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Impacts of Green Manure Crop and Charcoal Applications on
Ginger Growth and Soil Properties

Yang, Hong-Seok - Kim, Dong-Jin - Ahn, Byung-Koo - Lee, Jin-Ho

This study was conducted to investigate ginger growth and its nutrient uptake
depending on changes of soil properties as affected by applications of green
manure crop and/or charcoal in continuous cropping system. The green manure
crops applied were barley and hairy vetch, and charcoal was additionally treated in
selected plots as a soil conditioner. Experimental plots were prepared as Plot 1
(control), Plot 2 (barley of 8kg 10a™), Plot 3 (hairy vetch of 12kg 10a™), Plot 4
(charcoal of 1,000kg 10a™ and barley 8kg 10a™), and Plot 5 (charcoal of 1,000kg
10a" and hairy vetch of 12kg 10a") with two different soil conditions (high clay
content, HCC and low clay content, LCC). When comparing selected chemical
properties of soils before and after cultivating ginger plant, soil pH decreased from
6.9~8.1 to 6.8~7.6, and electrical conductivity (EC) also declined from 0.45~1.25
dS m-1 to 0.30~0.61 dS m”. However, the content of soil organic matter (SOM)
and total nitrogen (T-N) increased. Thus, the soil chemical properties were improved
with the applications of green manures and charcoal. Also, macro- and micro-nutrient
contents of ginger plants in the different plots were various between normal and
diseased plants grown in soils with HCC and LCC. In particular, the concentration
of manganese (Mn) was 3~4 folds higher in the diseased plant than in the normal
plants. Ginger growth status and yield was relatively improved with the applica-
tions of green manures and charcoal as comparing with control plot. Especially in
the Plot 4 with LCC, the ginger plant was not infected by root-rot disease.
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A 7} (ginger, Zingiber officinale Roscoe)= W& &F Z HQF 5ol 8 ALA=
A BaAER A E I AThLee and Lee, 1998). 1y, A4S A2 AuistAY & 2+
3 &4 & B9 ArbEo] sk, RS E AAF R Ao AR FHAA
71 F8 990o] =i AtkDohroo, 2005; Lee et al., 1981). o]2]3F #gj# o F=2 3}
g2 Ao o Estal oy AAFY 543 FAIVE Edel] E2Etr]7E wig- ol# 9] WA
BA7F g e AAolth 3, 3134 WAl Wedo] oA WA
7t oA A Hal, EFLAY Aol AU £ & Fof 2F 502 4 At ¢
HE 7= dFch(Lee et al, 1999). 2831, &gy 7/E5E R 5 F=3 Hlgxe] £

A, FEL BT Al AZgs 2 5 oAy EARHe] EAE] AE4
1¢lo] =3 UtHLim et al.,, 2007; Lim et al., 2012b; Yang et al., 2011). whehA],
HTde ESY A8 /N3] A8ty g8hRlE AHeS Folal IAFAAE AHE-She
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37 771599 FL2Ao] FHE L ATHChoi et al., 2010b; Lim et al., 2012a). ©]& 3 =
Holl A el 5] ALE S Folal EYHISEE Eole FAld 383 WAl oE5A
Bl Ao £ 9 HAAE  AZE F Ae Yty Ha o] AxHa e, HS
I gijte g E¢e] f7]1E Al&e] diFHI Jon, fUlE ¥ WHOEZE FAEHE
A4, BQRAE AL, =nZE Qo) & 3 So] A185 3 9 thCho et al, 2011; Choi
et al., 2010a; Jeon et al., 2009). 1 H 2 e § Bk A HH E v

2 AAAE AN AY S22

Zal o] o] EF 74
7+ 237} 9J°](Bronick and Lai, 2005; Fred and Harold, 2000
o

3
slshuls A7k, JEA
d 59 Tk ool BAEHA Bk EFHQA HuHEZE SRy, FojgH
2], A4, F2H 5o] YO (Kim et al., 2002), 327} =1 2HE-2 AYSo] whal YA S
23] Wil ONEo] ol B B -838H8 549 AF a9t &
b, T SHREL 27] AKo] o] AAFFo] L v FFEAL 1FoT AL
ol wil ONEo] Yol FRFF BRI Hold o2 4elA AUTKCho et al, 2011).
2 1.69~1.98%C.2 C/NE&2 Z57]°l 71 w3t
= = %S B ATHMFAFF, 2009). 53
U RS Ee] st SHlSHET o] 5 2 Esiv Wi usde] Ast
™ (Cho et al., 2011; Yang et al., 2009), A S 1613 &<t FA Kol 2|83 A3, FA]L
Hsle] EF F5E0] 1.3%, EFF71E ol 36% S7HENeH, & FFE 6% 571
Aoz Bugut QAtKCho et al., 2011; Kim et al., 2006). 3ol W| x| & T3} =0]ZEZ U
AT PF o] Fsty ¥e 2rodx FAhuHTHO] EolPower and Zachariassen,

