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Abstract: In order to explore the effect of Aspergillus sydowii (Bain. et Sart.) Thom et Church on seed
germination, growth, and Cd uptake of Brassica juncea (Linn.) Czern., taking A. sydowii strain DJ515-2
as tested strain, seed germination status of B. juncea in inoculation group (inoculating DJ515-2 fungal
suspension with concentration of 1. 0x10* CFU » mL™") and the control group (not inoculating DJ515-2
fungal suspension) under 1 mmol - L™' Cd stress was compared, and fresh and dry weights of above- and
under-ground parts per plant, Cd content in above- and under-ground parts, Cd uptake per plant, and
available Cd content in thizosphere soil of B. juncea in inoculation group and the control group under O,
28, 56, and 112 mg - kg™' Cd stresses were compared by using pot method. The results show that
compared with the control group, seed germination rate, root length, stem length, and seed vigor index
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in inoculation group increase by 20.0%, 52.4%, 56.3%, and 83.7%, respectively. Under different
mass concentrations of Cd stress, fresh and dry weights of above- and under-ground parts per plant, Cd
content in above- and under-ground parts, Cd uptake per plant, and available Cd content in rhizosphere
soil in inoculation group are all higher than those in the control group; and except Cd content in above-
ground part, all other indexes in inoculation group under 28 mg - kg™' Cd stress are significantly ( P<
0.05) higher than those in the control group. With increasing of Cd mass concentration, fresh weight of
above-ground part per plant and dry weight of above- and under-ground parts per plant in the control
group and inoculation group decrease gradually in general, and Cd content in above- and under-ground
parts, Cd uptake per plant, and available Cd content in rhizosphere soil increase gradually in general. It
is suggested that A. sydowii strain DJ515-2 can promote seed germination, growth and Cd uptake of B.
juncea, and can improve the bioavailability of Cd in soil, shows an obviously promotive effect on
restoration of low concentration (28 mg + kg™') Cd contaminated soil by B. juncea.

Key words: Aspergillus sydowii (Bain. et Sart.) Thom et Church; Brassica juncea (Linn.) Czern.; seed
germination; growth; Cd uptake; phytoremediation
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PRATEVE 1B A B PDA BEARRE FRIEEA Cd vk
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Table 1  Effect of Aspergillus sydowii ( Bain. et Sart.) Thom et Church on seed germination of Brassica juncea ( Linn.) Czern. under
1 mmol - L™ Cd stress (X+SD) !
sz R FhF LR/ % HRE/em 21K /em LS REPIE ¢
Treatment group?’ Seed germination rate Root length Stem length Seed vigor index
CK 50. 0+10. Oa 0. 82+0. 29a 0. 16+0. 05a 49.00+£22. 59a
T 60. 0+10. Oa 1.25+0. 81a 0.25+0. 08a 90. 00+54. 99a

D Iﬂﬁﬂ*?lﬁﬂﬁd\??&ﬁi‘%ﬁi%(ko 05) Different lowercases in the same column indicate the significant difference ( P<0.05).
2 CK. W HEQE( A4 Fh DIS15-2 B E W) The control group (not inoculating DJ515-2 fungal suspension); T: 3% B 2H ( ?ﬁﬁ‘{?{?r‘j\] 1.0x 108
CFU - mL™'f§ DJ515-2 %23 ) Inoculation group (inoculating DJ515-2 fungal suspension with concentration of 1. 0x10% CFU - mL™").
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R 22 i A5 v VA TR B Mk Cd i
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é 0.100 | ’—x—'_l
0.000 ! ! !
0 28 56 112
CAJFRIRE /(mg-kg™)
Cd mass concentration
0.060
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wE 0050
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-~ =
ﬁj ; £ 0.030 A
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23 £ 0.020 | Ba
i £ 0010F
0.000 ! ! !
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CAFE IR /(mg kg ™)

Cd mass concentration

WFE A 1.0x10° CFU « mL™' 1Y DJS15-2 HE) 373K
P B b R f 5 1 440 v T R A (R Fh DJ515-2
PRI, 43 R B TH & T 125. 4% . 121. 9% |
40. 8% F1 14. 2% ,H:rp |0 128 mg - kg™ Cd Brif T 4%
RTZEL 1) B M L R i B 2 (P<0. 05) 1Ry X HE

