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Effects of DA-6 and EDDS on Growth and Cd Uptake by Solanum nigrum L and on

the Soil Bacterial Community Structure . P ‘

LUO Yang‘ *, SUN Li% LIU Fang® ", REN Jun'#, GUO)Jin- mel J YAN Xiu-min' A W' ;
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Abstract; The effects of the plant growth regulator DA-6 and cflelator EDDS on the growth, Cd absorption, anﬁ.‘ soil bacterfal Jommumty structure of Solanurm mgrum L on

" _‘".

Cd-pollated soil were examined through a pot experimefi, ‘50" as’ {o cialifigthe practical application effects of dlffelem remediation treatments. The results showed/that the
addition of DAL6 alone andithe combined application of D[{ 6/and EDDS!could promote the growth of S. tigrum L., and the shoot fresh weight increased by 24. 58% and
19:57%, 1espechvelx ~compared with that in the control. At the samélime,_the chlqrﬂphvl content and antioxidant enzyme activity of S. nigrum L. leaves also increased,

whereas the qontent of mdlondldldehy de decreased. The application of DA;6 aud'E]jDS also significantly increased the content of soil available Cd and promoted the absorption
of Cd by S. mgrum L. Compared with that in the control, the extraction amount of Cd from S. nigrum L. shoots was significantly increased by 39.42% (DA-6), 30.17%
(EDDS) and 51.04% (DA-6 + EDDS), respectively. It was also found that the application of EDDS alone significantly reduced the ACE index of the soil bacterial
community and significantly increased the Simpson index, and the abundance of the Lysobacter genus in the soil was significantly reduced. After the combination of DA-6 and
EDDS, the diversity and taxonomic composition of the soil bacterial community were improved.

Key words: Solanum nigrum L. ; EDDS; DA-6; Cd pollution; phytoremediation; bacterial community
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Table 1  Plant height and fresh weight of Solanum

nigrum L. under different treatments

Ab P BE 5/ em o bR T/ g

CK 46.20 +4.56b 76. 54 £6.69b
DA-6 53.13 £1.81a 95.35 £4.39a
EDDS 48.98 +£2.53ab 79.24 +4.98b
DA-6 + EDDS 49.85 £4. 11ab 91.52 £9. 82a

1) [AF R RNG FREFRRLE P <0. 05 K 2257 03, R

2.2 DA-6 1 EDDS X Ji %5 A= B R 1) 5% i
FHE 2 AT RRISAE T R ZE M A2 a,
M2 b FLE SR & i K/NIUT 348 . DA-6 >
DA-6 + EDDS > CK > EDDS, J# DA-6,_DA-6 +
EDDS 4b B4 Jp 35 1B Ar it 5 CK. EDDS I 4
925 ik 5 5 K (P £0.05). 'ﬁﬁ Bﬁijﬁ“’tt,??%ﬁn
EDDS 512 Ji 25 nh Fiyih = 1 & A5 AT 45 0
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Table 2 Physiological indexes of Solanum nigrum L. leaves under different treatment

e MR a MRz b FEUIESS 3 R SOD POD CAT
/mg-g ™! /mg-g”! /mg-g”! /nmol +g ! /U-g™! /U+(gemin) ~'  /U-(g-min) ~!
CK 1.54 +0.36b  0.89 £0.16bc  2.42 +0.51b 9.58 £0.51a  728.53 £26.48b 104.34 £6.34ab  91.25 =5.50b
DA-6 2.23 +0. 16a 1.10 £0. 07a 3.34 +0.2la 7.93 +0.18b  829.75£24.29a 110.13 £7.04a 110.94 £11.34a
EDDS 1.32 +0.17b 0.71 £0. 12¢ 2.03 £0.29b 9.74 £0.80a  730.45 +45.56b 100.06 +6.06b  92.81 +8.92b
DA-6 + EDDS 1.99 0. 15a 1.07 0. 16ab ~ 3.05 +0.27a 8.40 £0.28b  813.04 +35.32a 101.57 £7.76ab  95.00 =8. 90b

2.3 DA-6 fll EDDS Xﬂ‘z%&i%ﬁwﬁzﬂﬁ%ﬂn
3 IR T BN e B Cd &

A1 Cd W SCEAE B 5 EDDS #1 DA-6 + EDDS ﬁL
TRZEM FERXT Cd BRI Cd & 8ol Bt
MBI T 26.95% 1 27. 67% , Wi 2 6] 2% %A
BE MEZ T ,DA-6 A 5 540 3 A PR
JezEhh L Cd SRR EES. AMREL], 5
S FRAF LG, TCE B DA-6 B EDDS i 20 i % ¢
G, PR R e 25 b Cd MR (P <

