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W OE: NIRRT R RGBS B E B IR R, AR R | TSRS RIRMEELL 5%, 10%. 20% {ARLLL
B AR TR A e A B S A T AR e, RIS [RIBE L - e BRI . R0 RE AR i TP SRt/ ORI, IF
JHEI - Ie f AREC be . S5 R0 SN BrR MR rT LUR S + M R SAPUR SR, A+ b Bk )G i
SR RIS IRAUR T A s & i I IR IR A . W BT SR AL FRCRIA R, EXt 8 pH.
FH ST 3848 i (CEC) Sl AUl B B B Ui o A8 se el RS TRmim L . Aaml . sl . APURS & RiRe, +E
HeRERBAELASTERE, WHEEE . EEEM. pH. FH(EC)S CEC SFahmt T i B4 IR - 151 « [k
HENE = £=5% : 20% : 20% : 55%. 10% : 10% : 20% : 60%. 20% : 5% : 20% : 55% 3 MbHL, ZadLadik, AU RFRRR
BHC YR - V58« SRR © +=5% : 20% : 20% : 55%, ARG X EFHAE SMEE R A REGE TR
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Study on Formula of Soil Substrates for Improving Abandoned Lands in Lu'an Coal Mine
WANG Le!, GUO Xiaoping!*, HAN Zuguang', DENG Chuan', WANG Chuan', ZENG Yang', LI Feng?, CHENG Jinan?

(1 College of Soil and Water Conservation, Beijing Forestry University, Beijing 100083, China; 2 Shanxi Lu’an Garden
Landscape Company, Changzhi, Shanxi 064200, China)

Abstract: In order to solve the problem of soil-lack and water-shortage in ecological restoration of coal gangue hill and
subsidence land in Lu'an mining area, in this study, the modified soil substrates were prepared by orthogonal mixing of 5%, 10%
and 20% (volume %) of fly ash, sludge and waste compost, their effects on soil physiochemical properties and nutrient conditions,
heavy metal accumulation, and the growth of Festuca elata and Berberis thunbergii were studied, and then the optimal formula of
soil substrate was determined by principal component - cluster analyses. The results showed that the addition of waste compost
not only improved available nutrient and organic matter contents, but also promoted soil physiochemical properties. Adding
sludge only increased available P content. Adding fly ash reduced bulk density, increased total porosity and non-capillary porosity
significantly, but deteriorated pH, CEC and available nitrogen. The available N, P, K and organic matter contents of all soil
substrates were higher, while bulk density, non-capillary pore, pH, EC and CEC and other indicators of substrates of fly ash :
sludge : waste compost=5% : 20% : 20% : 55%. 10% : 10% : 20% : 60% . 20% : 5% : 20% : 55% were better. The contents
of heavy metals in all soil substrates were lower than those of the "Greening Planting Soil Standard" (CJ/T340—2016). By
comprehensive consideration, substrate L3 has the best effects on soil physiochemical properties, fertility and plant growth, thus,
the optimal formula of soil substrate is fly ash : sludge : waste compost : soil = 5% : 20% : 20% : 55%.

Key words: Solid waste; Soil improvement; Physiochemical properties; Plant growth; Optimal formula
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0" XS R, ARSI SRS, AR
FEPPIEI S TR R BEIR, BRARAE S B R AT, Btanf
TEERF A X BUA B RS N B X e 2 bR
E MBI Z — . EARIBITERM, SRERE AR
K A5 975 ey I S A TR 45 (T T DAk - e Al
PRI, 385 AR AL, 2 28 Dl AR A Ml e FH A o ) 22
SRUS B HATSC TN | 15985 BRHERL 3 Mk
FEPIRA B R RO RS ED, R, AR 32 2
I WTFE U 2 X B AR 15 0655 B3R AR HE AN [R] e
O™ IX A SRR | F700 . e i DL )
FER ISR, GTE 3 iR FE AU el R - MR I3
BCJT, AR FETE A DR A7 1L 35 A P 5
WA B TR AL 2% AP RS FORIK T

1 #R57EE

Ll RE SRR
B LD AT X R 13

F1 K HIE. WER.

