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Abstract: [Objective] The changes of soil microbial community structure and activity are the key indicators for evaluating
soil fertility. It is important to study the effects of long-term different fertilizations and soil managements on soil microbial
community structure for fertilization and soil management, and even on the sustainable utilization of farmland of the anthropogenic

loess soil. [Method] This research was based on the long-term trial of “National Monitoring Base of Soil Fertility and Fertilizer
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Efficiency on Loess Soil” in Yangling, Shaanxi province. Soil samples were collected from treatments as farmland without
fertilization (CK), farmland with N fertilizer (N), N and K fertilizer (NK), P and K fertilizer (PK), N and P fertilizer (NP), and NPK
plus cattle manure (MNPK), fallow land (FL) and abandoned land (AB). The effects of long-term fertilization and soil management
on soil microbial community structure and its relationship with basic soil physio-chemical properties were studied by PLFA and
routine analysis. [Result] Compared to CK, total PLFAs, bacteria, fungi, and actinomycetes PLFAs of MNPK, NP and AB were
increased by 218.8%, 73.9% and 74.3%, 188.3%, 80.8% and 82.6%, 315.8%, 111.5% and 167.0%, 23.7%, 21.3% and 16.3%,
respectively, and also the fungi/bacteria ratio (F/B) was significantly increased. Total PLFAs, bacteria, fungi of N, NK and PK were
not significantly different, but PK reduced actinomycetes PLFAs significantly. Compared to farmland soil, FL and AB inhibited the
growth of G" and G significantly. Shannon-Winner richness index (H), Simpson dominance index (S), Pielou evenness index (J) and
richness index (S) were all the highest in MNPK, and the lowest in FL. AB and NP could also increase Shannon-Winner richness
index (H) and Pielou evenness index (J) significantly. The result of principal component analysis showed that MNPK, AB, NP and
FL could significantly change soil microbial community structure. MNPK could increase the abundance value of G (18:1w5c,
cy19:007¢), (16:0, 10Me22:0 saturated fatty acid) and eukaryot (18:3w6c, 16:3w6¢c, 22:206¢). AB and NP could also increase the
abundance values of bacteria (15:0, 18:0, 22:0, 17:0 saturated fatty acid). The result of redundancy analysis (RDA) showed that the
importance of soil properties for microbial growth in the order were as organic matter > total nitrogen>>soil moisture > Olsen-P>pH
>bulk density>available-K, which are all important for microbial growth. [ Conclusion] Farmland with NPK fertilizer plus manure,
NP fertilizer and abandoned land could improve the diversity of soil microbial community structure, thus improving the ecological
environment of soil, while long-term absolute bare fallow had a negative impact on soil health.

Key words: anthropogenic loess soil; long-term fertilization; soil management; microbial community structure; PLFA
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Table 2 The PLFAs used to evaluate the microbial biomass

AEYIZEEE Microbial community

e R R bR i PLFA Markers

SCHR Reference

e

Bacteria

HMuF iVl Saturated Fatty Acid
H2% [CBAME R Gram-positive
2 HPER Gram-negative
JUEZER Actinomycete

HLA%AEY) Eukaryot

H# Fungi 18:2w6¢

IABEIREL AM Fungi 16:1o5¢

14:0, 15:0, 16:0, 17:0, 18:0, 20:0, 22:0, 24:0, 10Me22:0

i15:0, a15:0,116:0,117:0, al7:0,i17:109c¢, i22:0

16:107¢, 17:1m8¢, 18:109c¢, 18:1w7c, 18:1m05c¢, cy19:007¢c, 22:1m5¢
10Mel7:1w7¢c, 10Me18:0, 10Mel6:0

18:3w6¢, 16:3w6¢, 22:206¢

[14-15]
[16]
[16]

[14-15,17]
[17]
[18]
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Table 3 Content of soil microbial PLFAs under different fertilizations and soil managements (Mean)

