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x1 FEEBEERTIEFTE.AKENETU
Table 1 Changes of soil bulk density and water content in

different remediation years

TR em BIZER/a AHHE/(gem ) XS V0

CK 1.344 +0.098  6.890 +3.267"

2 1.202 +0.091"  3.240 £0.901"

0o 5 1.040 +0.138™  5.247 +2.807"
10 0.921 #0.122° 27.510 4=20. 465

CK 1.379 +0.059*  6.037 +1.359"

9095 2 1.261 +0.176"  3.247 £1.491"
5 1.296 +0.037°  6.367 +3.120"

10 1.219 +0.011"  9.823 +1.458"

CK 1.356 +0.196" 7.620 +1.719"

4045 2 1.213 +£0.100°  3.223 +2.482"
1.200 +0.029°  7.877 +5.776%

10 1.223 £0. 154" 12.867 +3.292°

< [ B R [F)N G 5 b 3 R R TR 24 ) 22 57 3 (P<<
0.05), F [,
2.3 AEAEEERLTEREYEELENTHIFE
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Fig. 1 Proportions of particle sizes
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Table 2 Change of soil particle size in different remediation years

TR/ BEAF Ktz /mm

cm PR /a <5 5~10 10~25 25~50 50~80 =80
CK 2.435+0.830" 1.960 £1.077" 2.188 +0.570" 2.223 +0.615" 2.193 £0.464" 3.483 +0.432"
Ot 7.739 £1.970°  2.726 +1.358" 3.353 +1.206" 3.509 +1.746° 2.364 +0.508" 4.195+2.193"
4.179 £0.569"  1.458 +0.888" 2.022 +1.175" 1.487 +0.936" 1.038 +£0.947" 6.952 +2.225°
10 3.079 =1.124"  0.469 £0.562" 0.666 +0.753° 0.633 £0.695° 0.802 +0.762" 4.197 +1.253"
CK 3.202 £0.643"  2.002 +£0.562* 2.753 +0.775" 2.333 +0.802" 2.070 +1.209* 10.773 +6.006"
9025 4.714 +2.447° 2,194 £1.802* 2.398 £0.357* 3.005 +1.806° 1.580 +0.868" 9.642 +2.040°
3.928 +1.186™  1.900 +0.543" 2.558 £0.612° 2.478 £0.753" 2.087 £1.091" 1.775 +1.176"
10 2.242 £0.448"  0.468 +0.091" 0.794 +0.174" 1.073 £0.469" 0.753 +0.540" 5.317 +£0.634™
CK 3.036 +£0.888"  1.963 +0.755" 2.962 +0.677" 3.184 +1.291* 2.445 +2.024" 4.187 +0.397"
4045 7.897 £3.492"  2.174 £0.573" 4.094 £0.967" 3.376 +=1.391" 3.103 £2.603" 10.028 3. 756"
3.566 +1.202" 1.923 £0.689" 2.649 +0.520" 2.501 +0.382" 1.396 +1.173" 3.683 +2.061"
10 2.604 +0.220"  0.589 +0.272" 1.216 +0.852° 1.017 £0.390" 0.817 +0.777* 7.002 +2.112"
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] b, AH TR A& 524 B 0% B2k 4 ek ol B )23 1 n T T
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Table 3 Changes in the number of three major types of soil microorganisms in different remediation years

+J2/em BRI /a iR/ (10°cfueg™) H /(10" cfusg™) TR /(10" cfusg™")

CK 1.75+£0.12° 0.70+0.12° 12.63+8.42"
s 2 1.25+0.91° 1.744+0.83" 11.15+7. 34"

5 4.654+0.99° 1.73+0.22" 36.756411. 44

10 5.39+2.05" 3.8040. 63" 28.514+10. 36"
CK 3.1242.14" 0.5440.12" 4.07+3.52°
9095 2 0.47+0.31" 0.2040.00° 5.40+4.21°
5 2.26+0. 44" 1.62+0. 32 4.23+0.00°
10 4.91+4. 14 0.86=+0.21" 5.7144.45
CK 1.4840.21* 0.64+0.37 2.1240. 00"
_ 2 0.42+3.64" 0.28+0.12 4.90+3.21°
0 5 1.08£0. 94 0.29+0.12 3.6041. 24°
10 5.3544.01° 1.2840. 21° 4.99+3.267"

2.4 TEYEYHRSEMEDHXEST
W VR0 DX % - M = 38 ) #8052 ()
KB AFRERMAHCHE, LIEFESHMAEYEY

WM KREMAEYBREHE R LR, Kb 5
AR EE AR R E A E KR (P
0.05), 52k W Bt & A 66 R (P<<0.01)
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x4 FARBEFRIEMENEDNENTL

Table 4 Changes of soil microbial biomass in different remediation years

+J2/cm B2 HR/a A/ (mgekg 1) A %A/ (mgkg ') WA R/ (mgekg 1)
CK 83.994+32. 774" 72.832+16. 560" 5.55541. 488"
05 2 30.937+79. 937" 14.29543.233" 8.495+4. 180"
5 20. 4454 89. 445 132.388418. 124* 19.62543. 031"
10 385.562+64.619° 69. 745+ 3. 436™ 24.414+5. 667
CK 35.078+95. 078" 100. 6094 25. 581° 10. 76042. 957*
9095 2 50.784+122. 784" 81.280416. 577" 7.206+1.810"
5 138.063478. 503" 127.520420. 563" 15. 25144, 900™
10 350. 39355, 549° 101.897422. 153" 19.014+£3. 227°
CK 31.8714+151.871° 126.981462. 036° 9.054+3. 398"
4045 2 48.273+128. 273" 112.941459. 493" 5.511£2.036°

