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Abstract Global precipitation patterns have changed substantially, affecting the carbon processes of terrestrial
ecosystems. Soil respiration is the second largest carbon flux in terrestrial ecosystems. Therefore, small changes
in soil respiration can profoundly affect the trajectory of climate change. Currently, studies on the response of soil
respiration to changes in precipitation have been limited to considering only two or three treatments. Therefore,
the response of soil respiration to a precipitation gradient is unknown. In this study, based on a precipitation
gradient experiment in an alpine meadow on the Qinghai-Tibetan Plateau, we investigated soil respiration and its
components (autotrophic and heterotrophic respiration) measured during the 2019 growing season in response
to the precipitation gradient, including six levels of altered precipitation (1/12P, 1/4P, 1/2P, 3/4P, 1/4P, P, and 5/4P,
where P is the mean annual precipitation). The results showed that: (1) Soil respiration responded to changes in
precipitation. Soil respiration increased with increasing precipitation, reaching a maximum value (4.8 ymol” m?
s”) in treatment 1/2P. (2) The 1/4P and 1/2P treatments significantly increased autotrophic respiration by 50.2%
and 53.3%, respectively. The results of the structural equation model showed that precipitation changes indirectly
affected autotrophic respiration (P > 0.05), whereas soil water content directly affected autotrophic respiration
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(P > 0.05). (3) Heterotrophic respiration did not significantly change with altered precipitation (P > 0.05) but was
directly affected by aboveground biomass (P > 0.05). In conclusion, the nonlinear response of soil respiration
to precipitation was dominated by changes in autotrophic respiration, whereas heterotrophic respiration did not
change significantly with altered precipitation. Moreover, the relative contribution of heterotrophic respiration to
soil respiration increased with increasing precipitation, indicating that more carbon in alpine meadow soil will
be released through microbial decomposition in the context of increasing precipitation in the future. This study
revealed the nonlinear response of soil respiration to increasing precipitation and provided a scientific basis
and data support for accurately simulating and predicting soil carbon release in alpine grasslands under future

precipitation change scenarios.

Keywords soil respiration; soil respiration component; precipitation change; threshold; alpine meadow
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Fig. 1 Distribution of the treatment plots.
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Fig. 2 Changes of biotic and abiotic factors along with the gradient
of precipitation change. ST: Soil temperature; SWC: Soil moisture
content; Standing litter: Standing dead; Litter fall: Litter; MBC: Soil
microbial biomass carbon; MBN: Soil microbial biomass nitrogen; AGB:
Aboveground biomass; BGB: Underground biomass. Values with different
lowercase letters on the bars are significantly different at P < 0.05.
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Fig. 3 Seasonal variations of soil respiration and its components
and their responses to a gradient of precipitation change. A:
Seasonal dynamics of soil respiration rate (Rs); B: Seasonal dynamics
of heterotrophic respiration rate (Rn); C: Seasonal dynamics of
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Fig. 5 The direct and indirect pathways of biotic and abiotic factors to the variation of autotrophic respiration and heterotrophic
respiration under the gradient of precipitation change. Blue and red arrows represent positive and negative effects respectively. The number
next to the arrow represents the regression coefficient. R’ represents the common interpretation of the variables. * 0.01 < P < 0.05; ** 0.001 < P <

0.01; *** P <0.001.



et € )~ R IV R X e A R A8 R ) 7

Vol. 29 No.5 Oct. 2023

NP, 48 O S TR IR O A S R R I B R A AR A
XF SR IR B s (EI3F) , FEFRWT: — 4T, 5F
B JRANR , R U AR A B R R A e, RS DA v 1
AN E, BWERTAKE, FILESRGIFAZ KT R
i, & 2 A A T SRS, R AR e T
e A TE M, TR B S SR OP IR O SO T, AR I
R B T3 1 AR 6, (EAEAS3 EvE ) B 7.7 %,
2 WY IRk T TR 3 o 40 o) kA 9 A AR T 3 R T
AT, TR TIT f A 0  RFJER A0 SR U G U0 1) S5 5 IR
SR L, TR SR R IR K S R RS2 T RIS T b
WA VR o AR ROILIRIR . S5 I8/ NI LA 7 Thi i —
A TR AR R SO0 S5 0 W R 2 S AL A