1993) 3.6~4.1%°] AAdES st AS Wuk ofet A ARV 5 AT FS
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+A]5}aL 219](Cho et al., 2011; Lee et al., 2009; Smith et al., 1987), &= -&2] & &

gt SR AER 2 v ok Flo]g] Ml A] 15~20ton ha' & o] 2~3F 7ol =EF] el
3t WS AuistE 6% S5adr U= agi B u¥En8l It Cho et al., 2011). &3}
EYN A 24 charcoalS AF8-3}=4), AEAANZA charcoalE EXO B4, B7]
8, e T3 2S ES 294 7HH-4 Oﬂﬁa% g b olygt EY pHE S7HAA E
Frrd st E A3 AL, Z-F(potassium, K), Z<(calcium, Ca), P} 1Y% (magnesium, Mg) 52
ol FHS F7HAI7] AL Fol>%] 2§ " (cation exchange capacity, CEC)S &/3Al7]+= &
o] theFst A e Ao E &elA AtHOguntunde et al., 2004). wekr] B Ao e
Az Al AT AS2AS A8 et SETAAERA SH1RE, & oA
charcoals ©]-&38t o™, 1 Ao wet EGEAL W3l FigFT 54, AF 58S
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1. A7 8l A

B AT s AHEE A Gl /X AFAR AuiAE DG ske] A7
8-S FYstdor, A= JEFZ zolo wgl LLC(low clay content)2} HCC(high
clay content)® TFE3th 281, RE Aol 2,400kg 10a'e] 7tEERAEH R

AlHlEk o, 2] go] wat Plot 1(control), Plot 2(%H]1 % 2] 8kg 10a™), Plot 3(—31]01;431];1] 12
kg 10a™), Plot 4(=4]X.2] 8kg+ charcoal 1,000kg 10a™), Plot 5(3|o]&]ul|X] 12kg + charcoal
1,000kg 10aHE ARGt A1 Aui=] Wel 2} plot Dﬂl‘i—o‘ 15m*(3x5m), 2t plot AFo]2]
H4L 60cm=Z 319141, 3701 T7FE 277 ol A7 ¥ 59 Fool BEste] 11 29

&880

ERNEE A A A 8 T 7 plotoll A 1071 AE 7438 zigzag FE=Z
z+ = F74 HESY 2.0mm EUA 0] EHAIZ] T B A
AL ESEA 5 EA2 Gee and Bauder(1986)2] I3 7o F£3le] B39 S
, EYY 3letd B4 &Y a9 AT EGSSEA(NAAS, 2010b)°]
A 7] = S (electrical conductivity, EC)= EYY S/TE

1:5(wiv) B1&2 &3 83l 242} pH meter(Orion 3 star, Thermo Scientific, USA)9} EC

Mo OBL
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meter(Orion star A215, Thermo Scientific, USA)E 01%3]'04 ZAsATt. BT E(soil
organic matter, SOM) $F#2 Tyurin’s'HS ©]-&3}H 3L, A& A (total nitrogen, T-N) T
Kjeldahl equipment(Vapodest 10s, Gerhardt, German)& ©]-& 5& Kjeldahl /7S H&39 2
™, & 21 *Kavailable phosphorus, avail. P) &3 Lancastert &2 4 & UV/Vis Spectro-
photometer(DU 720, Beckman Coulter, USA)E ©]-83}¢] 720nm 34 SH3A. X
) ko] (exchangeable cation) 1.0N CH;COONH,(pH 7.0)2.Z FZ3}o] Inductively Cou-
pled Plasma Optical Emission Spectrometry(ICP-OES, Optima 7300DV, Perkin Elmer, USA)=
SAsAh

A AEA BAS fste 8710 FE5 FEAE SHFE AR AFHsta A
Fol A2 FESIY 80T 72417 Ax 3 Esle] B8 A82 A83h 24
EA 242 NIAST(2000)2] AEA Ao Falg.oH, 21 &4 5 & A (nitrogen, N) 3+
o

Conc. H,SO,Z &213%-3] & Kjeldahl <7 "H(Vapodest 10s, Gerhardt, German)< ©]-83} %1
a1, 2]EA| & <(phosphorus, P)# ol 42 HNOs-H0, 213l dA gttt HA
2] & P+ Ammonium Vanadate®] &2 23l UV/Vis Spectrophotometer(DU 720, Beckman
Coulter, USA)Z =4 3}H o, Fo]2-2 Inductively Coupled Plasma Optical Emission Spec-
trometry(ICP-OES, Optima 7300DV, Perkin Elmer, USA)E ©]-&3l] &4 & s}t

7o) AA) sl ol BIEA e AT AR ANTew sgon,
o] BIF oHZE WA £ F MRS B FLAE)S VEAUG

5. AIA

2 237 9] BA R4S SPSS(statistical package for the social sciences, ver. 18.0)5 A-8-3}
gom, A3t FEFF] F9AS ¢olH A Duncan’s Multiple Range TestE 43§ 3}
G, A7 G oW FEEH Aol © HES N 2ol w2 g 2ol
O =
AIs =4
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[e]

6.0~6.5, A 717 = % (electrical conductivity, EC) 2dS m™ ©]&}, E 7|5 (soil organic matter,
2k
]

SOM) HaF 20~30g kg', -f-# 14K available phosphorus, avail. P,Os) &

250~350mg kg, A

A ZHF(exch. K) 0.5~0.6cmol. kg', X34 Z<5(exch. Ca) 5.0~6.0cmolc kg, X|&HAIv}1y)
% (exch. Mg) 1.5~2.0cmol, kg', EA AYE~AUYEZ YEIYATHTable 1). A8 A B2
223184 542 Table 19] JERI L2, Plot B2 EFEA S Aol& HAh B pH
= 6.9~8.10190 00 AR7|FERT A HEETh ECE 0.45~1.25dS m'2 ey A4 7)E

