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SRR SRR GBI L TR 0T LU s B 35T ) BRI ZE 4, B 2 SR TH IS (2 4 B | vk A 3 AR G R
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Mechanism of Lead-zinc Enrjchment and Resistance of Spent Mushroom Compost tp
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Lead-Zinc Slag in Koelreuteria pamculata V' a \ s
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Abstract; Phyl toremedldtlon 1§ an ecological technique’for talhng ared restordnon adding substrate modifiérs La.if reduce the strésa of heavy metals on plants”and enhdnae the
restoration efficiency. The woody plant Koelreuteria pamculam Was used b d test plant and potted in 100% tailings ($) , 90% tailings +5% mushroom residue (SM@)+5%
CaCO (MS) f ‘and Inaturalired soil (RS). The effects| of plny %lOlOgl(‘Ell regponses and tolerance enrichment/effects o Pb and Zn tolerance in K. paniculata under different
treatmg:lts wéte investigated 'to compate the growth morphologv, microscopic.. morpho_].oglca changes, and microbial diversity changes in each substrate of K. paniculata
seedhngs The:result§'showed that compared with the control group S, thel_MS_.tPeafment group could significantly improve the structure and fertility of the tailing substrates;
significanlly gnhance the rélevant physiological indicators such as hiomass, plant height, and chlorophyll content of K. paniculate; and increase the accumulated heavy metal
content in'K. paniculata. In the treatment group, the overall physiological indexes of MS compared to RS biomass and plant height were promoted, and the total root length
increased up to 69. 3%, whereas the average root diameter of RS in the treatment group decreased 118. 7% compared to that in the control group S. The MS treatment group
showed a 266. 67% increase in Pb and Zn residue state, a significant decrease in the weak acid exiractable state and oxide-bound state compared to that in the control group
S. The heavy metals were less active for plant migration. Furthermore, most of the heavy metals were trapped in the roots of K. paniculata, and the changes in its root
conformation indicated its strong adaptability in the face of high Pb stress. Transmission electron microscopy ( TEM) analysis showed that the higher concentration of heavy
metals in the S control damaged the cell wall structure and caused toxic effects on plant cells. The addition of the modifier effectively alleviated the effects of heavy metal stress
on various tissues of K. paniculata, affected the structure of microbial communities, significantly increased microbial richness and diversity, and enhanced the adaptability of
K. paniculata to heavy metals and phytoremediation ability.

Key words: woody plants; modifiers; lead and zinc ore; microbial diversity; tolerance mechanism
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I, SR 80 em e AT A V. T 20t U U B T I P I
WAETFI . A T rh R Aol RHEOR 27 A s
PR E SR ITRME L)Z (0 ~30 em). BHH
WA TR BT AR 0.
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MBI 1 — B 2R 4l i 4 A B AL AT 1E
100% 1" (S)- 0%/ M FRH" + 5% I 4 #€SMC ) +
5% CaCO, (MS)Hl 100% 213 ( RS) VEAT 46 it
%o BRI 8 ke LD 1 BRAERS ASAIH 10
ATAT. g e AN AR A R e Rt
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Table 1/ Basic physicochemical properties fof pot!#:.g test a

o QB 5 pH ‘fé?‘g'/gicmfr" o IR % lgg%¥?5§£%/cmul'kg’l AT HURR S5 el
7 s < 7,75 +0. 41 | 1.22=0/15 /51602 93.13 +2.55 1.41 +0. 11
| Rsy [ 4 8/5 +£0.02 1.08 +0..07 -"'-l._g..’lf.’:li:;. 50 55.4+1.71 0.11 0. 06
avgs 7.69 £0. 06 1.14£0.12 " 44 £8.51 89.37 +3.84 1.61 £0.04
x2 EFARERELESE"
Table 2 Pot test substrate heavy metal content
s LB/ mg-kg ™!
Ph 7n Cu Cd

S 2651. 14 +82.20a 793.61 £7.87a 73.23 £4.33a 21.27 £1.17a

RS 60.41 +0.68b 126.23 +2.01h 19.02 +0.51b 0.47 +0.05b

MS 2725.75 +17.73a 804.62 +1.45a 78.47 £0.97a 22.98 £0.24a

1) [RIFNAN R T RE 7R A [ Ak BT A B 4 5 ik 22 5 B3 (P < 0. 05)

1.3 FESALES 5By
1.3.1 3R o

SR K A AR A% R A A AL - FL (722 52 A AL
ity pH BRI A2 -4 pH; RS AL BB R
SR IE A HRVE N E B Fasc e i IR BT 5 /KR AN
25 53 R P32 R A T 20 5
1.3.2  AERKIEIRIE M E 4R & il e