AT U B 2% vy 5 A S R IR o - S I I ) AR X L A7)
RTE IR, H 5 57 0P RS 338 I 0% 1K) AR T 57 1R B e 9
HEDTT RGO, TR IR R 8 G IR 67 %, X5 PV
A TITE Y 52 IR AT SR RO I 45 R (70.3%) A, P T4
AR AR 7K 73 3R HD 25 6] 22 57 [ 57 I WS AR S5 7 I 0 e
R A M A BBURR M A 7 22 1. T S ) T AR R Tk
My b A 5, R AR AR R VR R P it K gy
WREHSEKEE, BTREIERIE S, BRI
COA G Hieth H38, IF HIR 2 H 3 KR sk A, % LR Y
MR LATE SRR B 98, e AHEAT A5 S IR o2, e 3
MR Z LB RKY, BTRELREEER Y, SECRE

B E#k [References]

1 WAT, BOCHE, WS, RIEDT RN, BRT R, R, PR, FRKAR
AN FR 53 VR IR W A8 DR i) 2R R R R T e A [J]. AR R,
2022, 41 (3): 465-472 [Tao DX, Li WJ, Yang T, Ke YG, Xu C, Zhao
JL, Wu HH, Yu Q. Effects of precipitation change and nutrient
addition on soil respiration in Hulunber meadow steppe [J]. Chin J
Ecol, 2022, 41 (3): 456-472]

2 R, RELGAORIE, EEM, WM, FELk, MR, HNE, it
S G TN BRI A iR AT 2 5 T N R 44 1
Wi [J]. AR A 2E I, 2020, 44 (10): 1059-1072 [Yang Z, Gamaderiji,
Tan XR, You CH, Wang YB, Yang JJ, Han XG, Chen SP. Effects
of nitrogen addition amount and frequency on soil respiration and
its components in a temperate semiarid grassland [J]. Chin J Plant
Ecol, 2020, 44 (10): 1059-1072]

3 Harper CW, Blair JM, Fay PA, Knapp AK, Carlisle JD. Increased
rainfall variability and reduced rainfall amount decreases soil CO,
flux in a grassland ecosystem [J]. Glob Chang Biol, 2005, 11 (2):
322-334

4 Cox PM, Betts RA, Jones CD, Spall SA, Totterdell IJ. Acceleration
of global warming due to carbon-cycle feedbacks in a coupled
climate model [J]. Nature, 2000, 408 (6809): 184-187

5 Zhu C, Ma YP, Wu HH, Sun T, La Pierre KJ, Sun ZW, Yu Q.
Divergent effects of nitrogen addition on soil respiration in a
semiarid grassland [J]. Sci Rep, 2016, 6 (1): 1-8

6 S, N, [mToA, HAKH, EEIR, B, R WX R
R 23 ] P PR W RS R 9 14 R R (D] R R B A
i, 2016, 22 (3): 499-504 [Zhou SX, Huang CD, Xiang YB, Xiao
YX, Tang JD, Han BH. Effects of throughfall exclusion on soil
respiration in natural evergreen broad-leaved forest in Rainy Area
of Western Chinaeaved forest in Rainy Area of Western China [J].

T HEE KR MR A I K TR R L, R T RUE YRR
CO,, HETIFEUT H 77 W WR AN 57: 57 W = of -+ 398 P U AR X

4 25 ig

AT T B T 75 e A e A AR R A B AR ) SR IR T 65

W FCR I, SR U 0T e T D5 A A A R AR R, 3R P
W e R B G AN TG0, JFAEA/2P AR BIA B i KA, R RE A
Y 52 98 T L 8 P R 3% 7 A ARG 8 P X o R A )k e
Mk i 8 3 B SRR AR A T R SO R S S
S RO, {E S TR X 3 R £ R K 5T R B e
ST HE R, IR AR SR B RT HEIN  # SR, 3 2R
oy Tl R o R TR AR IS RO B AL T+
SRR R LA A RO B AR LR AR R T R RIS
AT g P PO T A SR A R =) S 75 7 v i e 9 )
AN AR TSR VEM B IS WA, 75 18 BUAS [ % XA
ek R ) 22 s AT 9 48 70 ) 38 I R T R R A A 3K e
AR 2 e 8 3 7 EAE B 2 1) B A A R G b I AR B R AT
BAIE. BN, ARRB TP IR T HE— PRI IR A REVE 45 4
5T 8E R W 0 Mk A5 - ST P 5% B 3 R X B R B P X
F 0 17, DA DAy TR0 B4 R R S A2 AR 9 B 1) 3 2 2 L B
R

