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Effects of grass planting substrate on vegetation restoration in the Muli mining area

QIAO Qianluo], YANG Wenquanz, ZHAO Shuail, FU Wenhuil, CHAI Gangning',
YU Yanghua', LIN Baojun', LI Xilai’, KOU Jiancun'
(1. College of Grassland Agriculture, Northwest A & F University, Yangling 712100, Shaanxi, China;
2. College of Life Sciences, Northwest A & F University, Yangling 712100, Shaanxi, China;
3. College of Agriculture and Animal Husbandry, Qinghai University, Xining 810016, Qinghai, China)
Abstract: The improvement of coal mine dumps is one of the main methods of vegetation restoration in mining areas. This
study was conducted to investigate the effects of such improvement methods on vegetation restoration and to explore the
theory of ecological sustainable restoration in alpine mining areas. The characteristics of the vegetation community and soil
fertility were studied in dumps treated with mixed granular organic fertilizer and sheep manure as grass substrates. The
results showed that adding granular organic fertilizer or sheep manure to dumps increased the content of organic matter, total
and available nutrients, plant height, coverage, density, and biomass during the first year. The effect of both applications was
better than that of a single application on plant communities and soil fertility. In the sixth year of direct grass planting in

dumps, the plant coverage, yield, biomass, and density decreased, but the species and heights of plants, soil organic matter
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content, and total nitrogen increased with the obvious biological crust. Topdressing with nitrogen fertilizers significantly
improved the characteristics of the plant community. Compared to gentle-slope land and flat land, the soil fertility of steep-
slope land was better for the restoration of the plant community and soil fertility. Overall, for vegetation restoration and
maintenance of the stability of plant communities in alpine mining areas, improving the fertility of dumps with organic
fertilizer, sheep manure, and reshaped dumps ( < 30° slope) is of great significance. Dumps/dumps reshaping (slope < 30°) +
granular organic fertilizer + sheep manure is the most suitable combination for the vegetation restoration matrix in the study

arca.

Keywords: alpine mining area; sheep manure; granular organic fertilizer; dump; soil fertility; plant community; biological

crust
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T - 7N I HUBE A D e 58 25 52 v 5607 X 2 5F
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L5 Yy, Ik A PUR A AL K A ALY EHE
et o b B AR O K A R 5 3 R Y o 0

B IE (6B R 28 b i 7, AR A AR A e T

PR, AE AT XM RS, it A A HUIE 2 G R
A 8 o ) g AR, AT B E Y
HAEJG, e #EpT X 3R IR AR . AR BT

X I, SFRIEAE N EEAA YL, SIHEE . i
(7, FHOR SR 2 pr s ™ [, B 5 LR
Zege oy AL, R A, £ NEE LA AL
T AAEEEN HRTELAE, B+
W FE/BRLA HUIE V8 £ + S + B A HLIETE N
ol R J 4 LU AT 0 TE AR TE o AT T AR LA X
B Ot B, JE I E B A S R AN R AR BR
L P AR I A AR UKL A LI A e AN - 43 K
SRR, R TU0E H e R X R P RS
N TR XA K SR AR Sk R AR A

U RERHS Tk

1.1 X3 MR

TR0 M AL T 7 5 SR b s (0 8 i 1 Bre
AL X 1) AR BRI X, 99°27'~99°35" E,
38°02'~38°03" N, %M [X 4 i =1 A N 19.8 C,
ARSI AL -36 C, - F¥RIE-5.1~-42 C. F
P34 %7K B 29 500 mm, 28K & 1418 mm, [FK 32 %
EHETH-OH, BEERELIH-5SH. i XY
FELZ N, HERITRENR, LFHEATEILR, FF
KXH %30 do 4K 3 800~4 000 m, & 21 3 B 5
AN FEEF R S S, J§T 2 E%
X, {1t % M N ek & B (Koeleria tibetica)~ T Ji, 2
(Carex moorcroftii) 55 « BT K I [A] R HUARE (1) B4
TFR, v FE 5 ) AR M B PR AR, B RS R
Gr oA MR KT G AE PR I R, 0T 24 AR RS
AP AR TR BT ™ E S
1.2 RIEAIE

