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Table 1 Basic chemical properties of bare land in mining area

2R/ L/ A/ AR A/

HAL B/ HALE/ A MR/

2l pH{E
(gkg™")  (gkg™) (g'kg ") (mgkg™ ") (mg-kg ") (mgekg ") (gkg ")
W+ 1.52 0.73 27. 37 12. 4 7.84 189.2 127. 84 7.94
1.3 MEEBREFE FEW b Ty BEAS T R N AR P B T AR 50 %0 1 1,
1.3.1 M BFEEZAKEHFGMN T W EYE. Gt H 5 R RS Y L

202149 A 7 H #EATRAE /N X BEALLE 0. 5 m 0.5
m (Y RE 7, 55 DA J A o A 4R4E, 105 °C
T % 30min, 75 C 4L £ {6 ;

TG R A TR EE OB 10 em X8 em (19 7 A% 2R BT

) v < R RO b TR 39 ) TR 1)
SR
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Bl bR A TR
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Table 2 Initial chemical properties and moisture content of organic fertilizer
eS| A%/ (gkg ) 20/ (gkg ) A/ (gekg ) AL/ (gkg ) pH {H KU
7 il A LR 1.11 0. 374 1.3 40.08 7.93 16.53
F 2.31 1.234 1.673 35.47 6.07 37.19
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W5 2 BEC - EL20T 0 O 1 I 5 o pH A R R B 3T
T PHS — 2F) il 4 .
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R A 09 B R AR A T A R, A5 BRI B A
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2 HER5H5WH

2.1 ABREAENFBEHRAANT XEDHEER
B9 % M
A BUAC T P A2 X A 4y 30 9 o LR M B AR )

x3 AHNERERAEMEMN TN XEMEYEHEEKESE

St A M S R, X R A Y (R 3) . B
% A LIE bt P a3 0 A R R R R
OB Y A, 5 e ARG HLIE it = A L, Ak 2
INAT HUAE , HE ) BV o B 5 M AR A
B v A LA i B 0 A BT B (20. 66
cm . 21. 02 em) & 2 & TARA ML H] & 17. 38 em (P
<<0. 05) 5 A [\ A HLIE it FH & (9 55 2 3 B 95. 07 %6~
99.37% , e A HLAC i FH 2 Y 55 3 T AIA AL
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Table 3 Effects of application amount of organic fertilizer and sowing method on the growth characteristics of

grassland plant community in mining area

A% K I REIE BT /em B/ (Fkem ?) =/ % o FA Y/ (gem?)
ik 17. 38" 6 668" 95.07" 292.17"
A B i 1] i 20. 66 7271° 98.74° 395. 40°
[ 21.02° 52647 99. 37° 398. 69°
%1% 18. 65" 8 464 97.22" 336. 75"
77 = €] 17.41° 1960 96. 72" 308. 81"
% 23.01° 8 780" 99. 24° 440. 71
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Fig.1 The influence of application amount of organic fertilizer and sowing method on vegetation height, coverage

and aboveground biomas
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Table 3 The effect of application amount of organic fertilizer and sowing method on soil nutrients

ESC VAN (7 - WANNS¥ V'S VAR U ¥ ¢ VAN K| WDiv

R/ L/

S IR H{E
(g'kg ") (gkg ') (gkg ') (mgkg ') (mgkg ') (mgkg ') (gkg V P

1% 5.11°¢ 1.69° 19.41° 233.00" 47.55¢ 298. 33° 216.30" 7.68"
# UL 1 , , X , , ,
i h 7.48" 2.50° 18.97¢ 333. 33° 72.14" 493.78° 220.84" 7.68"
" = 9. 26" 3.29° 17. 47" 359. 78" 97.33" 690. 33° 260. 61" 7.74"
# 6.23° 2.07" 18. 87¢ 284. 89" 60. 06" 437.11° 227.91*  7.78"
&A= e 7.29" 2.47" 19.19¢ 319.11¢ 69. 70 515. 00° 220.86" 7.68"
R 8. 33" 2.96° 17. 80 322.11° 87. 28" 530. 33° 248.98"  7.64"

VEDN 7 = o * NS o . NS *

AL it ) 2 < 48 7 2 NS NS ok NS * NS o NS

A ML it FH 2k 1% Py =X 00 58 B AR X 42 e
BB A HLT R  E R m x H hE SR A
R 25 SO 3 (RS b s A i A LA it
JH 2 A% (Y3F3) 1 Ab B 7 X F 458 3% o & = 5%
(R 4) . YIF2 gb My 4 B & & e, o 21,87
g/kg, 5 Y2F1 &5 AR W5, ¥ W% m T H A ab (P
<<0.05) 5 Y3F3 &b 1 44 7 & fe (1K, o4 17. 02 g/kg,
H5 YIF1FI Y3F2 b3 22 B AN 1 3% (81 2-A) . Y3F3