Chin J Appl Environ Biol, 2016, 22 (3): 499-504]

7 Wang JS, Tian DS, Knapp AK, Chen HY, Luo YQ, Li ZL, Hou
EQ, Huang XZ, Jiang LF, Niu SL. Precipitation manipulation and
terrestrial carbon cycling: The roles of treatment magnitude,
experimental duration and local climate [J]. Glob Ecol Biogeogr,
2021, 30 (9): 1909-1921

8  AEWNAY, WU, KER, AVEE, T, RYER, UG FRESCR
oF T VA] = iy YN ¥ b L3RR R S [J]. AR A F 4R, 2019a, 39
(13): 4806-4820 [Li XG, Han GX, Zhu LQ, Sun BY, Jiang M, Song

WM, Lu F. Effects of changes in precipitation on soil respiration
in coastal wetlands of the Yellow River Delta [J]. Acta Ecol Sin,
2019a, 39 (13): 4806-4820]

9 Lu, MYk, B, EWRA, BRI, VNG HREBEWAEARN
SO TR = AR WV L SRR (R e [J]. AR SRR, 2021, 40
(7): 2094-2103 [Ma S, Tao BX, Han GX, Wang XJ, Li PG, Chu XJ.
Effects of spring rainfall distribution on soil respiration in a coastal
wetland of the Yellow River Delta [J]. Chin J Ecol, 2021, 40 (7):
2094-2103]

10 AR Rkl 2R K R g Y B R o B 0 R R B R R RE I S el
WFFE[D]. & Mk AALIF¥E K%, 2020 [Xu M. Effects of pulse

precipitation on soil respiration and carbon accumulation in typical
grasslands [D]. Jilin: Northeast Normal University, 2020]

11 BRAFE, 25wl S, BEF FHSF, =B KSR B
Vit 3 T B S AR AR T IR R (R S [J]. R AR A 2R, 2003, 27
(2): 202-209 [Chen QS, Li LH, Han XG, Yan ZD, Wang YF, Yuan
ZY. Influence of temperature and soil moisture on soil respiration
of a degraded steppe community in the Xilin River basin of Inner
Monglia [J]. Chin J Plant Ecol, 2003, 27 (2): 202-209]

12 BEE, B, GIE, 500, KRR SRS 5T IR AR

1183



\1184 29% $E5H3 20234108

14

15

16

17

18

19

20

21

22

23

24

25

26

iRk &

TGS R 3R P R P i AR [J]. AR AR, 2017, 41 (12): 1239-
1250 [Yang QX, Tian DS, Zeng H, Niu SL. Main factors driving
changes in soil respiration under altering precipitation regimes
and the controlling processes [J]. Chin J Plant Ecol, 2017, 41 (12):
1239-1250]

