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Substrate compositions facilitate clay restoration of the simulation study in an

opencast coal mine in the eastern steppe of China
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Abstract; A pot experiment was conducted to study the differences between clovers ( Trifolium repens Linn) in biomass,
nutrient uptake, physical, chemical, and biological properties of substrates among various mixtures with clay, topsoil, or
sandy soil, in order to obtain the optimal mixture ratio. The results showed that the substrates with different mixture
proportions significantly influenced clover productivity ; the biomass varied with the type of substrate and was in the range of
26.5—40.0 g/pot (average = 31.2 g/pot) for the clay and topsoil combinations and in the range of 14.9—20.3 g/pot
(average = 18.9 g/pot) for the clay and sandy soil combinations; the biomass was 9.0 g/pot, 5.4 g/pot, and 41.7 g/pot
for the clay, sandy soil, and topsoil, respectively. Similarly, the highest N acquisition was 1071 mg/pot of clover in the
clay and topsoil combinations, which was 1.62, 3.34, and 5.64 times higher for the clay and sandy soil combination, clay,

and sandy soils, as were P and K acquisition, which was significantly altered by the difference in root diameter, root
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length, root surface area, and tip numbers. In comparison with the clay and sandy soil, the soil bulk density and maximum
moisture holding capacity were significantly decreased by 7.4%—21.5% and 24.5%—71.8%, respectively, whereas the
infiltration rate, porosity, normalized mean weight diameter, total N, organic matter, Olsen P, available K, electric
conductivity of the clay with topsoil and clay with sandy soil combination were markedly enhanced by 26.9%—96.3%,
45%—218% , 34%—72% , 23.0%—88.3% , 25.1%—146% , 44.0%—91.5% , 70.3%—114.8%, and 3.5%—59.3%
the activities of phosphatase, urease, nitrate reductase, invertase, and nitrogenase were significantly increased by 45.5%—
105%, 65.2%—172. 3%, 160%—252% , 53.4%—62. 7%, 197%—374% ; the numbers of fungi, bacteria, and
actinomycetes were also increased by 119%—142% , 93.5%—107% , and 83%—147% , respectively. Significant positive
correlations were observed between clover productivity and soil physicochemical or biological properties via correlation
analysis ; overall, the effect of substrates occurred in the order clay+topsoil = topsoil > clay+sandy soil > clay > sandy soil.
Thus, the clay and topsoil or sandy soil mixtures provided significantly enhanced substrate conditions; in particular, the

1:2 clay and topsoil ratio was the optimum choice in the opencast coal mine in the eastern steppe of China.

Key Words: opencast coal mine; clay; clover; simulation experiment; soil restoration
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Fig.1 Schematic diagram of geographic location of study region
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1:3) IR, 1390 40.2% 38.5% 34.6%F131.9% 28.6% 24.3% ., FME5 d #RE 1 K, 4NFEK 4> BERIIAH
i, N30 RIMA NH,NO, KH,PO, KNO,#H W , N \P,0sF1 K,0 ¥ 5374 100,30 mg/kg F1 150 mg/kg,
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Table 1 Sample situation list
FEHAR S TE AR R FEHBARER Coordinate LE S IR IVAS T BEEAY
Code Duration/a X Y Site Vegetation type

