0=0.0-0.0-0.0-0.05-0.0005, FMT Korea Co.,,
LTD, o, S ALgasict. Azkel ofulwdl v
(keratin amino acid fertilizer; KAF)= A2}l oju|i=A ¥
=27} 10% o] QI%laL, ok&d 84 542(0.05%)2F

484 Be|EEI(0.0005%)0] EAE ] Gl v]eEaug
EL
2|7 M

A7 wme] £5 2L Aluje] wheh F4 2] P (non-

fertilizer; NF), E3H| & 27 (compound fertilizer; CF), 7|
a}el ofn| Al H|@ 27122 2] (CKF; CF + KAF 0.26 ml
m?)e} vl &% 2] FL(2CKF; CF + KAF 0.52ml m™?) 9 A&}
g oAb H]E THEA 2] 7L (KAF only; KF)E L5351

AlS] ZAF] /K]ollri @4¥=3m’ I1mx3m) 27|12 A
A2 45 m* oL, AP v = G GV ) S & H
Asheleh. AR F HgulRE 20104 49 299, 5Y
279, 64 309, 84 50l 3.0gN m¥ & 43] AJH|3F3 L,
Aletel opu]ie Al H]E = 2010 49 299, 59 13¢, 5¢
279, 69 102, 6% 249, 79 8%, 7 229, 8% 59, 8%
199, 99 20 F=HT(026g m™) 1} viEF(0.52g m™)=
200 m1®] g5=of| 3lAste] F 103] PHAM](E]A]eH 200 ml
mAekeleh. AR F o2 el A5 Temol
(GM262B-AC9, SIBAURA, Tokyo, Japan)Z & 2~33] 5.5 mm
=ol= Akt Al 717 & &1 A viEe 3
ShA] gkgkom, HEs WA fl8f olZz=H2 +IA|(5Y
199, 6 22%)¢t HIREAUE FAI8Y 19Y, 9¢ 4%) &
27} 2314 AESGE

T2 A, AFRAT, oA
= zABlACh GAASol G4
A= Z4ZF Turf color meter (TCM 500, Spectrum
Technologies, Inc., Plainfield, IL, USA)2} Chlorophyll meter
(CM 1000, Spectrum Technologies, Inc., Plainfield, IL,
USA)YE o]&3}o] =43} a1, 20104 549 6YHE 9Y 14
W7 7-109 02 F 189] ZAstgow, A At
9 WEe B BUo) A4A B4 WsE 248
Oh Y dflxEe 59 269, 6 29, 8 4, 949 130
% 48] A7t F =20 &2 [VS-1203P)-300, (57)H| 2,
S, FA] 70°CE 24ATHER AR DEFS 24

Sl 2 &7] Wi ARRE WES7448 F0)(1em x 1em)
2 olgate] AFERAC 20109 109 14200] AP
A7 & 71 2= (B, A7, HA7)R),
o 8 AR 7P QAo SRS ol 83ier.
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ZFAFNA FAHE Ao o3t BEQFO] WSS XA}
s7] 918l AlE H(20109 49 259)3 Al FE (2010
| 9 159) T 23] AASHRlT EFAlRE A AlAHE
BN AHFE (K5 2cem, 20| 10cm)E ©]-&5}o]
Zh At o BEFAI RS AF S AL, £4E Sl
SANA FAsAT 4 2 EFAE(pH), A71H
== (electrical conductivity; EC), 7]&(organic matter;
OM) &aF, & A (total nitrogen; T-N), -7 Q14 (available
phosphate; Av-P,0;), |3+ %Fo]2(exchangeable cation; K,
Ca, Mg, Na) 2 <Fo]& X]3}-8FF(cation exchangeable
capacity; CEC) 5 ©|%lal, EAH2 EoF 38t B4
(NIAST, 1998)¢]] &3} AA|5tH 2w, pH} ECE 1:5H
o2, OM2 Tyurin .2, T-N2 Kjeldahl 5HHO=Z, Av-
P,0s+= Bray NolH o=, x3t4 <9Fo]23 CECx IN-
NH,OAc & o & 717t JEAJ8kqich

