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Abstract An experiment was conducted to analyze the effects of arbuscular mycorrhizal (AM) fungi on the growth of ginger
(Zingiber officinale Roscoe) under greenhouse conditions. Ginger plantlets were inoculated with 12 different AM species, and
the agronomic characters, the rate of colonization, infection intensity and arbuscular abundance were analyzed in every 30
days after inoculation. The results showed the ginger plantlets inoculated with AM fungi grew better than the ones without
AM fungi. The dominant strains of AM fungi were Acaulospora scrobiculata, Glomus reticulatum, Paraglomus occltum and
Glomus mosseae according to the growth simulation and infection in roots. It suggests that the inoculation of the four domi-
nant strains improved the growth, yield and quality, and further research is needed to develop dominant strains.

Keywords ginger (Zingiber officinale Roscoe); arbuscular mycorrhizal fungi; agronomic characters; infection rate;
dominant strains
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LA 1K, 90 % LA - 1 Fili A ) #0 RETE AR AR
S H AR S s 1 — R AR 2R A . AMF 5 HEY)
WRARILA ST, AEMER M Ak M B RAR [k
YWIX Z&, it AR TS B A A ) A BOR PR i ik
RIRGTFIK Gy, AR AR, Y
it S AT A 1081, AMF 7R W AR PR IE i 1Y
PE R 22 M4 RS, i Bty . &K+
TR L HETERXT AL A AR AR PR
HAESRG R R RA EEZE X, AR
W], MAECRAR FCTRRERE IR . el 4H7R 550
J5 A 5 I ( Cucumis sativus ) . #i4% ( Fragaria
ananassa ) . PHZLAli ( Lycopersicon esculentum ) |
M7 ( Citrus reticulata ) , Jli##( Olea europaea ) .
HIEH 5 ( Medicago truncatula ) . 7FJK ( Cucumis
melo) . E>K (Zea mays) . S48 % ( Solanum
tuberosum ) . #££ ( Musanana lour ) 2541 4 1 15
EREE, AR R0 H TSRS
A R A Y A0 E 1) AMF it 30 i,

RS ED R T L EHE A RRE
( Ralstonia solanacearum ) ‘52 Z35% ( Ginger
Wilt) FFEsE, 7 5 MR A 22 10 7= L T e
HRAEPIARCRA A, HSSBURZFRE |
BTG . R IR P2 RS T s Y i
Bl i VE N 255 B IR R E R A i 2 —, XA
B AT Rl ) R IR B A R B E L, —
BE2E AT A

MR, Az 2 AT AR TR A 9 R O SR A
X IR, AMF XAz 22 FEsb A iR R
HA —Em ., AMF B 38 A 2 kk s . RZE
T SRR, JF e S A 2 IR NP
K SoRM o i, e o bRl 2w
AMF 7] DA R0 R AT 220000 (R s 5 4 25, 0 22900
RS B ) VR FHISY AR Sl A 0 6 H 6 AR 22 A KA
#a L AMF R, FRITEONA: 22 K A i
YER, X gell Az = Ak IR R F &, ehoss
BEADS, SR TR Ak R A EE R X,
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1.1

AEZAGUEFERE CRFE B PN
TR M AR S )

W (O HA N 15em, HE N 12.5¢cm,
A RS A — i PR ) . 97 (Hogland ) |

T (PR Vh=1:1) .

AMF TR PR B ) P8 Al B2 Be i 2R W it 5
- R U RAE B e, AR TR PR A
SNFE 1R,

HEEMAREME: 5T), H 48,
TR

HEERAG AR SR (] RAE ¥
R TRBEARMR I L) | 30%id AfbE (R
Wi EoE b= AR AR ) L ZUK (BRI %
BEALIRFIA AT ) . vkam (iR e T
WA L SK (JR3E) . 50 mL B . UERM
BT BWHAE,

BT (R DGV BN SRR
W2z TR RA Y, B8 AMF £2F04k
HF, SN LT 10 Mg, AN 30 g/4,

4T 2017 4 6 HAE) PO BH# B i A4
W AR = T o

50%;P§

1
Tab. 1 Different species of AM fungi
Frs g L% A=
No Scientific name Strain number
1 Acaulospora rugosa FC-2-8
2 Claroideoglomus etunicatum FC-1-2
3 Acaulospora scrobiculata GZ-1
4 Claroideoglomus lamellosum YN-2-7
5 Diversispora toutuosa FS-1-74
6 Paraglomus occltum WM-2-76
7 Claroideoglomus etunicatum LC-58-1
8 Glomus versiforme GZ-10
9 Glomus reticulatum LC39-10
10 Paraglomus occltum BH-2-5
11 Redeckera fulvum YN-2-8
12 Rhizophagus intraradices E26-46