I 1 119.7086 48.5817 WL A B ZEESE R W TR

I 3 119.7063 48.5595 WHELY MG SRR REEE BB BT

il 5 119.6882 48.5693 W5 & VEEP R A

I\ 7 119.6924 48.5598 Vi35 & FRD Y R H0E B BT

\Y 9 119.7081 48.5573 WHE+ 57 & ITIE B8 BEEAE M2

1.4 FESOR
2016 4F 12 1 5 HWSGHR, TR G50 A B EHE A 4 CORFEORAF . — o3 fif AR T3 A= 4R
B s HAR TR A SR T3k 2 mm A= 3B 07700 5 F2 536 0 5 8 S, 138 F T 00 M BRAR bR . SRS FF = R
L EBAE AR AR 2R 4 IR, H R F 105°C HEAE PN 28T 30 min, 75°C M H 5 ; SR R B AR B 38 T K
VR, 4°C KA N IRAE I E AR S BHE R .
1.5 F5brilE
TR E R TIENE BE(d, g/em®)= (M=G)x100/V(100+W) (1)
K MARRERIR TR+ E (g) ;6 VR ITTH (g) ; VIVEA T EF (em®) s WARE LIS KR (%)
IR A SR AR O B R A LB B A IR R A I A, B LB RS A AR N
10.0 em, N2 8.9 em P BE N 5.1 em, SRIGH 2 A AILBERE A 10 b 1 07 =X il i TR 4R il 4 2 b
AR IS, ARA B Pt T 1.43 mg/em’ A RSB S), B HERE N 107.1 em, FIRP £
T WS TR 2.5 em BYTRERL B o TGS KA TR, ERIK M AE R TR O B R K i
T, JE L EKAL, Z ISR TV 56 SUZ AR A A%, T B2 il [ B Uk 7K 4328 ko TETCZ8 R AT B8 B AT LA
HU5 0 3] 10 KPa (HL g=9.81 N/kg) B J7E i, HHRIG 01T 39 d, 26 I AR TR v Lok, AR 3E A
IKPEANAE R, B A e 1 0 B B I — T — T M b B A, DU A A LB RS A 0 Bk AR
SR S R X N K
LR R O R R A AR BB (P ) = (1-FE/ %) x100% (2)
Ao, 3% R % A 2.65 ¢/ em’
IR K R R TR A 77 1] S 56 % J5 AR 3R T e — sk R 4R, FH R A [ 5 e 348 70 1 (Bl 1k R0k
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MWD = 2 X0, (5)
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Inc., Beijing, China) f14#, Win-RHIZO™ ( Régent Instrument Inc., Québec, Canada) #X{FARBR, SRAGAR H A2 AR
K ARF IR FARIEIET

A3 A AR T T QIR 5 A ALK FH i B R B A M R I 2 8ol R T B BT LE (D 5 R
RUFSR HH pH 7.0 BETRERIR$2- JUACRE VAN E s pH R B (27K 1:2.5) W7 5 LS 238 R FH e AR VA DU
E 3 FRPE W R Bt 16 P R GHE Tabatabai F1 Brimner 753200 2 5 FEWHBERE MR FHZK A R Lb (5320500 5 5 ik e 3% 2 R
FHUCHERY Hoffmann F1 Teiche bR 5 il 9 140 G 14 SR FH SV A T30 2 B CEu vl 5 5 T 2RI 1 >R FH 2
WRJEIEI s T | ECR AR T B BCR R BT Bk
1.6 HdEabr

5K H Microsoft Excel THAIFVER] ; I SAS 8.0 #4777 22537 (ANOVA ) |, 22 57 8 ZEPE7K - (P<0.05)
T /N 3 25 Sk (LSD) K

2 HREHM

2.1 SRR R = B A K 5 e

R 2 A R - 510 ik HIR G W = A RORAL, K SRR A, SRR R A B
B ISCER AR B AR K AR R AL AR 2 B UK i R 194%—344% | 187%—326% , 203%—325% .
211%—328% 32.2%—82.7% 25.3%—51.8% 7.5%—45.9% 26.2%—47.6% ; Forb K+ FZ+ 1:2 i ik
Sl IR RS+ 57 HIRG Vb o738 0 2548 5 2.51.2.81.,2.42 2,44 0.63,0.31,0.38 1 0.32 fi%, &
& B& A AN £SO T R R R AN K B AR+ 12 BLHR ORIt fe, SR Rz, Hop AR
RRMEARAEFE W BE Sy, B 3 B Y A R Moloe S5 &R TR AU 2 E A OC, R4 0.80 D I,
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Table 2 Effect of different substrates composition on the clover growth conditions

. o - . ~ MR AR ,

A e % W LS RER LRSS HRISEL
AhH . . Root .
Treatment Biomass N uptake P uptake K uptake Root diameter Root length curfacearea Tips numbers

reatments ) surfaceares
/(g/ %) /(mg/ %) /(mg/ %) /(mg/ %) /mm /(mm/cm?) N ; /A~
/(mm*/cm’)

