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Relations between Soil Physicochemical
Properties and Ginger Growth

Kim, Dong-Jin - Ahn, Byung-Koo - Lee, Jin-Ho

Root-rot disease is a serious problem in ginger cultivation fields and it reduces the
quality and productivity of ginger. This study was conducted to investigate the
effects of different soil physical and chemical properties on the changes of ginger
growth. As comparing the selected soil chemical properties after harvesting the
ginger plants with those before planting them, the contents of total nitrogen and
exchangeable Mg2+ increased, whereas electrical conductivity (EC) and exchange-
able K' content decreased. Potassium (K) concentrations in ginger plant were
markedly higher in both its shoot and root parts ranging from 63.9 to 72.3g kg'l
and from 27.6 to 37.3g kg, respectively, which might be related to the decrease
of exchangeable K content in soils. Incidence rate of ginger root-rot disease in the
plots ranges between 26.7% and 88.1%. It was higher in low elevation plots with
clay loam soils than in high elevation plots. In addition, the incidence of the
disease increased as affected by high temperature and humid condition during the
growth and maturity stages of ginger. Therefore, soil texture, field slop, and drain-
age system as well as chemical properties should be considered to cultivate ginger
plant.

Key words : ginger, root rot, physical and chemical properties, plant nutrients,
field slope
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A 7} (ginger, Zingiber officinale Roscoe)< A 7}3}(Zingiberaceae), Al E] ¥ U] &E(Scitamineae)®l]
ot pAARE o R A=4Q o BejztEoln wid AujE il T (Kandiannan 7,
2009). A7} SEluetE 23St FdolrloHERE ofye} ol g7t 9, v & A

AAH ez Exetal lon, sejuyetelA = J_Eﬂl/\}Oﬂ 7158 Z==2A 1,018d o]Fel
=5 B3 Zlew %7‘&51 AT 2P, A& &5, S AL B Sl eyt

F9 AgaRoln, Fa IFAEE AYujE L H:}(Kim %, 1996; Lee$} Lee, 1998). $-2]u}
2] At 109 @ F A Al WA 20008 1,656ha, 20113 2,074ha(MAF, 2006;
MFAFF, 2012)2A4] wij\d okxhe] 3+ W3l oyt #Es] AuiE i ok 18y 593t
AZA N B7FE AFEAY g2 AFEH AT A AT A A =,
olg gt ZEAAANA B 3F T BEgle FHo] Xl"mﬂl HAHLee 5, 1981). 7o) ®
X MAH o2 A7 AFS AN Fa7 HalolH, JIEet 22 X
WollAe ey o2 et 50~90%2] A4teFo] 7HAgtH(Dohroo, 2005). 18]al B

A2 Al F715E st 1 sz Azgd, E8 Al el wet 5~70%9] g
< Hol7|= &thLee &, 1990). webA olefgh BEA SR o] WAl A FHE& As)
A 7141, 2fe AA A 48 o5 Eth(Yang 5, 2012). ©] B A7Fo] dwolglk & &
STt Fobdlel wet Ao BEE717F siEo] AAFIE AR A3 HHE A
sHit 270 SR Rifjsle WOoRA AGE 4 A 27 w2A A Az

>

sto] A2 A EA AATE deksA Hed, o] ¥ % ﬁ-o/] L FA Pythium zingiberum®l|
olgte] WAZTHKim T, 1996). F-2lvtete] 739, "37‘«1 KWL 7|0 =1 FS
7 B2 A7 792RE £87]Q0 1082714 B THKim 5, 1997; Shinsu, 1978;

Shinsu, 1984; Yang 5, 1988). < 2 d &<t A2 AL S a7 He 9oz
A YRS S A O T = Pythium myriotylum, =8-S DO 7= Fusarium oxysporum f.
sp. zingiberi®t B8] 215 (rootknot nematodes) S Y L.71= Meloidogyne incognita®t M.
javanicaﬂ EY 1494 WY (soilborne pathogens) o2 &2 AT} (Stirling, 2004; Stirling
, 2009; Pegg®} Stirling, 2010). 1231 F k2 Aujl o] F Eoke] A& Hrlel= AL AA
421 4 Abgtolth(Dick, 1992). EFe] A2 £8]%, 384, A=3H4, 18 A5eH
Aol ot AAEHI, olHd Ege EAL #Eol oA ws wsiyr a9
(Elliott, 1994). WetA &2 AFo = A A A F dehde ESY &9 -85H3 &
d W), Ao FE I #A, Ao A HIE AR

