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Abstract: In order to clarify the response of phosphorus fraction characteristics in the rhizosphere mi-
crodomain of the pioneer plant grown in the lead-zinc waste slag yard of ecological restoration, the the zinc
smelting waste slag yard of ecological restoration in the northwestern Guizhou Province was selected. Four
species of Pioneer plants, Buddleja davidii, Chenopodam ambrosioides 1.. s Trifolium repens, and Lolium
perenne, which grew well in the area, were selected . The contents of inorganic phosphorus (IP), total inor-
ganic phosphorus (TIP), available phosphorus (AP), organic phosphorus (OP) and total phosphorus (TP)
in the rhizosphere micro-domains and control residues were analyzed. The results showed that compared with
the control residue, the four kinds of pioneer plants could significantly reduce the pH of the waste residue

matrix (p<C0. 05), and both the root and non-root residue were still weakly alkaline with pH value between
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7.43 and 7. 86; the four kinds of pioneer plants could significantly increase the accumulation of organic
matter in the lead-zinc waste residue matrix; the content of organic matter in the plant root waste residue was
significantly higher than the control residue (except Lolium perenne); the absorption and utilization of
inorganic phosphorus in waste slag were obvious in the four species of pioneer plants; the specific characteris-
tic was that the ratios of TIP/TP (48.17 % ~60.70%) and OP/TP (39.80% ~51.83%) in the four pioneer
plant root systems. The ratios of TIP/TP in the pioneer plant root systems were less that TIP/TP
(89.97%) of the control, and to OP/TP in the pioneer plant root systems was higher that (10.03%) of the
control residue. The contents of phosphorus in rhizospheric microdomains of four species of pioneer plants
were higher than that of the control residues. The contents of phosphorus in the microdomains of plant rhizo-
spheres differed due to the plant species, which represented three kinds of pioneer plants (Buddleja davidii ,
Chenopodinm ambrosioides L. , Trifolium repens), the root rhizosphere effect was significant in the root
slag, and the contents of total phosphorus, available phosphorus and inorganic phosphorus in the root waste
slag were higher than those in the non-root, while those in the Lolium perenne were opposite to those in the
other three plants. Five years after the phytoremediation of the lead-zinc waste slag yard, the growth of
different pioneer plants promoted the biogeochemical cycling of phosphorus and organic matter in the waste
slag, which could be a natural succession of the community in the slag field ecosystem or a subsequent
increase in the establishment of large-scale woody plants provided favorable substrate conditions.

Keywords: lead-zinc smelting residue; phytoremediation; microdomains in the rhizosphere; phosphorus;
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Z & (Lolium perenne) W IR FR 5 4B 4R Br B #  bF 5%
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2k 35 %
2.2 REHE IBM SPSS Statistics 16. 0 {4 347 Pearson X AF

JB i 4 (TP) 2R F H, SO,-HCIO, 4 & — #1486
B He 8 8 0 A2 5 0 (AP) % 0. 5 mol/L NaH-
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W) 16 52 AT 3 3k — o AR B R Ak A 0 AR B A 28 el o AR
BRI Y pH A B AT A T B 0 HE S A ) 1 A K
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JE A (ER) FTHL S R (EC) M 5 5 X% B8 % 8 A7 L, 4
TS B A 048 52 VT B 2 AR AR ) AR B 5 AR AR B
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PIRBD RS JE vk, LAk R BE R 0 A HLBE . AR BT I L 6 00
W b — 25 (9 B 35 FH A AT NaCl s ik MK (BEIR 25 mL, B0 R F R TR - ARJF A 0.3 mol/L ¥ MR i
VW 40 mL, 3546 0 £ B FEINE W GRBRAN CPRBE KD L g. A 80~90 C iy 7K ¥ v, 57 1.0 A8 N I VTR
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L4 PP R AR PR 5 AR AR PR R A HL R Y R
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SR AR R R i b BT B O R R B T AR AR
Rz . H 500 B 2 ) A7 i 3 22 57 (p<<0. 05).,

