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B, BEEARRIEVUERE, 2R E SR FHE MR A A SR . R 3 HE 4 KB IESSRE, oIt
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SURFIAAMER L I, R LR R X
SREAT A 25 B AR SR A T R, R —Rh RN A
Rt R R ik

ASBIESE BT e o 1) A [RDAREAS A 25 1 AR AR AT
A R R AN R LSS 7Y, il 2 AN TR 26 2 Y
AEZSEET, P BT AR A, AT AL
PR S SA ) AR B SE IR, AN R H A AR
AT, R AORAR | BEAT A LSS R HEAE
Z I AR o AR FEAE A Al S AR X AR 2
B CUERRAE ) | IR B TR (AN
o, AEALIXEIAR B ) | R A AR AR IR B
77 T S e BEEE IR .

1| HRE T

L1 K5 sk
R AT A B NS 50 I S HENE R
XS FEHERE s A HENE o el PR S HERE s 3kl v U
(ARSI ) HERE W EHE AT AL, WmER LN
Jentiig X W = mE g R, At s
FAE IR JFOR A BRAL R R LR 1, 2R LB T
A JFRE R I G 4y 4 R T R S e T SR A
(HHERBE R A b 5 Y RS A asbrifl (3

* 1 AESERERELER

By H R EW
HEAE HENE HENE #+

EfaLn el

G 0.13 5.16 2.09 5.92 3.52
(mS +em™)
pH 7.98 7.40 7.55 6.36 8.13
AL 26.21 11.07 12.08 18.48 11.72
(g kg")
MAE (g-kg') 259 437 5.51 10.02 0.11
B (g kgh) 0.18 4.12 2.16 11.51 227
Ca (g-kg") 16.24 18.42 19.19 31.63 11.40
Na (g-kg') 2161 0.01 6.10 25.62 2.58
Mg (g-kg'') 291 3.26 2.76 11.02 1.43
Al (g-kg") 19.64 16.45 18.86 32.18 18.84
Fe (g-kg') 33.88 17.88 15.73 13.42 20.12
Mn (g-kg') 0.59 0.41 0.38 0.44 0.39
Cu(g-kg") — 0.06 0.01 0.15 0.03
Pb (g k") 0.08 0.08 — 0.20 0.02
Cd (g-kg") — — — — —
Zn (g kg") 3.12 0.94 0.05 0.47 0.07
Ni (g-kg') 0.03 0.03 0.02 0.05 0.02
Hg (g kg) — — — — —
As (g-kg') 0.41 — — 2.82 —
Cr(g-kg") 0.07 0.05 0.05 0.05 0.05

17 )X GB 15618—2018 ) 4 F 1= 1815 4L U i 12 HL
AR, JEAFE AT IEHEARAY As, Zn JCE SR LKL S)
PIHENL R Zn TCER & AR T A FH 49875 YL AU i
VE(E, #7 BRI S ULl 0 L Bt A TR
— BRI ORI T E A R T R LA B, PRI,
AP B BL Ly 7 AT AR AR,
JRERF AT B N B AR A R X A 7 b )
AESWE TRMEH, #aEemiE A Sy,

P Y TG0 1 & 2 ((Festuca arun-
dinacea L.) , S EER 55, MHAET T & A
55, KEEFIE 90% LI
1.2 Wik
1.2.1 A A A AR R

WA CRRT A YRR R R AR ) 7 o T
AFERM R TS T, KT AN TR kL
MRS, BRI TRIZE R MENE R SY, FEAM TR A1
SR CE EANE R, BB S ST, BT
ARARETIN (A) . BERFA &R (B) o BINHEAL R
25 (C) XA MM, BT T L, (4°)
3HE 4 KFIESCAE (F2, F£3), 73 KE
RE . WA ERETIEA 2 A LG, B
FEE A S B B AU S RS
KoL BykL, BRRLE R, TR MR A A AL

