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Abstract: Aiming to the soil acidification and serious root disease of tobacco caused by continuous cropping, this study
investigated the roles of Pseudomonas koreensis CLP-7 in soil pH, nutrients, enzyme activity and soil microbial community
diversity of acidified rhizosphere soil of tobacco. The experiments were carried out in the field. The effects of pH, content of

nutrients, soil enzyme activity were determined by chemical methods. The study of soil microbial community diversity was
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conducted with BIOLOG micro plate. The results showed that acidophilic P. koreensis CLP-7 significantly improved pH, the
content of available K, available P, NH,-N, and NO,-N. The organic matter of acidified rhizosphere soil were higher than
that of CK. The increase of organic matter content was the most significant. The urease and invertase activities of rhizosphere
soil after adding CLP-7 were significantly higher than those in the untreated soil, but the catalase activity was not obvious.
In 30 d of CLP-7 application, with the increasing time of CLP-7 application, the microbial diversity index of rhizosphere
soil of tobacco showed obvious difference. At the 30th day of adding CLP-7, Shannon index, Simpson index, Richness and
Mclntosh index were reached the highest level, but the Pielou index changed a little. The results of principal component
analysis of microbial carhon source metabolism showed that the soil microbes had significant differences in carbon source
utilization after CLP- 7 application, especially carboxylic acids and carbohydrates carbons. As the application time
increased, the microbial utilization ratios of amino acids, carboxylic acids, miscellaneous, polymers and carbohydrates were
significantly improved. It was indicated that CLP-7 was beneficial to improve the utilization of carbon sources in rhizosphere
soil microorganisms in continuous cropping fields. This study showed that the application of acidophilic P. koreensis CLP-7
could improve the quality and microbial functional community diversity of acidified tobacco soil and create a soil ecological
environment that was favor of tobacco growth, which had a greater potential to application in microbial bioremediation and

tobacco green control.

Key Words: rhizosphere microorganism; pH; soil enzyme activity; soil nutrient; BIOLOG-ECO; carbon sources

R RS 5 T LR 1) BRI S A%, 32 SR JR UK R S A 240 S AR e SR 8t
5 pH AL BT LA R A0 TR 5 B2 A 12 [, SR W) AR M A T b 240 B 3 A I 1) ) S T e T L 2
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P. koreensis CLP-7(Z1.201710081711.X) """ JR A SZ86 % [ 3243 5 (1 W8 R M B 9% {12 2 18 ( PGPR,, Plant Growth
Promotion Rhizobacteria) , %} R. solanacearum E.A7H5% S PTG, 2 B MR AE pH5.0—5.5 2544 A s M fx
S, A 3 AR 1 A SR RD A B0 B8 0, A5 FH T IR PR T A5 R T R R L RORI A TR R AE IR (R AR
AL o AIRISTE R H &4 T IERRTE P. koreensis CLP-7 Jiti A EVERRACAT AR 3 i | DL B Jim AS [8] B5F 18] Ao A
bR A4, EEGE T BIOLOG-ECO $2 AR 1 3 B 4343 M Jr i E 58 P. koreensis CLP-7 X JH FL AR PR - 138
pH \F253 0 WS I M DA S A W 2% DI Re AR (RS2 e, AT LR 45 BRI B BR T P. koreensis CLP-7 TRk |
G R A8 5T e RV R A 4k B R AR AR S T 2%

1 #MR57FE

1.1 K5k

B CLP-7 WA K A, A 20 B 110" CFU /mL,

PR B R A 87,

PEIRE AR B IR IR 53R 5L (NA  Nutrient Agar) B 7215575 (NB, Nutrient Broth) WS 1% R i 7
B WE IR IR NA R FRaE0
1.2 P. koreensis CLP-7 Jiti ] )5 ik

TR b 55 B ] AR T 2016 4F 5—7 H IR T A A K 8 X = KA A 7K I (28°52—29°48'N,
109°40'—111°20'E) ZAE M H #4T , 00 H (100 mx80 m, FHAT 240 Bk, 3k 72 47) F40 Ky 2 AL FEX b B 1
J& CLP-7 408 2 J225 FIXT B (CK, Check) ,BRAb3 3 R B8R 2 17,48 400 Pk, DLl 87 LAt
CCEBWIHEG 45 d) ,PIBHIEH CLP-7 KB 500 0BG MR S0 #RK , BEbR B 100 mL, it FH 45
KGR T (B 10 d) , SRR 1 0k, 6t 2 Wk CK AR R[] b i B 0y 32 , it JFH) 25 o ek 3k
56 FH (] 45° B W) 1 K AR A B
1.3 ARPREHERSE S b