Table 1. Selected physical and chemical properties of soils used in this study

' s Avail. Exch. cations quti?le §ize Soil
Plot" pH | ECY | SOM | T-N PO distribution texture
K ‘ Ca ‘ Mg | Sand ‘ Silt ‘ Clay
(1:5) |[dSm™| gkg' | gkg” [mgkg|---- cmol, kg& -—---- %
ov? 6.0~6.5| < 2 [20~30| - [50~3500.5~0.65.0~6.0[1.5~2.0] - - - |SL~CL
LCC | 74 | 056 | 147 | 0.81 | 489 | 1.01 | 453 | 122 | 56.6 | 20.8 | 22.6 | SCL
Plot ! HCC| 7.0 | 062 | 20.0 | 1.12 | 529 | 1.34 | 597 | 1.60 | 44.0 | 214 | 346 | CL
LCC | 75 | 057 | 184 | 1.19 | 534 | 132 | 591 | 149 | 492 | 196 | 312 | SCL
Plot 2 HCC| 7.2 | 050 | 18.1 | 1.03 | 427 | 124 | 545 | 142 | 46.1 | 187 | 352 | SC
LCC| 7.1 | 056 | 12.1 | 091 | 469 | 1.01 | 3.93 | 1.09 | 564 | 20.7 | 229 | SCL
Plot 3 HCC| 69 | 045 | 192 | 1.00 | 427 | 1.08 | 510 | 1.32 | 47.0 | 21.6 | 314 | SCL
LCC | 81 | 092 | 22.1 | 1.02 | 499 | 1.19 | 7.44 | 1.17 | 59.3 | 20.1 | 20.6 | SCL
Plot 4 HCC | 80 | 1.20 | 403 | 1.62 | 555 | 2.03 | 9.98 | 1.76 | 48.0 | 203 | 31.7 | SCL
LCC | 80 | 125 | 304 | 1.53 | 584 | 1.84 | 9.11 | 1.54 | 52.3 | 185 | 29.2 | SCL
Plot 3 HCC | 7.7 | 0.87 | 26.5 | 1.00 | 474 | 149 | 720 | 1.53 | 404 | 21.5 | 38.1 | CL

Y Plot 1, control; Plot 2, barley treated; Plot 3, hairy vetch treated; Plot 4, charcoal and barley treated; Plot
S, charcoal and hairy vetch treated; LCC, low clay content; HCC, high clay content.
P OV, optimal value (NAAS, 2010a).

) EC, electrical conductivity; SOM, soil organic matter; T-N, total-nitrogen.

YSL, CL, SCL, and SC are indicated sandy loam, clay loam, sandy clay loam, and sandy clay in soil

texture, respectively.
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ojlemn, SOM e 12.1~403g kg'E e plot 2 & AolE R, FA(total-
nitrogen, T-N) &S 0.81~1.62g kg'e] X E Yeh|Act FEA4F dHaFe 427-584mg
kg'ZA BAR7FE Bt 58 £XZ HArh Exch. K %8 1.01~2.03cmol. kg' =4 8%
71X =9kal, exch. Ca $F#S 3.93~9.98cmol, kg'Z=A] plot I+ & Zo]E H P oW,
exch. Mg &8 1.09~1.76cmol. kg' 24 AZ7IFRT oft BZeAY HA7]|F0] AT
EA(soil texture)S AR 2] FE(sandy clay loam, SCL), 4] % E(clay loam, CL), AF&2] E(sandy
clay, SC)o] EX2A A EAS YUt

2) ML g = EQO| EY W3}

A7 53 3 Bkl E2]3ldtE EAL Table 29 21, E B3 EA F EALS
AR GE, AUGE, AHEAERZ Yehg Al@xd zkel7t Y A% 78 F Eg] 3}
gtz EA WE AR Al H EY pHE 6.9-8.1, £ & EU pHE 6.8~7.624 A
T e 5 4 AYFEE g 245921, Van Breemen et al.(1983)2 EF pH 74 9
oz B¢ T A& By vdEY 5507 YAHE CO, AE Bt EIE
712, 183 AE9] Fol(Ca, Mg, K 5) ¥4 55 7I&stded, & AFdaz A%