& EC T
x2 EXRIEIEIT
[HZ

7K — - %: - ;
At okife (A)  HEPAEE (B) HEIERIZE (C)
1 Ay BRI B,: 50% Cy: HYHENE
2 Ay SRR B,: 60% Cy: ZPHERL
3 Ay HPRIAR B;: 70% Cy: ML
4 Ay INRIAR B,: 80% Cy: V5UCHEAR

e BRTAORARLE 2 ~ 10 mm EENKI A < 236, < 475, < 9.50,
< 10.00mm 4 K, i IZ VX IR ASEAR R,
122 SEFREEAR

HOE SR ik Y, K 3 I 4K IE AR
B Ab B AR 16 2H AR B B AT IR 2 S R A
#o il 56, K5 E o 20194E6 H24 H ~ 9 H 22
Ho RHHZ 16 em. 5 11 em BRI 317 50
R, B EIER T 200 K, FEFE R
FERT, EEBOK, PR R, A5 AN E
ORI SsANIXA), 16t ) x5 48K =80
o WESFEFLEER, LS5 FEYE, Hh
WA ST AP X 5 2 A K RIS
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R3 EBFERIEZ4KTFERREAR

5 A AT 4 AT e
FrkifE (A) £t (B) i (C)
G, A, B, o
G, A, B, C,
G, A, B, Gy
G, A, B, C,
Gs A, B, C,
Gs A, B, C,
G, A, B, C,
Gy A, B, Cy
G, A, B, Gy
G A, B, C,
G, A, B, C,
Gy A, B, C,
Gis A, B, C,
Gy A, B, Cy
Gis A, B, C,
G A, B, o

F 0.5 mm i K R, SR H AR e A 4R4%
o, T ERRIEEIIE . S UG L AR
5 RIS AR YO AR S AR, SRR
T PR BB %) 1T 38 U A A AR St A=
1.4 Bk

FHIEAZ B AR 22 0 M o A S LR 5 I &
MK K AL A, R 3 I 4 KE
75 2253 B LA B Duncan 48] 22 5 F A8 0 R AN 45
HZEXH ST =MIE S, R, MYtk
R EARERW, DK FERESRA BEER
( P<0.05 I3 ;5 P<0.01 B 23 ), SR SPSS 25,
R3.6.1 BT B ST T AR,

2 HBREH

2.1 AR ZER A ST AL T 70
WA T B A 2SR T BC DT 68 AR AR ™ i Y
AT SR SEE 3 LIRSS R AR 4.

1.3 I H 5 vk
1.3.1 SIS 0R

ML BB BOLR S R ST
A 3L 0.149 mm G . A8 AL 40 5E D5 i 2R ]
AR, AR, 2R HS0,-
HCIO, TH 7, 4% . 48R A H,80,-H,0,
HA, FEMIHAE TS — A AMS 2 F 4 77 1
Smartchem_200 4= H S 8] W/ H1 G0 5E .
1.3.2 AR A

A SR BORE T4 2 mm B, SR SEE 2 A7
i A PR F A PR R O R 43 BT S3500 ) £ 145
PR E 43t TS E 0.01 ~ 2800 pm,
M AEBE R 0.6%, MEAFHEN 10 ~ 30s, A
iR 0.05 ~ 2.00 g,
1.3.3  EEPF T R B A AR

FhrkZEFR. 6 H24H ~7H 1 H, BRE
—K, AR WHER (%) = LM TH &
FiFp 7 280 x 1007 TFE, — JE i &R AN & 4
K, EWE. 6 H25H ~7TH 21 H, fEM KA
K8 JH, HEAEIEEARKE, A /N T— N
g7, WOk AR, BET R PREDE ; FEAERAE
K12 )G, AT SR, R TR
PERURE, Wi AR, HEUR A2 ira R E
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®4 TRAESERMEAEREE (g kg')
ikl AL BA S

G, 18.00 + 0.54be 5.99+0.22¢ 1.72+0.01c
G, 17.66 + 0.20be 4.67 +0.04e 2.84 +0.03e
G, 9.30+0.23a 0.69 + 0.04a 0.57+0.12a
G, 29.16 + 0.55f 6.92 + 0.02i 4.82+0.0lg
Gs 24.21 + 1.06d 4.58 +0.03e 2.21+0.01d
Gy 19.45 + 0.28¢ 5.71 £ 0.01fg 1.37 £ 0.003be
G, 25.57 £ 0.51de 597+0.11¢g 5.01 +0.03g
Gy 17.66 + 0.28bc 1.44 £ 0.03¢ 0.36 + 0.08a
Gy 9.24 £ 0.28a 1.38 + 0.04bc 0.52+0.11a
Gy 2533 £0.31de 6.40 + 0.10h 5.40 +0.03h
Gy 19.37 £ 0.62¢ 2.52+0.01d 0.99+0.21b
G, 19.78 + 0.06¢ 2.62 +0.10d 1.00 £0.21b
G 26.85 + 0.84e 5.49 + 0.05f 4.36 +0.03f
Gy 16.40 +0.21b 1.49+0.01c 0.41 +0.09a
Gs 27.42 + 1.27ef 1.12 £ 0.09b 1.07 £0.23b
Gg 25.87 £0.19de 1.53 £ 0.04c 0.45 + 0.09a

