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Abstract

To explore the nutrient characteristics of the rhizosphere of spontaneous recovery plants in coal
gangue dumps, the study analyzed the physicochemical properties, organic carbon, and available
nutrient content of the rhizosphere coal gangue of eight plant species, clarifying the impact of dif-
ferent plants on the nutrient characteristics of the rhizosphere coal gangue. The results indicated
that the rhizosphere pH of Juncus effusus, Rumex acetosa, and Erigeron sumatrensis increased by
3.43, 3.86, and 3.18 units, respectively, while the EC values of Neyraudia reynaudiana and Rumex
acetosa rhizosphere gangue were lower. The content of available phosphorus, available potassium,
and organic carbon in the rhizosphere of Rumex acetosa were significantly higher than in other
plants, while the content of alkali-hydrolyzable nitrogen in the rhizosphere of Polygonum hydropiper
was the highest. Additionally, apart from Rumex acetosa, Polygonum hydropiper can also signifi-
cantly increase the content of available phosphorus, available potassium, and organic carbon. In
summary, both Rumex acetosa and Polygonum hydropiper had good effects in improving the nutri-
ent content of coal gangue, and both were helpful in promoting the restoration of the ecosystem in
mining areas. Therefore, in the vegetation restoration of the coal gangue mining areas in Guizhou,
Rumex acetosa and Polygonum hydropiper should be given priority consideration.
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1. 5|15

B AP POE R R, BRIRTR SRER N, SRR BASTAHRE MR B A CEIE R,
R EMAT AR BT 70 12t 54 LS 2600 JE, KAVER 4114 1600 HE[1][2], JCHAEIRE Y
ALK, ERFAHEA BRI, BE A HE O T K, A IRV SEE RN T B R R A S AR
MR, SFECLIERR I ERBHLAIAE ) R RS A A N3] [4]. AARERAT “40KE Lt @&l ” i1
PR LB, (R X ISR el L @B BRI R R R, ARSI 2 S — H AR SO R[5] [6]. RS
WE BRI St . LIRS, AEMEREE . AKCCHEIRSE, R JLTHESR, B ILASRE O %
ZHRHE AL R, (BB R EEN R —, RHEAUR AT, — it ade . BT IR,
FABZ, TRMBEAMRE, AIURSEMR, HEKS R ZE, SEHEDAEKEE, EmEH
B, ML Bita e BIAEEE (7]

W EHA M. AR, 2805, BB EANT DY ER SN ), 5K E,
BInEERE . AR ANe A, FIRE AT DL i XA IR ST 652, B0 X A e B g N HL AT +F
SO B ERERZ T HRR SRR Z %8 HW, B MR SRR I 5875 Y A 2%
TEE[8]. AT S50 MR 78 3R DA B MK B $E T 36 2 s R UK i U & 2 B e, mTLL
ARG X R R, A I T R A R R . ARSI R SR BRAE TR E R 1)
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W, N T ORME AP RE NS & B K eI . AUR I R BRI, MU e R A T
YR, AT @S E MR E MR ANES RG] WA, KLY S LAY
YNNI EAER, e85 i i R b -3 b 1) 57 20 Zh A S L IRBEALARFE[10], B R[ 11 ]HIBE TT 48
RETR, KEREE 12 B B AR RS- T T MU s B A 0 R 5 77 0 R 34 7 TR R AL 2
FIRH BRI AL R R R S B A0 R B R . 1 2 2 Bl B R R e R
WA PR T 0 - SEEACAE SN 52« W0 2 BRI A SRR R ARG IR R T AL, A ROR M R 1R
Fr AR A VR B0 T ZERR A AT 3R, VDRl Dk 0 [X 3k A R A P AR e FEE A

BN R E ST A HE 20 A BOR R L IX 22—, CAA R R TR ST A M AT RSB A
ERATEERMEDFEE —, ARTESRGENRE, HX T S0E s8R T L E 770 B2 530
Ub, Rz A L A SRR AT I A, R B AR AR BT A HE S BB FRTn R K R AT
LA AT, DU e A B B BOR S it — i B R4 -

