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Effects of inoculation of Fritillaria Taipaiensis P.Y.Li with
growth-promoting bacteria on inorganic elements in rhizosphere soil

WEI Zuchen' PAN Xingjiao® “HUANG Xiaolan' LI Hailing’
GUO Donggin'"” ZHOU Nong'™*

(1. Laboratory for Green Cultivation and Deep Processing of Three Gorges Reservoir Area’s Medicinal Herbs,
College of Life Science & Food Engineering, Chongqing Three Gorges University, Chongqing, 404000, China;
2. College of Pharmacy, Dali University, Dali, 671000, China)

Abstract; We collected bulbs and soils of Fritillaria Taipaiensis P.Y.Li inoculated with 5 different
growth-promoting bacteria to analyz the content and change rules of 10 inorganic elements in
Fritillaria Taipaiensis:P.Y.Li and soils, revealing the effects of inoculation with different growth-
promoting bacterias. The results showed that the inoculation of beneficial microorganisms from the
exogenous can regulate”( promote ) the infection intensity of AM fungi in the roots of Fritillaria
Taipaiensis P.Y Li. Hg and As elements were not detected both in rhizomes and soil, and all other 8
inorganic elements were detected. There were significant differences( P<0.05) in the contents of the
remaining 8 inorganic elements, and the the content of K and Ca in the bulb of the Cc treatment
group reached 3 times than the rhizosphere soil, and the biggest difference between Mn and Zn
reached nearly 5 times. The analysis of the enrichment coefficient showed that the K, Ca, and Mg in
the bulbs tended to be higher than those in the soil ; the trace elements Mn, and Zn also tended to be
higher than the soil; the harmful elements Cu, Pb, and Cd were lower than the soil. The metal
elements in the rhizosphere soil were low and in the unpolluted range. Correlation analysis showed

that there are synergistic and antagonistic effects among medicinal materials, rhizosphere soil,
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medicinal materials and rhizosphere soil elements.
Keywords: Fritillaria Taipaiensis P.Y. Li, soil, harmful metal, pollution evaluation, promoting

bacteria.

KHE WAL Fritillaria Taipaiensis P.Y.Li) 52 )| D1 B ) 3L AE Y 2 — , BA 15 #GE Bl A0 k0% 2 97
R Bt ] DURE 25 PR E DGR BIIR A KT R BP AR N DL RER 2™ i, BRI = BB A E R =
FARI R 45 B0 R, 1 DURE AN TSR 5 2 1A 7=l Ak K 8 B R 22 865 K 1 DR Ry 1] DL 4
BRI NTIEE iz — AR A PR A = B i B ARk T R 5 45 B AR B
FEN BRI —A17 BT B/ N AR . B2 N TR AR (0 AS VeI A 22, Bt 22 1 A 98 6 K P D I %
ANV ERWAE B A A2 M R S o AR b AR A R A FH 5 | - 8 v A 35 3 b o0 ™ o R Al i
WM TC R Bz 4B T AR, 2504 TR R 3K B E S RSO T A 1 DL REZ R

A DR 280 T ) 5 A 3 TR A i RE A 3 e R A ek R B o 1 T
FIN TR A SRR 7 R AT A PR A 0 T B A R i e s R R AR AR R
JGE A5 1 M T S A S AR (G A A LI AR, A A S — R 3R BT Al AR AL R
A b 2 P MR B - SRR R R 2 B RN B 2 A BRI N T 4 S g N T X
Xt S 2kt e A AT R P S R A fR

R HE 4511 B U B A 4 e R 4 0 A 1 DR 355+ B R Bl 3 SO T T T
AN TR AFEBR O 11 DL it 5T 55 AR B 1= 458 DX 9 R G TR A 2B B i 7 0K 1 DL REAR B, DL - S8 0L
JCR MK 1 DUERE 5T AR5 A 408 S0 = AT AR e e ] A MR AR B IR S B S IR e R
B S R 2e S R AR SCIUR 5 FORTRIAL A IR i, BIFSE 3 4F 4 K 1 DL RE 258 KR B
FEAPSNEME AM BE AP A IR OR A DR AR AR G A 2 A L ROl R S AR
b, B TERUT AR PR 3000 23 A YR S 8 s K A IR g e 28 % i, BRAINA o R LR, T4 /& K
1 DURE 268 i T B2 A MR T A4

