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Abstract; BIOLOG Metabolic Fingerprinting was adopted to study microbial communities in Pinus tabulaeformis
mycorthizosphere under two different ecological conditions of Shangnan in South Shaanxi and Ansai in North Shaanxi. The
results revealed that the microbes in P. tabulaeformis mycorrhizosphere were more liable to utilize such carbon sources as

carbohydrates and amino acids in Ansai and Shangnan, and the number and activity of metabolic carbon sources for the
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microbes in P. tabulaeformis mycorrhizosphere were higher in Shangnan than in Ansai, and that the average well color
development (AWCD) of microbes in the metabolism of same kinds of carbon sources in Shangnan sample was more than
two times as much as that in Ansai. The dominant microbe species in P. tabulaeformis mycorrhizosphere in Ansai were the
ones that metabolized amino acids. In contrast, the dominant microbe species in Shangnan sample were the ones that
metabolized carbohydrates. The microbial community diversity indices and principal component analyses demonstrated that
the significant difference between two samples mainly depended on carbohydrate-dominated carbon sources and secondarily
on carboxylic acids and amino acids as the last. AWCD of microbial communities from Shangnan sample was significantly
higher than that in Ansai (P <0.01). The quantity of the bacteria was significantly higher in Shangnan compared to in
Ansai (P <0.05). The Shannon and the richness indices of the microbial community in samples from two places were
significantly different (P <0.01). There was no significant difference observed between the infection rates but extremely
significant difference between the ectomycorrhizal biomasses in the two samples (P <0.01). Correlation analysis showed
that the ectomycorrhizal biomasses were positively related to the Shannon index (P <0.05), (AWCD) (P <0.01), and
richness index (P <0.01). The activity, community size and diversity of microbes in P. tabulaeformis mycorthizosphere
were higher in warm, humid hilly regions of Shangnan than in Ansai, and the microbial communities in P. tabulaeformis

mycorrhizosphere were more stable in dry region of the Loess Plateau in Ansai than in Shangnan.

Key Words: Pinus tabulaeformis; mycorrhizosphere; ectomycorrhizal biomass; soil microbial community

AR (Pinus tabulaeformis) W] 5 ZF/MEER EEERER, W T2 708 BN ER, R TRE¥TRXSE
B, BRI, DR AA B AR AR PRI MR 78 20 R P 46 s TR R LR A R AR AR B A 0 i+ EL A AR
WISEKAEEE L, BIOLOG Rl & — il WAk W B — BRI A AR B , B T A MR A K 1Y
H: F 55 B8 ( Community Level Physiological Profiles, CLPPs) DA K 3 iR ik 2k W 5 %% Sh BB 2 Rtk Bt e,
Garland A Mills B YORERCRI T 5 01 FE T 380k IR BT ™ UG O S 7E B AR IR L KR AR [
PERRUR IR 1B BUE RS R Z TR E T SR EEMIEM . Grayston #5732 A [F# R Xt
TR REE A R . Selmants 232 B BIOLOG ECO ARBESTIA o [ A b 3£ E 774 ( Alnus rubra) BE
BB+ A W RE U AR, Grayston 1 Prescott 3 i ft4: YIEVE /K V19 4= B4R BT ( CLPPs ) BF5Y T HF
B WA 4 FMOR 3 I SR, S AT PER FaRER R BLAESRE L
BEYIREE , YOI RATER B YRE SRS T A TR, BAREEA A T8E B MAE
YIRS FIZhEE . (ERRT MBI WREE R BT ST A0 AR IE , 43R A BIOLOG R BT A ]
A T AR BRI PRk YRR 2, R R - TR Y- MY B ARV BLR AL EIA AR YR
1 HEE5FZE
1.1 AR5

