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Abstract: To overcome the soil infertility and poor crop output problem of karst region, we chose Funneliformis mosseae
(F.m) and Claroideoglomus etunicatum (C.e) as AMF inoculants and two types of soil in karst region as potted matrix,
the bacterial community diversity and growth of Foriunella margariia were investigated by PCR-DGGE ( denaturing gra-
dient gel electrophoresis) technique and other conventional approaches. The results were as follows: Comparing to no
AM fungi treatment, the colonization rate of root system of F. margarita such as F, m, v inoculated with either C.e or
F.m treatment increase significantly. No matter in either type of soil, C.e treatment are the highest. In addition, rhizos-
pheric soil enzyme activities including invertase, phosphatase, protease and urease with either C.e or F.m treatment in-
crease significantly. Among them, activities of protease and urease are the highest in lime soil (LS), and that of invert-
ase and phosphatase in acid soil ( AS) are higher than that in LS, the differences are significant with each other
(P<0.05). Either in AS or LS, the four kinds of soil enzyme activities with C.e are the highest. In terms of bacterial di-
versity, the bands number of bacterial DNA with AMF of DGGE profile enriched, and the index of richness (R) , diver-
sity (H) and evenness (E) with AMF are higher than no AMF treatment. No matter in either type of soil, value of R, H
and E with C.e are the highest. Additionally, based on the results of sequence analysis to DNA dominant bands of DGGE
profile, all dominant bacterial strains are phylogenetically closen to uncultured microbes, including Acidobacterium, Pro-
teus , Rhizobium and Actinomyce, the similarity of each is above 97%. Moreover, comparing to no AM fungi treatment,
biomass of Fortunella margarita inoculated with either C.e or F.m treatment increases significantly, C.e treatment are the
highest in AS. In conclusion, comparing to F.m, C.e represents better efficiency for F. margarita in karst region. AMF
can enhance activities of four rhizospheric soil enzyme, stimulated diversities of soil bacteria population. As the result,
plant biomass increase. It provides the information for improving growth of F. margarita by facilitating the conversion and
dynamics of nutrients such as C, N, P and others.

Key words: karst region, Fortunella margarita, arbuscular mycorrhizal fungi ( AMF ), soil enzyme, PCR-DGEE,
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TRl (Rutaceae ) 4% & ( Fortunella ) H 4R HEAR , 25 UL
2SRRI, 327 T PU RS B Rl 2 45 b, 78
TS X G A FAE R ) SRz —,
2016 4, FHIA B A AP A AU 1.25 77 hm? | 4F &
P 30.1 7 t, T AR i B A [ 2 B
K 21.2427C, (B T4 0T, B AR i 26 0
FEAR MR A RE AR UEH - AR BT, T S e el 46
T 327 Xz — B P R TR X, DS Z i AR
TE RGN FIIGE 5 T 3o 1 R T2 55 R R i 1 g 7
FEHS A AR AR o 3 b SR AR 30% . MR HTRE
M DX+ SRR B K ) 25, TR, ATTR &
it AR AE LAIE SR ™  (H 2 PRI > 2] T8 AN g T
TFEOEPHORA B GRIGTESE, 2013) o PRI, Ao
RROEAE AT = 7 — ER AT AR 2 —, ik
ok A NE B GE  H B A fE S A 1 A
FEAEE BORFEA W I8 TE 5 Y SR8 S BUh B0k
RERE B (BrdaldE, 2015), MABCRAR HB (Ar-