1 # B ( Materials and methods)

11 fReAERRIR

AM EL TR 18 5 5% [ [ bR S P AR L T i J5 ¢ ORGP0 CINVAMD) TS AH Y. AML EL B 20 B 5], B
TP, HE AR R A T 22 Mfr e R AR B ik 35 5L T, Claroideoglomus claroideum | Racocetra
coralloidea ; FFFR T (ARG REL=2%10" cfu-g™") B R (ARG HEL=2x10" cfu-g™") f) Ml fiOT
A PR BRA Al AL
1.2 FEGE R

K A DURJ7 e 6 =5 R |9 o DRETT AR 3R B2 3RS OB B BE L 1) 3 4 AR ABL PR, AR S 30 SR A Xl o7 T
31°32'32.09"/109°4'55.81", 4k 47 1800—2630 m , i ML I (1) 37 A = F8 111 X S fie , B/ 22450 17°C LA
T, PR 5 T FRAE 85% L b SRARFE i 28 — Uk A DX b 245 b S PR 55 8N T PR T T AR S e % (R
PR =~ B8 ) R e B 5 52 BB RHEY) K DB ( Fritillaria Taipaiensis P.Y . Li) BY#TfE 6525
1.3 RIS AR R AR

AR LA DR T N DXk W 1L 8 R ObK 2 el Y A e, e SR A XA T 30°55720.. 407/
108°2052.80", #E 4K 530—1355 m. JE 5 - 2 M i i, BT 121°C o e K B89 N K B 2 bR 48 L AR
CRIG ) I7 ik R AREE T 109 0 BRI WO BE 15 min J5 , 20K P T4, % 11,2017 4 8 H 26 H
FATHE 16—18 cm, ¥RFE 3—4 om #J5H + 5—6 em SMUEW RIS 2 T3 £ F K R, 1%
2R Ce AL (FEFIF M52 1360 4 Claroideoglomus claroideum 1) \Rco AbBEZH (LR 3N
BE4524 1430 4~ Racocetra coralloidea fF) Prb AbFRA] (305 AR 24 35 o fREI T ) (Psh AbHHZ (25D
i A EEZE 35 o IR ) Mi AFEZ ( Claroideoglomus claroideum Racocetra coralloidea fFER T V6 8 Y
TRAGHRN MR 50501 Ry 4 RSP SRR B0 1/4) 200 CK (AR ) 41 3L 6 Fpab B B 4b 2R 5 A
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HAE L EEE L ARRORE DR 10 Bk, A KW F B HL.2018 4 5 H 29 H USRI 14 DURFAE A A i
25 RV R TR 45°CHARIE T T A AT 5 AR B R ARAT , T BRIAR A= Y 2R = G 58 B 1 43T 5
IR+ HER 2 AR AR R i A 5 0 2 AN i A2 R W 077 £ | 18 FHEMR IS IR
SEMRBR 39, B2 i2E A IOk 1=, 4% T 3850 B Rt i AR B - 8. 44> - R A A7 R 48 3 1, OF
O RFEE AR 3R MR 1—2 om &b +38  FATRE 3 4y, 0 #RE S A
1.4 F5hrIE
1.4.1 FERITENE

K.Ca Mg Mn Zn Cu . Pb Cd JCE R MR E A 1 I vkl , BIFRBURE & 0.2000 ¢ TR I Z
IRt A 8 mL SR , SO T AR A i AL PR AR e & 05, R AN RS & 50 mL S, 1% MR
VETRUE 25 B 2025 FURE A R B R FF B WA 2 Y6 6 B 1 2 . Hig |\ As TG 2R R 16 2600 4 Jr vkl
E, RIFRBUR B RE S 0.2000 ¢ T I A0 b, 7E G000 0 AN SR T TR A, T A o8 42 )5, He DU 2 I, TE 75 4%
R, B R R 2 25 mL J5 AT I E ; As W2 B, LA 5% B IR AT 5% P IK ML FR 452.5. mL, 50% 5 iR
2.5 mL, EAZE 25 mL J5 W 30 min. %S RS R SR B 20 O BTN
1.4.2  KEANERZETHICE & £ RO