1.2

121 K& EBCERMERH: . K-Sl
PLUEFEMT 78 R, HZHRWREE. K
JE WA R AR VRS T R T, B
WikkAE 20, JFHEA 30 g/%h AMF 7). ELA#EME
R s AR PRSI JR8 K/ N—B0) R 2
R, BAZY U3 BRI Ak 2 bk
P, IR BB AR AT 4P AMF B
|, HARIFR RS AMF BRI, dkeireqfe
BEIAC KRR EA 34, PRUFEFRS A
FRAR . 22 BEHEN G T W% . [FR
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BRI AR (HFY % AMF (9K R R
R 309/75 ), B 3AES, 394,

B AR R T 25 CHEBBIEEEN, 2
g2, B LdiEsEK, BEE-RERE
122 AZHRZGRE AFAEF 90 d)5, #H17
AR ARE, REFFWT: HE I T4 13
RE, HTME AMF RYAER, 2510 AR N
B2z, WANEZ . W nsE, ITERER, X
AR AMF R YAR R IURE ST o SRAEAR ARSI
RUEREE . W M. MSYRE, ffEfMER
Rt R A B RSV TR R LS
(38 T 5 25 B KIS BEBOKR , BRI R T
50%iF A IRAr, S Egi's .
123 RAEFEQLEAZEFMNE HBRAEN
Yot FES I EL Ik, EARR YRR
E S TR ik
124 MERB Lz EHMEER 30 d B 1
W, 3R, FRREHMCFIER 3 KRG, VRS RE
PLEEBUEEAR 30 4%, B 1 om MRE:, H—@EREN,
FHER K Y 2108 s 58 SURE DI R AR AR AR e

SEFW 3 UCRAE, IRUCH: 4, KR
W, BRI, AR ARALEIEL 3 MRAIHT . R
PRI A 5. . SRR

A SLOGR PR A 22 R R K bk fE R
FHEB ok PEE, T 105 CAH 30 min J5 &

70 CHETF . FREE; KR SRR Bk
1.3

K F Excel # A4 H1 DPS G814k {2 %) 52 56 K 4t
AT, BRI R 95% (P<0.05) .

2.1 AMF

ANFE AMF TR A: 22 4R RAZ Y IB M an 2 2
FiR. GZ-10 MRAMNR 2(Z Y d i, HARYL R
BIE N 31%, Lk hy GZ-1, HARANE 2412 Y&y
SEEE N 22.5%, FRKCh LC39-10, FHARSME 24
SEEZYR 22%, MR N TR 2212 Y R HE A HT 1Y
3 GZ-10, GZ-1., LC39-10, H, GZ-10 RN
2R YR N 49% , GZ-1 M3 N 1 2212 YL R -
YIE N 35%, LC39-10 RN B 22 1= Y FF- 2 (H N
29%, WIFEIR YL AN BRI LC58, i gE T
Bz el 2.5%, HCH FS-1-74, HE#ERF
Wi %R 1%, FC-1-2. YN-2-7. GZ-10.
LC39-10. E26-46 "yl BlyfigEssty, sk 2
flin, XPREA] CK MR MELEIRINGE 22 . MV
YR BELER . MRINTE 22 . WRINF 2L . R
Je CK MR By gL e R I 1 B
2.2 AMF

O3 FAE ST L R AR R R R
AERRRE R B, SERIE 3. XA

2 AMF
Tab. 2 The infection in the roots of ginger with different AMF

%5 HRONG 22 MR 22 ok SEES R

No. Hyphae on root/% Nternal hyphae/% Vesicles/% The total AMF infection rate/%
FC-2-8 16.00+5.17¢ 21.00+8.76% 0.20+4.21 30.00+6.24%"
FC-1-2 9.60+5.68" 25.00+8.50% 0.00+0.00 31.50+5.78%
Gz-1 22.50+6.35" 35.00+7.07° 2.00+3.49 47.00%6.75°
YN-2-7 3.10+3.41° 2.60+4.20" 0.00+0.00 3.60+4.03!
FS-1-74 12.00+5.16° 18.50+8.18°f 1.00+2.11 27.00+4.83°
WM-2-76 13.00+4.83% 19.00+7.38%f 0.50+1.58 26.00+5.17%
LC58 10.50+4.71°f 14.00+7.00 2.50+4.25 21.50+3.379
GZz-10 31.00+5.68° 49.00+8.76" 0.00+0.00 55.00%5.27*
LC39-10 22.00+4.22° 29.00+7.38" 0.00+0.00 40.50+6.85°
BH-2-5 7.00+2.58" 8.00+4.22¢9" 0.60+1.58 11.00+2.11"
YN-2-8 16.00+5.17¢ 25.00+8.50% 0.70+1.57 33.00+4.83¢
E26-46 19.00+5.68" 22.50+7.17% 0.00+0.00 34.00+5.16°
CK 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00

