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Soil Quality Evaluation of Artificial Picea asperata Forest with Different Densities
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Abstract: Picea asperata plantations with 5 densities (800,1 200,1 600,1 970,2 400 plant « hm °) were
used as research objects that were in Shatan Forest Farm, Bailong forest region, Gansu Province. Sixteen
indices,including soil physical indicators, pH, organic matter, and nutrients were analyzed comparatively.
The soil quality evaluation was conducted based on principal component analysis. The objective of the study
was to provide a theoretical basis and guidance for reasonable management of P. asperata plantations. The
results showed there existed differences in soil physical and chemical properties between the soils with dif-
ferent stand densities under long-term management,and showed a certain law of change. Among the five
densities,soil with the stand density of 1 600 plant « hm ™ * presented the best soil physico-chemical proper-
ties: highest moisture content and porosity,and lowest soil bulk density. The soil pH gradually decreased
with stand density,organic matter contents and nutrient elements increased first and then decreased with
stand density. At the same density,the topsoil (0—20 ¢m) had the best physical properties,and soil organic

matter and nutrients significantly accumulated in topsoil, resulting the best physical and chemical proper-
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ties of topsoil. The evaluation of soil quality indicated that the soil quality index first increased and then de-

creased with the stand density, and it reached the maximum value at the stand density of 1 600 plant

hm ™", which was 0. 566 4,and the soil quality was the best,indicating that 1 600 plant « hm™* was the opti-

mal management density of P.asperata plantations in this region.

Key words: artificial Picea asperata forest; different density; principal component analysis; soil quality

evaluation
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Table 1  General situations of the sample plots

O ik Rk 33 W ?L’J I B - g A2 R P4 e i 78 W) J2

/m /(%) Bi#y/a  /(Bk « hm %) DBH/cm /% /% JEERE/em

D, 2 621~2 650  12.4 FH 33 33.5 800+41 18.63+2.01 48.51 50.53+5.52  2.2140.15

D, 2 630~2 653 11.6 2P BH B 32.6 1200+55 17.16 0. 60 68. 40 70.65+6.67  3.6440.19

2 618~2 650 13.2 > PH Y 33.5 160050 16.800. 28 80. 65 78.67+8.84  5.2540.51

D, 2 634~2 660 12.6 2 [H 3% 34.0 1970461 13.64+1. 21 89. 21 46.65+5.32 7.024+1.25

D. 2 632~2 656  10.8 2P BH B 33.5 2400475 12.78+0. 65 95.53 19.93+6.44  8.73+1.82
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Table 2 Soil physical properties of P. asperata plantations with different stand densities

W ER TRWE/em HAREKE/ % +AET/ (g em D) AR/ % THEALBE/ % EBEALBREE/ %

D, 0~20 32.3343. 38" 1.2140. 04 54,0341, 64 28.7343.09" 25.604+4, 15
20~40 30.00E1. 16" 1.3440. 06" 49,9742, 32" 29. 004, 90™ 20. 9746, 045
40~60 24,0042, 56" 1.3540. 21 48,1044, 87™ 26. 3044, 24™ 21,8041, 47™

¥ 28.78+2.01° 1.31+0. 36" 50.70+2. 50" 27. 6842, 30° 22,8242, 36"

D, 0~20 44,7042, 40%° 0.8840. 06" 66. 9042, 39" 36. 3340, 73 30. 5743, 24™
20~40 37.00E1. 86™™ 1.1540. 044 56,2743, 175 39. 7043, 90™ 16. 5743, 49"
40~60 33,3344, 41™ 1.1740. 11 55,9043, 59" 39. 6743, 98" 16. 2043, 32™

¥ia 38.34+3.35° 1.07+0. 21" 59.69+2, 33" 38.57 +1.98" 21.11+2.51°

D, 0~20 46. 3345, 294 0.8620.19"™ 67.704£3. 77 43,5743, 94™ 24,1343, 88
20~40 43,3346, 565 1.044-0, 1945 61,0741, 114 39.3741.35™ 21.70&1. 91"
40~60 34.67+7. 68" 1.1540. 27 56,4044, 01™ 36. 572, 845 19.8341. 26™

A 41, 44+5. 52" 1.0240. 10° 61.7242.01" 43.67+1.30" 21.8741.56"

D, 0~20 35.67+1. 76 1.1740. 114 55,9744, 134 34,0041, 33% 21.97+2. 80
20~40 30. 670, 88" 1.2240. 01 53.9040. 29" 33,4740, 72 20. 4341, 01
40~60 30.67+4, 33" 1.29+0. 16 51.474+4, 03 32,9340, 26 18.53+2.36™

BfE 32.34 £2.10" 1.2340. 21" 53.7843.01" 31.13340. 98" 22.6441.09°

D, 0~20 30. 33422, 67 1.294-0. 05 51,3741, 93" 37.46£3. 41 13.9141. 39"
20~40 24,3340, 88" 1.4240. 07 44,3340, 55" 33,200, 64 11.1340. 87"
40~60 24,0043, 43" 1.5840. 08" 40. 3643, 50™ 32.3342.35%" 10. 0040, 12"

¥ifE 26.2242.31° 1.4340. 06" 45.3542.00° 34.33+1.01" 11.68+0. 88"

PR RRE 7R HR R — B AR R Z W25 8% (P<<0.05); M AR/NEG FRFRAFFEEHRLZEZEZRDEP<
0.05), F.
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Table 3 Soil nutrient contents of P.asperata stands with different stand densities