SRAEHL 53 I BREA Ry FE RO Bk AL Z B P ERE B K LRI SEEvh, BREREREBRE, Ra
110°25', 464 33°15' , 33K 620 ~650 m, BAL I P IR IR IR I NS 45, 4E 4 RE R & 900 ~ 1200 mm, £
BRI 13 C, AT)EEREX , AR R 12 X B MR i P v s BRAb 22 22 B h ERME Bk RS 2 muh 4K
PR, A% 109°16", Jb45 36°46" , MR 8. 27 km’ , ¥R 1010 ~ 1431 m, BB 1T RS, F 1M
& S549. 1 mm, ZEHET ~9 Ay, FHYRIES. 8 Co MBI BRI, M, EZAH M (Pinus
tabulaeformis) \Ji|# ( Robinia pseucdoacacia) \F75&( Caragana microphylla) %

1.2 HaRE

TERREEAIPRAL 22 4E AR JHAREIAR, SR 4R O ~20 cm FREGHIRFIIRFR 4, B ACHRE UL IR 5 BRW , F R
6 3 ANBURE AR BN 1S R SR A, AR 3 NEE  BREARE W LK L ESY Y RE, BRE
PHEMER BT, BUBCTA AR R, 2080 2 47, Hb — R R R U5 R AR 18 R D AR-BE IR - L B2
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(FAA) B RE R /MR , T ERRILRNE ; AR ATE A RATHE . HRTHRAML
WL T B HRPREREIAA 1 min, R BT RN RNE, BTN, FELRE,
4 CLRAF#ZM . REET 2006 4F 11 AHEFT, ML TEBEARIREK 1,

F1 mALMEHNTRESRR

Table 1 The area conditions of Pinus tabulaeformis and basic parameter of soils

b BR WE Btz B o3 138 pH TEEKE
Plots Elevation(m) Slope(°) Diameter( cm) Soil types Soil pH Water content (% )
SNP 635 15 ~20 15.6 wa+ 6.70 10.3
ASP 1221 25 ~28 14.5 BwHL 8.01 5.7

+ SNP: FEaihi#s, ASP: L&, T * SNP: Shangnan Pinus tabulaeformis, ASP: Ansai Pinus tabulaeformis, the same below

1.3 SEWT5Ek
1.3.1 3 pH FIE/KENE

Fi PHS-3B Z2Ufg 4% pH € 3% pH EH (K 114 5:1) o FRER 10. Og Fré HIBBM AR ES , 72 105 CT
REEE,FRE, HELESKED ., (F1)

1.3.2 HWiRFEERENAYENE

R EREBK 0.5 ~1.0 cm KRB, %A Phillips 1 Hayman 4t 53", OLYMPUS BX51/BX52
FHBHMBENEEREWHEFNEERERYRE, RATERFBEER(n’) SMEERE &R RIMEER
YR (gom ™),

1.3.3 HEEENE

KRR FAHE I E AR, MR 2 R E- B AR,
1.3.4  UEYIREE K P A R (CLPPs) il

(1) BRAR bR 1Y B R

RABARAA B 2 AR LR AR Y AR R iR, B AL B B BT IR S50 B BARARAR , 1% 3
NEE,ALEGEFHERER, 2 NER, MARKE 90 ml 0.85% NaCl THBR =M P, BKKRG
(200 r-min™")30 min, J 775 30 B AR 2 W0 A0 BF RO Sk 0B IR, SR A 10 R RRRIE, FH 0. 85% NaCl JLEE VA M
BHBBRZEREN 107,

(2) Z )R YyMEEK N (ELISA)

TEBEEI/ES L, MR FR T ECO #FER (ECO MicroPlate, 3&[E Matrix Technologies Corporation
A7) o, 1L 150 wl, KRR ECO R AR CMHMRPE T (25 +1) C T R ; ZE S35 240 h, HA1H]
4% 12 h f ELISA [ i FAREESES7E 590 nm A%k 1 3K,

