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Physicochemical Properties of Reclaimed Soil with Weathered Coal in Open Cast Mining Areas of Loess

Plateau

LI Hua', LI Yong—qing', SHEN Cheng—bin% YIN Jian—ping?, HE Zhen-wei’

(1.College of Environment and Resources,Shanxi University, Taiyuan 030006,China; 2.Pingshuo Coal Industry Company,Shuozhou
036006, China)

Abstract : Problems of reclaimed soil exist in the Loess Plateau opencast mine area such as bad soil structure and extreme poverty in soil nu—
trients and so on. Using field experiment, weathered coal was chosen in this research as repair media. Effect of weathered coal on physico—
chemical properties of reclaimed soil after planting Robinia pseucdoacacia was studied in this experiment. Results showed that application of
weathered coal could significantly improve the quality of soil aggregates, increase the content of water stable aggregates and cation exchange
capacity in 0~20 cm and 20~40 cm soil layer. The organic matter and humus in 0~20 cm soil layer were significantly improved at the same
time. The content of organic matter and humus in 0~20 ¢m soil layer were higher than it in 20~40 c¢m soil layer, and effects of amendments on
organic matter and humus in 20~40 cm soil layer were not obvious. Change of pH was not obvious with weathered coal application. The ef-
fects of amendments on physicochemical properties in 0~20 c¢m soil layer were more significant as the amendment time longing. Except or—

ganic matter and humus, effects of amendments on physicochemical properties in 20~40 cm soil layer had same trend with 0~20 c¢m soil lay—
er. In conclusion, physicochemical properties of reclaimed soil were improved with weathered coal application. And the best application
amount of weathered coal for reclaimed soil improvement in the loess plateau opencast mine area was 27 000 kg-hm™.

Keywords: weathered coal; mined soil; physicochemical properties
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PEPESEIAT, QR R Wk BRI IR SE,
DRI EAT R B L 26545 RS HR AEPEBE , 2 — B LAY R
SRIRRIFR] o A, AR S i AT e S 2
P TER IR AL H3E b 0 X A2 B 5 T FSE
AN o ARSCONE BRI B G, et i e RS 1)
R 1 A e P ) 2 R B il KR R R+
SRAFAE R IR, ARARIE R 18 52 38, F 5 U A A
XX B R A SR R, DU O B
JEU X A A S R

1 #RE5FE

1.1 iRIa RS

TR0 DA T8 e S B S TR = A T
PG ALER A AN T 52 N, B AR BR : AR 4R 112°10"~
113°30", b4 39°23'~39°37" % [X & # R Al iR 2 1
R HEZERARE X, I 4.8~7.8 °C, AR R
i 428.2~449.0 mm, £4EK % 2 1 786.6~2 598.0 mm,
I KR ) 4 f5 . GREIIZ 115~130 do A X 5
GE b X, B A AR D Kbl RO
5 1 180~1 500 m, A" DX My 4 1198 4y S50 1 5 5E4E
AT, b A R T B R 2
1.2 RIS ADIE R fihit 1+ 18

IR AR KA fin AN [R5 5 AN b B - 435
S 0(CK, XFH&ZH ) .13 500,27 000,40 500 .54 000 kg
hm?, ARAELLFE 2006 4 4 A 20 H F/h X R
FEFAE IR . T 2006 -7 A 20 H .9 H 20 HMIK
(/)2 0~20 em J 20~40 cm)RAE THERES, , T 5
T b o A R AR L MR W2 1,
MEER 3 AESE , AR A5 T X
pH 3k 6.16, JEi i £ i Ky 44.64%,

F 1 il HEEAEL R
Table 1 Basic physical and chemical properties of the tested soil

VIZRIES0.25 mm/ 25/ KRGy JEEEBY A HUSY B F A8t/
% grem™® % % % cmol kg™

0.04

pH

7.58 1.62 9.1 0.32 1.58 8.60

1.3 St

R I I AU ¥ K K AR
PETRL ; AL pH {5 S8R PR 25 vk -k
DA BB 5 - S8 8 g I 2l e i ) g i J o5 2,
PR 5 BH B - 28 e i,
L4 BiESH