A4 P S AE AR B AR AR B A 8P 75 Hh 4 (TP)
AR (AP) & 1 (58 3) R, X P TP & 4t
0. 37 g/ kg AHYME R AR PR S AEMR PR E # h TP & 1481k
A3 5AE 645, 83~1 302. 33 mg/kg,435. 67~939. 75 mg/
kg, BRMZ AN, AL 3 FhAE Y AR BR 55 E AR Br % i v
TP ) HAH (R/NRYF KT 1, R 80 W] 1 T AR BrRak
N7 s RIVAR R 2 v v Wl it v T AR AR PR O i 5 Bk =0t
F AL At 3 BhAE Ay () AR B B i R AR AR B i b TP
SEHTRELE T (p<<0.05) H HHIF, =25
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B B B BRI W TP B BRIk .75, 68% .
159.46%,251.35%.,89. 19% . XF MKW b AP 1y &
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EWINE R AP 9 F 8 (p<<0. 05), 5 R M bR R i

WAFTE B3 25 5 (p<<0. 05) (CBE B R AN, R B W]
) ) AR B A
3.2 AESEHEEYIRFRRIZUE B TNBIR SN T E

R 0 7 5, D B R SRR L SR A R -
BETHUBETE 25 19 53 905 4% T AL 43 R Ca-P (Ca2-
P,Ca8-P,Cal0-P) .Fe-P, Al-P f1 Oc-P6 FHIE &, &
S RE AR B AR AR B A6 BE 7 HhOR [ E 25 TC LB &
HE DERYL6 ML ES#EP U FeP & e, CaP
AP R Z,OcP 1%,

A P& A ) 00 M B 2 s v C LB T S DL Fe-P
Jy 3, HA B AE 109, 50 ~251. 83 mg/kg Z[E], & &
TCHLBE Y L4 Ky 25. 78 % ~52. 83 % 5 1Mif AE AR B JI% 1
i Fe-P & B 7F 82. 25~243. 50 mg/kg Z [, 5 T
MUBE A L0l 35, 79% ~51.19% ., 4 K i ik £a 8 9
FRBRAN . 4 B A 4 AR B Sl 3ok 2 3 vh Fe-P &5 i 5 % ]
J s 1) G W 25 5

MY RPr S AEREE®E S CaP =00 N
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Filt Ca-P. Hifr &5 Ca-P 1y 37, 27% ~68. 92% . HiAx fk
RS FeP —E(E 1D, F) HAR b 5 4E MR bR IE i 1Y
CalO-PJC b 125 5, B Calo-P A5 v 7 B U 76 4
WINA SR R, XTF Ca2-P, 137 5 = b B4R
PrOAEAR PR X B Y Ca2-P SRR EER
(p=<<0.05), 534k 2 P ) T i 35 25 5 (& 1A . BR T =
I (AR B 5 AR B At BE K 3 vh Ca8-P 5 i A7 7 Bk
25 (p<C0.05) Fb, Hofth 3 FoA 4 4R B & 5 15 X Bt
iR LB EES (B 1B, 4 Fhil YR by g s

Ca2-P #l Ca8-P S &I EH K. =B > +HIFF >k
A e £ B > R B >0 R

) AR B 5 AR AR PR E i h AP i e
90. 83~348. 67 mg/kg. 62. 08 ~128. 25 mg/kg. /3 HI 4
BICHL#E 24. 69% ~44. 11% F1 19. 48% ~27. 41%, 4
FRAEY) AR bR i b ALP & i A8 (b A 5 Ca2-P M
Ca8-P —F, T IAIT . = I 0y M PR i S PR
I AERL PR 2 3 T AP B & & B R TN IR
(p<<0.05) (K 10,

RI AMEEEYRESERFREEEREBLER

Eh EC/ SOM TP AP
it L pH
mV (uSeem™ 1) % (g kg™ (mg+ kg V)
X4 CK 8.42%0.03d 404, 0014, 24d 340, 5043, 13bc 12.46%0.03a 0.37£0.01a 2.3240.01a
N R 7.5840.09ab 349,33422. 28¢ 281.00468.79abe  26.09+4. 80c¢ 0.65+0.07abe 6. 9441, 04c
L NR  7.5740.21ab 323.00%56,35bc 314,006, 00abc 25.72+6.82¢ 0.447+0. 06ab 3.58+0.77ab
- R 7.58=%0, 14ab 332.00£24, 25be 276. 67125, 81abce 24,7145, 34¢ 0.96+0, 11c 11,6042, 13d
R NR 7.49+0. 16a 327.00£11, 36bc 358, 83438, 25hc 23.34+5.58hc 0.947+0. 32¢ 3.36+0.96ab
B R 7.43+0.10a 292.33+16.44ab  212.33488.17a 26.45+3. 22¢ 1.3040. 33d 13,1144, 02d
S NR 7.4740.09a 305.00423. 43abe  390.00+£23, 26¢ 24,225, 22be 0.49+0. 22ab 5.15+3, 10abc
P R 7.86£0. 04c 292.67+33. 65ab 259, 33444, 41ab 14,9744, T4ab 0.70£0. 19hc 7.41£2,79¢
NR  7.7940.11bc 264.00%21.93a 352.004120,00bc 15,2243, 85ab 0.85%0. 31c 6.48+1.76bc