HZ Py, HiERARARJE 36.314928° N, 112.999260° E,
JE& R KBRS . B4 11 A BEWRAE S A bR E,
6—8 H AWz, FIFE/KE 678.65 mm, ZHEHTE
6—9 ., HAERENT 57%.

15U 7K 65%) . BB K . B3 HEAE 73 B A
LI PG 2 O BH XI5 K AL A S e AR
B AR o A R AR LR LR,
s s AnE 4, TR e L, R AR A
(VAR B0 MK (2 ~ 0.02 mm)53.7%, Hki
(0.02 ~ 0.002 mm)32.1%, Fk(<0.002 mm)14.2%, +
HEZEH 1.29 g/om? HEAEY) 73 I $R 5 -5 (Festuca
elata) FIE M /NBE(Berberis thunbergii), 7 £+ T
P 2.5 g, S/ NEERKBEMFFRTE A, 1
WS 1440 = 220cm, HiAE 1.12 + 0.15cm, ¥
L7 3 2 el AR s Al 2 ) AL

P4 WK . 15U B3 A B A 5
% 1,

753 5 L IR AR LA B 1L 1 R

Table 1 Physiochemical properties of tested raw materials

Ei oy ik 1 19 IR 5k Bive7 3o CJ/T340—2016 [
2R (g/em?) 1.29+0.03 0.83 £0.01 0.80 = 0.01 0.77 +0.02 <1.35
FLBREE (%) 52.37+0.23 66.21 £ 0.85 51.04 £ 1.37 70.28 £2.14 -
EC(uS/cm) 229.20 + 7.40 315.00 = 8.30 1240.00 = 15.30 5340.00 = 23.10 150-900

CEC(cmol/kg) 15.28 £0.25 451+0.17 43.55+0.28 16.63 +0.12 =10
pH 8.86 +0.01 9.48 +0.03 6.56 = 0.02 7.62+0.01 5.0~83

. R EC FRHL A, CEC #m e 7 3cHiit

1.2 Rt

R 1A, sl R By, SRl +
SO 5 I BT S B AR M T 5 4 1 A
t, I 3A7, AR AN, Fr Rk R &%+
FIERRTATIE . B, ARBETORERE K 5 e S Rk
HEREFE IR 5%, 10% 5 20% BYMRFRELH), PEATIEAS
Rgwit, 5 HgRA R RE T, B 9 MilE
FEAS, I LUR F s Ak FH 1 R BEEA T 2k 18
15 URTE AR BT T LA /N, B RMEAE i 5 mm
i 0t R, 4 F AR T IR, AR TS
B HEAE 3 bk sy A+ R H /N R
TR S, BRI LE e 10 min, $% [ @ B it He 4.

AL LS T/ NBE SR A T 83 cm x 30 cm x 24 cm B
WK SRR AR, A TC L BE T A B
65.0kg = 0.5kg. B F X HEE T4 042 25 em,
W42 21.5 em, & 16.5 cm, KB EAE 13 cm [HETE
BT, HBCET ST 42 kg + 0.1 kg.

FAACE 3 REE, LR 60 MER. TR
FISERUR , HATKEE 48 h )5, Y. 51
RACE A FAE S MRS HAH Y 1 St/ NEEL Y, B
INAEZE AR 150 B0 S50 Bl 2% Ak BRAE BT FE
m 2 fros.

z2 TBERRBEABRLLROYV, %)

Table 2 Formulas of prepared soil substrates

HEERS O MK Wl SO bt
L1 5 5 5 85
L2 5 10 10 75
L3 5 20 20 55
L4 10 5 10 75
L5 10 10 20 60
L6 10 20 5 65
L7 20 5 20 55
L8 20 10 5 65
L9 20 20 10 50
CK 0 0 0 100
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1.3 R mEN 7T iE