WE ORWRE A & £ N 2P £ K HMN iR P HA K
£ /em pH fi /(g kg™ /(g kg™ /(g kg™ H /(g kg™H) /(mg+kg ") /(mgekg ') /(mgekg D
D, 0~20  7.8240.59™ 6.1740.08™ 3.314£0.05"  2.1240.01%  32.69+0.09" 244.85+0.21% 1.9140.01*" 216.64+ 0. 22"
20~40  7.7540.45™ 4,480,025 2,0940. 04" 1.6940.02%  35.0940.12 162.5520.05% 1.3240. 045  209.98+0.05™
40~60  7.5540,13%  2.8840.04°°  1.460.02°  1.4940.01°  35.1540.06*" 119.3340.01°" 1.2940.03" 203.3240.69"
W 7.7140.35"  4.514£0.06°  2.2940.02°  1.7740.02°  34.3140.08" 175.5740.09% 1.5140.02¢c  209.9840.21°
D, 0~20  7.2640.26™" 7.59+0.05*" 3.7240.05""  2.3940.01%"  29.77+0.20™ 296.06+0.10%" 3.1240.03*" 209.98+0. 21"
20~40  7.3240.51™ 6.814+0.06"  2.86+0.02"  2.0340.02™  29.7140.20% 234.5540.06% 3.0240.15" 199.98+0. 33"
10~60  7.2340.50%  5.2840.05"  2.16+0.08"  1.9840.01" 29.0440.10% 185.1740.01" 1.6240.05% 143,3240.53"
W 7.2840.31"  6.5640.10"  2.9140.05"  2.1340.03"  29.5140.15° 238.5940.04"  2.59+0.08"  184.4340.32"
D, 0~20  7.2440.06™" 11.2140.08™  3.9940.03  2.7940.01%"  32.08-40.19" 333.7740.22* 3.2140.05*  206.6540. 35"
20~40  7.3040.40™  7.06+0.04™  3.2440.04™  2.4240.02"  31.07+0.16™ 229.88+0.11" 2.9440.14" 176.6540.54™
40~60  7.1040.03* 5.614£0.05°* 2.6840.10°"  2.2740.01°* 31.14£0.12% 209.2140.02 1.8440.05" 236.6440.21°"
B 7.2140.06"  7.96+0.05°  3.3040.03"  2.4940.02°  31.4340.05" 257.6240.21"  2.66+0.10°  206.65%0.30"
D, 0~20  7.0240.02% 6.7340.03%  2.0840.03*  2.2340.01"  33.1440.08™ 228.61+0.12 2.8840.21% 209.9840. 74"
20~40 7,100,117 5.16+£0.01%  1.8540.07"  1.544£0.01%  34.9240.23"% 19402420, 24% 2.1140.13"  189.98+0.66™
40~60  7.1840.12%  4.2740.01°  0.9440.04°"  1.3940.01°  35.4940.15™ 138.0140.21 1.2940.05" 144.9940. 20"
B 7.1040.20°  5.3940.02°  1.6240.03°  1.7240.01°  34.5240.06° 186.8840.22°  2.09+0.06"  181.65+0.03"
D; 0~20  6.26+0.35"" 5.6240.03"  1.83£0.04%  1.4140.01™ 15.3440.01" 178.90+0.33" 2.360.06" 188.2040. 66"
20~40  6.4240.22*"  3.9040.14%  1.1940.01%  1.1840.01"%  12.9640.01° 154.2340.40"% 1.9740.11" 127.38+0.26"™
40~60 ¢ 0.6540.03°  1.0740.03% 13.1740.12" 107.3540.20% 1.274£0.14" 98,3040, 24

3
L3440, 28" 3.69+0. 01
WIH  6.3440.19°  4.4040.15%  1.2240.02°  1.2240.02¢  13.8240.01¢  146.8340.25°  1.8740.10°  137.9640.33°
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Table 4 Rotated principal component matrix,communality and weight of each indicator

EY%
iR NHEFF % o &
1 2 3 4

X, 0. 854 0. 082 0.184 —0.049 0.772 0. 055
X, 0.974 0.013 0.155 0. 062 0.976 0. 069
X, 0. 965 0.007 0.138 0. 032 0. 951 0. 068
X, 0.964 0.026 0.139 0.012 0. 949 0.067
X5 0. 939 0.168 —0.142 —0.120 0. 945 0. 067
X, 0.957 —0.089 0.177 0. 045 958 0. 068
X, 0. 661 0.294 —0.484 —0. 341 0. 874 0. 062
X, 0. 497 —0. 344 0.599 0.334 0. 835 0. 059
X, 0. 024 —0.015 —0.105 0. 870 0.768 0. 055
X, —0.066 0.941 —0.136 0. 066 0.912 0. 065
X 0.195 0.586 0. 620 —0. 342 0.922 0. 066
X, 0.175 0. 885 —0.208 0.139 0. 876 0.062
X, 0.124 —0.18 0.911 —0.097 0. 888 0.063
X, 0.058 0.933 0.123 —0. 200 0. 929 0. 066
X5 —0.231 0. 400 —0.661 0. 429 0.835 0. 059
X, 0.039 0. 451 0. 684 0. 008 0. 674 0.048

FEAE(E 6. 490 3.693 2.615 1. 265

TTHRE/ % 40. 564 23.082 16. 342 7.909

ZIF stk R/ % 40, 564 63. 646 79. 988 87.897
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Fig. 1 Soil quality index of different stand densities
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