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Abstract In this paper the chronosequence approach was adopted. Three sites were selected with pine Pinus tabulaeformis

plantations along the restoration chronosequences 15a  PF15 25a  PF25 30a  PF30 and native shrub
communities Quercus aliena var. acuteserrata respectively and Corylus heterophylla  were chosen as reference. The
objective of this study was to investigate the dynamics of soil microbial biomass C N and soil physico-chemical properties
along the restoration chronosequences. In addition the correlation between soil microbial properties and physico-chemical

properties were examined. The results showed that the status of soil fertility in shrub community was significantly better than
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in pine plantation in early restoration stage soil physico-chemical properties were gradually improved along the restoration
chronosequences including the accumulation of soil organic carbon total nitrogen soil clay content soil moisture content
and general declines in pH and bulk density. Soil microbial biomass C N ranged from 155 to 885. 64 mg/kg and 33.73 —
237.40mg/kg respectively. Soil microbial biomass C N declined significantly in early restoration stage compared with
shrub communities and increased with the extension of plant restoration. Although statistically significant correlations were
not found between soil microbial biomass C N and restoration chronosequences soil microbial biomass C was positively
related to soil organic carbon total nitrogen and total phosphorus suggesting that soil microbial biomass was closely
correlated with soil fertility and plant restoration could indirectly influence soil microbial biomass by improving soil nutrient.
C
C

/TOC ranged from 1.38% to4.75% and declined gradually with plant restoration. Correlation analysis indicated that

mic

i/ TOC was negatively related to soil organic carbon and restoration chronosequences. The results suggested that changes
in soil microbial biomass were related not only with the quantity but also the quality of soil organic matter during plant
restoration and that plant restoration was critical for the improvement of soil physicochemical properties and microbial

properties in pine plantations of Southwest China.
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Table 1 Characteristics of the sampling sites
Sites Altitude m Latitude N Longitude E Slope aspect ° Slope degree °©
PF15 1785 31°41'42" 103°52'41" NES56 45
PF25 1991 31°42'00" 103°5224" WS10 19
PF30 2131 31°42'14" 103°53'49" WN23 31
Shrub 1774 31°41'42" 103°52'41" NE56 42
° Mastersizer 2000
Malvern Instruments Co. UK pH : =
1:2.5 :o=1:2.5
- CN UV-
Persuate Phoenix 8000  Tekmar-Dohrmann Co. USA K, =0.45 '
K, =0.54 "
2.1
0 ~10cm
2
10 ~20cm
2
Table 2 Dynamics of soil physical properties along the restoration chronosequences in pine plantations
Texture Jen?
Sites Soil depth ¢m % % % Bulk ieflz;t)' SMG %
Clay Silt Sand
PF15 0~10 5.56 68.14 26.30 1.17 0.21 3.0 1.79 ¢
PF25 11.14 63.44 25.42 1.02 0.02 19.97 0.49 b
PF30 11.87 60.85 27.28 0.95 0.07 34.58 2.31 a
Shrub 5.57 70.25 24.18 1.12 0.26 3.74 0.80 ¢
PF15 10 ~20 6.11 70.98 22.92 1.28 0.10 3.58 1.76 ¢
PF25 10. 04 64.45 25.50 1.33 0.21 17.39 1.81 b
PF30 12.43 62.93 24.64 1.03 0.05 30.76 1.57 a
Shrub 5.36 69.62 25.01 1.18 0.06 3.98 1.12 ¢
* The value within bracket is the standard error 5%
Different lower letters in the same column indicate significant difference at p =0.05 the same below
2.2
3 15a

30a 3.53% 0.41%
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“u” PF25 PF15 PF30 pH
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Table 3 Dynamics of soil chemical properties along the restoration chronosequences in pine plantations

cm EC TOC TN TP
Sites Soil depth pH ps/cm % % g/kg
PF15 0~10 7.08 1.16 ab 154.95 14.35 b 1.28 0.07 d 0.18 0.04 b 0.41 0.11 b
PF25 5.58 0.06 b 90.50 10.18 d 2.29 0.11 ¢ 0.16 0.02 b 0.21 0.01 ¢
PF30 6.11 0.33 b 144.95 12.37 be 3.53 0.03 a 0.41 0.05 a 0.60 0.01 a
Shrub 8.08 0.08 a 233.00 32.25 a 2.74 0.03 b 0.31 0.03 a 0.56 0.02 ab
PF15 10 ~20 7.30 1.32 ab 123.15 49.00 1.00 0.08 ¢ 0.24 0.15 0.41 0.06 b
PF25 5.51 0.02 b 81.85 17.61 1.11 0.08 ¢ 0.10 0.03 0.17 0.02 ¢
PF30 6.19 0.09 b 80.75 12.80 2.38 0.01 a 0.29 0.01 0.54 0.01 a
Shrub 8.31 0.05 a 199.60 27.33 1.34 0.02 b 0.25 0.06 0.55 0.01 a

#* EC Electronic conductivity TOC Total organic carbon TN Total nitrogen TP Total phosphorus

The value within bracket is the standard error
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Fig. 1 Dynamics of soil microbial biomass C N along the restoration chronosequences in pine plantations
* 5% Within each series columns marked by the different letter are significantly

different at p =0.05 the same below
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Table 4 Correlation analysis between soil microbial properties and soil physiochemical properties along the restoration chronosequences in pine plantation

Year Clay Silt Sand Bulk density SMC pH EC Toc ™ T Coic G/ TOC Noe
0.974 "
-1.000 ** -0.968 **
0.356 0.137 -0.379
-0.571 -0.561 0.571 -0.185
SMC 0.980 ** 0.922** -0.984 " 0.486 -0.469
pH -0.605 -0.702 0.592 0.250 0.771 -0.490
-0.314 -0.509 0.292 0.731 0.386 -0.139 0.725
TOC 0.977 0.903 " -0.982 " 0.548 -0.539 0.992** —-0.483 -0.108
TN 0.693 0.520 -0.709 0.887 " -0.533 0.754 -0.128 0.358 0.817"
TP 0.306 0.093 -0.328 0.960 ** 0.044 0.453 0.436 0.780 0.495 0.808
AP 0.035 -0.179 -0.058 0.893** -0.223 0.134 0.376 0.775 0.227 0.745 0.828
Chie 0.739 0.570 -0.755 0.886 " -0.437 0.826" -0.158 0.377 0.865 " 0.969 ** 0.819~°
Chie/TOC -0.952%*  -0.994** 0.944**  -0.064 0.484 -0.895" 0.671 0.553  -0.867* -0.445 -0.045 -0.501
N 0.630 0.687 -0.622 -0.076 -0.687 0.522  -0.805 -0.655 0.542 0.233 -0.245 0.248 -0.670
N/ TN =0.015 0.168 0.035 -0.763 -0.091 -0.155  -0.495 -0.831* -0.188 -0.596 -0.811 -0.568 -0.224 0.629
EC Electronic conductivity TOC Total organic carbon TN Total nitrogen TP Total phosphorus C._, C Microbial biomass carbon N, ;. N Microbial
biomass nitrogen SMC Soil moisture content

ok % p=0.05 p=0.01 Correlation coefficient labeled by * and * # indicate significant difference at p =0.05 and p =0.01 respectively
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