TR EERI(C) = BFRIUCRAAYR T B8/ 8 R0 Z e HA Y T A K Sl g .
1.4.3 KA DUBEZ5 A SARPR 38 5 48 15 Y P

MR 26 PR B 300 A28 SR AT o) 22 B (- S 5 ekt AR B o 19875 e UG 5 s )
BT IS Y BURIE (W 1)

R OREA VB2 H K E eE SEE N AR 5 2

Table 1  Fritillaria Taipaiensis P.Y.Li medicinal plant and“soil heavy metal evaluation standard limit reference

TS9HIH Pollution project Cd Hg As Cu Pb
25 Y B bR A2 B kAT bR iERR it/ (mg-kg™")
Medicinal Plants and Preparations Foreign Economic and Trade 0.3 0.2 2.0 20 5.0

Green Industry Standards Heavy metal content

b BRI Bt A ] - TS Y KU AR T R 4/ (mg kg ™)
Environmental Quality Agricultural Soil Pollution” Risk Control 0.3 2.4 30 100 120
Standard Heavy metal content

1.5 BdEor
SRR SPSS 20.0 R AF T Excel 2010 #4740 B 4047,

2 R 5L (Results and discussion)

2.1 AN[RME A B AR B R 1 DURRAR 3R AR e 5

TR FEALIEIUOR [ DURERR 22 30 45, BT K24 1.0 em AOAREE , SR FH il ) A i g € 0 A 11 D0 R AR 2R
(RYLSRGEAT I E > i 1 AT L S [ 4R A TR A B A R DL AR R AM LR R Y, R YL R IR
100% ,JE WL T ISCRAR G544 (B AR Y nim BERIA B K 22 5. Al 6 iR CK AW JE W T AR 454, HLAR Gy %
K 100% , 5 e A % B A R A I AR OB 45 SR — S0 R CK 4], 5 FIOAS A A= B AL BRAH K A DL
AR 2R A2 YL it B A1 BT IS 5 | YR 3 5 5 25 55 (P<0.05) . it AT UL, 432 b A JEUAR B 1 33647 45 WA B vk
K DUREAR P AM B P 142 G ot B LA R4 (R F ) VE .
2.2 AR AR B AR PR R ( DURERR RS 3P LT R A R s

5 BRI AR PR A B 9 R A DB B CK 4 338 10 oo 2R & s W2 2.10 Foc R B As Hg
JCRE KA AN HAYI 2 45 0 R AN [RE A B AL B K A DB B rp e R AR A 22 R (P<
0.05) MRPr L3 5 CK 4UAHLL, Psh 20 FRZH K SURM SIS 1 5 52, 1 Reo A0FHA K JUER & it fe
Ik, A F) CK 21 2 £% ; AR R A9 AR PR 3 v K JC A& o S W 34 1 I A1 A ol Ak B4R v
T AR BR -4 R - 400 K TR B s AR S AR PR - AR FRZ H, Ce \Reo Mi AbFEZ Ca TCR IS &
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PUAS CK PR Tk, HoAx 2 AR, X B2 A AR AR P - 3 v Ca ST 3R 04 5 f2 A 2 A9 348 o il 2> i I 42 7o
AN A TR R DU A LB+ 38T Ca 0 3 AW BE ) A7 78 22 5. R F DURIAR B - 38 (9 o i T
R Mg Mn . Zn JCER I & & HOR CK A4 B BTV, RIS FEAEARBR 580 89 Mg Mn Zn D03 & A7 B
AR ftE A AR BRS  EAR 3 T P RO TR A A
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40T
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Bl 1 AR R A 0 R DURHAR R AR YRR (& £5,n=5)