Kt Clay 9.0£0.5¢ 321+13e 7.8+0.5¢ 20.3+1.4e 3.23+0.22¢ 37.1+3.9¢ 159+11d 42+3f
Rkt 1_:1 26.5£1.6b  924+35b 23.6+3.1b 61.5+6.2b 4.27+0.35¢ 46.5+2.8b 171+15¢ 53+6¢
Clay : Topsoil 1:1
Y : 1:1
Witk t . 40.0£3.8a  1367+64a 33.2+2.9a 86.8+7.5a 5.90+0.18a 56.3+4.6a 232+21a 62+7a
Clay : Topsoil 1:2
y : 1:1
Rt Rt . 27.0£2.2b  921+39b 24.2+2.2b 63.1+4.8b 5.07+0.31b 47.5+3.7b 181+13b 55+4b
Clay : Topsoil 1:3
fhit b+ 101
*ﬁi (/j: . 20.3x1.9¢ 704+32¢ 17.9+1.8cd 47.5£3.9¢ 4.47+0.37¢ 42.5£5.5¢ 161+14d 48+4d
Clay : Sandy soil 1:1
A AN 1:1
U . 21.6+2.5¢ 757+48c 19.9+2.3¢ 51.9x4.1c 3.63+0.19d 38.5+2.9d 170+17¢ 44+3e
Clay : Sandy soil 1:2
) )] :
*ﬁj: (/j: i . 14.9x1.6d  520+33d 14.6x1.3d 37.9+3.2d 3.03+0.22¢ 34.8+3.2e 147+9¢ 46+5e
Clay : Sandy soil 1:3
b1 Sandy soil 5.4+0.3f 190+ 15f 5.1x0.3e 13.3£2.6e 2.27+0.15¢ 29.6+4.4f 116+8f 35+2g
# 1 Topsoil 41.7+4.2a  1388+65a 32.9+3.1a 87.2+6.4a 6.01+0.21a 55.7£3.9a 229+18a 61+8a

FHEAL N 3 DEE M AR/NG FHFOR ] — S8R A R A BRI 22 57 .35 ( P<0.05) (& LT 1] LLgL) , TR
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Fig.3 The relationship between biomass, nutrient (N, P and K) facilitation and root surface area of clover
2.2 AN[EEE TR R
FH 3R 3 AT U 0D - SO R ERIR SAE RARLE R SR AR S5V 101 102 13 i
HE % FI%7.4% . 16.1% 20.1% .10.8% .19.5% 21.5% ; I AB KB E T126.9% 45.7% 51.6% .
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Table 3 Effect of different substrates composition on soil physical properties

- B WRABE ESSEES brfEAC T o E A

- Bulk density Infiltration rate ,\X Maximum moisture Normalization mean weight diameter/mm
Treatment 5 Porosity/ % K K

/(g/cm’) /(mm/h) holding capacity/ % 1—2 23 35

K+ Clay 1.49+0.05a 0.3325+0.02f 4.8+0.5¢ 54.7+5.4a 0.11+0.0le  0.16+0.01h 0.21+0.01h
Y : 1:1
*Ej: KL . 1.38+0.04b 0.4218+0.04e 12.9+1.1f 41.3+4.7b 0.18+0.02d  0.23+0.02¢g 0.28+0.02¢
Clay : Topsoil 1:1
y R 1:1
*ﬁj: Rt . 1.25+0.06d 0.4846+0.05d  23.4+2.8d 37.4+3.5¢ 0.22+0.02b  0.27+0.02f 0.32+0.02f
Clay : Topsoil 1:2
y : 1:1
L %%j: . 1.19£0.04e 0.5042+0.05d 21.9+2.6d 31.7+2.9d 0.25+£0.03a  0.30+0.03e 0.35+0.03f
Clay : Topsoil 1:3
) b4 101
U . 1.33+0.05¢ 0.5525+0.06¢ 35.4+3.1c 25.1+3.1e 0.21+0.03b  0.34+0.03d 0.41+0.03d
Clay : Sandy soil 1:1
Vb4 101
Hit ({j: . 1.20+0.03e 0.6127+0.04b  39.8+4.2b 20.2+1.9f 0.25+0.03a  0.37+0.03¢ 0.45+0.03¢
Clay : Sandy soil 1:2
fhit b+ 101
*ﬁi (/j: . 1.17+0.05¢ 0.6528+0.06b  42.3+2.9b 15.4+1.4¢ 0.22+0.04b  0.44+0.04b 0.52+0.04b
Clay : Sandy soil 1:3
¥+ Sandy soil 1.12+0.04¢ 0.8548+0.05a 50.8+4.7a 8.7+0.9h 0.19+0.04c  0.58+0.04a 0.79+0.04a
1+ Topsoil 1.26+0.03d 0.4019+0.03e 18.4+3.9¢ 20.4+1.9f 0.23+0.02b  0.34+0.02d 0.38+0.02¢
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66.2% 84.3% ,96.3% , [F] i, FLIR BE i 238, 5 A B R — 30 B KK N 0 2 TR T 24.5% .
31.6% 42.0% 54.1% ,63.1% \71.8% ; A1 R KR 2 1 Wit A 2 34 KT 2 I8 ( P<0.05) o Al —Rig T A+ 5
ot 1:3 B F A R AR FE e P s T AR (P<0.05) K -+ P R AR @ PRIk ( P<0.05)
2.3 A[EFEF AR