2. MR ERE*E
2.1. E@mRE

AW FERE it 73 90K B 5 B T AR X PR B T K B/ 2, SR T 2024 42 6 A X 2 MibA
Y IR A YR PR AT A BT A . I ARERK R BEFEEMIEY AREN S, WAL
KR \FEYY, 53 BN (Rumex acetosa)~ R (Polygonum hydropiper)~ 251 (Neyraudia reynaudiana),
/NE Y (Erigeron canadensis) “EI%EZE(Picris hieracioides), 7311 {l(Erigeron sumatrensis)« Fi35¥.(Cynoglos-
sum furcatum)~ K1 . (Juncus effusus)o KFERFIER 3 MRS AT RIMEY), RN KA B 5 RER R ERT
f, FREFRTEM A KPR AE AR A (CK). 1 3 PRFEIFEDREET AR 1S, BEY
S1JaRH 4 miEHFEZ) 200 g, FAFERAS, W EARZEA FISLIG = HAA KT, FEHHE 2 mm i H .

2.2. BT AERFINE

P A BRI B I e 7752 (R AT [13]. pHY Eh & EC 405K H pH i1(SH2601, I
WERE), HLALEIN(DZ-2, LS M i SR A(DDS11A B, g E R IE : BT AA RS %A
K CrO7 A EEFARRBR) I E s JEAT A 0l 20 & SR U - 3 BOE e . BT A 2% & R A Na-
HCO; IRFEEMIE s AR & B CIRERAR - KIECEERIIE

2.3. RS 54

f§i ] SPSS25.0 A ATE R Geit 0 M, SR LRI 2 7 22 53 T (ANOVA) A Pearson AH G 204 Fil
Origin2021 #AT1ER .

3. ERESH
3.1. EHIE KT RERERTA pH. Eh & EC 950

A FERERRBRER AR pH @05 1 iR, SRR A 5 pH Bl B A F (P <0.05), HATEEL, 1
RT3 T TE R pH B & T B AR PR R A 16 pH (P < 0.05), S AEPIRFREAT A pH KNI A -
STSE > BB > TR > HIEE > Bk > NER > BEE > K0, HApITiliE, RELTR]
HIEIRFRET A pH % CK 20 BIR S T 3.43. 3.86. 3.18 ML, pH fE K4 VA K FAE YA -3 Bl 7 22 1]
MAHEAER, CHTRRA, BEYRARNAK W aes A 30s LR TRe, ek LR %
B, OO EEEEE T, IR L IEFRA IE MRS BN, T2 4 pH (E ALk 14].
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Figure 1. pH characteristics of coal gangue from different plant rhizospheres
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Figure 2. Eh characteristics of coal gangue from different plant rhizospheres

B 2. FEEYIRBRERT AR Eh $HE

Eh f& 3 2 RS 530 R R SOV R ZR 5 B e, ARER B SRAE 5 0E JRE (AR S RE L
FE PP IR A IR RS (0 L B AR[15]. AW FE AN MIARPRIGERT A Eh 1022401 2 Fior, BRSPS
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Ab, FEP AR IR TARPREERT A Eh, A I5 T TE AT Eh FRARIR X T ey, 750 1 H M Eh
f& CK 4bf 0.31 £, SEWIsH, RNEEYRER Eh 052 3 2R KR 5T, MRER W] B3R
M S AR SR S B[ 16], R AP, BsE. dhaAh, ARIFRIRGHRER Eh thA B R 50,
MR AL RO LR, RPR Eh WA AFEFRR RN, FLA AR 2 BRI B B 17].

EC A&7 8 -39y b ] VA E SRR FE I SRR dE AR, X 3B . Ak R DL R A K R Y
WA o 1R Bk 2B S M AR IS 0 TR T RS R S AR RS By, AR AR K AR T R R 18] ARAE 5] 3
FioR, ANEFEYIRBRERT A EC EHEARH, FBREBER. NEE LA, H YRR AT
EC B RART CK sikh, XA EATN S A K 0 LI AF A2 T B, AR F 5 3R R
T REIK I IE P, R IR I A R 2 KT X K 3 IR SCRN 2 43 TR (R AN R e T A A A 1 R
AEK19]0 75011 E VT B SEA/INE FAR BRBAT 41 59 EC {43 38 2694 pus-em™'.2198 ps-em ™', 1898 ps-cm ™!,
3 PR 6] SR8 B — S IO 521, RT7E R EC H H3ERREE b A A7 AV B AT, Rk T i (o = 3k 3
BEYF.
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Figure 3. EC characteristics of coal gangue from different plant rhizospheres

