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Abstract: Soil microorganisms are among the most active components of terrestrial ecosystems, as promoters of energy and
nutrient recycling of ecosystems. They are also recognized as early warning and sensitive indicators of soil ecosystems. Here,
we conducted a field study to analyze the soil microbial biomass in the Karst gorge region in Southwestern China. The study
was conducted over a typical area of sloping farmland in the Karst gorge region. The total study area of (300 x 200) m’ was

divided into (20 X 20) m’ grids using an Electronic Total Station, yielding 212 sample points. We examined the spatial
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patterns of soil microbial biomass using geo-statistical and statistical methods. The spatial patterns of soil microbial biomass
and their main influencing factors were revealed by grid sampling methods, combining classical statistics and geostatistics
methods. The soil microbial biomasses of carbon (C_. ) and phosphorus (P _. ) and their ratio (C_. /N _. ) were moderately

mic mic mic mic

high in this Karst region of Southwestern China. The average soil microbial biomasses of carbon (MBC) , nitrogen (MBN) ,
and phosphorus ( MBP) were 75.62 mg/kg, 25.23 mg/kg and 24.06 mg/kg, respectively. The ratios of MBC to MBN
(MBC/MBN) and MBC to MBP ( MBC/MBP ) were 3.87 and 5.61, respectively. The variation coefficients of the
biomasses ranged from 14.193 to 182.756% , while those of the ratios ranged from 14.192% to 114.512%. The values of all
five variables were moderately high and widely varying. The smallest Moran’s I result for MBC, MBN, MBP, MBC/MBN
and MBC/MBP was -0.0965, —0.0556, —0.0913, —0.0682 and —0.0654, respectively, suggesting strong spatial
heterogeneity of the soil microbial biomass. The MBC, MBN, MBP, and MBC/MBN were best fitted to an exponential
model, while the MBC/MBP was consistent with a spherical model. The RSS values were very small, indicating good model
fitting. The nugget (C,) was low (0.0245—13.4) and all C,/(C,+C) values were less than 25% , indicating that the soil
microbial biomasses are strongly autocorrelated over the study region, and that their spatial patterns are influenced by
structural factors. These spatial patterns varied over a small range (30.9—60.6 m). The ranges of the MBN and MBP
patterns were similar (40.5 m and 30.9 m, respectively), and were smaller than that of MBC (60.6 m). On Kriging
contour maps, the regions of high MBC occupied the middle and upper parts of the slope, while high MBN was found on the
upper parts and foot of the slope. The MBP displayed a clear spatial distribution pattern with high values at the foot of the
slope. The MBC/MBN pattern was characterized by larger patches with an alleviate variation, while that of MBC/MBP was
unobvious and was fragmented into many patches. Numerous factors influence the spatial patterns of soil microbial biomasses
in the sloped Karst gorge region. Soil depth, pH, and available nitrogen are the main influencers of carbon and nitrogen
biomass. In addition to the small-scale spatial distributional patterns of microbial biomass in the study region, different
spatial patterns were observed in the soil microbial variables. Therefore, by adopting appropriate statistical and analytical

techniques, we can elucidate the extent and distribution of microbial activity in soils.

Key Words: soil microbial biomass; spatial variability; gorge Karst; sloping farmland; geostatistics
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Table 1 Results of soil microbial biomass for descriptive statistics and K-S tests
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Microbial Min. Max. Mean Standard Variance . . Value of Distribution

hiomass /(mg/kg)  /(mg/kg)  /(mg/kg)  variance /% Skew Kurtosis K-S test type
Cric 13.911 161.259 75.62 33.840 114.512 0.756 0.276 0.020 *
Coict 2.633 5.08 4.22 0.483 0.233 -0.604 0.693 0.169 N
N 3.201 61.011 25.23 13.519 182.756 0.940 0.286 0.007 *
N, # 1.163 4.11 3.08 0.556 0.309 -0.335 0.212 0.970 N
P 1.365 54.598 24.06 11.720 137.354 0.381 -0.715 0.126 N
Chie” Noie 0.61 43.45 3.87 3.776 14.193 6.525 60.861 0.000 ®
Coic/ Noic # -0.493 3.77 1.14 0.618 0.382 0.415 1.388 0.892 N
Crie” P e 0.44 34.59 4.31 3.816 14.564 3.334 19.512 0.000 *
Coic” P e # -0.82 3.54 1.18 0.745 0.555 0.088 -0.045 0.952 N

