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Effects of inoculation with different ERM isolates on
photosynthesis and chlorophyll fluorescence parameter
of Rhododendron annae Franch. seedlings
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(1. College of Forest, Guizhou University, Guiyang, Guizhou 550025, China)
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Abstract: [Objective] Twelve ericoid mycorrhiza (ERM) fungal strain isolates were used to
inoculate 2-year-old ornamental Rhododendron annae Franch. sterile seedlings, plant growth,
chlorophyll, photosynthetic parameters and chlorophyll fluorescence parameters in plant
leaves were investigated. [Methods] Greenhouse pot experiments were conducted in this study
to test the effect of 12 ERM strains which were isolated from the roots of wild R. annae. [Re-
sults] The results revealed that the colonization ratio was notably higher. There were substan-
tial differences on the aboveground, underground part and total biomass index of inoculated
seedlings compared with those of uninoculated seedlings (P<0.01). Compared with the control
treatment, the chlorophyll a and b, total chlorophyll content, leaf net photosynthetic rate (P,),
stomatal conductance (G;) and transpiration rate (7;) were higher significantly, along with the
increase of intercellular CO, concentration (C;). Practical quantum yield (®PS II ) of inoculated
seedlings’ leaves were significantly higher than those of the uninoculated except strain TY 19,
TY24 and TY34; PSII electron transfer rate (ETR), PS [l maximum photochemical quantum
yield (F\/Fn), potential activity (F,/F,) and photochemical quenching (qP) were significantly
higher than those of the control plants. Non-photochemical quenching (NPQ) were higher as
well, and the difference was very significant except strain TY29. The correlation of ®PS Il and
P,, G were significantly greater than those of F\/Fy, qP and NPQ. The correlation of ETR
F/Fy, FJ/F, NPQ, P, and T, were greater than the qP and G,. The correlation of P, and G;
were greater than 7, but it had significant negative correlation with C; (P<0.01). [Conclusion]
Through inoculation treatment, photosynthetic parameters and chlorophyll fluorescence pa-
rameters in plant leaves were improved, and meanwhile the effective use of light were en-
hanced. Thus, there were significant increases in seedling biomass. As for the comprehensive
inoculation effects, TY18, TY29, TY35, TY02, TY07 and TY12 are the superior strains iso-

lates to cultivate R. annae mycorrhizal seedlings.

Keywords: Ericoid mycorrhiza, Gas exchange parameters, Chlorophyll fluorescence parameters,
Chlorophyll, Rhododendron annae Franch.
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(Ericoid mycorrhiza, ERM)X 5% 16 2548 9 5 IRk
ML IEE L R W R i A R
EE EZAEM, ERM T3 E A RN,
AKX ERM X FEAS AL GG AR B 52 e i DL AR 0
et #tB%(Rhododendron annae Franch.) A#tES4E
FEAL RS A6 R W SR, AT T S M i IR
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1.1 RIEA R

1.1.1 R E: R 12 T
I3 E H B AR RS R b . BATE KD rDNA
ITS X B [ PCR 4 3 AN 75 | 49 ki FH5 4 1TS1

(5'-TCCGTAGGTGAACCTGCGG-3') #l ITS4
(5'-TCCTCCGCTTATTGATATGC-3")"*, 4 it =
W2 T )5 (P G R o P 3k R AL 5% oA R
F)5E M)A & GenBank!Ef T BLAST [] i He Xt
W B AR SR PDA B3R5, BT 28 °C
FEIR LHR%(160 r/min)BEHEE 15 d, FTHEIH] AL
AR A

1.1.2 X EARREFER: {50 N LR =
AR K SRR 2 a AR SEAERR AR RS
Wi BRI ON T+, SR A E AR KGR X
BRI AEREARTT, A AR e ACREESS T, A7l
W, AR AR | AR, KT, B
1, TR PSR 45 pH (K) 4.75, AP
44.10 g/kg, A 1.54 g/kg, 4= 0.163 g/kg, Bt
A 268.52 mg/kg, AW 7.00 mg/kg, HALH
205.96 mg/kg,