AMF 7€ [ 88 5 53 A2 7E , BB R e 46 R 24K
(>90%) Rl S MY R AR R, AMF 2570 5
i FAEY LA FAENE . IECRAR R AMF 515
SRR R IE B S AR AR BB T R 2 57
SRR IESE £ R T (MBS, 2013) ., AMF A JE
AT 22 I, W A ACHE 4 AR 2R X DA e 3] 1) + 4
T/INGER T, R A0 A TR 22 43 W6 1) - S8 i I e 1
R4 B AE 1 FN 3% Ak, HORR B 1 S 5 A P 1 T
B, A R AT B 37 53 38 22 (fF eI ) 2016) ,
5 DA Py OB 22 R (R LB A 2016) (B (Fh
S5, 2016) B (HREREN A, 2014) W
R, U 5 rp 5 9l [ i w4 ) 6k
PIMAS , BEAh , AME I8 A5 2 55 A8 ) X IR (2 e
,2012) HEE (MBS, 2015) FiiER
Pibk, b EHY A K EESFEH, BT A
AMF 5T 8 IR AR 5T , 0 4F R W 245 8
T AMF SR 32 5 300 sl s A s 57 (HA
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F4E, 20165 PRk sc 45, 2014) , 3% 0 4 38 il 1% 4
(K16 55, 2014)  fE SRR AE K (ORAL 1 4E
2013) e e (EREHESE, 2016) MAEBEE R
(TERZE4E ) 2016) %, SR, A CAE W I RE A= 5%
T, W PCR-DGGE ( Denaturing Gradient Gel Elec-
trophoresis ) AR, W5 S A FR B 1 S i A W) 2 RE Ak
Je R Rk A KX AMF 1 )37 g 412 38 #1470

DGGE R[ZZ P A F B8 Jg v vk, L 58 JHLIE: 76 #EL UK
B, TFASIRIRR SR ) DNA Hfife s 22 55 i, 278
ANTRIVR BE A AR R0 S5 A T A, DT 5% B8 AR BE I 1 1)
FALE I 2R TR H R B DNA 208, 3T
APt PR AT S AR 8 7 s A AR T AN A2 A0 381 e
IR, I EL AT ARSI R RIS S 1%
A, EA RIS SR ety T 5 S BLPELS, vl [R]Ast
M RAERE S B A, PCR-DGGE FARTZEM A Y75
SEATURAS B2 IR, EA R A YRR G
MFRAE AT Bz — (25, 2010) . A5
T AR T TR A B TP B AR 0 AR Fom B
C.e, I | PCR-DGGE 5§ J5 1% i 47 43§, LU 45 7
AMF XA [RIZE R - 398 v S A AR PR - Sl 176 P A 4
FETR S50 AR BB RRAE R R 52, SRy 0 335 7
HrREAE SR 0 = R R 30 g Ty B kL
FIFHZE B R e A A i N T i PR R 2 ARl

AR

1.1 ##4

P 4 4% 5 A ( Fortunella margarita) i —4F
Az BHPA 4 47 I 12 15 LK AME S 4 & ] 42 5
( Claroideoglomus etunicatum , fij 5 & C.e) FIEEPY
ENiBERE ( Funneliformis mosseae, 65 4 F.m) ,
W F AL 5t T AR ARRL 7 e AR W 8 37 5 B IR 5
MBS AREL B A BT IR (BGC) 7, b E A
AR T B 5 5 R 9 5 23 3 9 BGC-NMOLB Al
BGC-NMO3D, b5t i A AR 2 Be A 49 7 5 5%
PRI B AL

RITFETT AR A K T (RFR A K L, lime
soil BV LS) 1 iy 1 i R £R 20 3 (o] AR R 1
acid soil Rl AS), ¥R H MK 1 £ £ H
(110°53" E, 25°19' N) , -+ 3 A 3 fb M o il 52

Z WCE AT 5 IR FC AR VY B TR 5
AV ARG B A I (R 1)
1.2 iK% it

LY BEA BRIV L AN EE R AS-AM R 1 + R
VUSRS AS+F.m R L4 4R AS+
C.e ATK - AHETE LS-AM A7 5K 43 B8 76 45 A 4
G LS+F.m FA K 34 B W #5 LS+C.e 3L 6
AR AL R 10 ST, R R O A P AR
HANE) 43t 149 pm FLERAITE T, BEFD 128 3 ke
G308 A A R R K T S AR A (AR 28
em X 15 30 em X AR 18 em) |, EHUK F—F A K
RGP 14 4 1 05 B2 1 38 B BT )5, 4 AR R L AE
e R 200 mmol « L' ABT A= MR B3 ¥4 W 20 ~
30 s J5 B AR H, B 2 d %8 — 1K Hoagland # %
W, HAR A R

