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Effect of Bacillus sp. T3 on Growth,Physiology and Rhizosphere

Microorganisms of Artemisia selengensis under Cadmium Stress

ZHOU Xiaomei', ZHAO Yunlin®* , DONG Meng’, KU Wenzhen®
(1 College of Architecture and Urban Planning, Hunan City University, Yiyang » Hu'nan 413000, China; 2 Central South
University of Forestry Science and Technology, Changsha 410004, China;3 College of Chemistry and Environment Engineering,
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Abstract: To explore response mechanism of Artemisia selengensis on plant growth-promoting bacteria
(PGPB) under cadmium stress, this study examined the effects of strain T3 on growth, physiology charac-
teristics, cadmium concentration and translocation and rhizosphere microorganisms of A. selengensis under
different concentrations of cadmium by pot experiment. The results indicated that (1) Bacillus sp. T3
could distinctly promote the accumulation of shoot,root and total dry weight, but had no significant differ-

ence in plant height and root-shoot ratio of A. selengensis under cadmium stress. (2) Bacillus sp. T3 could
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distinctly increase A. selengensis to cadmium concentration and translocation, bioconcentration factors
(BCF) of cadmium in shoot increased by 8. 3% —29. 3%, translocation factors(TF) increased by 20. 8% —
38.3% ., but BCF in root reduced by 6. 6% —11. 1% compared with the single cadmium stress. (3) Under
the joint action of cadmium stress and Bacillus sp. T3, A. selengensis chlorophyll a, chlorophyll b and to-
tal chlorophyll contents significantly enhanced compared with the single cadmium stress. (4) Bacillus sp.
T3 could significantly enhance the activities of superoxide dismutase(SOD), peroxidase(POD) and catalase
(CAT) ., whereas significantly reduced the malondialdehyde(MDA) content of A. selengensis. Therefore it
could effectively strengthen A. selengensis to resist oxidation damage produced by cadmium stress. (5)
Under cadmium stress, Bacillus sp. T3 could significantly improve the number of bacteria, actinomyces
and the total number of microorganisms of A. selengensis rhizosphere soil, but could not distinctly reduce
the number of fungi compared with CK. The study suggested that Bacillus sp. T3 was conducive to im-
prove growth, physiology and rhizosphere microorganisms environment of A. selengensis and then
strengthen A. selengensis adaptability to cadmium stress environment as well as tolerance.

Key words: plant growth-promoting bacteria; cadmium stress; Artemisia selengensis; growth and physiolo-

gy; rhizosphere microorganisms
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Table 1  Effects of Bacillus sp. T3 on growth characteristics of A. selengensis under cadmium stress
b PR Ui Y o b BTE RE I
Treatment Plan/t height R/(zol-dr}lf, weigll)n Sl’/x?ol.drl}f willg>h1 T/o(lal.drlyr W?g?l Root-shoot ratio
cm /(g * plant /(g * plant /(g * plant
CK, 20.90+0.40 ¢ 0.07%£0.01 de 1.1240.04 d 1.1940.05d 0.0624+0.007 d
CKio 22.80741.00 ab 0.09%+0.01 cd 1.2240.03 ¢ 1.3140.04 ¢ 0.074740. 006 cd
CKao 23.60740.50 a 0.1240.02 b 1.2640.01 be 1.3840. 03 be 0.09540. 005 ab
CK3o 21.4041.10 be 0.0640.01 e 1.00+0.05 e 1.06+0.04 e 0.060+0.008 d
Ty 22.5941.10 abc 0.09%£0.01 cd 1.314+0.02 b 1.40+0.03 b 0.06940. 007 cd
Tho 23.70+1.20 a 0.11+0.01 be 1.30£0.02 b 1.414+0.01 b 0.08540. 009 abc
T 24.11£1.50 a 0.1540.03 a 1.45+0.03 a 1.60+0.06 a 0.10340.011 a
T30 22.3241.15 abc 0.08%+0.02 de 1.0540.05 e 1.1340.07 de 0.07640. 002 bed

e AR BRZH A L CK AT 40 926 78 To i A B KRN T3 B4 .0.10.20.30 4391378 Cd il ik B (mg « kg™ 1) s [ AR /NG 521k 3%