K SPSS13.0 ANOVA & 1SD kL & LA
[t b P ) g 2 5 W 2

2 HBRENH

2.1 AERAL AN IERT + 158 A BBk L5 R S 0E
TR R RIS R AR HoT,
BRGSO R HERVF 2 Bk 2R v A
S, IR ZE R R (WL 2) it XA T g 3
P B RIR S a, H PR S G KL
SRt FH B ) ) 4 3 e . R 3 N S ,0~20
em 12 XA N 40 500 kg-hm™ B, 1A
RAIREH R, ik 79.43% , 53 B4t R 2H XUk B it
Tt 27 000 kg-hm= (4 1.4 4% 1.1 /% ;20~40 cm +
JE WA 13 500 kg+hm™ B, 43 A1 R AR5
St , HAR O RS fin &>k 27 000 kg -hm2, 249
FRRALAY 1.2 45 SR 6 N TR, X IR 2 4 3 [ R 1k
BT E AR (P>0.05) , £5 XA A B - 458 AT 3R {4
B i N (P<0.05) o AR 2 38978 KA it -
40 500 kg - hm™ B+ 38 A R ik die g, (HAS K
PRARERD AR AR AN o 12 PR M 3 5t KUAR Rt o
i+ HEE U & A i, FORERI, H8EE LR
5 RIRIRZ R AR DI A G R S R AT R AR 1)
FERGGE A, GERS B £ HOY iU AR 254 . IR

R E & 20~40 cm HEFEET 0~20 em +)2,

%2 XL E T IERARE S 2R (%)
Table 2 Effect of different weathered coal treatments on
soil aggregates(% )

THEFH R ) R R 3
Y] ]
g+hm
0~20 cm 20~40 cm 0~20 cm 20~40 cm

0 61.50£1.98dB  66.85+1.09¢A 61.21+2.01eB 67.93+1.02eA
13 500 75.84+4.01bD  79.47+1.42aC 86.20+1.32bB  87.34+2.03bA
27 000 71.78+£2.03¢D 78.29+2.03bC 84.80+1.36¢B  86.17+4.97cA
40 500 79.43+2.10aC  76.77£2.01cD 87.22+2.31aA 87.99+3.12aA
54 000 71.5042.32¢C 73.70+1.05dB  82.85+2.34dA 82.85+3.01dA

T R P T SE; 7] — 5 NG TR ) )45 R 5
BERRIZNA B35 2257 (P<0.05), N0 %22 5, R IR,
AN 222735 0 1 e R AR R K A 2 PEAE
PR L IEDTOR PR A E AR, A e e i S A
R KRS LA B KRS P 3R A i A o i, el g
e i HIEAPTR M BE ", XAt R - K AR
PEA SRR B 2 52 N 3 s . B3R R 2 R
AR UK RS E AT SRR S 5 B #5 5 m (P<0.05),
B A R I E] RS T o ORI, RS BB B
LB B R 2 5 ) SR R M AT SR A B 32
T G i35 K A AL g
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% 3 memXLEXS Tk RAREESEMNRMm(%)
Table 3 Effect of different weathered coal treatments on

water—stable aggregates(% )

it T ) R PR
P 34 A 611
g+hm
0~20 cm 20~40 ecm 0~20 cm 20~40 e¢m
0 66.07+2.10cC  66.03+1.53aC  72.03£1.56eB  79.20+1.34aA

13 500 62.80+£1.89dC  56.43+6.01dD 78.80+2.68aA 77.60+4.06bB
27 000 70.43+4.02bB  64.40+2.10bC  77.20+3.21bA  77.20+2.35bA
40 500 61.57+3.23eC  60.40+4.11cC  76.40+1.54cB  81.60+3.03aA
54 000 79.63+4.00aB  60.80+1.03¢D 75.20+5.02dC  81.20+4.01aA

A ARLBTAT AR /KR AU TR BB e 235 571 20
R JRUE AR it 2 X6T - 3B K RS DA B 252 e R AR AN
KA 5, T RESE: PR ok - S F A HR AR Bl 3 AN A 75 2
B A LT AR e i EL T 2L 2 0% BB R, R [R] 4
J2 HHOKAR DR & AR AR K,
22 ARIKALEL R HIEETRSENTMN

T EEA YRR YA DS SRR S R 0 IR
SR OB S EZS A A USSR . A ML B
PRy i et ST T A B BB AR, it i XAk 1
B MU RZ UL 1o fhIE 1 e, Sl B A5 D
AP S R TR R AL & AU
B 3 A )5 ,0~20 em T2 AR T B YL &
255 (P<0.05) , Bl KUk it i gt fr 38 im 2 358
B it i AT 40 500 kg-hm™ J5HEHRAS /N it
oA 13 500 kg -hm? + A HLT A2 AT RAL, H
AlRE L 5 T R o Ny 40 500 kg +hm™ B4y
BLIT & iR, 38 1.31%, 53 51 R 2 BT 458 % ]
20 RARE fnA 13 500 kg-hm™,27 000 kg+hm™,
54 000 kg-hm™ FEHL Y 4.09 1% 2.38 £ .2.57 4% .1.21
£i5 . 1.15 £%;20~40 cm + 2 3P & 5 7E KA
it SR 27 000 kg hm™ B &5 4 0.55% , HAARE Hb
TR EL(P>0.05) 2K 6 NHJE,0~20 em 2+

