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Abstract: [Objective] This study aims to explore the mechanism of bacterial taxa adapting to repeated
drying-wetting cycles in a paddy field via culture-dependent DNA/RNA-based 16S rRNA gene
analysis, and to assess whether air-dried paddy soil could be used for the study of microbial community
structure. [Methods] The fresh soil representative of rice production in China was collected from
Changshu city of Jiangsu province, and three consecutive cycles of air drying and wetting were
conducted (drying or wetting state was maintained for seven days in each cycle). We then analyzed the
changes of the abundance and community composition of soil bacteria by using 16S rRNA gene
high-throughput sequencing and real-time fluorescence quantitative PCR respectively. [Results] The
bacterial abundance decreased by 300-771 times at the DNA level while only by 1.95-5.60 times at the
RNA level during the wetting-drying cycles. The bacterial diversity in the air-dried soil showed no
significant difference from that in the wet soil at the DNA level, while was significantly higher than
that in the wet soil at the RNA level. Non-metric multidimensional scaling (NMDS) and co-occurrence
network analysis showed that the community structure of soil bacteria changed significantly during the
drying-wetting cycles (P<0.05). The drying-wetting cycles caused significant changes in relative
abundance of key taxa, and a total of 8 numerically dominant phyla was consistently observed at both
the DNA and RNA levels (P<0.05). The drying-wetting cycles significantly increased the relative
abundance of Chloroflexi and Actinobacteria, while significantly decreased that of Proteobacteria and
Acidobacteria. A total of 7 246 microbial genera were detected during the three wetting-drying cycles.
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The relative abundance of 35 and 58 bacterial genera changed significantly at the DNA and RNA levels,
respectively, in response to the drying-wetting cycles. Among all the bacterial genera with significant
changes in relative abundance, only 4 genera showed significant changes at both DNA and RNA levels,
accounting for only 1.09% of the detected genera in this study. Specifically, the relative abundance of
KD4-96 significantly increased and that of bacteriap25 significantly decreased at DNA and RNA
levels; the relative abundance of Nitrososphaeraceae and SC-1-84 decreased significantly at the DNA
level while increased significantly at the RNA level. [Conclusion] The three wetting-drying cycles
resulted in significant decrease in the absolute abundance of bacterial taxa. The 16S rRNA transcripts
were two orders of magnitude lower than the 16S rRNA genes, which implied that 16S rRNA
transcripts could be originated most likely from intact living cells, and soil extracellular DNA could
have likely resulted in drastic variations of 16S rRNA genes. Intriguingly, the composition of bacterial
taxa remained generally unchanged during the drying-wetting cycles at both DNA and RNA levels,
suggesting strong capacity of bacterial taxa to recover from desiccation. Our results indicate that soil
microorganisms have strong functional plasticity of being adaptive to drought, and air-dried soil can be

used for microbiological research under certain circumstances.

Keywords: paddy soil; drying-wetting cycle; bacterial community; 16S rRNA; high-throughput
sequencing; real-time fluorescence quantitative PCR
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Figure 1 Variation of soil bacteria abundance and diversity under wet-dry cycle conditons. At the DNA (A)
and RNA (B) level, abundance change of bacterial 16S rRNA genes, At the DNA (C) and RNA (D) levels,
the species richness, Chaol index and Shannon index of soil bacteria. Among them, species richness and
Chaol index are used to estimate the total number of species in ecology, while Shannon index is used to
describe biological diversity. In figure 1A and 1B, error bar refers to the standard deviation (n=3); different
letters mean significant difference (P<0.05); the multiple value in the green box at the top of the bar chart is
the ratio of 16S rRNA gene copy number of bacteria in the soil after seven days of water culture to those in
the air dried soil before water culture, and the multiple value in the yellow box is the ratio of 16S rRNA gene
copy number of bacteria in the soil after seven days of air dry culture to those in the wet soil; in figure 1C
and 1D, F represents wet soil, which is all the data of four wetting treatments; D represents dry soil, which is
all the data of three air-dried treatments.
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Figure 2 The changes of community structure of soil bacteria under dry-wet cycle conditions based on
non-metric multi-dimensional scale scaling (A) and co-occurrence network structure (B). In figure 2B, each
node in the figure represents an OTU; the size of the node indicates the size of the connection; the node color
shows the network module that it is assigned to.
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Figure 3 Relative abundance of soil microorganisms at the phylum level under DNA level (A) or RNA level

