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Evolution of soil microbial biomass in the restoration process of artificial Robinia

pseudoacacia under erosion environment
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Abstract Vegetation recovery is a key measure to improve ecosystems in the Loess Plateau of China. In order to understand

the soil micro-organism and evolution in artificial woodland in loess hilly area of the Loess Plateau the soil microbial
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biomass microbial respiration and physico-chemical properties in Robini apseudoacacia soils were studied. In this study
eight woodland soils with different ages were used to study the evolution and a farmland a native forest communities
Platycladus orientailis L. were chosen as the references. The results showed that soil quality were steadily improved on
soil microbial biomass metabolic quotient and physical and chemical properties after plantation. Soil microbial biomass C
N P increased significantly after 10 — 15 years of de-farming and vegetation recovery and a relatively stable state was kept
in near matured or matured forest then a rise appeared again at the end of mature stage. After 50 years of de-farming and
vegetation recovery soil microbial biomass C N P SMBC SMBN SMBP  respectively are increased by 213% 201%
and 83% compared with the farmland however they are only 50. 98% 55. 17% and 61. 48% of that in Platycladus
orientailis’ s soil respectively. Soil microbial respiration was enhanced in the early stage and then weakened in the late
stage after plant restoration. This is different from the change of soil organic carbon. Metabolic quotient ¢CO, was
significantly higher in Platycladus orientailiss soil than that in farmland at the early restoration stage and then decreased
rapidly. After 25 years of de-farming and vegetation recovery ¢CO, is lower than that in the farmlands and reach the
minium after 50 years which is close to Platycladus orientailiss. A significant relationship was found between soil microbial
biomass ¢CO, and physico-chemical properties and restoration duration. The results suggested that it is possible to improve
eco-environments and soil quality in the loess hilly area of Loess Plateau by artificial vegetations recovery but a long time

maybe more than 100 years is required to reach to the climax before vegetation destruction.

Key Words erosion environment Robinia pseudoacacia ecological restoration soil microbial biomass soil quality

112 . .
Robinia pseudoacacia 1.

1
1.1
E109°13'46" ~109°16'03" N36°46'42" ~36°46'28"
1010 ~ 1400m 8.8C
505.3mm
1938 ~ 1958 1959 ~ 1973

1974 ~ 1983 1983 ~1990 1991 30
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1980 5% 40%
Sa
RP5 10a RP10 15a RP15 20a RP20 25a RP25 30a RP30 40a RP40 50a RP50
Sloping Cropland CK Platycladus orientailis 1.. PO
1
1

Table 1 Description of the sampling plots

o

Sites ,(‘g . Relief :;;({f; j(j;f; - jpl Undergrowth Vegetation
CK 0 HS N 22 1175 LS Setaria italic L.
RP5 5 HS NW35° 21 1198 LS Achillea capillaris
RP10 10 HS w 21 1171 LS Stipa bungeana
RP15 15 HS N 30 1150 LS - Melica scabrosa- Stipa bungeana
RP20 20 HS N45°W 24 1029 LS - Artemisia sacrorum-Stipa bungeana
RP25 25 HS NW45° 28 1249 LS - Artemisia sacrorum-Stipa bungeana
RP30 30 HS NE10° 32 1129 LS - Lespedeza dahurica-Stipa bungeana
RP40 40 HS N 25 1172 LS - Artemisia sacrorum-Stipa bungeana
RP50 50 GS E 23 1183 LS - Artemisia sacrorum-Stipa bungeana
PO — HS Nl°W 33 1283 LS Carex lanceolat
1.2
2005 7 S 6 0 ~20mm 6
1 2mm

Tekmar-Dohrmann Apollo 9000
TOC Combustion Analyzer

e 10 1 Imm  0.25mm
17 N pH : =2.5:1 pH
- 2401 - Olsen
1.3
SAS 6.12 ANOVA 3
SAS 6. 12 CORR
2.1
C N C N
18
2 S5a
15 ~25a
30 ~40a pH 10a
pH 50a

272% 185% 275% 101%  82% 30%
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50a
48.94%  54.96% 125%
2
Table 2 Characteristics of soils in different habitats
C/N pH
Plot Organic C Totol N Available N Totol P Available P C/N Available K H,0 g/ cm?
© o/ke o/ke mg/kg o/kg me/kg Ratio mg/kg 1:2.5 Bulk density

CK 2.74 ¢ 0.365 ¢ 20.90 g 0.549 e 1.64 d 7.51 105.4 h 8.73 ¢ 1.17 ¢
RP5 2.81 ¢ 0.357 ¢ 17.59 h 0.486 ¢ 1.57 d 7.87 118.2 ¢ 8.84 a 1.28 a
RP10 3.69 f 0.453 f 35.50 f 0.505 1.83 d 8.15 144.1 f 8.76bc 1.23 ab
RP15 6.44 ¢ 0.670 e 60.4 ¢ 0.568 d 3.59 b 9.61 169.1 d 8.62 d 1.16 ¢
RP20 6.52 ¢ 0.710cd 59.06 c 0.560de 3.46 a 9.18 193.1b 8.44 ¢ 1.08 d
RP25 5.93d 0.702 d 58.73 ¢ 0.572cd 2.54 ¢ 8.45 202.9 a 8.77b 1.08 d
RP30 5.94 d 0.731 ¢ 41.48 e 0.614 a 1.97 d 8.13 174.3 ¢ 8.74bc 1.04 d
RP40 5.57 e 0.700 d 46.78 d 0.585bc 2.67 ¢ 7.96 192.5 b 8.53 e 0.93 e
RP50 10.18 b 1.041 b 78.30 b 0.594b 3.30 b 9.78 161.3 e 8.43 ¢ 0.90 e
PO 20.80 a 1.894 a 109.5 a 0.613 a 3.53b 10.98 194.7 b 8.47 £ 0.72 f

