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Effects of complex bacterium inoculants on rhizosphere soil
nutrients and yield of Angelica sinensis in continuous cropping

YANG Tao"?, YAO Yangyang#3, WANG Zhiye*l’z, DANG Shengrong4, MAO Tingl’z,
NIU Yongyan'?, PENG Tong’, WANG Yinquan®
1 Institute of Biology, Gansu Academy of Sciences, Lanzhou 730000, Gansu, China
2 Key Laboratory of Microbial Resources Exploitation and Application of Gansu Province, Lanzhou 730000, Gansu,
China
3 College of Pharmacy, Gansu University of Chinese Medicine, Lanzhou 730000, Gansu, China
4 Gansu Luneng Agricultural Science and Technology Limited Company, Wuwei 733000, Gansu, China
Abstract: [Background] Continuous cropping causes imbalance in microbial community structure,
deterioration of soil environment, poor nutrient cycling, and thus the yield reduction of Angelica sinensis
(Oliv.) Diels. Therefore, it is imperative to improve soil by modern microbial technology and reduce
continuous cropping obstacles. [Objective] To explore the effects of complex bacterium inoculants on
rhizosphere soil enzyme activities, available nutrients, and yield of A. sinensis, clarify the
yield-improving mechanism, and improve the measures for increasing yield. [Methods] The
phosphorus-solubilizing activity of different strains was detected based on the halo zone, nitrogen-fixing
activity by acetylene reduction assay, and peroxidase activity and nitrifying ability with kits. Complex
bacterium inoculants T1 (Pseudomonas fluorescens CBSS5, P. alcaligenes CBS7, P. extremaustralis
CBSB, Zoogloea ramigera CBS4), T2 (P. fluorescens CBSS5, P. alcaligenes CBS7, P. extremaustralis
CBSB), and CK (sterile potato dextrose broth) were used to treat A. sinensis. The activities of enzymes
related to nutrient cycling and transformation, and the content of available nutrients such as nitrogen,
phosphorus and potassium in rhizosphere soil were determined by spectrophotometry. The yield was
measured with conventional method. Statistical software was employed for variance analysis and
principal component analysis of data. [Results] CBS7 had poor phosphorus-solubilizing ability. All the
strains had nitrogen-fixing ability, peroxidase activity, and nitrifying ability, which were particularly
prominent in CBS4. Compared with the CK, T1 and T2 significantly increased the activities of enzymes
related to soil carbon and nitrogen metabolism and decreased the activity of soil alkaline phosphatase at
the vigorous growth stage and late growth stage of A. sinensis root. They improved the content of

available potassium, nitrate nitrogen, ammonium nitrogen, and available nitrogen in soil, content of
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ammonium nitrogen and nitrate nitrogen in root, and the nitrate reductase activity in root. Moreover,
they promoted the root growth of A. sinensis and increased the yield. Compared with T2, TI
significantly enhanced the activities of sucrase and urease in soil, and raised the content of ammonium
nitrogen and available nitrogen in soil and the content of ammonium nitrogen in root during the vigorous
growth stage of root, and T1 improved the content of nitrate nitrogen and available nitrogen in soil,
content of ammonium nitrogen and nitrate nitrogen in root, and nitrate reductase activity in root at the
late growth stage of root. [Conclusion] T1 and T2 activated potassium in rhizosphere soil and improved
the proportion of nitrate nitrogen in rhizosphere soil by nitrification to alleviate the toxicity of the
high-concentration ammonium salt to root. The ratio of nitrate nitrogen to ammonia nitrogen in root was
increased by active transport of nitrate nitrogen in 4. sinensis. Then the nitrate reductase activity in root
was improved, promoting the transformation of nitrate nitrogen to ammonium nitrogen and nitrogen

utilization. In a word, T1 and T2 promoted the absorption and utilization of nutrients, particularly T1.

Keywords: Angelica sinensis (Oliv.) Diels; Pseudomonas; soil enzyme activities; available nutrients
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(Bacillus velezensis) 5C7 4 W ) ZF 0 #F & &
(Bacillus) & & W& A F1 W 2¢ 6 i 5 i
(Pseudomonas fluorescens) CBS5 . F=Hifli B B
(Pseudomonas alcaligenes) CBS7 . W&V 5 b
(Pseudomonas extremaustralis) CBSB ZH 1% ) {5 5.
LT J& (Pseudomonas) A5 T, 52 i AR
M AVER . Aot AR E K,
ARG PR TR T PR XONTE T, 2R A
J& (Bacillus) &2 4 WA ELMEHE AN EARKER
RERNER, B E (Pseudomonas)
B0 AR HEK IR | SRATIR VAR R , T HL3g ™
VEFDE T 288 8 (Bacillus)'™ . KR | 2R #]
MRS ey M OCT R, BT AR A W i A
A, R HE R & (Pseudomonas) 45 T 77 Ab HHL 2
70 5 M) >4 I A P - S A2k 0 e S R 431 A
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F DR AT B 53 T 00 DA e FE B A 2 P AR v A
HAF S G AT B D Y R RS
RO AL AN E TR AR LE 28 °C 200 r/min

amyloliquefaciens) 5C5 .