(B) relative to dry-wet treatments.
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Figure 4 Cluster heatmap of species relative abundance at genus level in different treatments at DNA level

(A) and RNA level (B), respectively.

http://journals.im.ac.cn/actamicrocn



1014

Zhou Xiaoli et al. | Acta Microbiologica Sinica, 2022, 62(3)

K% 7 246 4~ OTUs, 7£ DNA F1 RNA /KF,
IR T 6 649 Fil 3 349 4~ OTUs, it (A
Iy L FEFE>0.05%)1 OTUs 43514 384 A~
371 A, SR R SRR RS 5.78%F1
11.12%. fif5 OTUs 1, 7£ DNA Fil RNA 7K,
35A 35 F1 58 4> OTUs 7E 3 I - X T4 34
R 2 R B (] S)., K, 7 DNA
KA 21 MEEHE OTUs, £ RNA KA
36 MEILHAY OTUSs,

3 Y-k, 7E DNA KA 35 1
OTUs AHX F2FE A= i 2 484k, Hor 8 A~ I 53
hn, 27 A~ B Wb E RNA KFEFA 58 4~ OTUs
AR B R A g AR AR, Horp 38 AN B R,
20 B (B 5)

3 - AR, 23t 4 4> OTUs AEXT
FEFE RNA A1 DNA K-, B84 T B #5421k,
Hirh KD4-96 (S5 1] Chloroflexi K425 )8) i
EW . bacteriap2S (BRI 1A SIS E) 825 Ik
/b |1 Nitrososphaeraceae (3R 11 # | ] Crenarchaeota
RIrHJE)FI SC-1-84 (AL IRIA H Burkholderiales
HRArIEJE)TE DNA KF8 2Z /0, (H7E RNA 7K
VR ER A 5). XLEERTA OTUs, A48
AR 43 R 1.09%, (HAY & i DNA
FI RNA JFF1HT 0.80%F1 1.26%.

3 BiE- R, fE DNA K,
KD4-96 FAHXT 3= B 1, M 0.80% 5% (= 1
TNZE 2.30%, 08 E A 1.89 %, Mi7E RNA /K-
W RIS AH I, (FE IRy, Wik 28 fi%.

ML, bacteriap25 WIptF {2 id- KT 2,
TE DNA 7K VAR XT 3 B B 2 A, M 1.33%0%
TREE 0.41%, PR L 69%, RNA KF-FEIR
iLF] 68%.

3 WRIE- KT AP 25200 Nitrososphaeraceae
FI SC-1-84 fAHXTFE, {HFE DNA Fl RNA 7K
RIRLEANIR] . 7E DNA /K-, Nitrososphaeraceae

<l actamicro@im.ac.cn, & 010-64807516

AR X 2 B2 3 AR, N 1.02%dR i TR
0.39%, FEIEFEIA 62%, HAE RNA /KN @
FIm, HEUERE] 3 4. SC-1-84 AR
RIBLAEE , AT B 7E DNA K- B FRE, B
&k 2] 85%, T7E RNA /K & 2548 i, 4%
i N 2.59 i .

TE DNA 7K, 3 BRI - T 2o A oA X
FERERMG 8 NMEYWRN, iR B E
B 4 &5 3 & Chelativorans (H2 98 7 £}
Rhizobiaceae R4135)&) . Serratia (BS/R A% H B
Yersiniaceae AR4532EJ8). Marinobacter (32%:H.
T H Alteromonadales *432%)&). uncultured
(ZIE A Alphaproteobacteria N7 B F 40 ),
BEWE A BRE] 105 F% . 28 fif . 84 £% . 1.35 1%
ARG B 08D ) 27 N RUE Y RN, AR Ak B
BEW 4 480 0 Gemmatimonas (5 FA MR
J&) . uncultured (ZF FA AR Gemmatimonadaceae
AT REFRANE) . Vicinamibacteraceae (TR AT ]
Acidobacteria K4325)E). S0134 terrestrial _group
CEHMET] Gemmatimonadetes Kr2)&E), K
43 3k 5] 86% . 81% ., 66%. 82%:

FE RNA 7K, 3 Y i - AT 2o A oA o 2
R IEINE 38 M HE A, AR ki B
4 ANJE S AIE Frankia (25 IREE)
JG30-KF-CM45 (48 H Thermomicrobiales
K22 JE ) Nitrososphaeraceae (% 1 W ]
Crenarchaeota X772J&). JG30-KF-CM66 (415
W] Chloroflexi K4r25)&), Wl 7k 4.38 15 .
3345, 3F. 4.58 4% BFEWAH 20 MREY
YiFh, BB ER 4 DNJE2 0 uncultured
CKi R ERE B} Myxococcaceae AT ERFRANTE)
uncultured (JR4E 48 A FF Anaerolineaceae AS1J b
FMH) . Rokubacteriales, BBMC-4 (Z2IRAT
H Fibrobacterales K4325)8), FEIE 43510 63% .
76% . 80% . 91%,



JEGEANSE | A 2RI, 2022, 62(3)

1015

(A)

Log, (FC)
e 2

7

—log,, (FDR)

®4
®6

Level

Enriched
Depleted

Phylum

Acidobacteria
Chloroflexi
Gemmatimonadetes

NBI-j f

group +
Nitrososphaeraceae |+

bacteriap25 -

KD4-96 +
Flavobacterium |

Others |

Others |

Others |
Vicinamibacteraceae |
SJIA-15

SJIA-15 |
Gemmatimonas +

Bryobacter |
Subgroup 7
Uncultured [

Uncultured |

Uncultured +

S0134 _terrestrial .

Gemmata |

Uncultured -

Gemmatimonas +

Vicinamibacteraceae

Genus

Uncultured |

Others
Proteobacteria

A21b }
SC-1-84 |+
Serratia -

SC-1-84 +
Acidibacter

Uncultured
Methyloligellaceae
Chelativorans
Marinobacter +
Halomonas
Lysobacter
Uncultured |

Log, (FC)
e
®4

®

Level

7 Enriched
/A Depleted

Phylum
Actinobacteria
Chloroflexi
Crenarchaeota
Desulfobacterota

phus

thers
ntroj

lamia

group

e_group
Uncultured
Micmm(m()zp()ria
Kribbella
Others
Pseudonocardia
Others

bacca

obacca

Others

Others
MB-A2-108

Kineosporia

Gaiella

Conexibacter

Solirubrobacter
0

gﬁ

Frankia

haeraceae
haeraceae

Uncultured
Y

RBG-13-54-9
JG30-KF-CM45
'SP
)
esu
Desui
S

Streptomyces
S,
D

CL500-29 marin

JG30-KF-CM66

JG30-KF-CM66

CL500-29_marine
Nitroso.
Nitroso.

Genus

& 5

acter

hob

Syntro,

5
-4
Uncultured

2.
Rokubacteriales

ap25
ap.
ap25

Myxococcota
Others
Proteobacteria

acter

ncultured

bacter!
ncultured

xob
Haliangium
Clostridium_sensu_stricto 1
“BBM
Uncultured
Uncultured
Uncultured

bacter
bacter
i

Anaerol
Thioalkalispira-Sulfurivermis

JEiE-X T2 525 DNA (A)F1 RNA BYKE T HIEESMEHN DS

Figure 5 Taxonomic characteristic of differential soil bacteria during dry-wet alternation at DNA level (A)
and RNA level (B), respectively. Each triangle in the figure represents an OTU and the size indicates the

relative abundance of the corresponding OTU.
3 it

SR MR v A R R 2 R L A B
AL S A R P, TR
Bt Bl L A AR, S IR

A DR B0 . AR DAL SRR Y AR
W9 BN, TERRiE- KT, 408 7E DNA
IRV A R IR B2 5 F RNA K-, e KT i 5
B, DNA JK- P20 7 2500 iy 1 i 2 00 8 s 1
RNA 7K, FRIAZK 43 A8 Ak X 4 TR 2 35 1 52 i 22

http://journals.im.ac.cn/actamicrocn



1016

Zhou Xiaoli et al. | Acta Microbiologica Sinica, 2022, 62(3)