A) go) 0 PANES A, o, 28, 2, vk
# % UES 52 TS 2 ABA 2AL 4

= Ll
Al FA ol Fsko] AAIsklAL, A= Keldahl 557
2, 912 UV-spectrophotometer (U-2800, Hitachi, Tokyo,
Japan)E- ©]&-5to] Bl =Ee| Bl o 2, 24, Z<s, o}
JYle ¥ YEFS A4 £ & f= A% b=t
[inductively coupled plasma (ICP); Integra XL, GBC,
Victoria, Australia]E& ©]-&3}o] z+z} B A3} 9 th(NIAST,
1998). f Gt ABET} WY 24 B4 ATE ol g

3lod olell Alm} Zo] ZAFSFYTHKIm et al, 2001).

i

T Fr(g m?) = AEF(g m?) x ] F SR T (%)

27| 2]2]= SPSS 12.1.1& ©]-23}0] Duncan th=
B8l AAE T Bkl f-oxE A, -
o FA 2ot Algtel opuwAt vlE thE A2
ztel Algkel opn| At At fejaks HAEH

5

EQ¥o| 27| ME &

AE A EFS pHS} EC7} 7HzE 7.193F 026 dS m™' &
e Aul 7t 7Heh Bokol it AlE AHat 9| Eoksls)
A AREQ Aol Gl AlE T8 F AGE B
st o] WSt E3 2po]E HolA] §FokTh(Table 1). F4
2]TH(NF)et Algkel ofn|ieil H| & Ths] 2] (KF)e] F2]
A2 BAS Aaf, Heatd zpol7h §l9laL, thRHCE)2}
Aebel opu)iil HlE FHTFA |G (CKF)E H|iLof| A=
A FolAE EIE 4= Yol E3t, Ak of]i
AF B 29| Alu|gFol| w2 CKFe} =7 HlEF(2CKF)2] ]
M= vt B EAS UEHSIth ol A T3
3 & o, Al ofu] At H]R O] TFAIH| = FEFAL]
B olzteg st nluldt Ao R yerydtt.
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Table 1. Soil chemical properties before and after treatment in the experiment.

Ex-Cation (cmol, kg™)

Treatment” pH EC_ oM T-N AV—PZO_S CEC )
(15  (@m') %) %) (mgkg) ¢ Ca Mg  Na (cmolkg?)

Before 7.19a” 0.26a 0.64a 0.04a 43.87a 0.10a 1.16a 0.29a 0.09a 247a
NF 6.61a 0.15a 0.45a 0.04a 22.30b 0.05a 1.29a 0.31a 0.10a 2.27a
CF 6.54a 0.14a 0.61a 0.05a 38.54a 0.06a 1.20a 0.31a 0.10a 2.50a
CKF 6.53a 0.16a 0.62a 0.04a 48.28a 0.05a 1.20a 0.28a 0.11a 2.70a
2CKF 6.71a 0.18a 0.63a 0.04a 41.79a 0.03a l4la 0.27a 0.14a 2.53a
KF 6.77a 0.17a 0.50a 0.04a 35.55a 0.04a 1.28a 0.25a 0.12a 2.60a
t-test

NF vs KF ns ns ns ns ns ns ns ns ns ns
CF vs CKF ns ns ns ns ns ns ns ns ns ns

"Treatments were follows. NF: non-fertilizer; CF: compound fertilizer; CKF: CF + recommendation dose of keratin amino acid fertilizer (KAF);
2CKEF: CF + double dose of KAF; KF: applied only KAE CF was applied at 3.0 gN m rate on April 30, May 27, June 30, and August 5 and CKF
and 2CKF at 0.26 g m™* and 0.52 g m ™ rate, respectively, on April 29, May 13, May 27, June 10, June 24, July 8, July 22, August 5, August 19, and

September 2.

"Means with same letters within column are not significantly different by Duncan’s multiple range test p=0.05 level.

‘ns’ represents not significant by t-test.
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Table 2. The change of turf color index and chlorophyll index of
creeping bentgrass in the experiment.