TE R R RRMRERBE M NR R AR BR B 5 A /NG 1 3 7R IR — S BB 2 18] 7 75 f8 35 22 57 (p<<0. 05) CR R A . P I{E +hrifi 22, n=3.

Oc-P fE Ry —Fh A2 8 A WA W U5, L3 ARG A
YR PR 5 ARARBR K i b Oc-P By & 84390 2. 30~
35.86 mg/kg,6.43~35.33 mg/kg. 2> &5 A TCHL#E
9 0.62%~6.15%F1 1.35% ~7.66%, 4 FhiHi
bR AE M BR % BB B  Oc-P & B AR I T3 37 >
SRS R P B X A > M R, BRI
Gb, HoAl 3 FAEYI AR PR E T OcP )& & B T
X BRI i (p<<0. 05) o4 FAH W) AR B 5 IE AR B 15 3 vh 1)
OcP FHEH L EEET 1B, X &M T OcP %2
BEAAAY) (Fe, O) IR BIMEA R RIEH T . 0
AR M o ik 2 Ak Ry HATE S
3.3 AESEEYRERIBESERTIBE. VB

& B Gk

T g b B 008 25 R 4 S T HLEE (IP) 14 HL %
(OP) , TCHL#E — Mt 5 2 WY 5026 ~90% , 11 4 ML 8%
— B AR 2020 ~50%" . B E R YRR R AR R
B X B i v & A S BB L DR 4, b A
YR AR bR 5 AR AR B B i b TIP/TP L 9 38 [
48.17%~177.59% . F-¥{li N 57. 23% , OP/ TP Lt i
TE 22.41% ~51. 83 % Z [a] . SF-2{E 2y 42, 77 Y0 5 1 %
WR P it b TIP/TP #1 OP/TP H. A5l 43 % g 89. 97% .
10. 03 %, U B AR 1 A 4 Ao 8 v = 8 R SO0 A B 2

wr R AR R R SRR . BE
W AR B )% s v Ca2-P/ TP, Ca8-P/TP, AI-P/TP Jif
i B 2 F 6 IR R i L ) Fe-P/ TP, Calo-P/TP N
2R, mF 3 AL, SRR EE D TP & i
B TAEMBR (p<<0. 05) AH Y AR BRI o TIP/
TP (1 A 20/ T AR AR Br %2 v 150 BT AE ) AR 8 % JE AL
WEIEAT T KA B R
3.4 AELEEEYRRNEBEEPHERSREL
T4 B AR XM AT

UNGER: L R e R S A & X
PERRRIAE R BRI (K 5, B, CALBEE S A
BUBE K A 30 5 15 s PR AL P T 22 ) A7 76— 28 B A G
. Bk Oc-P 5 Eh,EC 2 IEM XK Calo-P 5 Eh 2
[B) 52 TEAH DG A1, M 45 TE ML TR 2 A HILWE L AT R
KBS pHL,Eh & EC Z [ R A, YRR
SR 6 R ICHLBEIE S Z 6] 1 5 EAH G, L H 2 Ca8-P
5 AP Z a2 & 3 1A & (p<<0. 05); Ca2-P #
AL-P 4350 5 B0 5 0 2 IE A 96 (p<<0. 01) Fi lg 3%
IEA K (p<<0.05) . FHYMRFRE AL FeP,
Oc-P, CalO-P J A & B 2 IE M G, 55 Ca2-P, Ca8-P
Je il 2z A] 52 3 2 TEAH OC (p<<0. 05) . 5 AP 2k
BBEIE M E (p<T0. 01) ., HL W AR PR K & b A 3%
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M HASE SR IEME, HEARRMM R  GNRERLCEEYS ST ARIEES RN & 4E
B pril YRR B AR BERES S EAER MRk,
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PORER Pl Pl :
PERE AL RS SMRD G RER

