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Effectiveness of different leguminous plants on soil improvement in

reclaimed manganese mining areas
GAO chuanxiang', YE lili', CHEN yongshan?, LIANG yuanna', LI zonghui', JIANG jinpin'->*
(1. College of Environmental Science and Engineering, Guilin University of Technology, Guilin
541004, China; 2. College of Resources and Environmental Science, Quanzhou Normal
University, Quanzhou 362000, China; 3. Key Laboratory of Guangxi Collaborative Innovation
Center for Water Safety in Karst Water Pollution Control, Guilin University of Technology, Guilin
541004, China)
Abstract: At present, there are serious problems such as soil impoverishment and heavy metal

pollution in Guangxi manganese reclamation area, which have a serious impact on the life and



property safety of local residents and agricultural development in mining area. Therefore, taking the
reclaimed soil of manganese ore area as the research object, the improvement effect of applying
different legume green fertilizer plants to the reclaimed soil of manganese ore area was explored. A
total of twelve treatments were set up, which were: CK, TJ, CMX, ZY, ZHT, JK, SDW, JM, JSY,
MY, ZS and XG. The results showed that: (1) the contents of available phosphorus, available
potassium, total nitrogen and total carbon in the reclaimed soil increased significantly, but the soil
pH and organic matter did not change significantly. Compared with CK, the soil available
phosphorus content of SDW increased by 200%, and the soil total nitrogen content of MY increased
by 126%. (2) The inorganic nitrogen content of the reclaimed soil in the manganese ore area was
significantly increased. Compared with CK, the nitrate nitrogen content of ZY soil was increased
by 377%, and the ammonium nitrogen content of XG soil was increased by 88.8%; (3) The soil
enzyme activities of reclaimed soil in manganese ore area were significantly increased. Compared
with CK, the soil nitrogenase activities of ZS, ZHT and ZY were increased by 221%, 202% and
195%. The study shows that leguminous green fertilizer plants have good improvement effect on
the soil reclamation in manganese ore area.

Keywords: manganese mining area reclaimed soil, leguminous green manure plants, soil

improvement, soil nitrogen, soil enzyme activity

IR XA ZAETFR, J5A 1 A AR SOR A A AR 3 AR, L3R A L
B SRS Y, X i R A A P e A AR R B AR T T B R (R4 54,2015, 4%
255,2008). LGN X BIRE R ITEEEA R VA, BIBRIE, WPRIEMAE RS, (H
RAFAEBE NI 5 Tk K E RS 2 I H 20 38 55 4y it i M KB R 2% i 8 (Shu et al., 2015) 0
EMBEERIN AR “GEBE”, I HSEETIEME, BAERND . B, AT DURHI
L RIS R R (BRI HAR, 2017),0F BRI LR LIRE R TAERE, 4505
IR BAFEF ) O (AR 55,2013)

AZFNN, P SEAEAE Y — Fh AR 1Y) Lk | )57 (Tejada et al.,2008). KKy, Fi
THLRAERE Y2 /D> T2, 2503 LI BE 45840 (G.R. Mehuys, 1985, Nielsen, 2013), ##&
+ A HUF AL /77K F-(Power, 1990 , Doran and Smith, 1987), Jf Hif g N 135895 /0 (i &
(Dinnes et al.,2002,Drinkwater, 1998) L\ & 9/ 4= BRAZHE (1) 7] fE 14 (Robertson, 2000).

ZICEMZ AR REEZGERN RAR e, ERZ NEREY TR



%, 2016). SAETAIGALREMLL, SRHEALREA T LUK 2 SR ) N, e g g
B AR B RHTIRAE, 2011). SAHRIEAEYIERENS SCE 5 X L4, RS i X
B SR, IR R A (R 5, 2007). BEAh, GORMSEARREAIE B AT BRI
IEEE N PUvETR TR AR IR S TR AaE B A A0 L (R R A, 1998). JFHLH
B, K 2 W 50 #5260 R s 4 M PR X R T SR T B (B R [ 4, 2003)
K E(E 455, 2007)5%, 5 F SR SR AE 20 % 50 A X 2E AT &0 R J7 T I BT S 84

DRI, ARHIF 52 AR X 2 R XA AU B, R X A B 4 PR AN 7] 2 RS AR
T LA R ) SRR IR Y i X R B IR0 K. R AR IR S T
W, P FEAS [ 1 RS ERE X A X AR e AR, REIE AR X R R LR R
SR, N EEN X E B TR S .

