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Abstract

Aims  Soil microbes play a key role in material recycling and energy conversion in forest ecosystems. We studied
the functional diversity of microbial communities and soil physical-chemical properties in order to illustrate varia-
tions of soil microbial community diversity along an elevational gradient in the Wuyi Mountains of China and
influencing factors.

Methods Evergreen broad-leaved forest (EBF), coniferous forest (CF), dwarf forest (DF) and alpine meadow
(AM) were chosen as experimental sites along an elevation gradient in the National Natural Reserve of the Wuyi
Mountains. We used Biolog EcoPlate analysis to study the functional diversity of microbial communities.
Important findings There were significant differences in functional diversity of microbial communities in dif-
ferent soil elevations. The average well color development (AWCD), which directly reflected microbial activity
and functional diversity, increased over time, while AWCD at the same soil depth gradually decreased along with
increasing altitude and in the order of EBF > CF > DF > AM. The AWCD of different soil depths for the same
vegetation type was in the order of 0-10 cm > 10-25 cm > 25-40 cm. The Simpson index, Shannon-Wiener in-
dex, richness index and Mcintosh index of EBF were all higher than AM. There was variation among substrates
used by soil microbial communities in different soil elevations. The substrate used in EBF was significantly
higher than the substrate used in AM. The carbon sources mostly used by soil microbes were carbohydrates and
carboxylic acids, followed by amino acids, phenolic acids and polymers; the lowest was amines. Principal com-
ponent analysis (PCA) identified two factors in relation to carbon sources; they explained 75.27% and 16.14% of
the variation. The carbon sources used by soil microbial communities were different among different vegetation
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types. Amino acids and amides were the two main carbon sources separating the two principal component factors.
Soil microbial community diversity decreased along the elevation gradient and with soil thickness, and vegetative
biomass, forest litter, soil nutrient, microzoon and plant roots might be the major factors controlling this diversity.
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Table 1 Soil physical-chemical properties in different vegetation belts along an elevation gradient (mean + SD)

R et R pH TIKFR JEEERIIR B R A4
Vegetation type Soil depth Water content (%) TOC (g-kg™) TN (g-kg™) TP (g-kg™) TK (g-kg™)
AR 0-10cm  4.32£0.03" 39.3%0.35° 14823+ 1.50°  0.76 + 0.04 0.28+0.01°  20.68 £ 1.02°
Evergreen broad- 10-25¢cm  4.47 0.05 37.2+0.25 132.19+3.13"  0.69+0.02®  021+003°  17.34+0.98°
leaved forest (EBF)
25-40cm  4.78 +0.06 35.7 £0.31° 109.76 £2.85°  0.60 + 0.05° 0.170.04% 1529 +1.23°
AR 0-10cm  4.42+0.02° 36.8 % 0.40° 130.43+2.50°  0.67 +0.03° 0.20+0.03"  17.43+1.42"
(Cé’g)'femus forest 10-25¢cm  4.39+0.05" 34.1+0.38° 119.67+3.41°  044+005°  017+003¢  14.87+1.04°
25-40 cm 4.67 +0.03% 32.9+0.46" 101.94 +4.69"  0.41+0.05% 0.15+0.01%  11.26 +0.94°
D=2 IN 0-10 cm 450 +0.03° 37.0 £ 0.06" 120.18 £5.52¢  0.49 +0.04¢ 0.19+0.02°  13.25+0.56°
(DD"‘g'f forest 10-25¢cm  4.63+0.03° 34.8+0.01° 107.23+1.91" 03720029  0.14+0.01%  10.11 + 0.54°
25-40 cm 4.88 +0.05° 31.8 £ 0.10° 89.23 +1.979 0.31 +0.04%" 0.11+0.01"  10.56 + 0.85°
AR 0-10 cm 4.46 + 0.04°f 29.4 +0.15" 90.54 +0.919 0.39 + 0.03%% 0.13+0.01°% 12,90 +1.21¢
'&'\R;I’;e meadow 10-25cm 451 +0.01° 247 +0.10 8121+219"  028+004"  009+001"  10.17 + 0.45"
25-40 cm 4.74 +0.02 22.5+0.36 56.78 + 1.78' 0.21 +0.06' 0.10 +0.019" 9.22 +0.39f

[Fi)— 1 s o AN ) R 7R 22 53 )2 % (p < 0.05).