ANTFR B A o X — BRI S A
Wi, AWFIE S, W AN o AHR [ B
RN 2 O T Bl A Y ) 81 e 1 I 2 R O
TR, IR AR &K, A
I 20 A A M A R LA A T g, RIS
FAF R PO 2 AR RO eAh, R
AW TE 2 EEACEITE ), NS E T
LRI S AR B R AT RE T30 RNA #5145
W, AR R E M AR, X st
FEERE N, 3 XT3 A AT BE S G 43 A it Ak
FARMCRAS , HoA KPR B A B
FEAM G, K2 #2553 DNA /KF- 1 4
P 16S rRNA KR #8 DUBUE 2 B3 A%, mi KT
KR E R SRS, RIEANTE 16S tRNA 3
PR 5 DA SO BB B3, XS5 e A1
el — 5, EAEENE, TR
PN 16S rRNA SER B AR b R ik 771 £,
—J7 1A BB R AE T R4 N A — 3B U Y 2
FAE =B e R OK I, A AR
Bom b, O TR R h i o e D pk
oo, R SRt b e Y. (A5
—J7 T P g2 AN DNA $RECT R —
FEME R 2E, BRI AYF B DNA,
I AE SR TN 16S rRNA J:PRUBCE B m i
B, KRS, R g R R i
DNA W45 A, AR THECEZ DNA,
52 Je B2 5L O E it PCR. BRI, 78
TR, SRR B A R A S
T2 20 L) K R B, i 02 3% DNA $R B
R, HEIASMR . BrLh, KRR IT
KA T b - i B DNA T
Yo, T 0 A b B AE - SR W 2 e R
T A A PR TR A o 1 S AL
ARHIFGE HHE T TRV 45 Ak B 1 £ 4% 440 1 2K
JEAREIAG, X5 A A R P g 4 SR — S,

<l actamicro@im.ac.cn, & 010-64807516

ST 28 B IF R B 2 S K A o T
BORMEAH M. —MimS, AR - E A
YIRETR 08 e — AR R, e s rp
PR A= O A A 2 A e B A X P R A
R, 7ERIA TR S G R A5 T, 1
AN R A 0 P o] 68 FLA AN [] 8 A= A SR s
RO A, AnTE KA S 55 3% I A il G A= 0 %5
BRI RE U O A SR, H B8 5
PARME R AR LA TR AL, A R Y
RN ZE . FRATTHREIN A 52 50 3 v i B A 1 2
FAR IS N B SRR A A . WA T
TSR P AIET 16S rRNA L 15 DUE
Ak, R EEETE RNA KAL),
4 RNA DL, BT LA RNA 73 A fE>
56 B 1Y A0 TR A, 3R W 3K B A TR BE 8 B
TN K 3 A o A TR T 2R RS P N A T
XF 7K 43 I P 3 I P R R R S B L 4 —
B2 AT DA 4 TR A 7% 2 L oY

ACBIF 5 A v A I S A5 R AR, T S
X A R S R S i, 2R TR A
Bl T A E IR A5 TR, AN T A VR A
A A Ak, 35 X0 28 A g A — B0
N S (N 1 R R Y W RS
W] SRS BRAFET] . ZET] . iH
AR BE G 1] . ZF B IRITR T | PR A TR T )RR BE
[, X SERR R Bl 2 e - v LAY
R BECY, FlRsc ks B E s FiR ]
AR, fERE- T, BRI
(Proteobacteria) X} =F £ ¥£ DNA F1 RNA 7K - i
FP, MAE TR R, AR R R
¥, WA E ] (Proteobacteria) Tt 35 T
M A2 2ok B O K 23 B B T 2 PR ECSS o TR
DNA K, BRAFEE ) (Acidobacteria) ¥ X} = &
TR - XA 2ok A v 35 b R KT - i
T N, AR RNA K LR E 2R, £W



JEGEANSE | A 2RI, 2022, 62(3)