1 R 7
1.1 BFFUH

F 0 M 05 A7 F 7 08 A M T VT X, Hh ER A B N b4 23°54~24°01", K&
109°14'~109°23". " X3 FEON R, HEABONIRT, ERAE 90~120m ), 3R
RELL A3, 8 ok £ AN RL (LT Y, 2008). B [XAEFH S0 20.6°C, F-FHIEME
1402.7mm, SFEAHGHEE 76%, EFHHIE 1600 2/, TEHEM 331 K.

1.2 IRE AR

IR R OR PR X R B XK. 13 pH N 6.7, G WU N 14.03 mg/ke, 13K
W4 3.73 mg/kg, BN 45.67 mg/kg, MRA 7.68 glkg , HEN 3.9 gkg, TN
P,

& R4 B K W) 9 FH ¥ (Sesbania cannabina (Retz.) Poir). K B (Melilotusofficinalis(L.)
Pall.) 8 = B (Astragalus sinicus L.)~ Y& 3 ¥ (ViciavillosaRothvar)~ i % i 5. (Vicia sativa L.)
WHTHE(Astragalus adsurgens Pall.) YW T (CatsiatoraLinn)~ % = (Trifolium incarnatum L.),
B T (ViciavillosaRoth)« %4 PR 5. (Crotalaria pallida Ait.)~ /N A€(Coronilla varia L)), F-¥
K EHIRBAFO AR A A .

1.3 R

AR IG TEAEAREE T2 % (B 110°29',N 25°06)i#047 . ASi i B+ —/MbE, M|
#H (T)), EARCMX), =% ZY) i #E T (ZHT), SEHE (JK), YW (SDW), #*
B (M), Z=JSY), EME T (MY), JERE(ZS), /NEfE(XG) = [ (CK) &AMt
M3 ANEE, Rt 2.0kg. T 5ETE 3%M Hy0, IR IR 30min J5, FH4KAIE



M. 75 25°C, MJE T0% E I E {5 240 Hh iR 40K 2 16 h J5 3k B, 42X M 1 5 KL,
b IRAE R AR K S AT IR B, AR 2 k.
1.4 R0 E

T3 pH (HLA LS HAK 1:2.5 WEHEEHTIE . 2% (TND FIRFH Z 0 5E 7
PR KoCrO; EAIEAIYL R &% (Lu, 2000). HIEAFH 2 (NHF A1 HCLH2HD %
FE A ] 482 2 (1) 57500 32 (Dong et al., 2021).

T IS R AN B AT I 5E o 3988 25 R 9 B st ATl o o 138
IR Tt R P - SRR B L €03k 3E 40 52 (Fiisher et al.2017) . 3888 A R AN 00TV Lk k4T
W5 (Vranova et al., 2013). T3EEMERERA 3, 5- AHFE/KHER L (By2:3E 4TI %€ (Zhang et al.,
2018). 38 ] U R ) G AT I E
15 ot

HAE AL PLAE ] SPSS 26.0, X #uds #EAT 8L K 3R 75 22 70 BT CANOVA) Flliie /N2 25 72 57 (LSD)
Fa6. £ Origin 2021 A1 R & & BEAT VR EAAH S 0 Hr o
2 R G5
2.1 KB

W —fin, W EAYER KIIHEY IM, A 11.76g/plant, &2 5T HAEY); &
/NEFEYIY CMX, 4 1.05g/plant. iy R FAEY & SR FIAEYIZ IM, N 2.09 g/plant, &3 =
FHABKEY; F/NTEYIN MY, N 0.07 g/plant. fES5R 7T, HA TI R ZS 856 W . 4
BRE, ARG, IM M TI RAELF, ENIEIRE B0, &y 3%,