01

N
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I.dz ¢ 4y
L AdAE 8 A2

A7 (ginger) AW A2 ATEE QLA Sgddd A A AuAE AG3te] &
gatgom, AFPol SuMF} 15S aglste] A oA A WO Z plot 1914 Plot
SZ A8t TYS Aol YXgE Plot2 a2} bE THEIATKFig. 1). AE W EF9
2. 3}8t2] EAL Table 13 2oh Al 4ol A A7 35 Aol Hu] 2,400kg 10a”S
AHEFRIL MAEOE 10a G 84 10.4kg, 87311 dekg, AE7e] 7.2kg, 54 1.8kgs
At on, LAZ08A 7Y F4dd 84 15kg 10a'S Mt APz Yo zt
plot M-S 15m’(3x5m)°l™, zt plot Ake] 8] ZFA(o]8hH)e 60ecm=E 3HFTH A 73S 10

A7k o} A7 F 59 Feol HEAPon, 19 2 A4S FsAT

EY ANEE A A3 A% 78 ol Z plotoll A zigzag FEHE 1070 A oA =43 8}
1, T4 HESY 2mm EYAE FHAZ AEE B4 AMESATH EXY B4 T E
“d(soil texture)> Gee?} Bauder(1986)2] 33l 7ol Foto] EA4s1% o, B¢k 318+
54 2 AEA EANES s9ATTIed EY B HEA E4H Fske] AAEHA
THNAAS, 2010). E¥2] pHS} ECE FAESH STHTE LS(wwHIEE E§3te] pHoY
EC meter(Professional Meter PP-20, Sartorius, Germany)Z Z43}Hth 7182 Tyurin’s'H,
A4 2 Kjeldahl 5 (Vapodest 10s, Gerhardt, German)2 ©]-83le] 443193,
BRI4F2 Lancasteri 0.2 A3t UV/Vis Spectrophotometer(DU 720, Beckman Coulter,
USA)E =3ttt X34 %ko] LS 1.0N CH;COONH4(pH 7.0)C. & FZ3}o] Inductively
Coupled Plasma Optical Emission Epectrometry(ICP-OES, Optima 7300DV, Perkin Elmer, USA)
2 SHSAT A AEA E4E flste] s F&3 S FHRTE AHS A
e} AR FESE 70T AA 7243 AR & Faste] B8 AISE AMESHATH
AEA ANEE oz FAES T AAA dFL Kjeldahl FFH(Vapodest 10s, Ger-
hardt, German), <14+ %2 Ammonium Vanadate' ©.2 A3}o] UV/Vis Spectrophotometer
2 =A39om, 9ol [CP-OESE =39t

3. A7ke] AAEE v Wukl s 24

A7l AA FEFolA Bol FRIH A F2 e Al BAFes silen, B
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4. A AR A 24

A AR 2 Qo] W& 7 o]FH v AElE E<13karA} Global Positioning System
(GPS, HIPER-Gb, TOPCON, Japan)& AF&3le] N, E, Z 2% S A4sl1 S70S 24819
CHFig. 1).
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Fig. 1. Topographic map of experiment al ginger field illustrated with contour lines. Plot 1,
Plot 2, Plot 3, Plot 4, Plot 5 ; the plots were differentiated by topographic contour
line; SCL, CL, and C are indicated sandy clay loam, clay loam, and clay in soil
texture, respectively

A7 A Bk Al A =89-3 B4 T EYY pHE 6.2~74, ECE 0.13~0.23
dS m', F718L 1.29~1.71%, &S 267~567Tmg kg', X &4 K-S 1.88~2.80cmol. kg™,
284 Cae 5.44~7.54cmol, kg', X184 Mg 0.41~0.55cmol. kg', EALS ALYENA 2 E
A AFTER ThFshAl EEZSFH THTable 1). 13y 15 A ZHA(NAAS, 2010)001A]
AARsE A7 AR Y FA ESFEA F EF pH(1:5)E 6.0~6.5, EC= 2.0dS m” ©]3},
718 S 2-3%, FEULS 250~350mg kg, XFA Fole T F K-S 0.5-0.6cmol
kg', Ca2 5.0~6.0cmol. kg', Mg 1.5~2.0cmol. kg' o™ EAS AFGERE AgEZ Aa}
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A Ath A A E Rt BEGEAL] A Ve Blad W frledd s 2 Mo