T E | LB . BEALBEE . B Ac i
(CEC). HLRZ(EC). A%, AN ESMH (+
AN AL =AM 7 ) PREAT, AN S SR K
FA ST 3 O A (NY/T 889—2004)131, A HLJT
28 R FHBR R 2K 16 B 2 (NY/T 1121.6—2006)124; T
4 RV LRI E SR FH A SR ST o o R
(GB/T 17141—1997)151, Eifi | KSR %E K FH - 2¢
e32:(GB/T 22105.2—2008)261, AR FIAR | &
B R I JEF W5 6O BE VR (HT 491—2009)123),

R B NBEAE KA AR R HI AT A 2R (I
AREER), YT E, YA e AR
WG T NEERTPN I, 78 R Rior-R 0
B, AT S R NEE A KRR . A PRI
YA I —3, FiE S E A FEN 2016 4F 5 A 31
H#EF T, 6 A 10 HIFMRIC kA EE, 5 d
WO, CEE 8 H 20 Hy i gt /NBELE B
2016 4 5 H 31 HARAMARIA, #2017 4 10 H 20 H
TR G 5 (R B A ) WS A ) B A SR i T R A K

oL, HPEAE K —4F 5T 2017 45 5 H 31 H I 4R
FF¥2, HPE, 105CRE, S0OCHT2EE, KiE
AT,
1.4 4 TEITMIRE

SR AL PR 1 HE A TVE M 48 A5 S 5 A g A
CJ/T340—2016 (AL 352 ) 191,
1.5 HiELE

K SPSS19.0 A fF# AT B M 2 E LIRS
FHOCHE AT, R 32 153 - SR 243 B i R 0 TR i 2
FETHEAT PN, i ] AR B E W S B T

2 HERE5H9H

2.1 AETEEROYEER

b R LR S0 ) B e - 9 B SRR S S A
AR IR AR R K 5, A s N A T
Bk, SERGE T B LB (L HERRALED, AT
W HE AR o ARG AN [7) - S o ) 0y B o R 4 8 T
W3 3. R4, BFEWHEIMKF- SRR AL B
35,

®3 FRLBEERBYEMER

Table 3  Physical properties of different soil substrates

fb 3 AT (g/em’) SALBREE (%) BELBEZ (%) FEBE LB(%) fLEE L
L1 1.38+0.01 b 46.29 £3.13 be 33.13+2.11 cde 13.16 + 1.02 de 2.54 +0.04
L2 1.42+0.02b 46.12 £ 1.07 be 37.07 £ 1.02 abc 9.05+0.05 fg 411+0.11
L3 1.23+0.01 de 52.22+2.21 ab 38.13+1.97 ab 14.09 +0.24d 2.71 £0.15
L4 1.37+£0.01b 50.96 + 3.08 ab 40.73+£0.89 a 10.23 £2.19 ef 4.10+0.74
L5 1.27+0.03 cd 51.19 +£2.14 ab 3530+ 1.21 bed 15.89+0.93 cd 2.19+0.08
L6 149+0.02a 43.06 +3.05¢ 37.05£2.01 abc 6.0l £1.04 ¢ 6.25+£0.72
L7 1.31+0.01¢ 51.13+2.12 ab 38.23 +2.07 ab 12.90 = 0.05 de 2.92+0.16
L8 1.28 +£0.02 cd 51.04 +3.00 ab 33.51 + 1.44 cde 1753+ 1.56 b 1.84 +£0.15
L9 1.19+0.02 ¢ 5325+2.19a 32.31+2.16 de 20.94 £ 0.03 ab 1.52 +0.09
CK 1.29+0.03 ¢ 52.19+1.22 ab 29.25+1.09¢ 2294 +0.13 a 1.26 £0.03

CJ/T340—2016 <1.35 - - 5~25 -

e FBIAE/NG TR R AL B 22 5 2.3 (P<0.05).