A3 BEste] EY pHZF 74 Aoz ddEth ECe Alg A E0.45~1.25dS m™)
7 43 ¥ EH0.30~0.61dS m")S vl w Plot 3(3 ] 2] ¥l X])-HCC(high clay content)S
wE Hel PN Baw ACE Uehhh ol ¥
124 ! Ao g AAEY. EYGF7E FHS AE A EK(12.1~40.3g kg')oll v}
of 53 & EH25.0~422g kgh)oll A Fite] FUHE HAAET, ole FH A, HHIFE
3+, charcoal A€o 71Q18F Ao =2 BT FAA e AF A E ool A 0.81~1.62g
kg!, 78 T B A 1.11~2.23g kg' A BE A TFolA Zrtstg o), 38 3 B9k
A &2 Plot 2(FHIR.2])-HCCS} Plot 5(3] ©] 2] Wl X]+charcoal)-HCCE A 2] g A €]
TolA oFZF Attt XS LF TS AP A E) Blste] 28 $ Plot 3('31101?4
W X])-HCC2} Plot 5(3] o] 2] W X]+charcoal)-HCCE A 9]3F Aol A 7Asd . 43
A 5 Z4F FFel e, A =& Z2F §5E st £ F EGY] A&7
| 743 Aoz HAY XNAHZDF dHFS 53 F Plot 4(xH EE]-Fcharcoal)
HCCE A9t BE A TolA S7iatdom, sAdntavls S 28 $ Plot 2(5H)
H2])-LCC(low clay content)2} Plot 4(=H] X 2]+charcoal)-HCCE A &g x| oA <k
7}k
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Table 2. Physical and chemical properties of soils after harvesting ginger
. Particle size
Plot! oi | ECY | som | TN Avail. Exch. cations distribution Soil
P,0s texture
K ‘ Ca ‘ Mg | Sand | Silt ‘ Clay
(1:5) |dSm”| gkg' | gkg' |mgkg!| - cmol, kg - %
ov? 6.0~6.5 < 2 [20~30| - [50~3500.5~0.6/5.0~6.0|1.5~2.0| - - - |SL~CL
LCC | 7.1 | 037 | 259 | 1.11 | 432 | 0.89 | 590 | 1.48 | 55.6 | 20.2 | 24.2 | SCL
Plot ! HCC | 69 | 032 | 308 | 1.36 | 452 | 1.16 | 6.76 | 1.70 | 472 | 21.5 | 313 | CL
LCC | 69 | 037 | 302 | 130 | 454 | 1.03 | 6.45| 148 | 49.1 | 17.1 | 33.8 | SCL
Plot 2 HCC| 7.1 | 038 | 27.0 | 1.12 | 494 | 120 | 6.82| 1.58 | 47.7 | 164 | 359 | SC
LCC| 7.0 | 035 | 298 | 130 | 446 | 094 | 6.83 | 1.48 | 564 | 20.6 | 23.0 | SCL
Plot 3 HCC| 6.8 | 030 | 280 | 145 | 387 | 1.18 | 634 | 1.51 | 47.0 | 21.0 | 32.0 | SCL
LCC | 73 | 044 | 250 | 1.41 | 472 | 092 | 828 132 | 60.5 | 192 | 20.3 | SCL
Plot 4 HCC | 7.6 | 0.61 | 33.1 | 140 | 525 | 143 | 9.86| 1.71 | 482 | 21.1 | 30.7 | SCL
LCC | 7.6 | 058 | 422 | 223 | 576 | 123 |10.67 | 1.67 | 50.5 | 19.8 | 29.7 | SCL
Plot 3 HCC | 7.6 | 0.60 | 42.0 | 2.12 | 542 | 1.56 | 12.06 | 1.86 | 39.9 | 27.1 | 33.0 | CL

Y Plot 1, control; Plot 2, barley treated; Plot 3, hairy vetch treated; Plot 4, charcoal and barley treated; Plot
5, charcoal and hairy vetch treated; LCC, low clay content; HCC, high clay content.

P OV, optimal value (NAAS, 2010a).

Y EC, electrical conductivity; SOM, soil organic matter; T-N, total-nitrogen.

YSL, CL, SCL, and SC are indicated sandy loam, clay loam, sandy clay loam, and sandy clay in soil

texture, respectively.

Fd49] 7-$(Table 3), LCC(low clay content)-"d/d<*(normal ginger)| Al 2 Ax(nitrogen, N)
+ Plot 3(3lof2]wx])e] 9.65¢ kg' 24 71 =%k, (phosphorus, P)2 Plot 5(3] o1 2] ¥ %]
+charcoal)oll A 3.18g kg'EA 714 E=dt}h L (potassium, K)S Plot 3(3 o2 Wl %], 56.4¢g
kg ol A, Zrg(calcium, Ca)> Plot I(control, 4.33g kg')oll A, vl1u]<(magnesium, Mg)<
Plot 33} Plot 594 & A YEFst. HCC(high clay content)-"3 /8 -(normal ginger)ol| A= N2
Plot 4(13.52g kg), Pi= Plot 3(3.78g kg'), K& Plot 5(60.9g kg"), Ca: Plot 3(4.99g kg'), Mg
+ Plot 43.43g kg")ollA =& Fq3FS Btk A4 o2 gHFda F53o) s
zpol & ZAMGH A, Plot 3-HCCO Mgs Al9lstales BF o4 ztol7t e A= vE
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WL, N, Ca, Mg oWl A 1 o] =& vhd, P, K= B2l ] 1 o] =4 U
133730

v) A0 74$-(Table 4), LCC-A7F-o 4 H(iron, Fe)2 Plot 1(1277mg kg™), ¥7H(man-
ganese, Mn)-2 Plot 5(199mg kg'), 2l (copper, Cu)= Plot 1(6.60mg kg), Y (nickel, Ni)&
Plot 1(2.61mg kg"), ©}<(zinc, Zn)< Plot 3(40.0mg kg')ollA =& S R At HCC-F
Zo A= Fex Plot 4(2594mg kg'), Mn& Plot 4(175mg kg'), Cu= Plot 4(7.14mg kg'), Ni&
Plot 4(3.38mg kg'), Zn<> Plot 5(38.8mg kg A w7l Uebwtth Bt o] v
2 FFl g ZolE 2AN A ZE HIFolA fg4e] de Aoz YERta,
Fe, Mn, Cu, Ni. Zn= A5 0.2 oo 1 o] =& 2oz v
8, ool A 34n Ax =& AR YEg=d, B M) AE e tg 54
Zgo g Myls AWHAT|L H#ES dod|e Ao HuEnt lo(Foy et al., 1995; Le
Bot et al., 1990), 2|85 o] LAV S 2 Mno| 2H&-3te] o]
B3l

