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Abstract: Based on the analysis of soil microbe and soil nutrients in different ecosystems of
depression between karst hills i.e. cropland plantation forest secondary forest and primary
forest this study explored the characteristics of soil microbe and revealed the coupling relation—
ships between soil microbe and nutrients. The composition of microbial population differed in the
four ecosystems where the ratio of fungi was lower in the four ecosystems. The ratio of actinomy—
cetes in cropland plantation and primary forest was larger than that of bacteria while the reverse
was true in the secondary forest. In the four ecosystems the microbial biomass carbon ( C,.)
was significantly correlated with the microbial biomass nitrogen ( N,,.) and phosphorus ( P,..) .
The relationship between soil microbial factors and soil nutrients differed in the four ecosystems
among which the soil microbial biomass was closely with soil nutrients while the amount of soil
microbial population was weakly related with soil nutrient in the four ecosystems. This indicated
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that soil microbial populations such as bacteria fungi and actinomycetes was randomly disturbed

instead of controlled by sole nutrient factor. The coupling relationships between soil microbe and
soil nutrient factors were different in the four ecosystems. In the cropland soil organic matter
(SOM) pH and total phosphorus ( TP) played a greater role and mainly affected on C_;. bac—

teria and fungi. In the plantation forest soil water content SOM total nitrogen ( TN) and TP

mic

had a greater effect on soil microbial biomass C N and P. In the secondary forest pH SOM
TP available nitrogen ( AN) and available potassium ( AK) mainly influenced soil microbial
biomass C N P and fungi. In the primary forest pH TP and AN proudly affected on soil
microbial biomass C N P and bacteria.

Key words: soil microbe; soil nutrient; coupling relation; ecosystem; depression between karst

hills.
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Table 1 General status of the four ecosystems in the area of depressions between karst hills
(%)
I <15 Zea mays- Glycine max- Ipomoea batatas
I 15 ~40 Citrus reticulata Castanea mollissima Zenia insignis-
Toona sinensis
| 40 ~85 Alangium chinense Vitex negundo - Alchornea
trewioides
v =85 Pinus calcarea Kmeria septentrionalis Cinna—
momum_saxitilis
10 m 4 5m - ( 1996) ;
x5 m . 2010 11 10 m x (C.) X,80, -
10 m 5 (0 ~20 (N._) K,80, -
cm) ' (Pui)
3 NaHCO, Pi - Pi ;
1/3 ( (
2010) 80 . 2002)
4°C . 2006) .
1.2.2 1.2.3 Excel 2007
( 1978) SPSS 13.0 LSD
( SOM) - ; Pearson
pH 1: 2.5 ,
( TN) : (TP)  NaOH .
- . (TK) NaOH - )
: (AN) ;
(AP) 0.5 mol * L' NaHCO, - 2.1
- ; ( AK) 2. 3
2
Table 2 Soil microbial quantity and the correlation in the four ecosystems
( x10%ind * g7")
(%)
1.22 Bb 12. 11 0.26 21.56 1
0.04 Bb 0.41 0.01 24.75 0.189 1
8.81 Aa 87.48 2.10 23.84 0.173 0.411%* 1
10. 10 100. 00
1.71 Bb 28.49 0.71 41.70 1
0.03 Bb 0.52 0.01 45.86 0.189 1
4.26 Be 70.98 4.01 94.13 0.283" 0. 150 1
6.00 100. 00
2.13 Bb 95.04 3.60 168. 70 1
0.00 Be 0.11 0.01 242.62 0.303** 1
0.11 Ce 4.85 1.92 1761. 47 0.291%*  0.600** 1
2.25 100. 00 1.91
4.520 Aa 43.68 1.91 42.33 1
0.17 Aa 1.61 0.06 35.51 0.383%* 1
5.66 Bb 54.70 2.41 42.58 0.335%* 0.549** 1
10. 30 100. 00

(P<0.01)