F1 FAEASREYET RS EHEERKERMNNE

AT o B A (g/plant) R EAE A (g/plant) FRIR 70
Treatment Aboveground biomass Subsurface biomass Nodule condition
H#E TJ 7.15£0.61 b 0.76£0.07 b f
FHARRE CMX 1.05+0.37 ¢ 0.09+0.02 ¢ nd
KR ZY 2.49+1.03 ¢ 0.27+0.22 ¢ nd
JeM ¥ F ZH 8.41+1.02b 0.39+0.16 ¢ nd
i i JK 2.05+£0.27 ¢ 0.09+0.02 ¢ nd
HTHE SDW 1.06£0.41 ¢ 0.1£0.02 ¢ nd
W+ IM 11.76+3.03 a 2.09+0.72 a nd




ZE = JSY 2.51+0.73 ¢ 0.3620.13 ¢ nd
EHHE T MY 10.42+1.16 a 0.070.02 ¢ nd
WS ZS 1.99+0.52 ¢ 0.14+0.04 ¢ f
/NEAE XG 1.49+0.12 ¢ 0.14+0.02 ¢ nd

FE: nd FORAR AR [R5 S AN E) NS RS 25 R i (P<0.05), %K 2 [,
2.2 HIEEAHER

HR A5, GRMEYN B3R B 2 . 3 pH ARTE Y 6.59~6.86,
Hort SDW 1) pH f i, IM I pH A%, Jf BAMEZRHEYIM pH 5 CK LR EMEE R . fh
fETRHMEYIN SOM 5 CK AL, AT, HELREZER.

I AP TGN 2.68~8.05 mg/kg, HH SDW ] AP &, M 8.05 mg/kg. SDW
M ZY L3 AP 5 CK LHEHLL, 700l T 200%7H1 145%. Mt ERHEY) L5 AP 5
CK ACFEARLE, 5 5280, 381K AK ARALIE Iy 42.8~50.34 mg/kg e JK ¥ AK &,
4 50.34mg/kg. JK H1 SDW (] AK 5T CK ALFAHLEL, 73l T 17.6%. 17.4%. T3
TC AB1LJE A 8.23~9.63 g/kg. HHA IM I TC & &, N 9.63 gkg. IM Al MY ) TC
TES CK AL, aldEE T 17%M 11%. th4h, MEAFET TC &85 CK AR
EWn. IR TN ZBTEEN 4.6~10.4 g/kg. b MY ) TN S &G, N 10.4 gkg. Fh
T MY Al ZHT 3/ TN &85 CK A, 700 Th & 1 126%H1 107%. B ZY 4, A
fth FRHMEY LK TN &85 CK ALY B & .

i b, M GRSIEEY) ST X2 B TR AP, AK, TN Al TC &2 5E1m,
{EXF 135 pH Al SOM F7C 5l 3 B2

#= FR=ERHEMLIBECERNE

Ab 3R HH R (g/ke) B (mg/kg) B (mg/kg) SR (g/ke) A (g/ke)
Treatment P SOM AP AK TC ™
H#E TJ 6.69+0.06 ab 13.86+0.06 b 3.26+0.54 ¢ 44.17+0.54 cd 8.7+0.2 d 4.6+0.26
AR CMX  6.71+0.05 ab 14.17+0.08 ab 5.14£0.22 ¢ 46.3740.45 ¢ 9.06+0.3 ¢ 6.240.26 d
BREZY 6.71£0.03 ab 14.3£0.08 ab 6.57+0.6 b 50.06+1.32 a 8.56+0.15 e 53402 ¢
HHE T ZH  6.68+0.16 ab 14.9+1.42 a 3.39+0.53 ¢ 48.5120.98 ab 9.03+0.2 ¢ 3.63£0.58 g
T JK 6.72+0.16 ab 13.78+0.05 b 3.87+0.22d 50.34+1.47 a 8.8+0.26 d 9.56+0.45 ab
Y4THE SDW 6.86+0.1 a 14+0.16 ab 8.05+0.87 a 50.24+1.43 a 9.06+0.41 ¢ 7.2+0.23 ¢




W IM 6.65+0.06 ab 14.09+0.12 ab 3.8+0.55d 47.43+0.45 b 9.63+0.23 a 8.6+0.45 b

=1 JSY  6.77+0.02ab  13.94+0.12 ab 5.19+1.28 ¢ 48.15+2.46 ab 8.660.15 de 6.7+0.52 cd
EMFE T MY  6.72+0.15ab  13.99+0.36 ab 3.94+0.77 d 49.9242.02 a 9.13£0.28 b 6.3+0.35d

