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Abstract

Soil microbes play crucial roles in biogeochemical cycles, ecosystem stability, and
ecosystem recovery. However, our knowledge of the diversity and underlying
mechanisms of their distribution, particularly in human-disturbed ecosystems, is
insufficient. Based on the functional linkage between soil microbes and plants, we
first investigated the relationship between soil microbial diversity and plant diversity
globally, which made it possible to understand the global distribution of soil microbial
diversity and the environmental factors underlying it. We then investigated the
diversity, community composition, and assembly processes of soil microbial
communities along different human disturbance gradients to explore how and to what
extent soil microbes respond to human disturbance. The following results were

obtained:

(1) Based on the correlations between plant diversity and soil microbial diversity
from 84 studies covering more than 3900 natural terrestrial samples globally. We
found that microbial richness displayed a modest but positive correlation with plant
diversity (r = 0.333, Cl = 0.220-0.437). In spite of variability among taxonomic
groups and their relationship with plant diversity, positive correlations were more
pronounced in the intermediate sampling extent of latitude and elevation coverage,
and tropical forests. Among examined environmental factors, soil pH was negatively
associated with the plant and soil microbial relationships at large spatial scales. The
plant-microbial correlation appears more sensitive to edaphic factor variation in the

poor nutrients and soil less compact systems.

(2) We characterized soil prokaryotic and fungal communities to determine their
assembly patterns, along two chronosequences with early to later successional
subtropical forests. Prokaryotic and fungal community composition was more variable

in early successional forests but converged in the later successional forests. The



community composition was governed by deterministic processes in the early stages,
while the relative influence of stochasticity increased in the later stages. Among
examined environmental factors, the compositional dissimilarity of plant communities
strongly predicted the relative influences of the two processes during succession.
Heterogeneous plant communities led to the deterministic assembly of soil microbial

communities.

(3) Using Shanghai as an example of the highly disturbed ecosystem, we
investigated how human activities impacted soil microbial diversity and its assembly
processes. Based on a large sampling effort across 258 sites covering various
environmental gradients in the city, we revealed that increased disturbance was
associated with slightly homogenized communities of prokaryotes, total fungi, and
arbuscular mycorrhizal fungi. The diversity of soil prokaryotes and total fungi were
weakly but positively related to disturbance as well. For the abundance of microbial
phylotypes along disturbance, we observed synchronous increases and decreases of
many phylotypes at relatively high and low strength of disturbance, respectively.
Among the examined factors, the contribution of soil properties in explaining
microbial variances in diversity and composition were generally larger than that of
human disturbance, while disturbance explained an independent part of the variances.
Further, we suggested that human disturbance might increase the relative influence of

stochastic processes in producing the homogenized communities of soil microbes.

To sum up, our results point to key differences across taxonomic groups, spatial
scales, and biomes in the relationship between soil microbial and plant diversity. In
human-disturbed ecosystems, soil microbes respond to the modified biotic and abiotic
environments and may display predictable trends in assembly processes. Human
disturbance in urban ecosystems could impact microbial communities by the changes

in the selective pressures from soil environments and increasing stochastic processes.



These findings shed light on our deep understanding in how soil biodiversity responds

to human disturbance and effective management of ecosystem recovery.

Keywords: microbial biogeography, secondary succession, urban biodiversity,

stochastic process, deterministic process, B diversity



PI ZE BB B i
YN 1 5 2T PP TURPR PP PRPR il
H R ettt vi
B 2 TR 1
11 A S IIEEL R (oo 1
1.2 BIEREM ZREERS AT PRI oo, 3
1.3 BIEBEM ZFEERE AT IR IR oo, 4
1.4 NET-PAEE b LS E Y RIREE A AL oo 5
1.5 B LRI TEPIZE coovvvvreeceinsesesesses s 6
B RS AN R SN IR U E ) S 2R AR O 9
2.1 INEFOAUCTION ..ttt ettt ettt saeeanbeenree s 9

