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Effects of Streptomyces griseus on soil enzyme activity, nutrients and
microorganism of the seedlings of Platycodon grandiflorum
rhizosphere under drought stress

LI Dui-shu, HE Nian-wu, JI Yu-liang
( College of Biopharmaceutical Engineering and Food Science, Shangluo University , Shangluo , Shaanxi 726000, China)

Abstract: Platycodon grandiflorum of rhizosphere soil under drought stress was treated with different concentrations
of Streptomyces griseus fermentation medium and different concentrations of Streptomyces griseus fermentation broth (origi-
nal solution, and original solution diluted 10, 50, 100 times(The number of bacteria was 1 x 10% cfu*mL~') and 150
times) , mixed with 0 ~ 20 e¢m of the soils in 200 mL pots respectively, sterile water was as control (CK). Soil water
holding capacity was controlled around 45% . When the Platycodon grandiflorum growth reached four leaves, the rhizo-
sphere soil (0 ~20 cm) was taken at 7, 14, 21, 28, and 35 days. The changes of rhizosphere soil invertase, urease,
catalase, cellulase and protease activities were measured with colorimetry and potassium permanganate titration, and the
number of microbes were determined by dilution method of plate counting. The results showed that the activity of inver-
tase, urease, catalase, cellulase and protease in the rthizosphere soil of Platycodon grandiflorum increased with the in-

crease of the dilution of the fermentation broth of Streptomyces griseus. When the fermented broth was diluted to 100
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times, peak of invertase, urease, catalase, cellulase and protease activities reached 68% , 12.63%, 11.53%,
128.24% , 43.51% respectively higher than that of CK. Platycodon grandiflorum thizosphere soil treated by Sirepto-
myces griseus fermentation broth diluted 100 times, significantly improved soil organic matter, total nitrogen, available P,
available K contents by 280.13%, 99.15% , 60% , 60.12% respectively higher than CK at 35 d. The bacteria in soil
treated by Streptomyces griseus fermentation broth continuously increased, in by 355.43% than CK at 35 d. Actinomyces
and fungi in the soil increased first and then decreased, but were all higher than CK. Correlation analysis of soil enzyme
activities, soil nutrient factors and soil microorganisms showed that urease and organic matter, total N, available P,
available K, bacteria were significantly positive correlated (P<0.01). Cellulase and organic matter, total N, available
P, available K, bacteria, actinomycetes were extremely significant or significantly positive correlated. Protease and effec-
tive phosphorus, rapidly-available potassium, bacteria, actinomyces, fungi were extremely significant or significant posi-
tive correlated . Invertase, peroxidase (pod) and organic matter, total N, available P, available K, bacteria were not
significant and negative correlated, but invertase, peroxidase and actinomyces, fungi had a positive correlation but not
significant.

Keywords: the seedlings of Platycodon grandiflorum; Streptomyces griseus; drought stress; soil enzyme activity;

soil nutrient; microbial community

1+ 8 ( Platycodon grandiflorum (Jacq.) A.DC) &
TG AR e —Fh 2y B HARE R AR AR
At LA ERAR T L R R L
U P HUHRESFE AL, AL 2o 0 HdT sk
HROR, (H AR RAEFHE I AR vh it L 80 R 2438
AR 7 1 it SO OR BRATR o Ay i R B ) AT
TRBEREREAE KR T, R I i ik T 2 — 284
A E RN M E R U Y2 RE, Je— PP g™ A 2
A R H B A RS 2R M R w23 K
ZHONER T BA YIS, A 50% HR FBA K
SRAEWITENE , Forb NBE 2 T — 1 At A B 0 b B
R DIEE R R R R R
PR AMEREVE N AE WA L BT I A B & R
ERELATEYIB AL , BERAOR , L&TF . BEs Wi H T4
PR AN AR 2, AL TS K A RS A AR s R
W2 A AR 3 X A R AR . R BR
JEAE ) A W) b S PR 2 (] ) S5 R B R S 46
R XIS A SRR PR R W 4 WA 3R, T
B TR A A SR PR W 7 LR #E )
TSR A KT MR E W R RS A 2
PEASCRE M AR s - SR 46 1, T ELS2 e 4T
TS 5T R AERR E DL R R
BRI AR 4 A, DR O 1 Sl D - S IE D 1Y
FEAEARE O ko A0 S B2 I T A R R
SEARANGE A BRI 39 b A B IR | - 398 MUK Il 1 A
w5, F e RS T R R MR . Kandeler 211
R TR A SR Vi 0 SR T D AL ) LR TR A e T
SEZ RO BEE TR, O H A 398 v R 59 5T Y = Bk 1R Ak 1Y)