0.050

0.040 -

Aa
Aa Aab
Aa
L Ba B

0.030 a Ab
0.020 Bb
0.010
0.000 L L L

0 28 56 112

CAFEIR % /(mg kg ™)

Cd mass concentration

BB T R T g
Fresh weight of under-ground
part per plant

0.004 Aa Aab
0.003
Abe

0.002 - Bb Ab Ac
Ab

part per plant

0.001

L8 7S U = v
Dry weight of under-ground

0.000 L L L
0 28 56 112

CAF s/ (mg - kg™

Cd mass concentration

O. X HRAL(R4%F DJ515-2 BEM) The control group ( not inoculating DJ515-2 fungal suspension) ; [l $FH 41 ( ?ﬁﬁ‘{ﬁ 4 1.0x10% CFU « mL™! EKJ
DJ515-2 &) Inoculation group (inoculating DJ515-2 fungal suspension with concentration of 1. 0x10® CFU » mL™") . AN K5 b F/R 7840 [F] Ji

W Cd a8 R 122 1 2 Ak TR 41 1) W] — 38 4% 22 7 1.3 (P<0.05) Different capitals indicate the significant difference in the same index between
inoculation group and the control group under the same mass concentration of Cd stress ( P<0. 05) ; AN [E/NG FHEF /R AR BT R Cd Wi THEHE4H
O IR Y Iﬂ*?‘éﬁ%ﬁﬁ%(ko 05) Different lowercases indicate the significant difference in the same index in inoculation group or the control group

under different mass concentrations of Cd stress ( P<0.05).

1 BESHERXNTRE

FRERE Cd BHME TIPSR AKRER M

Fig. 1 Effect of Aspergillus sydowii (Bam et Sart.) Thom et Church on weight per plant of
Brassica juncea (Linn.) Czern. under different mass concentrations of Cd stress
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BT 51.7% . 82.4% . 31.3% F 21.4%, e, 0 Al
28 mg + kg™ Cd W3 T B2 A 20 () AP M R 5T o A
WBEETAMEA, BEE Cd Fht v iR &, X a2
22T 2 1 B bR M T 8 T BT 4 M R A, e
28.56 f112 mg - kg™' Cd i T X3 HE 2 A4 B 41 19
BRRHL R T R AR 2R AR E, MR EKT
0 mg - kg™ Cd Wit ,
2.3 BZHEBEE CdHETIFX Cd 2EMNFIT
R M FEXT R R R Cd Bl R IR Cd &%
AR LA 2,
2.3.1 siEHcCdeEHa BRE2ATUEDR.
0.28 .56 1112 mg - kg™ Cd JiA T 2R 4 (RS
91.0x10° CFU « mL ™" % DJ515-2 B ) IR 1
EEB Cd SR T IR (R RN DISIS -2 W&
W), BT AT T 33.7% 4. 3% . 19. 5% Al
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Ak FH Cd S EESYARE, Mg Cd FEik
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—~ &
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m\i r oo
<

i E Ab A Ab

SE 60r Bb Bb

# E Ab

= 2

28 30f
=

0 1 1 1
0 28 56 112

CA M /(mg - kg ™)

Cd mass concentration

. *F 084 ( R#Fh DJ515-2 H2 ) The control eroup ( not inoculating DJ515-2 fungal suspension ) ; [: PR A (MR 1. 0% 10® CFU « mL™'f#
DJ515-2 H# &) Inoculation group (inoculating DJ515-2 fungal suspension with concentration of 1. 0X 10® CFU + mL™! ). ARG FREL R FEA ] 5T &
B Cd W38 7T 2 1 20 Aot R4 (8] [R]) — 35 45 25 57 ;.35 (P <0.05) Different capitals indicate the significant difference in the same index between
inoculation group and the control group under the same mass concentration of Cd stress ( P<0. 05) ; NE/NG FRER RN R R E Cd i T WA
X BB (1) [R]—F5 bR 22 7 .35 ( P<0. 05) Different lowercases indicate the significant difference in the same index in inoculation group or the control group
under different mass concentrations of Cd stress ( P<0.05).