i, P, MRS, SRBEHE, RS, WL, (REEEE, BRUIEE, FUKTK,
BOEWE, PNESE . GURI K37 00 PR 552 ok 5 96 o s O 2B 3 A o 0
WP S [J]. A A &S 4R, 2020, 44 (1): 80-92 [Wen C, Shan
YM, Ye RH, Zhang PJ, Mu L, Ren TT, Chen SP, Bai YF, Huang JH,
Sun HL. Effects of nitrogen and water addition on soil respiration
in a Nei Mongol desert steppe with different intensities of grazing
history [J]. Chin J Plant Ecol, 2020, 44 (1): 80-92]
Miao Y, Han HY, Du Y, Zhang Q, Jiang L, Hui D, Wan SQ.
Nonlinear responses of soil respiration to precipitation changes in
a semiarid temperate steppe [J]. Sci Rep, 2017, 7 (1): 1-8
Sanchez-Mejia ZM, Papuga SA. Observations of a two-layer soil
moisture influence on surface energy dynamics and planetary
boundary layer characteristics in a semiarid shrubland [J]. Water
Resour Res, 2014, 50 (1): 306-317
Zhou LY, Zhou XH, Shao JJ, Nie YY, He YH, Jiang LL, Wu ZT, Bai
H. Interactive effects of global change factors on soil respiration
and its components: a meta-analysis [J]. Glob Chang Biol, 2016,
2 (9): 3157-3169
Hirota M, Holmgren M, Van Nes EH, Scheffer M. Global resilience
of tropical forest and savanna to critical transitions [J]. Science,
2011, 334 (6053): 232-235
Field CB. Managing the risks of extreme events and disasters
to advance climate change adaptation: special report of the
intergovernmental panel on climate change [M]. England:
Cambridge University Press, 2012: 582
SRR, BB, WOCER, AR . IR AN 2 R ) £ g
Wy Je F Ao s m[J]. RS2 4, 2020, 40 (18): 6405-6415 [Meng
C, Niu SL, Chang WJ, Quan Q, Zeng H. Effects of warming
and clipping on soil respiration and its components in an alpine
meadow [J]. Acta Ecol Sin, 2020, 40 (18): 6405-6415]
Hanson PJ, Edwards NT, Garten CT, Andrews JA. Separating
root and soil microbial contributions to soil respiration: a review
of methods and observations [J]. Biogeochemistry, 2000, 48 (1):
115-146
Lin ZB, Zhang RD, Tang J, Zhang JY. Effects of high soil water
content and temperature on soil respiration [J]. Soil Sci, 2011, 176
(3): 150-155
TR, G AR RO AL T EE R [J]. B SR AR R,
2001, 7 (4): 396-402 [Zhang SQ, Shan L. Research progress on
water uptake in plant roots [J]. Chin J Appl Environ Biol, 2001, 7 (4):
396-402]
Fierer N, Schimel JP, Holden PA. Variations in microbial
community composition through two soil depth profiles [J]. Soil
Biol Biochem, 2003, 35 (1): 167-176
Li CB, Peng YF, Nie XQ, Yang YH, Yang LC, Li F, Fang K,
Xiao YM, Zhou GY. Differential responses of heterotrophic and
autotrophic respiration to nitrogen addition and precipitation
changes in a Tibetan alpine steppe [J]. Sci Rep, 2018, 8 (1): 1-13
Liu LL, Wang X, DENG MF, Lajeunesse MJ, Miao GF, Piao SL,
Wan SQ, Wu YX, Wang ZH, Yang S, Li P, Deng MF. A cross-
biome synthesis of soil respiration and its determinants under
simulated precipitation changes [J]. Glob Chang Biol, 2016, 22 (4):
1394-1405
AR IR A R SIS TR R O R S R I R R A X R T e I AN

27

28

29

30

31

32

33

34

35

36

37

38

[ K b = 25032 Py el B2 [D]. 0 7« TR K %%, 2017 [Li Y. Responses
of soil and heterotrophic respiration and sensitivity to climate
warming and changing precipitation regime in three temperate
grasslands [D]. Henan: Henan University, 2017]
B AU B R A X AL R e e 3 W 2 Y AR A 1 5 i
W% [D]. WMk ZJbIfYE K%, 2021 [Hu G. Effects of simulated
rainfall change on seasonal variation of soil respiration in
Songnen meadow steppe and control mechanism [D]. Jilin:
Northeast Normal University, 2021]
Lin XW, Wang SP, Hu YG, Luo CY, Zhang ZH, Niu HS, Xie ZB.
Experimental warming increases seasonal methane uptake in an
alpine meadow on the Tibetan Plateau [J]. Ecosystems, 2015, 18
(2): 274-286
Yang YH, Fang JY, Tang YH, Ji CJ, Zheng CY, He JS, Zhu B.
Storage, patterns and controls of soil organic carbon in the
Tibetan grasslands [J]. Glob Chang Biol, 2008, 14 (7): 1592-1599
LA, FMUIFE, MR, 1K, R 2000—20164F 5L i
[ 7RO R B 78 55 (R A [J]. B M 224, 2022, 30 (3): 721-730 [Cao
YN, Sun MX, Chen MR, He YT, Song HL. Effects of precipitation
on the vegetation coverage in the northern Tibetan Plateau from
2000 to 2016 [J]. Acta Agrestia Sin, 2022, 30 (3): 721-730]
EweAE, A, SR, BSCW], BEE, B A E R
of Uy 9 A B A ) b b - B R AR S C S Y RS e [J]. i e
Uiy K2 244, 2021, 49 (6): 39-46 [Wang XW, Niu MN, Zhang
LW, Bai WM, Li YG, Chen AQ. Effects of different nitrogen levels
on aboveground-underground biomass allocation of plants in
temperate typical steppe [J]. J Henan Norm Univ, 2021, 49 (6):
39-46]
Gao YZ, Giese M, Lin S, Sattelmacher B, Zhao Y, Brueck H.
Belowground net primary productivity and biomass allocation of
a grassland in Inner Mongolia is affected by grazing intensity [J].
Plant Soil, 2008, 307 (1): 41-50
Moe s, LIERCEY T AR S DR M]. db et A HOE R,
2010: 73 [Lin XG. Principles and Methods of Soil Microbiology
Research [M]. Beijing: China Higher Education Press, 2010: 73]
Abbasi AO, Salazar A, Oh Y, Reinsch S, Rosario Uribe MD, Li
JHY, Rashid I, Dukes JS. Reviews and syntheses: Soil responses
to manipulated precipitation changes—an assessment of meta-
analyses [J]. Biogeosciences, 2020, 17 (14): 3859-3873