Ab3 SR R TR i) FA TR TR kSt N i o B ey S G FCE/A iR R Y v P e
Treatment Total PLFA Bacteria Fungi Actinomycete  Gram-positive ~ Gram-negative Fungi/ Bacteria G IH
(nmol-g™) (nmol-g™) (nmol-g™) (nmol-g™) (GH(nmol-g™) (G)(nmol-g™) G'/G
CK 13.59¢ 10.33¢ 0.61de 0.80b 2.07c 1.74c 0.06bc 1.19bc¢
N 13.65¢ 10.35¢ 0.60de 0.82b 2.11c 1.77¢ 0.05¢ 1.20bc
NK 13.66¢ 10.30¢ 0.63de 0.84b 2.11¢ 1.78¢ 0.06bc 1.19bc
PK 13.62¢ 10.31c 0.64d 0.61c 2.12bc 1.73¢ 0.06bc 1.23b
NP 23.64b 18.68b 1.29¢ 0.97a 2.13b 2.37b 0.07b 0.90d
MNPK 4331a 29.78a 2.53a 0.99a 2.31a 2.62a 0.08a 0.88d
FL 10.25d 9.44d 0.30e 0.60c 1.65¢ 1.07e 0.03d 1.54a
AB 23.67b 18.86b 1.62b 0.93a 1.84d 1.65d 0.08a 1.11c




98

doOE kW R %

50 %

P, AB. NK Fl1 PK /X2, FL ik (& 4)

PCA /3R M, N. NK fl PK T3 AWk 45
FJ5 CK AH{L, 11 MNPK. NP. AB FI FL 3
YIREVR S5 R AR K AR AL MNPK. 5 25 45 i 4 22 G B

PER (18:1w5¢, cyl9:007¢) « 41 (16:0, 10Me22:0
RN i R ) M A% AE ) (18:3m6¢, 16:3m6¢, 22:2m6¢)
12 L8, AB I NP W& 32 54w (15:0, 18:0, 22:0,
17:0 WRTIRWI R 2Rl (1D

x4 FREEMTIFEEA XN T LRBEM S IR CFEED

Table 4 Soil microbial diversity indices under different fertilizations and soil managements (Mean)

pist] LR R By s
Treatment Shannon-Winner Diversity Index (H) Simpson Dominance Index (D) Pielou Evenness Index (J)
CK 2.408¢c 0.900b 0.779¢
N 2.582b 0.903b 0.840a
NK 2.576b 0.888cd 0.811cd
PK 2.549b 0.886d 0.802d
NP 2.800a 0.896bc 0.832ab
MNPK 2.828a 0.915a 0.824bc
FL 2.424c 0.85%¢ 0.784¢
AB 2.799a 0.895bc 0.815¢cd
17:0
e
c())T\IP}
FLI1 .
FLZg 16:1 w7c AB
XB2 15:0
39
FL3 ABI 22:0
. 22:1 wic, 18:0
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X . - .
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1 1 1 1
67.7%

SRR TIERUEY PLFA, R, SEANMEESEECT 1. 2 3 ARAC AN 3 KL, AhBLZ (W) 2k BBl BB AR 13 B i i 22 e
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Rays represent soil PLFAs, circles represent treatments, the numberl, 2 and 3 after the treatments represent three replicates, the shorter the lines between
treatments represent the smaller the soil microbial structure difference, vice versa

Fig. 1
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PCA of PLFAs of soil microbial communities of different long-term fertilizations and soil managements
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Fig. 2 T-value test result of influence of single physic-chemical parameter on soil PLFA
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Table 5 Importance and significance levels of physico-chemical parameters

TR bR R AR TP o i F P TR T
Soil physicochemical parameters Importance rank Variance explanation of different parameters (%) Inflation factor
HHLF Organic matter 1 73.9 62.2 0.002 56.9
2% Total N 2 722 573 0.002 25.7

¥ 7K Water content 3 63.6 38.5 0.002 20.0
B Olsen-P 4 622 36.2 0.002 9.7

pH 5 54.8 26.6 0.002 8.0

2 & Bulk density 6 47.0 19.5 0.002 9.7
MR Available K 7 18.0 4.8 0.044 4.9
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