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Abstract: In order to reveal the effects of different planting years of Gentiana on soil microbial community structure
and to provide theoretical basis for artificial cultivation of Gentiana, the effects of Gentiana on soil enzyme activity,
soil microbial community AWCD, soil microbial community richness and soil microbial community diversity index
were studied by using Biolog—FEco plate method.The results showed that in 0-20 em soil layer, soil urease activity
and sucrase activity reached the highest in the 3rd year of cultivation, while there was no significant difference in
soil catalase activity in the 3rd, 5th and 7th years, and soil enzyme activity was higher than CK in all planting years.
Shannon index also showed a decreasing trend with the extension of planting years. At the same time, AWCD in 0—
20 em soil layer showed a trend of gradual increase with the extension of culture time, and the overall utilization ca-
pacity of soil microbial carbon sources was in the following order: 3 years of planting > 1 year of planting > 5 years
of planting > 7 years of planting >CK, and the carbon source utilization capacity of soil microbial community in 0-
20 c¢m soil layer was higher than that in 20-40 em soil layer under different planting years. As a traditional Chinese
herbal medicine, long—term continuous cultivation of Gentiana has a great impact on soil enzyme activity, AWCD

value, abundance and diversity of microbial community. Therefore, it is suggested that artificial cultivation of Gen-
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tiana should fully meet the ecological and environmental growth requirements, and reasonably change the cultivation

environment to increase the total amount of soil microorganisms, which can increase the yield of Gentiana.

Key words : Gentian; Microbial community structure; Enzyme activity; Diversity; Richness; Different planting years

Z& 7L (Gentiana macrophylla Pall.) HLZEZ8 JL (6.
crassicaulis Duthie ex Burk.) . /N Z& Tt (G. dahurica
Fisch.) JKAEZE TL (6. straminea Maxim.) fy 2015 4 jig
H ] 24 B (— 3B ) SRR 2 JU 25 B B IR, 4t
TN A 12 R AR 2 FHS, KT R AR AE
Bl PR b B, B 28 DU 250 oK Y
R, (AR B A W U ) AR ME T 2 75 5K, Ak 4
OB NRE AR, BTt T B A 0,
FHAt 25 b8 — 4, 76 [F] — M R AR B i 2 4F, T 2h
MR AR K R B W] 8 2 B, AR B S A )
REVE S5 32 B 52, 25868 7 1R R, B 457
H T2 IR DR ZEA Ry rh 254, PR, N AR B
Z JU I 5 22 00 FoRe b 1) + BOR B HEAT S0 T
Sy, L ZE JUAS (] Ao 4 B 0 AR B - 35 Sy BF 5 X8
R, 00 DI MRS B W AR O R
VE 3B B i RR B fe T R UM S i 2%

1 M#EH*

1.1 K EMERER

ARG 7 T B R EL VD G B ) R 28 ST A A
S IEAT i KR A TS B L PSR Jb 4 35721~
35°47" 7R 4 105°48'~106°15", J& H il iy 25 XU X 2
WV o T R A, R A R L A R
U5 5 Ry e IR e 8 JE A ¥ Z& JC (Gentiana macro-
phylla pall.) o Z& JUFPAE Hb + HERE A MR 0 < AL
W i 38.5 mg/kg, AT % i 168 merkg, A HLIT
it 7.38 golkg, B A 66.0 mgkg, &R T
0.61 g/kg, 2 & & 0.79 g/kg, &M & & 14.6 gkg,
pHH 6.43,
12 TERESLNIE

Oy IR AE R TURI R FE ML 1.3.5.7 4F - HEAE
i, X R CCKO) Ay B AR 28 AR Y S b 1= 38

- HERE SR LLST IR A T R AT R o)
W% £ 0~20 cm F1 20~40 em HEFR HAE . FREHD
KA ANFESHHATIR G, SRR G 5 R U 73 )
G S a5 R 5 AR [ NI S E Y g
PRicas [ S50 2 B 143 (250 o) B fif 1 FE B T Uk4E
Ve, LA RE A R T A R
1.3 KT
1.3.1 XIEMAMBEL DR LGN T

