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I mprovement of Arbuscular Mycorrhizal Fungi(AMF)
Propagule at the Preplanting Field for Ginseng Cultivation
Bo-K yoon Sohn, Seo-Young Jin, Hong-Lim Kim", Ju-Sik Cho, and Do-Jin Leg™

Division of Environmental and Agricultural Science, Sunchon National University, Suncheon 540-742, Korea
"Namhae Sub-Sation, National Horticultural Research Institute, RDA, Suwon 441-440, Korea
*Department of Agricultural Education, Sunchon National University, Suncheon 540-742, Korea

This study was carried out to improve density of arbuscular mycorrhizal fungi (AMF) propagule and
physiochemical properties of soil by planting crops at the preplanning field for ginseng cultivation. Winter
crops, such as barley and rye and summer crops, such as sudangrass and soybean were cultivated in
combination to improve AMF propagation and soil aggregation at the fields. Yield of harvested crops by
plating with winter or/and summer crops was 3,045 kg 10a” of the only rye cultivation, 2,757 kg 10a” of
sudangrass cultivation in combination with rye growing (rye/sudangrass) and 1,628 kg 10a” of soybean
cultivation in combination with barley growing (barley/soybean), respectively. Soil aggregation rate was
improved by cultivation with barley (45.7%) and with rye/sudangrass (45.1%), respectively. The density of
AMTF spores in soil was increased slowly by cultivating with winter crops. In summer crops cultivation
system, density of AMF spores at sudangrass cultivated field was 64.0 spores g'1 dried soil and it was higher
than that at soybean cultivated field. External hyphae length (EHL) was 1.5~2.0 m g'] air-dried soil at
winter crops cultivated field. However, in summer crops cultivation systems, EHL was 2.6~2.9 m g'1 air-
dried soil at sudangrass cultivated field and was 1.7~2.2 m g'1 air-dried soil at soybean cultivated filed,
showing these were higher than those in non-cultivated field (control). Glomalin content of soil cultivated
with crops was higher than that of control soil. Especially, the highest glomalin content was shown to 1.7
mg g air-dried soil in the barley/soybean cultivation systems. These results suggested that the most
effective soil management to improve AMF propagule density and soil physical properties by planting
crops system was cultivating sudangrass followed by barley at the preplanning fields for ginseng

cultivation.

Key words: Arbuscular mycorrhizal fungi (AMF), Propagule, Ginseng, Summer and winter crop, Preplanning
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St A B AM2etn EGE A dTFS
A F e Ay AEAS 77 g2l Friste &
ol ek olyzl oy 7HA] SAEEY AAE B EY
Atst SXEL A, B HERIY} 5d¢ &
A FAFLZE FEHFOZA FE L IR S5
£ A= TY v sds 7IFA s Alwe
th I F 71FAEY B AdEe] 7FAEY A
ol gt S vA= EGHAESQ Arbuscular
T2 (AMFE)o] &E# A 12 (Kapulnik and Douds,

2000), AMF Aol ©]al AJ2FE = Glomalino] E S
2ot FrlEdS ME ARAA EFES PGS
o] H %ol Avi(Hooker et al, 1994: Azcon-
Aguilar and Barea, 1994; Wright et al, 1996), T3l ¢l
AAjufol]l AMF o] 8o gl A (Zeuske and Weber,
2000)0YF AMF ¥ A7 (Li, 1995) T3 7ol A4+
AMF 7he] @A AA 7 BAEHEA ASo] Yo o
W7k Jekd #HE AEE A4 AW 54 AMF
&g Aol F AR AztEh

A B A Als EF AMF WA 9] U E
Aast7] 918 A4AE GAZA #He] DAl AMF
7172 B ZFAA Wt vt HES
Atk