M 4 T, SR ey AR B RS IR A S s IR AR, R SR 12 IREER A
FHURR A AR B R R, 0 kS Y 1.34 1,15 .1.79 .2.05 .1.06 %51 1.87 £, 48 F 1:1 Fi1 38
FERCR, K+ 59 IR G H PR A DL A A & i LT 1 85.1%—90.7% ,45.7%—68.6% .
81.5%—102.5%H1 95.3%—133.3%, K4+ FF+ 1:2 B RO 53 S AL, JRR R 3 AL obkG 18 3R R

R4 TREBGLE X LEAZ K0

Table 4 Effect of different substrates composition on soil chemical properties

fb g g AL P B " LR

Total N Organic matter Olsen P Available K p Electric conductivity
Treatments

/(g/'kg) /(g/kg) /(mg/kg) /(mg/kg) /(ps/cm)
AL Clay 0.90+0.07d 13.8+1.5d 3.54+0.33f 29.6+2.2¢g 7.31+0.42¢ 118+12¢
Witk L 1,:1 1.02+0.11¢ 17.5£1.3b 4.28+0.25¢ 36.6+3.1f 7.51£0.37d 161+15¢
Clay : Topsoil 1:1
kE - :
Wit Rt 1_ ! 1.21+0.17a 15.9+1.2¢ 6.32+0.36a 60.7+5.4a 7.73+0.45b 221+16a
Clay : Topsoil 1:2
fﬁi%i 1,:1 1.09+0.12b 18.4£2.1a 4.69+0.41b 53.9+4.9b 7.65£0.29¢ 182+21b
Clay : Topsoil 1:3
’ Vb :
Hit: Dt 101 . 1.02+£0.10¢ 11.8x1.1e 4.05+0.29d 50.4+4.2¢ 7.63+0.34¢ 160+ 14¢
Clay : Sandy soil 1:1
J b :
Wttt 1:1 . 1.03+0.15¢ 10.9+0.9f 3.63+0.23f 46.6+3.8d 7.65+0.41c¢ 149+10d
Clay : Sandy soil 1:2
A AN 1:1
Wit . 1.00+0.08¢ 10.2+0.5¢ 3.82+0.21e 42.2+3.7e 7.64+0.46¢ 147+13d
Clay : Sandy soil 1:3
¥+ Sandy soil 0.54+0.05¢ 0.7£0.1h 2.00£0.17g 21.6+2.9h 7.91+£0.47a 160+15¢
1 Topsoil 1.20+0.09a 18.3+0.8a 6.29+0.31a 60.2+5.1a 7.90+0.38a 219+17a
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AW PR RAEFR S AR T BB bR . AR 5 AT USSR B 4 S R m RS T AR A
i, Wi SR IR G ISR N | VR | R A PR T T R [ RN R LR T4 S 63.8%—153.8% 35.
6%—113.3% ,90%—460% .30.0%—93.1% 1 133%—555% , M B , FL B8 AR iR A n 2 504 L 510 4
o Al 5V IR S SRR I DK | RO A A R 04 5 | U S R S A L R R A B T
45.4% 172% 159% .62.8% 193% .119% .93.6% 1 83% , K+ A 1 1:2 Fe AR et
2.5 AHLSSAEYITEbRAYAE

ARG R AR 58 IR bR AR bkt . B 3 &, - SEm R ity 176 14 15 o Akl 7 ek B 3 AE A
S WOkl 5 2 4 BT 1R 5 1 i W IR TG MR AU A 1] 4 R W] U E AR SR A LSO, BRI, B
AR R 1 R B IR G RN B B AN A R R YR SRR R RO
IR 2k, A IR A2 B AR AR ) JBT B Al
2.6 AWrm 545FR1 Pearson AT
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Table 5 Effect of different substrates composition on soil biological properties

