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Abstract:  Objective  Soil microbial biomass (SMB) is a pool of soil available nutrients, directly participating in the
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transformation and biogeochemical cycling of soil carbon (C), nitrogen (N), phosphorus(P)and sulphur (S). Soil microbial
biomass carbon (SMBC), soil microbial biomass nitrogen (SMBN), and soil microbial biomass phosphorus (SMBP)are main
components of the SMB, which serves as a hub for material cycling in the pedosphere. Since SMB is sensitive to environmental
conditions, any change in SMB will affect turnover of soil elements. Therefore, SMB is considered to be a sensitive and effective
indicator of soil fertility and biological quality. The study on rules of spatial distribution of SMB pool is of important significance
to grasp how soil nutrients recycle in situ and how to manage soil nutrients regionally. Method In the present study, to explore
how SMBC, SMBN and SMBP distribute spatially and what their influential factors are in the farmland ecosystem. A soil survey
was conducted in Quzhou County, a typical agricultural county in the North China Plain with 56 740 hm? of farmlands. Using the
grid sampling (2.5 km><2.5 km) method, soil samples were collected from the topsoil layer (0-30 cm) of a tract of farmland for
analysis of spatial distributions of SMBC, SMBN and SMBP pool with the geostatistical method. Result Results show: (1) The
average reserve of the SMBC, SMBN and SMBP pool was 64.14x10° t, 24.55x10° t and 2.8x10° t, respectively, in the topsoil
(0-30 cm) layer of Quzhou County. SMB was distributed in patch, featuring moderate spatial variability and obvious spatial
autocorrelation; (2) Crop yield was significantly and positively related to MBC and MBN; (3) The mean content of carbon,
nitrogen and phosphorus in soil microbial biomass per unit weight varied sharply with planting system, being higher in the
wheat/maize rotation system than in the cotton monocropping system, which indicates that rotation system is superior to
monocropping system to some extent, and favorable to maintaining a large soil microbial biomass pool; (4) Size and spatial
distribution of SMB pools were governed by planting systems and soil fertility. MBC, MBN and MBP were closely related to soil
fertility (e.g., soil organic carbon, total nitrogen, available phosphorus, available kalium), among which soil organic carbon is the
most important factor.  Conclusion  For the first time, sizes of SMBC, SMBN and SMBP pools were quantified, and spatial
distribution pattern and influential factors of SMB were specified in the farmland of the North China Plain. In the farmland soil of
Quzhou County, soil organic carbon is the most important factor affecting SMB pool, which suggests that soil microorganisms are
limited by C. Therefore, it is advisable to strengthen application of organic manure, return straw to the field and reduce mineral
fertilizer application rate so as to regulate and utilize the SMB pool in the future. All the findings in this study indicate that soil
microbial biomass is a potential available nutrient pool in farmland in North China and may serve as a scientific basis for
regionalized nutrient management and precise agriculture.

Key words: Soil microbial biomass; Carbon, nitrogen and phosphorus nutrient pool; Biological fertility; Soil health;
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Fig. 1 Distribution map of the sampling area ( left ) and of the sampling point ( right )
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Table 1 Descriptive statistics and K-S tests of soil microbial biomass
E A Y F/ME CNIE] B[N Frifiz K-S fii I3 A2
Microbial Minimum/ Maximum / Mean / Standard o Value of Distribution
biomass (mgkg™") (mgkg™) (mgkg™) error v K-S test type
MBC 15.56 747.5 324.8 15.7 48.13 0.2 N
MBN 10.12 224.1 124.3 5.8 41.76 0.2 N
MBP 1.34 40.52 14.2 1.0 68.52 0 *
1gMBP 0.13 1.61 1.03 0.04 33.98 0.069 LN
MBC/MBN 0.21 21.39 3.46 0.28 76.3 0 *
lg (MBC/MBN ) —-0.68 1.33 0.46 0.03 56.52 0.002 L*
MBC/MBP 5.75 402.9 90.24 7.51 81.93 0 *
lg (MBC/MBP ) 0.76 2.61 1.82 0.04 20.33 0.2 LN
MBN/MBP 0.85 149 35.34 3.44 90.83 0 *
lg ( MBN/MBP ) -0.07 2.17 1.38 0.04 28.99 0.2 LN

. 1gMBP: MEUE SR I BCEY YR 1g (MBC/MBN ). X800 B9 YR MRk & 1L ;s 1g (MBC/MBP): X5

5 A A Y ERPE L 1g (MBN/MBP ): XA B WA A AL, “1g”:

MR R RAR ;s 7 ARIERM M,

“N': IERSM LN WA IRE RIESS N L WEFEH S RAEIEA /M. Note: 1gMBP: Microbial biomass phosphorus
after logarithmic conversion; lg ( MBC/MBN ): Microbial biomass carbon/nitrogen ratio after logarithmic conversion; lg ( MBC/MBP ):