0 1.35 2.70 4.05 5.40
ARt i E/10° kg - hm™

AL G AR, H 255 03 (P<0.05) KUk AR
Jit I 2 54 000 kg -hm ™ 8905 i R, 38 B b
1.78% , X ARt fin i 24 27 000 kg -hm = & & 35
1.35% , 4y 50 % B2 2 BT 3G 1.7 4% 4.2 1%,
IR 3 AL it £ A 40 500 kg - hm™ ¥ Hb 5 5
20~40 em )2 HHEAVLR S EFEA RS, HXRE
255 (P>0.05) o AH R XSG N5, 0~20 em 12 4%
HHLE S B ST 20~40 em 2 HIEA PR &
o SE R FRATIN R, — T 5 R it FH =X
HK, H—I5 2 H T 0~20 em VEAHHER B A
B R E A2 Kk . B, R TR b
X% )2 A HLTE & 1 A2 -4 BH
2.3 AEIKAL AR S 5l R & E RN

Ji B o AT S ) SR I, R 3 R T R
155 e w31 W B =% (A S s 5 =11 L 1
ARIENT A R AR AN 1 R, mIE 1 g,
AR R XA Bt fin 2, 0~20 em )2 - 386 7 25 5
FET 20~40 em + 2 EHUEH R 2 XA
K 3 MHJE,0~20 em + 2468 M 8858 5 5 =
185 (P<0.05) , 34975 T A 20 K 52 B i 98 T8 4t ok
B, FLRE RSt i 1 22 S ks A it fn
i 40 500 kg -hm JEHE0RAS /N, IR 40 500 ke -
hm? #E R , 35 0.13%, 705 i R4 52 B i+ 35
[y 4485 3.25 175 ;20~40 cm - JZ 45 Hb - 8 18 5 &
HEFARE(P>0.05), 35 XA+ 5
BB R — B XIS R 6 A J5,0~20 em £
JEASFE b A IR 5 o B i 25 5 W (P<0.05) 45 T
X RRZH M5 Bl R T o i, SR 3 AN A
L, KA Rt I 2 13 500 kg-hm™ FETE B 2572 1L,
Jite Jin 2 2A 40 500 kg -hm? FBEHL S B FTRRAIC, i &
A7 27 000 kg -hm™ } 54 000 kg +hm™ F£ b 5 30,
HjiahntE A 54 000 kg-hm™ BHA R K 0.15%, 435
0.16 - a -m b
0.14 T4 ¢ X d
0.12 [
0.10 [
0.08
0.06
0.04

0.02
0.00

TR 5%

0 1.35 2.70 4.05 5.40
AR /10 kg hm™

a:0~20 em PR 3 N H 5b:20~40 emP R 3 N H 5¢:0~20 emPX B 6 S H 3d:20~40 emPX B 6 P H
B 1 FEan LR T YR R S S R A=

Figure 1 Effect of weathered coal treatments on soil organic matter and humus
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Skt BRAL A BRI A8 it fin & 27 000 kg - hm™ £
Hufy 5 A% 3.75 48 1.25 £ i 43 HT SRR AR B A3 s )
T SRR S A 56, 53 A0 5 R s B R
HAERF ;20~40 em -2 RXAEHEE N 13 500 kg-
hm? A I R, AR TG 2 2R AR (P>0.05)
2.4 RERAL B4 IERT + 38 pH B 2200

Tt AT 358 pH BSE M ILEE 4, R 4 7T
AL NSRS RS, -3 pH A PTREAR ., XF A2 1158
pH B R AR 3 M A XA it fin 2, 358 pHO~
20 em 2K T 20~40 em + 2, 18 pH [ B FA]
(A AEAT T RAARR , 33X 5 328 IRV it o B A R AR s 4y
WA Ko Rt WAt FH 38 pH & H B
ZAE(P>0.05) , fit 5 8.60, 5k 8.35, 0~20 cm +JZ
7E XA SE it N >4 27 000 i1 54 000 kg -hm™ fif - 1
pH {ELIRA, K 8.35,