FHAS RO 5 ZRA% 47 17 AR 25 381) 25 T 14 < 2
FRECEIN & AR )i T8 KA AR ZE R BT
105°CHEA AT 30 min, IR ZE 75°C Mt EfH & i
T LA RSP RRBGR AT RT-5 ORIS B ZS ) i A= )
B2, MAEESWASH MR E, 8

(WinRHIZO PRO 2007 ,USA ) #R R H R G445 #r
HRAC TR IR AT, - HERIREIAT i 2R PN TR .
1.3.3  AFARE R

FH UV-5100 54 58 40 AT UL 43 560 BE 1 XA 4 i
F SRR S A TN E
1.3.4 HHYIORSS 1 5B

B EEAE P AR 25T F R Al K e, U s BoRL
MR(2 mm x2 mm x2 mm) , BT 4CH 2. 5% &
W R AE, I ZE 48P Fg Kok FH (HITACHI H-
7650, Japan) % i HL - W IR HEA T A
1.3.5  BET T3 An R % s A o A

PCR 4" 3% % H (' TransGen Biotech, Pfu 15 {f K
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DNA ® &, China) , 2¢ 56 &1L 4% A Microplate
reader ( BioTek, FIx800, USA), >k H ( Illumina,
TruSeq Nano DNA LT Library PrePKit, USA) il £
P SO ZRFEATTN TR 7 B F AR A BRZS w0 e i
DU PP 1 J5 4 LS AR 40 e 27) o i A 5 00 A T
L4 Bllatrorik

RIS EHE R T Excel #E47 8048 5% 4 g1t ]
SPSS 22. 0 GeitH A #E AT B PR 28 05 22 43 ik,
F Origin 2018 & F i 4.

2 HBRE5HM

2.1 3 FhIESTRALFE R XA Az 4 14 5
2.1.1 ARG S A R R R

AN [) 358 5% A ok s AR AR B i ) AR AR s i, 4n
3 PR, kE R HH MS > RS > S By, B
TN MS > S > RS By [, AS [ 3 5T 250 77
TG ARMAT 22 5%, MS H1 RS BT 37 o th AL 1 B

G0 S TG IR AW BET R IR 20% . ALFRLL MS 4%
AR R AR i T A P 4, e BR4H S T H bk
HAM 38. 11%, 25 Ay A= 4y 3 43 51 3 i 99. 6% Fil
118. 4%, B4 & F A dF 4 KAE . A B4 MS i Xt
FEZH S MRERTC I 3 22 55, (H 39 10 3 & T X B4 RS
48.4% (P <0.05).
2.1.2  NPZSAR ARG R 5

3 TR oG AR B AR R A R 5 A T O [ S
W 4 FroRs, SXTHEAL S M EL, AR B2 MS 1Y BAR K
BT 59. 8%, BAREBUEIN T 47.15% , BARKOE
JNT 57.28% (P <0.05). BN SMC 1 CaCO,
AR E S EARRNE T EEM  (EHER R K.
TES-IIAREE J5 1T, X REZH S FAbFEZH MS & RS A Eb
BT 37.9% A1 121. 9% . AT LLE A KAE AR
DX 2SR T 5 R 32 1) T8 5 % 0 e, i 5kt
JELSP-14) A 25 e A H 2 TR 400 0 s st R 2 1
A B T

—

\ f .-__.
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Table 3 Cha};ges in bid;rlass of K. paniculata under three“ﬂsubslratg‘“‘ébnaitions ‘ X &
st prsEsen [ sdwlg e Wm0 ¥ v Ay
- IS /. 74.33 £1.53b / i\g.ﬂﬂ{'g 11."5_;@{) B43:1.334 /1 7. 2;9{1 2418 2.39 £0. 33‘.1',
RS Y 82.03%5.57b | A5 60 +d. 74c 4.49 £0.53b / 9.04 +0.53b 2.07%0°TTh =
L oms 7 1026647570 | 28 +8. 554 8.35:2.274 | 145544 18a 5.2 2. 16
1) [ BRI e AT B A2 KA b 7 5 ( Pk 0, 05) ¢ o
=i ' n J ‘
‘ F %4 ypEEREFRRRNREL
& F Table 4 Root system conformationsgaration of K. paniculata under three substrate conditions
pOB it J R/ em HRF Y em® A em? SFEHEIHAE/ mm PRI
S 1 106. 77 +202.48b 688. 12 +£223.49hb 29.48 +13.38a 1.81 £0.275a 12 046. 70 +3 398.31b
RS 1044.71 £160.94b 266. 61 £39.40¢ 5.75 £0.77b 0.82 +0.015b 8243.70 +546.27b
MS 1768. 88 £327.82a 1012.56 £113.41a 41.43 £7.32a 1.39 +0.365a 18 947.30 +2 781.61a

