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Relationship between biomass in ground and underground parts of Gentiana
macrophylla and its rhizosphere microbial community structure
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Abstract: Objective To study the relationship between the biomass in ground and underground parts of Gentiana macrophylla and
its rhizosphere microbial community structure. Methods The composition of rhizosphere microorganism of G. macrophylla was
measured with plate counting method. Results The number of rhizosphere bacteria, ammonifying bacteria, and nitrogen-fixing
bacteria of cultivated G. macrophylla is significantly higher than that of wild species; The number of rhizosphere bacteria,
ammonifying bacteria, and nitrogen-fixing bacteria of wild and cultivated G. macrophylla samples was the highest at high altitude;
The biomass in ground and underground parts of cultivated G. macrophylla was significantly higher than that of wild species; The
number of rhizosphere bacteria, ammonifying bacteria, and nitrogen-fixing bacteria with the biomass of G. macrophylla assumed the
remarkable positive correlation. Conclusion The artificial cultivation and management should fully meet the requirements of
ecological conditions of G. macrophylla, as far as possible in the suitable mountainous area of high altitude and low temperature; To
improve its production we should pay attention to a reasonable supply of nitrogen, right vaccination of bacterial fertilizer, and increasing
the total amount of soil microorganisms. The above measures have positive effects on the growth and yield of G. macrophylia.
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2010 4F 8 J A AU A5 BR Y VY B RS AR Vi
BEAT R o 12 DX o0 AT AT AT AN R4 e 32 1) BT AR
AN TAREEZE 0, I FEA R4 = B 1R 22 JUAE It
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x1 HREKR
Table 1 Sources of materials
Gt W A lHRm | Y a A #k/m
Gl AL 960 | G4  ANLHIEZEIL 960
G2 WEZI 1460 | G5 NTHRIEZEIL 1760
G3 IFAEHRIL 2260 | G6  ANTFIEHREIL 2260

1.2 SEIGHBER

BF 50 3 B 7 B v o w3 RO B R AT . i X M A
106°24' E~107°7" E, 33°34' N~34°18' N, i}k
915~2 739 m. JEBZh A AR, IR 11.4
‘T, 1 AFHRE-1.1 C, 7 PSR 22.7 C;
SEPIIRKE 613.2 mm; JCFEMA 188 do HHELIES
e WERREOR LA 0N 8, B R E
A X 2R A A A2k 410
KR, BEA A, SRS, X

HHEIL %S R AP RIKRFIPGEES S
B Ziks
2 HE

2.1 RERLIEFRE
RV Ik, AR R SR LI%
IBUAAZETT 15 0K, R DRIk, Rl 22 4hH
KIAIEE, R REANTCE A LS,
JIEF R AR AR R 3, BEALIEH 5 AR Br 1
B G — AR, RS RAE R JUM B T8
3IANER. JrREFEEA AT, Myl se s,

PRBREMR A e, i 2 mm 30RO
S TS KR,
22 HHAMEIMTEYSNE

FaBE T RS HIE AR BN o —Jo i A
85, HTHEYEMNE, BRI 3 AN E
2o PrRAEPEVS AT, S RIS, M)
M B4 25T 105 CHEAH R 10 min /5 60 CHE
TafEm " W RART R E .
23 TIEMEMEENE

TR BRI R FH AR AR, Al 4 A
FHROANSEIRE, A R &K SRR,
LR 5 T IR R, S i B R g B 97
K5, [ U P O B2 DL e A IR B IR, I
LT R R A A b g 60,
24 HiEALE

I SPSS13.0 Zeitt oA kA, 43 ot B kAT
Ji ZE T AR AT R 4 0Bt (PCAD.
3 %R
3.1 EARRTIEREDEK
3.0 WRER B = RSB N =
RBEHEA B BRT , WY BB BRI
NTAREEZ I (MR 1.630 80X 10° cfu/g) & T-5F
A2 (BIMEH 1.005 1 X107 cfu/g), BEA R I TT
U EY) AR BRI G A ECE AR S AT
MR Br g 3y gt AR, SR B AR
84.48%~99.69%, Lk M EHECEA ZEAK, 4>
A AR RBUCR R 0.15%~9.90% A1 0.16% ~
5.64%. XEAZEIT (G1. G2 Il G3) 5 AT HE:
ZIt (G4 G5 1 G6) PR T3 GAE A B ¢ 4G
BTN, N TR UG W ARy S =Y
BEWETHAZRIL (P<0.01); H HAEMLR
MEw e L EREER (P>0.05). AFRFESE
TUMR P 3 E ) = KRB LR 2.