0.05) , H: 38 & 23 9 N 39.42% (DA-6) . 30.17%
(EDDS) 1 51. 04% ( DA-6 + EDDS) , H:t DA-6 +
EDDS 4bFE 21 Jg %% b I3 Cd W Yl i B T
EDDS 4b iz .
2.4 DA-6 1 EDDS Xf - 58 pH Al G &1y
2]
AP A1 pH (HA T 7.45 ~7.74 Z 0] (%
4) , Hrp DA-6 A PR 35 pH (AR EH M THA3 A
AFR. AN B INA KT ) DA-6 Rl A ] EDDS
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Jo 5 Cd AR R IR (R 4). BARMNF,
DA-6 + EDDS | EDDS F1 DA-6 Ab¥EZH + HEA 2 &
w(Cd)}3.06,3.04 F12.69 mg-kg ™", 73 & X%F 1]
A HIEAE 0 (Cd) K 2.15 mg-kg ' 1Y 1.42,
1.41 F11.25 f5(P <0.05) , Hrp A7t A DA-6 F1l

EDDS 4bHEZH A i 3% 5 T s in DA-6 ZbBigH.
%3 AEALEEHTAEN S cd 2B Cd RIE

Table 3 Cd concentration and extraction capacity in plant shoots

EDDS & OTU (¥ Lt 1 53 5 24 84.10% ., 82.57%.
84.249% #183.81%,1iii CK, DA-6 ., EDDS #1 DA-6 +
EDDS 4 HF# A ) OTU B4 58 62, 90, 48 Fl 67
AN, A R AR AR B OTU /Y LE 1 43 5 A 1.70%
2.42% . 1.32% F1 1. 83% .
F5 FREEEHTHESAEEE SRS
Table 5  Diversity index of bacterial community

in soil under different treatments

of Solanum nigrum L. under different treatments Ab Shannon %1 ACE f6%( Simpson 1544
gl w(Cd)/mg-kg ™! Cd 320U/ ng- 4! CK 6.36 0. 12ab 3445.33 +35.57a 0.008 0. 001b
CK 41. 60 6. 34b 35243 = 75. 87c DA-6 6.41 £0.04a 3473.13 £39.57a 0.006 +0.001b
DA-6 46.93 +2. 30ab 491.37 +4.91ab EDDS 6.21 £0.05b 3285.59 +£56.21b 0.011 £0. 002a
EDDS 5281 +4.67a 458.76 + 15. 99b DA-6 + EDDS 6.32 0. 14ab 3 507.72 £87.93a 0. 007 +0. 001b
DA-6 + EDDS 53.11 +3. 12a 532.32 +31.72a

T4 TELEL£EGETIEpHEMBFUESCIESE

Table 4  Soil pH and available Cd content under different treatments

Qb pH HHEARE 0(Cd)/mg-kg ™!
CK 7.70 £0. 11a 2.15 +0. 33¢
DA-6 7.45 £0.05b 2.69 £0. 27h%"
EDDS 7.74 £0. 17a 3.04 +0. 13ab
DA-6 + EDDS 7.68 +0. 16a 3.06 +0. 154
— . ; Y
2.5/ Sy tatgesangm )/

2.501 | H IR S SRR iy
ARBFE 16 AMRE R SE3R AT BT I 241 7957,

K Bk 415 bp, V4500 B K F 9% . B
i OTU R P 2 RAPPSP- 10| 2 T TR 0

GEETIEPN 2 ClEESIRIIES ¢t ats: T
LS M T8 5 R i A0 R R LR, T LA
Wi fE I 2 Z2 FEvE S D g 4 M. 12 F Shannon |
ACE A1 Simpson $8 %00 £5 4 3 1 HEA P TS 2 HE 1
AT M (6 5) . a5 K0, L3R E AY Shannon 8
UL EDDS ZbBRAE N f5 /), KT DA-6 AbBRA
HoAx 3 AN HRA 2 (8] JC i85 25 5% WS DA-6 1 DA-
6 + EDDS i + 4 Y ACE F55ms A 1 hn , {3 25 7
AR B EAKE; BN EDDS b4 1 40 B VR
() ACE #8450 i 2 Ik T HA 3 ML (P <0.05).
5Z MR AE, EDDS A ¥4 + 4B ) Simpson 15
BN 0.011, B E T CK(0.008) . DA-6(0.006) Fll
DA-6 + EDDS(0. 007 ) &b BRZH .