1.4 ¥Eabs
1.4.1 RSB @A Z Y ( Average Well-Color Development, AWCD ) il 5 + 3554 Y1 F) FH B —BR IR Y
RES1. AWCD HTHE AR

AWCD = Y (C,-R)/31
A, C oA RMALTE 590 nm T HIGEE(E ;R O ECO Xt fRfL Al BB EE(E; €, - R /D TERAL, TR P
ENE,B:C, - R = 0" SR BRIE R D FLA B Ak R AWCD, = C, - R, RIHESE R+ 9 AWCD i
3 RERFHIH,
1.4.2 F£¥% Shannon $8%(( H)

H=-YP, xhp,

KH,P; = (C;-R) / Z(C; -R) , FARBREILS XL Al Bt BREZ 2 5BREZ M E,
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1.4.3 BEEEFIH(S)

FIBRIE AR FL A (AWCD >0.2 MR FEBFLBIE BRI , AL B W RML) s B e

BIOLOG BB BB B8 J S 3O S RE MRS B U 1O 2+ SRR W B R BRI R B .5, Bl
BeLREH, ARSRRFG BIOLOG BUTHIESE 96 h HI%R , e HEATRRAE MRS S AEME AT o BUHRRH Excel
(V2003) .SAS(V8. 1) f1 SPSS(V12. 0) ¥ M-HAF58 T4 .
2 BRENH
2.1 ELISA R EiEZF{FR(AWCD)

THIGEAALH (AWCD ) 5 B+ SR Wi IV
Ve S Bt R Y B — AR AR, MR 1 T
F i, SNP F1 ASP + HEBUE WIRE ) AWCD FE%AN I8
FtBH AT BER, AR AWCD 7 24 h ZHifR
/N BEBRZE 24 b 2 B BRIE AR R 3835 24 h S
AWCD HBRT B0 37 4k, 2Bt O U R R K U
Fi, B SNP 9 AWCD 2RI M@, KB RR K, % I —
0. 15, i FLAE A B I B A2 K T ASP, ASP M5 T itmen
AR EIB KRN 0. 08,
2.2 SNP 1 ASP B bRk 4y Ak BB AR S Bl ATAEPaReRE
ijaﬁ ﬁ' ﬁ Fig.1 AWCD of two treatments

R Wy TR S R BRI T B A B R B X% BIOLOG RS Sc I3, W 3555 96 h B ASP
SNP BEARAR BRI WI%d 31 Fi S—BRIRAG FRIBHAE ) (AWCD,f8) , 78 BB WIREws BHE SO (B 2) o M 2
LA H SNP AR IR BUE YrSt 31 FRBRIRBOR FIAR ST KT ASP, RBI7E SNP ARl 40l AWCD, >
1.0 BIBRUEA 13 Fh ORI S Fh, SURRRK 3 7, AR 2 7, ZHWIK 2 B, BB AW 1 F) & BBIEEE
42% T ASP FUA 3 R LEERAZK 2 F MK 1 ) , o BBRURBIN 9. 7% ; ARG LCH AWCD, >1.5 HyBRIE SNP
A Tk, ASP R L-K{ILBHE 1 ##(AWCD, 4 1.56) , #8227 £5; RIHTE SRS+ AWCD, =2. 0 BkJR SNP
3, 481 N-Z-D BB, D-4F 4 — I L-22 8, B0 N-ZB-D A 2580 AWCD, Bk, W 2.39, T
ASP % 0, SNP A1 ASP BRUEFRIFI IR THAE L 5 B RUBRIE W 27 F (B 2) o XFRIKBRIREO LSS, SNP Wit F
ASP = BR7EEE25CiEf SNP 1 ASP E‘J,E\AWCD,.QE,IJ)@ 9.5 f13.2,SNP 2 ASP 19 2.97 &, & B2l SNP