JERT
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(Av-P205), £EA&(T-N), A4 A71(K, Ca, Na,
Mg), ¥71X3&=F(CEC)S EY4sts) T'b}'jl (RDA,
1989) ¢l &3t A3t pHE AT, ESGH
7]%5”*-0— Tyurin‘ﬂ\j, 8 oALS Lancasterd, &4
= Kieldahl = AN A7 2 =257 98 A
IN-NH«OAC Q—c’"oi & Al #A ICP(Optima
3300DV, Perkin-Elmer, US.A)E ©]&3le] E43A
o}, gk v g4 (Fe, Mn, Zn) 7% AR 5 g&
100 mL AzZtEetAFe) Y3 DTPAHOE HAEAF
T No.2 oAZE 011-»]"6]'0:] ICP(Optima 3300DV,
Perkin-Elmer, US.A)E &4 3}t
Ege =84 549 WA ddssS o9 &
2 71(DIK 700, Kiya Seisakusho, Japan)& ©]&3}¢]
T APEHoE E4353A S 20, 1.0, 05, 0.25, 0.1
mme| A= F4H A Fev ”E“i}oﬂ AAEF 10 g
YA 107 BA k] WHEAIZ e FEelA 30
% & AR AdstEol 2y Al FH
SAZRTAA 7T~8AZ Ax T A =5

2 gFste] JdoariEE WEE(%) EAISAT

e A 3
i
or
ofr
ol

AVF 2 Hstel ZtdE 7|52 &9 Au] {3 ol
= X2 & (Table 1) 7o) 29 Aul &8
EY T AMF ZAEE 3 ZA9PdS AT
2 BoE &2 Ald (Damels and Skipper, 1982)
o2 BEodfe A= 3le] 4Coll BAstHA A
A & w73 (Zeiss, Stemi 200-C, Germany) 3}l A A<=
st om, AMFe] A7 EEXZALE A8 2k A9
2 EAHANA AMHT EGARE 12 APE T A
371 (500um, 354um, 250um, 106um, 45um)HZ F3 5}
AA AwA st A Algste] xAUEE AT
AMF 7}9& ZAle Phillips and Hayman(1970) 2]
ko]l uwlg}l formalin acetic acid(FAA)-£ o] # A3k

OIAHEEE S 9F lem Zo]E A2 ¥ 10% KOH £
OS2 90CollA BEle] AEe] wal 20~30E7F A
3l Z={H4E 3~43] Fodl the 01% chlorazal
black E 94 9 (Brundurtt et al, 1994) .2 A3}
50% glycerolZ 2SIt dE B IS
McGonigle et al.(1999)¢] W oz Ha3gt A
< AMFY ZE3+xA A 2A (arbuscule), FAHA
7+ At(hyphae) ol sl & w7 (Olympus,
PM-20, Japan) 3t Al ##3te] 5 mm We] g +x

O:
r

(vesicle),

Table 1. Cropping system by winter and summer cropsat the experimental fields.

Plot Winter crop Summer crop Remarks
Control T Control T Control Plowing only
Control T Control I Soybean or sudangrass Sow afield with summer crops after plowing
Barley Barley Soybean or sudangrass Heading stage/sowing of summer crops after winter cropsin compound with soil
Rye Rye Soybean or sudangrass Same as above