SEREHWIKE A K G 4T AMF #2250, 7E 4
T3 20 em AM4ZETF 2 4 | 50 I A6 4 I 42 0 A B 1) 45
W ARA Fom 8 C.e BUAREL 4 0145
FIREE I IR A A4 50 g, IR AT S4B AR
TPUJE X R A B A KR R TR A R L K B AR
AR, KRR EES, HMm)E, 81 d5%0.1
mol + L% Hoagland & F£& , #Fh 30 d J5#:4 0.5
mol + L' Hoagland & F ¥ . Fh 60 d J5 5 WA
FEFP T AL BE—AF  PESE & 1 mol + L% Hoagland
BRI, B A e a2 R
R R R S A G IR AR R SR 0 — B0k . B2 R 90 d
5, BB 7 d BURPIARAE 1 R, S FEBEHLER 5 7,
REAEI 30 Bt LA 1 &)y 4 A AR B, 8 A TS 6 AT 18
 FAA BE BB 08 b, AR 1 B I
0. ARBOEW, AL, il AR 3 g 60, 6 Bk
A TR AR 42 G A0 5 1 30% DL 1 IR SE MR B - 4
REHLE 3 & im/EE, KRB AR 2 eom R Z
+, 3 SOETEAE Z B4R 172 b7 4 s /NG
BU5~30 em R4 )2 4 73 5IHC100 g -4 /45, DU
IYRBORE, F—AbBRAY 3 RS REIRA N 1A
REHE, AR 3 ANEE AR B PIRC, B
B -4 C VKA P RAT
1.3 Fi%
1.3.1 Aikiz & L BEAMN T AMF #
YL ) 7 FI P AR AR M HMREE (2014) I IR R
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Table 1  Basic physical and chemical properties of the tested soil samples
- 2R A g A gl AL A BB A A
il f . pH TN AN TP AP TK AK SOM EC
w (g-kg') (mg-kg') (g-kg') (mg-kg') (g-kg') (mg-kg') (g-kg') (cmol-kg')
P+ AS  4.28 0.1 80.06 0.08 0.58 2.25 87 0.11 1.81
AKELS  6.93 0.14 56.57 0.07 1.89 1.42 99 0.91 17.91

WRZ R I (F, %) A= Y AR B TR AR 1= G4 5 B
(m,%) A2 YR BOIE 2 F 1 (v, %) % Trouvelot &
Kough (1986) Y77 k1155 ; W IR Wl | IR 15 | %% A i)
SE 43 ) B TR R A B R T R T A — 1k TR
e ORI (AR, 1986) , 4 H i
FHEAC R B =0 LBk (BRI 05, 2005)
1.3.2 244 FR L35 % DNA 93 Ae i3 LS g
FIERES A5 mL 0.1 mol - L' pH 8.0 BY R 2
GErh I VR B ER R Y 1 min, AW H B S
mg, E IR 15 min, BCE VKFE 30 min, I 125 plL
20% SDS #%3% 15 min, B0 I3 A 1.5 mL .08
Ty b 2 Wk, - E (1 1) g3
U, AR TR S A i, &R 2 h, B0 e
75% L BETEVETUE , 200 WL TE %5 fift B B BURE & 1Y
DNA, G H B T A = 1) DNA B A1 e 51
&alifh R 1.6% (w/v) BiRe M s vk kS
W, 2liAb 54 T R Z 800 W 1Y 16S tDNA KL
V3 IR R S, BES I F 511 F338GC
( 5'-CGCCCGCCGCGCGEGGCEEGCGEEELGGGE-
GCACGGGGGGCCTACGGGAGGCAGCAG-3'), T iiF
514 R518 (5'-ATTACCGCGGCTGCTGG-3") X +
R DNA JEF 5938