Vi FGIRRNS R FANE R RS, T,

MRAEHE S 1R bR 22 AT 4 2R (32 5), &I
AR AR R R E S O HEAL AR S (C) > IR
frfokide (A) > HEFA&E (B), WAPLES &
&, BAERT A CAB,, MBS EZE, A5
BT AERCTT N CAB,, TIAB RS, Mk
HERETT A CuA By



hE SRR 2021 (4)

x5 EBEREHEIROEREST (g -kg')

Ei=7 7 ESES K1 K2 K3 K4 R
HHUR  EREARIAE (A) 1853 2172 1843 2414 571
AF G (B)  19.58 1971 2041 2312 3.54
HEAERNIS (C) 20,67 2227 1315 2673 13.58
BRSO BEFPARIfE (A) 457 443 323 241 216
MAFa SR (B) 436 457 257 313 1.99
HEAEFPE (C) 394 325 125 620 494
MW BRI (A) 249 224 198 157 0.92
AP A SR (B) 220 251 191 1.66 085
HEAEFPZE (C) 113 178 047 490 443

e K1 FRIZHEEKT 1 IRFME, K2 K3, K4 & XA, R
i E AT Z [P E 22 (W RAE - H/ME .

30~ P=0.000 P=0.001

25+
20

Kl
i

o (gekg!)
—_— e

151+

AL

B 1R, Bk, S R AR AR
AN R RS, AP &M, 2 LT
P, A SRR L 8 bR L kA AR
AR AR HEARFPZE b, f S Je e AE A fc Jr
SR BB AU S EAVE RS, EX IR
2R BT W B IR AR (A) |
AT A A (B) MHERRFPZE () XHEAE. Bk,
BEHLFR S B R (P<0.01), Li8%E3 MR
P LA A PR Be R IR, B AR o i AR A e
H CByA, (40% 15 e HE BT 60% Kobr 48 AT 1 #4
Bic o

P=0.000

P=0.000 P=0.000

(g-kg")

iz
41
&
i}

P=0.000 d

P=0.000

BESE (g kg!)

P=0.000

A A A A
HERTFRAR (A)

B,

&1

B,
BFHER (B)

| |
c G G G
HEABFPZE (C)

B; B,

S

AEESERE A LN IE R

T AR/NGFRAFKFRE T R, R,

2.2 NRIECTT A A S TR AR AT AR
22,1 AESFETORARE AT

TEf IR S EE T B[R, XA 16 44
ARFETIATRAR AT WS RPN E
S TG, S AHBEA /N T 0.001 mm [ F0RE,
M 7 F e K A AR #R 2 0.005 ~ 0.05 mm A KT,
Gy Ger Gy M 025 ~ 0.5 mm A9 UKL A Bt AH 2 H:
i 22, MR ok 2 s Jehmntis 0, i
ik 16 AR TS (R 6), 16 41/E

?&%E\%EP Gl\ Gﬁ\ G16 j‘j@i, iﬂ:*ﬂaélﬂﬁ', Glﬂ‘:’
E@i, Gﬁ\ Glaj‘]éiﬂ@i; ﬁﬁﬁﬁjﬁﬁéi, ;H\:EF'
Gov Gy kYL, Gy ki t, HAK L R
(i e
222 AR ZR SRR A

P2 ], KRS B 2 AT AR A S AL R
AR (P<0.05) , kAR 5 8 A 32 M
NEFPSE 20 3 (P<0.05), FEXTKiRL S i BA
FRMRINR T, KV A CHRARSRAT ) A G
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xo ETERBHMSSHEER

BRI (% )