T O S 10 d (FER)) (30 d (MEK
1) .50 d( AR SRHT S5 SHURERS  anE 1 B, Sei
SE A B /N DG A 2R 1 TR s A TR BORE S5, PRAE XS R 2 °
AR 4 A5 B I A S A R A, A PR
HHE A0 5 BRARR , 36 25 Bk, ARPR - RRICEE R AR ° °
PR AR R, L BRAR R R AR AR AR il
B KT 22 IR ) LR 3 [ B8 IR A
51325 100 g; 745 50 K FIATRAE CK AL ke, R4 Bl ARRREARETEE
AL B R R AR T -20 CHRAE A Fig1_ Five-point sampling
1.4 WERbR KoTik
1.4.1 RBERAHE pH WE

(1) ZE N EEFRIE pH DU AE 380 2 TS I AR B 7R 751 —— 150 B 7 0 193 5 0 22 AR pHL A8k, TEVR N 1% 155 &
F W KRR NA S ERIZR 3R CLP-7,F 28 °C 153548 B IS 15 5% 48 h,

(2) #0438 pH I SR LA e ST BRI b B GE T 2 mm G5 FL) KT 1FE 5 g T 50 mL gepfr, i
A 12.5 mL T AABRIK , BiEE 5 min, & 30 min, i ] PHS-3E % pH 05 3% pH, 3 IREXE .
1.4.2  ARPR - SEREE TG PE 5 3R S

SR I 5 Y 2 BESCA B  Jr i  B A + BRI ( S-UE, soil urease) | FEME T (S-1A , soil invertase ) Flid
FAALE W (S-CAT, soil catalase) ;ii%?%ﬁﬁﬁi)ﬂﬂﬁii’%%ﬁﬁ@@iﬂ“” J5 1 AU (AK, Available K) K406
FETHEIAE AL (AP, Available P) FHAHWE L 63552 44520 (AN, Ammonium N) FH#E B L 63505 A

O mk ® it
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A (NN, Nitrate N) FH 8y i 2 Hb 662500 % A4 HLE ( OM, Organic matter ) FHHE 5% FREF 25 192 (A2 ) I
A, RN 3 KEE
1.4.3 BIOLOG-ECO 43 #r AR Br LG Yiiie s D 2 40k

BIOLOG-ECO &4 31 Rl i, /0 & IR IS B RIRE e SUEIL AV BB AW ALY R
ECO R0 1 45 771 o L RERAE 25 C 41 FifiAk 24 h B S g(C4 T 8) LT 100 mL =FA#id, A 45
mL K 7K ,30 min 5, HEBAEE 1 mL 3K 2 mL .04 %, 78 10000 t/min K &0 20 min, 572 FIER,
i1 mL A REK  FEIRG 4% EARS) 5 min 238 4] #5F 10000 r/min T 20> 20 min, FA 2 K, R L H
BRUR ;37 25 L3EW, N 1 mL A BEER K ZEIR G 48 LR ) 5 min 22827, F 2000 r/min F 0> 1 min, BT
WAENBEAT 20 mL & KA FEER7K (NaCl,0.85% ) MBS IFfHH: ODy, . AERFTE 0.13+0.02, il 5 1 42 Fh
WOrRE EAETWAY (8 FLIEHEHE M ECO M35 FRIEFLHIN 150 wl LR, BRESD 3 IREE , R I
Ut A BHASEHF ARIAARIC IS A 28 CEIRIEFRAE T . 00T 24 48 .72 96,120,144 168 ,192 216,240 h
fifi 1 BIOLOG LR S0 1A sl e W
1.5 Hdnabi

(1) FLAYT- 2 5 (0 A8 Ak 2% OT A AL b i O (T 2 B30 28 f 32 (average well color development,
AWCD)AWCD= X (C,-R)/n, A, C M5 i MRS BEFLAYROGAE , R FXF BEFLAY I OEAE , n R 155 Fem 5 Ap
K (AR n=31),

(2) Shannon-Wiener ZAEPEFESL H=-% (P,~InP)

A PR D EEX B AL MO S BT A FEXT LGRS AT LUE, B P,=(C,-R)/ X (C,-R) .
(3) Simpson A g g L1 D=l—ZPi2
(4) Pielou 45 5% J=H/InR

Ao, R AR i he 5 AL

(5) McIntosh FEECOV R T RS R 2 4E 23 1] [ Euclidian P55 89 ZREEFE 5L ,U= mo R n e
55 i FLIAHXTIOEIE (C.-R)

(6) FEEEFRE(R) " A8 WA BB IR S H AT TP AL (C,-R) IIME K T 0.25 AIFLEL.