1.3.3 PCR = # % % & 4= L% JH Bio-Rad 2\ ]
Deode TM FE[RI A K R B Xt PCR F=W 4743 55,
K HH 8% 1 2R VA s ok Mg 26 i, 722 P ) vl 2 1R Ry
35%~75% ,110 V fEE LT il E T HLIKAE 60 “CH
UK 10 h, HLUKEEHRE HIAR A G4 €4, J Bio-Rad 24 H]
GS800 HAHI LB AA MR LA 4347 . HU DGGE i I+
T3 DNA Z&r e, #1755 — K PCR-DGGE, 4lifb)5
[, Takara PMD 18-T A% 45 M v b 1k, X TR

ERFHNEFR /AT (Shenzhen Huada Gene Research
Institute) AT,

JH Quantity One #4: % DGGE [ 1% DNA 4
W HEAT ZRE M 03, B0 B SR R A 2R Y 58
R B AT B AL, FHFRIERRSE (2011) AYJ7IEXT
A b B SR TR A R AR (R LS
BR(E) MZHEVERR B (H) . K DGGE &3 1 i
eIty A 2% FVRe 5 MR 4571 DNA 4fifl | 5g
B U, BT 4% 16S rDNA FF 4] Blast 2 ¥ 7E Gen-
Bank (http://www. ncbi.nlm. nih. gov/) %% 4 & E
FTF VAANE HexsF, 45 31 AT B8 R AE 1Y 40 B Fh s .
1.4 Fit oM

JH Excel 2013 F1 SPSS 20.0 #4748 114>
Bt 2R FHABH OB S A 22 46 30 1 AT 2 H LUK

2 EREA

21 AMF & BIRAERELEEENER
2% 2 A1, SRR R AP AL B AS-AM T LS-
AM FHLG AN Fl 13 53 il 45 Fh Fom 58 Ce /5,
SRR ARRPIE (F) MRB R YL REE (m) Fl
MRB B 4 5 (v) #R I 4R = (P<0.05), Hfh
C.e Ji, [l Ff -3 b SAFARPR F om F1 o {HHR 5 3 5
TH4ERD Fom ABE Hrp AS+C.e 20T F om Fl v 7E
PR AL B B, AR SR b B | 4 A 4 A [
flt AMF, F &5 AS+C.e > LS+C.e > LS+F.m >
AS+F.m, ULHATCIBfl Fl 3 C.e XFEAEAR R 1
RYLBETT L Fom 58, C.e SRR Km0 H M
T AR EEBRETE L, NRERMKE M MD &,
WA Fom 3802 Coe, A K 1 A K B 446 3 AR
R R P 78 d e ol D980 4 L e s ULy o )
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Table 2 Comparison of colonization rate among
root systems of Fortunella margarita inoculated

with two AMF in two types of karst soil

WREE  REgm R

> ¥ 53 ey -
BRsE MR T Rk
A Colonization  Colonization bund Mycorrhizal
Treatment frequency of  rate of root a ufn EII:CE dependent
root system segment sigr?;nt (MD, %)
O 0 7
(F %) (mow)
AS+F.m 46.67 d 15.57 d 14.04 a 19.91
AS+C.e 82.50 a 18.58 a 15.14 b 22.76
LS+F.m 63.33 ¢ 16.80 ¢ 12.73 ¢ 26.24
LS+C.e 72.50 b 17.89 b 12.59 ¢ 29.88

e 1. BYEL (acid soil, fii5 A AS) ;5 A KL (lime soil, i
GRHLS); BEPEWNEER (F.m); ELWRER (Ce),
2. [Al—5H84R %5 TR R (Duncan) B2 W25 75 25 707 45
WOANFNE FRER R AL PR 22 57 W3 (P<0.05), T,

Note: 1. AS is the abbreviation of acid soil; LS is the
abbreviation of lime soil; F.m and C.e are the abbreviation of Fun-
neliformis mosseae and Claroideoglomus etunicatum respectively.
2. Different small letters in each column represent significant differ-
ences of Duncan’s ANOVA analysis at 0.05 level (P<0.05). The

same below.