1.2 #HRFAZE

1.2.1 R HASFERE. FiHERS
1x10° Pa 7875 KA 2 h, RS HIF4REE 80 °C 4t
2 ho MEFRGEAMLZFE 24 cmx16 cmx
20 cm), FAEASEIEIT 3 ke, TEABAE—RRBE
W B &) o FERP AL PR FH B DR 2R 58 e B ML I T,
RIS 13 AL B (S X E CK), FRABBE 30 4, 3 1K
HE . 4 AR AR MR TSR 0.1%
KMnO, W 2 h, SR)5HTCHE/KIEDE 3 )5 & T
ACFREA I LIR UL 10 min, DUZHARER B SR 0O
ML BoAR 3 d 5 Tgbk i AR A5 it A\ L PRV AR TR 77

De— KA, HLEDE 3 RS, U0 AbFE ™45 4
WE IR E D IX R —3 R a BEDLCE, 2
HRLE R T L

1.2.2 BEEG: HAHRENLE 5 BRATHTR R
It 30 HREL, BEHREE 8 mm A K I TRRIZ YL
W, RHmRERaOPROERDE, PHBERH
Komanik %5(1980) 7 7£1%: BeM—i% I —iyt—
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F£1 B4 EIREE rDNA-ITS 51 BLAST &2

Table 1 BLAST results of mycorrhizal rDNA internal transcribed spacer sequences of Rhododendron annae

itk FHSF R SRUARUTA GenBank 15575 FESVHIAE
Code Species of closest match GenBank accession No. of closest match Sequer((:l;) 1)dentley
TY02 Ascomycete sp. AJ279484 97
TYO7 Pochonia bulbillosa AB378554 99
TY12 Ascomycete sp. AJ279484 97
TY14 Helotiales sp. AB598096 94
TY18 - - -
TY19 Cryptosporiopsis ericae AB369417 98
TY21 Cryptosporiopsis ericae AB369417 99
TY24 Ascomycete sp. AJ279484 97
TY29 Trametes ochracea AB158314 99
TY34 Calluna vulgaris root associated fungus FM172846 99
TY35 Pochonia bulbillosa AB378554 99
TY41 Cryptosporiopsis ericae AB369417 99

TE: TY I8 RAEY K, ARME .

Note: TY 18 failed to amplify and is an unknown strain.

90
< 80 | F F
(2]
ERO t E B K DE . _li:_ ]
N c C M s A
= 50 } B
5 40 |
= 30 L
% a0 |
2
1[3<10-A
0 1 1 1 1 1 1 1 1 1 1 1 1 1

CK TY02 TY07 TYI2 TYI4 TYI8 TYI9 TY21 TY24 TY29 TY34 TY35 TY4l
Treatments
El 1 A [ ERM EFREMHE AR B M EIRRRE
Fig. 1 Mycorrhizal colonization rate in Rhododendron annae inoculated with different strains of ericoid mycorrhizae
TE: CK: ARIZRN. AR L3 AR RS 7B 3R 22 7 IS BB F K- (P<0.01). A

Note: CK: Non ericoid mycorrhiza fungi inoculation. Data with different capital letters are highly significantly different on the col-
umn top (P<0.01). The same below.
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Fig. 2 Mycorrhizal dependency in Rhododendron annae inoculated with different strains of ericoid mycorrhizae
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Fig.3 Effect of biomass in Rhododendron annae inoculated with different strains of ericoid mycorrhizae
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4 [ ERM EHRCEXHE RS R IT4R3R a 2RI
Fig. 4 Effect of inoculation with different ericoid mycorrhizal strains on chlorophyll a
content of Rhododendron annae leaves
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CK TY02 TYO07 TYI2 TY14 TYI8 TY19 TY21 TY24 TY29 TY34 TY35 TY4l
Treatment