2 3 E, ST A A EAE 1.23 ~
1.49 g/em?®, # CK ZBfbE K, L9, L3 AbH & E /I
F CK(P<0.05), L5, L8, L7 4h# 5 CK 2% A1
H(P>0.05), Hiax b (Y 75 8 1 3% K T CK(P<0.05),
MFLBREE L9, L3, L4, L5, L7, L8 kb3 55X 2z
SR, AR E KT CK. 45 2T b
HEEILEENT 32% ~40%, EEBELEEN T
6% ~ 21%, L2 ~ L7 b BEILBE R E® T CK
(P<0.05), L1, L8, L9 AbHY CK 2% AL . JF

TEIB R Lo AbF S CK 2R3 A W%, HAekH
B /N F CK.
HR A FE B il - S b o b, MR 4 WL,

L1 43N CK ¥PhiEt, Rk sy)s, +58%
UL, e A Rk R RD O 4 R 5% B
W 75 10 R 38 A TS 9 4 ot 3K 39 iy 8 5
WAL e+ RIS T £ o YRR 10% A1 20%
B, A HC HE S LR AE D T+ i, AH B R fEAS
K, VIS I ST AT AR il - vk
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Table 4 Soil particle contents and texture of different soil substrates

Rtz L1 L2 L3 L4 L5 L6 L7 L8 L9 CK
<0.002 mm 7.14 15.10 0.89 7.99 10.02 8.00 10.03 9.00 5.95 14.20
0.002 ~0.02 mm 37.38  29.42 18.22 25.34 22.31 26.40 25.39 23.30 22.28 32.10
0.02~2mm 5547 5548 80.89 66.67 67.67 65.61 64.58 67.70 71.76 53.70
L A AL wEL gL whRiEL L WhpuEd gL WA B+

ML 5 A, HIERESSABESE REAM b, Wk RIS A2 2 v R ) i BB S 4R
Ko HOBYBEIK 5 B A2 i 3 - e B i 228 A, CEC IR L HEIRALRE Jy iY5i 55, CEC M,
JRARE, L9, L3, L5, L8, L7 AbHi% & 5 ufLiE TR RE TR . AN 6 Fraw, 9 ANIEHC LAk B
5 CK 25 A BaiihF CK, BEFLBE KT CK, + 4% pH YR 55, Y8 E /N T CK(P<0.05); 1%
FrK PRI a8 . X SeAb PR AR AN 20% sk EC AT 123.2 ~245.4 uS/em, B L3, L7 4hBE5 CK
HERE 20% MYRECERAL, UEBHIRIN 20% MOMMEIKSEE 2 5B A8 B A (P>0.05), H AR R ENT
WO X 32 SRR ok R AR . Hop L3 CK(P<0.05); 13 CEC 47T 10.60 ~ 15.23 cmol/kg,
L5, L7 ZbF HIEFLB L CEEILBUAE BB LB T IERE S h & sim, L1 ~ L6 4b¥ CEC 5 CK itk
2 ~ 4, HHEEAPESREPRMETERT, R 455 # R AR B (P>0.05), L7, L8, L9 Ab¥ g FEMKT
PSS FK A A FZH 5 L3, L5, L7, HiE (4  CK(P<0.05).

LR 4 ) BRI TR F 7 LA, 7ER38 Ak T T,
Y PO BRI FR B3, e £ T

Table 5 Correlation between physical indexes of AT iﬁﬁﬁﬂﬂﬁﬁ%'ﬁ pH ﬁﬁﬁ%ﬁ*ﬁ?@, 15
dlferent sofl subsiates FRREI 5 2 8, ol rT LALIG 08 pHL 980 2 2

i G BRI ETUIE g N A R P A (i
PR codaT o3t 0295 08507 AL I . X I AL 3 EC KR I R S
ER 0214 0032 0142 0.120 E>T5 WM . 45 BEFEMAE EC K TR 10,
HEHIE 04557 0482 0345 0.180 TEMA LR, M HALRE BC B T L3, L7 4bF Y
BALBUE 07457 1000 CK 25 A S, HAMMI LT CK, K%
TRALBIE 0321 0278 1,000 S P T T VPRV B U BT RN MR
EBEILEE —0.789" 0.664"  —0.732" 1.000 FINE 5 CEC fETEM BB AR, L 20% Byl
e S BIEORTE P<O.0T KU, P<0.0S BEM gt He b HEARAE SEr CK MBI, X5 MR

