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Abstract: The robust carbon source/sink function of forest ecosystems is identified as the most economical and effective
natural climate solution for achieving the strategic objectives of carbon neutrality and carbon peaking. Accurately assessing
the carbon sequestration capability of forest ecosystems is crucial for determining forest carbon storage. In order to clarify the

carbon flux characteristics and their driving factors in the evergreen-deciduous broadleaf mixed forest in the North-South
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climate transition zone, observations of carbon flux and environmental factors were conducted in the Dabie Mountains’
evergreen-deciduous broadleaf mixed forest using eddy covariance method from 2011 to 2020. The results revealed that the
net ecosystem exchange (NEE) , ecosystem respiration (Reco), and gross primary productivity ( GPP) of this forest were
-788.13 gCm™7a™', 1074.14 ¢C m~ a™", and 1862.27 ¢C m ™ a™", respectively. This forest ecosystem was overall a carbon
sink , with its carbon sequestration capacity being comparable to similar latitude evergreen-deciduous broadleaf mixed forests
and higher than other types of forest ecosystems like the mixed coniferous-broadleaf forests and bamboo forests. Over a
decade, the carbon sequestration capacity of the Dabie Mountains’ evergreen-deciduous broadleaf mixed forest has
increased. The carbon flux in this forest was significantly influenced by temperature and solar radiation. Air temperature
(Ta), net radiation ( Rn), Photosynthetically Active Radiation (PAR), and total radiation ( Rg) showed significantly
positive correlation with the ecosystem’s Net Ecosystem Productivity ( NEP) and GPP (P <0.001); Reco showed
significantly positive correlation with Ta and Rn ( P<0.001). The findings provide observational data support and scientific
basis for the estimation of carbon storage and simulation of carbon cycling processes in forest ecosystems of the north-south

climatic transitional zone, which are sensitive to climate change.

Key Words: carbon flux; carbon sink effect; eddy covariance method; evergreen-deciduous broadleaf mixed forest;
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Table 1 Comparison of NEE, Reco and GPP in different forest ecosystems at similar latitudes

HEDRY , ,
. , o I ARG BB S .
s BN R et RAER i AR BTN s
Site Latitude Climate type Forest type Tree age/a NEE/ 47/2 . P References
I (gCm™~a™") (gcCm™~a™')
(Cm™a™)
. ﬂ%‘\a“‘ x A‘#Q‘: ﬂ }Eu vH .
RS 31046 % HREEN BREWEEE -788.13 1074.14 1862.27 A3
U BN
A P LT i o - ol W L o
WHLK HIL 30°21" fgz““ﬂ?ﬂéﬂ“”]ﬂ fj% TRt 25140 -738.18 931.05 1669.23 [28]
A f LN
; o . - " 7%
IO EPN = 33°03"  RBfPEE MR ﬁ%ﬂﬁéfu 2165 -569.4 526.7 1096.80 [29]
. P K1 T A
HRE 29°41" gﬁW%RMMﬁ FHRRTR AR -566.49 1196.68 1761.63 [30]
WL 30°28’ A 2 A A A — -668.40 932.55 1600.92 [21]
. f;H«H-P J ‘EEX ‘ s
TR/ NI 35001’ ggmk%ﬁ+ﬂ WIS 30 -335 841 1193 [31]

NEE : 425 R G A1t Net ecosystem exchange ; Reco: 25 R G Ecosystem respiration; GPP ; B W12 71 Gross primary productivity

RS L g ] - TR S bR B A2 il R A DG B A BRSBTS N R IR . K BH AR
S A SRR S R G0 P R B RIGE 1 SCHEIR B 3 X GPP NEP (SZ RSN 3 1B e 2 im
i b A 285 ZR G BRI T, LT LA Syt A (K A AR e, R R T BRI 20 L R B
GRS S 2 R R BRSO (A S R G GPP NEP IR R 3 2 % i - IR 58 b
RERCBE S BE R HL 2128 AN R PR S 12 A 25 AR et i A P A GRS PR 2R v SR R LD AR AR 25
FRGRH A AL Y T B AR ) K 2 NEP B 4 S B I, 35 5 3 L RIFSE — 2070 R AR n el
A2 e P SR 1B RS2 B BRI L s DX AR, R R A 22, LD 1) A 3 AR AR D PR
S ) 149 7K 7322 AT 52 3 3, DAY TR 7K 0 H 22 568 DR S L ARAPA A 285 2R iR 5 )2 MR AR X O B 5 S5
BEAE AP R T899 . KANILARMA S R GE Reco (1728452 50 5 5 1 BE A5 i sy 10 38, O i dm o 5
Reco 3 REIEARIC, B FERE Iy sk A0 KRR R H 90, 380 ) I G S0 3 0 410 1 52 B2 1 8 | (H Y 8 3R B —