Treatment’ May June July  August September
Turf color index (TCI)
NF 6.36b”  7.07ab 6.58a 6.60a 6.72a
CF 6.69a 7.13a 6.73a 6.65a 6.76a
CKF 6.74a 7.12a 6.66a 6.50a 6.77a
2CKF 6.68a 7.12a 6.67a 6.68a 6.74a
KF 6.37b 6.99b 6.56a 6.56a 6.77a
t-test
NF vs KF ns ns ns ns ns
CFvsCKF  ns ns ns ns ns
Chlorophyll index (ChI)
NF 167b 298a 213a 195a 236a
CF 220a 324a 234a 196a 250a
CKF 226a 320a 225a 200a 251a
2CKF 226a 323a 226a 196a 253a
KF 167b 294a 211a 203a 245a
t-test
NF vs KF ns ns ns ns ns
CF vs CKF ns ns ns ns ns

"Treatments refer to table 1.

"Means with same letters within column are not significantly different
by Duncan’s multiple range test p=0.05 level.

‘ns’ represents not significant by t-test.

index; TCI)Q} A&4X]4>(chlorophyll index; Chl)&] H3}=
6 S7VSHAIL, 79} 8ol Fashelon, 99l
of thA] 7tk A UEtW itk (Table 2). o= A
AT} 155240°C AR AL GehR, @)
Sa3t A oA Aol Y5t (Ahn et al, 1992) AlE

12t & 71320 797} 899) Hat7]2o] 24.7~26.1°C

A 2S ZapskqlaL, 75l 9Jslf 59, 69 2 9€o]
H3l} JxA|7to] F5351507] W& whekE| ich(Fig. 1).
25t TCI®F ChIo] A2 - W3= 58T 69 A
Al NF} KF= thE At WA A Q1AL 7~9Y
ZAt A= Be Ao A HStt s Bl o=
597} 6Yoll= 7|27t 5220 23hE A, dxgol
=of o] FA A Aso] oY 798 Fat
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Zrej Aol ARbeA] ook Wi o = ek Qi) w1k, 7F
S5Fol WL, dxsfo] Ao A|gxA | 277 GO R
HHAEeE A e A% G & Ao R weEh
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Fig. 1. Climate conditions at the experimental plot site from
May to September.
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Fig. 2. The shoot number of creeping bentgrass in the
experiment. Shoot number of creeping bentgrass was measured
on September 14, 2010. *Treatments refer to table 1. “Error bars
indicated standard deviation and different letters indicated
significant different at p=0.05 level according to Duncans
multiple range test 5% level. ns and *represent not significant
and significant at the 0.05 probability level by t-test, respectively.

7rol]l QM E= PEA Ao QlojA= Zfol7t §litt. of
n| A 5] AlRl= 2 ASat F4E A7 7= o)
L e o] MR GEAX G0 ZpolE UERNA] 9
L=r}= Kim et al. (2012)9] 219t dx|3stc}. o]= 6~99Y
o= HlEA oA ] s S FeEol U6t
%7] 7o 2 e chH(Ham et al., 2010).

Aletd ofu|ieAl H| 2 O] AlH] & Xt £7] YW E RARE
A7 Fig 29} 2t} NFe} CF= 23.3ea cm @} 24.0ea cm™
11, CKE 2CKF 2! KFe] Zt] £7] WXx 29 ea cm?
283ea cm™” U 24.3ea cm?E FA}E| o] CKFL} 2CKF #
glqtof| A el &7 Wxr) S7kskinh ARt o
Ab Bl= O] AJH|o] o3 2] &7] WEo| IS H|Lslr]
18l CFe} CKFE| t-HA S =343t A, Algtel opu|ieib
HIEE A2 A 2] &7] 927t S7Iehes Z2aE SRSk

T oiXIE =Ab
Ak obm|ieit BlE Alnjof wpE Y F A=
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Table 3. The dry weight of clipping yield of creeping bentgrass
in the nursery experiment.

Table 4. The content and uptake of nutrient of creeping
bentgrass in the nursery experiment.

Dry weight (g m™)

Treatment’ May June  October September .. .

