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Effect of plant growth promoting rhizobacteria Enterobacter sp.EG16 on the growth and Selenium uptake of

Brassica chinensis L.

LIU Dongyun'?, YUAN Yongqiang'", QIU Rongliang"***, WANG Shizhong'**", HUANG Xiongfei', HUANG Haiyan’

(1. School of Environmental Science and Engineering, Sun Yat—sen University, Guangzhou 510006, China; 2. Guangdong Provincial Key
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Research Center for Heavy Metal Contaminated Soil Remediation, Guangzhou 510275, China; 4. Guangdong Laboratory for Lingnan
Modern Agriculture, Guangzhou 510642, China; 5. Henan Runyou Forest Technical Service Company, Zhengzhou 450008, China)
Abstract: To study the interactions between selenium (Se) and plant growth—prompting rhizobacteria(PGPR) on plants, batch hydroponic
experiments were conducted to analyze the interactions of exogenous Se and the inoculation with Enterobacter sp.EG16, a type of PGPR, on

growth, physiological metabolism, and Se content of Brassica chinensis L. Results showed that lower Se concentrations were beneficial to the
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growth of Brassica chinensis L. whereas higher Se concentrations had negative effect whether or not the EG16 was applied. The threshold

concentration of Se before it became toxic ranged from 5 to 10 mg- L™". With the increase in the concentration of Se, the content of protein
and malondialdehyde (MDA) increased, whereas the activities of catalase (CAT) enzymes increased at first and then decreased. The
treatments in which plants were inoculated with EG16 solely increased the biomass, root volume, and the number of root branches but
reduced MDA content significantly. At lower concentrations of Se (<5 mg+ L"), inoculation with EG16 not only increased the number of
leaves, root volume, and number of root branches but also promoted root elongation. EG16 promoted the transfer of Se from underground to
above ground. At higher concentrations (=10 mg+ L") of Se, although the Se concentrations both above ground and underground increased
significantly, the growth of the plants was significantly inhibited, and the survival rate declined. However, the plants inoculated with EG 16
had high peroxidase (POD) activity and high survival rate, which indicated that their resistance ability might be enhanced. The results

show that EG16 not only promote the growth and Se accumulation in Brassica chinensis L., but also improve the stress resistance of plants at

higher concentrations of Se.

Keywords : plant growth—prompting rhizobacteria(PGPR ); selenium(Se); Brassica chinensis L.; biofortification; bioconcentration
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Ps., Ps and Ps; represent the significance levels of Se treatment , EG16 inoculation treatment and interaction between Se treatment and EG16 inoculation
treatment , respectively ; the different lowercase letters indicate significant differences among treatments according to
one—way ANOVA(P<0.05) after harvesting. The same below
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Figure 1 Effect of different treatments on the change of height, number of leaves and fresh weight
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) 38 AN 43.3% . 95.3%, 43 32 K4y W) 8N 13.3% .
91.8%. [FIAT, ESe5 Ab 3 (/) 113 SR [ CK Ab 2
BN 44.5% , H LA 1 AR 2 48 bR 2 bE E1 40 35 [R] 6l
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Figure 2 Changes of root length, roots diameter, root volume and forks in plants
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Figure 3 Changes of chlorophyll in plants
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Figure 4 Changes of protein content and antioxidant enzyme activity
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Table 1 Concentrations of Se in aboveground and underground

parts of plants

7 A~ B 7 A~ B
b3 Se 75 HU R EB Se 1 W T A B A T

Qb 7R Se content of  Se content of . .
Translocation Bioconcentra—
Treatments aboveground/ underground/ .
o o factor tion factor
(mg-g™) (mg-¢g™")
CK ND ND — —
Se2 0.12+0.02d  0.25+0.01b  0.47+0.07b 78.9+6.4b
Se5 0.25+0.0lcd ~ 0.74+0.03b  0.34+0.02d 85.1+2.6a
Sel0 0.40+0.03bc  1.51+0.26b 0.26+0.02e 77.6+1.8b
Se20 0.96+0.09a  1.85+0.06ab  0.52+0.05a 53.2+4.0e
El ND ND — —
ESe2 0.12+0.03d ~ 0.23+0.10b  0.50+0.13ab  72.9+11.8¢
ESe5 0.25+0.03cd  0.65+0.19b 0.38+0.05¢  77.0+4.3bc
ESel0 0.47+0.04b  1.81+0.08ab  0.26+0.02¢  76.0+3.3bc
ESe20  0.40+0.08bc  3.13+1.46a 0.13+0.02f 61.6+3.0d

VE - ND R BRI B0 ;g A o TR AN T
BRACRA B 22 57 12 35 (P<0.05)

Note: "ND" means not detected; "— " means the data cannot be
calculated. Different lowercase letters indicate significant differences

among treatments at P<0.05.