Microbial biomass carbon/phosphorus ratio after logarithmic conversion; lg( MBN/MBP ): Microbial biomass nitrogen/phosphorus ratio after

logarithmic conversion; “lg”: The results after logarithmic conversion; “*”: Abnormal distribution; “N”: Gaussian distribution; “LN”:
Gaussian distribution after logarithmic conversion; “L*”: Abnormal distribution after logarithmic conversion.
x2 ITEMEVEYVEFFEINELREREXSH
Table 2 Semivariance theoretical models and relevant parameter of soil microbial biomass
WA R R P RIR Pl HEE S NE- S G Y%L P R H
Microbial Theory Nugget Sill Nugget/Sill Range Fractal Determination
biomass model Co (Co+C) Co/ (Cy+C) Ay/m dimension D coefficient R?
MBC =1 Gaussian 2870 24 370 0.118 1400 1.92 0.757
MBN % Exponential 1334 2 854 0.467 3710 1.92 0.762
1lgMBP 21 Linear 0.124 0.124 1 20267 1.99 0.011
lg (MBC/MBP) 21 Linear 0.141 0.141 1 20 269 1.95 0.554
lg (MBN/MBP) 21 Linear 0.17 0.17 1 20 290 1.98 0.018
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Fig. 2 Spatial distribution of soil microbial biomass
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Fig. 3 Content of soil microbial biomass relative to cropping system
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Table 3 Correlation coefficient of soil microbial biomass with soil properties and crop yield

[t/ LEEC7h i

AR LA 2R AR HACH O BMEERRNG MRIEREREE 0 A e
Microbial pH
EC % SOC ™ AP AK ALP ACP Vvw Yield
biomass
MBC -0.156 0.099 0.627** 0.563** 0.254* 0.468** 0.599%* 0.297** —0.335%* 0.406**
MBN -0.268* 0.145 0.378%* 0.318%** 0.008 0.168 0.412%* 0.268* —0.322%* 0.265*
MBP -0.119 0.032 0.466** 0.392%%* 0.163 0.312%%* 0.333** 0.111 -0.209* 0.163

*, P<0.05; **, P<0.01.
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Fig. 4 Redundancy analysis ( RDA ) of soil microbial biomass with
soil physical and chemical properties and phosphatase activity

i il B¢ 4% MBC. MBN., MBP JE%5 8]
A1 32 BEAILAE TS5 ke P PR 2 e [ 52 g T 2% 20 o ) 48 1)
SEPE (3R 2 flE 2), AR O FEFE R £
BEEY R AR 2 T, KRR TER A
Fr R, AE A0 R Y A YA B
M 29300 /N R KSR & 3 MBC, MBN Al
MBP (1 F- By 8 TRRALENE, AT Re2 th TH /R
FHZREYI AR R W . ARE DL S M ik R

K, @8 LA H KRB D R KgAK
M Al R b R — S SRR R A, 430 4 L R TR
B 25.3%. 56.9%. 1.2%. 13.3%. 3.3%"%, ¥ 10
AR, BE IR B A SR R PR, BRI R
FEAWR S, AR TIRTE S AW R, X 3
Yk s AR A T N . BEAh, Y
W i 57 A MR R A5 - HE 2 AR 1 R 2 R e BT
A R IE R B R B A - 4
At RS £ A ORI o, A
Sz, A B A R ) R R
E L T N 5T 4 e Y 2~ 2 T A e = 0
o111 S O N RO S o e e =X o 2ad 1 B2
AR TG R0, A g Al Ak A
Py e ik, 13 A ) Az P b P Ak
RIS o SRR, R B I e AR
WEAEMAMNEEFARE ., K, -5 Pk
X e A W A e AR F R, SRR IR
MAEYEN—NEENF, HEXTLERAED

R4 IEWEMEVEMNTENTRITHFER

Table 4 Permutation test of redundancy analysis on predictor variables of soil microbial biomass

Ak iR E TR E Ak f AL DY
F P F P
Variable Explains/%  Contribution/% Variable Explains/%  Contribution/%

SOC 33.8 68.5 49.1 0.002 pH 0.7 1.5 1.3 0.222
ALP 9.2 18.6 15.3 0.002 TN 0.6 1.1 1 0.322
AK 29 5.8 5 0.014 VW 0.2 0.3 0.3 0.722
AP 1.2 2.4 2.1 0.14 MC 0.1 0.3 0.2 0.772
ACP 0.7 1.5 1.3 0.24 EC <0.1 <0.1 <0.1 0.99
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4 4L
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