WP . 2R AR g R B R 2 B PR /N e AR
o SR, O AN P RIS S5 R Z R, PR
S U3 BRAR 45 98 SR T 4 - S A e, T
A3 Jr s, W% Sk BB 2
R A BTR A O D S e SR S AR, R
il g, FRiLr G L i T — DR i T
AR, IR OB VE LA B e,
T3 2 Wy R A TS AR T A s AR AR PR A3, 4
PR M A ) B A, LR AR T, TN —
P — SR BRI AT ik A A
o RAEERE T ( Streptomyces griseus ) J&= 55 2= 1 ™
AT, A ) TR, O Bk b Bk B D R
SR, AT o T AR R R R B R AR
T AL 23 I FT 2R AR SO R 00 58 25 T & I VR AL BT
e AR BEAR P - (AR K S AR A 45%
JEAr) ARG € 2 TGS A AR AR o 1 S8 g (R ARt g
JOR 3k S A Sl 21 4 2R RN AR ) TG P | -
A=) (AT A R L) LA S SR T 52

1 ARSIk

1.1 ##

7‘}?@%@%% ( Streptomyces grisews ) : m’lﬂ ﬂ: '43 T
My A A= Wy R b DR B R 5 A R R 7ok A BRPY 4
FE TR L A RA T,
1.2 HEFE

FREEO R R FNE 5.0 g, HA MK
10.0 g,NaCl 5.0 g, fi§ 18.0 g, 7K 1 000 mL, pH 7.2
~7.4



%6

EHEIRAE T NE MK CBERE RO RS AT AR PR A SR EHG A TR KRR 175

AR — 51 #73E . KNO; 1.0 g, FeSO4+7H,0 0.01
2. K,HPO, 0.5 g . JEH) 20.0 g, MgS0,+7H,0 0.5 g. B
JI§ 18.0 g.NaCl 0.5 g, Z&1# 7K 1 000 mL, pH 7.2 ~
7.4,

LR L FRHE (PDA) : TH44 2 300 o i % B 20
g BitllE 20 ¢ ZE1R7K 1 000 mL. H & pHo

FhF 353705 v VA TEDERD 20 o BELEE 5 o BRI
5 g NaCl 5 g, K,HPO, 1 g, Z5 17K 1 000 mL. pH
7.2,

KRG FRIE . KK 20 o, B G HEHY 15 g, CaCly
0.2 g.MgS0, 0.2 g.NaCl 2.5 g.K,HPO, 2 g F BRI
2 g WilREL 0.75 g(WME IS M) \NayHPO, 2 g 751
7K 1 000 mL,pH 7.0,