Fig.1 Effect of inoculation with different growth-promoting bacteria on the root infection rate of Fritillaria taipaiensis

A FEICE Cu,Pb Cd As Hg, Bk As Hg I FKH BRAKS A1, MR TR B IFE CK 41X R e R &
RIS AR B (B YA 2 4 B DA N I B AR AR TR AT S ) B R DL R R 2 Ak
10 FhEALIC R AEMR PR 3 #7355 B HEF 4 : K>Ca>MgsZn>Mn>Pb>Cu>Cd; 10 FEHLIC R 7R AR
Pt 39 b e P4 S BEHE R . KsMg>Ca>Mn>Zn>Pb>Cu>Cd.

SRR TR TEAR PR H SRR PR -3 KiE e K Ca Mg 19 & i &R AR # &5 JER B £ iy 45
FhoC R &R KARE TARPR L, X T 8 5 25 MR ZE X R MM AT 6. o A7 oo R S b b ik b
GAJEREN X ARHE T K E 25 024t 5 GK ARFEZ X} He , SRR AL BT, &R R & A
Al AN, 2 B[R] A 2 S0 5 T B AR [R) A i 2 BT R P DL R 398 rp e R ) 2 A S 11, 31X
TRILAE 24 %) 3 rh & AT IR iy 2= 55 F.

2.3 MR AR B AR PR K FH DURE 254 th BT 2 A i S

5 FhAS IR A B A B K P DL BE B2 €K ZH A K 1 DUREBE 25 rp 10 Fhoe R & e W36 2.10 Foc %
H R As Hg A HAh, H AR 45 51 0 AR R AR s AR FEOR (1 DUREBE S fon R & B r e B B2 5
(P<0.05) 85250 Eoc 20 5 GK HAH I, Ce Al Reo AbFRA KIFICE K. Ca Mg TCE M &4 TH3%,
BIfE CK 410 2 5 DAL SiF B/ B A P 5 2 45 v 1 A 1 DL R AR 25060 R o o0 2 A W e, HL A b B2 5
LA K RIAERY s Ce A1 Reo AbFEZH i it JU 28 19 & ik AT & 427, ok 3 AR A KA FITE Cu,
Pb.Cd As Hg JCRM 7 B A TEIEH T BN T2 2 hrif.

FERE N2 ETCE S K iR SRS, Cd tESERIKAFE LR, tE S B RE. 5
CK bR Hfe , AN [RIE A TR AR B R 1 DL RRARZE I JEHLOC R i, BRA T A AR X R 1 e 4
PN )2 i A 3 25 M K 1 D BRRAR ZE rh JEHLOC R % 1 i 28 Ak, 31X 0T B2 B T E2 R 02 A= T 19 AN [R] 5 S il
25X} R [R TT R RIRCRE ) e 25 5
2.4 SRR AR A AR BT K 1 DUREZ A () TE LT 2 W ISCRE T 52 i)

IR FA DL g 1o AR A A 35 P 8 3R B A AR K TR st 2 W i - P B TEHLOT R K 1 DL A%
Zh & WL E B E R B 3 AEAFE A B A | BRARK B As Hg JTTE SN, HA 8 Fh LT E
B & AR R BRI TA].CK AL BRZH K (Ca Mg . Cu Cd TR EERBRT 1, AL X 5 FOocEM
WIS AF. Ce Ab 32 K Ca Cu,Cd JTCR M EEREKT 1, R ZEXTIX 4 Fhoc R IELATF. Reo Ab2E
K Ca Mn . Zn Cu TCREMEERBRT 1, RHMRZEXTIX 5 Foo R WOl ar Mi 4B AR
Cu JTCRME L REKT 1.Psb A Ca Cu TR E LR T 1, R ZEXTIX 2 Fhoo Z Wi
4f.Prb AbFEZHH K Mn Zn ,Cu Cd TCR B EREONT 1, RV ZEXTIX 5 FhoCER RIS
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SMARF , Cu STTRTEFTA L FRAH (15 S RECE R T 1, IEWIR 1 DU REAR ZEXS Cu i IR I AR
B Cu A FE LR, LW EESEW L2, 5 CK B A, Ce .Reo Mi Psb Z4bHE Cu JTCEWE
ERBIGINT CK 4H(7.546) , R L i HERD {2 A5 TR Ak JRRE A AL R AR B 22X 3 Cu AY M. K 1 DLRE
20 FEICR M E B9, X BEA RO IR UK 1 DURE 258 122