3L
v
A
uih‘
=
1o

Table 3. Contents of macro-nutrients in roots of ginger plant

N p K Ca Mg

Plot” 7 7 7 7 7
Normal Diseased p>[t|| Normal Diseased p>t|| Normal Diseased: p>ft| | Normal Discased p>[t] | Normal Diseased: p>!t|

Plot 1 |LCC| 647 a 103 ab * |282¢c 182b * |450c:146a * |433ci532a: * |262b 325a; *

Plot 2|LCC| 855d 101a * |277b:178a * |468d:153b * |234b:557a; * |258a 324a; *

Plot 3|LCC| 9.65¢ 105bc * |233a 18 ¢ * |S564e:172¢ * [230b;690b: * |288¢c 343b: *

Plot 4|LCC| 6.69 b - - [313d - - 43200 - - | 163a - - 12640 - -

Plot 5|LCC| 731 ¢c; 108 ¢ * [318¢e 226d * [41.8a:216d: * [244b 565a * [290c:321a; *

Plot 1 |[HCC| 919 di 104 ab. * [253a 181b * [414ai153a; * [205a:576a * |237ai347b *

Plot 2|HCC| 727 b: 105b * [259b 191c * [503b:159a: * |176a 567a * |272b:348b: *

Plot 3|HCC| 6.05a; 100a: * [378¢e¢ 180 a * [609¢:161ai * [499d:707b: * |3.08d:317a; ns

Plot 4|HCC|1352 e 11.1c * |351d 246e  * [537¢c 27.1b. * |364c 553 a * |343e¢:379¢c; *

Plot 5|HCC| 8.00 c¢; 103 ab * |270c 227d: * [59d 186a * |275b:618a - |286c 327a; *

D Plot 1, control; Plot 2, barley treated; Plot 3, hairy vetch treated; Plot 4, charcoal and barley treated; Plot
5, charcoal and hairy vetch treated; LCC, low clay content; HCC, high clay content.
2 *=significant at p<0.05 t-test; ns=not significant at t-test.

9 Plot 4-LC is a plot of 100 percentage of normal condition.



=SHIZHE 9l Charcoal A 87k 47 A& B B 54 vlAe 9 511

e

Table 4. Contents of selected micro-nutrients in roots of ginger plant

Fe Mn Cu Ni Zn

Plot” ; : ; % i
Normal Diseased p>t|| Normal Diseased p>[f]| Normal Discased. p>|t| | Normal ‘Diseased: p>|t|| Normal Discased:p>]t|

—mgkg' —  |-—mgkg' — |-—mgkg' — |- mgkg — —- mg kg'

Plot [|LCC|1277 ¢ 2085 ¢ * | 127¢c Sl6c i * |660e¢ 7202 * |26le 431b: * [338b 325a *

Plot 2|LCC| 657 ¢ 188a: * | 94a  498a  * |432b.737b * |106a:375a * |309a:324a *

Plot 3|LCC| 417a:1950b: * | 122b :507b : * |4092a:780ci * |128b:420b * |400e:344b @ *

Plot 4| LCC | 612 b - - | 164 d - -|601d: - - | 150 ¢ - - 1 366¢ -

Plot 5|LCC| 672d:2591d: * | 199e : 650d @ * |501¢c:931d * |164d 532¢c * |376d 448¢c @ *

Plot [|[HCC| S516a 2023 ¢ * | 8 a 537b: * |416a 748b * |158a 419b: * [298a 322b *

Plot 2|HCC|1033d:2054d * | 14lb : 552 ¢ * |57l ¢ 79 c * |272c 451ci * [328b 358¢c; *

Plot 3|HCC | 1011 ¢ 1809 a: * | 154 ¢ i 509a  * |613d:730a; * |311d 370a * |37.8¢c 318ai *

Plot 4|HCC 2594 ¢ 1888 b: * | 175¢ i 644d  * |714e 825d  * [338¢e 555¢e: * |379¢ 399d: *

Plot 5|HCC | 1009 b:2439e: * | 161d i 645d @ * |528b:945e! * |207b:536d * |388d:445¢e *

Y Plot 1, control; Plot 2, barley treated; Plot 3, hairy vetch treated; Plot 4, charcoal and barley treated; Plot
5, charcoal and hairy vetch treated; LCC, low clay content; HCC, high clay content.
2 *=gignificant at p<0.05 t-test; ns=not significant at t-test.

) Plot 4-LC is a plot of 100 percentage of normal condition.