IS HL AL HE 5 AP B 1 K50 b 3 (ZC11-F
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Hi v L ZC12-°F Hb SR A S L ZC13-F HLAE . ZC14-3
Hu2E AR ZE + A AHLAE . ZC15-F- b 2E i 38 + B HLAE) &
4 AN E MRS B 6 AE I 0 AL B (BP61-#% 14
BE 3% Hh . BP62-1H 1 2% 3 . ZCo1-F Hi, ZC62-F Hh
B L) (& 1) 1A K SR M (TR 5 7€ B Aa)
TR2 7 FE 1R, 359 F 1) 3 b 24 Sy [ 48 4 1 44 Bk
®5 (Elymus breviaristatus ‘Tongde’) [F] £ /)N 48 T, 5
(Puccinellia tenuiflora ‘Tongde’). & #§ W 1¢ ¢ 5
(Festuca sinensis ‘Qinghai’ ). & #§ ¥4 Hi . 24K (Poa
crymophila ‘Qinghai’). 5 ¥ 5 5 24K (P. pratensis
‘Qinghai’), FFREIEA LS (HEL) H1:1:1:1:1,
3 B 3 A 240 kgrhm 7, S HE BB E FhE 202.5
kg-hm *. %K B o 3% B 7 ka0 1 RS B 4b,
ZC62 7E 2019 4F & 2021 & 4F 7 A i JR & — X,
Fl & 22.4 g'hm *. ZCl1. ZC12. ZC13 #1 ZC62 /N X
MM 4mx5m 3RELE; HRAHEIHED X K

RS DX (1 2 X SR ) P 432 R R 77 9k FH v s 2R
A AW B BRI ) HUOFE
1.3 MEHERSHZE
1.3.1  fHYFEE

£ 2021 4 8 1 Ay, e AE P AV A DG 3R A
R R S, HE 20 Ik BN HRE T (1 m x
Im) W EMYEE ZE EYE, 3KER; K
U S IX A R 7 LR 6 IR HURE s B AR T
Py 5% b T X1 ), 5 [E] SE A6 =, 65 °C M, Mt A
WE .
1.3.2 IR

2021 4F 8 A Ay, LA RERTTH 0—15 cm
() L e RE A, AN DU S A D BE I IR DT B AR AR
KIS SO, BEHLE 9~ 12 55 8 — 1+
FE, B, FH 100 5 AH G HE bR o 0 LA P 1 %

1 IRt
Table 1 Experimental design

Ab R AR 7] FhPRZE W P52
Treatment The year of planting Seed bed composition Slope Sowing method

ZCl11 2021 # -+ Dump F-Hf Flat land (OENOENG)
Bt ERE=5:1 P

ZC12 2021 Dump : sheep manure =5 : 1 Flat land 0-0-@-6
L, AV Ty

ZC13 2021 Dump, application of organic fertilizer Flat land (OENOENG)!
(12 000 kg-hm °)
W ERFE =51, AR 309

7ZC14 2021 Dump : sheep manure = 5 : 1, application 30° Slove land O—-@-B—-06
of organic fertilizer (15 000 kg~hm72) P
B EREE =501, HANIE T

7ZC15 2021 Dump : sheep manure = 5 : 1, application Flat land (OENOENE)ENG))
of organic fertilizer (11 250 kg~hm72)

BP61 2016 # -+ Dump #%1145°3% Hh Roadside 45° slope (OENOENG)

BP62 2016 &+ Dump #%12130°3 i Roadside 30° slope (OENOENG))

7C61 2016 &+ Dump *F-Hb Flat land (@ENOENG))

7C62 2016 1L, JBJIE Dump, topdressing “F- b Flat land (OENOENG))

@ Bk tH™ LA R TS5 em A RL(ZE /30 emiF): @ WSS, SBfE B LR ZEBENRIE 5 om, FIERIHLIZR30 cm, A5 LA E S
BE: @ WEBRA UL, S A NUICE B RI60%MAETR LS MRZE, MIEPHUERS cmiBS), FIAR40%IAHUIL S P & I HEAF T — ke
i @ ¥ 255 kg-hm “HE L AL (NPK A FFT—EHF: © B0, S FHARZLRS, MRESMH, D8MAKEE.

