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Relationship between biomass in ground and underground parts of Gentiana
macrophylla and its rhizosphere microbial community structure

WANG Jing', LIANG Jian', AN Yi, QIN Yuan', NAN Chun-yan'
1. College of Life Sciences, Shaanxi Normal University, Xi’an 710062, China
2. Xi’an C.P. Pharmaceutical Co., Ltd., Xi’an 710043, China

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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Table 1 Sources of materials

5 W M ERm | RS ah B ER/m
Gl AL 960 | G4  ANLEIERIL 960
G2 BRI 1460 | G5 ATHIEZEIL 1760
G3 WEZLI 2260 | G6  ANTHRIEHEIL 2260

1.2 SLIoHhiEER

A 50 2 6 7 B 7 DO R R L AT o 1 X Hb AL
106°24' E~107°7" E, 33°34’ N~34°18 N, ik
915~2 739 m. JEBEMLHT LM%, TR 1.4
'C, 1 HFEBHRE-1.1 °C, 7 HWEHAIR 22.7 C;
PR /KE 613.2 mm; JCRE I 188 do LIELIER
e, WEEREERN L A oA S, B W R
A, L X 2R T AT B 2k 410
KA, BRABRE. ARSI, X
A WS WBE AP RIERIPEES S0
5w R 2ibT o
2 H*E
2.1 RERLIEXRE

WV ik, AERE— R S B LIE
WRUARZE U 15 B, B BRI S, #2510
KPAIEG, 7RI RN T A4S,
NEVF B ERUAR bR I, BENLIZE S MRAR B
R G R — MRS, REASRAE RZE JUM B T
3ANES . PR EFEEBAA T, RS A,

PRBR BRI H, i 2 mm FIEE, SRAIHL TR
& T KEL,
22 ERMEMBTENENE

BB IR B IR EERAE BN S — o
85, HTHEDEMNE, BRI 3 AN E
2o PrRAHY B VSEAT T, S Rl SEEG A
My #4261 105 CHEMTH R 10 min J5 60 CHE
TaEERE. W FRAR T REERH
23 HIEWEMEENE

TAE R e R ARG, gl A
HHROMESIRE, MR R T SRR,
TLp T T RRRE R, A v H 2 RS IR B 9%
K&, AR o R B2 DG R IR R IR0, A4
ST oM I b g 2T,
24 HIELIE

FIFH SPSS13.0 Geit 73 ik A, 43 o Hf AT
T ZERT AR BT R = 7y 3 M (PCAD.
3 R
3.1 EFRFRTIBFE BN
3.1 WREEEHEAEY = AN N E =
KRB B RKTE , ED) BRI -
NTREEEFRIL YR 1.630 80X 10° cfw/g) T HF
AZETT (IME R 1.005 1X 107 cfu/g), BEEHHE KT
A AE Y B A RIS A B ECE AR AS AT
MU B R 3y A e, AR SR
84.48%~99.69%, MLk H A WA EAZE AN, 4
WA AR R BCR T 0.15%~9.90% A1 0.16% ~
5.64%. FEFAEZREIL (G1. G2 Al G3) 5 A T4k
Z57L (G4, G5 1 G6) MR T3 E AL Bty ¢ A
AR BN, N TAREZ U4 i A AR ) i H ey
BEH TR AT (P<0.01); (H - HALEELH
REFEHE LR EER (P>0.05). ANEFELAZE
TUMR B 3 B = KRB L 2.

3 N AR AT AN [R5 8 ) B AR RN TR B
Z5 TUAR B T I AR ) — RIS A kAT R 3 2%
IHTe XWFEAZRIL, FRREGREIR, TR, il
R HEAAEY RS b, AR TR S
I AR ZR LRI A B 2R (F 4=13.508>
Foor» F w=31710>Fyo, F «=78.863>Fyq, F =
13.865>F,01, P<0.01)., £ HE L% (Duncan, a=
0.05) #iRE—L IR, EHEAHAEY S8E b,
G3 WEET G2 Al Gl (P<0.05), TM)J5 - FHZ ATk
WEZER (P>0.05); {ElZkmtis b, G2 WEmT
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Table2 Composition of three major rhizosphere microbial groups of G. macrophylla (} ts)