T FSVERE ARG 5 HRR 25 8% (P<0.05)

Note: Different lowercase letters in the same column indicate significant difference (P<0.05).
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A: CK; B: AMF [HR4MNA2; C: AMF B9i0%; D: AWM IMH,
A: Micrograph of CK; B: Micrograph of hyphae on root; C: Micrograph of vesicles; D: Micrograph of DSE microsclerotia and hyphae.
1 AMF
Fig. 1 The infection of AM fungi in ginger roots
3 AMF
Tab. 3 The ginger plant height inoculated with different AM fungi
s ¥R Plant height 5 %X Leaf number
No. AN KA e vN R KA e VN
Seedling period  Tillering period  Tuber maturing period  Seedling stage  Tillering period Tuber maturing period
FC-2-8 27.83+3.62" 31.67+2.25% 36.70+2.18% 8.00+1.00% 10.67+1.15% 11.22+1.07%%
FC-1-2 30.83+4.54%¢ 35.4745.15%® 39.53+3.51%¢ 8.33+1.53% 10.67+2.52% 13.00+1.00%
Gz-1 32.17+2.93% 37.83+2.33* 44.70+1.80° 8.00+1.00%® 11.33+£1.53% 13.33%1.15%°
YN-2-7 30.17+2.75%¢ 36.17+2.57% 41.87+2.09%° 8.33+0.58% 11.67+1.55% 13.33+0.58%°
FS-1-74 32.83+3.75%® 37.27+3.14* 41.80+2.94%° 9.00+1.73* 12.00+2.00* 14.22+1.57*
WM-2-766 33.33+7.09% 37.33+8.08° 42.70+6.25%® 8.33+1.53% 11.67+1.53° 13.44+2.50%
LC58-@ 29.83+4.25%¢ 33.33+4.01%® 39.53+4.73%¢ 7.00+1.00%® 10.67+1.53%® 12.78+0.39%
GZ-10 28.67+3.55%° 33.33+4.04% 38.53+2.473¢ 7.33+1.53® 10.33+0.58% 12.56+0.51%
LC39-10 34.83+4.31° 38.50+5.072 43.52+4.93? 9.00+1.00? 11.67+1.55° 14.00+2.00?
BH-2-5 30.00+3.123¢ 34.00+3.61% 38.87+4.54%¢ 8.68+2.08% 10.67+2.08% 10.89+1.65%
YN-2-8 29.33+4.04%¢ 33.23%5.17% 38.53+4.73%¢ 7.67+1.15%® 10.67+2.08% 11.00+1.00%
E26-46 26.83+3.33" 31.87+2.90% 35.70+2.60° 8.68+2.08% 10.67+2.08% 10.89+1.65%
CK 24.33+£1.53¢ 28.67+2.57° 32.03+2.36¢ 6.67+0.58° 8.33+0.58° 9.56+0.51°
T RPERE ARG F RN 257 B3 (P<0.05) .
Note: Different lowercase letters in the same column indicate significant difference (P<0.05).
KA. RS R bR m A2 e, "] 4 AMF

DLEHL, i SRR AR A b PR R A 22 A K
LA 4 MEEA CK A& 25, By R4
Ab SRR R MR = 22 AR K, T A AL BRI RN AR
IR B E L LR, M CK M, i AMF
WA RSO bk . Hrh, Wbk Gz-1.
LC39-10, YN-2-7. WM-2-76, YN-2-7., FS-1-74
FC-1-2, LC58, GZ-10, BH-2-5, YN-2-8 X} #k &
B AR 3T

AR 90 d S, X H b T
& T R E S T A G s, A
M 4 fios . f1 CK AL, Jitifin AMF B 71 K84
REA RN AE 22 b 3oy 5 . b o> T
MZEHedE, Hi, Gz-1, FS-1-74, LC39-10,
WM-2-76. YN-2-7. FC-2-8 Xl |- B4 H 1y 44
IR R &I |, FS-1-74 .GZ-1.LC39-10 \WM-2-76
Xof Ml 553 T A B SR B B R, LC39-10,

Tab. 4 The ginger aboveground fresh biomass, overground
dry weight and tuber weight with inoculated of

different AM fungi
g Hb |- i b i
No Aboveground fresh Overground dry  Tuber weight for
) biomass weight ginger