1017

T8 38 B 5 B AT B 1] (Acidobacteria) W) B & A
—E S, B I B S 3Rk L AL, 7E DNA
K, ZEHRME ] (Gemmatimonadetes)Fi %} +
JEAE MR - X 2t B A AR A, 7 X1 -1 i
R LR B e, TR RNA ZKSF A
FE AR B AR i, 2R W1 28 2o 2 0 28 B Y
W '] (Gemmatimonadetes) $ & A — & F2 ¥ W) 52
W), AHIF A 52w LTS PR Y Rk, A B A% PR
Fe— 2 5888 M, IR TEIE VK 23 ik aa i 3 78
KERIE, BEEH ] (Firmicutes) 1t T 1238 &
aob R e A X R B R S Ak B S 2 RN R T
(Gemmatimonadetes) 5t A=A, FEMRIE - X1
Firh , DNA ZKPAIX F2 B2 A B a3, M7 RNA
AR S 2 b, FRBERET ] (Firmicutes) %}
KA BB A — € B 2, AT RE T R E T,
2 AT 1) 240 L 53 R A KRR B AR RR A /N, TG
P, P ERNA B R PREAR 0,

R 38 T AR 3853 TR 8 1 R A A
M, Apfssh & 8L, fRiE- ATt #d, 78 DNA
K-, ZEHETE R (Gemmatimonas) MR 2 F
Wéf 03, 1M Chelativorans F8XF 3= B HE N i
%o FHMEEE (Gemmatimonas) 2 % A |
HeMERT AU TR, X AR R AR R AR A
JIT LA B S5 — EOB AL 2R B R AR o & B
IKFELH Chelativorans J& T il B £5 Wi 14 S AL
e, HAGRFESRZRERE V. ik SEE
FAPOL 3k B 41 T 78 A 1y i BR T 2 e A 7 P L
ARG BRAIVE R, 00 3 2 AR X = B e T
AR b A R I S B

4 i

PR AE 3 AT L KK S A6 R b
Fiid b, 7E DNA I RNA /KF, 3405
SRR AT RS I S B  Ra B, LIEA pE AE
AW R T it Bk, RENHAE

1M 3 2R e A AR X 2 8 R AR s A, {3
Z WL TR AR P BN ML K
ARG ST, R A Py HoA i
D RE Al SEE IR RIS N T B, XU A
—E R A T RUE YA . (AR
FEH, i e 3o AR et AR
SRR R B AL, HEAR B BR ZUR 1A K
oy IE P, AR TRAESE, FR e AR K
R 20 R Gk TR R 2 S A
JEAE, AT T K 23 3 AR N ATL ) LA
H X

SEH

[1] 3¢, Chares AL. 43RG R IHI. KFFEE
J&, 2003, 14(5): 667-674.
Lei W, Chares AL. Global climate change and its
impacts. Advances in Water Science, 2003, 14(5):
667-674. (in Chinese)

[2] Balser TC, MK. Linking microbial

community composition and soil processes in a

Firestone

California annual grassland and mixed-conifer forest.
Biogeochemistry, 2005, 73(2): 395-415.

[3] Birch HF. The effect of soil drying on humus
decomposition and nitrogen availability. Plant and Soil,
1958, 10(1): 9-31.

[4] Gao JQ, Feng J, Zhang XW, Yu FH, Xu XL, Kuzyakov
Y. Drying-rewetting cycles alter carbon and nitrogen
mineralization in litter-amended alpine wetland soil.
CATENA, 2016, 145: 285-290.

[5] Chen LF, He ZB, Zhao WZ, Kong JQ, Gao Y.
Empirical evidence for microbial regulation of soil
respiration in alpine forests. Ecological Indicators,
2021, 126: 107710.

[6] Goncharova OY, Matyshak GV, Bobrik AA, Timofeeva
MYV, Sefilyan AR. Assessment of the contribution of
root and microbial respiration to the total efflux of CO,
from peat soils and podzols in the north of western
Siberia by the method of component integration.
Eurasian Soil Science, 2019, 52(2): 206-217.

[7] Delsarte I, Cohen GJV, Momtbrun M, Hdohener P,
Atteia O. Soil carbon dioxide fluxes to atmosphere: the
role of rainfall to control CO, transport. Applied
Geochemistry, 2021, 127: 104854.

http://journals.im.ac.cn/actamicrocn



1018

Zhou Xiaoli et al. | Acta Microbiologica Sinica, 2022, 62(3)

(8]

(11]

(12]

[15]

Ghezzehei TA, Sulman B, Arnold CL, Bogie NA,
Berhe AA. On the role of soil water retention
characteristic on aerobic microbial
Biogeosciences, 2019, 16(6): 1187-12009.
Lee X, Wu H-J, Sigler J, Oishi C, Siccama T. Rapid
and transient response of soil respiration to rain.
Global Change Biology, 2004, 10(6): 1017-1026.
Sheik CS, Beasley WH, Elshahed MS, Zhou XH, Luo
YQ, Krumholz LR. Effect of warming and drought on
grassland microbial communities. The ISME Journal,
2011, 5(10): 1692-1700.