http ; //www.ecologica.cn



6252 xR 44 %

(ELRSF, AU ik B Ak 55 40 - 3 K R I R L FR AR A 2 R G R AE G R g TR RE
M XS R S A O, (AR AR ZRM H R I, 0 L S 1 o] I Y S M 308 5 A T 40 A 5
PEESTR AN 2020 4 7 H 43 0 R R -5 il e R T AE DGR S 0.601( P<0.01) , B 7 J [ R & -5 fiid 1t 1 A8 4k
FEAE B ERCE, 7 A MRS T 24l 559. 1mm, & 2B T Kk 22d REF 350, A4 SR R
30.2% , R3S 2 S BRI/ 7 HSEEE R EHE N 94.21 W/m®, 1 8 A (139 W/m?®) # b i SHE 31K
FRMAE R R G R AT RO FH 0 K BRER 0800 SC B VEFHDES . [RIEE R Ao T o W (45 301 LU AR AR A 28 R e
WL HE S, e R 307 A 35% 0 B I BUBR TR, X S 2/ SN s — S,

AHIFGT A2 FH iR R 5 ZR G R 1L i gk e ) I YR S A B R A T 2 AR IS, 255 5 IR i S
HESEYE PR 20112020 A7 LI A T RIS T 030 £ 7E N [ s ) ROBE () 28 Ak RRAE S He 5 B 858 PR Fg o
3 3 X s ] 35 B G 10 41 ARl 2 45 A T2 H AR AR 3o BT, 2 B S) LL1 &% S 95 I ) I3 58 R 18 ik 52 48
HEARWT LT, R RE S R v UL 3 A BRI X T o B AR AR AR TS R G S B A A 2
B, P AERe S o v A7 5 AR I A ORI Bt o T, [ B, PR PR i S ke g e Y i
75 I 18] TR S e 3 k(9 52 M AL I LI 4 5 R B R AR Y 0 T

4 Zit

ARWFFEHET 2011—2020 4F7E T LA 25 ZR G0 15 S BT SR LI AT 5 3 FF I (10 3 45 9 - vl TR S8
103 2 AH DRI 10 95 F1 PR S WL I 560, 489 75 S0 PG — I iR 4 T b A 3l 8l AR MR AE 25 R 48 NEE  Reco 5
GPP WSS AL ; ) B DR 0 1L 2 ot o) P-T S PR il i 7 A [ ) ) RUBE b ) 28 AR AIE 4 [ ik e S L
Xof IR B DR Ao 7, 45 2 DA 458

(1) KLl S vV MR A AE “ GG PR BR G , R A= B Tl B 25 A il A8 4k, F 2R A E 11.00—
13.30, H/R KBRS 3R B R AE it R DR e i T 5 OGP AL IR BRI S5 06 VR A S A Bl 1, AT (45 v 1
B NEE #4K .

(2) 2020 4F K5 1L 2 9% i TR A2 AR B NEE  Reco .GPP 435125 -788.13 ¢C m™> a™' |1074.14 gC m™>
a” [1862.27 gC m™> a™' AF[ERK K 50.5 TeC, MR AR )55 HH T 26 B[R] Fh 28 70 1) o5 2 95 - 5] iR S PRI A
9, I 5 TAEF R RS BTG LA R R S RS, 2020 4F SRR R I AT, 2011—2020
AET] RO L Sk it R TR AS PR e S8 4 s FE AN LT [ e 7 AN Wi

(3) S ) Ly S 7 1 5] P TE S MRl o 11 B 2 EABE IR o0 TR S KB AR . AOR e I OB R
R SRR ST 5 NEP FI GPP 5t 3 TEAHE (P<0.001) , {2 #F CO, AL, Reco 55U FN¥ 4R 5 5 i 25 1F
2 (P<0.001) , e CO, REIL ,

22 3L Hf ( References)

[ 1] Friedlingstein P, Jones M W, O’Sullivan M, Andrew R M, Zaehle S. Global Carbon Budget 2019. Earth System Science Data, 2019, 11(4) .
1783-1838.

[2] R4, B4, g, PG, dk, 353008, =R C K& ILRAIE A KBS ES RS CO,5cum MHFE M . ERHM,
2023, 43(14) : 5967-5979.

[ 3] ke, JA%GE, 2R, BRIRJE, 7. Bl A 35S REWOKGE EERHEDTIT . BRI EESA4], 2022, 13(6) : 645-666.
Wang Y, Zhang L. M, Xu S N, Yu H M, Liu Y. Analysis on soil animals, soil respiration and the correlation in three forest ecosystems in
Maoershan. Acta Ecologica Sinica, 2021, 41(1) . 172-183.

[ 5] XuB, Arain M A, Black T A, Law B E, Pastorello G Z, Chu H S. Seasonal variability of forest sensitivity to heat and drought stresses: a synthesis
based on carbon fluxes from North American forest ecosystems. Global Change Biology, 2020, 26(2) . 901-918.