(D The stone grains larger than 5 cm (to less than 30 cm deep) in the ore soil were selected; @) If sheep board manure is applied, first lay sheep board
manure 5 cm on the surface of the mineral soil, use the rotary tiller to spin 30 cm deep, mix the muck and sheep board manure; ® If the grain fertilizer is
applied, 60% of the total use of fertilizer is scattered on the surface of the selected surface, and the rotary cultivator is used to mix the manure with a depth of
5 cm, and the remaining 40% of organic fertilizer is sown with the special forage fertilizer and seeds; @ 255 kg~hm72 pasture fertilizer (NPK compound
fertilizer) was sown with the seeds; ® The utility model uses a light rake for burying the seeds in the surface soil, laying a non-woven cloth and covering the

edge with a stone.
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B/NX 3 ARG TR, HR KA E X A2, 6 4
TR AR A LR A R B - R A A
K P M B R Y 7 - 28 1R I 22 s NH,, T -N AT NO;y -N 3R
FI 1 mol-L™ KCI ¥ $2, ¥ £ 7 3 7 55 45 #7 A0 & 5
4= T >R H HC10,-H,SO0,4 ¥ & J5 » 43 )t )6 B v Il 5
44 R H] HF-HCIO, 8 & )5, K IAG EEVE I 58 5 8 A%
B 2K H NaHCO; 12 $2 J5 » 43 76 6 B v 5 5 3 204
K NH OAc B3 5, K IG5 E s FH R it
o sE pH!,

14 HIEAIE

K Excel 2016 &b 22 ¢ #%, SPSS 22.0 4T one-
way ANOVA J7 Z 73 #r AR M7 4 .

2 HRE55M

21 ANEIFEEFEVEYR R S

Bl RL 5 1 4R % Ak BRI 35 B M 35 Dy 4 A % )
R (F 2), M S BRSE R Ab BE b R  OK g #
(Chenopodium glaucum) H i ; Fi 5 255 6 FEFEHER T
P A5 HE P J  P  REH BLBOR AR, IR I T
N 5588 (Pedicularis kansuensis), 1B AE Y Fh 28k T
e FE B IR, v SR M R ) Bh S R R A
(Carexmoorcroftii) FIXHSKEERE (Scirpus distigmaticus) .

FhELSE 1 A8 2 AR b S5 O H I A W & B s A B
6 TR T BRI BES AL, BRI EMRE, JLH 2

®2 TEMELENEIENENEREE

Table 2 Plant species, soil biological crust species, and coverage of grass-planting treatments

b3 UEZILES

Treatment Plant species

A e T
Soil biological
crust species

AW B o
Soil biological crust
coverage/%

RSB . NEBCE . RS, LR B ACR

ZCl11 Elymus breviaristatus, Puccinellia tenuiflora,

Festuca sinensis, Poa crymophila, Poa pratensis

FETIE  NEBCE . RS LR BOR .

K%
7012 R KA

Elymus breviaristatus, Puccinellia tenuiflora, Festuca sinensis,

Poa crymophila, Poa pratensis, Chenopodium glaucum

ZC13

ZC14

ZC15

BP61

BP62

ZC61

7C62

TR1

TR2

FETHRHRCR . NETSE . RS I ROR . R ROR
Elymus breviaristatus,Puccinellia tenuiflora,
Festuca sinensis, Poa crymophila, Poa pratensis

RSP . NERCE . S BRI AR, FEi R AR
Elymus breviaristatus, Puccinellia tenuiflora,
Festuca sinensis, Poa crymophila, Poa pratensis