0 &4

Ab B R W R B, M 90.66 mg/kg, BR T 5
Y3F1FIY3F2Ab 3 22 5 A 1 & A, 10 3% i T Al b 3
(P<C0.05) 5 Y1F2 &b 3 i) 3 250 B 7 o e %, v 34. 83
mg/kg, (A5 YIF1 M Y2F1 4b 25 B R B 3 (K 2-B) .
Y3F3 4b # A LT & i W e T L b b B R
256.93 g/kg; YIF2 &b B 49 45 ML T & &= & K, N
190.08 g/kg, 5 Y1F1,Y3F2 f1 Y3F3 4b B 22 &3 g 3%
Ah 5 Al A 3 25 R R 2 (K] 2-C) .
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Fig. 2 Effects of application amount of organic fertilizer and sowing method on total potassium , available

phosphorus and organic matter
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Table 5 Eigenvalues and variance contribution rate of three
principal components of soil nutrient index and

plant growth index

FRBUr 225t
E Ry FRAEME D7 22 TTERR 00
KR 20
1 6. 09 55.37 55.37
2 1.95 17.70 73.07
3 1.03 9.38 82.45
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R GA M5, 256 15 50 b B K/NEF Y3F3>
Y3F1>Y2F3>Y3F2>Y2F2>Y1F3>Y2F1>Y1F1
>Y1F2, Hor oy Fche = )2 Y3F3, i 1. 70, B I I +
BSR4y O B R ) A IR 25 5 S8OR B IR J2
Y 1F2, i W 3 4 498 35 43 FioAs 9 A R 0 7 T A 4k B
LR G RORE 2
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Table 6 Comprehensive evaluation scores of soil nutrient
and plant community growth indicators under

different treatments

g DAL RS2 RS
5 s s

Y1F1 —3.33 —1.57 —1.22 —2.24
Y1F2 —4.18 —0.07 0.13 —2.31
Y1F3 0.03 1.83 —0.24 0.32
YZ2F1 —0.92 0.99 0. 26 —0.31
Y2F2 0.75 0.29 0.29 0.49
YZ2F3 1.08 0.54 0.52 0.74
Y3F1 1.31 0.82 0.60 0.93
Y3F2 1.79 —2.33 1.14 0.69
Y3F3 3.48 —0.51 —1.49 1.70

2.4 MEEFS EWEREBERMNBEANNEES TN

TR A5 45  h MUACRE B, LB % i 21 A2 45 BL
BCBEAE 1 200 JC/hm?*  HLAB G A 9 2% ] 1 200 ST /hm?;
T N TG R 55 A0 2% F o 2 400 J8/hm”; 72 25 4
R R 3 600 J6/hm” AL T AR A 5 250 76 /hm*,

A LA i H =S
JG/hm’,

POBTSRAEL 7B N ok - 2 N o I SR W
e AL Al | OB R RO T S A, WK
P AT AR HEAR AL B, >R T Z — score I — f 3E 4T B 4fE Ak
B, EA MR Z UL R mORE RO B K
FUCH K/ A AR A = 4 1 > 4 80 > Al > s AL
= BB > B R > AU > b AR > A R
Vow >R, Hoh AR AT S ACE R K,
13. 2200, ek g R B AL 11,2620 (% 8) .

XiF 45 T F A7 UEAT bR ofE AL Ab B b By
FUAE P HE A FR AR 48 B AR S 7t R AT T 1) Ak b B, A B
JIES it FH 2 A Sk 48 A B7 1) £ Ak B P T A
HEATIH— AL b PR, R FH RS AL Topsis THH H HE4 -

%% b 67 080,111 630, 156 180

Ak B4 ST F AT S AR 4O A L U7 SRR UK
HE M
MR 9 FTLUF i, Y 1F3 Y AH X $2 30T B e o, 156 B

LR A N &S NI R E I I 08 e
M7 Rl R, R 2 A B Y 2F3 A
Y 2F 25 76 [A) B () £ A MG 0T, J08% 10 7= K T ok R
3

3.1 AHEEREMBEMR AN SETXEDEHE

M 7] IE B ARA HUIE G T & 4% UG a0 A
WA R 65 880 J6/hm?*, W 45 ML AE it FH 1 AY >~ 110 430
£7 AELEHEZANKAE

Table 7 Total input cost of different treatments

ERKHPFIT

AR X A R PRI B

[ERE R S S

e MBS 1/ R/ o/ FHFE/  mRANLL/ e/ JLgii/ R/
(t+hm ?*)  (G&+hm ?)  (J&-hm ?)  (Jt-hm ?)  (Jt-hm )  (GC-hm ?)  (J&-hm ?)  (J&-hm ?)
Y1F1 6 000 2400 3285 36 300 8 250 795 8 850 65 880
Y1F2 6 000 3600 3285 36 300 8 250 795 8 850 67 080
Y1F3 6 000 2400 3285 36 300 8 250 795 8 850 65 880
Y2F1 6 000 2400 3285 72 600 16 500 795 8 850 110 430
Y2F2 6 000 3600 3285 72 600 16 500 795 8 850 111 630
Y2F3 6 000 2400 3285 72 600 16 500 795 8 850 110 430
Y3F1 6 000 2400 3285 108 900 24 750 795 8 850 154 980
Y3F2 6 000 3600 3285 108 900 24 750 795 8 850 156 180
Y3F3 6 000 2400 3285 108 900 24 750 795 8 850 154 980
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Table 8 Evaluation index weight