J S O v FAAE Faste] AvRH, Eddie
7d$-(Table 5), LCC-AAolA N& Plot 3(17.5¢ kg'), Pi= Plot 4(3.30g kg'), K& Plot 3
(64.8g kg!), CaE Plot 3(4.33g kg'), Mg= Plot 4(3.31g kgl A =4 vrebytar, HCC-A4
oA N& Plot 29} Plot 3, Pi= Plot 5(3.13g kg'), K= Plot 5(70.4g kg'), Cai= Plot 2(4.52g
kg'), Mg Plot 1, 4, 594 & TS BATh Fdod o] thddd F5 o
3l zpo]=S ZA}EH Ay}, Plot 5-LC%} Plot 3-LCE A|9|dlar ZE g FollA 27 z}o]7}
A Ao E Yt N P tiAlH R Fio] oHIEY & FFS Biou,
K, Ca, Mge A FEZ A zpo|7} AT
v] A4 9] 79(Table 6), LCC-HAFo) A Fex Plot 5(177mg kg'), Mne Plot 1(46.9mg
kg'), Cux= Plot 1(3.02mg kg'), Ni= Plot 2(0.68mg kg'), Zn-& Plot 1(40.0mg kg')ollA =&
S HATh HCC-AZAol A Fex= Plot 49} Plot 5, Mna Plot 5(64.4mg kg'), Cui= Plot
1(5.08mg kg'), Ni:= Plot 1(1.78mg kg'), ZnS Plot 2(40.0mg kg")oll A E=A Vebsoh A4
o3 oo v HYAL FFol UIg AolE A Ay, BE AT fo8E B

3L, Fe, Mn, Cu, Zne o ZollA 1 o] =9kom, Ni g3k 2ol i
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Table 5. Contents of macro-nutrients in shoots of ginger plant

Plof! N p K Ca Mg
Normal %Diseased p>lt|| Normal %Diseased P>[t|| Normal %Diseased p>t] | Normal %Diseased p>It|| Normal %Diseased Tl
— g kg' — g kg' — — g kg' — — g kg' — g kg' -

Plot 1|LCC|15.0a: 131a: * |323¢ :278¢c * |566¢c 384a * |413d 435b * |246b:301d: *
Plot 2|LCC | 166 d : 138 b * | 185a:227b * |451a:507bc * |373ci322a * |226a:254b; *
Plot 3|LCC | 175¢ 143 ¢ci * |256b  187a * |648¢e¢ 521ci * |433¢e¢:395b ns |3.00d:247a *
Plot 4| LCC | 16.1 ¢ - - 13304d - - |525b - - 1350 - - |33le -
Plot 5|LCC | 156 b 155d i ns|324¢c:313d *|603d:487bi * |176a:536¢c * |280ci297¢c: *
Plot 1|HCC|16.1b : 136b: * |3.07d:249c * |516a 430c * |401d 746e * |328¢c:323¢e *
Plot 2|HCC| 183d : 138b: * |247b :266e * |573b:498d: * |452e:310a * |267a:249b; ¥
Plot 3|HCC| 18.1d 115a; * |294¢c :240b * |619d:314bi * |35¢c 618c * |3.03b:290d: *
Plot 4| HCC| 139 a 112a; * | 2242 :257d * |604c 3l6b. * |253b 663d * |333c:272¢c *
Plot 5|HCC| 172 ¢ 113ai * |313e:213a * |704e:248ai * |144a 450b * |328ci244a *

Y Plot 1, control; Plot 2, barley treated; Plot 3, hairy vetch treated; Plot 4, charcoal and barley treated; Plot
S, charcoal and hairy vetch treated; LCC, low clay content; HCC, high clay content.
2 *=significant at p<0.05 t-test; ns=not significant at t-test.

) Plot 4-LC is a plot of 100 percentage of normal condition.

Table 6. Contents of selected micro-nutrients in shoots of ginger plant

Fe Mn Cu Ni Zn

Normal %Diseased p>t|| Normal %Diseased p>|t|| Normal %Diseased p>It| | Normal %Diseased p>t| | Normal %Diseased Jglil

Plot”

—mgkg' —  |-—mgkg' — |--mgkg' -~ | mgkg' — |- mgke
Plot I[LCC| 135b  79¢c * |469¢ 1032d * |302¢ 493 ¢ * |034c 110c * |[400e $32d *
Plot 2[LCC| 152d 3502 * |455d 7ldc * |286d 350a * |068d 06la * |377d 412b *
Plot 3[LCC| 94a 414b * |366b S83a * |223a 377b * |012a 093b * |[313b 393a *
Plot4[LCC|1S0¢ - - |395¢ - - |22b - - |028b - - |354c -
Plot S|[LCC| 177¢  419b * |280a 657b * |280c 489c * [027b 098b * |244a 480c *
Plot I[HCC| 198 ¢ 846b * |305b 1412¢ * |508d S34b * |178e¢ Ll4d * |387c 560c *
Plot 2[HCC| 187b 3732 * |57.0d 671b * |313c 389a * |048b 071b * |400¢c 454a *
Plot 3[HCC| 1502 1308¢ * |443¢c 860d * |290b 554¢c * |063d 085¢c * |360b 61.7d *
Plot 4[HCC|209°d 1046d * |300a 79.1c * |275a S4lb * |024a 071b * 2922 6.0d *
Plot S|HCC|209d 864 ¢ * |644e 630a * |308c 392a * |052c 043a * |395d 489b *

D Plot 1, control; Plot 2, barley treated; Plot 3, hairy vetch treated; Plot 4, charcoal and barley treated; Plot
S, charcoal and hairy vetch treated; LCC, low clay content; HCC, high clay content.
2 *=gignificant at p<0.05 t-test; ns=not significant at t-test.