F3 ORAVARZEXTHOTE IS 4R L
Table 3 Analysis on the Enrichment Coefficient of Inorganic Elements in the Rhizome of Fritillaria taipaiensis

JUSiES)

Trestament, group K Ca Mg Mn Zn Cu Ph cd As Hg
CK 2.151 3.533 1.166 0.118 0.922 7.546 0.746 2.753 — —
Ce 2.952 2.901 0.950 0.180 0.469 2.506 0.763 3.008 — —
Reo 3.323 2.981 0.934 3.835 4.300 3.629 0.661 0.167 — —
Mi 0.686 0.524 0.625 0.069 0.168 5.091 0.903 — — —
Psh 0.424 3.548 0.637 0.050 0.072 2.853 0.202 0.763 & —
Pib 2.331 0.549 0.731 1.808 6.142 7.557 0.513 12076 2 —

2.5 AN AR AR O OK F DURE 2588 K A+ ST i 7 e

Z IR AR N RN (25 R ) B )R] S 28 BR e AT b ), 538 2 e R DUREZS A rpill s 1
5 FhA EICER S AL R IUREZ5 4 Cu Pb Cd (As & Hg & 4R 5.

S IR A B AR S Qe RS T bife ) | Hoe 2 T AR AR 3 SR B - 5 5 Ay
JGER. HHEH Cu Pb Cd As & Hg & KR bR, W 2 B0l A [ R A AL BRSO H DURR258 4%
PEIFRZ 2 B
2.6 M CHLOCER & R A A S

FIH SPSS 20.0 AR} e A= T A 2R A K 5 DL AR =S58 5 f dEA TR OG0B S5 2R UL 4.0 Min
I Zn PITCER B AFAERR 25 IEAR G ; Ca JUR AL Mg JUE Mg JLE FI Pb JLR WA DC R A7 AL L F 1B ARG, 3%
X SET0 3R Z (B A7 A4 DRI AN TR S0 2% (B R AR A — 5 A R R sl G A P, 5 A28 TE R A AN ] 12
A B LT R AR 0825 R T 3R KPR BE S IR 1 DURE R 0 5, 1 B AR AICR.

R4 PP IHLICR E AR OCHE A

Table 4 Correlation analysis of inorganic elements in rhizomes of medicinal materials

JEZ Element K Ca Mg Mn Zn Cu Ph cd
K —
Ca 0.756 —
Mg 0.772 0.862" —
Mn 0.642 0.175 0.236 —
Zn 0.688 0.153 0.244 0.984"* —
Cu 0.018 -0.422 0.030 0.252 0.340 —
Ph 0.760 0.556 0.853%  0.522 0.557 0.483 —
Cd 0.403 0.328 0.166 -0.211 -0.089 -0.267 -0.056 —
et A RIFRIRTE 0.05 A1 0.01 K AR B 2E R
Note: “*”, “** ”indicate significant differences at levels 0.05 and 0.01 respectively.

