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Abstract:  In this study soil nutrients and microbial community functional diversity of different stand types in Qinghai

Province were investigated by conventional laboratory analysis and Biolog¥co micro plate method. Results showed that
Datong 1# Huangzhong and Jianzha had relative higher content of organic matter total nitrogen and available nitrogen in
the soil then Datong 2# Xunhua and Ledu were in intermediate and Minhe was lower. The total phosphorus content of
Minhe was lowest while there were no significant differences in total phosphorus content between other stand types. The
available phosphorus content was Xunhua Jianzha Huangzhong > Datong 1# Datong 2# Ledu > Minhe and the
available potassium content was Datong 2# Minhe > Ledu > Datong 1# Huangzhong Xunhua Jianzha. The total
potassium content of each stand type was not significantly different. The accumulation of overall soil nutrients in different
stand types was in turn Datong 1# Jianzha > Huangzhong > Xunhua > Datong 2# > Ledu > Minhe. Effects of four
tree species on the distribution and improvement of soil nutrients were in sequence of Picea asperata > Betula platyphylla
> Populus davidiana > Larix gmelinii. The soil microbial community functional diversity index in the various stand types

was Ledu Minhe > Datong 1# Datong 2# Huangzhong > Xunhua Jianzha. The principal component analysis of
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carbon source utilization of the soil microbial community in different stand types showed that carbohydrates and amino acids
were the main carbon source. RDA of each stand type soil nutrient content and microbial community functional diversity
indicated that soil nutrient factors well explained the variation of the microbial community functional diversity. Soil nutrient
had important influence on microbial community functional diversity. The organic matter nitrogen and available
phosphorus were the main factors influencing the metabolism of soil microbial communities.

Key words: Qinghai; different stand types; soil nutrients; microbial community; BiologECO plate; principal

component analysis( PCA)
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1
Tab. 1 Survey of various stand types
Stand type (;eugr'aphl(: Elevation/ Canopy Gradient/ Aspect Con'lmumly Soil type Community
coordinates m density (°) height/m
Picea asperata — Potentilla
1# 101°49739.54"E . o
Datong 1# 37908, 88"N 2935 0. 65 12.0 North 21.0 Dark hrov.vn glabra + Rosa multiflora
forest soil Carex tristachya + Poa annua
Betula platyphylla — Rosa
2#  101°49°49. 68"E multiflora — Stipa capillata +
. 3. . ¢ v
Datong 2# 37°1%6.3"N 2672 0-55 13.0 Northeast 20.5 D.drk bm‘fm Poa annua + Corydalis edulis +
forest soil .
Fragaria vesca
Betula platyphylla + Picea
. Y asperata— Berberis amurensis +
101°24742. 00"E : _ st
Huangzhong  36°46°50. 10"N 2783 0.6 10.0 Northwest 19.5 Dark bro\fvn Rosa multiflora Carex tristachya +
forest soil Poa annua +
Fragaria vesca
102724712, 36'E latyph 'zzLaZx gmdm;: onilla gl f e
36°4102.10'N. 2657 0.6 14.0 19.0 Yellow ~— PHoPmme orentti glabra
Ledu North . Poa annua  +
brown soil .
Fragaria vesca
Populus davidiana — Berberis
102°3829. 58"E amurensis + Salix cupularis—
Minhe 36°10°15. 60"N 2667 0-55 15.0 Northwest 18.0 Yellow . Carex tristachya + Fragaria vesca +
brown soil
Astragalus
Populus davidiana + Betula
B ” platyphylla — Potentilla fruticosa +
102°2539. 24"E g
Xunhua 35941758, 26"N 2 668 0. 65 12.0 Northeast 20.0 Yellow‘ ' Elaeagnus angusnfo}lza — Carex
brown soil tristachya + Ligularia sibirica +
Corydalis edulis
Picea asperata Berberis
101°4538. 1"E amurensis + Potentilla glabra —
Jianzha 35°5027.12"N 2964 0.6 10.0 Northeast 21.0 Dark })IOV.VH Carex  tristachya +
forest soil .
Fragaria vesca
(0~
2
20 cm) 9 9
2.1 I mm
2011 7—8 . pH
. . . . (50
O
( \ . g) (4 %)
) 7 3 .
50m x 20 m 100 m, 2.3 pH
=5 cm
N ; 3 ( )
2m X 2m ) - —
: 1 m
X 1 m ~ ~