9 Plot 4-LC is a plot of 100 percentage of normal condition.
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HAra A5} S AR 23K(Table 7), N, P

K, Ca, Mge iAo 2 Eqke] HEga] meh A Ashy U] o dao] #9124 2o
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=7 Yo, Root-Plot 12] Fe, Mn, Cu, Ni, Zn, Root-Plot 3¢ Zn, Root-Plot 52] Mn,
Shoot-Plot 12] Mn, Zn, Shoot-Plot 2] Ni, Shoot-Plot 42] Mn, Ni, Zn 53 7o] AES o]
A Bl Aok Ashy 8 54 Ao Fedol w4 vEEth

—_

Table 7. Contents of macro-nutrients in normal ginger plants grown in soils with different
clay contents

Plant blot! N P K Ca Mg
0! f 1 1 1 1
part LCC HCC ip>ft|| LCC HCC p>|t|| LCC HCC p>ft|| LCC HCC p>t|| LCC HCC ip>ft|

— g kg! ~- g kg - — g kg - g kg! — —gkg' —
Plot 1| 647a 9.19d * |282¢ 253a * [450c 4l4a * [433c 205a * |262b 237a *

Plot 2| 855d: 727b * |277b 259b: * |468d 503b * |234b:176a: * [258a:272b; *

Root [Plot 3| 9.65¢; 6.05a; * [233a:378e * |S564e 609¢: * [230b 499d * |28 c 3.08d; *

Plot 4| 669 b 1352e: * |3.13d:351d; * |432b:537¢c . * |163ai364c * |264b:343¢e *

Plot 5| 731 ¢ 800ci * |318¢e 270 c i * |418a:569d * |244b:275b * |290c:28c i ns

Plot 1| 150 a 16.1b: * [323¢:3.07d: * |566¢ciS5l6a; * |413d 401d ns|246b:328¢c: *

Plot 2| 166d 183 d: * | 185a :247b: * |451a 573b; * |373c 452¢e * |220a 267a *

Shoot Plot 3| 17.5 ¢ { 181d ns |25 b 294c: * |648¢ 619d * [433¢i355¢c * [300d:3.03b ns

Plot 4] 16.1 ¢ i 13.9a: * [330d:224a * |525b:604c: * [354Db 25 b * [331ei333¢cins

Plot 5] 156b 172 ¢ * [324¢:313e¢ * |603d 704e: * |176a 1442 * |280c 328d: *

Y Plot 1, control; Plot 2, barley treated; Plot 3, hairy vetch treated; Plot 4, charcoal and barley treated; Plot
5, charcoal and hairy vetch treated; LCC, low clay content; HCC, high clay content.

2 *=significant at p<0.05 t-test; ns=not significant at t-test.

) Plot 4-LC is a plot of 100 percentage of normal condition.
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Table 8. Contents of selected micro-nutrients in normal ginger plants grown in soils with
different clay contents

Plant ) Fe Mn Cu Ni Zn
Plot f 1 1 1 1
part LCC  HCC po| LCC | HCC poff| LCC  HCC pof| LCC  HCC poff| LCC  HCC pof
—mgkg' —  |—mgkg' —  |-mgkg' — | mgkg' — | mgkg

Plot 1|1277 ¢ Sl6a: * | 127¢c i 85a i * |[660eidl6a; * |261ei158a * |338b:298a; *

Plot 2| 657 ¢ 1033 d: * | 94a  141b: * |432b ;571 c * |106a:272¢c * |309a:328b *

Root [Plot 3| 417 a 1011 ci * | 122b i 154¢c i * |409a;613d * |128b:311d * |400e:378¢c ¥

Plot 4] 612b:259%4 ei * [ 164d i 175¢  * |601d:714e: * | 150c 338e: * |366c 379¢ci *

Plot 5| 672.d 1009 b: * | 199¢e : 161d  * |501c:528b: * |l64d 207b: * |376d 388d: *

Plot 1] 135b : 198 c i * [469¢ :305b * [3.02¢:508d: * |[034c 178e: * |400e 387ci *

Plot 2| 152d i 187b  * |455d 57.0d; * |286d:313¢c * |068d:048b: * [37.7d 400¢; *

Shoot|Plot 3| 94a : 150a: * |366b 443 c *|2232:290b: * |012a:063d * |313b:i360b;: *

Plot 4| 150 ¢  209d : * [ 395¢:300a: * |272b:275a ns |[028b:024a * |354c 292a %

Plot 5| 177¢ 209d: * | 280a 644¢e: * |280ci308ci * |027b:052¢c * |244a2:395d *

D Plot 1, control; Plot 2, barley treated; Plot 3, hairy vetch treated; Plot 4, charcoal and barley treated; Plot
S, charcoal and hairy vetch treated; LCC, low clay content; HCC, high clay content.
2 *=significant at p<0.05 t-test; ns=not significant at t-test.

Y Plot 4-LC is a plot of 100 percentage of normal condition.