X, %70, CEC ¢ iR BB SE . sEAL2- PRI 3, L1 ~ L6 &b
22 FETREROL LR B CK 225 ARBLT CK, 1 L1 ARSI EC AN A2

13 pH 5 EC 735l AR R i 5 L8 (oAb AE 13 ) ARIERIOCZOR , N Ak s
SR, RN R HOR SR TR AE R A AL SR W L2~ Lo b3

#6 ATRITBEHIBERUFMR

Table 6 Chemical properties of different soil substrates

bl L1 L2 L3 L4 LS L6 L7 L8 L9 CK CJ/T340—2016

pH 7944001 cd  7.83:0.00ef 7.77+0.02f 7.85:0.03¢ 7.84+0.05¢f 7.83£0.02ef 7.90+0.03de 8.14+0.02b 7.98+0.03c 886+00la  50~83
EC(uS/cm)  1232+11.1e 177.5892cd 2334+124a 203.0+73bc 168.7+8.0d 1852+10.1cd 2454+121a 1239+41e 140438 2292481ab 150 ~900
CEC(cmol/kg) 14.93+0.42 ab 13.90+0.10 abc 15.12+0.61 a 14.96:0.44 ab 15.23£0.60 a 13.71+£0.66 abc 13.44+0.42 be 10.60+1.10 d 12.84+0.14 ¢ 15.28+0.31 a =10
Fii(mgke) 322+1.1e  48.0+3.0d  64.7£1.5b  582420c 614+19bc 51.8£13d  50.782.0d 32.8+12e 725+1.7a 299+2.1le 5~60
A (mgke) 197.0430f 2042+20ef 2620£1.0a 239.0+40b 223.0£20c¢ 2120£20d 260.0£1.0a 160.0£3.0g 209.044.0de 159.0:20g  60~300
WA (mgke) 98.9+03e  105.0£1d  109.0£1.6¢c 1150£0.6a 91.7+0.7f  932+03f  1120£l4b  50.0+04i 787+1.0g 753+05h  40~200
APF(gkg) 263+0.1f  42.1208a  382#03c¢  347+0.1d 332+04e  185:02h  353x03d 22.6£02g 397+0.1b 152%0.1i 20~80

T AT R)/ING - BARFRAN [F) b L2 18] 22 531 1k 35 (P<0.05) .
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Table 7 Correlation between different waste addition levels and chemical indexes of soil substrates
pH EC CEC PR AL TRl fff AU
IR 0.673" -0.101 —0.709" 0.067 -0.177 —0.540" -0.097
5 -0.186 0.027 ~0.094 0.548" 0.043 -0.223 ~0.004
B HE AR —0.487" 0.691™ 0.408" 0.547" 0.778™ 0.461" 0.575™

MYAERKITRRS A B . 2858
BORL B B R IR BRI B I S
AR A AL HHER R IE, T LA
B Ry LS ST A e, S, MK
VIR MY . NF 6 FTLAFE I, 9 ANFEFRAD Ho b B
ARSI . AR S EYHE, BR L3, L5, L9 &b
AR A R (SR AR 39 ) ARvESL, X AR
KER, 5 CK MitL, B L1 AHAS#B&ES CK
25 SV L (P>0.05), L8 &b A RLH . B &t
5 CK Z% AW B(P>0.05), WA SEDERT
CK(P<0.05)41, FLATKb BB A7 5508 | s | i
FHLUR SR BEEGTT CK(P<0.05), 4+il# CK
PEE 60.5% ~ 142.5% . 28.3% ~ 83.6% . 4.5% ~ 52.7%,
21.7% ~ 176.0%. {5 SHMEIEPE S HILGSH
IR, AR, WLASERT R SR

