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Abstract: Objective Soil microorganisms are important regulator of nutrient cycles during plant growth. The species, quantity,

and spatial distribution reflect the characteristics and transformation law of habitat soil. There constitute an important index to

* ERIEMMAITEE (2017YFC0504301 ) FEZR HAR#E LT H (31971529 ) % H) Supported by the National Key Research and
Development Program of China ( No. 2017YFC0504301 ) and the National Natural Science Foundation of China ( No. 31971529 )

+ WIR/E#E Corresponding author, E-mail: zszhang@]lzb.ac.cn
fEHE TR B oidk (1992—), H, BEvIfMkA, MEFsd, FENETRX EHMAEYDIS . E-mail: yangguisen@lzb.ac.cn
Wk H 1 2020-06-14; WIS HORS H I : 2020-12-30; 45 % H M (www.cnki.net): 2021-03-05

http://pedologica.issas.ac.cn



2 1 W SRS WA FEL VDL [ VAR 5 DX R AR 95 L SR Wy D BEAE IR 25 A% ) 581

evaluate soil development status and vegetation succession. In the revegetation areas of arid deserts, most existing studies
described the overall restoration, structure and function of soil microorganisms after sand-fixing revegetation construction.
However, there are few studies on soil microbial functional groups that indicate the carbon, nitrogen and phosphorus cycles. Thus,
this study, looks at soil microorganisms in the revegetation areas replanted in different years in the southeast edge of Tengger
Desert. We explored the spatial distribution, seasonal changes, and the effects of different restoration years, plant species,
microhabitat and physiochemical properties on the number of soil microorganisms.  Method Soil composites 0-5, 5-10, and
10-20 cm layers were collectd in January, April, July and Octerber in 2017 under shrubs and between shrubs at Artemisia
ordosica and Caragana korshinskii plots established in 1990 and replanted in 2010. The numbers of cellulolytic bacteria,
ammonifying bacteria, nitrifying bacteria and phosphorus solubilizing bacteria were determined by dilution culture counting
method. Three-factor analysis of variance was used to compare the differences of soil microbial functional groups, microhabitat
and soil layer (fixed factors) and sampling time (repeated factor). The redundancy analysis and best fitting were used to explore
the relationships between soil physicochemical properties and microorganisms.  Result  The results showed that: (1) with an
increase in sand fixation age, the number of microbial functional groups increased significantly, and the number in soil surface
layer (0—5 cm) was higher than those of deep layers (5-10 and 10-20 cm); (2) the number of microbial functional groups in soil
carbon, nitrogen and phosphorus cycles showed obvious seasonal variations. For example, the number of cellulolytic bacteria
distributed in “V” shape was high in summer but low in springwhile ammonifying and nitrifying bacteria showed a trend of slow
increase from winter, spring, summer to autumn. Additionally, the number of phosphorus solubilizing bacteria decreased from
winter to autumn to spring and summer; (3) the numbers of cellulolytic bacteria and phosphorus solubilizing bacteria in C.
korshinskii and A. ordosica plots were higher in 1990 than in 2010 while the numbers of ammonifying and nitrifying bacteria in 4.
ordosica plot were higher in 2010 than in 1990; (4) total nitrogen and available phosphorus had significant effects on the number
of microbial functional groups. Conclusion This study showed that important microbial functional groups involved soil carbon,
nitrogen, and phosphorus cycles are mainly affected by planting time, microhabitat, and soil layer of sand-fixing revegetation,
while short-term fluctuation is controlled by seasons. In the early stages of revegetation, 4. ordosica promoted recovery of
nitrogen-circulating microorganisms, while, C. korshinskii was more favorable to the recovery of carbon-circulating
microorganisms in the late stage . Besides, total nitrogen and available phosphorus contents were the key factors determining the
numbers of soil microbial functional groups. Presumably, plant growth and soil microbial reproduction in the late stage of
sand-fixing revegetation succession may be mainly restricted by nitrogen. The results of this study provied a foundation for a
better understanding of the interaction between microorganisms and soil characteristics in revegetation restoration, and strengthen
our understanding of soil carbon, nitrogen and phosphorus cycles in arid deserts.
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Table 1 Variance analysis of three factors affecting the number of soil microbial functional groups
R AN » BN
. I G T
2 3 Cellulolytic Ammonifying Phosphorus solubilizing
Degree of Nitrifying bacteria
Source of variation bacteria bacteria bacteria
freedom
F P F P F P F P

BURERT[E] Sampling time 3 98.4 kR 374 oAk 79.4 oAk 20.9 HEE
FEHL Plot 1 1445 ¥k 196 oAk 62.3 oAk 47.8 oAk
A% Microhabitat 3 3.71 * 9.23 Ak 4.67 *ok 3.65 *
+ 2 Soil layer 2 427 363 *EEk 338 oAk 714 oAk
BURE R[] x#E 4 Sampling time x Plot 3 39.3 oAk 19.0 Ak 6.28 oAk 4.71 *ok
BRI ] 43 4 5% Sampling time x Microhabitat 9 0.280 ns 0.640  ns 0.25 ns 0.440 ns
BURERF ] x £ )2 Sampling time x Soil layer 6 14.6 ok 48.4 ok 14.0 ok 21.1 ok
FEHL <2 5E Plot x Microhabitat 3 2.28 ns 0.480  mns 0.770  ns 0.670 ns
FEHbx 1 )2 Plot x Soil layer 2 180 HAk 26.4 HAK 53.9 HA* 57.3 HAk
fl Az 55 x £ = Microhabitat x Soil layer 6 0.430  ns 2.42 * 0.790  ns 0.960 ns
SBURE A 1] < AR b <o 2 158

9 0.250 ns 0.490 ns 0.500 ns 0.240 ns
Sampling timex Plot x Microhabitat
JBURRE FRF 1] Al < 4 2=

6 6.80 oAk 7.90 oAk 10.8 ok 1.98 ns
Sampling time x Plot x Soil layer
JBURE I ] < A 95 < B )2
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Sampling time x Microhabitat x Soil layer

e 55 R RIC RS P<0.05, P<0.01, P<0.001, ns f0FZEFANHEE . Note: The symbols *, **, and *** refer
to significant difference at P < 0.05, P<0.01, and P <0.001, respectively. The “ns” indicates no significant effect.
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