1.3 FHix

1.3.1 ZBEReH &5 RE GBS 7RISR
T I CE B TR R PR INTE B K S L, &R K5 SR 419
7 B AR A S B R AR N, B 15
min, TTHLCAL -, i 50— Mk B2 19 961 80U, WL 1
mL BT = AR R G R, T
28°C, 130 r~min~ 'MYfEEEE IR G A PSR 3 d S,
Fie 109 W R B2 T — MO CREA 3Lk ) Kk B bs
FiFed T 28°C, 130 e min” 'HE IR IS SRR G AP
BEFR 5~ T do W IR A0S 25 TR A IR 1Y) S B T ) A
[ BE (R B 0, 10, 50, 100, 150 35, Hip fi B
100 f5 1 R AR I B ECH 1 x 10° cfurmL™ ") , % o
1.3.2 Raegiban  BOR/NYE JoH H
FIORE A T, T 3% ¥ B 1) KMnO, #9015 7 30
min, TR FHZEB K b g T4 5 AR T, & . K E
129 em IEFR MLPEFHET 48 _EBUZ 0848, 28 5 N
A 10 mL ZE WK, B A B R T80, B D0 50 L, 7E
25°C RSk 85.5% I N LAUMEAE h 85 5%, B K Ab
INZEIR K MR RRIEACRE . FEEFEZ A K ERY
0.2 em KJEMA B AW HIEH/NMER T, B4
(FA2 15 em x B 15 em) 1 iEN 2.5 kg, $EA R
JEE P R 8,5 5 T R TV 200 mL 435 5 46 i+
P, JOHE KA R 6 BR (CK) , 38 1 F5 7K B 4 il 78
45%Fe A7 CRAPR JIEDE ) , B4 15 #k, 3L 60 4L,
PRSI BTN & B3R, AR & pa - B
A3 F 7.14.21,28.35 d BORS FEAR P 43 (0 ~ 20
em) , A ] B[R] At A6 4 AR s - S il T 4 A 4k
7 9 e A MR 1180 R 68 B 8 TR A IR AL 3 R AR AR AR B
458 A AL BN B A B

1.3.3 HIspEmalz Sl iy i
FE AR TE R, FERERETE M H 3,5 - K

FRELETE, UL 24 h 5 1 g T 4 A A A 22 e Bk
Mo JIREGTEME FRB AN LB, DL 24 h 5 1 g £
5 NH; - N Y22 5803808 o o S Ak S T 1k T 5
R PR B S Y, AR ST 4 1 h ITHAERY 0.1 mol
L' KMnO, ¥ RARFRELR N o 21 2 28 Bl 100 e A
3,5- Ak BIR AL, DL 72 h J5 1 g T RAE K
M AR o B TS PR S B =
20024 h 5 1 g B3PI EIL AN Z e B3R
1.3.4 X3gEmpepk il g AL SRR AER
PR TR VL I A , 4 280 1 2R FH VAR B R — L PR A —
i R A — G ¥ e 1) L R R0 A Rl 1 R
FH M A R — e SR T Ffe B IR BH B L £ vk D, ik
RS ER 1.0 mol- L' CH;COONH, 1242 — K J4
JEEETHENE o

1.3.5 XgEmAMKIMNE RABBEHGTE
WU D) SR R R R 10 SRR T A AR AR 1R
BIIRRE AL 24 ~ 48 h ST AN P, R MUR AR
B0 M PR IR — SRR R 5L, 5 ~ 7 d BT
LR, 3R R B 107 4R T PDA BilR KE
Ak ,3~5 d Gt HEEUR

1.3.6 ##a32 R Excel 2010 F1 SPSS 17.0 £
T FL3E Y Duncan #1758 BRI BT 80

2 ZER 50 M

2.1 REBHEEABAYNTENENEEREKLT
EE R R
2.1.1 K &4:EE AR RT3 00 69 A5 A AR R
B EMERE A KRR K O R
R R BRI AT 52 I 38 1140 A7 A9 &) 1 AR B 1= 388, AN T
I [E) A0 S A A - AR B M Bl VS M. ange 1 BT
IR TEAS A B RE R, A A BEAR PR - R B
PEM AR Sh AR EAS KA o Bl K (05 85 1 R
VROV P AR A 5 0, A5 AR o - B8 R il 0
WLAEIG I, 2 W vk FE i B 3] 100 &1, 76 7 ~ 35 d
Tl AR % - 9 PR W TS 1 350 S 3 o8 % IO i i) fr L
BEAPE, I HAES 14 K, R LR B 100 A5, 1%
FREARS s - T3 JEE W G 14 38 B WAL, 4 0.798 + 0.040
mg g~ ', I CKLKBEEE R R 0,10,20,50, 150 %
1% W H 43 53] 5 68% .\ 12.55% . 8. 87% . 7. 98% .
45.89% o JHIRIF WO BE AL PR RS AR PR 1 48, 7
AN B TR A5 AR s - A8 PR W T 1 A Ak e 5o S Tt
1 A . DRI I B 1 K 8 % 5 T T e R IR T
PR B A SRR B 5 1 A — 2 IR VR T, iR
FfAEAE L Z T R WhiE . B, AS R K st %