K H Biolog—ECO R i & - 513 2 W B ¥ i 7K

A o SERREUH S T 10 ¢ T R E AR
HERE S LA 90 g L /K , 180 YK /min & % 10 min,
4 CHAF T UURE 30 min, #8 J5 W HL 1 mL 4 BBk
W 99 mL ICH K M B . B L3RR 125 pL A i
F Biolog-ECO % , F| 352 2 AL 4F 24 h 7£ 590 nm 3%
B— RS T AV
132 L EEE N E

- SR P R P 1 A B R I
WERGE PR 3, 5- A Sk IR He A e 5 1 158
T SR S R FH e s R A I o v
1.4 FELHIE

K H Excel 2003 #1750 4 4 B2 A1) 2 40 47
1z JH SPSS 15.0 #4775 22 50 A, T A £5040 D 7 45 R
P SEIH bR E 227 8 o K H Duncan’s #r &
WA IT 2 E R,

2 ZR 55

21 BAAEMEERI T ERFENTIE

H 2 1 AT, 0~20 em + )2, 4 338 iR i 305 M 7F
FhkE 3 4RI B 55, O 0.415 mg/(g-24 h) , % CK 4%
1 84.44% , BRI AE 1 4F £ 55 25.38% , A~ [ Fi AT AF:
B A 598 JUR it 5 1 SR B A - AR 3 AR SR RE 1 AR>S BB
7 A >CK> PR 5 47 5 4= 38 00 S04k &l 3 14 7 b
5 4F B B 55, M 0.38 me/(g-min), # CK & &5
15.15% , 3PP AR 14532 5 58.33% ; + 3t S 1k i
TR IR - AIAE 5 4F >FhRE 7 45 >FP A 3 4F >CK>
AR 1 A% 5 - J9 M M 0% M AE AR 3 AR e, H
2536 mg/(g-24 h), 20~40 cm + 2, + HE IR BE I P
FhAE 3 4E B 5, M 0.325 mg/(g+24 h) , %% CK $2
151 56.25% 5 - J b S Ak UM I 1 R AR 1 AR I B
5,4 0.32 mg/(g-min), %8 CK #2755 77.78% ; 1 HE 1
W T 1 FE AR 3 AF I B, 4 20.06 mg/(g-24 h),
BECK AR 3 AR5 4F A0 38 5 2 14
22 ERARAMEERT LEMEMBEETY

It E (AWCD) B &M

i T Biolog—ECO #z H il £ 31 F AN [\] ¥ Jox
FR B TR, 6 15 9% 2 R TP B S [ B Bl A ot
2 B S B B TR 3 i LA Bk B 0
Biolog—ECO i H 2 1 L i AWCD H BLAS [ 72 FE (1)
250 . BT, B AR A0 FL B Z2 ) 3¢ B 4 3 ik
Wy RE VR A X T T, B B 1a AT, O~



63 FIRAEAE 8 U [RIFIAE A BRI B - S A R i 45 K 5 il O BIF 5 47
R1 FATEFEFRTEHTETL

S +JZE/em RGP /mg - g7+ 24 b 3o A AR e /mg - g e min ™! EERESG P /mg - g7+ 24 W

14 0~20 0.331+0.13b 0.24+0.20b 9.25+1.56¢
20~40 0.214+0.21b 0.32+1.25a 15.20+3.14b

34F 0~20 0.415+0.25a 0.35+0.36a 25.36+2.21a
20~40 0.325+0.10a 0.15+0.54¢ 20.06+0.52a

54F 0~20 0.205+0.01d 0.38+2.36a 12.35+£0.21b
20~40 0.158+0.10¢ 0.22+1.25b 6.25+0.62¢

74 0~20 0.254+0.19¢ 0.37+2.36a 5.62+2.32d
20~40 0.146+0.46¢ 0.24+1.26b 1.28+2.12d

CK 0~20 0.225+0.35d 0.33+0.66a 3.25+0.25d
20~40 0.208+0.45b 0.18+0.46¢ 1.25+0.52d