FE 55 HT I SPSS 19.0 Z A1) Data Reduction T E. | A8 B0 B AT AR SR 168 h £t 14
HEIRE AWCD EIT3 2 &S H Origin 9.0 204,

2 ERE5S

2.1 NI P. koreensis CLP-7 X 15 % R AR br 3 pH
) 5 i)

56, CLP-7 1555 48 h J5 i Inds /s FI a5 52 34 B
IR A A (pH 6.0) 22 4% (>pH 7.0) (&l 2) B %
PIRRIAER A B AR | 8 7 5 pH BB T, HE
W HENAL (3 RER) 2R 8w (K 3), b & i H
CLP-7 B a3, AR B 1= 138 pH & A= 8¢ B 18 1 28 4k,
S —UCRAE (AR A 10 d) AYARPR 18 pH S 5.1+
0.0, ALFF 2252 B (P<0.05) s 35 —YORAF (RE KB, 2 CLP-7X&RIEHRMIERFIEFENERETN
WG 30 d) AYRRPR I pH 2 5.320. LA =UORME OB s Gotor change of indicator amended medium before and
AT HER 50 d) IARPR L4 pH TS % 5.440.0,CK 2 gier innoculating CLP-7 by plate scribing method
PRI pH J& 5.2+0.1, £ A0 PR 5 X A2 22 55 1o 35 (P<
0.05) , UEHANGRS , T35 pH 2 T-m

http ; //www.ecologica.cn



15 A At EE R CLP-7 XA TH i R A it v S REZ R R RO 5361

2.2 P. koreensis CLP-7 X1 #R Fr 4 BB 5 4 i) 2w
Wz 1 FioR , CLP-7 A BN AR PR+ e RGP AF 76 A
[P RS2, MBS 10 d.30 d F1 50 d I IR | s4 f
WA A b SO S PR S 5 R R R A
o REREEE DRBESS P T CK 30 d IS MR R, e e
CK 3871 5.8% F1 35.5% , kb Bl 5] 22 5 i 35 ; 33 SR b & Bl so |
TEPETE RN ORI ] N 394K T €K,
2.3 P. koreensis CLP-7 XTHBR 3500 & B AU 52
i3 2 BE T, P. koreensis CLP-7 0] IAS[R]FEEE 5o
PR SRR, BAEAMMAS A SRR 10 10 30 50 CK
d B MBI CK 38K 34.9% F1 36.3% ; SK 5 WG I Time/d
T B8 M0 T o, Ak R ) 22 S W 2 RSB < o ot R o B3 CLP-7 R4 2R & MR EAR AR £ 5 pH 4L
I‘Eﬂiﬂﬂ 55 5'6 J:ﬂ‘ )ﬁTI@%ﬁ%,{E 3 /I\ ﬂfﬂﬂ@ﬁ%i@%ﬂ: Fig.3 Change of soil pH in tobacco rhizosphere soil under
CK A ] 25 5 5% 5 FL 30 d I, b o ik ik s, I ;ﬂ%ﬁ;;;;;%‘(:yo‘i;‘)”
CK 3471 13.4% ; CLP-7 X R b 496 45 2500 55 4t 5 i 458
K 10 d B AR B A AT R0 & s, b CK 3
394.3% RIS BT T I, 28 50 d I, A %00 & AT e CK 34 110.0% , kb B 1H] 25 5 5835, MR PR 33 WL &
B, B ORI ] ) - A P & R A BT E PR, B M T CK AR, 2513 T 11.1%),
19.0 %1 16.7% ,30 d &,

()

——

—tc

pH
o

e
——

F 1 CLP-7 I AER R L 8 E 4 A 220

Table 1 Effects of soil enzyme activitity in tobacco rhizosphere soil by CLP-7 under different time treatments

b3 iR UK R A7Ea) 1 o it
Treatment Invertase/ (mg/g+/d) Catalase/ (mL/g+/h) Urease/ (mg/g+/d)
10d 3.3+0.1¢ 0.1£0.0c 28.6+0.1d