176 TR XAV BT 535 %
REERE S PR PR L, AT LS R K (kR RO B HEE ) .
®1 KREESHLBRXTEMEMNEERR L EREEE TR0
Table 1  The influence of Streptomyces griseus fermentation medium on invertase activity in rhizosphere soil of
Platycodon grandiflorum under drought stress
1A /d CK BB PEAEEX Microbial dilution multiple/(mg*g™")
Time /(mgg™") 1 10 50 100 150

7 0.131+£0.024¢ 0.351 £0.040¢ 0.427 £ 0.002¢ 0.479 £ 0.003¢ 0.491 £ 0.026d 0.195+0.037¢

14 0.475+£0.095a 0.559 +0.073b 0.682 +0.003b 0.723 £0.002a 0.798 + 0.040a 0.547+£0.031a

21 0.366 +0.012b 0.709 £0.057a 0.733£0.014a 0.739 £ 0.002a 0.756 + 0.035b 0.322 +0.030b

28 0.185+0.002¢ 0.574 +0.097b 0.542 £0.045¢ 0.622 +0.003b 0.624 £ 0.038¢ 0.258 +0.028¢

35 0.200 £ 0.015¢ 0.317£0.045¢ 0.324 +0.001d 0.302 +0.004d 0.358 £0.041e 0.216 £ 0.039¢

T FAFUARNG T3R8 B #2557 (P <0.05), R,

Note: Different small letters within the same column mean significant difference( P <0.05), the same as below.

2.1.2 KR &4 F A K BRI T F 6 A AR AR TR
LR B E Ao RN R C R A T TR AR
REBOMA T 538 55 A1 45 1 A PR 338, A8 W] i
(i) A0 5 A A - TR AR P JUR 0% 1. % 2 I, 7
AN [ B A0 5 R R IR VR BSR4 AL Ak B
TE 7 ~35 d PIAS A AR PR A 398 0K il 0 1 3 B
Mo Bt I C0 R 5 T A T R AR R A S 6 o, G el
AR S JOR T 1 A BT 38 00, K 5 5 T A TR VR A
PR 100 FFE , A% A AR PR - 3 R G G 1 2 3k 3] T i
{8, Bl 2 RS FEAR B - S IR B0 PR A T R, (H2&
FH 6 Tl A B s A AR s - 98 Mgk il 1% 12 I i (1]
AYAE R 2 g 8 = (P < 0.05) . AbBRES 35 K, A
TR ABBE TS B % ORGSR 100 fi5 b B3 Al s A AR B 1 48
IR M P U 1 F 7 (11,616 = 0.012 mg- g~ 1), kb
CK K {55 25 I R IR VR B 0.10.,20.,50, 150 1543 51
T T 12.63% .6.64% .5.48% .3.37% .7.70% o
AT D28 0o IR A 4% 5 TR R T R AL R A A AR s 1 e 1S
HHE T~ 35 d AW g5, R MRS A4 1 2 T

2.1.3 & G4F R AR R T F Wb 69 45 AR R
23 RACAEEE G Hm BRI K (O R
A PR R A TR A T 55 I 38 A% A6 ) 1 AR B 3
AN [i] s TF) PR 0 e A A9 - SR Bt S AL S BS PE  2n
3% 3 R FEAN RV R B K €045 B TR A I W Ak B 45 A1
TS AL PRAE 7 ~ 35 d PIAS R AR Fr 4 580 SR AL S
it 15 P 34 0 R o A5 AL R A AR PR e 4
AL ZUG (CAT) B35 VRIS 38 s T CK, Bl 5 Ak 28
B ) ) S A AR s - S8 0ok A Ak AR R X S T
J5 TR CK I A AL S BHE PE7E AL S 1) 28 d 3K
FIE(H (4.537+0.002 mg- g~ 1), Hop Ab B J& AE 4k
BRI 55 21 IR BIGAE., v i 60355 25 11 1R PR K 1
TR RS 100 A% Ak 3 A A A AR o 1 458 5 2R A S TS 12
IRF R KA (5.060 + 0.056 mg-g~ 1), /35l kb CK. K
{055 T R BRI B 010,50, 150 175 19 048 {143 51) 4%
=T 11.53%.7.67% .4.63% . 1.87% .6.53% ., W]
U VIR A5 B 5 T A IR R B 100 %5 RE B8 A &5 b 15
S 5 B AE AL 1] DR AP A AR B - 458 0 57 S Ak
SERVIEPURqibEuRE =R AWl B S =R =N o i el |