3. FEHEMMRPRERT A EC {EHHE

3.2. EE KRBT AR B

Bt LIEPEONTERINE TR0 R 2 —, B A S 20T DU LI R LR 2201, W&l 4 B,
FHEYR BRSO R R S B R EZRP < 0.05), HBE5RERRRAER SERT CK, HE
TV A & B RN T CK, SR PR A AR O NIT . B > B > K > BEsEL >
FBIER > ATEE > RITEE > NERE, SEDREREEE 2 CK (109.93 mgkg HIJ 1.40. 1.14.
0.66. 0.66. 0.55. 0.50. 0.46. 0.29 fif, /PNEFKEERAC, N 3226 mgkg ' BENPREBIRT 1R FRE
fRE S &, PR T MR EEZR, RARERIE B mER, WEHER, REERKLET
FIWRICE 2R R, HEERARIURE A REIA[21]. A, AWFRERY, HER R WA PR (L
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Figure 4. Rhizospheric coal gangue alkali-hydrolyzable nitrogen content across plant species

4. TEIEMRIFETARMBEENSE

AR AR BRIEAT A A 0 & s i ] 5 R, BRIBAR BRBrT £ ¥ 20k & Fi5 3 29.14 mgkg !,
BEET CK MMM P < 0.05), HRMYWAFFEE IR S 7 RPRET A G &=, (LR
EVe. MLLZR, 25T E A A RO S R, 2N 15.62 mg'kg ! AT 18.04 mgkg !, KT AIER
T A RO A AL TR, 23BN 8.06 mg/kg. 8.60 mgkg™'. fEERMKA R, WMWK RN
WA PR . B SUIEBREE ) rT MR EAR BRI AR MR 1, XSS A A W7 L S O™ A s it o 2 v
RIFEBAER23]. ARFFRME, BMEMRRP R AEDEER S O R &S IR SRR R EIE
FHOR[24]. THTTE AR R — 2RI REBNIF, BHEEE S &R APU MR, AR KT R AR By - 3
Rl ARG R A K I 55 DO o i A g 1 0 1 DA R A P B S B, S R T S R
AR IR ARAY, AT 2 M Y5 2 o 1o o R T 2 R A [25] o LB A= W dn 7 B T | D ANAE B 1) e AE i
R4, A T IR bR R A B AR g A= K 26]

SR e G R ) DO R USOR PR B B AS L 1 v A D A I RV e ) 1) A
B, REFLSC TR R 1 E IR HOIRIL27]. WE 6 FivR, 5 CKAHEL, BRIRISHAL, S HEYR bR
T A A & B CK B &R AP < 0.05), S RHEYAR bR A ol 80 & BT . R > 3R
B> JTEED > NER > BER > K > RTTEN, BRBAIEER BT A O A
527.37 mgkg'. 470.28 mgkg !, HIEET CK (P <0.05). fEiX 8 FhEiARY T, FRBABEN & Kik,
A REIE SRR B L35 [ SR AR TR RN ARE M, 3w R IIBH B 128 #e B8 71 (CEC), 80/ AR B - 3988 85 7 1
K[28].
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Figure 5. Rhizospheric coal gangue available phosphorus content across plant species

5. FRIEMRIETABYHMNSE

600

500

400

300

200

N [F AR b i 3048 & B /mg-kg !

100

CK HHE JTOH g 7 BE DMEE BERTEW
i-K/ELES
Different plants

Figure 6. Rhizospheric coal gangue available Potassium content across plant species
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Hrh R PR A I E MU &S B, 153 18.12 gkg™!, BFEE T CK MHEARSAIMYI(P < 0.05), &
N ZEEA SRR AR REET], Ao, DEEMBEENE SRR CK AR, HERE
ZEg, MMIE. IR TEW. SR EEAR R A PR S 5 CK B RSP < 0.05), R EAIR
ST A HESA A LR AR RIS, XM ZE T e T S R AR B IE . BRI R S A R m T 2
Fhefe e R R, (A HE S ERD AR, XA FRAMAEYX RS AL, (2 T BIEA L
JRFAR[29]. HEAEMERR, EKBONERE, FEEE REMBIETIHES 11, 2 BEERER
TGP ANERREE ST EGEI0R, ReS PR B KRR T, BERE AT, AR TE]
WA AT, R RIGEED S e 1T 7 L 35E MU & & [30].
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Figure 7. Rhizospheric coal gangue organic carbon content across plant species