D6, BEESR, R EML, EETE, MO, AR, BRI A Y
Eﬁm‘ﬁiiﬁ&iE?%}T—a"?fitiigﬂat”&E‘Jwﬂan[J]. WEER Y, 2022, 43
(3): 1657-1667 [Wang X, Zhong ZK, Zhu YF, Wang JY, Yang GH,
Ren CJ, Han XH. Effects of warming and increased precipitation
on soil respiration of abandoned grassland in the Loess-Hilly
Regions [J]. Environ Sci, 2022, 43 (3): 1657-1667]
SN, HIRIR, MU, kNI, A . R v a4 R B
20 PR AR AL I RE[J]. AR AR AR, 2022, 42 (5): 17031715 [Dou
WQ, Tian LL, Xiao B, Yao XM, Li SL. Response of respiration
rate of moss biocrusts to the manipulation of rainfall amount on
the Chinese Loess Plateau [J]. Acta Ecol Sin, 2022, 42 (5): 1703-
1715]
FI0, FEEAR, EEH, AR, FRer. BRI R R AR

SRS ] £ B4 ), 2013, 33 (18): 5631-5635 [Wang X, Yan
YC, Yan RR, Yang GX, Xin XP. Effect of rainfall on the seasonal
variation of soil respiration in Hulunber Meadow Steppe [J]. Acta
Ecol Sin, 2013, 33 (18): 5631-5635]
WS, HBE, ESn, MR, L3, B, JE-F A, s
I8 18 I 0 B AR S RGUAR RAEV R[] EAES S, 2021,
45 (11): 1203-1212 [Wei CX, Yang L, Wang JS, Yang JM, Shi JW,



1y S A I SO [ 9 At P2 2 S 2

Vol. 29 No.5 Oct. 2023

39

40

41

42

43

44

45

Tian DS, Zhou QP, Niu SL. Effects of experimental warming on
root biomass in terrestrial ecosystems. Chin J Plant Ecol [J], 2021,
45 (11): 1203-1212]

TR, BOKIE, TR, EAEE A AR RIFIAT TV T 5
W70 2 e [J]. Flk2#4Rk, 2015, 24 (5): 206-216. Ding JP, Luo
Y Q, Zhou X, Yue XF, Lian J. Review of methodology and factors
influencing plant root respiration[J]. Acta Prata Sin, 2015, 24 (5):
206-216.

R, EAIS, MO, MR, BRARH, MRE, FIEA, AR T
WA A BRI AR R R R A S B AR R[] NS
A2 4], 2001, 7 (4): 396-402 [Hang H, Gao RY, Yang WJ,
Yang LS, Li SY, Lin YM, Wang DJ, Li J. Research progress on
water uptake in plant roots [J]. Chin J Appl Environ Biol, 2001, 7 (4):
396-402]