53 IR AR T AN [ e B2 1 B A RN TR
Z5 TUNRBR T3 ) — KA Bl AT R 32 0 %
INTe XTEAERTL, FASRE TR, EAHE. il
. HEAEYEEGE L, AR T AR S
(A RS B W M 2= 5 (F 4=13.508>
Foors F w=31.710>F,0, F «=78.863>F,q, F sx=
13.865>F, P<0.01), Z L% (Duncan, o=
0.05) ZiR—L R, fEMEAHAEY S L,
G3 BEmT G2 M1 Gl (P<0.05), TG FHZ Ak
WFEZER (P>0.05); EkEE0E L, G2 BEmT
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K2 RAMBTIEMEN= KLBAR (x£5)
Table2 Composition of three major rhizosphere microbial groups of G. macrophylla (} ts)
. A R/(x10° cfurg )
FEA I B e LB A
Gl 56.151+6.64b 2.59+0.62b 1.36+0.02 ¢ 60.10+6.62 b
G2 71.031+493b 832+0.29a 4.74+0.33a 84.08+4.37b
G3 151.31+£22.66 a 3.61+0.65b 2.4440.07b 157.36+£22.19a
G4 1522.90+80.13 a 23440270 2.46+0.17b 1527.70+79.78 a
G5 1612.20%x13.66 a 14.49+3.05a 4.06+045a 1630.70x11.13 a
G6 1727.80+112.95a 3.00£0.58 b 3.22+0.06 ab 1734.00+113.05a

SR NG FEERR 2 R % (P<005), T

Different lowercase letters show significant difference (P<0.05), same as below

G3 Fl Gl (P<<0.05), I A EFErER (P>
0.05); fEHFEEE I, G2>G3, G3>Gl, =#H
H2ZESDE (P<0.05. T ANTEREZRI,
F R e R BoR, EAwmmimeEg st b, Ak
TN A4 FE BN TR 28 JU i) 22 e AN B 3%
(F 4=1.635<Fy0s5» F=165T<Fpgs» P>0.05);
MAEF ML EZE RN W E (F x=14371>
Foos» F «=7951>Fy0, P<0.05). £ &K
(Duncan, a=0.05) £8P EIR, 7EMEEE
w1, G5 BEST G6 Al G4 (P<<0.05), TM)h—
HZ AT REER (P>0.05); EEEEE L, G5
BEET G4 (P<0.05), 1 G6 Al G4. G6 Fl G5
ST R EZESR (P>0.05).

3.2 MBI B [ SR R 2T 4 35 0 i e 2
MNHR B 22 A0 40 BR8] 20 TR RN 4T A 3R 00 it TR Ak
WA ERE, LB RN TSR,
L5 A 20 TR RN [ B R A v T A A
W @A RS m A A R N AN L&
JUCHIME K 8.279 43X 10° cfu/g) i TBHEZ I (3
1t 4 3.666 60X 10° cfu/g); B G5 &AL T G4 4k, Bt
IR B T, S A TR A S R AR A E

[ 20 P AR AR A AR IO N TR R0 (UM
8.010 10X 10° cfg) i THEEZRIL (AHEN 4.902 80X
10%cfu/g); W EB AR N TaRIGRIZE, AR T
R ERORE 5 1) 28 JUAR o 1] S0 1 0 IS TR 4R R
RIEERFE BRI SRR i s B et Ak
BUAN TARREZRIT (BN 2.06X10° cfu/g) HEAK
THAEZEIL (B K 2.24X10° cfu/g); B G5 BEAIL
T G6 4b, BEEHERIT S, YR R R
PR LA . B0 AR o, AN THR
5 2% U A A B R[] 250 P 0 S A S 3 b v T AR
ZI0 (P<0.01); T &AL 2o il e s b2
FARE (P>0.05). W3,

a3 IR AR AT AN TR A v R 1 B AR RN TR
B TUAR R A A T [ S B8 R 2 22 20 At v 4 adt
TR T 2200 0T ST, F RS FR,
AN A R ommtee b, KT
AN IF) v T ST A 2 T ) 34 HL A R 3 T 2
(F «=30307>Fyo, Fw=27.618>Fy, F«=37.707>
Foor» P<0.01). ZEL4 (Duncan, 0=0.05) %
Rt —D B, EEeaw s L, G3 B
T G2 F1 G1 (P<<0.05), Mg —# 2 8 JC i %

£33 EARFTESHAR. BREMTEZSBEANR (x+5)

Table 3 Composition of rhizosphere ammonifying bacteria, nitrogen-fixing bacteria,

and cellulose decomposition bacteria of G macrophylla ( X+ s)

e WEMIE/ (<10 cfurg )

L Jif] B YRR
Gl 225430+179.45 b 4564.00+4547 b 3.6920.04 a
G2 2983.00+527.48 b 3343.40+462.16 ¢ 1.56+0.31b
G3 5762.50+169.77 a 6801.004344.02 a 1.46+0.16 b
G4 6 663.80+176.73 b 7965.204176.06 a 2.5240.16 a
G5 5430.50+471.39b 5959.10+1651.12a 1.60+0.24 a
G6 12 744.00=1785.60 a 10 106.00-218.01 a 2.05+032a
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7t (P>0.05); fEfEw#E L, G3 mT Gl, Gl
T G2, “HMAEZMEREE (P<0.05); 7E4f
feFomwtoe L, Gl BFmT G2 Al G3 (P<
0.05), MG —HZmILEFEER (P>0.05),