®2 MEENNEERFEST
Table 2 Two—way ANOVA for Se content

[A 745 1 Dependent variable 1B EVEIKT- Significance level

I3 Se & 1 Se content of aboveground Ps.<0.01, P:<0.01, Ps.:<0.01

R 3B Se & it Se content of underground  0.01<Ps.<0.05, P:>0.05,
Ps>0.05

Ps.<0.01, Pe>0.05, Psx:<0.01
Ps.<0.01, Pe>0.05, Pso<0.01

He W32 Z 8 Translocation factor
H W) 4 280 Bioconcentration factor

I, 5 Se20 4 FEAH L , ESe20 Ab 3 b i T BRAG 5 5 2
F LS FI S AT IR (R 1), ESe20 4k
PR AW s AR RO B KT Se20 4031, (B 5L 12 R AL
HUET Se20 ZbHH . RIFE 20 mg- L (AT e BE R, 42 Fib
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VOSSN B TN S SN E Bl N SN DA
b O (B R ) YN i 8 P it Y O - R A 2
G, et Al & S TR AL B . Ty 2250
FH] EG16 S FH (P<0.01) 55 B FAR 1 2 [ 4 71
(Po<0.01) X HlL_F- A0 5 5t 52 ) bk 2 (32 2) o U
EG16 (R ] BEXTH YA 552 i T 58 . 254
Se20 AR /N ISR Z 225, T ESe20 240/ SE K
ZAETE PG LA R 20 mg - L7 3R B8 A 47 il
T ARt T R S AR AR KRS AN A 6.
3 itig

L P9 TG = R VR A R I8 it fin /s A
St 3t R FH 0 A A AR R . B AR S R R
Y bl Je R H BTRAFLE L, (HIE Z 58 SRS
AIINARHR P A B — e (R, B v B i
A1 VT 2 358 0 R 0 ARG SR AR AR T A v VAR
AT 38 5 S5 MR RE D 0 A o QARG 2 B, Ak
FE<S mg- L7 B HE/N (1 SR8 AE K ARG v 2 >10 mg - L
B DU A A R IS A R R B, X S
SENOE /NPT SRK BRI R IS A S 0~2 mg - L
i AP RE N SR A B R R T /N 3R 3
B A8 5 1H 25 A e B A 4 mg - LB /N SR AR
KNG Z 2] XK R AR T IN & B, 24 ik
JEARTF 5 mg- ke BEXF KA AE KA R HE TS5 mg-
ke BF 2 I K FE BTN A B RE A7 BT SRR R
BEFRIREE AN [A] AN [T i XA 40 7 A 2 3 1 15
B AR, {H s SepF o 25 S 3L [R] 158 B A ok 3 4 oy
B XA A AR A AR . DR SR Y e i
Be B oh AR T R AN ISORT (1 e R R ke A
) &I 5T it PR s ST e, S B0 S ™ o R R

N TSI R A A i AR AT AT
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JFHR 541 PGPR, 414 B & P — L6 1 bR AE 8 1 Hb A 1F
YA K . W MOTESHAREZADEH 259 % ¥ 42 fh
Bacillus sp.B47 Al DA 3 5 B8 (Ocimum basilicum 1..)
WSS A 55 Wi A e 7, O 0 B e ST R R . SR
7 S PLE S AR AR B L 23 89 9 0 8 8 T Arthro-
bacter sp. BP4 5 Z Fj PGPR , iX SE 14 1 4 7l A B T 5
G &y v G T BSOS WF 5E 46 A 1 PGPR, B
EG16, WA MIAIEE ) . M EG16 BB B &1 /N A
St i (] 1C) M HEAR R A (1 2) R A
HH(ES) X0 A Rl EG16 X /NI 32 A BT
A EVE T . PGPR — f il o [ 0 s il L 2 ik 2
AT o3 AR W i 2R A5 7 AR R AR KO ARt
FOKEEARTE A B R C R B E H 2 Y
A AR T A, TR EG 16 X/ P12 il i A 1
FHOTRES A Y B R I REA & o AHESE HTBA
IWHTIESE , EG16 B A 43 A= K & TAA (Indole-3-ace-
tic acid, M5|We 2 TR ) I AE 1™, X HERST EG16 AL
PUHI PR HE T — 22 R (H BRI 1R LA A T Jm 2
W% -