(P<0.05) . * P<0.05 % %P<0.01,

°
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Table 3 Microbial biomass and the correlation in the four ecosystems
(mg kg™ ")
(%) Conie Noic Poic
Coic 323.902 Dd 154. 110 47.58 1
Noic 80. 451 Cd 37.350 46. 43 0.798* * 1
P 9.643 Dd 4.067 42.18 0.587** 0.371** 1
Conic 574.376 Ce 308. 353 53. 68 1
Noie 234. 621 Be 153. 039 65.23 0.983 * * 1
P 47.499 Bb 30.679 64.59 0.935%* 0.951** 1
Chie 813.565 Bb 136. 595 16.79 1
Noie 315. 089 Aba 98.290 31. 19 0.406** 1
Poic 67.317 Aa 19.769 29.37 0.223%* 0.774 % * 1
Cinic 1424.360 Aa 871. 715 61.20 1
Niic 373.570 Aa 240.972 64. 51 0.919** 1
Puic 30.288 Cd 13. 539 44.70 -0.084 ~0.262%* 1
N . 4 “SOM.TN, AN
2%; . ; pH.TP.TK. ( AP)
54.70% ~87.48%; . C,.-N,.  SOM.TP.AN.
! N AK Cmi(' N Nmi(- N
. N pH.TN .
. 2.2.2
(Chio) (N.i) ; 5 N N
( Pmiv) Nmiv N Cmiv 4
0.951 0.935 ; 76.86% \71.91% \71. 18%  74. 64%
Cmi(: Pmi( ° 4
. ( 6 .
4 Cmic PmiL Al o
! N NmiL ~
N 0.990 0.897
3 Al Al
, 3
. o 6
2. 2 Cmio N
SOM.pH.TP C oo
2.2.1 SOM. pH. TP
SOM Cmiv ©°
° 4 mic Y mic N
(SOM) . (TN) . ( AN) . ( AK) 0.951  0.513
P, SOM.TN. (TK) . (TP) . .