[ 6] Zhang ] H, Zhu L Q, Li G D, Zhao F, Qin J T. Distribution patterns of SOC/TN content and their relationship with topography, vegetation and
climatic factors in China's north-south transitional zone. Journal of Geographical Sciences, 2022, 32(4) . 645-662.

[7] ManZH, Che S Q, Xie C K, Jiang R Y, Liang A Z, Wu H. Effect of climate change on CO, flux in temperate grassland, subtropical artificial
coniferous forest and tropical rain forest ecosystems. International Journal of Environmental Research and Public Health, 2021, 18(24) . 13056.

[ 8] @/hJ5, 3870, A, 3, G, XMk, THh, o7, MEEL KU L AR S RGBS ST IR ARAE. BRIFEEA%3] , 2020,
11(4) : 376-389.

http ; //www.ecologica.cn



14 4] ENEEE A P AL P Rk I I YR SRR T A R RS BRI A g 6253

(9]

[10]
[11]
[12]
[13]

[14]
[15]

[16]
[17]

(18]
[19]

[20]
[21]
[22]
[23]
[24]
[25]
[26]

[27]

[28]
[29]

[30]
[31]

[32]
[33]

[34]

[35]
[36]
[37]

[38]

[39]

[40]

Bennett A C, Arndt S K, Bennett L T, Knauer J, Beringer J, Griebel A, Hinko-Najera N, Liddell M J, Metzen D, Pendall E, Silberstein R P,
Wardlaw T J, Woodgate W, Haverd V. Thermal optima of gross primary productivity are closely aligned with mean air temperatures across Australian
wooded ecosystems. Global Change Biology, 2021, 27(19) . 4727-4744.

Landry G, Thiffault E, Cyr D, Moreau L, Boulanger Y, Dymond C. Mitigation potential of ecosystem-based forest management under climate
change: a case study in the boreal-temperate forest ecotone. Forests, 2021, 12(12) . 1667.

Mamkin V, Varlagin A, Yaseneva I, Kurbatova J. Response of spruce forest ecosystem CO, fluxes to inter-annual climate anomalies in the southern
taiga. Forests, 2022, 13(7): 1019.

Shiri N, Shiri J, Kazemi M H, Xu T R. Estimation of CO, flux components over Northern Hemisphere forest ecosystems by using random forest
method through temporal and spatial data scanning procedures. Environmental Science and Pollution Research, 2022, 29(11) . 16123-16137.
Rojas-Robles N E, Garatuza-Payan J, Alvarez-Yépiz J C, Sanchez-Mejia Z M, Vargas R, Yépez E A. Environmental controls on carbon and water
fluxes in an old-growth tropical dry forest. Journal of Geophysical Research: Biogeosciences, 2020, 125(8) : €2020JG005666.

FZRAT, Son, BRARI, ZR00, XSl BT 10 BEAR G TE M AR 28 R GE Rl i W 5. BUARAE BRHEL, 2022, 6(11) : 149-152.
FF, TR, SIES, ZE0M, WA, T E AR IR LA ARG 26T AR BGE de R AE B R [ e AR AR, 2010, 30
(16) . 4376-4388.

AR, XUZRmk, SO, A pg, MRS, Db AN TDMoK P ek B SR R i X1~ A7 A AR 2574k, 2015, 39(8) : 773-784.

QNI BEE, B, 2%, TR, MEYL, HUT 0. REH LA R SRR S AR AARHE S B . AR AE ARl KRR, 2019, 47
(3):49-55.

BB, B, 38T, WA, Kk, RE. WRERBARES RGP IERAT. POREY 24, 2022, 43(6) : 1288-1296.

HEIR, ExT, EEA, EIU, FRE, EARID. 5 RE 2 T IRISMOK 1B 8 FRIE S 7. Y ESR, 2022, 46 (8) .
890-903.

WAk, Toths, PMBEEL, X A2%. S AeHIE A0 N AR AR i i s P2 047 PR . D B HiERELE | 2004, 34(S2) : 57-66.
IR, VTHE, RS, B8, Bis . REEHAF B CO, i AS SARE. N FIE SR, 2013, 24(10) ; 2717-2724.

Zha T S, Kellomiki S, Wang K Y, Rouvinen 1. Carbon sequestration and ecosystem respiration for 4 years in a Scots pine forest. Global Change
Biology, 2004, 10(9) . 1492-1503.

Schmid H P, Su H B, Vogel C S, Curtis P S. Ecosystem-atmosphere exchange of carbon dioxide over a mixed hardwood forest in northern lower
Michigan. Journal of Geophysical Research: Atmospheres, 2003, 108(D14) . 4417.

L3k, AR9AE, R, Wk TR R R CO, Sl R AEPREN S R IR EHLE]. A, 2023, 43(3) : 1102-1112.