M 7 AT, BRMEAR SRS BRI K TS
T, I B S 0 R i R TG IS ik
HERE BT LB R 4 o - A ML S A R & i, 15
XoF A R 5 ik P SIS B S o USRI ) = 9
i SR R AT B SO o P b R A
1o B BE 3R A ) R R R TS YRS OGS 2l R C EE -
HERUR A 3, X 0] B Tl A 9 ka5 e
T, FPERK, 65 11 OB R
REFEOMR A, HAEDEKIG 15 IR NFB 2/ Al 1

/D ORI, L3, L5 AP+ A S A
SRR (SR AR ) FRUEAROCEESR, T
DX R g M 4Ry =, DR LIS SRR A RO b
(1% AR AT LR RS - 358 I, 1T L9 AbHE 4 1
AR SRR, MEESRSWA . KIKEE
FrAkln)

ZEA DL BTN, SO A R A T L 3
J57 5 9753t 1) R 5 By R TE R 2 8 R K
FUBRRE )5 A IERN , 1% pH. EC. CEC f£7E ffifi
RONE 5 T3 e AN RS THSCR B I
23 AETEERMNEEZERNE

SR VEAL 25 BC LE 1398 5 4 T A o R IR BR Y5
i), X645 e b - 3 oR (Hg) | H5(Pb) | #&(Cd) . fifi(As)
B (Cr). Hi(Cu). BE(Zn)3F 7 P W5 Qe 4 )8 & it
PEATA, 255 nE% 8 i, WILAE I, BR As Ak,
AL e G Jm A KT 1995 AEA A AY LY 1
HEEE SEPS0 FERIES G, &R T
7R LR AR R R N, AN T
CEpAE PR 398 YR %) T ARifE(E, V5 Y fa E RN
DL e Ab it 138 ) dnifE s & Jm 1 SbniEt= 1, M
Hakanson W 7EA4: 56 E 8 BOR T4 BE L 4 8 v
AN ERE, S5RWNE 9. thk 9, 91
P A 3 1Y) 3 22 P R G T 255 TR TR AR A S T AR AL
RI<40, NRMAERGEE.

%8 FRALMERNESRESE(ngke)

Table 8 Heavy metal contents in different soil substrates

Qb B Hg Pb As Cr Cu Zn
LI 0.061+£0.011  32.5+0.2 0.19+0.01  1040+1.60 69.40+2.18  274+12 83.2+22
L2 0.084+0.008  30.5+0.3 021+£0.03 1020+1.10 70.80+1.02  26.4+0.9 82.6+ 1.4
L3 0.129+0.003 35303 0.19+£0.02 1040+0.80 68.80+1.45  212+1.1 842+3.1
L4 0.585+0.139  36.1+0.1 0.17+0.03  9.96+0.60 6850+1.07  26.5+0.4 774+12
L5 0.123+0.020 30404 0.18+£0.02  10.60+0.70  70.70+0.95  27.1+1.4 87.6 2.7
L6 0.234+0.042  30.5+0.2 0.19+£0.02  9.67+090 71.70+1.12  39.5+1.5 80.2+1.3
L7 0.246+0.022  44.1£0.4 0.17+0.01 931060 72.00+2.09  48.1+1.6 80.2+2.1
L8 0.148+£0.018  36.7+0.2 0.19+0.01  896+1.20 6940161 34912 712+14
L9 0.283+0.021  46.7+0.2 0.17+0.02  832+1.00 72.70+126  482+2.1 96.2+1.9
CK 0.053+0.011  28.5+0.2 0.14 + 0.01 8.86+1.60  64.80+2.18 243 +1.1 72.7+1.5
LG L 4w i (e 0.020 9.1 14.7 55.3 22.9 63.5
CJ/T340—2016 T b ife <12 <300 <038 <30 <200 <300 <350
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Table 9 Potential ecological risk indexes of heavy metals of different soil substrates