Sarto MVM, Borges WLB, Bassegio D, Pires CAB,
Rice CW, Rosolem CA. Soil microbial community,

respiration.

enzyme activity, C and N stocks and soil aggregation
as affected by land use and soil depth in a tropical
climate region of Brazil. Archives of Microbiology,
2020, 202(10): 2809-2824.

Clark JS, Campbell JH, Grizzle H, Acosta-Martinez V,
Zak JC. Soil microbial community response to drought
and precipitation variability in the Chihuahuan desert.
Microbial Ecology, 2009, 57(2): 248-260.

ML, HEME, 818, &g T R0 x 134
WAL A S AV E T2 . R 4f, 2004,
41(6): 924-930.

Lin JH, Li HX, Hu F, Zhao HY. Effects of rewetting on
biota
nitrification in air-dried red soil. Acta Pedologica
Sinica, 2004, 41(6): 924-930. (in Chinese)

Gans J,
improvements reveal great bacterial diversity and high
metal toxicity in soil. Science, 2005, 309(5739):
1387-1390.

Placella  SA, Brodie EL, MK.
Rainfall-induced carbon dioxide pulses result from

soil structure and nitrogen mineralization,

Wolinsky M, Dunbar J. Computational

Firestone

sequential resuscitation of phylogenetically clustered
groups. of the
Academy of Sciences of the United States of America,
2012, 109(27): 10931-10936.

Roesch LFW, Fulthorpe RR, Riva A, Casella G,
Hadwin AKM, Kent AD, Daroub SH, Camargo FAO,
Farmerie WG, Triplett EW. Pyrosequencing enumerates

microbial Proceedings National

and contrasts soil microbial diversity. The ISME
Journal, 2007, 1(4): 283-290.

Rinke C, Schwientek P, Sczyrba A, Ivanova NN,
Anderson 1J, Cheng JF, Darling A, Malfatti S, Swan
BK, Gies EA, Dodsworth JA, Hedlund BP, Tsiamis G,
Sievert SM, Liu WT, Eisen JA, Hallam SJ, Kyrpides
NC, Stepanauskas R, Rubin EM, Hugenholtz P, Woyke

<l actamicro@im.ac.cn, & 010-64807516

[18]

[19]

[20]

(21]

(27]

T. Insights into the phylogeny and coding potential of

microbial dark matter. 2013, 499(7459):
431-437.

Mettel C, Kim Y, Shrestha PM, Liesack W. Extraction
of mRNA from Soil. Adpplied and Environmental
Microbiology, 2010, 76(17): 5995-6000.

SRV, RFWE, MOETE, BOOME, TR, REE,
TME. 3 LS E LRI DNA RRAIT e B+ 1
EWFE. WUEYR, 2012, 52(7): 894-901.

Guo Y, Wu YC, Lin XG, Zhong WH, Ding WX, Zhu JG,
Jia ZJ. Three

quantification

Nature,

successive  extractions reduce

bias of microbial communities
associated with incomplete DNA recovery in soil. Acta
Microbiologica Sinica, 2012, 52(7): 894-901. (in
Chinese)

Stubner  S. 16S rDNA of
Desulfotomaculum lineage 1 in rice field soil by
real-time PCR with SybrGreen™ detection. Journal of
Microbiological Methods, 2002, 50(2): 155-164.
Caporaso JG, Kuczynski J, Stombaugh J, Bittinger K,
Bushman FD, Costello EK, Fierer N, Pefia AG,
Goodrich JK, Gordon JI, Huttley GA, Kelley ST,
Knights D, Koenig JE, Ley RE, Lozupone CA,
McDonald D, Muegge BD, Pirrung M, Reeder J,
Sevinsky JR, Turnbaugh PJ, Walters WA, Widmann J,
Yatsunenko T, Zaneveld J, Knight R. QIIME allows
analysis of high-throughput community sequencing
data. Nature Methods, 2010, 7(5): 335-336.