Different letters within the same columns show significant difference at 0.05 level. TK, total potassium; TN, total nitrogen; TOC, total organic carbon;

TP, total phosphorus.
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Fig. 1 Changes of soil average well color development of soil microbe community with time in different vegetation belts and soil
depths (A, 0-10 cm soil layer; B, 10-25 cm soil layer; C, 25-40 c¢cm soil layer). AM, alpine meadow; CF, coniferous forest; DF,

dwarf forest; EBF, evergreen broad-leaved forest.
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Table 2 Carbon source utilization by soil microbial community in different vegetation belts along an elevation gradient

IEEE S TR ZRNIES ARG BArES REWR i7EN TR
Vegetation type Soil depth Amino acid Carbohydrate Carboxylic acid Polymer Amine Phenolic acid
T Ta 0-10cm  0.67 +0.04° 1.23%0.07° 1.28 % 0.04° 0.57 + 0.01° 021003  0.74%012°
Exggrlee?/e d 10-25¢cm  0.60 +0.02% 1.19 +0.08% 1.02 +0.02 0.50 + 0.04° 0.17 £0.03™  0.64 +0.08%
forest (EBF) 25-40cm  0.49 +0.07% 0.98 +0.11% 0.83+0.07° 0.38 + 0.03° 0.13+0.04°®  0.58+0.01%
Rk 0-10cm  0.59 +0.04 1.07 £ 0.05" 1.08 +0.05° 046+003°  020+0.02°  0.68+0.08
fg:)”emus forest 19 95cm  048+001%  0.86+000%  0.92+007* 037+0.04°  0.16+0.04* 062001
25-40cm 0.38 +0.02 0.79 + 0.04°° 0.84 +0.11° 0.28 +0.02° 0.12+0.03% 054 +0.02
DIA=AIE 0-10cm  0.52 +0.08% 0.94 +0.07%% 1.04 +0.02" 0.45 +0.03° 0.15+0.02%  0.66 + 0.03*
(DD"‘S” forest 10-25cm  0.44+006  0.81+0.11° 0.90 + 0,04% 031+004° 010001 059+ 009"
25-40cm  0.32+0.02% 0.69 +0.09%" 0.73+0.09% 0.29 +0.03° 0.08+0.01%  0.47+0.05"
2l E 0-10cm  0.43+0.04% 0.84 + 0.13% 0.98 +0.02% 0.37 +0.01¢ 0.13+0.01°®  0.56 + 0.06°*
f}lﬂ?e meadow 15 95cm  0.33+0.01° 0.73£0.12%  0.79+0.03% 031+001°  008+001% 0440049
25-40cm 025+ 0.05" 0.58 £0.11" 0.64 £ 0.05" 0.23+0.01° 0.05 £ 0.01° 0.34 £ 0.06°

[Fi)— 1 s AN ) R TR 22 53 )2 % (p < 0.05).

Different letters within the same columns show significant difference at 0.05 level.

3 ANFRI T 0 R E R D RE 2 A R AL

Table 3 Functional diversity indices for soil microbial communities of different vegetation belts

Fa b Simpsoni % Shannon-Wienerf& 4t T TR E Mclntosh#5%t
Vegetation type Simpson index Shannon-Wiener index Richness index Mclintosh index
EBF 0.969 + 0.002° 3.558 £ 0.011° 18.67 + 1.07° 0.921 +0.013*

CF 0.948 +0.002° 3.396 + 0.023" 16.13 + 0.96" 0.868 + 0.003"

DF 0.942 + 0.004° 3.377 £0.032° 15.58 + 0.73" 0.874 + 0.004

AM 0.915 +0.003" 3.096 + 0.022° 1349 +1.12° 0.859 + 0.002°

[ — 5 AN E A RER R 22 7 3% (p < 0.05). AM. CF. DF. EBF[H#*1.
Different letters within the same columns show significant difference at 0.05 level. AM, CF, DF, EBF are the same as in Table 1.

doi: 10.3724/SP.J.1258.2013.00041
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Fig. 2 Principal component (PC) analysis for carbon metabo-
lism of soil microbial communities in different vegetation belts
along an elevation gradient. AM, CF, DF and EBF are the same
as in Table 1.
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Table 4 Correlation analysis of soil physical-chemical properties and microbial community functional diversity

pH Y & BATHUBK Ko R A

Water content (%) TOC TN TP TK

Simpsonf& % Simpson index -0.34 0.96 0.99” 0.96™ 0.99™ 0.90
Shannon-Wienerd5 % Shannon-Wiener index -0.25 0.98" 0.98™ 0.92 0.96" 0.84
“F & EEFREL Richness index -0.37 0.91" 0.96" 0.98" 1.00™ 0.93"
Mclntosh#& %% Mecintosh index -0.26 0.72 0.97" 0.89" 0.91" 0.87

", p<0.05; 7, p<0.01. TK, total potassium; TN, total nitrogen; TOC, total organic carbon; TP, total phosphorus.
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