2.4
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( Chaerun et al. 2011): Biolog
1) 10 ¢ ( .
) 100 mL 90 mL 3
2) 5 min 3.1
150 remin "' 30 mino, 2
3) 0.5 mL 7 mL 1#. > > . 2# >
4.5 mL o > 1#(200.23 g-
4)  2mL 30 mL kg™") (64.19 g*kg™");
18 mL ° 1#. N > 2#, N >
5) Biolog (7.42 g+kg™")
(3.15 g*kg™"); 14, .
(1077) Biolog > 24, > >
150 Lo (527.33 mgekg™") (252 mg*
6) ( AWCD) kg™ ; . . >
25 C 12 h 590 nm( + 1#, 24, > (14.06
) 750 nm( ) mg+kg ") (3.87 mgekg™");
240 h. 2#. > > 1#.
Biolog Reader( Biolog Inc USA) N . 2#(291.67 mg-
Biolog AWCD kg™") (116.67 mgekg™') .
Classen  (2003) o 590
750 nm ( Kruskal-Wallis Test)
750 nm (0.65 g+kg™") (P < 0.05)
. (P > 0.05)
0. 06 0 ( Classen et al. 2003) . (P >0.05),
AWCD = Y (C, -R) /n 3.2
¢, i 590 750 nm Biolog
7 R 7 n Biolog Biolog
Biolog B - -D- AWCD
( B-Methyl D-Glucoside) 31 ;on 3.
72 h ( Garland
(Zak et al. 1994; Dobranic et al. 1999) . et al. 1991) o
Shannon-Weiner (H): 1 24 h
H=-Y PhP,; AWCD
Pielou () ; 24 ~168 h AWCD
24 h 0 AWCD
J = (- PlnP) /InS;
168 h 1 AWCD 168 h
Melntosh (1) AWCD 1,18 AWCD
U=,/Xni- 0.95) . AWCD
. P, i 0 7
.S :n, AWCD 72 h
i ( Fang et al. 2009) . . > 14#. 24, > N
2.5 (P <0.05),
SPSS16.0  CANOCO for Windows 4. 5
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Tab. 2 Soil nutrient content of different stand types

Stand type Organic matter Total nitrogen Available nitrogen Available phosphorus Available potassium
content/( g*kg ") content/( gekg ") content/( mgekg ") content/( mgekg ") content /( mgekg™")
1# Datong 1# 200.23 + 13.60 a 6.70 + 1.97 ac 494.67 £ 15.70 a 6.21 = 1.15 ac 131.67 = 14. 22 a
2# Datong 2# 107.79 = 14.95 bd 5.00 = 0.50 b 399.00 + 10.54 ¢ 7.97 £ 2.55 ab 291.67 + 17.56 b
Huangzhong 154.95 + 8.80 ¢ 6.87 = 0.72 ac 522.67 + 22.14 ab 10.62 + 1.10 be 125.83 + 15.07 a
Ledu 93.14 + 8.80 d 4.23 £ 0.73 bd 354.67 + 23.71d 8.55 + 1.78 ab 222.50 + 18.03 ¢
Minhe 64.19 + 6.63 e 3.15 £ 0.84 d 252.00 + 17.52 e 3.8 £ 1.22 ¢ 290.83 + 31.46 b
Xunhua 123.85 +2.52 b 5.19 + 0.40 ab 394.33 + 14.57 ¢ 14.06 = 1.63 d 140.00 + 8.19 a
Jianzha 189.32 + 11.80 a 7.42 £ 0.72 ¢ 527.33 + 20.60 b 11.95 + 1.08 de 116.67 + 18.76 a
@ (P > 0. 05) (P < 0.05) . The same letters on the same column indicate that the

numbers are not significantly different( P >0.05) and the different letters indicate that the numbers are significantly different( P < 0. 05) .