2.7 R IEHLIC R & RN AH D

FIIH SPSS 20.0 XA [F Al A TR AR R R (1 DL BE: B3 Jn R & i iE AT A DG M oA, S5 SR L3R 5.0
Cu 55 Pb R Z [AIFTEMN B IEM5C.Cu 5 Ph 3 FE IO R BARIE 200 1 4 | Wb A0 BRI HAE
M A BRI 2 AN [RIR A B R, BB A% 0 /D 24 4 % 48 P o 3 T ZE WO, B2 R A M )
S
2.8 S ICHLIGER S R A A

FIF SPSS 20.0 XA [FIE Az B Ab R A K 1 DL REAR PR 4= 800 2 5 K 1 DU REAR 2500 Z 1740 D6 43
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B BRI 6. 1158 6 T LA L, L aErh Ca SUR SR LY Ph JUR Z AIFAEM I PEIE A ¢ HoRot
R Z[A], WATAE—E B AH SR X B AR SR A7 AR — E 22 57, UE W6 4 A [R) 4 A 1 Ak P K P DL BRAR 2K
5 OO F R AE—E B P FRE T aE S50V LA X e A OGP 22 57 | 5 B AR AN Rl A Al 22 1
Xt K DU AR R 5% ) i R e LA E AR L

RS GM IR IHLICER E AR SR AT

Table 5 Correlation analysis of inorganic elements in medicinal soil

JEZ Element K Ca Mg Mn Zn Cu Pb Cd
K _
Ca -0.207 —
Mg 0.432 0.770 —
Mn 0.796 0.074 0.464 —
Zn 0.746 0.245 0.739 0.624 —
Cu 0.801 -0.081 0.401 0.690 0.367 —
Ph 0.720 0.069 0.474 0.723 0.354 0.975** —
Cd 0.661 0.262 0.644 0.463 0.426 0.768 0.710 —
e, AR R AE 0.05 F10.01 K EAEAE B 255
Note: “*”, “** "indicate significant differences at levels 0.05 and 0.01 respectively.

&6 Zyb 5 LELHICE E AR 4T

Table 6 Correlation analysis between medicinal materials and $oil inorganic elements

i +3 Soil
Plant K Ca Mg Mn Zn Cu Pb cd
K -0.252 0.546 0.324 0.087 -0.146 0.202 0.396 -0.040
Ca 0.222 0.378 0.306 -0.144 0.134 -0.046 0.098 -0.283
Mg -0.066 0.758 0.716 0.088 0.372 0.089 0.253 0.083
Mn -0.228 0.280 0.080 -0.135 -0.518 0.387 0.457 0.360
Zn -0.250 0.340 0.090 -0.050 -0.523 0.361 0.456 0.319
Cu -0.010 -0.646 0.468 0.256 0.054 0.055 0.098 0.506
Pb -0.220 0.942** 0.726 0.032 0.124 0.076 0.241 0.282
Cd -0.012 -0.083 -0.173 0.440 0.025 -0.035 0.098 -0.544
e, AR ARAE 0.05 1001 K- AT B 25
Note: “ ™7, “** ”indicate significant differences at levels 0.05 and 0.01 respectively.

3 %5 (Conclusion)

(1) HEFR MBI A PRHE 55 K 1 DL RRAR 2R LA I 1R A B AR BRI AR 254 | AN (] fRl 2 0 8 A T Ak
PREH R DU B2 B 0] TEALIC 2R B WIS RE ) At FE RE I A7 A8 28 5. 5 08 IR ( CKO) ZHLAR LU, A 1ok 13t i
SRR EE RO A P LG B i 908 T OHLC R B R BE 7, NIk K 1 DU R AR ROE a7
fedt 2541 hE SR B BLR.

(2) EaJECE S RAA P 254 e 19 B EHEARZ — R E R 2R A2 L Ak S IR A
Py el 7 022 SR 2R AT ML AR ) R BERR S B i A 305 e XUBS A 45 s v ) ot R 1 DU B2 6 B H
Serp G R OCR SR I T AN SRR 2GR R R 2 B B R T R T9 U BT R SO AR o A R
TR AE, R DURE S o R S 2R 7™ 14 R A B A R S (At PR AR 4.

(3) FHRAE AR AR AR Y e A TR AL BREE R 1 DURERG 25 01 5 2581 | 35 BRI K 25 5
2 A RTCER S AR O OC R AT D[RV T, SUAT S5 B0/ L S B A= 7 e it v B2 T R AR 40 52 B 1 2
G AR A MU B TR TR 3 DL AE A A 24 i J5.
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