—_ —_ o
1= n =
T T 1

P BEENE AWCD
e
T

(=7

2.5 W ASP B SNP ko
Hok ok e
5 * ok ok z H
fp{ 201 H * %k
> * H
2 ok &
%wlS— H ok * ®kk N
R H i 2% % H
ﬂg *35 k * sk H * *
B3 10
= *
= *3  HEBW HE
05 * o * HEEE HH.
o * * HEEHEH HH =
ey *HA H * HEHHEHE#E H *
0 H B 9H -0 -H - 0 i e TT BB B oF] Dol - -H B DR F e

4G4H4 C1 D1 E1F1 C3D3 G3H1 G2H2 A2B2C2D2 E2A3 B1B3 F2 E3 F3 G3 H3
W5 Carbon sources

Al1A4B4 C4D4 E4AF

B2 AEEpAEEosEE
Fig.2 Metabolic fingerprint of carbon level physiological profiles
Ad ~ T4, FEBRA Amino acids, G4 ~H4 ; L2 Amines, C1 ~F1; ZF 42 Polymers, C3 ~D3; FHHILEHI Aromatic compounds, G1 ~
A3 32 Carbohydrates, Bl ~ H3; ¥3BRK Carboxylic acids; Al, A2, Bl 3y BIOLOG ECO R kIR FEHS, AWCDi {5 ECO iR E3 (REE
f)E34{E; Al, A2, Bl represented numbers about C sources in BIOLOG Eco-plates; AWCDi values shown as mean, three replicates on ECO plate;
% P<0.05, % %« P<0.01, = % %« P<0.001
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1 ASP 5% 5.6 F12.8,SNP & ASP [ 2 £ IR . B YL . B R AFSEALS WU SNP 1 ASP 4357
H4.5M2.1.3.0f11.2,1.8 f10.9.1.1710.48, LI L4M73HA, ASP 1 SNP BR R bR WPk fa s
BRASHRIR I % A, SNP Bk AR EHBRIR FIFP IS KT ASP, i B RIZSaIR i SNP [ AWCD, th ASP 3
Fith 2 52, ASP fil SNP FRIR e WA R A B A, ik R XA B ER, R T & BN
AE IR, ASP TEARMRFRGAE YA B AR ISR B A A ISRE, T SNP LIRS B M LR 28,

2.3 AEYIREEDIREE BT (PCA) A ASP X SNP
St 96 h BB HEAT Bk WIRE A Th Bk E B 4 —
BT(PCA) 455200 ,SNP 71 ASP 7631 FHRRMIREEOE 1 — R )
WG 3 Btk R AR B2 A 435 (1 3) ,31 A&
BAYH F A S AR R RMES AN 56. 3%, 5 oL 4
16.36% .12.59% .9.27% 1 5. 54% , B F EZ R R g
HE) 100% (%£2) RGN EE BRI ETR £ 0

FRT 85% it , W LA B RGE 978 57 , Bt DA v SR B AT
DRER BETRIOBEER(BEFERRBON L L | — !
85. 19% Ky BT =4 £ B4 PCL.PC2 #1 PC3 (BT AR N M’OO
17.43.5.07 1 3. 91) e 4247 Bk B T R 5 REME, Prgsaazy o p O

HE 3 7R, NMEEEERSSRERP R ERT N
YIS, F PCLE BT LURAF (9 X 53 IF P A4 3L, ASP Fig.3 Loadings of principal component analysis after 96 h culturing
B R TE PCL WS v, SNP 345 7E PC1 B 1E ¥, 77