2 REMmERNARRERE Cd BB T3 Cd EEM I
Fig. 2 Effect of Aspergillus sydowii (Bain. et Sart.) Thom et Church on Cd content in
Brassica juncea (Linn.) Czern. under different mass concentrations of Cd stress
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Rt A E B ik EE Cd WA T TSR bk
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Cd mass concentration

S I S
[\ [°S) e
T T T

Eﬁ*}k(hl%&ﬁ/mg
Cd uptake per plant

e

o
=]

. %8l (R 2R DJ5S15 -2 & W) The control group ( not
inoculating DJ515-2 fungal suspension) ; B PERddH (MR E N 1. 0%
108CFU - mL™" i DJ515-2 B & # ) Inoculation group ( inoculating
DJ515-2 fungal suspension with concentration of 1.0x10% CFU - mL™").
NI} RS B 7 AR AR ) S S ¥ B Cod P T 4 A7 200 RIS TR 28 i) B e
Cd Wi 22 5% 3% (P<0.05) Different capitals indicate the significant
difference in Cd uptake per plant between inoculation group and the control
group under the same mass concentration of Cd stress ( P<0.05) ; [/
B RFRIRAEAF BTk . Cd Wkl R 2 5 4 0] BEZH 9 B bk Cd 1)
WiE 25 E ¥ (P<0.05) Different lowercases indicate the significant
difference in Cd uptake per plant in inoculation group or the control group
under different mass concentrations of Cd stress ( P<0.05).

3 BSuBEMARRERE Cd B THRELHE Ccd RIERH
2

Fig. 3 Effect of Aspergillus sydowii ( Bain. et Sart.) Thom et Church
on Cd uptake per plant of Brassica juncea (Linn.) Czern. under
different mass concentrations of Cd stress

0 128 mg « kg™' Cd Wil T HEER LAY PR Cd M
3 (P<0.05) /& TXHHRLL, ifi 56 A1 112 mg - kg™' Cd
M3 T 12 TR 4H B bR Cd W AT R T IR 4, B
F Cd vk BE 0 B2 v, X R 4 R 42 T 4 1 B AR Cd
WAt A I R T T v Y B OF B, 56 Fi 112
mg + kg™ Cd Wit F XF HRAL A BARE Cd MR B
F 0 mg - kg”' Cd frif1,28 .56 1 112 mg - kg ' Cd fif
AR HRR Cd R 3 R T 0 mg - kg Cd
[ISIER
2.5 RE#MiBEX CdHE THFERFELEEUS
Cd EERFMM

T 0 mg - kg™ Cd rif AR Br 3 v 0 35055
Cd JLT 58 2T WL, T BT AR B T 580 A 2
A Cd FEWAR(EEI 0 mg - kg™, KL, {5 28 .56
F112 mg - kg ' Cd JBpia FE2 AL (2R R 1. 0
10° CFU « mL™" Y DJ515-2 BETR ) FIxd R4 (£
Tt DIS15-2 BRER ) ST RARPR H A 80 Cd & it
BT TG br 5 R 4, & 4 ATLLE .28,
56 Fl 112 mg « kg™ Cd Jih8 T HER A TSR PR T 1E R

— 30 ;
oo Aa Aa
4
e
= EE 20
i Ab
(5]
ZSE T Ab
RZ 8 .
i@éélo' Ac
4“_5_\:%;; Be
20
E% 0 1 1
28 56 112

CAF R /(mg ke ™)

Cd mass concentration

. % (R 2R DJS15 -2 & ) The control group ( not
inoculating DJ515-2 fungal suspension) ; W. $% R4 (ZMIKE R 1. 0x
108CFU - mL™' ) DJ515-2 B £ ) Inoculation group ( inoculating
DJ515-2 fungal suspension with concentration of 1. 0x10% CFU « mL™").
AR E - RE s LEAR 6] BT ok B Cd JWhaE T H2 181 2 RXT B AL (R AR B
TR Cd w2 57 3 (P<0.05) Different capitals indicate the
significant difference in available Cd content in rhizosphere soil between
inoculation group and the control group under the same mass concentration
of Cd stress (P<0.05) ; AF/NGFREFORTEA [ B W Cd B T
Fe A A T B2 B AR B A LA Cd F i 2 R R (P<0.05)
Different lowercases indicate the significant difference in available Cd
content in rhizosphere soil in inoculation group or the control group under
different mass concentrations of Cd stress ( P<0.05).

4 BEUMBEXNARRERE Cd BHETHEREFELEEUS
Cd & EMFNE

Fig. 4 Effect of Aspergillus sydowii (Bain. et Sart.) Thom et Church
on available Cd content in rhizosphere soil of Brassica juncea ( Linn.)
Czern. under different mass concentrations of Cd stress
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