Y A& 2025, 49 (3): 502-512 DOI: 10.17521/cjpe.2024.0178
Chinese Journal of Plant Ecology CSTR: 32100.14.¢jpe.2024.0178

R LI 5 LB ) IR IR 2H S AR RS2 M (A 3=
BB BRI BB RRB HANT BHRR? A

UE Tk L b B SCRT, AR 350007; 248 AR LK SR A R AL B A S SRR %, R 350007; 392 BRI K S U YRR, 2 e R
246133

1 OF T LB R AT ] R T X AT WA e v (R B A, AT SO A I e L) - e e i 2 4 R AL
RRE, TRA SR 150 R SO FE U (Quo), K VR Ay 1 X 5k - i g s A0 5 3 56 IV vy Ly B ) o 2 A IR B A
T M. T 202045 H % 20214 H 2K L1-8100 COH £ 5 A 0t 3 58 11 1l T 0] - 338 P 0 5 3 (RS)HEAT WA, 71 FH AR 25 Bk
VR A) B SRR T3 R (RA) A5 97 RIS 26 (RH) o 45 5 S5 7R (1) TE AR R 32 1L T v 1 2 o = 338 e ok o3 % 4 2 5 25 340 2 L0 i
£, 5-10A, RS, RA. RH&= T HALA 1. AERAMNZEFIFE K TRH, RATERSH (5 L 445%. (2) 2 17! i 4 #r R B R
LI ey L e L3RR R (T) 55 L3P G R K o 2AR BN K C R, TP R K540 5 QuoHE /T WRA (Qo= 1.96) > RS
(Quo=1.94) > RH (Q= 1.67). TIEIEFEWIIRSH &M, H5RA. RHEXAANEZE . T. WK RS RSHMALT
PR FARAY, 3 W [F AR PR A8% MRS S o ZF b, TRFR L R L ) SRR DU SRR S, SRR L S SR R R
FERE AR, S PSR R 2 e e T L T s L ) - R (1 R BRI IR, AR R R O L IR AR A .
FOAT By 38 5 0 1 1) B ) LR K 21 4 2 B AR R A R 2 AR, R X S RE R R A S T B LA S
XpElR  LIEPIR; BIRIPIG SRIRATG IR EEEURE; s L

B, Bk, MR, KB, BIPHT, RRAREE, BhAsR (2025). T R ) SR A RRE A R [ . A S A, 49, 502-512. DO
10.17521/cjpe.2024.0178

Characteristics of soil respiration components and influencing factors in the subalpine
meadows of Wuyi Mountain

GE Xiao-Cai', LI Jing-Long', SUN Jun*3, WU Pan-Pan', HU Dan-Dan*?', CHENG Dong-Liang*? and ZHONG
Quan-Lin*?

Yinstitute of Geography, Fujian Normal University, Fuzhou 350007, China; Fujian Key Laboratory of Plant Physiology and Ecology, Fujian Normal
University, Fuzhou 350007, China; and *School of Resources and Environment, Anging Normal University, Anging, Anhui 246133, China

Abstract

Aims The subalpine meadow of Wuyi Mountain is the highest meadows in the subtropical region of
southeastern China. Identifying the variation characteristics of soil carbon flux components, and exploring their
relationships with environmental factors and temperature sensitivity (Qqo) are of great significance for accurately
estimating regional soil carbon balance and improving the knowledge about carbon flux dynamics in subalpine
meadows.

Methods From May 2020 to April 2021, the LI-8100 CO, flux analyzer was utilized to systematically monitor
the soil respiration rate (RS) in the meadow located at the summit of Wuyi Mountain. Additionally, the root
exclusion method was applied to distinguish between the autotrophic respiration rate (RA) and heterotrophic
respiration rate (RH).