. WAEYR/(<10° cfurg ™)

i Wi WA [ WD

Gl 56.15+6.64b 2.59+0.62b 1.36+0.02 ¢ 60.10+6.62 b
G2 71.03+4.93 b 8.32+029a 4741033 a 84.08+4.37b
G3 151.31+22.66a 3.61£0.65b 2.44£0.07b 157.36+22.19a
G4 1522.90+80.13 a 2.34£0.27b 2.4610.17b 1527.70+79.78 a
G5 1612.20+13.66 a 14.49+3.05a 4.06+0.45a 1630.70+11.13 a
G6 1727.80+112.95a 3.00+0.58 b 3.22+0.06 ab 1734.00+113.05a

FZARNE PR R ZER BH (P<0.05), FF

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

G3 Ml Gl (P<0.05), Tfa _—#ZMeEzER (P>
0.05); fEHFEEE L, G2>G3, G3>Gl, =#H
H2aZEREE (P<0.05). ST ANTREZREIT,
F st R EoR, AAEAfE RS L, £k
TSRV BE N TR R It 22 R AN 3%
(F9=1.635<Fy5» F=1.65T<Fy05» P>0.05);
MNE R M B RS EE R RE (F «=14371>
Foos» F 0=7.951>Fy0s, P<0.05), % &ELL#K
(Duncan, a=0.05) £8P EIR, ZEMZEE
B, G5 BEST G6 Al G4 (P<0.05), Tfi)a —
HZMEEFEES (P>0.05); FHEFEHE L, G5
BEET G4 (P<0.05), i G6 Il G4. G6 fil G5
MBI R EZESR (P>0.05),

3.2 HRBRZACAN B ] S R R 2T 4 25 0 il o 2
N e N I - P S R 8 5
WA ERE, TRW AN TSR,
LS b A R AN [ GRS T AT A R O
W o FAL R AR A AR N N TR %
JU (I 8.279 43 X 108 cfu/g) i T B AL (3
{4 3.666 60X 10%cfu/g); K G5 MK T G4 4, bt
F UL T, E AN R E R KA

[ 6 B A AR IO N TR 2290 (OME N
8010 10X 10° cfg) i FEEZIL (AN 4.902 80X
10%cfu/g); T EE AR N TR, AKT
PR R 28 TURR B [ 0 e A 2 TR iR N
FERFE SN ZRT0. PR R T B AR
PUM N THIEZRIT GOMEN 2.06X 10° cfu/g) TEE
TR (BN 2.24X10° cfu/g); B G5 B
T G6 4, BHEMGIRIGTE &, A4 35 00 fff v Al 5
PR, B0 ¢ A R BN, N TH
BE R U ANAH BA R [ R A S 3 v T AR
Z#I0 (P<0.0D): I A AL U o il e K 22
SABFE (P>0.05). WFE3.

3 AURE AR AT AN TR s JEE 1 B AR RN TR
B AR TUARBR 2 A AN T ] R RN 2T 4 25 0 Ak v AL it
ATHRR T 20001 TR, F R R PR,
AN R R AT 4E R R d b, BT
AN [ o 5 T B A 2R DT R 38 AT W 1 2
(F 5=30307>Fy0, Fu=27.618>Fy, F«=37.707>
Foor» P<0.01), ZTEHE (Duncan, a=0.05) %5
Rt R, AEgwE L, G3 BEthm
F G2 1 G1 (P<<0.05), MMijG — & 2 M W& %

£3 FARGIESNAE. BAEMAERSBEAKR (xt5)
Table 3 Composition of rhizosphere ammonifying bacteria, nitrogen-fixing bacteria,

and cellulose decomposition bacteria of G macrophylla (} ts)

BEA WAEYIR/ (<10’ cfurg ™)