172 SR ANY - AT - 25 - ol=A
TAARE NEEE JERA AT %3} tH(Wright et al., 1987: 1996).
AMF o] M 7 A}(external hyphae) £Z& 3 Z O] ZAxn 2 TE
Hyphae —T—%S Miller and Jastrow(1992)¢] WH O 2
NE 5 gol =7 250 mL 524 (Calgon) 31 TH|ZHE AMZ QA AP A o] ARAA F
Yy 3057 ﬂoL;z]va—LL T 18 zol wulet oo oz ol & =u]2E AYirFH FYFLE Table 2 ¢ 3
wolo A 12 mL ZH&ach 183 =84 125 mLe I oy AGA e HH e A 512 EYEE
Qo wulek & Eolak mo|o|A] 5~30 mL 2 &t Mz 718 Fae fstel dAssien dvt
o W 20
045 um membrane filter2 o %3 T} 0.05% trypan 7he] el Eahdth
blue L)o@ odalstel & w7 (Olympus, PM-20, A vl 2= ] 7‘]”‘0“?—9} A5 HAA AE *@ﬁ%k%
Japan)dlol A Al & 3129 tH(Tennant, 1975: AgHEde] TR wAA 27 3045 kg 1027 A
Abbott and Robson 1984) 2,104 kg loailgi}\i EHE?_( Control I Control H)
©] 510 kg 10a” A Lo Ha] 4~6¥] HE =4 e
Glomalin FZ& Eorut olAs So] FHEEE= YoH(Table 2). ALAE] 93 JEZE9 Fuh]
Glomaling o4 BN FZaje] gare zapapy] S AT AES T2 5802ke 102, AFAF
99 2 mmAE e FAEG 1 gl 50 mu O FE AN AV FLE 4605 kg 100 01Nk,
sodium citrate® ¥ ¥ W(121C, 60~908) @ thg,  IEHES ST AN [ FHOE A5HEe
AURE (5000xg, 158) 5] el BAglE 4F T RLHEE ANE A TR 426 ke 10| F
O ol 4C 2ol HTHATH Wright et al,  ToF TE AWM DB FFL 3732 ke 102702
o =1 = = \=] A= 1
1996: Wright and Upadhyaya, 1996: 1998). Bovine 1 Z1=#&/AF2Eel 27AA f3elMs 29/
serum albumin(BSA)S o] &3te] EEINS TEs  TOLHE ) HIE/FRIANRE D SW/F ) HIA/T
3 phosphate buffer saline(PBS)¢} A& &S 200 4 A wo R BE AAFE ot (Table 3).
7} =A At} Bio-Rad protein dye 50 Wl & Y3 5 ojefet Ash= Eke = - sSANE AR
2 3 A5E =ZX3le] BSAY BFFMEL o] &s) 3 DA B {715 TH EG o dFALE
FS 418190 (Bradford, 1976: Wright et al,  =o1= T S= SR 5= 2 AaedA 715
1996). Bradford $402 A4® FE& yejse]  THel TG IAANE AAITRE ReR
ELISA(32B11 antibody) & ©]&3% A #FE4<e Tt e Y R g SE, A5HEREE IS
Table2. Green manureyield of winter crops.
Trestments Shoot dry weight Root dry weight Totd
kg 104"
Control T 4234 90.9 514.3
Control [ 405.1 1054 5104
Barley 2,312.0 733.3 3,045.3
Rye 1,583.2 520.5 2,103.8
Table 3. Green manureyield of summer crops.
Treatments Shoot dry weight Root dry weight Totd
kg 10a*
Control T 854.52 297.46 1,151.98
sudangrass 1,156.98 886.28 2,043.26
Control T
soybean 1,319.98 74.95 1,394.93
. sudangrass 1,721.59 1,035.17 2,756.76
Ry soybean 1,282.25 277.25 1,559.50
Bl sudangrass 1,386.15 755.92 2,142.07
ey Soybean 129366 33466 162832
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Ao T S A