H SAERT Coe 19 MD Y75 T Fom, B Ce 54
AR R A RS, RN R AL B AS-AM
FLS-AM % F {HAR T 5% , i BB,
2.2 R"[E AMF %23t & #F R bR T 58 E A &2
H L 1T A, 5 AN AMF AR BAH LE 32
Flt AMF 4h B () 4 A7 AR B 1 3 b, BEBR TG (18 1.
a) JRYEBERREE (K 1:b) BB (Bl 1:c) M
(Bl 1.d) W2 EEE (P<0.05), WA 1:a,b
BTz, BRI A f0 T s i R R M i R HE A K
AR L TR AP g SRR Gle b3
R 7 ) T T DR T 9 X L RR P A B A
N AR R, 22 50k 1 K SE (P<0.05) , A K H)
JORTEE = TR v £ (W 1oe,d) ; PR 48 4
W5 R Coe A1 Fom J5, 545 H A A9 A 42
ALFEAH H A R DR T Y R L
Fli R Ce M B E ST F.om 0H, X5
MR G | 2 1 0 R 1 1) A8 Akt B A TR, U0 P 4 A

A AMF J5 i@ f 5 3 © N P S AL
fitg 15 VEBE o, O R BENE S G AN AT R Bl M Ce 5
SRR RILEEL BT SR,
2.3 AMF X &R bR T MR B R A &2 mm
231 2GR L E AR E BRI ® kA
oA mE 2.a ATAE RIS B B A Y
K DNA 7835 A58 e L vk I 522 B0 H 938 i 1 4507
Ui P R W 2 TR 21 B DNA 5238, 45 I B
R 0 (R AT 2 DR TR P = 398 A B TR 4R IR T
B, O Y+ S A ) B DNA glifb s, 78
R 8 1 2 A R, 75 51 OD,g, nm /0D, nm
K 1.75,0D,, nm /OD,,, nm 3% 2.42, 3% B fr 42
) DNA 20554, AT 2 Je 2L se i 2ok . K 2.
b 7R, &1 6 403 + 58 DNA %) PCR =¥ i B¢
KEEHILE 230 bp A2 47, HICH WA Y14 T
F DGGE 525,
2.3.2 & AGAR IR L3 a0 A AF % 69 DGGE B # 4 #7
M 3.a AT LLE A4 B 5> 25 Y DNA 57

BEARR, 5B WA R, 3568 AS [6) 4 2 4 47 AR br
TR T SR A AR A R AR E R
— GO, DCGE Kl LA — A 45 o —Fh 4
WA SMECH M Z | UL AN 2 R
Sy oo B SR Ir AR M A B RO,
B A v A AR SRR 25

M 3. a AT UL, Z57 1 /& AS-AM Fll AS+F.m
REFRAEAG Y, 450 4 & LS-AM F1 LS+F.m 134 4%
W, 2 6 JE T BRI A BEAY S A 45 AR 1
16 AS+F.m 5505 4 78 LS+F.m Ab B 5 #B75 5 | 130
ZH| Fom JE 2 R WA R £ 500 6
FEHF 9 FE4ERD Fom 5% Ce Jo 22 BEWRSE | 1 W42 Al
AMF (R0 2 40 B A/, 2k 9 A i 1)
HA 560 4570 3 J& AS+C.e IYHE VRS 40l
2.5 F1 10 & AS+F.m R A By 4545, 24 7 1 8
J& LS+C.e MURF SRS, 4545 11 J& LS+F.m (4§
SRS, 4407 2.3.5.7.8.10 11 2&4&F AMF &b
PHLS B 14 0 1), 2 WA 22 T b B8 S A2 32F T S AR B
YDA RIS I AR AN TR TS ZFE TR,