EWS, SRR, XBER, HWF, S8 T Em0 i I LA S22 4. LPFbaL, 2015, 35(1) : 168-172.

Mhae, JEGE, A, XIEFT, BHA, B/, 25, E5, 000, KRR FET R B ATAR CO, 38 DL HE
BT Mol Bl 2018, 54(8) ; 1-12.

Falge E, Baldocchi D, Olson R, Anthoni P, Aubinet M, Bernhofer C, Burba G, Ceulemans R, Clement R, Dolman H, Granier A, Gross P,
Griinwald T, Hollinger D, Jensen N O, Katul G, Keronen P, Kowalski A, Lai C T, Law B E, Meyers T, Moncrieff J, Moors E, Munger J] W,
Pilegaard K, Rannik U, Rebmann C, Suyker A, Tenhunen J, Tu K, Verma S, Vesala T, Wilson K, Wofsy S. Gap filling strategies for defensible
annual sums of net ecosystem exchange. Agricultural and Forest Meteorology, 2001, 107(1) : 43-69.

AGetk, TLHE, kB, Jr R, PRIGENE, PME. WiV B LB ARMAE S RS CO M ARE. BUTAES#4, 2016, 27(1) : 1-8.
FIEHR, FMISAR, XIGERE, ZRAEAE, XIS, oy [ MO S - L o 9 DX I MR AR A S R SR SC IR AIE. AR AR, 2020, 40(17)
5980-5991.

FAE, ok, D, FM, . 8 I IR SO BE 28 (R IE S m R TR 5T . KL 5 B8, 2019, 28(3) : 565-576.
Tong X J, Meng P, Zhang J S, Li J, Zheng N, Huang H. Ecosystem carbon exchange over a warm-temperate mixed plantation in the lithoid hilly
area of the North China. Atmospheric Environment, 2012, 49. 257-267.

Carrara A, Kolari P, de Beeck M O, Arriga N, Berveiller D, Dengel S, Tbrom A, Merbold L, Rebmann C, Sabbatini S, Serrano-Ortiz P, Biraud
S C. Radiation measurements at [COS ecosystem stations. International Agrophysics, 2018, 32(4) : 589-605.

Sarmiento J L, Gloor M, Gruber N, Beaulieu C, Jacobson A R, Mikaloff Fletcher S E, Pacala S, Rodgers K. Trends and regional distributions of
land and ocean carbon sinks. Biogeosciences, 2010, 7(8): 2351-2367.

Urban O, Klem K, A& A, Havrankova K, Holigova P, Navratil M, Zitova M, Kozlovia K, Pokomy R, Spriova M, Tomdskova I, Spunda V,
Grace J. Impact of clear and cloudy sky conditions on the vertical distribution of photosynthetic CO, uptake within a spruce canopy. Functional
Ecology, 2012, 26(1) . 46-55.

Cheng S J, Bohrer G, Steiner A L, Hollinger D Y, Suyker A, Phillips R P, Nadelhoffer K J. Variations in the influence of diffuse light on gross
primary productivity in temperate ecosystems. Agricultural and Forest Meteorology, 2015, 201 98-110.

KB, BB R, 2EE, B, Bk, FIRE. R SRR A A R ST GE R CHSE i R TS, PSR, 2014, 35(11)
2099-2108.

DuY G, Pei W W, Zhou HK, Li J M, Wang Y Y, Chen K L. Net ecosystem exchange of carbon dioxide fluxes and its driving mechanism in the
forests on the Tibetan Plateau. Biochemical Systematics and Ecology, 2022, 103, 104451.

Reichstein M, Falge E, Baldocchi D, Papale D, Aubinet M, Berbigier P, Bernhofer C, Buchmann N, Gilmanov T, Granier A, Griinwald T,
Havrankova K, Ilvesniemi H, Janous D, Knohl A, Laurila T, Lohila A, Loustau D, Matteucci G, Meyers T, Miglietta F, Ourcival J M,
Pumpanen J, Rambal S, Rotenberg E, Sanz M, Tenhunen J, Seufert G, Vaccari F, Vesala T, Yakir D, Valentini R. On the separation of net
ecosystem exchange into assimilation and ecosystem respiration ; review and improved algorithm. Global Change Biology, 2005, 11(9) . 1424-1439.
Veenendaal E M, Kolle O, Lloyd J. Seasonal variation in energy fluxes and carbon dioxide exchange for a broad-leaved semi-arid savanna ( Mopane
woodland) in Southern Africa. Global Change Biology, 2004, 10(3) . 318-328.

R, EySCBe, BAEME, Fer, BT, 7. AR LU & 1 B - SR R A 2 R G R X R R IR AL A AR ek, 2016, 35
(11) . 2875-2882.

http ; //www.ecologica.cn