RSV LI 22 5 B3 R

Note: in the process of combination, CK and T represent sterile saline and T3 inoculants, respectively; 0,10,20 and 30 represent Cd stress

concentration(mg * kg=!), respectively; the different normal letters in the same column mean significant difference at the 5% level; the same

as followed
R2 FHAME DBEKWUEBDETEEHEZESENTMN
Table 2 Effects of Bacillus sp. T3 on chlorophyll contents

of A. selengensis under cadmium stress

2R3 a i MR &R MITSRREE

hib B Chlorophyll a Chlorophyll b Total chlorophyll
Treatment content content content

/(mg g 1) /(mg g 1) /(mg e+ g™ 1)
CKo 1.5440.09 ef 0.5540.05 d 2.0940.14 d
CKio 1.794+0.09 b 0.8040.01 b 2.5940.10 b
CKyo 1.67+0. 06 bed 0.7140.04 ¢ 2.38+0.07 ¢
CKj3o 1.4240.06 0.47740.02 e 1.8940.06 e
To 1.6640. 04 cde 0.69+0.02 ¢ 2.3540.06 ¢
Tho 1.97£0.10 a 0.9340.05 a 2.90£0.14 a
T2 1.7840. 10 be 0.81£0.06 b 2.59+0.15b
Tso 1.6240.03 de 0.6640.03 ¢ 2.2840.02 ¢

b, T kb BEKSE R 38 MDA SRR R, 5
H— CA(CK) i A L, 25385 MDA & & B R R,
HAAE To M1 Too Zb KT . MDA & & 5 35 05 /D
T 13.7% M 19.4% (% 3), HK.NE 3 A UFE
L BE Cd ke ok B2 9 35 i % 38 SOD, POD i1 CAT
T RS TS B 3 78 CKoo Ml Too b BK P F S
SOD.POD FI CAT ¥ 4 ik & K AH I 5 AH B %F 1
(CK, Ml T2 57 83 Z J5 b Cd Wi vk BE /9 3 m
SOD.POD fit CAT iEH 2 FREEH. 53— Cd
(CK) 38 A 1L, 2 8 SOD, POD FI CAT 3 4 1
Tio To Ty &b BEK S F 3% 8 Jm 6. 326 ~
27.1% 12, 7% ~43. 1% Al 14. 1% ~45. 8%,
Sh. 5 CK, #i k. CKy 4B F ) SOD,POD FI CAT

TG PR35 0 S AR I T AR () CAT 36 VR4 e 3
Hm, B 4% SOD,POD J&PEA BT T R H 22 5 A
Fo AT, Cd e Ab B A5 T2 04 B T L AR
JE AR MDA & 8 (9 386 i 35 vk B Cd i aa ik
BT b 5 5 A D 1 BT SRR S L ZEFLFF B T3
PR PR BE 2 2508 Cd 38 45 00 T 2385 19 MDA & it
I 1 e 4R A il O

2.4 FAFE T3EKTREHETEE CdEER
ey b= A

HiE, 5 CK, Ml Ty AL, & W B Cd il ad ik 2
FE LR B M S A Cd i e i, HLBE Cd
36 e BE 3G 0 2 b T e 53— CA(CKD) Jiria
ACBRAA L L ZE AT B T3 T bR AL BRAE 0 T 3 s b
#h Cd M B AFE Cd & a3, mi gk 2> 1 1o~ 35
Cd 1y &, Hodp Ty Too M1 Ty Ab B 2255 H 358 Cd
P, D Too F Top Ab BRZEE N+ 3 rp 5 1 B
Cd &= B EWAN, M Ty 1 Ts A ¥R T3 Cd &
i E D A R EE R, L Cd AR
RF M H A (R D,

FLWR E W B R B (BCF) 2 1F /) M+ 43¢
hEEESEE RS NIRRT, R4 BR, 5
CK, Al Ty M E, 25 W B Cd 38 b 2 255 b 1355 Fn
Mo R R BCF (E ¥ W 25 88 m, FLRE Cd a6 ik 3 1Y
B R TR I BIAE T A CKy 23T 34 5
RARM. 58— CA(CK) g M. 2E AT E T3
PR PR AL B S b E 5 BCF {1 35 14 i 8. 306 ~
29.3% ,1fi T # BCF HFEAL T 6. 620 ~11. 1%;
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FEAH R b FER 225 1 B9 BCF (0 oK T b F
HB e B b R 2 AR Cd 1y E 2R,