EEE L1 L2 L3 L4 L5 L6 L7 L8 L9
Hg 2.03 2.80 430 19.50 4.10 7.80 8.20 4.93 9.43
Pb 0.54 0.51 0.59 0.60 0.51 0.51 0.74 0.61 0.78
cd 7.13 7.88 7.13 6.38 6.75 7.13 6.38 7.13 6.38
As 3.47 3.40 3.47 3.32 3.53 3.22 3.10 2.99 2.77
Cr 0.69 0.71 0.69 0.69 0.71 0.72 0.72 0.69 0.73
RI 13.86 15.29 16.17 30.48 15.60 19.37 19.13 16.35 20.09

e EARESIR i WA SAEE REC RUNEDUh 20 E & R 5 A 8 A S e F A,

24 ARTBEERMEFEF. EH/MEERNI N

WoES Il 1B iy e R TR /e = N N W g |
NI &5 2Pk 23 5 AR i T o SR /NBE
TGRS EY R T HEER, 8 A ok S g 5
RS, AR 1 R, BT RTAL, mEFK
2R KB NHEF N L8=CK>LI1>L3>L9>L2>L4>
L6>L5=L7, Bk L1, L3, L8 4b¥itHIL CK ZHMHAN
3 (P>0.05)5), HALBL R 25338 52 [BIR R 77 Y1 i
0. DFFEFEIRR ISR

a a a a a

100 fa ab ab ab a. be a
c ccdl N dF o C
80F

%) (%)

60

40t

KA (G

ifj

20

Ll L2 L3 L4 L5 L6 L7 L8 L9 CK
b3

hnsgn B F LT CK(P<0.05), HHRA L1, L2, L3,
L4, L8, L9 5 CK ALFR T 80%. %M /NEE G 22
B L3, L9 ALFE/NT CK 4b, HAKRY R EE T
CK(P<0.05). - £ Y AR A a3 5 s /NBEAR 4,
HEEML, B ED L4 MR, HEST
CK(P<0.05), HAbH S CK M| 22 3 A W%, EH/h
BN DL L3 Ab PRI, L4 Bk, W R ET
HAUEFE(P<0.05), HATAN B CK A1 22 3R i 3
OFEESAENR  m RN

1
Ll L2 L3 L4 L5 L6 L7 L8 L9 CK
b3

1 BFFEEMNEREFRREYE

Fig.1

3 mMERBETTHIE

FESMATAS [ 2 S 0 C He AR B + SR Ab 1 L 5

O3 VA AR HE R RO FE A b, AT AT 2R A TR L

T e 5l B ST L, A8 R ) 3 A 4 Hr 5 2R 2
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Table 10  Principal component load, eigenvalue and variance
contribution rate

Fsr F, F, F; F,
FRIE(E 5.459 3.153 2.111 1.404
TR (%) 36.394 21.023 14.074 9.36
R 0Tk (%)  36.394 57.417 71.491 80.851

Survival rates and bomass of Festuca elata and Berberis thunbergii of different soil substrates
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Table 11  Scores and ranks of main components of different soil substrates
F1 F2 F3 F4 F
ﬁiﬁ 4 4 2 2 2
1343 Her 1343 Her 341 Her 341 Hey 343 Hey
L1 -0.477 8 8 -0.5105 9 -0.087 2 7 -0.002 6 6 -1.078 8 9
L2 0.6199 3 —0.468 5 8 —0.004 3 5 —-0.067 3 7 -0.039 7 6
L3 1.043 2 0.478 4 2 0.247 7 2 -0.053 4 6 1.750 1 1
L4 1.162 9 1 -0.004 2 7 0.233 8 3 -0.164 9 8 1.264 1 2
L5 0.196 1 5 0.003 7 6 -0.079 6 0.042 3 4 0.067 5 5
L6 -0.150 2 6 -0.806 8 10 0.007 3 4 0.097 7 2 -0.787 3 8
L7 0.593 3 4 0.189 7 4 —0.156 4 8 0.259 6 1 0.985 3
L8 -1.142 1 9 0.0519 5 -0.400 1 10 -0.202 5 9 -1.619 7 10
L9 -0.2415 7 0.798 5 1 -0.396 4 9 0.038 6 5 0.129 7 4
CK -1.603 6 10 0.267 9 3 0.634 6 1 0.052 5 3 -0.670 9 7
S R O
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Fig. 2 Clustering tree of different soil substrates
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