WRT. ZS 6.83+0.03 a 14.16£0.33 ab 4.59+0.67 cd 50.1+2.57 a 8.46£0.25 ¢ 10.4£0.35 a
NEIE XG 6.84+0.13 a 13.78+0.06 b 3.48+123 ¢ 48.19+0.51 ab 8.46+0.05 ¢ 5.5+1.57 ¢
CK 6.59+0.03 b 13.74+0.07 b 2.68+0.08 f 42.8+03d 8.23+0.15 f 8.7+0.2 b

2.3 HIEEHSE
TSRS EZA TR EZ R (BH—F). HEESESEZLTEEN

13.19~33.38mg/kg. Ho ' XG AR S B, N 33.38mg/kg. £ HER ISY. TJ Al SDW 2
Gb, HARALE SR SRS CK AHELS R Z M. Hr, XG Ml ZHT WESE S 'E
CK b, REIRSE T 88.8%F 82.3%. fHE, ISY MEASASGES CK MILEERIKT
25%.

LA RS BB S AN B E R (4D LIRS AR BRI 2.42~
11.55mg/kg, H ZY WS E S ER S, N 11.55mgkg. B IM F1 MY 4, HAb SR
TIERRSR SRS CK ML, WRESN. H 2y K ORGSR SES CK Mk, 4
BIRE T 377%H1 366%.

Zil, MECRHEY S RERINTIRLHSE S E. Kb XG M ZHT % T L3 AR
TEEWEE, ZY ALK AT RS RS B .

it

34 4

ab 124 a
324
b
307 10 ab
284 b
2 264 2 g i
ol I ol
AR iz ;
# 2 ] be L 2 .
§ c % 6 f e
204 C [
Zz cd od o
184 4
16 h h
14 4 d 24

CK TICMXZY ZHT JK SDW JM JSY MY ZS XG CK TICMXZY ZHT JK SDW IM ISY MY ZS XG
AbFE Treatment Kb Treatment

B 1 FRSRHEINLIZETNSHS SRR,
FE—)EEHE EARNSFEBRFLEREREE(P<0.05), BZH.
Bx (HFESRaE8) B (LHIFHSRSE)
2.4 TIERETEE



TIIREEETE (B A, IRIREEE VAR E Y 0.21~0.29mg/g 24h. Hh CMX
IR IS M B =, A 0.29mg/g-24h, MY HIIRERIG AR, A 0.21 mg/g-24h. BT MY LA
bb, HARAEFE RO IRERE LS CK AHEL, BB ETm. Hrh CMX Fl SDW L3R IRERE M 5
CK MHEL, B T 38%7H1 33%.

TR U (B BD, e R ARGV L 0.8~2.57 Ulg, Horb ZS [
RSB R, N 2.57U/g, CK HIEZEHEERIE, N 0.8 Ug. Ara4bIS CK MLk, ¥
BETE, HdzS. ZHT M zY 5 CK ML, 277 221%. 202%F1 195%.

TIEREREREE T (B2 C), TIBREREREE AR IE Y 61.10~82.14 mg/g-24h, H
Rl ZS BRI PR IS MR, N 82.14 mg/g-24h. TEFTA ALEET, R MY A1 TI 4b, H
fib AL PR RERERES VRS CKOAHEL, ¥EFET S . Hrh ZS A XG (L EEE bl 5 CK AH
bE, RERE T 34%M 27%.

TR AR (K2 D), TIEE ARSI E R 1.13~1.37 mg/g, H JK 1)
E ARG R, v 1.37mg/g:  SDW AR RS HERAR, 4 1.13mg/g. AT LHLH & A
WS CK AL, $HEERR, Hd JK M IM WEABE M CK ML, ##& T 33%HM
24.3%.

g b, RiE GRMEY) S B R R LS, ERTE S RMEY) ., CMX 1 SDW X
T EARE S R B, ZS 1 XGON T RIERE R RSO B2, TKORT IM T R
I BEVE PR A2 2 3, ZS. ZHT M ZY N 398 [ ORG24 FR 52 I 2
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WE=FR, TCHITN 5 IM. MY, ISY. TJ 1 SDW 2 EMKK R, Hd IM f1 MY
5 TC #1 TN 2R3 EAKCR. ISY Ml ZS 5 IRE ARG, REMERE. IREGAE 2N 2 22
IEMRR AR, [HE HAAL P 3R iE M 20 9 SO R s oA k. ZHT. IM Al XG 5 13
HERREREEMAIKR, ZY. KM T 5HEMER R EE EHKKR.