TE /NG TR R R 22 5 3% (P<0.05) , T A B 24 0 “ P bR 2, R R

20 em 1 JZ AWCD 3R A Bifi 5% 7 B[] (9 48 4 2 0%
T A R A, - SR ) T S AR R FH B
IR/ - Rl 3 4E>FhAE 1 4E >R 5 48> Fh
Hi 7 4 >CKo 0~20 em + 2 ff A 9 i U5 A1 H AE
Bifi 5% % I ] () 48 4 T 4 5, 35 5 24 ho ), 45 Bl
AEPR A AWCD SR B I B A8 Ak . B R
48 hInf, FIT A FE 8 e B A0 I K i A, A i 3 4F 3R
PR PR T i R e, 5 AR L AWCD B B
SPES . 120 h 5 M TAE o I Al A H AWCD &
FO B A o . Ul B AR 3 A s s IR A T g
Jiiek . BEE FPAAE BRI K FE SRR T AR Z
[, AWCD 2 I 5% 18 13 K .

1 & 1b AT, 20~40 em 12 158 AWCD K/

0.9 r
0.8
0.7 F
0.6 |
0.5 |
0.4 F
0.3 F
0.2 F
0.1 F

SFEEi AR LR (AWCD)

0 24 48 72 96 120
BEFRI )/
7 1

23 EAARMEERTEMEYHEEFEFEE

T

TCEE TR I - 5 R I B 5 I [) 1 22 A B 7
1t , B &l 2a A A1, FRAE 3 4F A, 0~20 cm 1 2 4 3
AT 6 B v TR A 1.5 7 4F
Z& JUAN [ R A PR - S CKE 35 24 2 B A Bl
55 7 I Ta) A A A S A W e VR T R B Y
hno SR 24 Wiy, AN [) i rE AR R - S8 A W RE I

144 168

¥R PP 3 AESFIAE | AESFIAR 5 4F >FP4E 7 4F>CK.
M3 Y AWCD Fifi %5 15 5% 05 8] A 385 I 2 1
PSR FHEE 1358 . 159% 24 hiF, AWCD AR
1R AL, B 55 48 IR, AR 3 4R 5 H At Ak )
FHAERR A AWCD H BB 43 25 . 3558 72 hif, ik
54 CK B AWCD B 7385, 1.3.5.7 41 AWCD
YT CKo PP 3 4F 5 i L A2 CK Y 2.14 4% .

i L B 1A B, AN [ Ao AE BR - 3 AE 0~20
em - 2B 5 R AR R FH 62 0 34 5 T 20~40 em, 1 ]
TIERZMAEYFRBREIZEZ . Fe, FiE 3 4F
) 0~20 cm 1 20~40 cm + 3 AWCD iz & , + 36
Y L B RESE W, AWCD Bt 5 15 5% 15 8] 4 48
KA AR,

b 20~40 cm
—— 14 n
_.._._3/r‘{ v

0.6 r
0.5
0.4 r
0.3 f
0.2 r

Bt ARAL R (AWCD)

0.1 f

0 24 48 72 96 120 144 168
IR 1] /h

ERAANEFMEERTLEAWCD I

F & ERT CK, B Fll 3 45 4h , AR 4R R +
HEMAYREEEE S CK B W25, HE 2D
AT, 20~40 cm & 2 BRAMAE 13 4ERUAE PV
HEZ T CK,FiiE 5. 745 CK W W /9 28 1k .
Bifi 5 b FE AT B 9 B, A W E VR F R
WA, R Ge R PERE AT, B0 W I AN BF A el 22
T R RO A B i R )
XoF Rl 5 1 A g



48 B | | A A 494

a 0~20 cm

8
!
¢
;
#

EIE/S
B
\
]
\

10

AR+

0 24 48 96 120 144 168

BRI ) /h

b 20~40 cm

HIE/S
oo

EEIREE

0 24 48 96 120 144 168
B FRIS ] /h

2 FATEAMEERLIEMENHEFEETL

24 HEAAEAMEERTEREVHESHENE
Ei=E
AN TR 1 22 R P8 BT LA S Ak A W R 2
[ AN [F] J5 T, Shannon 45 48 3= 2 Je e ) Fh i) = 'H
JE AR T IR YRR DI RE 2 AR A X 2
HAE B, R 2ATH, 0~20 em + 2 1 ERUE
Yy HE V% Shannon 5 FiCRE 1A I J2 bl %5 B RE AT PR 1Y) SE