5 A [FE ERM EHRACEXHEMHAEEEM FIHERE b 2 E8F M0
Fig.5 Effect of inoculation with different ericoid mycorrhizal strains on chlorophyll b
content of Rhododendron annae leaves
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6 A [E ERM E#RALIEF BRI LRSI R TR R S 2RI
Fig. 6 Effect of inoculation with different ericoid mycorrhizal strains on chlorophyll
content of Rhododendron annae leaves
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Fig. 7 Effect of inoculation with different ericoid mycorrhizal strains on chlorophyll a/b
content of Rhododendron annae leaves
7.00 1
Z 600 G
£ F F _g’_ =
S 500 E E [ E3 .
= e En D — C
= 400 | -
o
s 300 | AB B A B
2:”3 2.00
@ 1.00
0.00 1 1 1 1 1 1 1 1 1 1 1 1 1
CK TY02 TYO07 TYI12 TY14 TYI8 TY19 TY21 TY24 TY29 TY34 TY35 TY41
Treatment
E 8 [ ERM EHRALIEEX B A1EEA R if ot SR EAIF I
Fig. 8 Effect of inoculation with different ericoid mycorrhizal strains on net
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rate of Rhododendron annae leaves
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9 [ ERM EHFANIE XS BRI AL RERT B 7 B R B 220

Fig. 9 Effect of inoculation with different ericoid mycorrhizal strains on transpiration

TY24 TY29 TY34 TY35 TY41



WA - A A AE SIS TR AR L TR O BRI AL RS 2 DG 5 PERE S 4 R PO S BNR 1431

_ 50.00 G
@ EF DE F I
£ 4000 - > = ¢ DE B bE D
E 3000 A oA
G}
i 20.00
or
= 10.00
r

0.00
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10 A[E ERM EHRCIEXTHEH41ESH R SFLSE RIS
Fig. 10 Effect of inoculation with different ericoid mycorrhizal strains on stomatal
conductance of Rhododendron annae leaves
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Fig. 11 Effect of inoculation with different ericoid mycorrhizal strains on intercellular
CO,; concentration of Rhododendron annae leaves
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FEESH OPSIL. ETR. Fy/Fyn. FuF,. qP.
NPQ (15 M 5 W% 2.

B AL BB AR B OPS I ERERE TY19, TY24
FTY34 ARTXF AL, A il 3 s T X IR
(P<0.01). %1 OPS I, A AT E bR ik
R, R RN A TR AR BT £ i 1Y g
i, DM maes f a HLr g2,
PeFp TR m kAL RS L Ao oPS T, Ui

PR AR B B M 0 B SE PR Ab 2280, B e
JERICRERARABOR, A G R kPRt 7 2
A SR T o ISR B[R] B TR R XT DPS TT 500
EA—HER, OPSTIEMK, i 5 i3 Frot
ASFRCR I, FE TY35 B R A OPS I
R, X IR$E R 79.93%.

ETR HEW B0 PS 1L A FDERERVAE 1. A
] AR BRI AL RS L d i PSTT AR 13 i e
ETR #Hxf B e, H 2254 5.3 (P<0.01),

PSII (e K Froie F/Fo (H% TR
Yt R PSILEWDGREFARACR, © et PSII
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N HC P BLCREFEARAOR, RIS AR ) (4 P 7E B
FTOCHRES . BRI F (Y F/Fy Y0 T4 R,
BR TY21 1 TY34 SMHARTARE 5% IE 25 2 2%
(P<0.01); MIEKIEEER, TY35 AbFELE
Fu/F KK, XTSI T 56.88%; HIk N
TY18, HXFIRIEIN T 53.27%:; TY24 HEmaim R,
B, ORI T 39.73%,; HUE AR I {E e
5.64%20.00%2 8], #511) FylFo (E UL RRAR P 7]
REE I BT G REA Rt L T R T2 RE, AR
EDGE TR, JERE 21 ATP I NADPH,
St R SR T S RE R ALA R ] .