RIHERER,NREFE, AR+ 5 4
W B 32 B AMF 5 40 P8 4% 47 508 K /Db i P
HLS+C.e>AS+C.e>LS+F. m>AS+F. m>LS-AM >
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Fig. 1 Effects of AMF on rhizospheric soil enzyme activities of Fortunella margarita in two types of soil

AS-AM, X BLHA TGS fol F - e 43 5 HE D C.e
Fom J5, B R A RN, Cle ALY
YR F B Fom AR PR AN 2R AMF 2b P4 475 AR
B T SR TR F B B A 1 H (AR LG #h LS+Ce >
LS+F.m > AS+C.e > AS+F.m > LS-AM > AS-AM, —
PR OLS  H (BB R A0 oA BV 2 RE B 43
A Fom 5% Coe J&5, 4 A AR Br 1 18 20 187 2 4 1k 48
= WUE IS R R AR R R K R R
C.e AbBRAN RO e Fom LB E 3
N7k R 7Sl OB TR AN /b - G E B E 2 i
B0  BE (R BR 5 o AT D, 4% 22 b b BLJS 4 A7 AR PR
TR E TS, WA A L, Coe AbBRAY)
SAGRPRN G E (HHE Fom B E,

¥ DGGE &3 I 1) DNA &7 alifk v p il
JP 5L 4, LRI #E GenBank 13K F
(R 1 45 v I Bl ORE 3 40 . T 4 A 454 19 DNA

JFHN K /NFE 169 ~ 195 bp v [l A, B8 5L 4500, fr DA
Higs s A s imAke e s M, &4 %
W, TCIeTE R ME L o 1 K 4% A Coe A0HR, 5315
7 5B R A R AR S 99% s 7E R
Pish A Fom AR BR S 2010 11 5 ER T
W8 B IE AT R AR TR AR PR I 99% ; 4%
W 6 5 BT B A LTE 100% , HA4y 6 A &4 r
FAF A TR R 5 50 B B T R R4S 2l 8 R R
A B FERMR 2 [0 A7 7E 97% ~99% WAL, bk
SERRH] R AMF J5 , 5N R AR BEAE L, £ A
MR PR 8 vh A A] 55 55 40 B 40 R I | S T AT R
J& AR T MR R A R A A A A TR A R 2
A i g B SR B A BE
2.4 AMF X £ @K EKNF T

S AL A RN Fom Al Cee J5, S WA RR
AW BT E) WS AR AR 3
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M 1 2 3 4 5 6

. oa. T S DNA; b, TUE4HTE 16S tDNA PCR 473 - Bf . M. DNA #%ic; 1. AS-AM; 2. [S-AM;
3. AS+C.e; 4. LS+C.e; 5. AS+F.m; 6. LS+F.m, F[d],
Note: a. Total counmunity DNA extracted from rhizospheric soil; b. Profile of agarose gel electrophoresis of PCR amplified fragments of 16S rDNA
from rhizospheric soil bacteria. M. Standards for lambda DNA/Hind+EcoRI marker; 1. No AMF treatment in acid soil; 2. No AMF treatment
in lime soil; 3. F. margarita inoculated with C. e in acid soil; 4. F. margarita inoculated with C. e in lime soil; 5. F. margarita

inoculated with F. m in acid soil; 6. F. margarita inoculated with F. m in lime soil. The same below.

B2 AU Bl B M v Uk [ 1

Fig. 2 Profile of agarose gel electrophoresis of Fortunellata margari
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Table 3

bacterial communities in rhizospheric soil of

Index of richness, diversity and evenness of

Fortunella margarita

N i CEL

Treatment b.hannon-Wlener Richness Evenness
index (H, %) (R, %) (E, %)

AS-AM 2.539 15 0.938
AS+C.e 3.313 30 0.986
AS+F.m 3.082 23 0.983
LS-AM 2.784 20 0.929
LS+C.e 3.418 31 0.995
LS+F.m 3.324 29 0.987

i AS+C.e > AS+F.m > [S+C.e > LS+F.m > AS-AM >
LS-AM, 22 533K W25 K F s Nt tk s ok & L bR T
AR A LS+F.m AbPRAY PR & 22 R T LS-AM Ab 3
Hb AR AL PR E] 22 578 1 3 (P<0.05)

