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Effects of changes in water status on soil microbes and their response mechanism: A review.
ZHU Yi-zu"*? | LI Ya-ying', HAN Ji-gang®, YAO Huai-ying'* ('Institute of Urban Environment
Chinese Academy of Sciences, Xiamen 361021, Fujian, China; *Shanghai Academy of Landscape
Architecture Science and Planning, Shanghai 200232, China; ’University of Chinese Academy of
Sciences , Beijing 100049, China).

Abstract; Soil microbes play essential roles in maintaining terrestrial ecosystem services. Soil mois-
ture is a primary determinant of soil microbial activities and ecosystem functions, which may fluctuate
dramatically with the altered precipitation patterns and extreme drought caused by the ongoing global
climate change. Due to the distinct soil microbial tolerance and life-strategy approaches to drought
stress and different water status, fluctuation of soil moisture has a direct impact on microbial activi-
ties and community structure, thereby profoundly affecting microbial-mediated processes and ecosys-
tem functions. Thus, it is of great significance to understand the dynamics and mechanisms that
underlie the microbial responses to soil water status. In this review, we summarized recent progress
in the study of responses of soil microbial activities (e.g. soil respiration and enzyme activities) and
community structure to soil water status. We summarized underlying microbial physiological and eco-
logical mechanisms, particularly 1) the cellular physiological accommodation such as osmolyte
accumulation, exopolysaccharide production and transition into dormant states, and 2) the ecologi-
cal strategies such as stress-resistant gene transfer and functional redundancy. Therefore, this inves-
tigation on the underlying relationship between soil microbial assembly and ecosystem functions
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under different water status could further demonstrate the microbially-mediated soil biogeochemical

processes and provide a theoretical basis for future research and modelling of terrestrial ecosystem

responses to climate change.

Key words: soil respiration; enzyme activity; microbial response strategy; water status.
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Table 1 Responses of the main bacterial and fungal groups to soil water status

DGR7ESi FAXTF A1k Change in the relative abundance i iy A T EE PN
Microbial group FEL WK K4 A Wet-up Response Reference
Drought <24 H >24 H pe

AR ZEHE FAAT BT Acidobacteria D I D 0/T [8,13,44]

Bacterial group JZEET] Actinobacteria I D D T [9,13]
AT ] Bacteridetes /D 1 /D 0 [13,44]
ZEFIEE ] Gemmatimonadetes u/D U D 0/5 [5,9]
1F 8B | ] Planctomycetes U 8] D T/S [9,13]
AFTE B ] Proteobacteria U U /D T/0 [9]
P T] Verrucomicrobia D 1 D (0] [9,13]
JERER ] Firmicutes U D /D 0/S [8-9,13]
L] Chloroflexi D/1 U/1 D y [5,9,13,44]
W AN TR Cyanobacteria D - - S [13]

RGBS HF ] Basidiomycota U U - T [9]

Fungal group FHER ] Ascomycota U/1 U D T/0 [9]
ERFETH ] Glomeromycota u/D U T/8 [5,9]
iz 1| Chytridiomycota D - - S [5]

D. &% Decreased ; 1. W Increased; U 4 Unaffected. 0. L Opportunistic; T 527 Tolerant; S: A Sensitive.
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L3EPPIR Soil respiration
E§TEM: Enzyme activity
JEYIEH Substrate transport
S8 Gas diffusion
EARA Predation
R4 Metabolic costs

b

HHURAEYA BRI Decreased BA-OM |
- RY SV BB Z MR Limited DASM

FUBEY Sensitive microbes |

- 4iffufRKFET: Cell dehydration (A) T agd
* KAMERS L% Water-related niches lost A

Y <
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—

WMWY Tolerant microbes
- & RMAYIRR Osmolyte accumulation (B)
* A HISNETY) EPS production (C)
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B 1 IR SRR A M i i e s A

Fig.1 Responses of microbial processes to soil water status.
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BHURAE YA HERE Increased BA-OM
BV SHAEY B3R /1HE Icreased DASM
- AR BBAVLR Aggregates fracture & OM releases

« MR BB A Cells lysis & OM releases
« e PyheesiEsk Microbial functions lost

)

Bty “SEFH”  Microbial resuscitation

o 5{E% 4L Free niches colonization

UM SASRGEYEEPENE Affected DMCEF
(D% Decreased
@4 Unaffected
@ Increased

a) TEFRAFSAFBACTT , S NT IR R G M 1 A8 A2 32 ) 2 A R 3R 456 S I 1 25 28 (N R OR300 SR8 5 e 0 BE =2 4 e, il SO 00 52
Z3MH]) Multiple factors result in changes of soil respiration and enzyme activities (e.g., substrate transport increases with increasing soil moisture,
whereas oxygen transport decreases) ; b) £ T FWA K /HIKE Y 4 Fh HIERE YIRS 18R 0804 VAR K A3 2 28 A6 B3 R AL 5 %0 A2 45
R TIHERIFZ M Four possible microbial responses to drought and wet-up, and underlying responses to different water status and the effects on ecological
function. BA-OM . HHLF YA %4t Bio-availability of organic matter; DASM Y S5 YR sh ¥ BHE /1 Diffusion ability of substrates and
microbes; EPS. fi#MEA Y Extracellular polymeric substances; DMCEF ; #A4: ¥y REV% 5 4 8 R G U HELAEE Diversity of microbial communities and

ecosystem functions.

J , X R PN ) I S e A AR R
IKIF FAARAR TS24 B T H AR BRES A R L3 o1
R STEBOKIREE T & B SEE | H b S50 i X
LR T A5 AR AR PR S A S TR 4 MU S AL T 1E
TG A SR A W 552 T SR 520 7 i 4a
T O3 e R R N i TR A R g S R SR R R T
JEF- i K H A4 Warren S 230 IR ST T 7 3T
S 3 R0 K TR0 S ) 20 AR PN 2 F R R T U T
(osmolyte ) BRI =1 A8 Ak, 25 S % L, Bk W e
AR RN BRSO 8, T AR T BN T
PR IRAL Y 10 A%, TAE K MR AY 1~3 h J5 W
ZE 3 B A BT PR B8 2 0 e DA T 2 AR A X
FLHEIER 1M I B R E MR A2 K o T AR AR Y
B e R S R T .

2) FEAMANRE Y. AN RS W) (extracellular
polymeric substances, EPS) J&—23k B /¥ sl fE
PIRR R WP R 2 TR G W), H 3B
SRR AL HG AR BT ML DNA | BEREE 5T | AR
J AL 53 00 AR5 EPS B R Ak
AL Z TSRS P E RE LA K oy B
SR )45 R BE 0 T BTG R X 2 A s i £
TE 3K o3& 1 B W AR Y i B v A i A

R DR R T 110 ) Al A RS YR S 0 T
(HAE R MR E A RIS HE AR ) Rt & i EPS i
FEA A W A0 I AR R DA K i e
K1 R4 Csh  EPS MU A B S T EE Y
S TR IR T ELVE Al i 4 T kS
AR A R AR Py s R H A AL, A
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