Important findings (1) The dynamics of RS, RA and RH followed bimoda patterns, with consistently higher
rates record from May to October compared to other months. Notably, the RA exhibited greater variability than
RH throughout the year, accounting for 45% of RS. (2) A multi-model comparative analysis suggested that the
temperature (T) exhibited an exponential correlation with soil respiration rate and its components in the subalpine
meadow soil of Wuyi Mountain. The ranking of Qo values for soil respiration rate and its components was RA
(Quo= 1.96) > RS (Q10= 1.94) > RH (Q0= 1.67). Although soil moisture (W) had a certain effect on RS, there
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was no significant relationship between RA and RH. The two-factor models including both T and W provided a
better fit for RS than single-factor models, jointly explaining 48% of the variation in RS. In conclusion, soil
respiration was primarily driven by heterotrophic respiration, while autotrophic respiration was more sensitive to
temperature. Additionally, soil temperature and humidity were crucial environmenta factors influencing soil
respiration in the subalpine meadow of Wuyi Mountain, with soil respiration inhibited by low temperatures and
high humidity. This study contributes to enhancing our understanding of the seasonal dynamics and influencing
factors of soil respiration and its components in the subal pine meadow, providing valuable insights for regional
soil carbon flux and carbon cycle research.

Key words soil respiration; autotrophic respiration; heterotrophic respiration; temperature sensitivity (Quo);
subal pine meadow
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Fig. 1 Dynamics of soil respiration rates at an altitude of
2100 min Wuyi Mountain (mean + SE, n = 5). RA, autotrophic
respiration rate; RH, heterotrophic respiration rate; RS, soil
respiration rate.
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RL IEIPRALS 510 emcb R BERILG SR R (P B AR HELR, n = 5)

Table1 Fitting relationships between soil respiration components and soil temperature at depth of 10 cm (mean + SE, n=5)

R=aT +b

T R a b R p
RS 0.07+0.01 0.55+ 017 0.33 <0.001
RH 0.05+0.01 0.23+0.13 0.29 <0.001
RA 0.03+0.01 0.22+0.10 0.19 <0.001

R=a(T +10)°

T R a b R p
RS 0.02 +0.02 1.34+0.25 0.38 <0.001
RH 0.01+0.01 1.45+0.33 0.30 <0.001
RA 0.01+0.01 129+0.37 0.20 <0.001

R=aT?+bT +c

T R a b c R p
RS -0.07 £ 0.06 0.007 + 0.003 1.16+0.31 0.38 <0.001
RH -0.03+ 0.05 0.004 + 0.002 0.59+0.25 0.31 <0.01
RA -0.06 + 0.04 0.004 + 0.002 0.60+0.18 0.27 <0.001

R=ae™

T R a b R p Quo
RS 0.62+0.10 0.08 + 0.01 041 <0.001 194
RH 0.34+0.08 0.07 +0.02 0.31 <0.001 1.67
RA 0.25+0.06 0.06 + 0.02 0.22 <0.001 1.96

RA, HFRMFIREAE, RH, FIRIPIOES; RS, LIEnpmlids, T, HHEREE . Qu, WRAEHURNE REL.
RA, autotrophic respiration rate; RH, heterotrophic respiration rate; RS, soil respiration rate. T, soil temperature. Qio, temperature sensitivity.

F2  DIEEIPIGEAR(RS). AFRMPIOER(RA). SEFEIPIRIEA(RH) 510 e 38R A (W) F3g8i B2 (T) R 39 R A R A4 55 RCTHIE£ARHE DR, n=5)
Table2 Fitting relationships of soil respiration rate (RS), autotrophic respiration rate (RA), and heterotrophic respiration rate (RH) with soil moisture (W) and
the dual factors of soil temperature and soil moisture at depth of 10 cm (mean = SE, n=5)

R=aw?+bW+c

W R a b c R p
RS 20.70+ 7.03 -31.28 £ 10.59 -1.78+1.12 0.14 <0.05
RH 12.06 £ 5.82 -17.90+8.72 —1.07 £ 0.92 0.05 >0.05
RA 6.83+3.94 -10.74 £ 5.92 -0.42 £ 0.62 0.04 >0.05
R=ag"W°
T, W R a b c R p
RS 0.04+0.12 0.07+0.01 -0.36+£0.18 0.48 <0.001

R A, 330 R 5 39 R 1 LR A R
FETE
3 g
31 IR K LH S HFE

SRR 1) B 25 A A S IS R R AE AL
Fi (Vargas & Allen, 2008). LG R B, —H N 1%
WP IR ) B R A — M LR BLAE S Rl AR K, TR/
EHIMEAFES A KZE(Han & Jin, 2018), &
WA A 2 ARBh . DRI 9 A F S R S0 SR A e
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BEA ML 3 A 2 =, 5 R % 5 4H 4 I
W PR (Wang et al., 2023). fEAE KZEE#, T
TR KBRS . AR RIG Bl /b, LIy
WS R R T T % (Knapp et al., 1998). £ Hhf 7t i
AN BRI ) BRAR Ak B gl 2 (B RS, 2016; X1
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Fig. 3 Exponential fitting of soil respiration components to

soil temperature. RA, autotrophic respiration rate; RH,
heterotrophic respiration rate; RS, soil respiration rate.
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2013), [A]FAH AT A5 H O H Bk & HE A b+
BRI TR B R R PR S T IX — R RE