FC-2-8 40.96+2.38%° 11.56+1.98%  44.94+9.96%
FC-1-2 39.39+7.732¢d 12.08+2.34bde  43,85+8.07%
Gz-1 47.65%2.20° 14.80+2.62% 52.06+10.25%
YN-2-7 41.09+6.69%° 11.87+2.67°%  42.38+8.43¢
FS-1-74 46.30+4.07% 15.93+2.31° 50.40+9.89%
WM-2-76  44.30+6.90%° 13.72+1.62%  49.16+16.023
LC58-@  37.40+6.78" 10.39+2.92¢¢ 34.12+10.49°
GZ-10 37.50+2.18° 10.02+2.03% 32.15+2.45%
LC39-10  45.75+6.92%° 13.92+2.47%¢ 57.64+4.93*
BH-2-5 36.46+9.96" 9.63+3.06° 34.11+5.94¢%
YN-2-8 38.86+5.26% 10.24+1.08%% 34.57+9.00%
E26-46 36.46+9.96" 9.63+3.06° 32.70+6.67%
CK 30.60+3.82¢ 8.71+0.72¢ 26.45+3.48°

I FAEUREARNG FhFRR2ZRBE (P<0.05)
Note: Different lowercase letters in the same column indicate
significant differences (P<0.05).
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AMF 7E HR A ) iz 504, [Al—F AMF #]
PAFUAR R 018 BRI i34 6 R, [Rl—Ffiy
R Al LA Z RPN [E 9 AMF JE il 3t 4= 56 2 1281
AR AME SR —FE Y B R BER AT, 16
FAHYA AMF Z A fF7E A B e rER . AMF FifE
T E RS, WHE BRI KR B AR
HEVEFE) AMF, T LIVE iz AE Y i R34 F0, A

RGP, 40V JCHE 44 25 ( Acaulospora scrobiculata ),

KR ER 2% (Glomus reticulatum ) , BEIEER %%
( Paraglomus occltum ) 3 fl AMF 1478 % 42 1F
THZMAER, TR EZERKMEEM. 5
— 1, T AMF SitiE ERYEA —E ke
PR, [Fl—FiE EHY, AFEY AMF BRYRS
A AR, Ho s AT RS 18 EAE Y AU R Y AMF
(R A TR, XS R ISR AMF, B
AF LR i 324 0 10 S AR AR X s P R
XF LG 12 RO [R] AMF FEAE R AR R IR G, FETY
BR#EFE (Glomus mosseae ) MR YLK i, Uil
% AMF FIEZRRMCERER R, MEREEA
AR E ARG, BOZ R R AT DR R LA Bk
MR 4E R, BT AT 12 DRI BB R Ye = 22
A, W RRZH Wbk S o B/ L 2B R,
H e J5 BeA R 2 o AR R A 2548 o 1B it
AMF J5 X Z e AR 38— VEH . Horp, MR
PR 3 o W1 I A O 34 TR AR O 40 1M1 R 9%
( Acaulospora scrobiculata ) , K Ik Bk 4¢ %
( Glomus reticulatum ) Fll2JE 8R4 5 ( Paraglomus
occltum) , 7E4:ZMRRM e FIA R R, H
R EN R 12 MBI s, (HISHEERTS
MEEVEER . ( Glomus mosseae ) F{fHtiat J Ak vl
HEEMANRR RS, HHRE . ERESA
KA R, VA bR R B S R e %,
R AR 2RI I N B A E . AR R,
AMF 515 B YIY A )5, 8 i e 28 s A
MRG58 B A W) 58 e AR BT 75 178 57
P18 AP0 B AR R BT 1A Ty Ok S
o, BT, EBABREFIET AMF XY B A A
PR RE I RE B 432 A [FIRHACEE 107 B8 P Bk 4 2
( Glomus mosseae ) Btk 5 Ak 2270 B AT & SR FPE

ARTSE N, Al fE R IE ORI 22, A fig
TEAR w5 LR 2R PUR BE 0 O T A4 — 2 B,
B HAE AR, HIORPE RO T 224 )R
Wt —B RIS . HARZMRARRA KL, RER
PO, W AR BB R o PR, R SR AR
R ZEAET XA LR A BT, JF B RAR AW
AERLBERS N T AR 227

4

it AMF 5, A2 bk R8s B3R o
T, b AR E | RS E AR T AREM AMF
X REZH , X HEANE AME b A= 22 B4 AR SR
4 JCHE 2 S ( Acaulospora scrobiculata ) , PR
R ( Glomus reticulatum ) , (& Bk % &
( Paraglomus occltum) A e MHE#E AMF, Xt b
AF AMF ERR YA AR R R Y5, EEVIER
P75 ( Glomus mosseae ) 13 KL HFh,
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