3. AR5 9 A=

AR AR A AL o] ASAdE 2 AR Table 99 2T HEF O
Aoz vre ESKLCC, low clay content)ol| A A ASH A7) AR Aol= 80~
92cm, A AgH FA= 654~987g plant”, A A3} F-Al= 722~786g plant” o)1, o]
A73e] AR ZAol= 47~61cm, BA AGE FA= 95~174g plant’, A A FA=
91~140.75g plant'o] At} HES EFo] A2z o g =& EHCC, high clay content)ol| A 3
A ASE Aol AR Aol 72~83cm, A A AR EAE 360~605g plant”, A 2|3}
B EA= 402~648g plant'o] a1, o] A7Fe] AR Zol= 43~55cm, A AR FA=
93~124g plant’, A A& A= 90~130g plant’ & VERGTE BaE]a o] dajo g
A7) 5ol AstE= AS & 5 AUtk Plot 4(3l o] 2] ¥ X|+charcoal)oll A 3 Ak
100%2 A 71 =& Atds B, JEFZ 2told mE Aibds A7 EW, LCCE
58.3~100%, HCCE 6.7~23.32. 24 HES o] w2 EA xjold] upe} A 7te] Aitako) &
2o 7 e
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Table 9. Growth status and yield of ginger on continuous cultivation system
Growth status2)
Yield
Plot" NG b
Shpot Shpot Rgot Shpot Shpot Rgot NG DG
height weight weight height weight weight
cm - g plant! - cm - g plant! - | % ------
Plot 1 | LCC 80 654 722 47 95 91 58.3 41.7
Plot 2 | LCC 91 728 729 61 174 141 61.1 38.9
Plot 3 | LCC 91 831 751 48 108 110 78.9 21.1
Plot 4 | LCC 92 750 786 - - - 100.0 0.0
Plot 5 | LCC 82 987 765 58 139 122 65.0 35.0
Plot 1 | HCC 72 360 402 53 121 118 6.7 93.3
Plot 2 | HCC 77 529 648 46 103 117 233 76.7
Plot 3 | HCC 81 476 607 43 93 90 133 86.7
Plot 4 | HCC 83 605 639 55 124 120 11.7 88.3
Plot 5 | HCC 76 556 590 51 98 130 16.7 83.3

Y Plot 1, control; Plot 2, barley treated; Plot 3, hairy vetch treated; Plot 4, charcoal and barley treated; Plot
S, charcoal and hairy vetch treated; LCC, low clay content; HCC, high clay content.
Y NG, normal ginger; DG, diseased ginger.

Plot 2, Plot 3, Plot 4, Plot 5¢] *]2] 57} Plot 1(control) Ht} AJ4taFo] =31, WA E 0]
won, ASHHE oS 453 AeE UeEth ol FHIAE 9 charcoal A 27t A7
Ao IHAQ JFFS F A= AdHEth 2y H8AE 9 charcoal M ET HE
gkl ztold W}F/P A7Fel ik, MR E, § JEf o] zol7t o] & ALoE Hol EA

‘?*
4
4
f
4
tio
olrt
m{n
»
o
oX,
o
o£
5 o
2,
in}
lu
2
=)
=)

A
Kim et al.(1996)2 ¥2] 451 o] A2 Au) Ao Swda} 2. 744
thar 3tTh Cho et al.(1996)S FERTE ALY E| XN EQFRY 7HA47} 4lsith
o, Olt Bt B2 AMSET g9 HlEo] Fof BAREA G slFE Qe E
ago] & HPﬂd, HARS}E HES] Bl go] H YEE JHHoE Fwpdo] vy
olth 2 AFAANE Ee] HlEo]

=
Y Eo] wgkor, o= B9 HlEo] w2 A
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SHIZHEZA] SH| RS} o XE s, EYNFAZA charcoalS Al-8-31<
A7Azr ARl A S A A, EF pH7} AlE A 698194 FF F 6.8~7.6
2 Zrastom, A7) A% S (electrical conductivity, EC)E 3+ A1 A 0.45~1.25dS m™ ol A
3 % 0.30~0.61dS m'Z AR EY71E(soil organic matter, SOM) &z} EF
5 %
e

h
N
b

(total-nitrogen, T-N) &2 718t th FaALt shaFa} X84 K, Ca, Mg &
A A= Zpol7t YEthA] &tk 2y, EG pHE TA3HA1714L, EC 47, SOM
I T-N o] F7t= EG 34 #std o] 3442

3 z gt 5 “’/P R e
g AolE AT o] FF Apol, EFY] HEFF H ST FF AolE A}
g A3, frelAol e AHE dlen, AYERE 2ot e AeE YEuth 53,
¥ ZH(manganese, Mn)®] 73-%-, o|¥ 9] Ashioll A 3~4u] A= w2 A0 YEeH, ¥
ZHMny A& B Uigh 54 8o s 2T #EE dodle Her B
gl ey S o] Mo Z Mno] AH8-ske] o] Mn o] w2 FoZ Helth
utebd, S Moo JREAE Wele 7 A7t 24 e dddEn. &

& AT T2 T AT S Eet ANFS A A9, FH R, dlojel A, HRE
+charcoal, 3l ©]2] ®] X]+charcoal-2- *] €] &k Al & +(Plot 2, Plot 3, Plot 4, Plot 5)°l A 2732 A
S 7F Fostar Aol wot WA E] AR WA Yelstth 53], Plot 4¢3l
2] ¥l X]+charcoal)-LCC A= 100%2] A4tES R AT, =822} charcoale] X771 A%
A ST} AL Qo] FA Al oS vz Ao 7 TET) 1‘74_77_ Ao = HESHE

o se ATt HEFF] ¥e ATurh 4% FEish Al N SHHGET 1 l
dloh HE S Aolo] WE wige} Eope] SRR A APAKA 2 IFL F A0R
e,

[=EATY 2014, 8. 21. =EFAY @ 2014. 8. 28. HZE=EHFY @ 2014. 9. 1]
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