ZAWRN, FHG 1 B RPR PR BEER(F =78.82,P <0.01), % PCA KM AR, 7T 50Xt
PC1.PC2 F1 PC3 TRERAYFHE ] B REOCT 0. 50 BRI (£ 3) , B3R 3 7 1L, XF PC1 FEA KK BRIRA 24
b, oo 33.3% , RBRE G 20.8% , BAMR G 16.7% , W WM PC1 B EZ ML, HIR BRI ME
FERRE, XF PC2 I PC3 TTER K AIBRIE 5350 4 1 3 #b, MHRMETER, 5 PC1 IEMXBRERSNRIES
B-F E-D-H AT D3RR | 1 -BERR A D-H BRAR , UM SRR IER D-2E R BEIRy- s . 1B ASP Al
SNP TR ARAR PR Yi7E X S IR A FHRE ) LA E R, BT RR R X iR YR A =R, BT 5
ZE A ZRIR RV AE B AR RN EREYR, I 1-BRA AR 25 AMEY EMP 2N R A
Y. Ak, ASP MBS BE AR B (B E0) /), 78 PC2 LR S E I EHEE B % 0. 92, T SNP #7075 B {5 (1
BRBR, B AR FHEER 1. 68, BRLEK (K 3) , BBl ASP AR MR bRk Y #E & 45 1 1 SNP AH X

x2 EEABHMER £®3 W3NS ARBBERDE=0.50 HREHE
Table 2 Principal components characteristic vector Table 3 Numbers of C sources with loadings =0. 50 grouped
WH AT AR FETME BRyERME BRIE C sources PC1 PC2 PC3
It Latent root Percent of Percent of total - -
e ent Too variance ( % ) variance ( % ) REM Amino acids 4 0 2
PC1 17.43 56.23 56.23 B2k Carbohydrates 8 1 0
BRI Carboxylic acids 5 2 1
PC2 5.07 16.36 72.59
Z Y2 Polymers 3 1 0
Pa3 3.91 12.59 85.19 F &I Aromatic compounds 2 0 0
PC5 1.72 5.54 100. 00 25+ Total 24 4 3

2.4 HERERERR SMEEREYE HEKENRE SRRSO
BRORESRFE ,7E ASP 7 SNP I Bt RIS A= TR , ASP LLSBeIR Oy 3, 8 Oy — IR SNP LI—
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ORAE,CERER, FERBNER, BLEZR HAMBREINEREZ, Bk 4 70, SNP HRREEET
ASP HFEZ R AEBE (P >0.05),SNP R4 Y& N ASP ¥4 2. 8 £, SNP B RIRbr 4 B 40 & =i i ASP
11% ,Z2RHEBEKFE(P<0.05), SNP HHAEYEEFEERE(S) & ASP | 2. 2 £%, Shannon 841 (H)
SNP & ASP29.4% ,%iit53 41 B , 3555 96h B, SNP [ AWCD #% B &5 F ASP(F =43.20, P <0.01) ,ASP
1 SNP R ARAE Y& A Y #E 7% £ B B 48 4UF0 Shannon 18 ¥ AR BEER (P <0.01), MXMEIHFR
B, SNP,ASP iR ZYR SHBAEYEMHXEARZE(P>0.05) , HIBAEYE SRIF S HEEFTIMHERX, KA
AERAEYE S HEEE  Shammon $8 AR B EIEMRK (P <0.05) , 5EEERBARBEEMHRL(r v
=0.912 , P<0.01; r ,, =0.893, P <0.01), Shannon $$¥3Z WP EEE LIS I, B WBEE )
REZFEMEAEN Z B, KB SNP iR R E BB LThRREZ MR T ASP,

F4 HHEBLESEHREVE FENBNEESHERESN

Table 4 The analyses of infection rate, ectomycorrhizal biomass, bacteria number and community diversity index

BEREENS  SMEHBRENE MmE" .s .s xs
g DRERSE RS foia FHFEAELE " Shawon HH(H) *  FHEHH(S)
Infection rate Ectomycorrhizal Bacteria number 8 ! i
Plots . 2 5 1 AWCD Shannon index Richness index
(%) biomass (g-m~?%) (10°cfu-g="')