SEANTHREERI, F Rk RER, EE5ik
et b, AR TARBESR SN TR ZEIT
H) A A 2 B 25 5 (F=13.361>Fy01, P<0.01);
T 7 ] U R AT 2 22 o0 il e e b, MR
(F u=4.599<Fy0s, F5=3.432<Fy05» P>0.05),
LZHEHE (Duncan, ¢=0.05) 45 £i¥H—LER, 4
A w £ b, Go BE T G4 Ml G5(P<<0.05),
M —FHLEEZER (P>0.05),
32 FAMEMBTEYE

N ARG ZRIUH AR N Ay E AR A
Y CBMET RS 30k 16.091 6.44, 22.53 g/fk)
B TR AE R (MET R A 3.51. 2.75.
6.26 g/Fk); ¢ KB4 R o, fith B B FLR
A b, BAERMN TR R IR A B
(P<<0.05). Z3 IR AR T AN A1 e B TR AR RN
TARREZE UM By R AR R A AT B R 2
JiZEoHT, F SR B RBTEEZER (F wowe=
0.089<Fyos> F upnr=0.207<<Fpps, F wpr=0.049<<
Foos» F ponr-=3.873<Fyo5» F rrer—4.387<<Fjos»
F rru=4386<Fyes, P>0.05). W% 4.

x4 FAM LM TENE
Table 4 Biomass in ground and underground

parts of G macrophylla

T (g™

e A A B
Gl 3.07x1.68 3.09+1.93 6.15+3.61
G2 3.73£0.75 2.02x0.34 5.751+0.80
G3 3.74x1.27 3.15+1.40 6.8912.65
G4 11.38+5.29 3.37+0.93 14.75+6.18
G5 7.50+2.26 5.74x1.45 13.241£3.61
G6 29.38%8.52 10.21£2.30 39.59+9.92

3.3 EARMRIIFEHMEYERSEEMEEMALR

iR EOR, ZFIURPr IR EY B R S 2 U
RN AR R A AT B IEAR OGS R (P<
0.05); HZEILEEY R AAWEFERIEMHLCR
(P<0.01)o XFFARBR - 3EMAED — RRHE, 40
e 522 T0H b R R R AR e EL A AL
F (P<0.05) sifl % # EMAHKKR (P<0.01);
T T804 T R L TR B i 5 2 DL AR ) 2 D) G Yl 3 AH O
KFR (P>0.05). TR ZALAN B il 50w AEF
e v, 1T = 52U L MO RS AE Y =
ZAIAFAE R R I IEAH OGO R (P<<0.01); 474k
FOMW SR IVERILEE (P>0.05) MK
KFR. WES.

x5 FEATIEREHMEMERSHEEYEEH Pearson HHXRE

Table 5 Pearson correlation coefficient between composition of rhizosphere microorganism

of G. macrophylla and its biomass

an Sk L AR a4k N SUHERR
o b 0.587" -0.223 0.039 0.585" 0.882" 0.670" -0.039
R R R 0.547" -0.129 0.006 0.546" 0.696" 0.611" -0.142
AR 0.600" -0.208 0.032 0.598" 0.869" 0.681" -0.066

TRORBFEMRE (P<0.05); TREBEFME (P<0.01)

*Significant correlation (P<0.05); *~ very significant correlation (P<0.01)
34 AEEEFRAH PCA S

I3 AR B 35 A= — R BRI 23 JU L
MR AR CBERE), MAFRAESZRIT (5240
ST 6 X5 YE UGB AR M . K IR EARAE Z FRitE
AR (BMEN €07, T3 28 “17 bR HEIE RS,
P BT AN A BT ZEIUH) PCA 08 (& D

SEANEEEZR 04T PCA 204, FTRELE 2
ARG o3 AT LUERE “ A B T 25 (1) 78.90%, T
TR 2210 90.00%, “ILE 7 J7 221K 83.00%, “Hi
AT 2510 95.00%, “ R AR & 7 90.80%.

B E EREEA 2.616, J7 ETTERE N
52.31%; % 2 FROIRHIEEY 1,761, J7 25Tk
A 35.22%, —HHRIHN 87.53%. — NN B
J5 ZE TR L B 70% L _EIEAT] L Wiy i Ak
TS BT EL 2 AN E 8 LA R 3L
B 1 B ARR. FBIUH EAEY R N AEY)
i, HOEASIEsE R -8 73 A 86.20%. 96.50%1
95.30%; £ 2 Fr AR A E, HIEASTE
BR300 43590 K 94.70%F1 90.30% .

B ERG, AE 6 MREARSE A 3 A
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Fig. 1 PCA analysis on G. macrophylla in different habitats
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