UK 5328 280 CTE) ol FREN A 0% 4 R
Hi N = AR aE . AR 4 nl A,
5 CK, M1 T, AL, & 5 Cd il 4b ¥R 22 TF (4
FOAS [ FRBE WA, T B Cd W 38 e B 1 484 i 3 A 522
R CKy Al CKy, b B R 35 2] i 35 K 75 M 1
B— CA(CKO il , R AP T3 Btk AL B TF
BB EWMT 20.8%~38.3%,

DAL &5 B E 0 - Cd Jilpaf 4 B n] 5 25 398 fin 35585 X
CdWAEYE £ HHEMR T EEX Cd Wiz, 3F
FATE T3 B RRAEDE T Cd Wif 400 T 3858 b3
XFCd By w L AEIREAR T 2 HE 1 T Cd s 4%
HLEHET Cd 2 R iz .

2.5 HFHAE T3EEMEDE TESRER 1
i 2 Y0 B9 % )

LA AV ) R B BE Cd 6 i B 1 385 n 22 5 T
Jei B Fa 34, 78 CKo 1 Top A0 BRAKSE TR - 40 H L ik 28
LRI B 2E ) B 3 38 i KB I 5 A i X BRCCK A
T 25 B3 . 78 CK, Ml Ty A BEAKSE T, H 8
I8 B fe KA 5 A R X B (CK, 1 To) 25 5 8 3,
a5 CK, Fl T, AH . CKoy, B T &b BE T 2 5 %k
HANA BN B AR CK, b 3T i 28 3 B B 2% %
FXF AR Ty kb B HACRE A B & X, 55
— CA(CK) 38 A7 Lt o 3 T8 A PR - 598 41 08 R0 i A= 9
SVBUHE TR B AR B K TR Y S N, T B
IR HE To ST 1 Ty b FRIKOPTF L 04k B AL 12
FHhN. AL OE T Cd i a BE B o 35
HR B A HE AT TR L 2 TR N B A 2 B AR e s e R D)
IR 0 R B, LR ECR 7R T A 1 Cd e 4
PFF Y8 F AR NG BB (CK, 1 T . 2E AT B T3 B
PREEIT W3 I Cd a8 4508 28 35 AR B + 8 40 7

M5 AT LA . 2 AR PR M 0 L2 R

x3 HANE T3EKRMEHETES MDA SESHSLBFENZM

Table 3 Effects of Bacillus sp. T3 on MDA content and autioxidant enzyme activities of A. selengensis