30 d 6.0£0.1a 0.4+0.1b 37.5+£0.3a

50 d 3.3+0.0c 0.3+0.0b 32.6+0.4b

CK 5.7+0.2b 1.2+0.2a 27.6+0.3e

[FIZ B e A [ TR 22 53 35 (P<0.05)

x2 CLP-7AE4AEREREERRTEFRSSETH

Table 2 Change of nutrient contents in tobacco rhizosphere soil by CLP-7 under different time treatments

fhsm A A SR GRS AL
Available K/ Available P/ Ammonium N/ Nitrate N/ Organic matter/

Treatment

(mg/kg) (mg/kg) (mg/kg) (mg/kg) (g/'kg)
10d 393.5+0.9¢ 456.5+0.5a 118.8+0.4a 50.7+0.8a 28.9+0.4¢
30d 434.3+0.8a 235.5+0.4b 93.5+0.7b 21.5+0.6b 36.8+0.5a
50d 413.8+0.2b 172.1+1.8¢ 65.6+0.6d 11.1£0.4¢ 34.5+1.2b
CK 383.1+1.6d 62.1+0.6f 83.9+0.2¢ 14.4+0.7¢ 17.8+1.0d

[RIZNEE fo AN R - R4 R 25 57 1 3% (P<0.05)

2.4 P. koreensis CLP-7 X} HEBr +3ef A= Wi Bh e 2 2 PE ) 52 1)
2.4.1  MRBRHHERUE YA TR0 AR LARRAE B 32 15 o B

I 4 0T LUE Y Bl 55 35 0 (R 3n  AR PR -3 b i B E D TE PRSI TH T, A 24 ho 2 AWCD {ER G TH
1,168 h JE kTR R XF ELAS )t B i TRl AR PR 3B AWCD (& B, HAR b3k 30 d>50 d>CK
>10 d, B EE 30 d BF, AWCD {EiA 35 e 8 1.3, b CK 391 371.6% ;i 5 J5 50 d B, AWCD i F %/ 0.67 {0
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15k CK 88 1.23% , M 10 d BH AWCD {E /N, R 0.19, [ CK 38/ 0.38% . [ iRZE U6, CLP-7 fig!
P R AR PR - AR Wk B U ) R R

AR AL FRAR PR 355 5% 168 h 5 40k UE AWCD fHHE4T £ 840404, 76 31 AP 7 28 3 4~ 32 il 40 I
T 12,3 ERMEST TTRRERST BN 49.0% 36.9% 11.3% , Bt 5Tk Rk 97.3% , HiA s a0 i 5Tk R AR
AN RCEERT 3 A T AR VE IR Sk A it BRI AN ] e TR AR s = 38 i A= i A R A . 25 SRl 5 iR,
10 d 7E PC1 . PC2 b4t , bW TR 10 d XK - 33 f0 Ak Mk IR S e e K5 )2, 30 d it CK 4553 A i
HABUN TR 30 d J55 CK AbBE - S5 A: Wy i 5 R FH e AR (U BE e e

—=—10d—e—30d—=—50d——CK 1.0

C C
14 |
g 12t 05 D
Sz - .
Ze10r B
o
gg 0.8 S o
gg 0.6 A
) 3
2204 05
>
Y
o -1.0 | . ‘
0 24 48 72 96 120 144 168 192 216 240 -1.0 0.5 0 0.5 1.0
I 6] Time/h PC1

El4 CLP-7 7[5 4b T2 B 1) 4R 248 FR + HE 10 4 W1 89 AWCD {& 5 CLP-7 7R[E4b 22 A (8] KR B2 AR BR - 3 i e AR A 5 E A 4>
B S

Fig.4 AWCD variation under different time treatments by CLP- Fig.5  Principal component analysis (PCA) of carbon sources

7 in tobacco rhizosphere soil microbes metabolism of tobacco rhizosphere soil microbes by CLP-7 under

different time treatments

A—D:.10d, 30d, 50 d,CK
2.4.2 P. koreensis CLP-7 XM Fr 50 A= W) Z2 FEPEFE E 0572 i)

Jiti FH CLP-7 J& , PR 1 3E 50 A= 9 Shannon-wiener Z2FE M 48 %1 | Simpson fJt ¥ 5 %1 Pielou $45) BEFE %k
Richness Index = & JEF5 8L I Mclntosh 8 E0FEAS R URE IS N & A= T AR AR B B9 A8 1k, N3 3 W LAE
Shannon-wiener 5§ %% . Simpson 5% . Richness 8401 Mclntosh 5 %5 bifi 5 it P21 ) 1] %) 385 o 52 =B 45 e 7 30 d
IS E i, 9o 3.3.1.0.26.7 F1 8.0, Ht CK 20 B3 K 16.5% 3.2% 53.7% 1 27.5% , b P 6] 2% 5 5 3 i
Pielou 5 %5t 5 it p ] ] A 3G A2 LR BT, 5 CK HEAFR