KT RS FRE 1347 A W VK Shan-
non $5 5= T CK, F 5.7 - ¥K T CK, F i 1 4
e, SFME3 S TAEZE R R E . 0~20em 12 1
B3 A= W) B 7% Shannon 38 205 T 20~40 em 1 )2
20~40 em = JZ A [F) Ff R 4F PR Shannon 8 £% 3 & F
CK. 7E 0~20 cm F120~40 cm + 2 , A 3 4F £ 1
A= WA v Y 5 B e

R2 FAARAMEFRTLEMEVHESHEEERENL

0~20 ecm 20~40 cm

FHi EN——— WU IR B Ep— MRS

14 4.09+0.08a 2.15+0.06¢ 2.34+0.21a 2.30+0.11¢

34F 3.69+0.28b 2.83+0.63a 2.36+0.37a 4.26+1.24a

S4F 2.63+0.08c 2.52+0.15b 2.35+0.21a 2.43+0.24¢

74 2.64+0.22¢ 2.49+0.27b 2.14+0.18b 2.68+0.56¢

CK 2.70+0.11c 2.74+0.19a 2.12+0.50b 3.46+0.83b

3 W % FF R PR 3 AR>S FRAL 1| 4F > FhAE 5 4F >Fp g 7 4F >

ISR DR ZE A 2561, B g A8 10+ 45
W, WEoE R T, R AR b R 25 5% i 1 R i %
P, DT 5% M AR ) A6 sl Bt BT R R, X I
AP R W AL RUGEAE 28 5 LI AL E
Fit % 1 R 0 P 2 S R AR S T e 1 e IR
fitg i PTG A A, HEAERIAE ) A RS RN L
SRR, ARG KB, RN M RE A R
oA A IR A S 4 2 B S 3 0 S b ) i A, Horh
0~20 cm F1 20~40 cm = JZ TR B A [] B AR A IR A 1
I 63 157 76 3 AR B B L 43 oK 0.415.0.325 me/ (g -
24 h), 8 CK 73 il #2157 84.44.9% 11 36.0% .

A R AR A R B AN
a3 PR Y SR o e Ak B RO MR BR T T
RE ) BA S SR, BEIs 4 A 0 T il A Wy ik
PEREAE D AU N ™, ARV, 0~20 em +
JERE AWCD Fifi 5 57 Bof 8] (%) 2E K 52 3% A5 34 1)
R H A 39 A W % ik YR %) AR FE R ) RN I

CK, H. CK FlIFEHL 0~20 em + J2 3 B 5k 5 R FH fig

BT 20~40 em £ 2 E . MR R, 24 E
)38 1o MR R A Wb ke A AR A W A B 4 A RN 4y
A1 7= A R W, DT B AR B A ) R R R 2 A
PRS2 A ST H, B R CK R R 52 B Bl 22 9T
5 % ) [R] ) 2B 1 - AR W VR T R AR A A
b, R )2 R A FE AL ESE . 0~20 cm
+ 2 VR BE A R W BV Shannon 5 £I08E (& I 2
B 5 b R AT R A9 SE K 2R B A H R E T
20~40 em + R REE K IR S 80 EREE UE
W) =E R A, ek W R R R R RE T R R

4 %

Z JUAS[) P AL A B % 28 J0 - RS A= W i V5 45
AT 25 m , BEARCK F | 7E 0~20 cm il 20~40
em )2 ARG 34 22 TU A B0 IR TG M R B il
W2 B AL R (AWCD) KA Y #F
HE SRR AGHRIE IR EN MY



64

TFWEZEEE  Z2 U AR AAR FROGHR B - ST M i P Al A s B 5 49

TR 1 50 JEE e e 5 BB 1 AR 2 00 LR Sl AR W
7% Shannon 18 B iR o AN 50 0 28 JUAR G K B UR
TF AR A T BRAE R, X T A ] b A 4F FR 1
TR O L FE TN T K 25 1R 5 T T 58 R B
B, Ja Skttt — R R

S Wk :

[1]

[2]

[6]

[7]

[ 8]

[9]

[10]

[11]

[12]

[13]

R 2 M7 5 x| v A R SRR 2 8 (— ) [M]. b 5t
[ B 25 BHEE T L L 2015 : 270,

SRR, AESCHT , BRI R . 25 00 LI G AL ) B DR A TR 1
9 53 A LI, H T B A A B, 2009, 28(2) 1 21-23.
W, R, A AR ZR IO B R TR B
PRI S BTS2 )] 245 25 L5 R R, 2010, 26 (1) £ 51-52.
TRk, FIEIE, B2, 45 B IUR IR BLR AT R 2R
[J]. ik 25 [ £ 2, 2019, 30(7) : 1754-1756.