WEM AR, MA%ESE TC. TN, SOM MESAERE MK R, SHAERER
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B4 HIRERIERMEEEIEAXES T
354
i AR AE KT TR R e R, R R R S xR e A B AR, A ]
HEYHIA K (Lietal,, 2019). FEADIFLT, ERIGICHEDIESRT X E B ERAERKELIFALE,
JHSE CMX F1 SDW, i E#BA48E N 1.05 g/plant £ 1.06 g/plant, i T E&BAEMEA N 0.09
g/plant f1 0.1 g/plant, IX 7] Geit 2 R AN X E B9 &H it BRI Mora 5 AN#RIE 1 4 Ff



R B BB S R R AR Y B AR A R IR IR R (9 T B (Mora et al, 2009) . Ub
HNERIL, R SRS IR T 3% AK. AP. SOM A1 TN & . Li-Ni Liang 25 A\ 5
FARBNRIL, A GRSACE MG, 3 2580 A SOM #5193 T B 2 (¥ 2436 (Li-Ni
etal., 2019), KFIHCFE GBI G X S RS EA RIS RS

BERMEYER R A LA P BTG OB E R I 3(T., 2011), XHEMIINAE fr G sl L L =
HEBRER L. A, SR T LIRS E S & KR, S/
HYEE A E R, EE %S H Ny(Babalola et al., 2017), FFE %0 & fe kA + 15
ti(Laranjo et al., 2014). F HAEARFFEHIE R I, PR GRME A4 i 1 18 1 ] 26U A0 2 1
BEiE M, XA R SRR S BN R K 2 —. — 7, BT R A E RS M
Rm, SRHEMTEE RN, Itk 7 AME IR, oA 2 MR A T
i 178 F- Y i (Lugtenberg and Kamilova, 2009). 5 —J71fl, #J 40%H) 3@ 52 & E AR
i, AREEAR. FEERA. RMEFERS(H.-R . Schulten.M.Schnitzer, 1998). KT 13
ARSI, 2 R G NS EIE AR A EEIE R R, FARENA R,
BEREYIE K K B (Daniel Geisseler®, 2008). F£H Kwabiah tH &3, FiiE & RMEY) 238 i+ 3%
TEHLAEF & (Kwabiah, 2005).

Ll 7E b AR SR B b R 4R % 0 /E ] (Fang et al., 2010). 7EARBFFIH,
P S RHMEY R & 7 IR, Parlak %5 A H AU 25 5 (Parlak et al., 2017). iX [
RE S HH T Al I S A e b ()3 A 2252 B e B BT 2, B pHL EC. L35t
25 (Dotaniya etal., 2019), TFHESRIZRIEHEY), 7 DA IRV BEZE Ry, 380 T4 HEK
REJJ. LIEIREEE AR T IR A KRS D), AR 2RSS LR STER .
I BB BT b A A, % T 9 O P 04 5 e A2 ¥ T 5 (Maltais-Landry,
2015),

BRI, SRS S X E R AP, AK. TN, TC FIEHLAHR
TEREEWN, ERERE T RS, Y X R R EIREE RIS R R, EX+
& pH A1 SOM L RFE M . A A S AHEYIS R AU & AHHIF, 5 CK AHEL, SDW 1

T3 AP SRR T 200%; MY L3 TN S8R 7 126%; 2Y MRS S ER

o

T 377%; XG BTSSR S EIRE T 88.8%; ZS. ZHT M ZY K+ I8 HE EEGiEEHE T T
221%- 202%K01 195%. 4 EATid, SRISEHIEEYIH R X E R HIE A RIFH SRR, A
6] () S RHEM R A ROR S AR, Horb 2Y. ZS A MY 286380 R B -
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