AR Ji] LA LTYER Sl B
Gl 2254.30+179.45 b 4564.00+45.47b 3.69+0.04 a
G2 2983.00£527.48 b 3343.40£462.16 ¢ 1.56£0.31b
G3 5762.50+169.77 a 6 801.00+£344.02 a 1.46+0.16 b
G4 6 663.80+£176.73 b 7965.20+176.06 a 2.52+0.16a
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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st (P>0.05); el wEE L, G3 T Gl, Gl
T G2, “HEMOZ I ZEREE (P<0.05); {E4F
geFofmBoE L, Gl BF&T G2 F1 G3 (P<
0.05), MG —FZmIEREZER (P>0.05),
STFANTERRIL, FRESRE R, £54
e b, K TR SN TR Z U
B AT W B 2 1 2R (F=13.361>Fy4, P<0.01);
T ] R M AT e 22 o il e e b, KRR % e
(Fn=4.599<Fy0s5, F4=3.432<<F;05, P>0.05),
Z #E L (Duncan, 0=0.05) 45 9t—F BN, #*
At wE L E b, G6 BE T G4 Fl G5(P<<0.05),
Mg —HALEZER (P>0.05),
32 FAMEMBTENS
NTARIGZRIUH AR T Ay E RS
Y GYMET RS 500 16.09. 6.44, 22.53 g/fk)
e TR AR (BET R 3.51. 2,75,
6.26 g/fbk); ¢ KB g B s, feEth b, BRI
AE b, AN TR ZE RS RA B xR
(P<<0.05)o Z3 AT KT AN [RIA e P 1 Y 2R RN
TR T . MR RS AR A AT B PR 2
FEMHT, F SR E R EEER (F wwr=
0.089<<Fyos: F wpn—0.207<<Fyps50 F we=0.049<<
Fooss Foornr=3.873<Fyos» F arur=4.387<Fpos»
F ru=4386<F,5» P>0.05). W& 4.

*4 FAMEMMWTEYNE
Table 4 Biomass in ground and underground

parts of G macrophylla

Th (gkk ™D

i Ho b MR A SEYE

Gl 3.07+1.68 3.09+1.93 6.15+3.61
G2 3.73+0.75 2.02+0.34 5.7540.80
G3 3.74+1.27 3.15+1.40 6.89+2.65
G4 11.384+5.29 3.3740.93 14.75+6.18
G5 7.501+2.26 5.74+1.45 13.24+3.61
G6 29.38+8.52 10.21£2.30 39.59+9.92

3.3 FEAMMRTIEFNEMEKRSHEMEERE R

iR, FIURE HIEMEY R R SR
EFIHL N AR R A B IEA SR (P<
0.05); HZEILEAEYEAAWEZEMIEMH KR
(P<0.01)o XFTHRFr LI = RAHE, 48
Bom 2RI b R AR R ) E A AR L) B
# (P<<0.05) 3Bl % IEAKKGR (P<0.01);
T B0 V1 R L B 0t 5 23 D AR ) UR) G S 35 A K
KHR (P>0.05)0 X TRz AR [ 5 B 2F
YeF o fRw, BT - HEIUH b MO RS AR
ZIRIAFAEA R S B IEA GO R (P<0.01);5 24k
FOMW S ZEIVEY RN LT (P>0.05) MK
KHR. WF*KS.

RS FATEREMEDEBRSEEYE A Pearson fHXFRE]

Table 5 Pearson correlation coefficient between composition of rhizosphere microorganism

of G. macrophylla and its biomass

B R R LR WA B E 244 I 2L B YRR
Y 0.587" -0.223 0.039 0.585" 0.882" 0.670" -0.039
R A4 0.547" -0.129 0.006 0.546" 0.696"" 0.6117" —0.142
A 0.600"" -0.208 0.032 0.598" 0.869™ 0.681" -0.066

TRRBEMK (P<0.05); TRTMEFEMFK (P<0.01)

"Significant correlation (P<0.05); ** very significant correlation (P<0.01)
34 AEEIRFILH PCA S
3 MR Br - EGA= ) — R R A 25 DU |-
R AR (CARR), WMAFEERI (240
ST 6 X5 YEJR AR B . W IR EEAE Z i
A CAER “07, T7 228 “17 IR HEIESHHD,
P M AT AN A A 55 22 U PCA 3 At (B Do
SR A ZE T PCA 2081, BTEREU 2
AN F G 53 T UARRE “ A B T7 221 78.90%, “ i
2R 7 2211 90.00%, “ILE” 7 22 (1) 83.00%, “Hhb
AR 7T 2510 95.00%, “ R A K 90.80%

91 BRI A 2.616, T ETTERE N
52.31%; 5 2 ERUMIRHEEA 1,761, J7 2 vk
HN 35.22%, —HHRIN 87.53%. —MA N BT
J5 ZETTIRRIE B 70% L _EIEAT] LU Wi Ak
T Z ™ B LI 2 AN A AT A A I 2
H01 B AR R FIUH EAEY R N AEY)
i, HIEAS R 187 73 00 86.20% 96.50% 41
95.30%; B 2 FRMRERIE WA TTR, HIEAS T
BRI AT 439000 94.70%F1 90.30%

51 ERGr, K 6 FIFEASEIRI 2 3 A
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Fig. 1 PCA analysis on G. macrophylla in different habitats
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