TR Wl . I T RIE i it ] 2T e . .
ik g e - L AT B Gt
Phosphatase Nitrate Nitrogenase . . A
Kb 3 . Urease Invertase Fungi Bacteria/ Actinomycetes
/g Pi. mg . reductase /g
Treatments Lein”! /mg NHy-N /mg g”! /g NO3-N C.H /(x10* (x10* /(x10*
protemn - +d 2 P CFU/g +)  CFU/g+) CFU/g +
Jop! g d R R g ) g L) g L)
A1 Clay 80+9f 0.90+0.13f 10.1+1.2f 8.3+1.2f 0.09+0.01f 110+10h 0.31+£0.04f 24+2f
i st o b |
*ﬁi s . 131+15d 1.22+0.17¢ 19.3+1.3e 10.7+£1.4d 0.21+£0.04e 210+30f 0.44+0.05e 38+4d
Clay : Topsoil 1:1
y : 1:1
Hit: ﬁj: . 203+23a 1.92+0.22a 56.2+4.5a 15.9+1.6a 0.59+0.07a 590+50a 1.07+£0.08a 89+7a
Clay : Topsoil 1:2
y : 1:1
Hit ﬁj: . 158+14b 1.32+0.15b 31.5+2.8¢ 11.6x1.1¢c 0.48+0.05b 490+60b 0.62+0.05¢ 51+3c¢
Clay : Topsoil 1:3
) b4 101
Wit Ot . 124+11d 1.11+0.09d 36.6+3.3b 11.6+£0.9¢ 0.31+0.03¢ 400+30¢ 0.70+0.06b 59+3b
Clay : Sandy soil 1:1
J Wt 101
Wit R 148+9¢ 1.20+0.13¢ 39.2+3.9b 12.6+1.5b 0.32+0.03¢ 360+40d 0.60+0.04¢ 59+5b
Clay : Sandy soil 1:2
) b4 101
Rttt . 112+8e 1.04+0.14e 24.7+2.4d 9.0+0.8e 0.25+0.02d 290+20e 0.50+0.05d 52+3¢
Clay : Sandy soil 1:3
b+ Sandy soil 88+ 10f 0.41+0.6g 12.9+1.2f 6.8+0.7g 0.10+0.01f 160+20g 0.31+£0.03f 31+2e
Z 1 Topsoil 199+18a 1.91+£0.17a 55.9+£2.9a 15.8+1.3a 0.60+0.06a 600+40a 1.06+0.06a 88+6a
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Fig.4 Soil acid phosphatase activity and microbe numbers as affected by different substrates composition
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*6 EWMESTIERIEIR Pearson HXMES M (r, n=27)
Table 6 The Pearson correlations analysis between clover productivity and different soil indicators (r, n=27)

TR

- 25 PUSE EAE R S , g - L ERE
s g ERAILRCRER NG BEE WSy www s mam o mw gE oo
. . Total ~ Organic  Olsen  Available pH Electric Phosp ) . . . Actino
Indicator Biomass . Urease Invertase Nitrate Nitrogenase Bacteria ~ Fungi
N matter P K conductivity -hatase -mycetes
reductase
A Y Biomass 1
25
=
Total N 084
BB
iU 071" 084" 1
Organic matter
Olsen P 0.93 0.90 0.78 1
A .
Available K 0.86 0.88 0.62 0.86
pH fi 0.06 -0.33 -0.58" -0.14 0.07 1
pH value
R
Electric 0.80" 046" 0.8 071" 0.67™ 053" 1
conductivity
ki 0.95" 078" 0.55™ 0.86™ 0.88* 0.4 085" 1
Phosphatase
L 0.95™ 092" 075 098" 0.88™ -0.11 070" 091 1
Urease
e 0.82™ 0.73™ 036" 077" 0.90™ 0.28 0.74™ 090" 0.84™ 1
Invertase
ﬁéﬁ&ﬂﬁ?ﬁ 0.93™ 0.83™ 0.59™ 0.87™ 090" 0.08 0.73™ 093" 093" 093" 1
Nitrate reductase
.
[E.]ELQE 0.89™ 0.78™ 0.54™ 0.86™ 094" 0.25 0.84™ 0.95™ 0.88™ 090 089" 1
Nitrogenase
M .
. 0.84 0.73 0.44 0.79 0.95 0.33 0.81 0.91 0.82 0.92 0.87 0.98 1
Bacteria
Fungi 0.85™ 0.75™ 042° 0.86™ 0.90™ 0.24 0.82** 090" 0.88™ 094™ 092" 0917 0927 1
e - - -
. 0.80 0.71 0.31 0.77 0.88 0.33 0.78 0.88 0.82 0.96 0.89 0.89 0.90 0.96 1
Actinomycetes

# Hw JPHFORARIEIAE B2 (P<0.05) L 37K F- (P<0.01)
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