26 29 4 13
NF 9.69b* 14.12b  43.94b 19.54a 87.28b
CF 20.66a 17.86a 51.48a 18.96a  108.95a
CKF 20.39a 16.73a 56.80a 19.26a 113.18a
2CKF 19.02a 16.98a 57.71a 16.93a  110.63a
KF 9.92b 16.49a 52.98a 16.67a  96.06ab
t-test
NF vs KF ns ns * ns *
CF vs CKF ns ns bl ns ns

"Treatments refer to table 1.

"Means with same letters within column are not significantly different
by Duncan’s multiple range test p=0.05 level.

‘ns, *and **represent not significant, significant at the 0.05 and 0.01
probability level by t-test, respectively.

87.28~113.18 g m22] Q|2 FA}E|QItH(Table 3). NF@} KF
o] -34S 4aye A, Altd ofn|iAl H]E O] AJH]4
ofaf zht] &Ko) Frlele AL o 4= AU CFel CKF
£ Hlug 23, Al ofu| Al vz o] Alu]of &gt zt
o] 59| ztol= BRI 4= glolch NFeF KPS| -2
I}, KA oF 10%74 2] Zt] oA\ x]& F7HE Urehdo] A
2Hel ofu|leAt v R O] Al zhr] o] S St aukE U
Efjo] Kim et al. (2003)2] At} FAFSHGITE o] ofn]
AR HIR O] A7 2 o] A 54 Y F3E XS
EA(Liu et al, 2005) ZH] 9] BE(AAE)T 7] Y=g F
7 X717] g0 2 FHHEICH(Kim et al, 2012; Lee et al, 2015).

BC| zEe| 87| ME BHE U E4
Aol F eE o) A e AT A4, o Y
4

ZE2 Z17; 4.46~4.57%, 0.48~0.55%, 2.25~2.43%2] W=

=
LER 1AL, A 2|7t Zpol= WA oh31TH(Table 4). NF
¢} KFE Hlwe uf, 2he] 27 § 3hiE BE g 4
ol& UEh A ¢F3XaL, CE2F CKFE BlaLoflA e Xe]4d
Aol& UERf Al ekt

J7h Ft Al R s AR A3 A
o} 250 F4e 77k 3.89~5.09g m?Q} 2.05~2.75g m™
OF CKF Aol d 71 £9ka1, Q19] 432 0.43~0.61 g
m~2 2CKF A2]Fo)A 7P zoF Altd ofu)iAl v
Ae|g o o F A, 2 2 g kol St
AL o 4= 9ltH(Table 5). NF9} KFS v wdt uf, A4
Aetd ofnlicAt HIR2E AH|ZE KF A 2]-o 4] NEE
ok 12.6% 57F5H3laL, CFel CKFS Hlwd o, ZE-2 7

[

Nutrient content (%)

Treatment

N P K Ca Mg Na
NF 4462 0.49a 235a 045a 0.23a ND’a
CF 447a 0.53a 226a 042a 02la NDa
CKF 4.50a 0.5la 243a 044a 0.2la NDa
2CKF 448a 055a 235a 045a 022a NDa
KF 457a 048a 225a 043a 020a NDa
t-test
NF vs KF ns ns ns ns * ns
CFvsCKF ns ns ns ns ns ns

Nutrient uptake (g m™)

NF 3.89c 043¢ 205c 040b 020b NDa
CF 487ab 0.57b 2.46b 046a 0.23a NDa
CKF 509a 0.57a 2.75a 0.50a 024a NDa
2CKF 496ab 0.6lab 2.59ab 049a 024a NDa
KF 438bc 046¢c 2.16c 041b 0.19b NDa
t-test
NF vs KF * ns ns ns ns ns
CFvsCKF ns ns * ns ns ns

*Treatments refer to table 1.

YMeans with same letters within column are not significantly different
by Duncan’s multiple range test p=0.05 level.

“ND’ means ‘not detected

‘ns’ and *represent not significant and significant at the 0.05 probability
level by t-test, respectively.