2 R H 8 R A B N 8 5 3 (potato
dextrose broth, PDB)R¥zEi3% 2 d, JHZEAA
ODgoo 1, 5B

it A . R D . R TR
fiti . i EACERE . FDA KRG, B-H 25l |
RCPE B UM . BERERRNG . RERE . RIS A S
A B A G, AU RS ERA
R R, SEANAT WA R T, b st Arad A X
WARTHEA A AL, Agilent AH].

PDB Higidk. B2l CASE R, bR
S FERHA BRA ], T BB B € [ & Be
715 EBRAHPIOT ST iR b AR KSR AL, iR
AR AT IRA R, T wERe s SR
Wrag R Rk IR B TR BR A A,
FHFI0 2 sk g
1.2 A&

1.2.1 Rt

BEME AR T1 [ ME CBSS
(MW981369.1) . = Bk f& . il @ CBS7
(MW981370.1) . M ¥ f& ¥ Jiu /i CBSB
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P S R KON, THRE B R SR TR HAR
(D/d)BY FUAE, B VB T AR KN o

(3) AU M 2 S I E . A3 ]
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I AR 7RSS 4 RS 25 d
ARKE 83, HEE AL ERITHR, RUIEE
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i, KWERZREREESR. 5 T2 ML,
T1 B EPE R T AR KRR S2 4 38 ek g A g il
AT TR 1)
23 ARIEEEFNEHFARE LIERIRS
Fo. MBEREN

SRR REAE L, ARG T1 R T2 b7,
TE T AR R I I e 22 7. IMRAEK
PR S2 | AR 83, SANEERIXTIEMIEL, T
BRI & R B B R T 108%H125%; T2 43 4]
WERET 97%F1 14%. FiRPII S2., S3, 5
AEERXTREAR L, T1 BSRREBIREIL T 37%F1
29%, FHARIEINT 84%F 70%; T2 HASR 5
FEART 46%F1 33%, GHASZIIN T 81%F1 56%.
5 T2 Mk, T1 fEARKHERE S2, AR
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Table 1 Function indexes of different strains (mean+SE, n=3)

LS s I#] R 1 1 S A T fidfe S

Strains Phosphate Nitrogen fixation activity Peroxidase activity Nitrifying power (%)
solubilizing (nmol/(mL-h)) (U/mg-prot)

ARSI CBS4 0 3.82+0.01a 86.23+3.04a 2.34+0.03a

Zoogloea ramigera CBS4

PR CBSS 0 2.45+0.01b 68.15+1.25b 1.04+0.02¢

Pseudomonas fluorescens CBSS

FERRR LR CBST 1.5240.10  2.35+0.0lc 25.86+2.88d 1.38+0.01b

Pseudomonas alcaligenes CBS7

B R H P4 CBSB 0 2.27+0.02d 48.29+2.75¢ 1.40:£0.02b

Pseudomonas extremaustralis CBSB

e BEYIR R/ ING P REIM IR AR N FEAR 35 22 5 (P<0.05) 2 HE LA

Note: Different lowercase letters in each column indicate multiple comparisons in the significant differences (P<0.05).
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1 AREEEFMYFRELIEAFNABGEEOZM  A: 13 FDA KEEE; B: TS EMEA
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Figure 1 Effects of different complex bacterium inoculants on rhizosphere soil enzyme activities of A.
sinensis in different stages. A: Soil FDA hydrolase; B: Soil catalase; C: Soil sucrase; D: Soil-B-glucosidase; E:
Soil urease; F: Soil alkaline protease; G: Soil alkaline phosphatase. Different uppercase letters indicate multiple

comparisons in the same treatment and different stages respectively (P<0.05); Different lowercase letters
indicate multiple comparisons in the same stage and different treatments respectively (P<0.05).
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T2 AbHEE R EFRACT 21%, YRS EREACT
30%. ZEA T IR SR B BT
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HER, Rk TSR NES AL, ST
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KR S3 RN, fisERA RS Y L
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FRXTREAHEL, T1 AN T2 AbFREA B 45 & T AN [R] i
WIRNBRIA JF RIS s 5 T2 M, T1 AR KIERE
WIS2 B EES, ARKAKM S3 BEREER3),