Fa. WL, IR BT T A BT BE R RS A &l v 2 T ik
®2 KREEBEAEBEX TR NBERRTIEREE TR
Table 2 The influence of Streptomyces griseus fermentation medium on urease activity in rhizosphere soil of
Platycodon grandiflorum under drought stress
il /d CK JEIBRR BRAEEL Microbial dilution multiple/(mg-g™")

Time /(mg-g™") 1 10 50 100 150

7 9.140+0.071c 9.192+0.037¢ 9.199 £ 0.036d 9.279£0.018d 9.154 £0.028e 9.216 £0.031¢
14 9.137+0.038c 9.511 +£0.026¢ 9.667+0.017¢ 9.753 £0.019d 9.871£0.025d 9.295 +0.039b
21 10.215 +0.026b 10.401 £0.077b 10.418 +0.019b 10.511 £ 0.034¢ 10.640+0.037¢ 10.243 £ 0.034ab
28 10.294 £ 0.018a 10.602 £ 0.081b 10.721 £ 0.032b 10.735+0.023b 10.811 +0.028b 10.410+£0.027a
35 10.313 £0.021a 10.893 £ 0.076a 11.012 +0.025a 11.237 +0.020a 11.616 +0.012a 10.786 + 0.029a
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Table 3

x3

Platycodon grandiflorum under drought stress
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The influence of Streptomyces griseus fermentation medium on catalase activity in rhizosphere soil of

JEI R BEAE AL Microbial dilution multiple/ (mg-g™")

B Hl/d CK

Time /(mgrg™") 1 10 50 100 150
7 3.8430.001c 4.007+0.041c 4.127+0.112¢ 4.500 +0.070c 4.747 +0.045¢ 4.207 + 0.040a
14 3.900 = 0.002b 4.3630.071b 4.560 + 0.036b 4.600  0.060b 4.860 + 0.046h 4.540 £ 0.056b
21 4.233+0.004a 4.700 +0.030a 4.836 +0.020a 4.967 +0.047a 5.060 = 0.056a 4.750 + 0.080a
28 4.537+0.002a 4.447 +0.035a 4.743+0.021a 4.770 £0.053a 4.897 +0.045h 4.603 +0.045h
35 4.163+0.002h 4.210+0.046h 4.477+0.021b 4.583+0.021h 4.627 +0.083c 4.493+0.061b
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Table 4  The influence of Streptomyces griseus fermentation medium on cellulase activity in rhizosphere soil

of Platycodon grandiflorum under drought stress

JE AR REAE AL Microbial dilution multiple/(mg*g™")

10

50 100 150

Il /d CK
Time /(mgrg™") 1
7 0.212 +0.006¢ 0.278 +0.003e
14 0.259+0.009¢ 0.306+0.011d
21 0.243 +0.006d 0.366 +0.005¢
28 0.335+0.007b 0.483 +0.006a
35 0.393 +0.004a 0.416 + 0.006b

0.266 +0.026¢
0.314+0.011b
0.385+0.025b
0.667 +0.019a
0.506 +0.015a

0.272+0.028¢
0.351+0.022b
0.451+0.021b
0.733 +0.022a
0.525+0.025b

0.280 +0.024b
0.314 +0.001b
0.536 +0.036b
0.897 +0.021a
0.622 +0.037a

0.259 +0.034c
0.361 +0.032b
0.491 +0.041b
0.687 +0.032a
0.537 +0.034b
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Table 5 The influence of Streptomyces griseus fermentation medium on protease activity in rhizosphere soil of
Platycodon grandiflorum under drought stress
B ] /d CK JEI R BEAE AL Microbial dilution multiple/ (mg-g™")
Time /(mg-g™") i 10 50 100 150