FFE A 1Fu Rerom, Ny Ke| FFS S ERW, BYF pH, FEALFE,
AT Ca FFE T wA UERtom, ECE UAZ A471E Welw Uitk £8 F
£ |

pH‘E 6.9~7.6, EC= 0.03~0.05dS m , ‘rr7] £ (.99~ ~1.74%, T golALS 278~433mg
kg, X134 KE 0.47~1.37cmol. kg, X134 Cal 4.63~8. 3
1.97cmol. kg, B2 AFENA AEAA thFat &

b
il
f
paod
&
s
=5
o
N/

54 T f71EEHS A VIERY W, EY pH, FEQJANE, X34 Ca e
o4 =4 e en, ECe tAIE A7 HYE BAith £33, X843 Ke AA7E
HAE e AY w2 S BT, XS Mge AA7|E HHE el AY
o4 3 vebgth AlE A 75 3 EY EAS vlustd, dd4aet X84 Mg
3t & EcFol A deFo] FUke vhH, X84 K2 A7 78 § EgllA ko] Hastatt
ol EH|, Fu], 7[H] MR sl EY T Ao} X8 Mg o] 71 o E 1
olm, A7 Helel E7]A ZFY 2 FTE Qs EY F Xg3 Ko FEo] A
3 Aog HQIL)
Table 1. Chemical and physical properties of soils before planting ginger
i Exch. cation Particle size distribution
Plots" PH EC |SOM”| TN /;‘2’8151 K' ‘ Ca” ‘ Mg" | Sand ‘ Silt ‘ Clay Soil 3)
texture
(1:5) |ds m'| % g kg'] mg kg'l -------- cmol, kg'] %
a| 68 | 020|140 | 0.11 | 450 | 2.68 | 594 | 049 | 522 | 229 | 249 | SCL
Plot | b| 74 | 014 | 129|008 | 337 | 238 | 627 | 046 | 507 | 225 | 268 | SCL
al 70 | 020129004 | 427 | 280 | 7.18 | 053 | 514 | 194 | 292 | SCL
Plot 2 b| 70 [016 ] 129|007 | 567 | 270 | 663 | 051 | 459 | 21.8 | 323 | SCL
al 69 | 017 | 171 [ 013 | 274 | 253 | 673 | 050 | 449 | 212 | 339 | CL
ot 3 b| 69 | 013 | 160|007 | 266 | 2.08 | 7.54 | 055 | 40.1 | 193 | 406 C
a| 65 | 022|160 008 | 356 | 247 | 681 | 053 | 369 | 213 | 41.8 C
Plot 4 b| 64 | 023|140 | 007 | 377 | 238 | 6.68 | 051 | 314 | 239 | 447 C
al 62 | 0.8 | 140 | 008 | 418 | 1.88 | 544 | 041 | 440 | 226 | 334 | CL
Pt 3 b| 65 |018 | 1.50 | 0.11 | 336 | 221 | 634 | 048 | 435 | 21.1 | 354 | CL
ovY  16.0~65/2 = | 2~3 | - [250~350{0.5~0.6 | 5.0~6.0 | 1.5~2.0 | - - - |SL~CL

YPlot 1, Plot 2, Plot 3, Plot 4, and Plot 5 were differentiated by topographic contour lines.

?'SOM, soil organic matter ; T-N, total-nitrogen ; CEC, cation exchange capacity.

?SCL, SL, CL, and C are indicated sandy clay loam, sandy loam, clay loam, and clay in soil texture,
respectively.

YOV, optimal value (NAAS, 2010).
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Table 2. Chemical and physical properties of soils after harvesting ginger

2 Avail. Exch. cation Particle size distribution
N pH EC [SOM”| T-N 20 " e P ’ Soil
Plots 2Us K ‘ Ca ‘ Mg Sand ‘ Silt ‘ Clay 3)
texture
(1:5) |dS m'| % g kg'] mg kg"I -------- cmol, kg'] %
al| 6.9 |0.03]099 ]| 041 380 1.37 5.87 1.50 556 | 21.5 | 229 | SCL
Plot 1
bl 7.6 |0.04 | 126|079 | 360 0.58 5.44 1.28 51.1 | 229 | 260 | SCL
a| 7.0 |0.04 | 159093 | 429 0.61 5.40 1.16 | 480 | 21.8 | 302 | SCL
Plot 2
bl 7.6 |0.04 | 1.18 | 0.60 | 399 0.47 5.17 1.18 | 495 | 19.0 | 31.5 | SCL
al| 73 | 0.05]1.62]095 | 433 0.79 6.08 1.40 | 437 | 20.7 | 356 CL
Plot 3
bl 75 003 ] 174|057 | 278 0.96 8.25 1.97 36.5 | 21.3 | 422 C
al 7.1 0.04 | 120 | 092 | 399 1.03 7.08 1.73 379 | 21.5 | 40.6 C
Plot 4
b| 7.1 | 004 | 1.19 | 031 | 285 0.96 7.03 1.73 351 | 246 | 403 C
a| 6.9 |0.03]1.61 058/ 407 0.56 4.74 1.07 | 445 | 21.6 | 339 CL
Plot 5
bl 69 |0.03 | 1.17 | 0.56 | 336 0.63 4.63 1.14 | 446 | 238 | 31.6 CL
oV 16.0~65|2 = | 2~3 | - [250~350{0.5~0.6 [ 5.0~6.0 [ 1.5~2.0 | - - - |SL~CL