PSIIWTEIGTE Fu/F, ezt PSTIHL 1%
HENL. BRI R FJ/F, BREE TY21 A
TY34 Ah34m TR, MK IR B R R, Wtk
TY12. TY18. TY29. TY35 A, K g
7E 58.00%—83.99% [i](P<0.01).,

FEAL2A VK qP Sk T READ G A T B IR,

qP {EMR/ N B2 R 32K QA %k
P, (EACR UL AL IR PR R . JEafbai g
K NPQ [ Wt T A FERGE DL RE I Al
MR 2 AT DI, BRI R iR
qP B TRR, BREMETY19.TY21 . TY244h, H
B H RS X IR 25 5 B35 (P<0.01); BBE TY 354
Pnd R, ERTHRAY 3.31 4%, AR ARSI Aoy
AR K NPQ BRIE PR TY29 4, B wikkAL
FE NPQ 55 T X,
2.7 AR ERM BEFROIEHE AR B & 45
ESHRMREREEHHEXSH

M 3 A LIEH, OPSILS P,. G, BYFHCHE
KT FJFn. qP. NPQ., ETR 5 F/F,,. F,/F,.
NPQ. P,. T, JHHNERT qP. Go P55 G 1Y
MHXMRT T, 5 G RERAHX(P<0.01), Chla
5 ChLb A1 Chl.T =## & IEMX, 5 Chlab
e S 2 SR 5 (P<0.01),

&2 AFE ERM BRI BERT LRSS @I B IR R A S BRI EHREE)

Table 2 Effects of different strains isolates on the contents of chlorophy Il fluorescence

parameters in leaves of Rhododendron annae seedlings (x=+s)

TR TR WG PSR IOBihrE s -
ERET R FRETRR o PSINETEIRHE AR
k Actual photo- R Frem . : b (=22 .
hb i chemical effi- . . Potential activ- Photochemical Non-photochemi-
Treatment : Linear electron Ma)flmal P h(?to- ity of PS I orochemica cal quenching
cieney of PSIl  trangport rate  chemical efficiency (FJJF,) quenching (qP) (NPQ)
(OPSII) (ETR) of PSII (F\/F.) vieo
CK 0.294+0.03BC  17.343+1.57A 0.443+0.08A 1.274+0.38ABC  0.335+0.1A 0.620+0.06A

TYO02 0.308+0.01CD  38.242+1.61C 0.535+0.05BCD 1.293+0.24ABC  0.784+0.03BCD  0.725+0.06BC
TYO7 0.385+0.01F 47.708+2.78D 0.578+0.04CD 1.374+0.21ABC  0.813+0.03CD 0.833+0.03D
TY12 0.386+0.01F 46.650+2.97D 0.537+0.07BCD 2.344+0.23D 0.862+0.07D 0.849+0.03D
TY14 0.385+0.01F 35.817+2.22C 0.587+0.06CD 1.744+£0.61BCD  0.769+0.05BCD 0.710+0.06BC
TY18 0.387+0.01F 61.013+2.70F 0.679+0.05E 2.090+0.54D 0.831+£0.07CD 0.832+0.029D
TY19 0.250+0.01A 45.017+£2.76D 0.551+£0.04BCD 1.748+0.51BCD 0.760+0.04ABC  0.747+0.03C
TY21 0.310+£0.01CD  24.915+0.66B 0.519+0.03ABC 0.937+0.29A 0.755+0.01ABC  0.649+0.04AB
TY24 0.268+0.01AB  46.145+1.67D 0.619+0.04DE 2.282+0.212D 0.705+0.07AB 0.688+0.07ABC
TY29 0.344+0.00E 46.950+1.06D 0.580+0.06CD 2.013+0.33D 0.777+£0.07BCD  0.614+0.01A
TY34 0.248+0.04A 38.042+1.14C 0.468+0.04AB 1.341£0.32ABC  0.766+0.05BC 0.712+0.08BC
TY35 0.529+0.04G 57.228+2.02E 0.695+0.03E 1.850+0.42CD 1.109+0.08F 0.865+0.03D
TY41 0.337+0.02DE  34.708+4.88C 0.586+0.06CD 1.110+0.38AB 0.759+0.04B 0.649+0.04AB