AP

) N
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Table 4 Correlation between nutrient factors and microbial biomass
pH SOM TN TP TK AN AP AK
-0.220 0.311** 0.920%*  0.894**  0.553%*  0.582%*  0.827** -0.214  0.810**
mie -0.163 0.079 0.815%*  0.742*%*  0.323%*  0.341%*  0.782*% -0.312%* 0.626**
—0.402%*  0.420** 0.645%*  0.659**  0.666%*  0.557**  0.382*% 0.196  0.510%*
-0.228" 0.135 0.033 0. 006 -0.035 -0.042 -0.032 0.109  0.125
-0.189 0.164 0. 249" 0.158 -0.104 0. 068 0.265" -0.179  0.295**
0. 081 -0.011 0. 164 0. 164 -0. 089 0.037 0.220" -0.274"  0.216
Conic 0.677** -0.115 0.793**  0.728** -0.458** -0.053 0.512%* -0.100  0.375**
0.613%* —0.048 0.732**  0.668%* —0.417** -0.067 0.457** -0.058  0.347**
P 0.617** —-0.039 0.756**  0.686™* —0.469%* -0.100 0.486* * -0.042  0.352%*
0.241"  -0.474** 0.264" 0. 146 -0.274"  -0.102 0.368** -0.276" 0.014
-0. 065 -0.041 -0.048 -0.034 0.293** -0.038 -0.039 -0.034 -0.005
0.210 -0.226" 0.247" 0. 190 -0.276" 0.076 0.247" -0.158  0.000
mic 0.312**  0.109 0.303**  0.429**  0.373** -0.175 0.387** -0.046 -0.097
0.032  -0.143 0. 152 0.247" 0. 142 -0.158 0.019 -0.014  0.440**
-0.024  -0.133 0.084 0.148 0. 085 -0.037 -0. 066 -0.122  0.575**
-0.243" -0.049 -0.152 -0.209 -0.223" 0.191 -0.189 -0.030  0.011
~0.311%* -0.168 -0.092 -0.179 -0.211 0.351** -0.260" -0.008  0.315**
0.034 0.071 0.038 0.033 0. 046 0.471%* -0.010 -0.104  0.193
Cnic 0.322%* -0.628** 0.656** —0.527**  0.604**  0.084 0.742%* 0.404** 0.630**
0.315** —0.515** 0.549** —0.533**  0.517**  0.058 0. 666 * * 0.351%% 0.644**
P -0.156  -0.235" 0. 061 0.120 —0.048 -0.012 -0.013 0.136 -0.105
0.200  -0.011 0.203 -0.289**  0.186 0.039 0.282" 0.093  0.279"
0.108  -0.158 0.157 ~0.382%*  0.149 0. 065 0.295** 0.059  0.233"
0.172 -0.314%* 0.222"  -0.478**  0.189 -0.093 0.341%* 0.112  0.303**
5
Table 5 Chi-square test of canonical correlation coefficient Crie~ Novic P
between soil microbe and soil nutrient “SOM.TN.TP
(%) °
1 0.990 0.981 961.168 54  0.000  44.50 .
2 0.897 0.805 408.740 40  0.000  59.00 0.987 0.792
3 0.760 0.578 179.801 28  0.000  69.88
4 045 0.211 59.075 18  0.000  76.86 ° Coe~ N
1 0.975 0.951 580.880 54  0.000  40.95 pH.SOM.TP
2 0716 0.513 157.672 40  0.000  54.05 pH.SOM.TP Coic " Noie o
3 0.474 0.224 56.873 28  0.001  63.21 .
4 0.308 0.095 21.338 18  0.263  71.91
1 0.987 0.975 830.793 54  0.000 28.77 0.944  0.532
20792 0.627 266.288 40 0.000  46.90 o N s P
30571 0.326 115371 28 0.000  60.49 pH.TP. AN
4 0.479 0.229 54.948 18  0.000 71.18 pH.TP.AN N P
1 0.972 0.944 658.354 54 0.000  43.41 4
2 0.732  0.536 217.042 40  0.000  56.83 °
3 0.587 0.344 99.653 28  0.000 67.33 4)
4 0.408 0.166 35.086 18  0.009  74.64 o
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Table 6 Composition of the first two-pair canonical variables for soil microbe and soil nutrients

Ul=""—9. 1 2 3 4 5 6 7 8
0. 343X,

VI = —0.4076Y, -0, 1407Y, 0. 1947Y, - 0. 1386Y, -0, 1217, - 0. 0588,

U2 = —1.6526X, - 0.5921X, +1.717X%, +0.077X, + 1. 5889X, — 0. 4687%, — 0.0593X, — 0. 6486X, —
0.2392

X,
V2 =0.7377Y, +0.834Y, +0.4677Y, —0.9672Y, —0. 7978Y, —0. 3475,
Ul="20.1737X, =0.6392X, — 0. 835X, +0.2911X, + 0. 2434X, — 0. 6145X, - 0. 0419X, + 0. 0372X; +

0. 1407X,
V1= ~1.9563Y, +1.5242Y, —0.3676Y, —0.1299Y, —0. 1156Y +0. 0386Y,
U2 = - 0.7438X, - 1.3005X, - 0.0245X, — 1. 0778X, + 3. 6364X, - 0.504X, +0. 133X, — 0.339X, +

0. 4968X,
V2= —2.5971Y, +3. 1212, — 1. 6811V, +0. 5467Y, + 1, 1126Y, —0. 2261,
Ul =0.8892X, - 0.1307X, - 0.0382X; + 0. 1805, + 0.2027X; - 0.1119%, + 0.0308X, - 0. 1675X5 +

0. 1319X
V1 =0.8672Y, —0.2219Y, +0.3775Y; +0. 0829Y, +0. 0911Y; - 0. 1576,
U2 = 0. 2471 X, =0.0025X, = 1.2716X, - 0. 6584X, +0.9374X, +0.9584X, + 2. 6524X, +0.2763X, -

