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Effects of dark septate endophytes on cadmium transformation in soil

and accumulation by Solanum nigrum

REN Jintong, ZHAO Jinli

(College of Life Science, Hebei University, Baoding 071002, China)

Abstract: To explore the mechanism of dark septate endophytes (DSE) affecting the accumulation of heavy
metal cadmium ( Cd ) in accumulator plants, the paper mainly discussed the effects of DSE on cadmium ( Cd)

transformation in soil and the accumulation of heavy metal cadmium in Solanum nigrum by soil incubation and
pot experiments. The results showed that the contents of the exchangeable fraction and Fe—Mn oxides fraction of
Cd significantly decreased, while the contents of carbonates fraction, organic fraction and residual fraction of Cd
significantly increased after DSE inoculation (P<0.05). Under the stress of Cd”", strain NBC8—7 colonized well in
the roots of Solanum nigrum. Compared with the treatment without DSE inoculation, the Cd contents in aboveground
of Solanum nigrum plants under different application rates of Cd*" at 5 mg/kg, 10 mg/kg, and 15 mg/kg increased
by 37.26%, 18.99% and 22.54%, respectively, however, the Cd contents in underground decreased by 5.19%, 5.23%
and 2.82%, respectively. The bioaccumulation factor decreased in the range of 0.04-0.09, and the translocation
factor increased by 0.18-1.14. In conclusion, the heavy metal Cd in soil was transformed from a highly active form
to a stable state by DSE inoculation. Under the stress of cadmium, the combination of DSE and the heavy metal
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enrichment plant showed that DSE had a significant effect on the remediation of soils contaminated by cadmium.

Keywords: dark septate endophytes; Cd; transformation; Solanum nigrum; bioaccumulation factor; translocation

factor
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Table 1

Physical and chemical properties of the tested soils

AR /(mg - kg)
Available nitrogen

Cd B H:{H /(mg - kg™)
Background Cd

AL /(mg - kg™)
Available phosphorus

R /(mg - kg')
Available potassium

FHHLF /(g * kg

. pH
Organic matter

0.17 115.60 24.48

348.00 35.17 6.53

1.2 REHZE

1.2 E3E3 X il 4 398 FE K R E i E 2
Ji, ) R Ay IR 0 17.8, 35.6, 53.4 mL 0.01
mol/L [#J 2(CdCl,)*5(H,0) W ( 0.45 w m JEMIT UE ),
fi Cd* ¥k BE 4% 5 ik $1 0 mg/kg (CdO) . 5 mg/kg
(Cdl) . 10 mg/kg (Cd2) . 15 mg/kg (Cd3) ,

TR LA Cd Ry B — 75 YL IR A5 Y 3 . R — Cd*
WY 303y 2 A0, 3 S N R R B R Ak
B WAEAN (2kg/ #5) , RAREIEM KR
FrAE W) KK Y 60%, iR FRaE 2 i, R
J i Hh—4H 3 A 100 mL ( B 50 mL/kg ) &
Seifil %5 4 NBC8-7 I ( DSE+Cd0., DSE+Cdl .,

DSE+Cd2., DSE+Cd3 4 ~ab3) | J—dinA% &
KTE NBC8-7 i ( Cd0, Cdl, Cd2, Cd3 4 MbE ),
ARG, e R EEE (3 E S F LA /ML
W), ERERF T TSR, G0 3 IKER.,

B K I JC K 25 RagERhok, fiff 148 B oKk st R 7E 1
) e REFIKIE Y 60%, HiFe 4 JHJG RAE 1 5 HE ah ik
FTOE o

1.2.2 &FRE PRk K/N—BURE Y e 2R 4
18 g/L Fir HCl AW 2R84 24 h 10, TG /K o
PE 3R, £ 0.5%NaClO {H# 20 min, JCREZKMPET
&, BT KRG 4R b, 25CIESR 48 he #
PEW] Rk —BUW R ZERN -, AT LR SR 4 W
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Fig.1 Effects of DSE on soil Cd fractions
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Y5 oK 4% b DSE &b B AH b, Cd” Wk E A5 .
10 . 15 mg/kg AbF 2 45 Cd & & BRI T
20.74%. 15.26% F1 20.21%, % 4 & 1k & Ccd &
BB FEAR T 13.78%. 16.05% 1 16.31%, fk iR
AT Cd FEAMBEIN T 17.01% ., 26.83%
30.46%, APLEGA Cd Fatsriliim 7 7.83%.
15.10% F1 16.99%, &S Cd & & 4l 3 T
90.50%. 50.32% F 44.46%. itk n] W, 45 DSE
RESE AL 18 Cd Fl 175 P Ao 9 52 48 285 ) A 1) ik
R Eh 4l G A TR B S5k .

MR 2 AT I, A AbEE A a SR i A L IR ER R
AR SE SR Cd el e, miaLes &
BB AS G D FW— Cd” WET, HEF
DSE 544/ DSE MLk, #£IESEIA Ak, 15
fl DSE J&, AIACHeZs Cd A 20 LW IR, 510
IPER I AS Cd 5 L W 3, Mk AR iR
R G MA LS G E 0 B EAR A AL,

FArE 1%
Percentage

AbPE Treatment
TE: EXCH: WI5cifids; CARB: BRARILZTHAS; OXI: #kidHfL; ORG:

APLEEA; RES: kil

B2 #%h DSE M TEEHE Cd AEM GBS LLH M
Fig.2 The effects of DSE on the percentages of each Cd fraction in soil
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W ROREEE IREW], K4Fh DSE AP e 2R N
JC DSE 58, AR AL B bk NBC8-7 1E B 244
WA, BT R SR (|3, IF
HBE# Cd™ W (35 fin DSE R e K & T #a#,
576 Cd” Mhif A AR H A E B E 25 R (P < 0.05)
AR Cd™ B ZE R AR (K 4) .