FE: RS RIR S PR R 25 Sk Bk 2% KF-(P<0.01).
Note: Data with different capital letters are highly significantly different on the same column (P<0.01).

http://journals.im.ac.cn/wswxtbcn



1433

1576 S TR R I B X A S Al DG TR RE S S RO SRR

om

(10°0>d) 1uo1oyy1p Apuedyudis ATYSIH yy (S0°0>d) WAIOYIP APUBDYIUSIS 1y :ION
(MO0 ANE T MIETEZE sex (SOO>D AN IETILZE e 1L

000°T #x[€8°0— #xI¥80— %xS0L°0— 90S°0  #+9PL0—  #119°0—  %C09°0— #+EVL0—  %999°0— eV 0— L6V 0— 90L°0— ¢SS0—  9~UD
000°T  %x166°0  *xCVL'O Ir0—  +¥59°0 €S0 #x€69°0  xx¥SLO *£19°0 Y6T0  %xCO6L'0  xx8LL'0  %xL6L0 LT4D
000°T  *xII80 SIST0— #xSIL0 %0090 %x0€L'0  %x88L'0 %9690 09€°0  %x6LL°0  #x1T80  %x108°0 9D
000'T  %x0€8°0— xxLP80  %x988'0  #x6180  %x09L°0  %x9C6'0 *L9S°0 x*565°0  %x018°0 *LL9°0 YD
000°[ *£99°0—  #48€6'0—  xLLS0—  %L€9°0— %x918°0— £€5°0— 0TV 0—  *x0VL'0— 08C0— D
000°T  %%SLL'0  %x£0L°0 *S€9°0  #xS¥8°0 0sT0 SLEO 0SS0 %x669°0 D
000°T x6£9°0 *9LS°0  xx[€8°0 9440 Yovr'0  xx¥IL0 (4840 L
000°[ x5S0 *LC9°0  %x989°0  #xCCL'O0  #xI6L°0  %xSIL°0 'd
000'T  %x608°0 9Tr'0 I2S°0  *x€EL0 *L19°0 OdN
000°T 12940 PEE0 *C¥9°0 %895°0 db
000°T 0[S0 %%889°0 £€9C°0 A
000'T  %x608°0 *LL9°0 /At
000°[ I15°0 AL
000°T [ISdo
94/e 4D LT CULIe) YD ‘D D L 'd OdN db A R/t AL [[SdD®  sipwereq

SSUI[Paas avuup U0PUIPOPOYY JO SIALI Ul JuAU0) [[Aydoao[yd pue sidjoweled dNSLIdIIBILYD IIYIuAsojoyd jJo sisA[eue uonePII0) € dqeL

FWRLXBEESELHTRESTHSK H HEHHH €%

http://journals.im.ac.cn/wswxtbcn



1434 WA Y 24 Microbiol. China

2013, Vol.40, No.8

3 it

A AE PR WTRE A A R R M iR 55 1
FHRRR) MRV HTH AR 1 R R AR AL HE
Xt R4 6 A AR S i 2R (R4 2 i 22—
PSII B Ff£ 3% 4% ETR GEM 30 PS I A
JGRERIRE ST, MhrtAtRSIERNE AIE i A ETR (193
U0 I LA B P S AR R T 4 R G RE Y
e RIRFIER A Al S8 FJ/F, RS
ABIGE PRk R S AR P RS AR R LA 2 —
Fpaa A2, P R e T8 FoFn 5 FUFAR
FHA, 5 LIRE AL, Aoy
MraWl, Herpkrt RS AR ST ETR 5 PSTI A&
K Freim Fo/Fy. PSITBTE R T =0 Fu/F, B
B E IEAIE(P<0.01), K ETR 3404 R AT g
SEAERIHT F/Fn 5 FJF, 3G R . A
FAEH F/F, 733 A T3, i3 ETR
T REBIA RSB, A AT RESEAE Y 7E 52 21 S
b cn T8 e A N R, AR
YER RS TT AR LR,