2.6104X,
V2 =2.761Y, - 1. 3793Yi -1.2699Y; +0. O459Y§ -0. 255Yi -0.0376Y,

U1 =0.9235%, - 0.1433X, 20. 1221X, - 0. 1453X, =0.2108X; - 0.0772X, +0.5264X, + 0. 1311X, +
0. 1028X,
V1 ="-0"1861Y, +0.401Y, +0.3714Y, +0.3014Y, +0. 167Y, +0. 0855,

Y
U2 = -1.0972X, - 0.3279X, +0. 6943X, —0. 156X, + 1. 1784X; — 0. 1539X, + 1. 1368X, — 0.2531X, -

1.0018X,
V2 =3.2683Y, - 1.9488Y, —0. 6805Y; —0. 6117Y, —0. 29775 +0. 2807Y,

X,:pH; X, Xy X, Xy i X X  Xq Xy (Y Coit Yo Ny Yai Pt Yy Yy
Y .
3 N ( 1995;
Maithani et al. 1996; Nishiyama et al. 2001; Ralte
et al. 2005)
o ( 2011) ,
( Hansen et al. 2009) . ;
(2010) SOM.TN.
; \ AN. C_..~N,. SOM.TN AN
( 2012) ;
o Cmi( N
(OFFRN\ SOM.pH.TP SOM C,.
(2009) ;
: pH.SOM. TP
. N N Cio N : pH-AN.TP
( 2001; 2006; NP o

2012)



528

32 3

. 2002.
11(2): 167 - 171.
. 20009.
20
(4): 863 -871.
. 20009.
29(4):
1763 - 1769.
. 2002.
19(1): 19 -21.
. 20009.

20(1): 51 -57.
. 2011.
(3): 71 -176.
. 1996.

. 2012.
32
(8): 2390 -2399.
. 2008.
28(2): 811 -
820.
. 2010.
30
(24) : 6787 -6797.
. 2006.

25(8) : 885 - 890.

. 2010.
24(3): 164 - 169.
. 2006.
. 1995,

. 23(4): 29 -36.
. 2010. :

. 2001.
10(2) : 121
- 123.
. 2012.
C.N.P . 32(7):
2056 —2065.
. 2007.
22 ) 27
(12): 5110 -5119.
. 1978.

. 2007.
15(2): 162 -171.
. 2010.
46( 1) : 136 - 141.

Condit R. 1995. Research in large long-term tropical forest
plots. Trends in Ecology & Evolution 10: 18 —22.

Devi NB Yadava PS. 2006. Seasonal dynamics in soil microbi—
al biomass C N and P in a mixed-oak forest ecosystem of
Manipur North-east India. Applied Soil Ecology 31: 220
-2217.

Hansen K Vesterdal L Schmidt IK et al. 2009. Litter fall
and nutrient return in five tree species in a common garden
experiment. Forest Ecology and Management 257: 2133
—-2144.

Harris JA. 2003. Measurements of the soil microbial community
for estimating the success of restoration. European Journal
of Soil Science 54: 801 —808.

Maithani K Tripathi RS Arunachalam A et al. 1996. Season—
al dynamics of microbial biomass C N and P during re—
growth of a disturbed subtropical humid forest in northeast
India. Applied Soil Ecology 4. 31 -37.

Nishiyama M Sumikawa Y Guan G et al. 2001. Relationship
between microbial biomass and extractable organic carbon
content in volcanic and non-volcanic ash soil. Applied Soil
Ecology 17: 183 —187.

Ralte V. Pandey HN Barik SK et al. 2005. Changes in mi—
crobial biomass and activity in relation to shifting cultivation
and horticultural practices in subtropical evergreen forest e—
cosystem of north-east India. Acta Oecologica 28: 163 -
172.

1986
o E-mail: ecolcy@ 163. com