Y Plot 1, Plot 2, Plot 3, Plot 4, and Plot 5 were differentiated by topographic contour lines.

2 SOM, soil organic matter ; T-N, total-nitrogen ; CEC, cation exchange capacity.

?SCL, SL, CL, and C are indicated sandy clay loam, sandy loam, clay loam, and clay in soil texture,
respectively.

Y OV, optimal value (NAAS, 2010).

Table 3. Contents of selected plant nutrients in shoots of ginger

Macronutrient Micronutrient

Plots” N | P | K | ca | Mg Fe Mo | zn | cu

g ke’ g kg poee mg kg e
oo |21 1036 | 589 | 39 | 1172 | 242 | 023 | 435 | 630 | 334
b | 1036 | 418 | 668 | 1285 | 255 | 022 | 456 | 635 | 347
a | 1120 | 446 | 693 | 1264 | 267 | 025 | 475 | 694 | 357
POt T 092 | 385 | 689 | 1222 | 272 | 029 | 480 | 664 | 367
la| 840 | 436 | 642 | 1273 | 267 | 020 | 519 | 735 | 501
PO 0T 868 | 381 | 663 | 1261 | 273 | 02 | 530 | 75 | s02
b 4 | AL 1008 | 3220 | 651 | 1600 | 297 | 018 | 6l0 | 869 | 656
b | 924 | 572 | 657 | 1286 | 276 | 017 | 533 | 772 | 533
a | 966 | 296 | 684 | 1468 | 318 | 037 | 631 | 89 | 723
PO 0T 020 | as2 | 723 | 149 | 301 | 028 | 614 | 885 | 93

Y Plot 1, Plot 2, Plot 3, Plot 4, and Plot 5 were differentiated by topographic contour lines.
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TG AGS AR AR U] G 2 FEE FF 58S BAS A, A
Aol FF R F NS 840~11.20g kg, PE 2.96~5.89¢ kg', K= 63.9~72.3g kg', Ca:=
11.72~16.00g kg, Mg 2.42~3.18g kg, Fe:= 0.17~0.37g kg, Mne 43.5~63.1mg kg, Zne

63.0~88.5mg kg', Cux 33.4~72.3mg kg' & & LEFFTH(Table 3).

A HEe] GFR F N2 896 ~11.48g kg'!, PE 3.29~6.85g kg, K& 27.6-37.3g kg, Ca:=
1.71~3.21g kg, MgE 235~ 2.92g kg, Fe:= 0.29~1.35g kg, MnS 80.0~119.1mg kg, Zne
30.5~43.9mg kg, Cus= 10.2~24.5mg kg' 2] 2 YEFTHTable 4). K9] T, A7l A
o) Ao T FrEFS BHYE, o2 st G 78 & EY F AFAH K
of geFo] A4 AR Bl =3, A& FE T K, Ca, Zn, Cus B4 AZFolA, Mn
< 3 =