ALK qP G IA R T4 OPS I
ARZSA PSTTHF B LA EH BT, & K s
B rpC T BB 3 LU B, R B 2 R
THED A FEs, REtE B Tekie
A 5 45 5 3 W AS [5) Bk it A+ B R AR 1 B A Bk
TY19., TY21 Fl TY24 4b, MFF Y qP &3 m TXF
R ARFERCTT LB A DG BE M BER, gt 2
Uk, PSTI AT LASE i 46 = A5 4 59 P ARFE T, T A
PSTT Myt R, MmidRsr PSRl
Yo 2 WG 22 ERE I 5 | S (R R85 3, 3 S
IR B P Bk BE L v R R AR,
FREEAR TY29 4b, M A NPQ HoxtFR i 4w, %
W] PSTI U AE SAFERBE JI 0, RBA A5 bk
SRR PS 1T 256 REXTHE A HL IR .
A CFERIE, ARG OREIRFZE], P 5

http://journals.im.ac.cn/wswxtbcn

NPQ il i FIEAASE, g B 7, H
JE PR AT B D ERE MIFE ML & A= T A8k, FL
PUHA R Tt — 2058, A58, qP 5 NPQ
R IEADE(P<0.01), JRIAATRES M4t R
HTTERRA o MR- RS A LR B RR IS I R

Xof R, SRR B s R W AR TR RO RE AN
SPCHRIFI, HERE ab 8K T4 IR -4
2 b IR T4 R a0 M4 b EIGE
2, T SO E T TR R R K T 20T REA
1y, XA, MRS — A S5 A B (A
DA E T, RIEX 5 EFEN
Rt 2, Bk, AR b sgm
AJHEE qP Al NPQ 3 JE 2 — . #XWra5PIHR
T SR AM B R HM R 4R ab &
Fim TR, A SCHIFRARR, AT
YT qP Fl NPQ sEMIAHE, X ] Be5 AN AE
PURE S iR P v 7 B AR L P IS BB AN ] DA T % D
B ORI 2A R E R AN A G

e AL RS ARSI B Poy To Gl 254
K, G BFMTXE Sl MXt:alrn, PS
G, WIEAISC B EYERT 1, Bk, 5 A P, 22
S H A — AR AR T G R R, <
FLAT A T BE A2k I S AR B OGS AR Bk [
FIPEHIR E 22— 8 G, TH e B R R AT B 2 AR
THRPIBR T TR ALIF P e 2 B N5
T KGR E B SRR W S 530, A F]
TR M, BT P 5 G
i, CHTE T 1%, PrUATEA b, SSLIRHIA
RFEOCAEN ETHR E FAEH . A5
Mrig%n, ®PS 1T A1 ETR 23515 P, 4% 3% IEAHC
(P<0.01), Hitt ®PSII Al ETR A48 AT GE 2[R
TP, AEALBRE A R IR A S N 2 —  — i
DU, MHERE SR, P, REESf RIS A
R Chla, Chlb Al ChLT 5 P, #% % FAHE



DR A A B A2 B AR L B X A BS 4l DL B PEBE S SR R IO SRR e

1435

(P<0.01), EPUET MERR GRS P, KM
— AN ESFLRRTFIR R o[RBT R TR B B AR X
M2 TTEk D AR 2SS, SE I R WeAE R A ERL Y
AR Lo P G TR T AR R R
FEAD R PRAL S AR AR OB B RIS LT,
Ja SRR 2 (1) CO, A ARk [ 2 I AR L