Baral, ARk, BOHEDS, SKIEHR, GKER, RhER T, RN R AR AL X W
T Sic i AE A &)y W AR A R ) By FC 2 [J]. R XL ER, 2016,
39 (6): 1267-1274 [Shan LS, Li Y, Duan GF, Zhang ZZ, Zhang R,
Zhong PF. Effects of simulated precipitation on seedling growth
and biomass allocation in two tree species in the arid lands of
northwest China [J]. Arid Land Geogr, 2016, 39 (6): 1267-1274]
TR, XUHTF, B, R, WA, sk BURICEE D
R A I o AR N AR Ak (R R D). AR A5 3R, 2014, 34 (10): 2737-
2745 [Zhang LM, Liu X , Zhao XY, Zhang TH, Yue XF, Yun JY.
Response of sandy vegetation characteristics to precipitation
change in Horgin Sandy Land [J]. Acta Ecol Sin, 2014, 34 (10):
2737-2745]

FEIE, AT, R, BHAE, FREE. &R B A TR 7R
AL PR S AR I B[], AR 25244k, 2022, 42 (15): 1-15 [Tang
G, Hu L, Song XY, Li ZX, Wang CT. Response of plant roots in
different diameter classes to changing precipitation in an alpine
meadow [J]. Acta Ecol Sin, 2022, 42 (15): 1-15]

AN, BRAKSC, PhRSE, AR, ALk, et mBR XAR I R T 4
SRIPIN T AR PR AL B SR B A4k, 2018, 24 (4): 729-
734 [Zhang YR, Chen QW, Sun MM. Shi WY, Du S. Seasonal and
interannual variation of soil respiration in four vegetation types in
the loess hilly region [J]. Chin J Appl Environ Biol, 2018, 24 (4):
729-734]

B, RIS, AR B R BYD A M G AR A B SN IR R K

46

47

48

49

50

51

52

IR T- A8 4k (o B [J]. FE A A 2431, 2017, 41 (3): 301-310 [Guan C,
Zhang P, Li XR. Response of soil respiration with biocrust cover
to water and temperature in the southeastern edge of Tengger
Desert, Northwest China [J]. Chin J Plant Ecol, 2017, 41 (3): 301-
310]

WM, BRHEIR, RN, HER R, BCERLNT, PEVSME. SO IE T Y
N RS TE) MR8 il fas AR R R (2 e [J]. RS 2k &, 2020, 39
(11): 3576-3587 [Han SJ, Han HR, Cheng XQ, Dong LL, Cai MK,
Shang TX. Effects of alterations in litter inputs on soil respiration
of Pinus tabuliformis forests at different ages [J]. Chin J Ecol,
2020, 39 (11): 3576-3587]

WA, BB, W, VMR, FFERE, AL, IOk, EIE. v
SR 7t e e 3 e D 3 S R R R 09 T AR A AR AL e R K AR
e RL[J]. 3R, 2021, 52 (5): 1129-1139 [Sun XY, Dong RY,
He YL, Sun XY, Qi YC, Dong YS, Li ZL, Guo Y. Diurnal Variation
characteristics of soil respiration and heterotrophic respiration in
freeze-thaw period of temperate grassland and its response to
water and nitrogen addition [J]. Chin J Soil Sci, 2021, 52 (5): 1129-
1139]

Zhang FY, Quan Q, Ma FF, Tian DS, Zhou QP, Niu SL. Differential
responses of ecosystem carbon flux components to experimental
precipitation gradient in an alpine meadow [J]. Funct Ecol, 2019,
33 (5): 889-900

Sun SQ, Lei HQ, SX. Chang. Drought differentially affects
autotrophic and heterotrophic soil respiration rates and their
temperature sensitivity [J]. Biol Fertil Soils, 2019, 55 (3): 275-283

Yang YH, Fang JY, Ji CJ, Han WX. Above-and belowground
biomass allocation in Tibetan grasslands [J]. J Veg Sci, 2009, 20
(1): 177-184

ZHTAY, WhIER, RER, MR, PR T K A B 4 s
fszm: JE g SR ] A E, 2019b, 38 (2): 567-575 [Li
XG, Han GX, Zhu LQ, Chen CN. Effects of drying-wetting cycle
caused by rainfall on soil respiration: Progress and prospect [J].
Chin J Ecol, 2019b, 38 (2): 567-575]

VLA, HERSY, ARAKAR, W5 BETH X 0 M L N I 5 2 (1
S [J]. B4 244, 2010, 30 (17): 4539-4548 [Jiang CS, Hao QJ,
Song CC, Hu BQ. Effects of marsh reclamation on soil respiration
in the Sanjiang Plain [J]. Acta Ecol Sin, 2010, 30 (17): 4539-4548]

1185/