LB, AR, INGE, A5 ORI ZE R IU BT IR A O ST A (D). vh
[ B P 25,2012, 14(5) : 37-40.

R BRGRZL, A S T E MO R OU S AR R OUM A
WEFE1]. o B 25 4 12 1T, 2009, 3(17) : 101-102.
SRR EE , PMEE, IE AR XS A A Y R A ROV ([T]. P AL
T 2E 4, 2005, 25(5) : 1029-1034

AW 2R T, XA AR S P 2k T ] 2 RN RS K 2
FALH SR T B ARMPBHE 2019, 60(9) : 64-63.
BB RO A A= 2 B 5 iR ML B B ROl AR
H AL, 2000 228-264

Classen A T, Boyle S I, Hasking K E, et al. Community—level
physiological profiles of bacter—ia and fungi:plate type and incu-
bation temperature influences on contrasting soils[J]. FEMSMi-
crobiology Ecology, 2003, 44(3): 319-328.

SN WT . b R R E Y 5 i (M. A R A R
1986:125.

Choi K, Dobbs F C. Comparison of two kinds of Biolog micro-
plates (GN and ECO) in their ability to disiguish among a quatic
microbial communities[J]. Journal of Microbiology Met—hods,
1999(36): 203-213.

Qing C L, Lee A, Artnur Q W. Microbial biomass and bacterial

functional diversity in forest soils: effects of organic matter re-

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

moval, compaction and vegetation control[J]. Soil Biology and
Biochemistry, 2004(36): 571-579.
Robert L B, Bill S, Carole B. Refining numerical approaches for
analyzing soil microbial community catabolic profiles based on
carbon source utilization patterns[J]. Soil Biology and Biochemis-
try, 2006(38): 629-632.
[ 7, 5 B R K, AR AR R R T X S RO T
PR HREIE DAk 2 FEVE BT 9T 1. L HE 2440, 2004, 41 (1)
113-119.
Jetd, BB 53, B, A5 3R R R Oy 20T XA B R A
AW A SRR FE T .%ok o S Gl A 4 T A 1 52 ) 19 P (D). 97
JHA 24,2003, 14(11) : 1925-1928
T, BB 5T BN, ST DR A M L SRR ) B R Al
WL 4R 355 4%, 2003, 23(3) : 496-503.
ok e Wk, M . A 2 75 e b - SR M RE TR h e 2
FEPER AN AR P24 2R 75, 2000,20(2) £ 23-25,47.
EhIR, s, RL PG A S A 0 e SRR W R v
M [J]. 7K £ PR R, 2010,24(4) : 229-233.
7 A, WOOT R, EWIE A RO A G Y
B FE 5 AR AR B9 5 R (D). 18,2010, 42(1) £ 1-7.
RVBEHE A, B, 45 AEABOZE A X 1 Ak 2 Vo M B
PERSZ IR ). 73 F AP & R, 2019, 17(22) £ 7545-7550.
eI, B0, g0 A AR X TR R AT A R
iy 5 3% A 04 5 0 (9], 7 ARl R 2 2 AR, 2020, 42(3)
438-447.
Lozano Y M, Hortal S, Armas C.Interactions among soil, plants,
and microorganisms drive sec—ondary succession in a dry envi-
ronment[J]. Soil Biology and Biochemistry, 2014(78): 298-306 .
EAEE], AR R AR A L MO VR A 1Y S (D). AR
Y15 35 5 LR 24, 2015, 21(4) : 1022-1031.
Dennis P G, Miller A J, Hirsch P R. Are root exudates more im-
portant than other sources of rhizodeposits in structuring rhizo-
sphere bacterial communities[J]. Fems Microbiology Ecology,
2010, 72(3): 313-327.
IR B e o 5 DCE A R AT RO A A W VR 2
R [D]. 22T Al K2, 2020.

(A2 245 76 A )