e = 37~45%, F AWl T= 26~35%2] JEHE
Eof etsg B dush: ZEAS Y2 & Uit I W= BP9 Control 9]
g At A FFS VA= 714 T4 40%°] =& dTskES Yehided ole AAdH
I L BAVE dom JdEdgd ¥ FE 2 2 FAANA BEFL o] gl7] wEe] A9 &
A2 B =gstetd sS4 A EFRE] & F A 7L o] FARA F2 el 7= AL
3 #do] Ao Ede] dds s mASLA 2 ddd
o ey 49 S WEgE Sass)
ol Y AVEE FAT F 01 mm ©|EFEH 2 Edo 5t &Y AFAA FFol we =uE
mme|’F7bA 6 GAR Sk Table 40 YER S = A F B stehr Ao digh B4 A=
o AAAQ deste P4 FIFoRAME F AolE Table 59} 63} o} ARtHo g 4y & o 2 ®st=
HolA koyt dests 7]E(Hujiwara et al, ANy 7FAES AAHCE Al wet iz
1996) 02 B AVH7 1 mm A MEEL 2 7oL WAL § FE o] O Pass 2
HEH A= 92 A § AF52=Y F S Bk FES FUT F §71E FFS 3 g kg
Table4. Aggregate per centage of soil after summer cropscultivation.
Trestments <0.1mm 0.1~0.25 0.25~05 05~10 10~20 20mm<
%
Control T 16.98 6.11 713 1358 26.83 29.37
Contral T sudangrass 2511 7.89 10.06 16.77 21.04 1913
soybean 16.29 767 8.16 15.66 19.92 32.30
o sudangrass 14.26 531 8.13 16.92 2819 2719
Ry soybean 1744 5.98 6.82 11.46 20.76 37.54
sudangrass 1152 584 7.18 1519 271 37.56
Barley soybean 1250 431 6.94 1264 1431 49.30
Table5. Chemical propertiesof soil after winter cropscultivation.
Ex.-cations
Tregtments pH oM T-N P:0s CEC Fe Zn Mn
K Ca Mg Na
15 gkg® % 1101 R ————— 10010 10— mg kg™
Contrd T 58 30.3 0.18 263.20 0.53 262 0.58 0.20 10.3 19.77 9.45 19.45
Contrd T 59 315 0.19 264.41 0.56 235 0.56 0.25 104 20.90 8.35 2152
Rye 57 30.3 0.17 250.90 0.59 252 0.61 0.23 104 17.58 5.98 18.10
Baley 58 331 0.17 25343 0.58 257 0.63 0.28 10.71 20.15 817 16.38
Table 6. Chemical propertiesof soil after winter crop followed by summer crop cultivation.
Ex.-cations
Trestments pH oM T-N  Av-P.Os CEC Fe Zn Mn
K Ca Mg Na
15 gkg® LZ N 11'01 (s —— cmolckg® mg kg"
Contrdl T 58 314 0.18 263.71 0.55 259 0.53 0.22 1024 2245 5.75 15.80
I sudangrass 5.7 286 0.19 258.28 0.52 230 0.60 017 1097 27.85 8.70 30.00
soybean 58 30.0 021 221.73 049 245 0.58 0.22 11.06 27.85 8.20 24.45
Re sudangrass 5.9 321 0.20 246.06 0.50 251 043 0.20 1152 16.85 381 18.05
soybean 6.0 316 0.18 236.87 051 272 0.52 0.22 1177 20.00 4.89 1585
Bar sudangrass 5.8 35.0 0.19 236.28 053 2.65 0.58 019 12.10 21.95 6.25 17.00
Y oybean 55 341 0.19 249.79 0.55 269 0.53 0.29 11.28 2755 7.35 2170
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Fig. 1. Changes of AMF spore density at soil during the
growing stage of winter crops(vertical lineisstandard error).
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Fig. 2. Change of AMF spore density at soil during the
growing stage of summer crops (vertical line is standard
error).
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Fig. 3. AMF colonization rate in the root of summer crops
(vertical lineisstandard error).

AMF 2| AH-# Al(external hyphae) ZI0]  ZHEAA #3
of M 7FAE] A EE AE 1 gF ¥
AL ZolE Table 73 8o YERATE ASAES &
D3 B g Al o] RFAL Aol AE 1
g3 15~20 m BN, hx+(15 m g )Rt
(2096 m g')olth He(2071 m g)E ZHHHfL
Foll A =7 UebstH(Table 7). A 2HE Auf 5 o
e A 2 E Fordels Zul ol A
E 1 g9 26~29 m, & ATl AE 1 o
7~22 m FEOE WERF HE =4 L‘rE}Vh
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Table 7. Length of AMF external hyphae in the soil after
winter crop cultivation.

Trestments Hyphee length
m dry soil g*
Control T 1514
Control I 1535
Rye 2.096
Barley 2071
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Table 8. Length of AMF external hyphae in the soil after
summer cropscultivation.

Plot Hyphee length
m dry soil g*
Control T 1.128
sudangrass 2639
Control 1T soybean 1722
sudangrass 2.710
Rye
soybean 1.850
Barley sudangrass 2935
soybean 2.203
EQF = Glomalin &2k Eok 9 Glomalin—%

ELISAE °]§3l9 AF B3 4
FELE HAE 1 g9 057~167 m
hZF9] Control | Htute ZES ZHHH st 7A9-e
EZo| A Glomalin o] ¥ ASZ AT

B ARAANN HE 1 gD
=2 S HYoZA duk
ALHRE/AELES HE/FY
£33 A0 2 Ve Glomlain
]

4
EY BAE Agsn @il o] o fAH:E
Ae gARL HE FF olgol Ege T

AMFE Akl 93] AdHE 222 484 s
(Wright and Upadhyaya, 1996) ¥ut o}z AMF
@Al WA FAR Eorel B4 %, Ans o
Aol dgs F= EFE HIF dth(Degens et
al, 1996; Jastrow et al., 1998; Tisdall, 1991).
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summer crops(vertical lineisstandard error).
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