Warren CR. Response of osmolytes in soil to drying

Enumeration  of

and rewetting. Soil Biology and Biochemistry, 2014, 70:
22-32.

Nagano H, Atarashi-Andoh M, Koarashi J. Effect of
dry-wet cycles on carbon dioxide release from two
different volcanic ash soils in a Japanese temperate
forest. Soil Science and Plant Nutrition, 2019, 65(5):
525-533.

Rahman MM. Carbon dioxide emission from soil.
Agricultural Research, 2013, 2(2): 132-139.

Pnueli L, Hallak-Herr E, Rozenberg M, Cohen M,
Goloubinoff P, Kaplan A, Mittler R. Molecular and
biochemical mechanisms associated with dormancy
and drought tolerance in the desert legume Retama
raetam. The Plant Journal, 2002, 31(3): 319-330.
Pohlon E, Riitz NK, Ekschmitt K, Marxsen J. Recovery
dynamics of prokaryotes and extracellular enzymes
during sediment rewetting after desiccation.
Hydrobiologia, 2018, 820(1): 255-266.

Bodegom P. Microbial maintenance: a critical review



JEGEANSE | A 2RI, 2022, 62(3)

1019

[31]

on its quantification. Microbial Ecology, 2007, 53(4):
513-523.

Sukenik A, Kaplan-Levy RN, Welch JM, Post AF.
Massive multiplication of genome and ribosomes in
dormant  cells (akinetes) of
ovalisporum (Cyanobacteria). The ISME Journal, 2012,
6(3): 670-679.

Tamer YT, Toprak E. On the race to starvation: how do

Aphanizomenon

bacteria survive high doses of antibiotics? Molecular
Cell, 2017, 68(6): 1019-1021.

Hamer U, Unger M, Makeschin F. Impact of air-drying
and rewetting on PLFA profiles of soil microbial
communities. Journal of Plant Nutrition and Soil
Science, 2007, 170(2): 259-264.

AR, R, SRR, TKREIR, THEUE. LIER
AT AN A P X TR SR R . b S S AR
2020, 9(4): 348-354.

Xie ZH, Gao Z2Y, Guo LL, Zhang JY, Yu ZH.
Responses of soil microbial activities and biomass to
drying and wetting—a review. Soils and Crops, 2020,
9(4): 348-354. (in Chinese)

(TR = I L = B S 1 Rl ' = D0 W e el 73
ZERIIRER. L3, 2017, 54(1): 191-203.

Bao LJ, Jia ZJ. Changes of archacal communities in
a paddy soil under drying and re-wetting cycles.
Acta Pedologica Sinica, 2017, 54(1): 191-203. (in
Chinese)

[33]

[34]

[35]

[36]

X2, B, tRILAE, XUg, MR, HE, R, 3
BY, M, R ARBHEI T R LMY
P& T A B W N . b E AR R, 2020, 57(1):
206-216.

LiuK, Ge Z, Xu YD, Liu L, Ye C, Li M, Zhao B, Liang
AZ, Zhang B, Wang JK. Responses of soil microbial
community to drying-wetting alternation relative to
tillage mode. Acta Pedologica Sinica, 2020, 57(1):
206-216. (in Chinese)

Huang Q, Wang JL, Wang C, Wang Q. The 19-years
inorganic fertilization increased bacterial diversity and
altered bacterial community composition and potential
functions in a paddy soil. Applied Soil Ecology, 2019,
144: 60-67.

SRR, SOEIA, R, AN I ER e 3E X 1A T
TETE S M . B R A b B 2%, 2018, 55(6):
1074-1084.

Zhang HM, Guo HJ, Hou ZA. Effects of saline and
alkaline stress on soil bacterial community structure.
Xinjiang  Agricultural  Sciences, 2018, 55(6):
1074-1084. (in Chinese)

Zhang MM, Li Z, Haggblom MM, Young L, Li FB, He
ZJ, Lu GM, Xu R, Sun XX, Qiu L, Sun WM. Bacteria
responsible for nitrate-dependent antimonite oxidation
in antimony-contaminated paddy soil revealed by the
combination of DNA-SIP and metagenomics. Soil
Biology and Biochemistry, 2021, 156: 108194.

(A5 %0

ZE)

http://journals.im.ac.cn/actamicrocn