251 Kk ¥k Wk FitR b4 Pl
(0 ~ 0.005 mm ) (0.005 ~ 0.05 mm ) (0.05 ~ 1 mm) (1 ~ 10mm)
G, 2.88 +0.20ab 41.18 + 2.46ab 55.82 +2.70bc 0.12+0.12a Wt [l
G, 6.80 = 1.06ab 55.88 + 4.09h 37.32 + 5.14abe 0.00 = 0.00a it b+
G, 14.69 = 5.23abed 47.09 = 10.61ab 36.50 = 16.72abc 0.00 + 0.00a Bt i+
G, 9.40 = 0.77abe 50.25 +2.90ab 40.34 + 3.67abc 0.00 £ 0.00a it i+
Gs 7.18 = 2.41ab 48.17 + 12.35ab 43.93 + 14.14abc 0.72 +0.72b e+ ibh
G 2.62+1.12a 25.50 +7.18a 67.73 £ 6.18¢ 4.15+2.14c Wt 4ieb
G, 15.60 + 5.08abed 47.31 + 8.46ab 34.55 + 14.67abc 0.00 + 0.00a B+ W+
Gy 23.59 + 8.93d 44.53 + 10.90ab 25.87 +22.74ab 0.00 £ 0.00a et Wi+
Gy 16.03 + 6.14bed 37.49 + 8.69ab 42.93 + 15.60abc 0.00 = 0.00a Bt Hriget
Gy 24.59 +3.56d 60.95 +2.66b 10.00 + 4.33a 0.00 + 0.00a i+ it
Gy, 9.56 + 1.25abc 48.65 + 6.70ab 40.46 + 7.23abe 0.86 + 0.86b et b+
G, 2143 +3.14cd 50.71 +5.83ab 22.42 +9.19ab 0.11+0.11a it b+
G 11.63 + 0.05abed 48.04 + 1.72ab 40.07 + 1.61abe 0.00 £ 0.00a et st
Gy 12.91 + 5.97abed 37.59 + 11.07ab 48.10 + 17.86abc 0.00 + 0.00a it Mgt
Gis 13.69 + 1.20abed 55.37 +8.05b 29.42 + 8.69abc 0.00 + 0.00a it b+
G 9.08 = 1.30abe 27.12 + 1.96a 61.19 +3.47be 1.06 = 0.61b W+t 4w+
P=0.019 P=0.169 P=0.003
20 bap
~ ab
2 15+ I
— a a
H 0L
(ﬂl' 10 I :[ a
1
i
= 5r
0 | -
P=0284 a P=0.603 P=0.006 b b
I a ab
—~ I a
40 I
ﬂilmﬂ
M
# 20
=
0 -
60F  P=0.203 P=0.601 P=0.016 Ib
a a
a a
—~ I 1 ab
S 40- a a a
b I
&1
& 20 -
l:‘f:r.\
0t | | 1 1 | | 1 1 | | 1 1 |
A A, Ay A, B, B, B, B, c G G G
WRFATRIAE (A) Hifa&E (B) HeNEFRZE (C)
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W) R HR, IATSIeHENE, Kk
TR ATE, C, (TG ) tfzir o (HME L)
R, —HTREES . MENR & L, fH
C, (ZhWsERe ) R, ¢, (V5URHER ) H5HE
AREXES. DR ERAEMHC, (YL ) Bf
T Rk a e, RGOS, (HiE
R aEKEZE; MEbR AR, W EIEE KI5,
fRARPEZE Y DR, RS AR K R LA
H C,AB, (80% HRIARIERT A 4T 20% 15 e AL ) ;
T B K PR AN CASB, (80% kiR MREAT
AFEBC 20% FPHERE ).
2.3 N[AIEC 7 A 2SO 2 SRR R 5
2.3.1  A[RIEC T A A FE O 5 2R 56 & 2E R A5
R R IERIMESR (K3) R, EWRK
WM a4 (G, ~ Gy, JEAFAF & S50%. T
TAEYIAE HLIE A 2 5T i b 1 K 2E R derm, 88 T
58.90%; TERKIFRE 44 (G5 ~ Gg) 1, MEAFA
B 60% . ISR A HUIE A FE B A P12 28R o
AT 57.20%; EHRRAR4H (G ~ Gy)

o, A S 50% . WS 1R 0 B RN &
R E, RE T 66.80%, HFTA AN KRR
Hem LT, s SRR S R, ORI
Xy TENRIRRI 44 (G ~ Gy) P, BFASE
60% . N JINAE P A5 BILAE %) 56 o i) o - ke 2 S e
KB T 42.90%,

FESAT ARG, ST 780 S Al
b o s = 20 A g, 2 R R R e -
M8 R 2F RN 36.5%, 1A IERT A1 Rk 1 7 °F
FR RN 12.70%. i -5 AR 25 R =
AT P A A & R O R TR SR S R
W%, TEFTA R, A SR 80% 1)
FIT (G Ggo G Gyg) KEFFRHAREHTARMN, H
20% ~ 30%, AIKFENEIE K.