®3 CLP-7 REACER EEERER D IERE BRI S HIEIER

Table 3 Functional diversity indexs of tobacco rhizosphere soil microbial community by CLP-7 under different time treatments

st FURAEHL(H) DL SR H D) FEICAECR)  RISIEREC) Melntosh F(U)
Treatment Shannon-wiener Index Simpson Index Richness Index Pielou Index Meclntosh Index
10d 2.3+0.3c 0.4+0.3b 6.3x1.2d 1.3£0.3a 2.67+0.41c
30d 3.3+0.0a 1.0£0.0a 27.7x1.2a 1.0+0.0b 8.02+0.41a
50d 2.5+0.1c 0.9£0.0a 10.0£1.0c 1.1+0.0ab 2.92+0.24¢
CK 2.8+0.0b 0.9£0.0a 8.0+1.0d 1.0+£0.0b 2.90+0.68b

RS G TR R £ 24 5 835 (P<0.05)
2.4.3 P. koreensis CLP-7 Xt HE PR 504 Wy A B IR 68 1 00 52 M)
BIOLOG ECO #fLM &4 31 Ak, FE T i B e AN TR OB H 8 6 28, 40 Al B & FE RIS R |
W A SCEALE YIRS . AR 2% A P - A M e VR 6T 6 25 IR B AR X R R WK 6 frs,
CLP-7 X H s - 3 A= Wt U5 AR A AN [ R B B s i B o i 7 HsF 1] 85 m , AR B 388 i A 9 et e D 7 1)
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FRGHTIE TR, JUHR R TR IS SRR IR 4 R R 8, B ik 50% , (0 R FH 28t AE 78 WA Bab 25 5% ) X FR R R
RBIEA 58 550 4351 4 10 d>50 d>CK>30 d #1150 d>10 d>30 d>CK, JifiFE 10 d B, + 3k 5 4 4
FRR IR Al U5 AE X R PR IR 51 100% 7t S50 d, 3384 MR b 2 e 2 TR A W Sk U5URE X6 ) SR 2 3k 3
100% , 2 512 2 TR ZE WD A1 FHEAE B S 30 d 3k 3 5emy , 43 908 70.3%F1 100%

120
=10d

°
2z a b
§ 100 | B304 i a . _
2 mso d é
5 g | BCK 7

%‘F‘g r a ? b

ES b ¢ b =

o 7 e =

=2 60 o =I5 = a

g E Z = =

%E _,// — x// ab —

gL o5 = = b
= e a —i ) be —
E] é a a = ?/ —
2 2t 7 7 - = =
) - o =} =] =
2 | B 7 = == =

BIERRA JHek REawk WEREALE P iES
5 Carbon

B 6 CLP-7 7 [E &b 32 e 18] #H B AR PR L SR AE 03T 6 KRR EXS F A 2
Fig.6 Relative utilization ratio in six groups of carbon sources of tobacco rhizosphere soil under different time treatments by CLP-7
IR AR 22 5 .35 (P<0.05)

WE 7 s AR TR 26 i A ot R R 68 0 00 S5 | it o3 AR 238 38 BH sl A vl JHL R 75 2K
Bk, i CLP-7 J5 , TSR GAE X 31 Rk IR AR HTRE 7 35 4w, B AL 30 d>CK>50 d>10 d, 5 CK
2R, M 50 d B BRIEEEASRE S RUE Y S R L D3 A, BE 2 Tt D R RN, A SRR Pkt R
ORISR (LA ER | L-RABE R\ L- AR I N AR | L-22E R | L- &R ) 85 FR IR IR U5 ( D-H 4 &
2 D-PRLBHRERR 2-F R R ) o RAA WS (kiR 40 W) SCRESAR A i 5 0 P IR 12 HY T8 R0 DG 40l
SR (o-D-FLBH | i- 2R BERHEE  N- £ L - 2 e ) ARG A B R i i, T X 2 SRR S VR 1Y L e R
FRISI D ZUBHBA TR  y-FR 5L T IR AR WISl v i 8 2 e R A3 WU , S0 5 45 5 0 - 1-85 12 D, L-
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Fig.7 Utilization ratio of soil microorganism to 31 carbon sources by CLP-7 under different time treatments
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