under cadmium stress

it €2 AT G ER 7/ NS QX (EROMEN A I NI RN

b B MDA & POD (ﬁﬁ SOD {ﬁ# ‘CAT {ﬁﬁ
Treatment MDA content POD activity SOD activity CAT activity
/(nmol « g~ 1) /(Useg 1) /(Usg 1) /(Usg
CKy 21.14+1.25 e 356.30+6.93 de 426.97+5.73 e 43.3942.55d
CKio 25.70740.66 cd 411.67+12.44 ¢ 456, 47+11.42 ¢ 50.3043.20 ¢
CKyo 31.774+1.94 b 374.95+8.34d 454, 51+7.71 cd 45.764+2.16 d
CK3o 40.12+3.12 a 311.954+11.45 f 396.91413.44 f 38.38+1.18 e
Ty 19.46+0.59 e 371. 95414, 34 de 435.71+10. 13 de 44,3942.09 d
Tho 22.4741.40 de 463.98+8.68 b 513.89412.69 b 57.4043.20 b
Tao 27.4142.32 ¢ 536.39414.41 a 577.544+12.43 a 62.44+3.91 a
Tso 32.3342.25b 353.78+15.52 ¢ 421.80+13.33 e 55.9740.82 b
x4 FHUAEH DBDEKNEMETEES CdEEREHENFIN
Table 4 Effects of Bacillus sp. T3 on Cd concentration and translocation characteristics
of A. selengensis under cadmium stress
R AR A H LA
4T iﬂ?%{f Cd &t it |1%{€Cd Co o (:‘({/F‘i\% WE SRR W R ¥z A
Treatment Root Cd content Shoot Cd content Ic/)tal Cd content _ Root ) Shoot ) Translocation
/(mg * kg™ 1) /(mg « kg™ 1) /(mg « kg™ 1) bioconcentration bioconcentration factor
factor factor
CK, 0.09+0.01 f 0.12+0.01 g 0.2140.002 f 0.3640.03 e 0.4840.04 e 1.33+0.01 b
CKyo 23.3740.08 e 30.32+1.91f 53.69+1.99 e 2.28+0.01 a .964+0.19 b 1.30+0.08 b
CKzo 36.53+1.24 ¢ 42.1840.40 d 78.7740.84 d 1.814+0.06 ¢ .084+0.02 d 1.154+0.05 ¢
CKso 51.65+1.98 a 61.36+1.20 b 113.014+3.18 b 1.7140.07 cd .0340.04 d 1.1940.02 ¢
Ty 0.08+0.01 f 0.13+0.02 g 0.2140.006 f 0.32740.06 e .524+0.08 e 1.63+0.04 a
Tio 21.77+1.81 e 34.16+1.74 e 55.93+2.5 e 2.12+0.18 b 3.33+0.17 a 1.57+0.05 a
Tao 34.31%+1.80 d 46.4540.84 ¢ 88.76+1.4 ¢ 1.694+0.09 cd .6940.05 ¢ 1.5940.10 a
T30 48.054+0.35 b 68.17+1.53 a 124.2242.72 a 1.594+0.01d .524+0.08 ¢ 1.5940.05 a
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Table 5 Effects of Bacillus sp. T3 on rhizosphere soil microbial quantity of A. selengensis under cadmium stress

T2 1y i

s L g e S pJUETLE
Trmen Bl Bewabe Aot mebe o,

! /(X105 cfueg 1)
CKjy 23.50+1.22 {g 36.25+2.50 ¢ 35.75+2.37d 27.11+£1.17 f
CKio 24,884+1.31 1 75.0044.08 a 38.3843.04 cd 28.7940.88
CKao 28.75+1.55 e 57.504+2.89 b 54.0042.16 ab 34.19+1.42 e
CKso 23.00£0.58 g 37.50+2.87 ¢ 25.88+2.17 ¢ 25.63£0.79 g
Ty 36.3841.43 ¢ 33.75+2.50 ¢ 34.63+1.49d 38.87+1.33 ¢
Tho 42.6340.85 b 72.5+2.87 a 52.5042.19 b 47.954+0.93 b
T 46.6340.63 a 56.254+2.50 b 58.75+1.94 a 52.56+0.80 a
T30 32.75+0.87d 35.00+4.08 ¢ 41.8842.89 ¢ 36.97+0.86 d

a1,

3 e

Cd 1A= B 1 RN 2 B M AR 0k, 14F AR 9 1k ] 7=
AR o AR W Y AR AR A e i Cd
HMLEA R MBS X W, PGPB Wtk EE A
IR AR 5 A 3 v XV 1 S A v N R ST
AV T T - A S A T R A AR R T R R
5 K 5 73 4 PGPDB B bR AT 38 2o 43 W TAA SRAR (48
Yyxr 4 B v 5% 0 e b, F T AR 2 A W 0 AR
KO RS T S ALAT T T3 B R Ak AR A
Mk 5.5 pmol « L' ,TAA {90k 7. 583 mg »
L™ A e — Cd fpae, 255 b T3+ & L B35
THE AT EEAA SR, GE 2R AT T3 K
et Cd B B h 28 T B AR JF 7 —
FEREFE FRE MY 9 2 A AR X Cd B 38 /9 3 N M
N o 3A ASBI G i s iR T B R Y 1 i
RT3 B3R, AT BE & T 2R LA TS AR B9 4
PEAf Cd [l 25 5 b3z s T H O R i Cd 1Yy
38 45 %

[l s, Cd 36 23 5% e A8 49 00 B A ), oot
R AR EIEEAE Y TR REE T 5t
PEA FEATEM F8 AR . Cd Wl 3 23 52 i i 44 11
S5 5 D RE DT A0 L AR S . HEFD PGPB
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