3R 7 R ZERMZE T, 3 REX A
RN R BT R A S (B) > HEEFR
2 (C) >HRFARRE (A), K4NEH3ARE
Bpxh k234 WA

Gl Gz G3 G4
60
fg cde ef a
40
gl O_M
O [
G; G G, Gy
a fg

REFR (%)

60" abc de
40~

201

abc ab

B3 BAETERSFFETE
T8 ARV NG PRGN R R 22 R B
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R RFREZRBHRESN (%) AR 50% MPHENE ). (H L5 M 3k
W% Kl K2 K3 K4 R Ay FILA, TEXT R 2E 50 R 2R R MR L i 2%

BRFARAR (A) 4340 3860  48.18  33.65  14.53 5, FrDARTBE R 2 5 R AR AT A . RIAE, G
BEFA A (B) 5043 4455 4040 2845  21.98 G, A BEZES, HEYHENCC IRR] T A
HENRFRE (C) 4978 37.53 4675 2978 20.00 K —FEREFIR (Bl 4), 251, SRt
VK1 FRIZA KT 1 IOTHE, K2, K3, K4 & X el k- MIEC T4 A 0 BICA . BLAh, &35 R 2Rl
TR AT Z EAIINE (A - B/ M. WO SR, A REN TREEE mnTis
M 4R E L, B e s e VSRR, R 2R L BT T AL 3 A

R IR BT 4148 BCA, (50% fritdupige B

60  P=0.000 P=0.000 bc P=0.000 ¢
be
B
§§ 20 -
0 ! \ ! \ ! \
A1 Az A3 A4 Bl Bz B3 B4 Cl Cz C3 C4
WP RAE (A) HAra & (B) HEAERIZS (C)
R

4 RFEETHE

232 AR FTAESETEEE . WA 527g- &7, RAIKHE Gy, N145g- A7 H
LA YR RENE G, H093g- 7", BRI E
S, AR REIEG, N Gy, NO028g- 7,

m f O b A
il ; I R
c<_1|_ef + o def
5+ J. cdef cdef bede _:[7 _I_
o JF‘I‘
? 4+ be be
& T T ab ab
. ab [ ] T
o3 i
i a
s 2oF 7
+ T
1 | .
Olh 5 s s

| | | | | | | | | | | |

Gy G Gy G Gy Gy Gy Gy G Gz G Gis Gy
A5

Bs5 AERAESERBENSEFEYE

1
G G G

MEEFAEYRIESN (E6) ik, Ml BEARifE (A) X b MR AW asch W& 5,
ARSI A SR (B) DIEHEIERZE (C) B3 ATRABERR A RN A, (BROORIAE ). MEAT A 51
M, TTRERT RIS (A) MIBAT B, 0 F  (B) HXH EAY A W&, nl ISPt b
YRR Z W RS2 HERRE (C) RFRm. B YRR RGN B, (60% BibfA & ). XtF
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HEREARZE (C), MR AR AEfA] ¢, CRAENL )
AT I CR B, i EA R e ¢, (759
WD) WERIURAE, (HEHIER], ¢ (HYBEL) 5
Cy (T5UeHERE ) Xfi EAEY R BUC % 225, His

TerTRe I & 2E, FTLA, B SR it
HARE C, CREAHERE ), R, HEIFRAS e 2
MIEC TR s AB,Cy (60% 7 it R AR AT A F5 T
40% FEYIHENE ).

T, sk P=0.838 P=0.000 be P=0.000

@ Al a &, a be I b b b b

P I [ ]

i 3r a a

s Lt

+

= 1r

=

0 | -

~ 100 P=0.507 P=0.291 P=0.005

S orst . . f

=0 a a I a a a

~ [ a a

= 0.50 I 1 1 o, o,

ﬁ 0.25 |-

].L

—;,E_\) 000 C | | | | | | | | | | | |
A Ay, Ay Ay B, B, By B, C, C G G
BRI (A) BIFAER (B) HENEFRZE (C)