HRAE OTU JEI45 RN FE S A 73— Ab B
I Mothur B AFAE Venn &, LA RIALBESAF T +
BN VR DA U, AR [FREAR R IR A B 3R
AR 0 B 18] 828 350 4k WO A AR 21 1] A 1Y)
OTU %t (&l 1). JLAs I 24 154 4~ OTU, H CK,
DA-6 . EDDS #l DA-6 + EDDS #Zb¥4H ) OTU %143
W3 655, 3723 . 3 649F13 6681, 4 MALIEIAAG
OTU #3074, 5 CK. DA-6, EDDS #1 DA-6 +

DA-6+EDDS CK
EDDS 67 62 sy
. 45 =
o nsooos .
3074
1281 SSE35
55

E1 FAELGEEHETIEMEE OTUs BHFEBAH

Venn diagram of bacteria in soil under different treatments

Fig. 1

2.5.2  HIEANRERES AN

TENACE b I A 40 TR 3250 A 7E 10 1)
LB 2 (a)l. MR B & K22 IE W]
( Proteobacteria) , A 38. 13% ~ 43. 80% , £ Ab PR 2 |1]
Tl FZ S (P >0.05); HUE BRI
(Bacteroidetes ) , FXT F= 4 9. 48% ~ 12. 97% , H:
DA-6 4bFHL i 3 KT EDDS Ab3RZH. MAh, 2k B
I"J( Actinobacteria) , ¥7#%% [ | ] ( Planctomycetes ) Fl1/i2
FFE 1] ( Acidobacteria ) AH X =F B 1 5 &1, 43 51 R
8.06% ~ 8.78%. 5.75% ~ 8.26% Hl 5.60% ~
6. 47% , AN [F AL BT = BEAS[A] , {H 22 5 A 58 b K
(P >0.05) . Hehb, ZEHAAR XS 3= BB/ N 4 TR ]
A AR Y 25 N

@A b, BRI AR 45 5 b OTU ~F-14
X > 1% MEA 10 A~ BrEA (other, F /N F
1% WY R EE G ) FIOR 4326 (unclassified , 204 122
RIGR) BT TS TESL, S D03 1y i e o
W& ( Sphingomonas) [ Bl 2 (b) ], HAH X 3 5 R
7.30% ~8. 82% , AL P Z M R FH 2257, AL HE
¥1°8 Ohtaekwangia J&, FAH X 3= 8 3.39% ~
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6 + ’EDDS Liﬂgﬁ.j&gﬁ Streptophyta 'ﬁﬁ"bA 6 L@f
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{Rj]l] EDDS @i% Lysobacter E*HXTEFE%’*JEE ¥ |
ﬁf 3 /-MLE%}P <0.05).

3 ﬂﬁ? .

3.1 DA6 H1 EDDS X g 25 4= K (14 52 1

T 2% 1 A AR SR e X - 3 Cd 4R R
H—REER, FEGE e 8 AT E SR b
Sk B e, X4 45T B9 & B, it EDDS 4 fif Al
YTEA K R S BZE A A AN R /N B 4, ST
AR B MBI A W it FEARF TR, S0 BAR L,
UM ] EDDS R X e % A 4 7 A B I 5, A]
AE A P ARIF 7 Hp T R P B9 S 700 e B A1, AR
ST e 25 08 AR LA I s AR Cd X825 1)
AR AR RS AR5 & B, B TR AN DA-6
Ja , e A Rk R A PRI A B R X RN
RIWEiE DA-6 —J7 T $E 8 T R ZER LR R S i, 2
PETIRFEROC AR B — Ty w1 e gt
A PR E E ME BEAIR T R A, MR A
(ROS) X Joz i () s YR AR AT 204 ], 2F i v g 1
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Hiy bR Ei 0 BB AN T 19. 57%, 5 Hujifi DA-
6 AL 22 AN LI K S IF R X DA-6
A B B A HE AR 7 A B 5 e

L
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oA, B3 Az?& Cd & 5 ¥ .3 5 X L
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UM PEE T IR S8R R A K 3 I 2 (A LR, FAIK
T A3 pH I T AR AR RN A A R e RS
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ATLUAN 3R Y Cd Pga%ééé*ﬁ/ﬁmﬂu%,iaﬂni
e Cd BT s, BRI R R T A WA R
T 4 P B UL R 25 6 25 SEAE ) A KA DL A
HE BWACEN G, T PR AL 18 5 3% SR B
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b [ Cd $R R 43 00 e o BE G S BTN T 39. 42%
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[ R 74 Cd B 46, i i 17X Cd 75 54
B AR,
3.3 DA-6 Fll EDDS X 3 41 1 B 7% A9 52 )

A 5% R A Shannon #§ . ACE 5 % fil
Simpson 5 E0K 57 51| s e A 358 v 41 TR V% 1 AR
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TESE.
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AbBR bR e, X 5 AE DGR A SR A5 R
FRTF YO AT BR 1T A 3 22 fh RS 22 B 4L A, 14
FrARIE AL O Z SN, DR AT LAAE R 2250
PRI APE T 247 I B, WM AR 3 T 1)
AP E B g R A R AR A i

AT LA A BRI 5 Fﬁﬁfﬁﬁi%&i_;
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K= A FIS2 . i DA-6 F1 EDDS BEf )5 , AU
6512 T R ARG = B K A 38 R R 53T A K 3
+HE R 5 B A AL B SE T e A G
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