TR AR R AR R T R R O S
BIEIHT, TY35, TY18, TY29, TYI12, TY02,
TYO7 S5 RMRE R4 & T BRI AL BS 4 i A9
i SR RO SR . X 6 AN 1A
4 A 5 AN AP G AR LRI A P R
TR TY18 ARBELLXTH), AR E FEFpAIE— &
PR P [ BB A RS Al AR AR 3500 . B
PR B ik 2 5 X EI0 s e 1 SRR B 2
5, XU R PR B R 0 BE R SR
SUI o JRAE TN —2 1A it TY 18 175
FIAAR, WA SESE R RS P ITS X
BCRIR: FH AR M 3 3 I P VK B R (DG GE) ¥ L i
FimEgERY,

4 NG

HAXT R AL RS AT A B SRR SR N
Wi 2 o AP RAR LR T e R
B, RS PG REA AR B R N
27, dEmigsR TR ETERE, eAHR . BTG
HORFDEREFE (LROR, (2 T R ks 5%
FAY R R, SR M R A Y s s
ik, ZRIEMRA R . PR RN BN ek it
FERG A KNS R B AR — o AN [R) AR ol
PRARON 1 25 57, BRI B B AR Y T e AR A
B, NGEEHFROVRE, TY18. TY29. TY35.
TY02. TY12 Fl TYO7 S5 &45 A Hh A BY R AR B
T R AL TRIE
BUAt: AT R AR S RS AR BT L
AR LFHREE SRR T Y WAL,

=

=

(1]

(2]

(3]

(4]

(5]

(6]

[7]

(8]

[9]

[10]

[11]

% 3 #k

TEREE, PR, XU, 5. £ ek
AR &y B ol DA ASE R (AMD) L T 916 5 AR AIE
[J1. HPHH5E, 2008, 28(4): 452-457.

BRI S, 5 WIEK, BRPI, 2. Hh A T AR b X
CLMEAE K ROE AR 2 (0], Mol B2 iF 5,
2001, 14(5): 515-522.

BT, REG, [EF50E. HM AM HEN ER4)
B A K ROL B R AE A R [J]. A A R
2009, 33(4): 783-790.

AT, AR, DEME, & TR K
[ LW A (A R RPN 3 b= AU ) A B =5
2011, 31(5): 1303—-1311.

XIMG, FEAes, sk, . B RB(Emmenopterys
henryi) )y B AR PRI £ 2R S0 A [R] D  fY
WE R[], 2B AS2E4R, 2008, 28(11): 5656—5664.
BT, EEK, Wk, S Ko Ea AR
AR K AEOEH A PR AR AL KB 3
W [T]. Mol BF2#, 2004, 40(1): 168—172.

e, WITF, WAL, AE. VR RE AR
Ty B LT, O A R R R o A A B PR
RYIERI[I]. A= A&244R, 2002, 22(6): 901-910.

R, SN 6FR AN A TR B X 3R AL I 4 R
E i SR IOCS B T]. B ROl R
22 HIRPBIEER, 2010, 34(6): 9-12.

Cairney JWG, Meharg AA. Ericoid mycorrhiza: a
that harsh
conditions[J]. European Journal of Soil Science,
2003, 54(4): 735-740.

Cairney JWG, Sawyer NA, Sharples JM, et al.

Intraspecific variation in nitrogen source utilization

partnership exploits edaphic

by isolates of the ericoid mycorrhizal fungus
Hymenoscyphus ericae (Read) Korf and Kernan[J].
Soil Biology & Biochemistry, 2000, 32(1):
1319-1322.

Sokolovski SG, Meharg YA, Maathuis FIM. Calluna

http://journals.im.ac.cn/wswxtbcn



1436

WA

il #t Microbiol. China

2013, Vol.40, No.8

[12]

[13]

[14]

[15]
[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

vulgaris root cells show increased capacity for
amino acid uptake when colonized with the
mycorrhizal fungus Hymenoscyphus ericae[J]. New
Phytologist, 2002, 155(3): 525-530.