TE: A W25 B IEEIRIRININE; C: R
B 3 EHk NBC8-7 IR ERAM AL ELE
Fig.3 Symbiotic structures formed by strain NBC8-7 in roots of

solanum nigrum

Infection rate

RYEE /%
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e INEFREEIR P<0.05 K FE LEREE,

Bl 4 DSE ERZ=RIHEAEE

Fig.4 The colonization rate of DSE in roots of Solanum nigrum
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o T /g
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AbFE  Treatment
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5 # DSE xf it FARFNM T 8 FERR200
Fig.5 Effects of DSE inoculation on shoot/root dry weight

of Solanum nigrum
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2.4 ¥ DSE Xtz 3ih_FERANH TED Cd &=

M 6 nl, BEE Cd™ e BN Ty 25 1 b3
b R Cd i . FEANMREE cd™ &b
T, 2P0 DSE ¥ 53548 5 T R 28 38 Cd & i,
28 T8 Cd S EAI N, 76 Cd” WEN
5. 10 . 15 mg/kg Wrid T, 5K Fh DSE kb AH
b, Hi B Cd Saaildsim T 37.26% . 18.99% F
22.54%, ML TFHE Cd S RSB TR T 5.19%. 5.23%
1 2.82%.,

LN e 2 s RO E R RE (R 2) 4
el Jn, BEH Cd™ W JE By 38 A0 T 35 1 55 i & BOR
WHAERB R Iy, Hrh e £ R ETE A
Cd™ W IA] 22 53k W FKF, MifiE R LR AR
Fo EAIE Cd” WA R, $Fh DSE ¥
T 2R E R REL, FRIRAE 0.04 ~ 0.09 JE RN,
%% 12 FBO R E T, HIETE 0.18 ~ 1.14 Ju N .

Mo b Cd fr it/ (mg - k')
Cd content of shoot

AbPH Treatment

Cd content of root

R Cd it/ (mg - kg')

AbFE Treatment
B 6 #&7 DSE Xf i FE3F1M TH Cd & 2RI
Fig.6 Effects of DSE inoculation on Cd content of shoot/

root of Solanum nigrum

R 2 #7h DSE MEEEEREMEE RYHZIT

Table 2 Effects of DSE inoculation on bioaccumulation

and translocation factors of Solanum nigrum

b E HARREL iz A

Treatments  Accumulation factors Translocation factors

Cdo 0.19+£0.015 6aA 1.08 £ 0.022 5aA

KEfp Cdl 0.81 £0.100 5bA 1.38 £ 0.028 1bA

DSE Cd2 0.92 +0.056 2cA 1.42 +0.034 6bA

Cd3 1.10 £ 0.100 9dA 1.46 £ 0.039 5bA

Cdo 0.14 £0.035 8aA 1.37+£0.031 2aB

PR Cdl 0.74 £ 0.027 2bB 1.52£0.015 9bB

DSE  Cd2 0.83 £0.020 2¢cB 1.60 + 0.028 4bB

Cd3 1.02 £ 0.043 0dB 1.69 +£0.018 9bB

3 it

ARHF 5T 8 1 3 A DSE #4738 55 &
PEFl DSE J& + 3 ] 22 B 25 Mk AR AL S Cd &
i, MRERER A A A Cd. AHLE A Cd FiEkiES
Cd &AL, JF H 4+ 4 cd” W E> 10 mg/kg B}
FE7h DSE Xf + 85 4 8 Cd WA T 25 19 5% i 1 35 2]
TREKFE (P<005) . WIEEF DSE i +1EE
& )8 Cd MG PEER IR AL S m RS 4k,
MR E SR Cd YA R, TS P il 447
3 pH 5 HIEF SR Cd AL S EE L I,
+ 58 pH 52848 Cd A A4 AA Cd & &
EIERFE N, SHEYLAEE od FERES od &
BATEREEMERR . % e,
pH W = A A F k4 AR S Cd & =B .
HEE S BHMIA T, DSE Rk HLER A A
iE, HRE TG MEEER . PUAMERE NS
DHEESEN P R E AR Cod it . Ul
VE . BER . KA R B AT RN AN [ B AT A
e b3 72 5 HL A7 TR 7S 0 S 9 R pHL (. B
PEAFEI , AR o 45 R T e 2 th TAEE SR Cdiba T,
—J5 1l DSE Y45 4 J& 3 145 5 F% 2 8 H i Rk 4%
4 Cd”; H—J7iH DSE AHLRRIR Mg IR, fEmLk
= A 2 RE S He 255 A PLIRME —COO0™, M
fifi + 392 pH (b . 35 pH 09T F i 45 98 e (AR
BEFE T G AT, DTG50 38X Cd IR
I HW A # ¢dCo, 5 Cd(OH), IiER A, i+
HErp i E A JE Cdph T A ] B A 1 I M AR
MR EEAL 2 L e oh, Z2#ds Cd 4 HL0,
ity 0% M o DRk R K, AT LA B A Cd X IR
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