Coie : ZE B Soil microbial biomass carbon ; C, #: X £ 46 J5 19 i 2= )5 5% The Soil microbial biomass carbon after logarithmic ; N, ;. : EY)
& Soil microbial biomass nitrogen; N, #: % 4 4 5 19 ¥ 4 ) ft 4 The Soil microbial biomass nitrogen after logarithmic; P, : f#4: #) /2 8 Soil
microbial biomass phosphorus; C,;./ N, ;. : BUEBI AR Z L Soil microbial biomass carbon and nitrogen ratio; C, /N, #: %50 AL 5 (0 1A 0 B e o L
The Soil microbial biomass carbon and nitrogen ratio after logarithmic; C,;./P .. : ¥ 805 165 19 13 25 99 52 6% 8% L Soil microbial biomass carbon and
phosphorus ratio; C,;./ P, #: ¥ B AL 5 B E W BRI LE The Soil microbial biomass carbon and phosphorus ratio after logarithmic ; #% #4519
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Fig.1 Spatial correlograms of soil microbial biomass
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Table 2 Semivariogram theoretical models and parameters for soil microbial biomass
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biomass models .

(Cy+0C)
Coie/ (mg/kg) 176 Exponential 0.0359 0.2418 0.149 60.6 0.839 5.465x107* 1.928
N,/ (mg/kg) 176 Exponential 0.0245 0.305 0.080 40.5 0.221 4.595%1073 1.939
P ./ (mg/kg) 176 Exponential 13.4 135.7 0.099 30.9 0.510 112 1.977
Coie” Noie 176 Exponential 0.045 0.378 0.119 43.8 0.519 2.391x1073 1.951
Coie” P e 176 Spherical 0.038 0.610 0.062 33.0 0.435 3.879x1073 1.971
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I Kriging J5 15 4E B9 55 (8 28 T B 2] 4 1 Al
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2RI ARE R 3) . 52518 A A FIE 7 22 Rk
ST IR 45 A 8L, MBC . MBN . MBP = 3% [ 2% [a] 43
A0 4% R R 22 AR K, 2 B M # 3 10 &5 8] S5 vk
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Fig.2 Semivariograms of soil microbial biomass
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Fig.3 Spatial distribution of soil microbial biomass
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Table 3 Chi-square tests of canonical correlation coefficients between soil microbial biomass and environmental factors in the studied areas

S H AU OC R B oy RIrE A e B i K L YA
TR ) £ L . TR . N . .
Tvoical ) Canonical correlation Ei : Chi-square Freedom Significant Cumulative
1C¢ vector L1 nve
ypieal veeto coefficient genvalue value degree level contribution/ %
1 0.9966 4.3148 66.8044 50 0.0462 28.77
2 0.9419 3.2135 31.8931 36 0.6643 50.19
3 0.8456 2.7672 16.6151 24 0.8646 68.64
4 0.6937 1.4044 7.8267 14 0.8982 78.00

x4 TERAEMESTERTFZENATENN

Table 4 The composition of canonical variables between soil microbial biomass and environmental factors in the studied areas

M, =-1.3442X,+1.4578X,+0.4926X;+0.1919X,+0.4326X 5

M, =0.219X, -0.0482X, +0.0463X, ~0.3058X,,— 1.0539X

E, =1.0489Y, +0.0065Y,+0.7956Y, -0.1154Y, +0.3483Y; ~0.4119Y, +0.3886Y, +0.9401Y +0.6774Y, +0.0976Y

E,=-2.0248Y, +0.3859Y, +0.2736Y, ~0.3354Y,~0.8925Y,+0.0316Y, ~0.2416Y, ~ 1.0547Y, ~0.3834Y, +0.009Y,,

Xy s EEBCESHERR (MBC) 5 X, : EEEBUEMIE(MBN) 3 Xy ; EIEBCEYRERE(MBP) 5 X, : MBC/MBN; Xy : MBC/MBP; , ; IS
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ZS ks Jar
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SRR, AR AT 58 2 W1, g S0 4 e A 3t 1

5 MBC . MBN , MBP 972 4, 3 [l 43 51| 24 42—2064
130—216 1 10—50 mg/kg' ™, ZEgi 245 Bigy 3
HY W SR DX Sl et L ARt R O € i R
A X 8] 50510k 550—2550,50—550 A1 50—1050 mg/
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