FEPHRHRCR . NMETSE . S WHBRAOR. R R AR
Elymus breviaristatus, Puccinellia tenuiflora,
Festuca sinensis, Poa crymophila, Poa pratensis

RPN S

Elymus breviaristatus, Pedicularis kansuensis

TSP SR SOR . HO S EE

Elymus breviaristatus, Poa pratensis, Pedicularis kansuensis

RSP SR HOR . HO S

Elymus breviaristatus, Poa pratensis, Pedicularis kansuensis

RSP FR AR HON S

Elymus breviaristatus, Poa pratensis, Pedicularis kansuensis

B R HOR D RS FHORMH . KGR
HAE T, T B

Poa pratensis, Pedicularis kansuensis, Festuca sinensis,
Gentiana futtereri, Leontopodium leontopodioides,

Carex moorcroftii, Elymus nutans, Koeleria tibetica

AR WU SR

Carex moorcrofftii, Scirpus distigmaticus

BE, A

Moss and lichen

& 4% Moss

ij

#¥ Moss

HEE, A

Moss and lichen

25

20

PGS Z AR T

The treatment codes are given in Table 1; this is applicable to the following tables and figures as well.
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P50 R b R W) 4 R G P R 25% (GR 2).

Fh B 1 AE AL FRRR A - B A AL B AN, H A
Ab R ) 5 R S TE 80% LA b FhELES 6 EALHE R,
1B T Kb B 55 B IS 88%, LAY A BEAR T 20%, H
BP61 & KT ZC61. BP62 (P < 0.05). 7 5 & fi] o5
FE N 70%, 5 FE 1R 55 FE N 90% (% 3).

PR B | AL B RL 2 v FE AR T M B 28 6 4F .
P 55 1 AR AL T b, v A B A R A A A AR
E RN, BET (P <0.05) B ZC14 4h R In 264
FERE UL 25 A 2, (A B, 2 bR 2% 00 ML AE Ak 2
FF S b A 4 S, i FH A LR A B SR AR
FEAL L, PP 6 SEAL R, B R A BEAE YD A
&, N 53.8 em, B E E T (P <0.05) HR A iR %
) AR R FENR I B 5 B 43 00 20,34 30.2 em (% 3)s

ol B BF 1A b HR RN R S I M AR AR 2 I B
FRELEE | 4F, 8+ B 3P B AL % 8 0.655 71
Feom L SRR IS A HLIE I P B0 A B R R % R 21
1738k m ” LA L Fh B8 6 4F Ak T AR 25 R K I I
%, (E3E 5 A % FE 4R 0, N 0132 bk -m %, B
10 [ 300 B 4k BB FE 4 0.003 34K -m 7, Hi AT A b B
£ 0.02 Jikk-m * A (3 3).

PSS 1AL, WS INA HLAE . AR 3% 1A
YAy RS, W E R A A Y R R K

T (P <0.05) %A FE; P25 6 AL B, 18 IE Ak 2
AR, 9395.1g'm S, ZC61. BP62 %1120 g'm
2 =T BP61 (P < 0.05); e 7€ ) Al g 28 08 M A
W) A B 4y 257.00 189.9 gom (3 3).
22 TRIMEERLTEpHRANRE

JIT AT Ab B b, B T B 0 2R S Ak, L3 pH ¥
Bl . T FE LM pH N 8.76, HIEIRHL AN 7.60. FhEE
B 1ER AR, ZCI1 3 pH K, B E T3
A AL FE (P < 0.05); BP62 Fe fik, FIFT A A #H = 7 B
o WE 2, PR 1A, Joie B A2 [ I it 2
B2 AN ORI IR 24 1 5 pH 5B 3 T s T R
B 6 R T A, BRI R B AL B AL, AR KA
 pH %7+ (B 1A).

JRERT DX 3 ML & = 5% . R BP61 b,
HAbF KT 80 g'kg o TRI. TR2 . BP62 L3545 #L
R ERE (> 149 gkg ), BEE T ZC15 4T
AAE; MES IFEXLES LIRS &
ZC15. ZCl14. ZC12. ZC13 & & & T ZC11 (P < 0.05).
Ui B B B 1 AR AR R 0 R LR . 2R AR
¥, v DAAE A ML S BN B T 32 BE i
b, v B P R AR PR, b LT A
(K 1B).