S KBS AT K B, EG16 MR AR 2 il
AR T /N P13 7 A A A AR s B s e (PR 1 2)
{BAEAS [F A ATV B2 R, EG 16 F1 Se FY 2 [ 44 FH 23 %6f /)N
FI 3 B A A AN 6] B AVE FH o 5 B i Jon G i 4 e
EG16 [ FRAT HE , EG16 R (<5 mg- L) Al 2 ]
Y R S 2 X /N (138 7 AR A I AR AR OR . RN
NEISR B0 2 (B11B) R R S 2 (K] 2) filsz
B i A PR D AR (T4 &15) o AT L, EG16 76 & fifl
PR RE TR A BRI

B TR P B 4 (210 mg - L), /N 28
AR ZBBGERME] . ASRHERNEGL6 5, Kok
KAGARIA BB T (R 1 B 2) , 32 304 A 336
A (B 5) o AEHEFR AL BRAG /N (1 S bt 1 i 3
HaR , JUHERIA POD W M B 2 B (1K14) . POD H
A AL Ho0, AR AR 4 40 M 1 FD L6 0 38 m
AE— P2 B L SR ARAE Y T 32 1 AR BRI AA Y, A A
ST & BN PGPR 412 2 A 470 1A% PN 70 S P 1 A 35 1 34
5, TS SRAR I BT PE A B G272 WNDURAN 20l
0 3 7E A SEAR T4 Bacillus sp. ES T4 32 1Y
PU R BE 75 BN A T ZE LR T CHI JS L, SOD.,
POD ,CAT {&PE B B 5 F AR AR BE® . /NFIESRRK
P EIE T B P R R A TR WO B R Ak
P (ESe20 &b F ) 1y /)y 1132 HoRk 22 (0 AF bk 55 ik /D
TR Ak B (Se20 b3 ) . 3X R B EG16 BE P Bl L

Py 1A 2 v G A B Ok 1) AR A A X R ) e A A5
EG16 TEMN 5 YL X AR e 52 E L HA — 5 0 H]
HEPA

EG16 ANUFE M /N 3 AR K 40 %5l 7 WA A B e
st B — @ IR EER . AR Y, 7E2~5 mg- L™
MIARAN IR EE T, EG 16 F it 2 [l £ A B4R e Ay Bl i
NS B N Tl T (Eh T W AN B3 LR i
EEAEHAMRE S (R 1.K2), NMEKIE L
B HXN AR A B AR A E R (B 1 E2) o 1
MAHR K 10 mg- LB, EG16 B3R N T /N3¢
H b AR AAN (R 1 R 2) (/NP AE K
HZ 3 7T —E 0 IE (E 1 R 2) . R RS PR
T 32 55 FE A, {1 FH 0~5 mg - LAl B Bl & 42 b
EG16 ]k B84 i A= Py 5 AL 350CR

1655 FE W e 3 35 3] 20 mg - LB, AN 35 Ff b 1
S S T e T ) | (01 A S T e AR
o TP AL B /N A 32 bR SR 5 i i 2 4 o, {2
by b RN R AN AR AR AN FRIN Ry A FR I o W SC TG
RE I MG Sia AR 1855 (2 1.382) o S5 ILRT AL
FEH W RN AL A /N SR PR G 58 AT B ] EEAS
FERP AL IR ARG, /N 1 S22 W 22 1 e R X b 3
FI1H T ORI AR — R S

W R AR IR R s A F sz
Sy o R STV T R R 71, TR LG AN 2 o Ak BN 11 SR 7
TR 25 2k AR v, 3 Sl MR SCITG FD fE ) H3g  T
TSR AR G 5 eV B PR R R A I R T
10 B SR8 AN Ak B ) M A i 1 R
R (FR D), XA MY B R T R R A e
YR IN B B 5. AR R MY 4TS R
4t (ALFE AR ST B ANB) Kz 330 ) ADoK 38 5 40 ot I 3 22 sl g
T4 B 532 I 3 0 10 2 H A A9 2 T AL I
W A A0 A ) A KT IR S i R G, 15 LR
DAt - K > e s =4 O N P L S AN S B8
KAE AL Bl 45 77 53— IRl gt i 22 b b3, e o i A
WEE ZEOT R . AHECZN R EE A R Ak
FH(ESe20) i/ 13 3Bl % AR b AR . Al
AE & EG16 7E /= vk B il PR I8 T 2 R AP AR W) 1Y 12 iy 2R
Gt , Jik o 3k 5 AT B 7R O 2 A D b R T
AR TR A o X d 4 PGPR B B R ) 17 %o e R i
Tl 380 T A Al 1 1 — P SR

TR A= 20 % A R M e Bt s T 8 7 3 32 At [
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