5

10

212.112+39. 536°
264.561+60. 175

74.161+13. 258"
104. 526 4-18. 206"

10.294+2. 396"
14.860+38. 668"

FOKER T 5MAYER R OM KRR, 5 HE
YRR R 3 R AE M BRI R IEA R G R
TS LR B AR R IR O R R (P<C0.05) 5 R HER)
BUAR 2 A5 Bl A= W e 1k B AR B R e G &, o <

5.5~10 Ml 10~25 mm A KL 42 5 1 A= 9 & ik 5 A% S
F M L O A& (P<K0.01) ;

50 mm 9k 72 5 4l R B M R R R (P
0.01)(%£5-6),

5~10, 10~25 #I 25~

x5 AREEFRIEMEERSMEDTUNEXE

Table 5 Correlation between soil physical properties and microbial changes in different remediation years

ey PR T 7B W Tk [CER/E e P Wy i H# ] ]
HE —0.31 —0.12 —0.40° —0.37 —0.34" —0.58"
RS 0.16 —0.07 0.18 0.24 0.24 0.36°

o 7E 0,05 KF B EM I, #* 78 0. 01 7K B A A

x6 AREEFRTENHALSHMEDTHNEXYE

Table 6 Correlation between soil mechanical composition and microbial changes in different remediation years

N Fi4% /mm
TR A

<5 5~10 10~25 25~50 50~80 >80
A P —0.49” —0.57" —0.63" —0.38 —0.39" 0.10
A= W —0.24 —0.14 —0.17 —0.08 —0.15 0.18
L Wl —0.20 —0.32 —0.52" —0.44" —0.06 —0.25
i) —0.37 —0.55" —0.55" —0.58" —0.30 0.03
HH —0.24 —0. 39 —0.35" —0.54" —0.06 —0.24
T 0.03 —0.17 —0.18 —0.29 —0.01 —0.13

T 78 0,05 K- B R FMSE = 15 0. 01 K L # B H A

R — B, Ul B REE 8 AR BR B934, XU 8 7 IX R 5
o - S PRAS R B A B T ko O R S R B
AT BIR 0 SE T 32 T 48 5 o AT BT ) R Al — 4R
RN [A) 2 R e SO W 2 i s A A . X
— 2R AR AR e 4 RN — B, R A T fig
JE AW 5T DAL TR 34 Lo 4R M X, 7 AR A A A2
H AN felE R B AILBRC, PR I T 5 IX 8 R 52 31 R R L

3o
3.1 AREEFRTEMEERE NS

Sy B TR S AT X A 2N D) RE K
R AR AR 2 1 W X8 A Y - M A A B SR AR
TEFL 220 AETE & BUBE 5T X CK A - 3 % 53k 5]
1.379 g/cm”, Ui B+ A5 o T 5590 B & ) £ 4
A /N T X BERE 45 R TR A BT S A
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Soil physical properties and microbial characteristics
in Shuanglonggou abandoned mining area in differ-
ent restoration years

CAI Zhuo-liang"*,ZHANG Fu', WANG Li-de"**,ZHANG Yu-kai °,

ZHAO He-ran™*,ZHAO Xue-cheng’,ZHANG Heng-ping’
(1. College of Forestry, Gansu Agricultural University, Lanzhou 730070, China;2. Lanzhou Institute of landscape
science, Lanzhou 730070, China;3. Gansu Desert Control Research Institute ,Lanzhou 730070, China ;4. Gansu Hexi
Corridor Forest Ecosystem National Research Station , Wuwei 733000, China ;5. Haxi Station of Gansu Qilian

Mountain National Nature Conservation Area Management and Protection Center, Tianzhu 733206, China)

Abstract: [ Objective] In order to explore the soil physical properties and microbial characteristics in the aban-
doned land in Shuanglonggou mining area of Tianzhu Tibetan Autonomous County over different restoration years,
the abandoned mining area with different restoration years (2 a,5 a, 10 a, and ck) in Shuanglonggou was selected as
the research objects. [Method] The temporal and spatial substitution method was used to analyze the characteristics
of soil physical properties, including (unit weight, water content and mechanical composition) , and soil microbial
biomass (microbial biomass carbon, nitrogen, phosphorus, and the number of fungi, bacteria, and actinomycetes) in
different remediation years. [ Result] The results indicated that the bulk density of topsoil decreased with the exten-
sion of remediation years, reaching the minimum (0. 921 g/cm®) after 10 years of remediation. Soil moisture content
increased with the extension of the remediation period, reaching 2. 4 times that of the original land after 10 years of re-
mediation. Soil particle size developed towards refinement with the increase in restoration years. The numbers of
three types of microorganisms increased with the extension of the restoration period, with bacteria accounting for
96.74% of the total number of microorganisms, while actinomycetes and fungi only accounted for 0.29% and
0.003% ,respectively, showing obvious surface aggregation. Soil microbial biomass carbon and phosphorus exhibited
a trend of gradual increase, exceeding the control sample plots, with the maximum values of 385.562 mg/kg and
24. 414 mg/kg, respectively, after remediation for 2 and 5 years. Microbial biomass nitrogen showed a trend of first in-
crease and then decrease, with a range of 14. 295~132. 388 mg/kg. [ Conclusion] Through the remediation of aban-
doned land in Shuanglonggou mining area has significantly improved the soil quality and accelerated the restoration of
the mining area ecosystem to a certain extent. This research provides theoretical and scientific bases for ecological res-
toration and improvement of soil quality in the mining area.

Key words: shuanglonggou;abandoned mining area;repair period;soil physical properties;soil microorganism
(RERE HF%)