SNP 91.2a 21.3a 621.6a 0.83a 1.63a 22a

ASP 89.7a 7.6b 560.3b 0.29b 1.26b 10b
FHE 90.5 14.5 590.9 0.56 1.45 16

Mean value

BB 3 WEIE; =, « « FHRFFAFIZRIEBEAF (P <0.05) fk BFEKF(P<0.01), NS REEFABE. Values shown as

mean, n=3; *and * *in each column represented statistical significant at 0.05 and 0. 01 level, respectively, NS represented not significant

3 g

HEEE R BRI REE I/, T AWCD TR Y& F B B 4840, Shannon $8 80U BRI RIRA Y
EHERTI R 2R . ABFFE KW ASP Fl SNP BARMR BRI S A SR YR B IH %, ASP
BRAEY B/ T SNP HRAEY R, SNP HRMIRAE LR B& KT ASP, MELE ML YRR MR
507, SNP B R AR PRI e W07 1 R B A Z IR E0Y B4 = T ASP, 1 SNP WiR R PRt Yo BE A 1t
RIS SEIE A B RS . ASP BB Y L E BB A N LS 28, T SNP LU
RERLE KR, BRI ST ASP MXTRE . BRAEYE SR ZHEFIHEX, I VER
A YR 54 %E \ Shannon $8H04 A B B F IEA X, 5F B EIE AR B2 MR

ASLITE R ERAR P TR R BUA F U A B R E RS 22 AR K, ASP ARV B & BB RO £,
T SNP MG AZ AR EREA . SR E, X WRESEREEM LA R, WEERERRERAEE, R
BT RESE 22 4R T IR BB 2058 T R IR, MR BRI Z B A TR . FRBERASS
WYIARR, =4 A [ B9 AR PRRUBL. X 5 Heinonsalo %'"*! 9 B 9% 4 7], Heinonsalo % BF 45 T KK ¥ 7 4% ( Pinus
sybvestris ) B FRAR B 20 B A 7% H972E 4L , 55 A rDNA (TTS) -RFLP 71 BIOLOG 40 T A2 4 7 4~ B BRI AR AR B A
X 5540 FFBE (Suillus bovinus) , + H: 23 B ( Cenococcum geophilum ) , PEHFL 1 ( Thelephora terrestris) % 8 FPERE
B, 3fi2H BIOLOG GN #is il A [F] M B AR R B EARR PR A B A S5 R A T 284K, A A TR AR AR PR 4
T BB R A PSS P 5B, T ELBR H SRR K, Sderberg %1% 32 il BIOLOG I PLFA 3 AHZ5 A B STl N
WRETEBURMR T R PR S Ve 2 e, WA BB R L E R RE R, F—MEREEERAR
HIT Y BTE B X R R A S R R R R A, EE LR SR PR AEMA RS EER BRI 4
FRI R BRSO, —— X S B AP V8 45 1 AR MR RN R 2257

BERAEYEXERR R YR ER BERW, BRAE YRR, BRRR MRS E B W, R
T RERAMAEERIPR ERIEELKE HLERE HREXN AN, ASP BRI ARy E, N
T Wt A AR BB S DT L) A0 g 5 SNP AR, SNP B4R otk 0 LR e a v 253, Wl
AR A= 4058 (MEB) 3R AL 58 2 1) 77 2 18] , Wil 2 MHB U AT HEBAR T AR ™ o ASP B A 9 83/ T SNP
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WREYE RS HIRMRME G X, LEMAR T F Oy + 5 (pHS. 01) , R R #A 138 v R ¥4 (pH6.

70) .

FERE ARG, B TRAE AT SRR E T L, A EZ A K, BRI B2 IR AR

Wi, A T RER SNP MR R A5 K HAME EREE W= Y A sER KRR A VLRSEY ROy T8k
PIREvE R AL T EE B BBRIR( A SURE) , R LSRR YR S5 BRZ HE= T ASP,{B2 Assigbetse
PRI B REE AR IL R SR B R EL B R R TS A AR R A XL R — R
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