bR Rl 8 b5 44 B o bR
Hb A 6.59%
T A K = 4.54%
HE R 9 e BE 6.30%
AR 11.26%
BRI 8.76%
K e 8.89%
TSRS i e L 8.39%
TR 6.65%
AR 8.59%
AL 8.45%
2 AN 13.22%

x9 FAEALEMBEBNFHEEHEZSWER
Table 9 Comprehensive ranking analysis of input and out-

put of different treatments

AhFR IEFRAEfEEE B OARfREE B MIXTEIT R HE)T

Y1F1 0.73 0.588 0.446 8
Y1F2 0.854 0.575 0.402 9
Y1F3 0.328 0.779 0.704 1
Y2F1 0.535 0.495 0.48 7
Y2F2 0.399 0.645 0.618 3
Y2F3 0. 365 0.692 0.655 2
Y3F1 0.607 0.657 0.52 5
Y3F2 0.608 0.655 0.519 6
Y3F3 0.575 0. 854 0.598 4

Y« TF AR A B B 2 % Y 1 B 19 05 K (7 AR A B
SR T HE B 0 55 /ML AU 42 30T 1 32 7% B 2 45 R e 8
F) 422 30 B, 21 R 6 D 42 A A0 U
JE—1.68 °C M NESS B T3, 55 4w X AE P Fh
- 11 e e B PRI L AE A 00 v FE T X R E i
e NN B R Y 2 A AR R R R - T U b R 2
N R SRR S SNIGI WA T NG R E S SR Y
P GE S AR W AR YRS S
BE M b AE W &S R 4 i) Ol 13.33~23.87,92. 42~
99.62% .50. 15~114. 82 g/m’, VL& 8" X B} ¥ /) K 5k
B BE LT B M D AE W EE AR 2 19 em 94, 2506
25 g/m* 1 A I A RN DU AR G AR TR A LR
Jit FH i 11 5 2 O R B R AR B M ) B, ALt R

TR AR R, S N A RE R R AR v B
ZHIYE K T B R4y, 3 A AL i FH R RS LA
WORR P B R MR T B LA R R
S 22 B A B B — 5 R R DL, 4k 2 5 A AL
JIE R I AN 2 A A 1 AR K X5 B A RDYURI 2R
SREVRIE T 45 R — B, ASHBIFST & BRI A A K
FEHNER LRSS AT AIUE S, £
RSB LAWY K BRI Y K 32 5
P2 O 478 TR B O IR A e S R R R R R
YVIRETE B R A N TS x5 R R
I P9 AF 5 20 — B0, AT R S PR A o 1 P i
R MR E R E I A e KR
R A3 ), e AR )T AR e A LR
18 A PUAE R JCHLAE A 25 & 19 07 i, oA PLAE i
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Effects of application amount of organic fertilizer
and sowing methods on plant community growth
and soil nutrients in alpine mining areas

LIU Wan-jie,JIANG Fu-zhen,MA Li-li, LT Zheng-peng
(Academy of agricultural and Forestry Sciences , Qinghai University, Xining 810016, China)

Abstract: [ Objective] The aim of the study is to explore suitable ecological restoration measures in alpine min-
ing areas. [ Method] Through the method of replacing soil with sheep board manure and improving soil with organic
fertilizer, a two factor complete randomized block experiment was set up in Muli mining area, Qinghai Province, to ex-
plore the effects of different organic fertilizer application rates (low, medium and high) and three sowing methods
(sowing in line, hole sowing and sow broadcast) on the growth characteristics of plant communities and soil nutrients
in alpine mining areas, and to comprehensively evaluate their input and output. [ Result] 1) The height, coverage and
aboveground biomass of plant community were the best in the way of combining low organic fertilizer amount with
broadcast sowing (Y1F3). 2) Under the combination of high organic fertilizer and broadcast sowing (Y3F3) , the
overall soil nutrient composition was good. 3)Based on principal component analysis, high organic fertilizer and broad-
cast sowingY 3F3 (sheep board dungis 33 m?/667 m*+ commercial organic fertilizer 1. 5 t/667 m*) had the best com-
prehensive effect on soil nutrients and plant growth, but the cost was high. 4) Based on the entropy weight TOPSIS
method, it was concluded that the low organic fertilizer application amount (sheep manure 11 m?/667 m*+commer-
cial organic fertilizer 0. 5 /667 m*) with broadcast treatment was the closest to the optimal scheme, and the relative
proximity of the index was 0. 704. Its input-output efficiency was the highest. [ Conclusion] Therefore, from the com-
prehensive perspective of input and output, low application amount of organic fertilizer with broadcast sowing had the
best economic benefit, and had a good effect on plant community growth and soil improvement. The results of this
study could provide a reference basis for soil improvement and vegetation restoration in Alpine mining areas.

Key words: alpine mining area; application amount of organic fertilizer; sowing methods; principal component

analysis; entropy weight TOPSIS method