ZHel ofu|ie At ]2 E AB]EE CKF A 2]t A 11.9% &
7Vskgict. o] AaES Fal Algke o)Al BIEO] AJH|
= A9 Aaet ZAF9 Fv SRS & 4 Ah
Kim et al. (2012)2 ofu]i=AF H|EE AJH] A] ZHC]Q] AA
oF ZAEO 57 S EA IS, Xt &7] e
9 2t FAo] FEThe Hae o] 2 AqtoA e A
el obu|leAl HiE S AJH|E uf, Jr] o] Aot AFO| S
F7F Vst Q] £7) Wxel Aaksgo] Skekhs A
S FRIg = Aok

}

K

e

A o g ofn|i Ak FafE o] Fr|gdam S5k
o] == AR YA SIARF Persson and Nasholm
(2002)+= B4} HAvt LA R AFH ofu|ieikE o]
&5t ofn|iegbo] EfjE|A] kil AE9 BelE Sd

= A Bk E3t o F oA FaE ofw| ik

otulleike] Foll Wt 459 nitrate F+5 S| =
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3la1, AA|5}71 = 3tch(Muller and Touraine, 1992). T5of
A+ arginine, alanine, B-alanine, asparagine, glutamine,
methionine, aspartic acid, isoleucine 5-¢] nitrate S5 ¢
Adl= ofu)i-Ako 2 B2Eel 71 (Muller and Touraine, 1992),
Yol A& o]5 ofu| Al Zof| A glutamlne— nitrate S5~
£ 5771 tiE-29] ofm|iAto] nitrate Fpol] P
FA] ko ™ (Rodgers and Barneix, 1993), EOHH oju| =
4] A2l ammonium®] F4= AAISHE 222 e}
% th(Causin and Barneix, 1993). ©| 24 X E ofn]i=A}o|
89 92 3400 ST AT St AL ohio ol

ulgte] B8, AR £5
o) A4 B4V Tk A ST S Sk B4 Lui
et al. (2005)= Muller and Touraine (1992)2] A|& oj| A
nitrate 55 A6t opv| At 6] nitrate@}
7| L1 uf], oAl X2l rt 27 8= nitrate
o] B47} Zokekol jiel A Helgl ofuwAte] SR
ofz} ofm] 4] X 2]s =7} nitrate Sl P L
Nee o 5 e,

Copper and Clackson (19892 ©]2{3l &Alo] th3f 4
2 amino-N poolZ 2til §lof ojn|ic At e o] A A7}
go] Aana s FoE 2UE AR TS T}
a1 B35t o]3 Glass et al. (2001)2} Vidmar et al.
(2000)2 A EA| Zof Q= ofu]lAkel glutamine 3o
EEJFE]- A9 nitrate®} ammonium?] F4E A= §4

W Stohal B 315k Lui et al. (2005)= ofu| Ak
X% ﬂiEoﬂ w2} nitrate S=2} nitrate 3R]
reductase activity (NRA)7} Z71510] 2154 S 5 nitrate
o] alape ommH WolA] SRt ® skt

A Fo2 49 nitrate= oA F3HE o]
glutamined} asparagineQJ =T 71 =275 2 (Aslam et al.,
2001), nitrate SaFo] S71eE A4 WY glutamate,
glutamine, aspirate & asparagine®] g=Fo] 7131} (Geneger
et al, 2003). A= FFL A0 Felof wzt Aol 3
O} AEA| FollA] glutamate®} glutamineo] 57| UEpE
28 o) opulieAlEo] Ao A B3} 3HolH A
A2 AYAE = of] iAo 7] uf otk (Taiz and Zeiger, 2009).
A A oblwAle Tep 27 3 AT o) o
Faoln, Ae] Fo 3 ofuliAte] Fekn 2L Amel

& (Muller and Touraine, 1992; Rodgers and Barneix,
1993), A|of 9l 27 o] whe} 11 2A4o] thEA YeRd
C}(Raitio and Sarjala, 2000).