T IEAR PR R A KHER] S2, A K AR
SINFEESAMLENF 4, LEH M T1 A T2
AbFRAT RLHRE - R S R L A A, L
SR SR ERT 1, XN 1, Y

e 2R

A EIE & &I H VAR E B EIAR B £ 1E 55 53 B9 #2 0 (mean=SE, n=3)

Table 2 Effects of different complex bacterium inoculants on rhizosphere soil nutrients of 4. sinensis in

different stages (mean+SE, n=3)

NPt pusiil A R AR AR A
Stages Treatments Available Available Ammonium nitrogen Nitrate nitrogen  Available nitrogen
potassium (mg/kg) phosphorus (umol/g) (ng/kg) (pg/kg) (ng/kg)
Start T1 6.73+0.18Ba 16.39+0.05Aa 17.16+0.37Aa 9.60+0.20Ca 26.76+0.50Ba
growth T2 6.57+0.16Ca 16.28+0.06Aa 17.28+0.20Aa 9.22+0.37Ca 26.50+0.38Ba
stage CK 6.64+0.13Ca 16.42+0.03Aa 17.43+0.13Ba 9.05+0.44Aa 26.48+0.54Ba
Vigorous T1 15.3240.29Aa 17.15+0.05Aa 14.47+0.29Bb 18.16+0.50Aa 32.63+0.64Aa
growth T2 14.50+0.48Ab 16.74+0.06Aa 12.45+0.18Bc¢ 17.90+0.30Aa 30.35+0.31Ab
stage CK 7.35+0.44Bc 16.98+0.03Aa 23.144+0.09Aa 9.88+0.57Ab 33.02+0.42Aa
Late T1 15.12+0.27Aa 16.57+0.07Aa 9.81+0.28Cb 15.97+0.22Ba 25.78+0.34Ba
growth T2 13.69+0.34Bb 16.16+0.06Aa 9.36+0.25Cb 14.63+0.27Bb 23.994+0.36Cb
stage CK 12.05+0.35Ac¢ 16.38+0.04Aa 13.90+0.20Ca 9.39+0.39Ac 23.29+0.43Cb

TE: ANFRIRE 7853 1) 27 [F] — Ak BEAS [R] I 9T [0] 52 25 25 53 (P<0.05) Z AL ARG T

8] B 2 22 B (P<0.05) & 1 H 4

BRG3 5 F [] — IHUIAS ] b 2

Note: Different uppercase letters indicate multiple comparisons in the same treatment and different stages, respectively (P<0.05);
Different lowercase letters indicate multiple comparisons in the same stage and different treatments, respectively (P<0.05).

%3 ARESRERFIX HVFARE AR I 4 FOEEE Y 22 (mean+SE, n=3)

Table 3 Effects of different complex bacterium inoculants on the nutrients and enzyme activity of root in

different stages (mean+SE, n=3)

iRt pustl WhEH R R WS R MRS A il BRI D il
Stages Treatments Root protein Root sucrose Root ammonium Root nitrate Nitrate reductase
(mg/g) (mg/g) nitrogen (pg/g) nitrogen (ng/g) ~ (U/g)
Vigorous T1 374.49+1.26Aa 61.47+0.20Aa 696.11+4.80Aa 100.26+0.40Aa 5.36+0.07Aa
growth T2 373.63+£1.93Aa 59.94+0.37Aa  594.26+4.75Ab 98.18+0.39Aa 5.43+0.04Aa
stage CK 328.34+0.84Ab 44.34+0.52Ab  525.00+3.67Ac 62.39+0.59Ab 2.22+0.08Ab
Late T1 362.48+0.88Ba 50.62+0.32Ba 666.85+3.20Ba 93.90+0.30Ba 4.90+0.05Ba
growth T2 350.91+1.33Bb 51.48+0.29Ba 581.67+3.44Ab 84.1540.69Bb 4.52+0.06Bb
stage CK 317.48+1.76Bc 38.69+0.24Bb 495.37+3.72Bc¢ 53.37+£0.59Bc¢ 1.75+0.06Bc¢