5], 213 2] FZ LA H(KFDA, 2012)0 4 A3dt=

=2 3
A7rel F534 7158 Cdo} Pbe 0.0mg kg' ©18tE AHeta Yot B AFoA e A
&e] AR} Aol A= Cd B PbE HIES T8 T4 AEHA Z3UThdata not
shown).
Table 4. Contents of selected plant nutrients in roots of ginger
Macronutrient Micronutrient
Plots" N ‘ p ‘ K ‘ Ca ‘ Mg Fe Mn ‘ Zn ‘ Cu
g ke’ g kg' | e mg kg e
a | 1064 | 455 373 1.81 2.73 0.34 1054 | 418 11.7
Plot | b | 10.92 5.52 353 1.88 2.88 0.34 119.1 43.9 115
a | 1148 | 4.87 36.0 1.71 2.61 031 1063 | 419 13.6
Plot 2
b | 1092 | 5.17 27.6 1.75 2.35 0.35 80.0 | 333 102
a | 952 5.16 323 2.54 2.72 0.80 83.5 36.9 20.1
Plot 3 b | 924 5.07 33.8 2.72 2.88 0.98 1042 | 36.1 223
a | 896 6.85 29.7 3.02 2.51 1.15 975 | 419 23.1
Plot 4
b | 924 3.29 34.4 2.87 2.92 0.34 104.3 37.1 22.5
a | 952 5.34 31.8 321 2.66 1.35 1048 | 375 245
Plot3 b | 896 3.57 33.5 2.29 2.69 0.29 92.5 30.5 20.1

YPlot 1, Plot 2, Plot 3, Plot 4, and Plot 5 were differentiated by topographic contour lines.

A7 A A Bk EAQ 9@ AP Fig. 13 2ol 549 Folet AP EAo met
AL 2] kE(sandy clay loam, SCL), 2] % E(clay loam, CL), 2] E(clay, C)7} thFslAl £33}
Fom, TEA HEOE AFE AFo] ko HAE %]r‘ﬂ'b‘]"iiq. EHX—*.Q_E., A

ol ] ]o}fﬂ HjE7h FEstal i el iAo ® a3k AP SER] Plot 1-a,
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Plot 1-b, Plot 2-a, Plot 2-bol| A= Hej#SH o] TAsEA] eFgkort, A A thol X% Plotol]
e =2 WY ES UeERAtHTable 5). £3], Plot 3-aclAl= WA E] 42.4%, Plot
3-boll A& 26.7%, Plot 4-a%ll A= 81.9%, Plot 4-bol A= 47.1%, Plot 5-acll A& 88.1%, Plot
5-boll A= 63.8%2] Aol Wol dAS AT Wol B ARQFE TAHOE AUEE 424
~88.1%, &+ 26.7-81.9%%] o] LAY TE Kim 5(1996)9] A4 F4HA] AE] ZAtel
M2 AFA oA B A Eo] B9ka, 4R A YX|g AujA| A= W
AEo] vre AHog HuEYPTh Kim 5(2007)8 A7tol oJstd Yulzog AlA AHA}
Go FolH e EYFEIGHS FATT 1YL, Agassi 5(1994)2 ESYAE A=
E o vAL HE Bl Eo] 5575 ESTEETFC] vl skt Cho 5(1996)° <JstH
FERTH AHYENA EQF
o AASEZE 7] dZe] BAAEGC
o] & AYERT Pl HE H d

A el 21X gk Plot 3-a(42.4%2] HHEHAYE)N A Plot 3-b(26.7%2] BWLAYE 3
AL Bl AL Plot 3-a8] EAC] AYERA WA} HES] YA7F 18 Exsle] AHE
%%l Plot 3-bRT & EYTE B8-S 7HA Q7] Wjwo 2 Atk

&
M
1o
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o
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e
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o
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W
o
L
2
o
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I
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U
o
m
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Table 5. Yield and root rot incidence rates of ginger

N.R? R.R Disease incidence rate
Plots”
%

a 100.0 0.0 0.0
Plot 1

b 100.0 0.0 0.0

a 100.0 0.0 0.0
Plot 2

b 100.0 0.0 0.0

a 57.6 424 424
Plot 3

b 73.3 26.7 26.7

a 18.1 81.9 81.9
Plot 4

b 52.9 47.1 47.1

a 11.9 88.1 88.1
Plot 5

b 36.2 63.8 63.8

YPlot 1, Plot 2, Plot 3, Plot 4, and Plot 5 were differentiated by topographic contour lines.
2)N.R, normal root; R.R, root rot.