3 w54

ARBFFEH Ay B4R Fom 5% C.e J5, & A0 3 4
VAR AR Fom Ao {554 5 Fp b B L 24 0 2% 42
o VLBAIERD AMF J5 245 AR R B AR YL R4 5
Rtk 420 Coe A PR TRAR (R YR I , 4 K+ 3%
Pl Coe AbFRYR 2, 3828 R 52 i) P AR 4= R (1Y)
R E  KIFHRE (2016) BFFE LRI, 4K+
AMF BT HR Coe, AR LRGN  BINELE,

* 4 WFFY5H GenBank RBIUFFIHLEITER

Table 4  Alignment results between the sequencing sequences and the most similar sequences in GenBank

band > y sequence ccession number (%)
1 Uncultured bacterium gene for 16S rRNA, partial sequence, clone AB821068.1 99
2 Uncultured Acidobacteria bacterium clone 7_13_112111Lib7 KJ650783.1 100
3 Unidentified bacterium strain PCS2 16S ribosomal RNA gene, partial sequence KX984046.1 100
4 Uncultured bacterium clone AAO77B 168 ribosomal RNA gene, partial sequence KU177037.1 100
5 Uncultured bacterium clone BB2_8F_f10 16S ribosomal RNA gene KC711270.1 99
6 Citrobacter europaeus genomic DNA containing 16S region LT615140.1 100
7 Uncultured actinobacterium clone NLS2.9 16S ribosomal RNA gene HQ397134.1 100
8 Uncultured Acidobacteria bacterium clone SEG_08_643 HQ729863.1 97
9 Uncultured bacterium clone AF-1 16S ribosomal RNA gene, partial sequence KX242395.1 99
10 Uncultured gamma proteobacterium clone LHCHWD132 16S ribosomal RNA gene, partial sequence GU016233.1 100
11 Uncultured Reyranella sp. clone PM6_4.4-06 16S ribosomal RNA gene, partial sequence JQ177500.1 99

BRI FLFAER) AMF(FIn C.e) A K, B C.e
TE I AE o, R R YE R R E A, T Fom
J& TG A A R B A, X R 3 O T o i v
BT (KRR, 1994) , AW, F.m 5L Coe #§
RE SR X AE K S LA R, T4
AREWERG, 755 AMF 33 B H il o £ 14 3%

SRR AY, BIF DL 4 4% 6 AMF 9 B AR AR A M w8 Tf
FIXF F.om | C.e 5 447 19 3 1 7 5 6, 5038 N %
W b DX RR IR AR BT AMF 51 g ST A A
KREA—E ML, X 5B 5(2015) B4
FEASHRL, TS5 XRER A (2016) 42 HAHEL T Ce,
F.m SHASRPRBCR T, Fom SRR, 4808
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Table 5 Effects of AMF on plant biomasses and

heights of Fortunella margarita in two types of soil

Ilﬂtjei Pla%%iass Plaftklllﬁ;ight

(g - plant™) (em - plant™)
AS-AM 36.1e 57.3ab
AS+F.m 47.2b 61.7ab
AS+C.e 49.6a 63.5ab
LS-AM 35f 56.8b
LS+F.m 44.1d 68.3a
LS+C.e 46.8¢ 63ab

TAE(2014) 21 G.v HRR PR R, F.m &4
FRALNES IR A, EH NN, T AMF 51
B A A 56 R A, AR L 0 b T FH A A
JEARTE], A SR EEAS ], 350 4 B[R], AN (5] B
XA TR R A7 A0 A A5 A 0, O TR R 3 1Y) 3 4 5 3
SLER AR 25 S T ARG L BRSO, A RE A
HIE#R R E5 S