1 AWCD
Fig. 1 AWCD value of soil microbial communities of different stand types
analysis PCA) 72 h
o Shannon-Winner
3 o 2
; Pielou J 76.9 % 1
o MeclIntash 2 59.8 %
( 2013) . 17.1 % 2 (PCI  PC2)
2 AWCD o
72 h Shannon-Winner « Pielou J ( 3) PC1 18
McIntash N B - -D -
> IE:N 24, > N ; (P <0.01) .D- (P <0.01) .D-
3 2,93 2.99 (P <0.01) .D - (P <005 .N- -
( Shannon-Winner ) . 0.87 0. 89 ( Pielou D - (P < 0.05).D -
) 4.51  4.42( Mclntash ) o (P <0.01) .o -D- -1- (P < 0.01)
3.3 a-D- (P <0.01) 8 L -
( principal component (P <0.05) .L- (P < 0.01)
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different stand types hydroxybenzoic acid; D4: L — L-serine; El: a - a-
cyclodextrin; E2: N - -D- N-acetyl-D-glucosamine; E3:
L- ( P < 0. 01) 3 40 v - vy-hydroxybutyric acid; E4:L - L-threonine; F1:
( P < 0. 01) N 80( P < 0. 01) ( P < Glycogen; F2: D - D-glucosaminic acid; F3:
0. 05) 3 D- ( P < 0. 05) - Ttaconic acid; F4: -L- Glycyld.—glutamic acid; G1:D -
D-cellobiose; G2: a =D — -1- D-glucose-
(P < 0. 01) y - (P < 0. 01) 3 -cellobiose a a-D-glucose
p 0. 05 PC2 1-phosphate; G3: a - aketobutyric acid; G4:
( <Y ) ! Phenylethylamine; Hl: o —D - a-Dactose; H2:D L - —
5 1= ( P < D L-a-glycerol phosphate; H3: D - D-malic acid; H4:
0. 05) DL-a- ( P < 0. 01) Putrescine.
(P < 0.05) I - (P <
0. 05) (P <0.01); 1995) . 72 h  Biolog
6 ( ( DCA) 1 0. 483
4) ( RDA)
3.4 RDA - RDA
RDA 2
Biolog 74.9%( 4. 5)
- RDA 1
] (P <0.01) 2
(P < 0.01) .
CANOCO Biolog (Bossio et al. (P < 0.05) (P <0.05) -
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Tab. 3 Loading factors of principle components of 31 sole-carbon sources
Serial number Carbon source type PC1 PC2

A2 B- -D- B-methyl-D-glucoside -0.9327* -0.292
A3 D - -y - D-galactonic acid g-actone 0.218 -0.315
A4 L- L-arginine 0. 641" 0.13
Bl Pyruvic acid methyl ester -0.539 0.317
B2 D - D—xylose -0.923* -0.157
B3 D- D-galacturonic acid 0.82* —-0.458
B4 L- L-asparagine 0.931* -0.18
Cl 40 Tween 40 0.727* 0.379
c2 i- i-erythritol -0.131 0.652"
C3 2 - 2-hydroxybenzoic acid -0.386 0. 627
C4 L- L-phenylalanine -0.491 0.722"
DI 80 Tween 80 0.914™ 0.172
D2 D - D-mannitol 0.657" -0. 144
D3 4 - 4-hydroxybenzoic acid 0.285 0. 163
D4 L- L-serine 0.961* -0. 009
El o - a-cyclodextrin 0.024 -0.612
E2 N - -D- N-acetyl-D—glucosamine -0.708" -0.14
E3 v - vy-hydroxybutyric acid 0.795™ —-0.562
E4 L- L-threonine 0.529 0.532
F1 Glycogen -0.631" -0.673"
F2 D- D-glucosaminic acid 0.424 —-0.488
F3 Itaconic acid 0. 088 —-0.548
F4 -L- Glycyld.—glutamic acid -0.09 -0.139
Gl D- D—cellobiose -0.729™ -0.062
G2 a-D- -1- a-D-glucose phosphate —-0.982™ —-0.003
G3 o - a-ketobutyric acid 0.8127 0.121
G4 Phenylethylamine 0.268 0. 886
Hl1 a-D- a-D-actose -0.75™ 0. 285
H2 DL-«a- D L-a-glycerol phosphate 0.302 -0.823™
H3 D- D-malic acid 0.706" 0.27
H4 Putrescine 0.674" 0.554

@D* : «a=0.05; %k: a=0.01.

The same below.

4

Fig. 4 Map of soil microbial utilization of different carbon sources of different stand types
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Tab. 4 Eigenvalues and variance percentage of soil
environmental factors explained by RDA . 7
1 2 3 4
Item Axis 1 Axis 2 Axis 3 Axis 4 6 v 7
Organic matter -0.0702 -0.788 1™ -0.2076 -0.1619 °
content > > > > 14,
2% > o 24
Total nitrogen -0.2638 -0.7070" -0.3993 -0.1577
content 1#. N
Total phosphorus 0.0685 -0.3759 -0.5582 -0.036 6
content
14#. > > > 2# > >
Total potassium -0.4434 -0.1106 -0.009 8 0.3456
content 4
. > >
Available -0.2539 -0.7436" -0.4339 -0.1076
nitrogen content
( 2012) .
Available -0.7328™ -0.3246 -0.0190 -0.5361
phosphorus content
( 2013) .
Available 0.1250 0.604 2 0.130 6 0.586 4
potassium content
Eigenvalucs 0.579 0.170 0. 101 0.081 °
i ( Bronwyn et al. 1997)
( 2013)
Cumulative percentage 579 74.9 85.0 93,1 ( Nayyar et al.

variance of species—
environment
relation( %)

2009) .

( Augusto
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