R 4 HEMXALBEXT 18 pH BIS20E

Table 4 Effect of different weathered coal treatments on soil pH

I B TR
AL vy oA F
kg-hm
0~20 ¢m 20~40 cm 0~20 cm 20~40 c¢m

0 8.60+0.02aA  8.54+0.02bA  8.56+0.01aA  8.57+0.00aA
13 500 8.54+0.01aB  8.60+0.02aA  8.47+0.03bC  8.47+0.03bC
27 000 8.42+0.00bB  8.60+0.02aA  8.35+0.02dC  8.43+0.01bB
40 500 8.40+0.00bB  8.56+0.00bA  8.42+0.01cB  8.44+0.01bB
54 000 8.36+0.01bC  8.54+0.02bA  8.35+0.02dC  8.48+0.03bB

25 AREIRL AT T 1EFHE F 3 #E (CEC) K&

+4 CEC J it T H 3R IERE S K/, CEC &
K, A R AT 2, W RO BH B 3% 40
MYRE ISR, CEC 5 AL SO R & f A 6P,
F RIS + 4 CEC iysgm 3. 5. thak 5 nl AT,
N R, FREHD 18 CEC B35 T2 BT HHECEC
(P<0.05), Hpit XA f ke RACRAR T4 IR, %)
TR AN + 2 06] 13 CEC JC 3525 55 i o ik 3t
HATEAHF KA N &=, 14 CEC & 0~20 em
+EH T 20~40 cm +)2 . 2K 3 NHAJS,0~20 em
+JZ -3 CEC Bl XA fin it (9 3 w3 m - te fin
o 54 000 kg-hm? FEHLAZ K, M 9.81 cmol -kg™, 43
MR | A2 BT SR 1.24 4% .5.64 15 ;20~40
em 12 58 CEC B KUt i 2 G (25 B0 , it
A 13 500 kg -hm™ FEHIE =, 4 8.91 emol -kg™, BX
K 6 1 HJ5,0~20 em +J2 3 CEC Rl XU it in
i, SR 3 AN H A NS 13 500,40 500
kg +hm™ FEHIA FTREAIR, LAl 2 B e, et fin
4 27 000 kg - hm™ HEHE IR K, 35 9.33 cmol -kg ™,

Rz 5 EMRALEIT 1 CEC A9R2ME (cmol -kg™)
Table 5 Effect of different weathered coal treatments on

soil CEC(cmol-kg™)
Jit FH R ) % R

ALt e/

e 340 611
0~20 cm 20~40 c¢m 0~20 ¢m 20~40 cm

0 7.89+0.00dB  7.93+0.00dB  8.19+0.00eA  7.93+0.00dB

13 500 9.26+0.00bA  8.91+0.00aB  8.81+0.01dC  7.24+0.00eD

27 000 8.72+0.00cB  8.43+0.01bD  9.33+0.01bA  8.62+0.01bC

40 500 9.26+0.00bA  8.10+0.01cD  9.19+0.00cB ~ 8.72+0.01aC

54 000 9.81+0.00aB  8.41+0.00bD  10.09+0.01aA  8.55+0.01cC

Soxt RZH A BRTHHERY 114 4% 5.91 4%, KA Kt
JinE: R 54 000 kg hm™ f¢ =ik 10.09 emol <kg™,  SApXif
Ml 2 RAT 480 1.23 7% .6.39 £, RS 115
CEC ¥ im F 22 Iy Horb s & 0 AR IR 25 ) Bt —
PSR M AT A R 0 A, L P R R B R R
FLAG TR I A AR Gy f s, DR JRUARARE T L i o B e
I FEE T, 20~40 em + 2 hHE 413 500 kg-hm?
o S B R, LA A /I A s

3 Z5ig

(1) WALt 25 )2 3 R AR T
S KRR A R AR S PH B - 2cft i i E R . 0 ~
20 em + )2 HHEA P AL B RS, H
T 20~40 em 12 ;20~40 em 12 00 2 0t
AR AR P A 43 pH A3 BT RRAIR, (ISR A 5

(2) B B KB [R] ) 2E 4, 0~20 em £ 2% Hiifk
FEFRIA B3 :20~40 em 2 BRAE HLIT S5 RO B
FAALSN AR R A

(3) KAL K it Jin & 78 27 000 kg - hm™ F1 54 000
kg-hm™ B, A PACFE bR Y ol Wl 2 v T LA Ab B
HmiFESARE, SR, KA Rk
27 000 kg-hm™,
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