* 1% Values in the same columns that do not contain the same letters are significantly

different at the 1% level
2.2
5 x10° Mm3
3
10a 15a
50a

213% 201%  83% 50.98% 55.17%  61.48%
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19 ~21
Jia 17a
2
Jenkinson *
3
3.58% ~5.84% 5.51% ~6.81% 1.29% ~2.34% Zeller #
0.27% ~7.0% 2% ~6% 0.5% ~8.5%
qgMB
25
* ¢gMB gMB
3 gMB
qgMB
gMB
27 28
3 qMB
Table 3 Microbial biomasses respiration strengths and ¢gMB values of soil in different vegetation recovery
S ) S Metabolic
M?MBbL“ 1 M EM}?ﬁ Mi SM}? i / g ! SMBC;SMBN Microbial i;i;}:
Plot ,KIO ld‘ '1(r0 1@ '1cr0 1@ Cmic/TOC Nmic/TN Pmic/TP L. K Respiration d
biomass-C biomass-N biomass-P Ao % Ao % Ao % Cmic/Nmic o ke d mgCO,/ Cg
me/ke me/ke mg/ ke ratio % ratio % ratio % Latio % m; g biomass-G h
CK 129.42 ¢ 19.02 d 6.73 f 4.72 b 521 ¢ 1.23 e 6. 80 52.7 e 16.97 e
RP5 121.06 g 24.31d 6.66 f 4.31bed 6.81 a 1.37 e 4.98 107.5 ¢ 37.00 a
RP10 159.51 27.44 d 6.53 4.32bed 6.06abc 1.29 ¢ 5.81 120.5 b 31.48 b
RP15 282.69 e 37.65 ¢ 9.92 ¢ 4.39bc 5.62bc 1.75d 7.51 166.7 a 25.40 ¢
RP20 307.05¢cd 41.44 ¢ 13.10 b 4.71 b 5.84ab 2.34 b 7.41 170.0 a 23.52cd
RP25 274.71 e 43.72 ¢ 11.71ed 4.63 b 6.23ab 2.05¢ 6.28 133.1b 20. 19de
RP30 285.57de 40.69 ¢ 10. 86de 4.81 b 5.57be 1.77d 7.02 66.8 d 9.75
RP40 325.16 ¢ 39.54 ¢ 9.90 e 5.84 a 5.65bc 1.69 d 8.22 56.3de 7.21fg
RP50 404.76 b 57.32 b 12.29bc 3.98cd 5.51be 2.07 ¢ 7.06 54.8 e 5.64 ¢
PO 793.91 a 103.89 a 19.99 a 3.824d 5.49bc 3.26 a 7.64 102.6 ¢ 5.38¢g
* 1% Values in the same columns that do not contain the same letters are significantly
different at the 1% level
29
5:1 6:1 10:1 o / 6:1

6:

1
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2.3
Sa 15a  20a
50a 3
Sparling *
Anderson  Domsch ¥
qCO,
3400, Co, ¢CO, 4CO,
qCO, Co,
qCO, 25a
50a 3 Odum *
qCO,
qCoO, qCO, qCO,
Andrews 7’
k- k- qCO,
50a
4 qCO, n=10
Table 4 Correlation coefficient among Microbial biomasses respiration strengths ¢CO, values and Characteristics of soils n =10

R SMBC SMBN SMBP  Respiration  ¢CO, Years T0C N A"a;\lfble TP Avag"‘ble A"aiable

SMBC 1.000 0.991**  0.957*" -0.025 -0.665+ 0.891°* 0.987*" 0.994** 0.938**  0.697 * 0.555 0. 606

SMBN 1.000 0.955*" -0.005 -0.614 0.874** 0.992**  0.997*"  0.939"" 0.645 = 0.515 0.586

SMBP 1.000 0.124  -0.612 0.634 0.938""  0.949""  0.934"" 0.711" 0.613 0.709 *

Respiration 1.000 0.593  -0.679 -0.008 -0.048 0.151 -0.276 0.3% 0.313

qC0O, 1.000 -0.962** -0.597 -0.653* -0.595 -0.909 " -0.359 -0.456

Years 1.000 0.809 * 0.892**  0.674 0.799 = 0.436 0.485

* p<0.05 = = p<0.01 n=9 Correlation coefficient labeled

by # and = # indicate significant difference at p =0.05 and p =0.01

2.4

respectively

qCO0,
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38
qCO, 4
qC0,
40, 5.62 mg/kg 0.640 mg/kg 0.119 g/ kg 0.012 g/ kg
0.002 g/ kg -0.52 mgCO,/ Cg biomass-G h
qCO, 121 126 150 125 50a  49a
39 40
3
1
pH 50a
272% 185% 275% 101%  82%
30% 48.94%  54.96% 125%
2 10a 15a
50a
213% 201%  83% 50.98% 55.17%
61.48%
3 qCO,
qCO, 25a 50a
4 qCO, p <
0. 05 » <0.01 4CO,
5
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