- SRl TR VR T A A ) R P AR B 53
Wy HLIE P v A S e - Y 25 A R B e SR
IYEALARIE (224, 2016) . 16— E 0, H
TGP, b b 3R o0 e Al R A R T A
YA s TREWE g 3% P 6 3 - b S A R
Jo e EAE ), A S T e D HC R Bl AR
i, FLE M AT ZRAE 4 AR Wy 24 06 PR R B T il
TG PR R 55 BE S e 4 0 IR AR 0 fE ) | BV AR RN
HE I KSE (PMVILLLSE, 2016) ;SR EHIES S +
BAISFEOKME @R R SR R H S
TIEADLS B LA BE R B B e LA
BLBEIE G W10 o0 e 5 AL B oA A 3k, i)
PRAE TR (RRIEAE, 2016)  AHFSE 5 Bl 4%
Fl Fom % C.e, 447 AR Br 1 49 0 2 6, 65 40 il L
Bl R RS PES R S X SRR AE (2013) \E
PRAAE (2016) IS5 AL, C.e AL FEXT 1 8wk
PR It | PRt | DK 1 | 2 1B A 1S R LG Fom A BR T
K, MERERRYE C.e FF I H5R, X PUF i+
9 v f R L, T P mT A R AR PR A M R 4y
R B R bR 38 4 7 I oK e AR ik 7g 32

AR XT 5% 43 (R WAL

A R A S R B A AR R U AR A
Z— LR 450 72 A0 e Uk b S e il AR
Z G 5T A BB (Zhong, 2004) , 134
B o A W B T0% ~90% , i 18 b IR T
BRITIEY . WESE 44 401 B AR B A 558 40 TR 2500 1Y
A Ak, AT e A S (g R S RN AR B L AT
o, SRR AL FRAR L, B A AMF A0 B Y 4 AR
B A A P FP A 22 R, RIRATE =R 2R
FEEC R H A1 E (HIJ L AMF Zb ¥ T AR B |
CelbHYET F.m b, X5 Ce 58RRA
SER B SR AH PR N, 3l 3L AMF B AR A AR b TR 22
W, ] st P 4 B b SR O3 O 0 ik X T i T B SR
JCE PR 2 M A0 B TR BRI A ) a3
s LA E SR T RGN (A TLILEE, 2010) , AHF
FHPHEF AMF )5, 2P RREF W8 (Acidobacteri-
um) , % J& ( Proteus ) ., 1R J& &
( Rhizobium ) UL J& (Actinomyce) NG
RIS 2, AT RE R 2 W IS S i AR &R 20 WA A
TR R 4 A R AR 2R 2 0 W o i AR B 4
TR B, B S AR s 4 TR AT s ofe i A A AR AR
1, 3R] LA 45 A7 A AR 1Y A ) W R e Y SR
ZERATRNUESS

AHEFE Y, R AME 6842 2F 1 S AR bR g ( FF
MR | 21 B8 1R it | D I, 2 () T PR AN R AR VR
ZAEPE R 3 I, T L A A A A KA B
fEik 2 Coe Ml Fom JE W &G A Y &5 AR
AR FEAR EE G A OF LR YE £ R Cle 0B
A R, X S AEMEAE (2015) 421 Fom
G.v Bl A BRI E AMF, X E K A9 4 BRIGEA
B EREEAER, Coe WITE B 52 W ) 458 AR, W]
BESE BOK IR R & 36, i b G 23k £ 498 0 o e e
K, MA R H SR ARG RED, LR
A, Wi EITRE R T, Ce HIEH S &
VA S AR P o SEN (T LB o = NE 8 5N

L5 AR ARG AR 8 e 1 R B (£ K
T FRYE L) o BHEF C.e 8 Fom 5, &G R PR
TIERE MR YR AL B R =, C.e 54
AR 2R 25 T S5 ok 5 RE W I | IV M W R Il L D T 2
PG 1 EE AN 22 P Ak B 00 S5 8 o, A R TR VR 2 A
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C.e AbFRILL Fom AR5, e 23R I Ry Jo i AT b 4
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