7 1.108 £ 0.013¢ 1.134+£0.012b 1.213 £0.027¢c 1.262+0.031c 1.284 £0.032d 1.176 £ 0.015d

14 1.119£0.028¢ 1.147 £0.019b 1.229£0.031¢ 1.329+£0.018b 1.543 £0.024¢ 1.250£0.011d

21 1.169 £ 0.066a 1.248 +0.008b 1.279 £ 0.024a 1.371£0.024a 1.598 +0.039b 1.357 £0.008b

28 1.192+£0.019b 1.311£0.03%a 1.298 £ 0.020a 1.329 +0.008b 1.748 £ 0.028a 1.417+0.021a

35 1.218 £0.02%a 1.267 £0.031b 1.258 £0.059b 1.315+0.007b 1.610 £ 0.024b 1.310+0.023¢
22 ZREEBEABENTEMEMNEERIERL  EFRKOEERKFHRAC N TR, SEA LR

BB R
WZE 6 A WL, FHAR B 100 £ (1 K €0 55 25 1 R I8
WAL HET 5 38 RS AR A AR PR 158, 7E 0~ 35 d
PIRGAAR B - IR ) TR R AR (b S I A — 30, Bl

A SR AT SO R SRR S ST N, FE AR 35 K
B, 3P AR A O AN R A o Rk F)
B fE, i CK T T 280.13% .99.15% .60%

60.12%
*6 REESEHARER(HRE 100 )3T REME MRS SRR ERA RN Zm

Table 6 The influence of Sireptomyces griseus fermentation medium on physical and chemical properties in

thizosphere soil of Platycodon grandiflorum under drought stress

AR/ (mgrkg™") BRI S/ (mgrkg™")

EJT'E; d ﬁﬁ(}fa;("méa tl:fril) {‘}fﬁ;‘ ffinl:fml) Available phosphorus Available potassium

content content
0 11.88d 15.32d 1.05d 3.26¢
7 13.21c 15.86d 1.09d 3.49d
14 16.47c 16.91c 1.27¢ 3.81d
21 23.12h 19.75b 1.42b 4.55¢
28 38.55h 2444 1.51b 4.93h
35 45.16a 30.51a 1.68a 5.29a

2.3 REHEEABRYN TEMENEEREL
BRI RN

e 7 0T UL, FHARBE 100 175 () 0K €0 5 5 1 4 18
VOOAL P T A A R A AR PR -8, AE 0 ~ 35 d A
FEARBR - e E R B A R 3. Bl Ab
P[] A0 RE 4, 20 BT P 50— LG, T v A
P ECR e T G BRI . ZERSBEAR PR I AL S 25
35 K E B A5 e 22 LU oAb B A HE 10 200 B K 1
T 355.43% , EAS AR PR L HEAL BEAYEE 28 RET K
2 TR N L R RS 28 3R B S e 1L, 23 ) U AR Ak B - 4
PA)FRCE AT RN B R B 3 I T 253.70% i1 223.38%
FTDL, PR TR 100 A 14 IR €0 5 5 T c I VAL FALAS A
HRBR 148, RIEP A MRS e R A K R AR fk
Z5FRE(P <0.05), H H 415 B 131K 5 )
TR T A EL B 101.73 ANFT 132.05 N E 43 o
2.4 TEERRIERE.CIEEAER. TEVRED

RItEXE

N 8 WY UL, FHFR R 100 £l A K (.5 25 1 K 8%

WAL 3T 038 A A BEAR PR -8, 7E 0 ~ 35 d IS
FEAR PR - SRS T IR ) B Z A — 8
FAH e o 3R M 5 - PS4 DG
FeI N« FeENE 5 ik A AL U T A DG 35 (r = 0.849,