2.2 Material and methods ..........cooiiiiiiiii 12
2.2.1 DAtabaSE ....eeiuveieiiiieiiiee ittt 12

2.2.2 Data analySis ....cccueeieriiiieiieiieesiie et 14

2.3 RESUILS ..ttt 17
2.2.1 Data StIUCTULE ......vvieiiiiieiiii et 17

2.2.2 Impacts of biome and sampling extent on the correlations of plant
diversity and microbial diVETrSIty........cccciiviiiiiiiiiiiiiic e 18

2.2.3 Correlations between plant diversity and microbial diversity varied

AMONE tAXONOIMNIC ZLOUDS ..vvreerrrenriereeasreesreessreessesareesseeasreessessneesesanreessneas 19

2.2.4 Impacts of climatic and edaphic factors..........cccccveiriiiiiiiiniciiiicnn, 20

2.4 DIISCUSSION . ...tteeutiesieeetee sttt e bt ettt e bt e st e e be e be e et e esme e et e e abe e e nbeesaeeanbeesneeenneennneenns 28

o = IR YRR A B AR A AR AR B R T R AR 34
3.1 INOAUCTION .o 34

3.2 Material and methods ...........cocoeiiiiiiiiiii s 36
3.2.1 StUAY SILES .oeeuveiieieiieiieeee e 36

3.2.2 Soil sampling and woody plant SUTVEY ........c.ccccvveiiiiiiiiiciiiiec, 38

3.2.3 Molecular analyses for soil mICrObES.........ccccevveiiiiiiiiiieiiee e 38

3.2.4 Bioinformatics analySes .........c.ccooiiveiiiiiiiiiiiiiecese e 39

3.2.5 Statistical analySes.........ccovririiiieiiiiiiei e 39

3.3 RESUILS ittt 41
3.3.1 Changes in soil microbial community composition............ccceervrrneene. 41

3.3.2 Relative influences of deterministic and stochastic processes............. 42

3.3.3 Impacts of environmental variables on microbial community assembly
PLOCESSES. . uviie ittt ittt bbb s 43

3.4 DASCUSSION. ... .vieuteeeiteetee ettt et e et e s te e beesse e bt e s ie e e bt e ss b e e abe e asbeesbeeanbeesbeeenneennneennis 51

vi



FVUE wmom AT A S R G h L EBEY 2 e SRS 55

4.1 INErOAUCTION ..ttt e et e e b e e e e 55

4.2 Material and methods .........coceoiiiiiiiiiii e 58
4.2.1 SUAY SIEES .vevviiieiiiiiisie et 58

4.2.2 The metrics of anthropogenic IMPACES .........cccovverirvirieeriniienieneeeenes 59

4.2.3 Soil sampling and soil physicochemical properties ............ccccevvvveennen. 59

4.2.4 Molecular analysis and seqUENCe ProCesSING ..........cvrverrerrrereerernnennns 60

4.2.5 Statistical aNalYSIS ...cccvviiiiiiiiiieiiiie e 61

4.3 RESULLS .ot 63
4.3.1 Urbanization gradient and microbial diversity.........cccccvvvvrviiviriiieennnn. 63

4.3.2 Relationships between urbanization and microbial diversity and
COMMUNILY COMPOSTEION .vvvvieiiiiieiiiieesiriessite e st e e e e e e 65

4.3.3 Predictors of microbial diversity and community composition ........... 66

4.4 DIISCUSSION . ..cuttiertiesiteeiee sttt e steessteesteessbeesbeessbeesbeeasbeesbeeaabeesbeeasbeenbeeanbeesbeeansee e 71

BRI IR G R s 76
5.1 én 17 S 76

5.2 FBEE oo 77
ZEZE MR v 78
BT 94
BT AN N THT T et 95
T RHE S AT R R ARAL S e 96
TSI RIS S I0RMIFIIE oo 96

vii