AR FNG R RSP AR PR (AR AR BR Sk B P i =22 (B A7 7 10 35 25 53 (p<C0. 05) 5 M [l /NG 7 B 3R /s A W AR B L 3B R B K X I 40 12 ¥ 22 i) G
BFEEF(P>0.05).
Bl 4MEEEYRESERREERARDENBESSESH

T4 AMEHEYINBESHENRIEBNRES T %

Eh w(Ca2-P) w(Ca8-P)/ w(AL-P) w(Fe-P)/ w(Oc-P) w(Cal0-P)/ w(TIP) w(OP)

hb w(TP) w(TP) w(TP) w(TP) w(TP) w(TP) w(TP) w(TP)
X4 CK 1.7640.88  0.8240.31  4.2040.04 53.16+0.62 2.3242.33  27.7240.72  89.9742.12  10.03+2.52
KO i B R 2.5940.69 2.7240.55 14.06+1.52 16.95+£1.71 2,9440.59  8.90+1.97 48.17£5.78 51.8345.75
Buddleja davidii NR  3.0440.55 1.9140.67 14.2542.88 18.88+4.11 3.9140.72  10.76+2.81  52,75410.82 47.25+10.75
ERPis R 2.8040.51 2.09£0.93 14944715 26,16+11,37 3.73£1.87  10.83+3.78  60.54+22.62 39,4622, 46
Chenopodinm ambrosioides L. NR ~ 0.89£0.38  1.17£0.36  9.57+2.86 23.16£6.18 3.76£1.21  10.57£3.44 49.12+11.15 50.88%11.07
=npE R 2.80%1.03 7.51£3.31 26.7746,93 15.64+1.47 1.8540.22  6.1242.62 60.70£9.12  39.30£9.20
Tri folium repens NR  4.02+1.15  3.1340.96 21.2748.22 31.50+11.60 4.24+2.53  13.43+5.38  77,59£9.19  22,41£9.18
A R 2.3440.55  1.60£0.66 13.1244,06 27,99+11,57 0.33£0.35  7.61+£4.84 52,98£19.95 47,02£19.89
Lolium perenne NR  2.80+1.70 1.72£1.16 15.09£7.64 28.65410.29 0.761.65  6.9544.25 55,97+17.09 44,0320, 35
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xS ABREYRBREELNBESEEAERMBEXE

LiBQEa Ca2-P Ca8-P AP Fe-P Oc-P Cal0-P OP TP AP SOM pH Eh EC
Ca2-P 1.000

Ca8-P 0. 890 1..000

Al-P 0.945 0.988"  1.000

Fe-P 0.525 0.166 0.311 1,000

OcP 0.599 0. 266 0.347 0.411 1.000

Cal0-P 0.653 0.242 0. 368 0.758 0.906 1.000

OP 0.964"  0.979"  0.997" " 0.34 0.414 0.431 1.000

TP 0.994" " 0.909 0.961  0.538 0.512 0.596 0.974*  1.000

AP 0.974%  0.766 0. 852 0.687 0.682 0.791 0. 882 0.962*  1.000

SOM 0.557 0.491 0.478  —0.146 0.792 0.49 0.521 0.474 0.498 1,000

pH —0.782  —0.74 —0.736 —0.016 —0.747 —0.526 —0.769 —0.723 —0.705  —0.946 1.000

Eh —0.377  —0.498 —0.517  —0.422 0. 448 0.14 —0.471  —0.476  —0.338 0.504  —0.198 1..000

EC —0.765 —0.926 —0.916 —0.236 0.05 —0.049  —0.886 —0.823 —0.647 —0.127 0.432 0.782 1,000

TE: x RIRTE 0. 05 7K ORI b 35 AHE 5 x » RIRTE 0. 01 2K ORUID b 35 40 ¢

4 i
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54y B 1 PR SHE R 6 B o R U B T M
e s R ST S RORR B o v T T
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W 2 T BB KO . K i R T L TE SR AR R
AT 3 2 AR PR R A AE A LR 1 43 1 35 AR B 1 1
T AL A A
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