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Abstract

As an important compartment of the Earth’s surface, terrestrial ecosystems act as a vital harbor for human survival
and development. Climate change significantly increased the frequency, intensity and duration of drought since
the 21st century, which have marked impact on ecosystems, leading to serious restriction or even threat on the
sustainable development of human beings. Therefore, developing integrative research on effects of drought on
terrestrial ecosystems and assessing the associated ecological risk are impressive in global change field. This
study reviewed the effects of drought on plant physiological and ecological processes, biogeochemical cycles,
biodiversity, and ecosystem structure and functions in terrestrial ecosystems, and discussed current hotspot issues
in this field as well as deeply analyzing the existing problems and the potential development direction. This study
aims to provide some suggestions for the future observation, manipulative experiments, and modeling prediction
on effects of drought on terrestrial ecosystems, and offer new insights to enhance risk assessment and manage-
ment under drought.

Key words carbon starvation; extreme drought; biodiversity; ecosystem productivity; carbon cycle

Zhou GY, Zhou LY, Shao JJ, Zhou XH (2020). Effects of extreme drought on terrestrial ecosystems: review and prospects. Chinese
Journal of Plant Ecology, 44, 515-525. DOI: 10.17521/cjpe.2019.0317

A B AR AR TP ZE 51 2 (IPCC) 28 LIk
PR A e, AR T %, AEiEsSos kTR H
PR ARSI B] B 3G, JF Hix
Pl AL AR RA B — 2 RIZER(APCC, 2013).
201045 M By it X 2 AR il o - 2 5 4F, S BOZIX
WA IS RGid k2122 Pe, JUTFHE

AR H HiReceived: 2019-11-22  $:5% H #Accepted: 2020-02-25

T ERBMRESRG—FERFmRIE, 5K T4
A GO T Wty T2 AR SO m) (AR AR BE T L 7%
SIFAE)T 2 o%0E . H20t L 604ER I 4h, +
[ 2R AL b X AR PR K B R PLE R T A, R X 45
Bz E T #IR A 7 AR T B E R (Piao et al.,
2009). 200920134, A [ it g b X 8 52 % 4 T 2,

FEEWH: ERKEAFEEEIH (31930072, 31600387F131600352)F1d -+ 5 G A4 385 1HX(BX20200133). Supported by the National Natural
Science Foundation of China (31930072, 31600387 and 31600352), and Postdoctoral Innovation Talents Program (BX20200133).

* J@ {5 1E 4 Corresponding author (xhzhou@des.ecnu.edu.cn )



2 HYAZ2EIR Chinese Journal of Plant Ecology 2020, 44 (5): 515-525

T B 73 DX AP AR AR A 4 R 3Hek2> 70%-90%, T
LY R AN T A 5 I SR M (B2 T4, 2014). 5
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4.5 “C (Yuan et al., 2016). %X 155 & B HG T 5
FARB R F A, AR AR R NIRRT
FLJC 8 R S5 B 1 38 o DA R Bl A v s A 55 55 %2
AR MR 2o E e TR 48 R (™R A%, 2012).
VE N ERSR J2 B B R oy, FlithAE S RSt
e NBAAE . TGS AUR & I B B (5 = %%,
2018). KUk, TFuffhith A& R Gk A H A&
T2 VBRI EIGIR. ERFIThRE. A2 REtE
S5 TR REIA, B i) 2408 52 B AN St 2 I )
RIEWEL). SR, R0 ESE. ME. Fh
B BEEAMAES REEAFRE EXRHA S RS
FAAEE R, EN ORI AESE T, K
MU B WA OGS E RS A E TR, tEe
W WY -E 2 B R R, RS RSN
TEIE AN, IERER LT R KR A H 3 A iR BRG]
ERi AR RAMLSE W ST, RAEBESRS
W RO, IWmiszmAE R RAMRS 5 ThAe
(Reichstein et al., 2013). it & JL 4K, RE NI
Je T REBXRTTEX MY EBALRS. EYHERi

TEIA . A Z RIS A R AR M D Be MR 7
T AIRIE T, (ER AR 3 R GE I R A RTINS 25 5
PECLROULIN T B i) 2 RS 8, 4TS TAES R
e SR IE A T AR AN SE B A St
T J& FIARSCHIE FUEAT R G S5 RN, 4R 1 240
AFAE [ R AR IR T T8, AR N EE AR
TR S RGN, DT T RAES N
PG 58 B SR AR I B

1 HRisTEXNENERESIRENZM

W+ R H WA A KR E, 2
FEOIET. . BRI T R YA B A S 5,
FBAE T BRI B R0 - 5 g ma )87, Her AR 2
FEIRT P FER LI A 2 T D38 AR AZ O R s vl 8 7K g
KRBT, T 5B ARIE T W] B RIE TR
Ji R S R B A - R S A KK Stk
ik R R A BV RV, TR K AL
KA GEFEOCHEREES, A L% rEE™
VIS M IEF A AW R, SBUEY LT
(E2)(McDowell et al., 2008). T I 7EIIEHE 2 %
A0 7] T 7K 77 2R A T BRI 2 [F (Anderegg et al.,
2015; Rowland et al., 2015), {H & FIEL5 e K
A VIAERE ) A KRB A 55 A B AR 25 A P i 47 v

Ecosystem structure and function

X RGHEATHE

TR E
Above-belowground coupling
VI HIERE 5 L
Biogeographic pattern and
regulation mechanism

Biogeochemical cycle ]
BRI FERR O e
RILRZ '
Source-sink relationship
B-A-KEE
Carbon-nitrogen-water coupling
FTHEEZE

Multifactor interaction

Biodiversity
A retE 0
b FEE ‘

Above-belowground coupling
SERGRERERE
Ecosystem function
maintenance and recovery

N

Plant physiology i -
HYEEES _”///
KA RE A

BRI

Carbon starvation

Hydraulic imbalance

Fok-BEAKERE
A\ Dehydration - rehydration /)

Bl TR RGN TR AR R

Fig. 1 Research hotspot issues of the effects of drought on ecosystems.
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Fig.2 Schematic diagram of carbon starvation and hydraulic imbalance hypothesis in response to drought.
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Fig. 3 Response curves of physiological parameters during
continuous drought and rehydration.
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AR EFB R E MRS — (IRIESE, 2016;

DOI: 10.17521/cjpe.2019.0317



6 AEPA AR Chinese Journal of Plant Ecology 2020, 44 (5): 515-525

B {111 Changbai Mountain

B4 AFEZKIGEAT TR Z RN B AZID A . 58, BREFRAXIETUR L.
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Fig. 5 Integrated effects and risks of drought and other biotic and abiotic factors on ecosystems.
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