1) RIS ) i 2R AN [RI A BT 20 o < J o 22 7 B35 (P < 0. 05)

2.1.3 3 RO AR AR R 5 RN

3 LT 2R SR i AR Ak R 1 RS,
ARERZH RS S XFHEZL MS M EL, AR a SR 3n
13.5% M4 Z b Faiin 12. 1% . 3 FpiEfA K
TASRIERER a/b B SR SIAE 3% LAY, FRIAZE
RHTSR REGS IR L F e T4 R a/b (R iR HA K,
DASE A R KT Ph ibE T G RE R AR, e 2%
Eom b A B MS S5XFIRA] S FEA Y, e R
a, M43 b FIZEEHE DRI 3.8% M12.3%
9.7%.
2.1.4 3 FPEFTMNA TR Ph F Zn 1Y 4R g
J153 4

M5 PR, @t 3 kB A BT 2SR Ph A
Zn &R OTHL ZERIXT Ph F Zn BRI 32 A T
HEHR. 254 B Ph TR 2B MS >S > RS 1)

C nifeo [ ni@aga [ 68100 M3

10 |

(-4 ) PAFW i)/ me-g™!
(=,

(5]
T

RS S MS
Ak R4l
1 3 MERTERMFRHRIESETN

Fig. 1 Changes in chloroplast content in K. paniculate

leaves under three substrates
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s AEBRZE MS XF LU HRATL S, Ph f% iz R4 3 42
THIT 100% , 158 SMC F1 CaCO, Jiti il 233 3z 48 fin A=
Ykt mxd Ph (AR RALE e J). AbHELH MS 1 Zn
i RACG X IR S BEAFR | Ho R A REJE: Zn &

GERY/D IO S8 S 6 v G P 2 3 % NS 54
WICE ISR T Zn a2 & F2 i e, R
F i E R Zn $EEDGEEH, X 53 Zn AR
Rt T Ph.

®5 IMERMFHESEEERE"

Table 5  Enrichment of heavy metals in K. paniculate seedlings using three substrates

Gy e 1 % i 35 R
RS 27.54 £2.38¢ 18.32 £3.42b 7.05 +1.78¢ —
Ph S 215.18 +10.92b 60.45 +14.01a 45.11 +4. 66b 0.31 +0.1b
MS 263.53 +23.53a 71.56 £12. 19a 57.87 £6.87a 0.62 +0.11a
RS 67.03 £7.08b 43,32 £7.91b 23.32£2.17¢ —
Zn S 540.33 +3.65a 60.16 £5. 14b 95.56 £10.71b 0.46 0. 18b
MS 499. 81 +48.43a 89.30 +12. 19a 118.7 £10. 16a 0.47 £0. 19a
D) FFIAR /NG FREFR R R I T AW B 48 e 22 7 B35 (P <0.05) ; iz ZEOCH, HARBUEN M0 mg kg ™!
2.2 3 PRI Ph 1 Zn BB S {HARZE AN B 4 RS A P A G 186 )2 AR 40 it 3 4%

A FEEFH P 1 Zn BB A0, GnlE 2 B
HEERIEST T EE, A MS BEFEITET
BEREW YR Pb, Zn 5%&7%@2*&%«%%%%7‘5"
B H X IR AL S 4 5 B AR 50. 75% ~ 56. 68% %u
21.56% ~27. 6%, [F] I B Z 1 5% i 4 Pb il Zn &

Ak A Py FI Zn é}jﬂji"imT 165. 71% ot

.-

184, 106% Fil 140, 12% ~ 246. 95%,&3@% ,nﬁ-ﬁ
Ph ] Zn 4 i AL AR ] 2. Gt 5P A Zn i it
mmi@ﬁ?fﬂﬁzquww 05). 14

aits B #nsas D sitsas OO0 mmrset

Lo

80 +

60

Wi /%

40 +

S(Pb) MS(Pb) S(Zn)
b PR T4 IR T #)
B2 E£EPbFZnEMS 1S LEBAM LS

Fig. 2 Distribution proportions of heavy metals Pb

MS(Zn)

and Zn in MS and S treatment groups

2.3 3 FMbEENE T SRR ZERIROES A AT

Wl 3 iR, 280 A SV 25 4 S 7 76X IR 4
RS 1 MR[ &3 (a) ], ZE[ B 3(b) JFIM[ & 3(c) ]
N FEARSEF S22, AN MR ST BT, 02 R L A2
4. R 2 A A S L A0 HE B B 20 i ] B
25 FA TR O AT UL, Xk BRZH S v AR AN ZE 40 rh 35 A UL A
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