Tt 55 5 TR - S AR 2R I VR 38 T 2 0 2B A VRO
BRIRER S . GIEEEY, AFRFRERREYD
BH AT/ (Geng et d., 2012), W EMELEAEK
ZEPANIRK, X PP BNIR AT BEXT TR = AR AR K
SN (Han et al., 2014). 3 1Ly L ) 70 A KR
AEHEY, BRAN, FWHENE, WREERH
Ak, DRI E TR IR AR S B ROR
32 TEMNERSHIEEEMEEMNXR

IR B R S I R R ) H LR R . A
WFFEATLLARH, E IR FRIRIPI . SRR S
HEBRENEIREOE KRR, X524
R, H R IR PR IE 2 0 I B (e B KT E 9%
PRSI AT B 2 DR A I vy 3 AE A A

s, DA FEE, LIBEEEEGE, W
WA R = (Singh et al., 2010). AHF 5+
TR T 0T A IR R e S R R 1K S
IS FEEE R (Zhang et al., 2010; J#F R4, 2016
Tian et a., 2022) FEAR—F . M HAH=EH LRI,
BRIDIEAEIRE A0, HAREE R L IEIR I 2 41
fEE A R, RILA25 CoRSE, 243 AR T25
CH, A R S R i A 4 I R ) 3 i
I 12 B8 | BRI (Carey et al., 2016). AHF 75 H
TV e Ll B A 4 4 IR MK T25 C, [Fitk, mTRA

75 HH 1G5 1 STV vy 1Ly ) 9 R T S 7 3 A
TP 2 Z b X A BT PR A R 2R

IR T RN Y X — B AR R 1.
g R eI PR A i K A
T I COL N O 1) 32 i 2 MR G 4 7 A 52 1 e 24
(Keting et al., 1998). — R, 7ERCT 51 X 45
RO B A 5 T, R R
(Olchev et al., 2013), 17 £ 5 )i B 5 574 (1) 3 J57 4
X, tEOLIELFA R, BInAT X . 4R A ZE4k )
(2006). IS (2007) 0 8 A B, T IR FE AR IS
BBl A I 3 P G e vy, o v O A A R R
H 24 L IEIP IR E 2, B R B4 (2016) A P g
K 53 I 36%0 T, 38 7K 43 4 ko IR A 0 ) Ak
o AHIF TS B L W LA X NI FE N
33%, H X PHNAF IR EY & T20%, A8 Hill
1h33%, WA IR, b R R
P TTRRBRAR, WA B RE 38 S R IR 2R AR 4K
14%, F£5 B F=PIGE R AT IR E R T, A
M A5 EE AN 2 T vy Ly ) 8 R PR ) R
ST R R sk DR 4 ) - 3 R (WU et @l 2013)

B ok X L AR R R 2 ) - BRI 3ok e g 4
A, HRRER T RE R, R XX T ER R
TP RN - S A Y 57 S T P RN 3 B 1) 38 B
H, 1X 5 Saiz%(2006) 10 7 45 5 —5. {2 FH 48%(1)
SRR ARG BRI, 1K T R IS A 5 v 119 - 48080 B PRI
TR E R, RS A A T, A
M AH] 7 L3RRI (Han et al., 2018). [ i - 3 pa
EAZAEAEAY ., I, PRKHR . BRIESR AL
AT A DA R IR o R, TR R A )
(Chen et a., 2017b; Ma et a., 2019; Morris €t al.,
2022), AR AR ELR A AL
33 HRRWIESWLESRTIEFIRAFRXTEE

o 2R L ey L R gy AT AR IV A X 4R
1900 mbA b, AHEE T i FE L A AR AT R A, Myl
Bt HIEANUR S EM SRR E AR .
g W ey Ll R S LR S P 35 40 N 73.62
g-kg™, Ll A SR IR RO Y A WU S B (%
FUE S, 2023) =254, b s R AR AL 2=
T X (M2, 2024) = 211.36%, A UL & )
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