18] a1, Plot 49|41 K.t} Plot 5ollA T2 =2 ¥g]xero] dhAw A& Plot 471 Ao &

3T
o8 g2 Ao YA st AYER FEF] 9o TS B2 T2 &S T W&
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o7 AZtET AyAow A7) BN Sy Bkl 818 BT #A= 1A el
A AR i/ olF, AR v HepF o R Qlste] WkAo] #A YE o, 2|
O F VAL HE ifo] 2 AYEdAN AHERT 52 YEYES Btk =3, 4
7ol ey B Eo] BHAlIE 26.7% 4, A= 88.1%7HA UEN =], o= Ao
B A 7 e whE} 5~70%2] eSS HolthLee 5, 1990)= AT AFHT 2 HEAY
ES By, EAEA MY (soil-borne pathogens)2] ¢7-(Stirling, 2004; Stirling 5, 2009;
Pegg®} Stirling, 2010)0l] ME2H, EF-E T3l 32438 A9d 4 o] WA g =4 U
Ehd 2102 AZFETH Kim(2004)9] Aol ofsta A74e] e gro] WS & Egk
EAsHe Bdol wol 19 E st HA sta £7]9f AoE Bo] Mo A gE
7F =gA ¥eta wet A = 242 Rty sk

100 - 50 100 - 50
= Rainfall A =R ainfall B
90 | —=Temperature 45 90 - |—e-Temperature 45
50 "“‘"\v 30
s W\'\ 2
| »
30 15
20 10 20 10
10 I I I 5 10 | I 5
0 I -l I - n 0 I Ix M | 0

0
12345678 91011121314 151617 18 19 20 21 22 23 24 25 26 27 28 29 30 31 123456 78 91011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30

[
2 2
[P RN
-
a 2 =
g 2 2
[N
S B

Rainfall (mm)

Rainfall (mm)

w
g

Days Days

Fig. 2. Temperature and rainfall events at wanggung, iksan, korea during august (A) and
september (B), 2012 (KMA, 2012)

2831 Fig. 20 YEbd A A7) AuiA] A et Ae-Fs AR
I ol B8 A9HS HYoH, 9Y &y Foodx vwE & A
o} 8¥ 9] 718 2333, 9¥& 17~26C ZA] 893} 9o 12T}<53 A7}
o, oldg 2% RS YA Eo] oo B ¥FS & 2 oE AZEr Kim
5(1996)] AT-oll ot vt A eS| Hx HAy 3
4 29 AT 2& BHo] =T, Buhrlol Zdg-wFol Bal 7]o] st 8¢ g
BB Eo] F43] U1t 98 T sl JHE 2 I ES Btk Baght
[e] H

LW 2Rl e AASHEE oA WSS Wale tREe ARyl

ATk 2 =3
ojg} e EYHAA Bl oty W, Hxo WAL 69 T skl U
U 79 ke o] Fol= AAFSTK(Shin F, 2012). Ahn 5(2011)2] ATl 2] Eo] Fg5o]
U HgEE §34k A7 B R AE8HA SatE A ey vl HEjdEo] gadtt
I st o, BEAE T stressE ISt 7)ol BeEddo] 35 109EFHE
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Bra A AAe] A=A A xqop;q;_, st oh,

e ATE AT ), Age] WMWY B HYAxAY BEY, o B
94 27e B4 AFe] hE EFFEe] 37h J1Fade] BE ke exd gy
Sol uhe} MY Eo] Z/hEE ZloE By,

V. [+
7 AA Eeke] Bel-setd B4 Wsk Al R 5 WA, e A% e
B 2SS AF A BG4 $3 T EF S4S vusy, A 2 £ 27
A3 K+ 1.88~2.80cmol, kg'l, %84 Mge 0.41~0.55¢cmol,

ek 0.04~0.13g kg', X34

kg', 3 & Bkl AAL FFL 031~0.95g kg, X34 KE 0.47~1.37cmol. kg, X134

Mgt 1.07~1.97cmol, kg' 2M A4 g3} X184 Mol F3e Z7kstar, X84 Ko

ko k4Bl A8 GE F K, Ca, Zn, Cud] 5 %0] AAaolA, W7ty F5Ho

AR e FFS BYPon, KO F5FE AFRoNAM 63.9-72.3¢ kg, A FFEolA]
53 =2 9FE AW A T KO 22 FFTLE U] EY

T A% Kol FiFol 78 & ad o Btk A HEyFES AAY ¢ 2

)= are
FEA Ee PHYEES BATH, AN FRIFH AAR W5 Hokgo

= 3ol

B 7M7), BdSE BAYo] £ AR =3 Y T4 S JFE F Ao
A

o

2 Az B BYES WA= 267%004, EAE 88.1%E el =T, A7

T 2A%E 2o maoy wayo] 2010z nolth A

RS B B4 9 A% 2o i BT 37 a2usd 7l
el o

2 gadEn. webA, A7 AuA g Aol A

=z

B

[=EHFY 2013, 6. 7. =EFAHY 12013, 6. 13. FAFE=EHFY 2013, 6. 25]
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