AgA] FolH EAel ofulieAlg o galr] SlshE
Fol % ofuliAbg 2Es}o] ol AuT) thuldg
BafstA L Wwaste] ofu| i Ale A4S (Lee and Woo,
1992). opu] Ak BEgof igh dls F2 A% F il

o

I olale
=t
ol ]
=~ =
o

= 22

>~ o

o] nitrate

o abgals DA oA BHAKEIA GERS Bl YAl AJE
Q1 Sgtolut fre] ofuwite] AT} o HaFstu o
= Lgo] & o]F% th(Lee and Woo, 1992; Lee et al.,

1987; Ryu et al., 1988). Kai et al. (1990)2 Wra A of| A
WP ofu Al YabEe] AlHlo] efs) 2HE VS I
Q1 5]o] ofuiAule] AR2 of o] el ML
sheick. Foli ofuluAr WENE AT SolH &
EAL 9lg 715 AR R AL T UckAn et al,
2012) 04 obolacdlel 2434 ke wkg s
5ol ujef o, $E4 TN ARs 2 A of
]iﬁol AlEA Tl dR= G714 ofmleAl FeFol
=2 Z02 XA QItH(Han et al,, 2011; Yang et al., 1998).
ofuliedl MR 2B Arie] AR BLL P
U ofulieat €ze] ERo) ue obke] Aol Lrehic
(Han et al,, 2011; Kim et al.,, 2003; Kim et al., 2012; Kim et
al,, 2014). Kim et al. (2003)2 =g 54 G5 o}H]
Al MRS ANEILS o), Rrie] e) 2o, of B
1 A A Z47) Zr7betcka 2519 a1, Kim et al. (2012)
o 4B ofuliat v RS ANIES 1, Aa Fhl 2
P4t} W] ol oA e ZrNekA] etk 1 s}
of ofuj=Atn]ze] 7 E7o wht 2folE ek,
o]9jo] iz opu|zAbiE o] Al] A] A AGo] Tofstis 1
WEe] ASE Aol AN 2HE ol At
(Kim and Kim, 2006).
oful At o] AlM| 2HEe] A, 2E W vk
o g4} Z71Elo] M| QIS4 FHgo] Z7IEAL, 2
o] P} ASo] Z71E %l ck(Han et al, 2011; Kim et
al,, 2003; Moon et al., 2012). &3], 7]20| W& ZxEo|
Aol F7tske] 1Rl (green up)o] S7F5FRLAL, o] o]
wAtol] o3 W BokbEsl Zoksto] A9 Aol Z
7}8}7] & o]th(Chang et al., 2010; Kim et al, 2003; Lui
et al, 2005). & A Lol A= Atel ofu|ieil HlE A
oAl Ztje] Aax F7t S7FAL(Kim et al, 2003), 7L
Avt z) £7] At S7RRF Ao = wekEth(Lee et al,
2015). H|= Algd ofn|iAl HE Ao ofs) Ha S
Z712 A B4 F A0 e] AAAFY dEere] i
SR UERA] 939hoM Lee et al. (2015)& ] %7] W
o] Z7h e o] @2t Yalo] ]elgiTkT Hste] 7|

d

ehel ofuliAl MR Al BE] F ARAUFS F7H
A7 Zhele] At A7 o] e Ao R Az,
o oF
L |

o} ol 4 A Thak

FARE S ofr] it



266 2718 - A9 -

AR O - UTE - A - o3 F

=20 dug AMEIL Stk & At Al of)ieil B
ZO] Anjef whE o] st FAo| IS Bl
Al AMAE, dERAE, A 7] 2E, Py YA =,
Ty T FE T H I IrTe AR AR
< FAEFNE), =7(CF), Al2te obn|ieit vl= 3
FA] 2] 7-(CKF)} Hlj&F#] 2] 71(2CKF) 3 Al2te ofu]leil
vl o5 AEHEKH)E 25 Al ofv|ieil B
= Aol & A28 EFRiehy, Ao AR 9 g
S]] WMok YEhA] gt Rbdef 1y £7] ¢
EoF Y AXEZ2 Ald otnlleAlv| &S AuIRE Al
& ofulleAl vl TR 2] St et oA A 2%t
A 2|groll A b2y 25~35%2) 11% Fr=X Skt 1t

T G FES ATEE Hssieloy Y] g &
ek Ao} ZHgo] CKF A2l Lo 4] Z71akgic). o] 4
WS FHE = o, 298 HEIZH o)A Aleke ofn]
EAE W= A= o) il AEe F4E ST
o= A 7] WEot AES VM7= Bt 9
= 2l & 4 sl

FR0{: Z23 NETHX, Atdd opv|ieAl Hl&, X
7] 9%, Ay F4 94 A5
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