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Soil microbial community structure under different vegetation restoration

patterns in the loess hilly area

HU Chanjuan', GUO Lei', LIU Guohua™ "

1 Institute of Geographical Sciences, Henan Academy of Sciences, Zhengzhou 450052, China
2 State Key Laboratory of Urban and Regional Ecology, Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing
100085, China

Abstract ; Soil erosion is still severe in the Loess Plateau, and vegetation restoration practices are effective measures to fight
it by reducing nutrient loss and improving soil quality. Soil microorganisms are important for soil ecosystem, which play
crucial roles in biogeochemical cycling and ecosystem functioning. Soil biological and biochemical properties, such as
microbial biomass, microbial community composition, and microbial functional diversity are frequently used for detecting
accurate changes in soil properties. The major purpose of this study therefore, is to discover the effects of different vegetation
restoration patterns on soil microbial community structures in the Loess Plateau. The study area was located in Yangjuangou
catchment, a typical loess hilly area near Yan'an city of northern Shaanxi province, China. Four typical hillslopes,
including F (artificial forest) , G (grass), G-F-G (grass on the upper and lower slopes and artificial forest on the middle
slope) , and F-G-F (artificial forest on the upper and lower slopes and grass on the middle slope), were chosen. Several
soil sampling sites, each covered by an area of 200m’, were conducted on the summit, shoulder, backslope, footslope and
toeslope along each hillslope , respectively. Three experimental plots in each site were conducted with an area of 25 m*. Soil
samples in the first two vertical layers (0—10 em and 10—20 cm) were collected in August of 2007, for analyzing soil

microbial community structure and soil physicochemical properties. Soil microbial community structure was analyzed by
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using phospholipid fatty acid (PLFA) analytical method and soil physicochemical properties were done by general soil and
agricultural chemistry analytical methods. Results showed that significant difference of phospholipid fatty acid composition
existed between different soil layers and soils with different vegetation restoration patterns, mainly in surface soil layer
collected from G-F-G and F-G-F differing with that from F and G. The proportion of phospholipid fatty acid indicated fungi
was higher in the surface soils under G-F-G and F-G-F, compared to F and G. Principal components analysis ( PCA)
showed that in the 0—10 cm soil layer, the phospholipid fatty acid structure of G-F-G was different with that of F and G,
while the phospholipid fatty acid structure of F-G-F was different with F significantly. The biomass of soil bacteria, fungi,
Gram-negative bacteria and Gram-positive bacteria under F-G-F pattern were all captured the highest values. There was
significant difference of soil bacteria biomass and Gram-positive bacteria biomass in the surface soil layers among the four
mentioned vegetation restoration patterns. The biomass of soil bacteria and fungi, however, had non-significant difference
among 10—20 cm soil layers with different vegetation restoration patterns. Redundancy analysis ( RDA) showed that soil
organic carbon and total nitrogen had more important relationship with soil microbial community. However, the effects of
some physicochemical properties such like pH and bulk density on soil microbial community needed more study. In
conclusion, microbial community structure was dissimilar in soils and significant difference mainly appeared in surface soil

layers under four vegetation restoration patterns. The roles of artificial forestation and forest-grass collocation on the slope in

improving soil microbial biomass were believed much better than abandoned farmland.

Key Words; microorganism; community structure; vegetation pattern; phospholipid fatty acid
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Table 1 The characteristics of four sampling sites with different vegetation patterns

1K /m e/ (°) e/ () ZH
Altitude Slope degree Slope aspect Longitude and latitude
FIMEAK Robinia pseudoacacia forest 1155—1235 9—31 ZR W 40 109°31'E36°42'N
PEIEHH Grass 1205—1250 8—22 PifwdL 37 109°30'E 36°42'N
i - MR HlL - T Hb Grass-Forest-Grass 1148—1229 10—30 RO 27 109°30'E 36°42'N
PRHL-FEH-FRHE Forest-Grass-Forest 1138—1217 13—29 PUfmE 42 109°31'E36°42'N
1.2 SRR B R AR S oA N,