®7 REBEHEBEXER(HR 100 5)3 T RHERHEE
RER TR R R0
Table 7 The influence of Streptomyces griseus fermentation
medium on soil microorganism in rhizosphere soil of

Platycodon grandiflorum under drought stress

ey R B HEH
A ) /d (10* cfu-g™") (10* cfu-g™") (10* cfu-g™")

Time Bacterial Actinomycetes Funga

population population population
0 11.51d 1.08d 0.77d
7 14.15d 1.23d 0.96d
14 23.97d 1.73¢ 1.17b
21 36.76¢ 2.37b 1.86b
28 47.29b 3.82a 2.49a
35 52.42a 2.54b 1.03¢
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P <0.05), JIkEG 5 27 4E R B EAH G W3 (r = 0. 825,
P<0.05), e R Z A EE R AR E(P >
0.05), THEfEPES HHAE ) & i AR
FHICHEZRIN - IREG S5 A HLIT 2 A R0 R
i AN TR B A O IE A OC B B (P <
0.01) ; £F 4 Z -5 A HLTT L 4 2 2 A0 R A o)
SR IEARSE AR B3 (P < 0.01) , i 544 R 35
B RO R B A3 R IE AR G HO R 2 (P <
0.05) 5 £ [ J5 [l 5 0 £k A 280 L AH OC ELAR 2 2 (P
<0.01), T 54 HLIE A7 00 A0 & A4
BRI M IEA X H % (P <0.05), HIER

R ZAFHCHERIY AR & RS 2R A%
B RO B 43 Sl R IE A OC HAR 35 (P < 0.01),
SRR A R A R 430 A TE A 56 HAR
WE(P<0.01), A &85 B & & o A G H
W E(P<0.01), HIEAT) &S L EREYE
EAHDCPER I 4 40 5 S A ML 2R A R0
R S IE A OC HAR 25 (P < 0.01), T4k
PRS00 S5 LT A 0 AR A0 i I
FHOCH 2 (P <0.05) , L B0 5 04 AU IF
MXHEE(P<0.05),

8 FHIERFRLIEEE M, DB A D IR R X

Table 8 Correlation of soil enzyme activity, soil physicochemical properties and soil microorganisms in

rhizosphere soil of Platycodon grandiflorum

ttr w mE SR T

EH  AHUR

o AR AR o R i

b &l Eq iy Organic o Available Available . Actinom
Index Invertase ~ Urease Nitrogen . Bacterial Funga

Catalase  Cellulase Protease ~ matte phosphorus potassium yeetes

TEAEEE Invertase 1.000

HKEfF Urease -0.312 1.000

KRR 0.849° -0.126  1.000

Catalase

ST U

il -0.477 0.825° -0.278 1.000

Cellulase

AW Protease 0.204 0.782" 0.304 0.746" 1.000

ﬁm}ﬁ —-0.490 0.935" " -0.308 0.965" " 0.749" 1.000

Organic matte

4% Nitrogen -0.577 0.944" " -0.412  0.907" " 0.648 0.982" " 1.000

Available phosphorus 0.278 0.996" " -0.123  0.847 0.823 0.945 0.942 1.000

AL

Available potassium -0.280 0.987"

©-0.060 0.882° 0.8427

0.954" " 0.934"" 0.989" " 1.000

4P Bacteria -0.262  0.978" " -0.061 0.900" " 0.867° 0.960" " 0.930" " 0.987" " 0.998" * 1.000
. 0.014  0.716 0.230  0.859" 0.930"* 0.788" 0.661  0.753" 0.815" 0.843 1.000
Actinomycetes
H A Funga 0.407  0.382 0.650 0.511  0.803" 0.400 0.234 0.418 0.509 0.537  0.837° 1.000
W x FIR P<0.05, * x &8 P<0.01, Note: * P<0.05, * * P<0.0l.
3 B R B TR 5E 0 I8 B, (e i 21 4k 2= o i AL L 2
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e DR o S Al SN L AR L 2T 4R R M T L
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REDEHE LR R RN, e LI 1. R LR
BTG AES  5Eh H,0, S YIS, Hy0, AT LIS
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