T ARIRIRE FRE 53 5120 ] — Kb JRA W] B 10 1] db 2 22 53¢ (P<0.05) 2 T L8 s AN [RI/ING bk 43 3 3R ] — B 0T AS [ Ak 2

8] i 2 22 B (P<0.05) £ 1 H 4

Note: Different uppercase letters indicate multiple comparisons in the same treatment and different stages, respectively (P<0.05);
Different lowercase letters indicate multiple comparisons in the same stage and different treatments, respectively (P<0.05).
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HOTL, T2 IR HE A AN ] i AR e 25 A e ik
AR LB R AR A R B AR, A
FIXTREAREG, T1 F1 T2 AbPEARAY SR S A
) BB e g o R X A S R R S R Y A TR
WCRREE, 43 ARG A 0/ - S A R LR
MESR/ T EESANERR . B TR
BDEBFRESR, S EAMEL, T1 f
T2 WHMESRBEEFAK, HEAEEES
B . A KHERI S2, T1EXTIRAY 2.124%, T2
JEXTRERY 2.10 55 AERRI S3, T1 &XFHER
1.91 f5, T2 XTI 1.74 £i%, T1 KT T2,

FE ) X AN TR 28 A 2 B W e ) Oy X
W, SR Fshizhm, 5AAHRY . &6
P T1 A1 T2 Sl /E AR & 1A R L A
A, /T EW B R R A K
FEEH; YHELFEHEHEESA, #e T
PSR SEHSRW A ; R P RSIR A 5
WS, R T HESE M ESRNEEL, A
e AR RMOR A, T1ILT T2,

24 AREEEFXNHIA=EIRFRIFMN

ERBERI T BRAR LG, T1 A1 T2 AbFRJS 2410
EEIAERE, Pk ERE, kK. BK. fifE
P ER. T1 B BIEER T 14%. 20%.
9%, 11%. 34%; T2 BXFHAHIERK T 27%.
14%. 5%. 7%. 20%, T1HF T2 (3 5).

2.5 MgE. FHEIRERD DR

1 U AR FEL A 35 il T 4 A 3 A8 0 A L [
2, SRBERRTREAREL, T1 A1 T2 AbFE XS Y
SEMARBIE . FERBAE I S2, TR 1 M
M 90%, FRLIT 2 BEAT N 8%, T AIE
figXr Sy 2 DTERE R, HARIEAON R 1
P TTERE R, YIRS T1, T2 T8 £ 1
X4y, TIERPERERR NS M SR CK O F
T AR S3, ERU 1 EMT N 97%, F
BLAY 2 BT R 2%, HaEd AL A . B R

FIfi . FDA KFERGEXT a0 2 somkE ok, Ha
BhRXT RS 1 TR R, XPRS T1, T2 &
Bl ERS 1 XYy, I B R B 1
J& CK W FEEHRHE. BAR T1 5 T2 F2Ma £
BAr 2 XAy, AHE B 2 BarEdk, 5 T2 M
Eb, T1 ffE 22 500 AN

> 5 AR ] g AR v SR A A S LA A
DU 3. BEREA KW S2, TS 1 AT N
73%, FHAr 2 3TN 23%, F 1 f2 R
T 2ETTRCR A 96%., MESR . MAXR, -
US| B EAEX ERA 1 ATk
R, XY T, T2 FE#S FMsr 1 X5,
TR B FEEE; T1 5 T2 &
B Y 2 KAy, MEASREE T EE
FRAE . AR S3, EAT 1 ERATH 75%,
TRy 2 BB 19%, T 1 F 2 By
ZETTHRRN 94%, A[RIFEFRXT 34 19 s Rk [R]
RERRA K I S2, XfREYS T1, T2 FEE F
31Xy, TEEEGS AR CK B FEE4HIE; Tl
512 FEEsEm 2 Ky, WS, L
PR T1 B BAHIE

3 WwE5E®

VLB R oE R, 20 it MR 2F 0
I (Bacillus mycoides) CA1., - R AT
(Pseudomonas entomophila) CN11., 55K HE
(Klebsiella sp.) DX120E . [& & 4%
(Streptomyces chartreusi) WZS021 } R E I b
PR EEFT 18 (Gluconacetobacter diazotrophicus) PALS
T A [ R 2 B vy L S P R | 3 4
AU . DK R RS T AT SRR B
BREE, B RN E AR IRESARE, FR R
IR CNIT AT AR DXI120E AbHE:
HAbTERR, oM ERETE . WL RETR S
PERRARCRCR AL . Deng SFUOWWFGT LB, &R
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Figure 2 Principal component analysis of enzyme activity indexes. A: Vigorous growth stage; B: Late growth stage.
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Figure 3  Principal component analysis of nutrient indexes. A: Vigorous growth stage; B: Late growth stage.
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