ZES

Blo6 BFFEMEBEIHN

it

ARV T IR RAS . A & 5 AT
ANFEIAE PRI BIE BT T . WAL s A S A
VAR, AR RIE AR (A) BEY
LR AL . SR, BEEE R, TN
L] B RIRE S B, DL ORI B P ) R 2R
AP A & (B) B R B AE b A a LR
ML BB, X RN P A B R
AR, XSRS ARy B, U
KN 250 P L AR YR s R e Y M
JERRZE (C) XETFH 7. WEd . &FEFER
IFEARERA . C, (REHPHENE ) X328 1)
R A R o B2, FERAR LAY
I, BEFWERLS R C, (BN ) TERARZH AL
b, RES SRR R C, (IR L) AR
S APUR A R DT A 3 FREAE, S
A ESINE O = o A st/ B v AR =Y (Y2 E I AN TR LY A o
e 22 1 IR L &K BE 1By, WS Il 2R L ny A
DR R RO B .

FEAL SR VRO A S I b R B EE L A HE AR 2
— IR PR L e U, SR
HA 0.05% ~ 03%, RWE2 R BTEE
JERT AR AR /N R ST, A I S KU 1
K Wbk E RN R 30%, HhENLE N 15% /5
AP, R A R AR N, B A T

3

Bt A AL A R, A BTSSR SR A WE I
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Evaluation of the formula for coal gangue ecological substrate and its fertility indexes
KE Kai-en', DONG Xiao-yun', ZHOU Jin-xing', JIN Ji-shi’, ZHENG Jing-ming' [ 1.
Beijing 100083; 2. Youzai Ecological Technology ( Beijing ) Co. Ltd., Beijing 100080 ]

Abstract: Coal gangue is the solid waste produced in coal mining and reducing the amount of coal gangue is urgent.

Beijing Forestry University,

Production of ecological substrate with coal gangue is a good way to deal with this problem. In this research, coal gangue was
used as raw material along with different organic substances to produce ecological substrates for vegetation restoration. An L,q
(4%) design, i.e., orthogonal experiment of three factors and four levels, was used in the experiment, and impact of three raw
material factors on substrate properties, including coal gangue particle size (A ), coal gangue content ( B) and compost
type (C ), were determined. Furthermore, a pot experiment of Festuca was used to test these results. Using physical
and chemical properties of the ecological substrate and plant growth indices, range analysis and variance analysis were
conducted to test the significance of the differences among the 16 substrate formulas. Main findings were as follows: (1) As
for the nutrient indexes of the substrates, coal gangue particle size, coal gangue content and compost type all had significant
influences ( P<0.05) on the nutrient content. Considering the three nutrient indexes of organic matter, total nitrogen and
total phosphorus as well as the economic principle, it was supported that C,A,B, (40% sludge compost and 60% large-size
coal gangue ) had reached a better level in three indexes. The smaller the coal gangue particle size is, the more favorable
it is for nutrient release. The higher the coal gangue content is, the less the nutrient content is. Sludge compost is rich
in nutrients. Adding sludge to substrate can increase the nutrient contents, while it also can increase the total amount of
heavy metals. (2 ) For particle size composition of different substrates, the clay content was significantly affected by the
coal gangue particle size and compost type ( P<0.01 ). The content of sand and silt was only significantly affected by the
type of compost ( P<0.05 ). The optimal formula with the highest clay content was C,A;B, (20% sludge compost and 80%
medium-size coal gangue ), while the optimal formula with the highest sand content was C,;A;B, (20% plant compost with
80% medium-size coal gangue ). Clay particle content of substrate tends to increase with the decrease of coal gangue particle
size, while the sludge compost has the highest clay particle content, and the addition of sludge compost can significantly
improve the substrate viscosity, which is good for water and nutrients conservation. Besides, plant compost can increase
the proportion of sand, which is beneficial to water and air permeability. ( 3) In terms of plant growth, germination rate and
aboveground biomass accumulation decreased with the increase of proportion of coal gangue in the substrate, may be related
to the higher content of heavy metal elements and less nutrition components in the coal gangue. However, both aboveground
and underground biomass were significantly affected by compost type ( P<0.01 ). According to the growth performance
of Festuca cultivated with ecological substrates in each group, formula B,C,A; (50% plant compost and 50% maximum-
size coal gangue ) can achieve the maximum germination rate, while formula B,C,A; (40% plant compost and 60%
maximum-size coal gangue ) can achieve the optimal biomass accumulation. Add substrate made of plant compost was
superior in the accumulation of both aboveground and underground biomass.

Key words: coal gangue; ecological substrate; substrate formula; plant growth
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