F2007 48 H ,HERNS5 em HEAERERETT
HhoRAE 5—7 5 )2 (0—10 em) F1 10—20 em +FE,
SENRA R 1A RIS 85 BT 2 mm
i FH T pH (AR S 3R A , i 100 H i FHF A HL
WA B IME . o5 — &Pt 2 mm FiR & TS
A =20 CvKFE AT L ETIAE W R 5 40 1
o HARIE 7 vk AR TR A T pH (R
(kK =1:25), BRREHEFRNL (LK =
1:2.5) , 4984 AR FH 2 4% i B AU Fb A #4032, 2
L 4 R S i
UARY NS

PLFA 73 87 )5 : 2 % Frostegard %5 (1 )7 31" |
RIS T ORI T A B LY I O B BE 3 K,

(1)42HL FREL4.00 g (AT HT 100
H i ) 28 A 30 mL A3 5048 v, 7638 XU AR TR
JA 3.6 mL BEERZZ vhif , 4 mL E& 17,8 mL HIfE; #ik
1 h, R E TELHLTH 2500 v/min &0 10
min, HUEWE RS & 30 mlL #9430 -, O
3.6 mL BEERZE v, 4 mL S5 20 b, )
WRTES 52 RIERR =F v iy S0 A8 2 8K
BN ED (R 30 C)

()58 aERFE (100—200 H,120 Ci%fk
1h), SHRIEH 5 mL & 05 EEH T, R5H 15
mL G055 3 IRPEAE T AR & 241, S0
W FINA 20 mL N ER, 56 4% 1 5 F ok A
FREHVE T4, 50 10 mL B EEEst A, Wi 4E A

(3)HHgtL A1 mL AP (1:1) BFEWR T
FIBEZEYI B, A 1T mL 0.2 mol/L KOH ( JH H BEAHA
#),35 CHiFE 15 min, RHEERRE, HKIKNA 2
mL @05 IECKE(1:4) BIR AW, 1 mL 1 mol/L A
12 FH DA FR AR i, 0 2 mL B4k 1R 472] 2000 r/min
B0 5 ming, BUEJRIEC KR, P02 mL &5 1E
Sk (1:4) T4, 2000 r/min .0 5 min, B HE
FIEC ke, &IF 2 WAYIE O be i i, N, ST, #2512
FERAE 20 C BEAMMEAT, HE& EALKEI, B ML RE
i 200 mL IE QR R, L 19:0 B ERVE b AR
TES A 6 7% {2 ( Hew lett-Packard 6890 series GC,
FID) IR H MIDI # 4 & 48 ( MIDI, Inc, Newark,
DE) #4750 4T, M BENE RS T R 45 40 7 1) &5

PLFA (1) 5 & F1 84 PLFA 895 0] LA FH N A
19 0TI, HE MR 18:206c HEAE; 4
Wy T 5085 R S ROk R AE. i14:0,i15:0,
al5:0,15:0,i16:0, 16: 109, 16: lo7t,i17:0,al7:0,
17:0,cy17:0,18: 107, cy19:0; # 22 [C BHME B A 1 7
16:107t 16:107c ,cy17:0,18: 107 Hl cy19:0 FAF ;
22 [P A9 & i15:0,a15:0.,i16:0,i16:1,i17:0
al7:0 FTAEP |
1.3 Btk

K H Excel 2003, SPSS {4 & CANOCO {4 it
TP BHR B GE T 53 B, R FHER R 22 5 22 5341 (one-
way ANOVA) Fl fiz /) 18 25 25 57 7% (Least significant
differences, LSD) FLEAS[R] £ 4 20 0] 1) 22 5, H 320
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3T ( Principal component analysis, PCA) 2k 43
Pr NG D5 IR Y I ke B8 . A W e S RS
PEST 22 8] 19 3¢ & FH IC 4 43 #1 )7 # ( Redundancy

analysis , RDA ) #4753¥7 .

2 HR545%
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11:0
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Fig.1 Distribution of different phospholipid fatty acids (PLFA) in 0—10 cm soils under different vegetation patterns
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Fig.2 Distribution of different PLFA in 10—20 cm soils under different vegetation patterns
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TR - b A L ) A4 00 i 45 4 5 0 A b
ZIAE R EEZES T 10—20 em + 4, $2HL
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Fig.3 Plot of Principal component 1 (PC1) versus Principal component 2 ( PC2) scores from principal components analysis of PLFA data

distinguished among sampling soils with different vegetation patterns
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