Diaz A, Green I, Benvenuto M, et al. Are ericoid
mycorrhizas a factor in the success of calluna
vulgaris heathland restoration?[J].

Ecology, 2006, 14(2): 187—-195.

KEK, BRE, TI7, % =z ERM HEE
Toft B8 BIF 58 R I B TR PR O B (0], B AR~ 4R,
2010, 26(2): 38—41.

White TJ, Bruns T, Lee S, et al. Amplification and

direct sequencing of fungal ribosomal RNA genes

Restoration

for phylogenetics, In PCR Protocols[M]. San Diego:

Aeademic Press, 1990: 315-322.

http://BLAST. ncbi. nlm. nih. gov/BLAST. cgi.
Komanik PP, Bryon WC, Schultz RC. Procedures
and equipment for staining large numbers of plant
root samples for endomycorrhizal assay[J]. Canadian
Journal of Microbiology, 1980, 26(4): 536—538.

S, ERE, BRP, S VE X AR K
i B LR RN ST ], MOl BH2ERFSE, 2000,
13(1): 8-14.

A MY A A S I R [M]. dE
U R AEHOE U, 1999: 134

WRFRT, SR, FBATE. DA TE AR B X A PR

1 e A G A B AR A 52 (0], PE B AE B A i,
2010(1): 131-135.

Maxwell K, Johnson GN. Chlorohpy II fluorescence:

A practical guide[J]. Journal of Experimental
Botany, 2000, 51(3): 659—668.

ARACHR, LA O B S A X VAR 4l i A K
A FHER R [I]. B MO R 2= 25 A AR
2£HR, 2004, 28(5): 27-31.

BHFLL, FE%E, (LR, 5. . Kkt
B M ZPOCRRE R LU ST (0], PHALA
i, 2006, 26(5): 983—988.

WKL GAERZCRIM]. L LigRl2EH AR
HRAE, 2002: 33.

http://journals.im.ac.cn/wswxtbcn

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34] X

SO, MRl AR ES YEXT TR e e A EH
kg R 5O S B[], W22k, 2001,
28(1): 41-46.

WRSr, e, EaOY. ST ROk s
YE I PE 9 i) B AFERL RO 52 M (1], AR AR S 2R 4R,
2002, 26(1): 77-82.

gL, XEPGF, 1. BB W XN 22 4 et
FRIOCSEM ] N E SR,

16(7): 1261-1264.
Carrasco RM, Rodriguez JS, Perez P. Changes in

2005,

chlorophy Il fluorescence during the course of

photoperiod and inresponse to drought in Casuarina
equisetifolia forst[J]. Photosynthetica, 2002, 40(3):
363—368.

Bader MR, Ruuska S, Nakano H. Electron flow to
oxygen in higher plants and algae: rates and control
of direct photoreduction (Mehler reaction) and
Bioloical 2000,

rubisco oxygenase[J]. Sciences,

1402: 1433-1445.

KOBEE, LEFCE. 8FpiE Rt i SRS Ry
fIE 1 23 22 98 SRR LU HC (3], AR AR 2R, 2006,
26(4): 1080—1087.

W EG . AP E B M. SESA. Jbat: m AR

& AL, 2006: 63.
Druge U, Schonbeck F. Effect of vesicular-

arbuscular mycorrhizal infection on transpiration,
of flax
usitatissimum L.) in relation to cytokin in levels[J].
Journal of Plant Physiology, 1992, 141(2): 40—48.

RS, RRGE, fREESC. RTE N E T AR AR
H M EREEGRRERZ W], WA ES R,
2010, 21(2): 470-475.

photosynthsis and growth (Linum

FER, BE, Kk, % HREFETEL
&0 A K B A RE B R R (1), dE 7 B s,
2009(12): 11-15.

KR4, RS 16 R AR T o B S K RS T
[D]. dbtmt: H EMO R 2= 0 52 B 1 2 6138 53,
2010: 21-22.