ZCl4. ZCI1S b+ 4R S BB E & T HAb

i

® 3 EWMBEERE

Table 3 Vegetation characteristics of individual plots

IS e = omE S EEwR
Treatment Coverage/% Grass height/cm Density/(x 10" plants-m ) Aboveground biomass/(g-m )

ZCl11 50.00 + 5.40d 13.10 = 1.60g 0.655+0.012¢ 96.60 + 20.60f

ZC12 93.00 + 6.10a 27.20 £3.30d 1.022 £ 0.032¢c 338.40 +24.70c

ZC13 85.00 £3.20b 16.50 + 1.60f 1.101 £ 0.041c 386.10 +20.20b

ZC14 82.00 £ 4.60b 15.80 + 2.10gf 1.153£0.121b 409.40 + 16.40b

ZC15 90.00 + 4.80a 17.50 +£2.20f 1.431 £0.210a 470.20 + 15.10a

BP61 8.00 +1.30e 49.60 + 3.60b 0.003 £0.001h 33.40 £ 2.50g

BP62 15.00 £4.20d 44.20 £3.70c 0.018 £0.002¢g 123.90 + 16.40f

7C61 20.00 +5.30d 48.00 =2.10b 0.021 +0.003g 121.60 + 19.80f

7C62 88.00 + 6.30ab 53.80 +3.50a 0.132£0.031f 395.10 = 13.60b

TR1 70.00 + 5.80c 20.30 £3.10e 0.108 £ 0.012f 257.00 = 12.80d

TR2 90.00 + 4.10a 30.20 +3.50d 0.840 £ 0.052d 189.90 + 13.90e

[F VB[R] S - RER R AR B TR) 22 57t 8. 3 (P < 0.05)

Different lowercase letters within the same column indicate significant difference between treatments at the 0.05 level.
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Figure 1 Soil pH, organic matter, total and available nutrients of the treatments

R NG S B A B I 2 5 5% (P < 0.05).

Different lowercase letters indicate significant difference between treatments at the 0.05 level.
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T

39 %

s P AT R A 6 AF A S B RUR, Bk KA
R AR

TR1. BP62 + 3 48 & & Ik, WAL B 6 8 3%
R P >005, HH W EM T HRZLWLHE P<
0.05); TR2 &8 & &7, M 25 2 5 W3
B AL EL A, BP62 A4 R ARG, BEM T HAS L
H, HAMHEEM SR LR EZR. WHB T2
R RS 6 A b AL, HAR KA SR EE
1T R AR R FE R N SRR FERR RS 1 KA
o, @R IINE PR AR R g e
IR SR MR MM S 2 6 4, 5 R R % )
+tEeMERELREZR (F 1E).
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# (P<0.05); ME 6 F & 42 A E A & & BP62 >
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TSI HUAE . = AR 28 b B0 - B M R A 3 T AL
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I SO SN I TR A Y W o8 = M o
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Table 4 Correlation between plant community characteristics and soil fertility index

k7 AU g Bt Ec LY VE R R

Y pH Organic Total Total Total Available Available Available
Parameter . . . .

matter nitrogen  phosphorus  potassium nitrogen phosphorus nitrogen

75 /% Coverage 0.321 0.362 0.417 0.101 0.102 0.179 0.332 0.535
% & Density 0.032 0.003 0.615" 0.219 0.322 0.175 0.171 0.614"

=i/% Grass height —0.005 —0.047 —-0.329 0.242 0.051 0.051 0.222 —0.192
ENE 0.410 0.362 0.626" 0.230 0.110 0.443 0.538 0.822"

Aboveground biomass

* R RIROREEP <0.05), WREP < 0.0,
* and ** indicate significant correlation at 0.05 and 0.01 levels, respectively.
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