7. FEIEMIRIRET BN S 8

3.3, EYEKIRRET AP BERFSUFITEREERRm

FR[31]. FEABWKE S, EFEE A ED A TR LIRE RS, WRE R E 8. A st
AFEREDE AR A A% CN wlE 8 Fir, AFRERPRETAME®R CN 5 CK hZERREEP <
0.05), 5 CK ML, /NER . BRI A2 C:N BE NP <0.05), 3hnEE1 7 31IE R 379%-. 77.10%
A1 37.00%, TMARTEE BEL, SSRAIB B A 2 CN A ITFEMEZE R A RE, 1 BERN C:N B
BT CK(P<0.05), 5 CK ik, HTFHFIREIER] 63.55%. AWFFRERM, Wi BAIEA LIRS/
5%, TR SZIRVE IR 5 VE A A3 g R s e, AR BRIV AR I R AFAE AR 8] 58 PO LU A3 1] —MOkdE, t-ig
AHUF CN 5H R ERUR IR, & B LI e A ariG shid Ferp, BEFR EmcR e s, W
T ERF R A g, 7€ CN Bmh, ST MmN GRS M1 EK, mE C:N BIKE,
G I A P A K P 03 23 sk 2 BRI R Ve AN 3 P 32
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Figure 8. Rhizospheric coal gangue C:N ratio across plant species
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Figure 9. Rhizospheric coal gangue C:P ratio across plant species

9. TEHEMIRFRETT A C:P
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TR LU (CP) R B R L RE I IUbR R, R M & R A S L TR T8 1 Bl PR 5 A i
[ FF 1 R I — AN 4EAR[33], AL 9 AT UG, B HEMIRPRERT A AR C:P 5 CK MHILZ 7 B3 (P
<0.05), HR/NBF a2 > /ANER > HE > B3 > BRI > (O8E > JRTEl > BiEE,
EIREAEYIAE R C:P & CK [ 1.13. 0.80. 0.61. 0.61. 0.50. 0.42. 0.19. 0.15f%, 5 CK #tk, UHE%
P A SO L B 3G IN(P < 0.05), TM/NER, BRESEL. BEE. MR O R 2 FHKP < 0.05).

I BREMERKR BB TR RIS, AN Z 0 IRE K BN 7, [FR
RAAFIRTHEAR[34]. a0/ 10 s, CK AR NP fim, R4 K AR £ kR fl ™ &, 2%
P BRI C:P 3 & T AP <0.05), Wikl E, BER., B, TR0 TE A/ NERR C:P
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Figure 10. Rhizospheric coal gangue N:P ratio across plant species

10. NEHEIRFRGRT AH NP

4. &g

(1) ANFERER AT A pH B R E 22 5, Ho AR BB Tl pH Ml B & T HE
FPRAEPIARER pH, P RPRERT A R B = Eh {8, 8RR PRI EC (HA W3 1EH, /BT
CERNIIEIS:

(2) FHAVIRER TSR R AR A S BT R, JCHR ARG 2 P 1 A A
B, TRAEIAESR s A R S RO IR IR . LGRS AN R IR 23 AR T A
R AT E R, R R IR R AT 0 R B e R AP R R I, SRR XA K R
ARSI P R S A N B R A
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(3) BHEMMRERIENT A FEBGR A B A BE R, R, ANEREME LRI BB CN,
M2 MBI G C:P B . XY DG IR EATR &, WREH IR0 ™ (A8
W, BT A SRR

AW I RN BB R T WRFERYE, AT IR S ENeREY, i XAESE
HERRAM SR . B, AW AAFEREL R, Bl R By X E R AR E
ERETT. BLAN, ABETURR A FEREAYR PR IR S B2 S, (B B (s Tl RS S
(KIE AL M ER Z IR T . BRIk, ARSRWE T TR Z AR S 2 R A0S, iR & i a5 R e A )
WA, U3 S EERIEEICR.

E&UH

M 27 Bt K 2 AR QT BNE I 2R RIT5TH (No. $202310671257; S2024142231196); St AHH T =
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