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Abstract

Aims  Carbon use efficiency (CUE), an important function parameter, reflects the carbon sequestration capacity
of forest ecosystems. It is useful in analyzing the temporal dynamics of carbon budgets at the organ, individual
and community scales. It can help to determine and predict the carbon sink/source of terrestrial ecosystems, which
is a matter of widespread concern.

Methods Using the biometric method, we measured and calculated the respiration and net productivity dynamics
of different fir organs from an old-growth Abies fabri forest on Gongga Mountain in the eastern Qinghai-Xizang
Plateau, China. We studied the CUE dynamics of the tree layer and its organs and analyzed their influencing
factors. We also estimated the CUE of whole trees of different diameters at breast-height (DBH) classes.
Important findings (1) Monthly respiration rates in both the tree layer and its organs are positively related to
temperature, and fine roots have the highest respiration rate of all. There is no significant difference in the annual
respiration of whole trees with different DBH classes, and the small DBH trees (3040 cm) have the minimum
annual stem respiration. (2) The monthly net primary productivity (NPP) of the fine root and whole stem in the
tree layer increases with temperature, with the fine root accounting for the largest proportion. The small trees have
the greatest annual NPP, and their needle NPP is also significantly higher than that of the medium DBH (50—

ek H HiReceived: 2019-10-30  #232 H #1Accepted: 2020-06-10
FEWH: ERKEAHIRERI2017YFC0505004)F1 10 ) 1145 FRI5 6 BE 5 4= A5 Or 4P B R BHE L 11(20188ZDZX0031). Supported by the National Key R&D
Program of China (2017YFC0505004), and the Major Scientific and Technological Projects of Environmental Governance and Ecological Protection in
Sichuan Province (2018SZDZX0031).

* JE {5 1E 4 Corresponding author (wzzhu@imde.ac.cn)

©U 00000 Chinese Journal of Plant Ecology


Hp
打字机文本
扫
码
提
问


1128 M4 423 Chinese Journal of Plant Ecology 2020, 44 (11): 1127-1137

60 c¢cm) and large DBH (75-90 cm) trees. (3) The CUE of the tree layer and its organs are mostly among 0.30 to
0.60. The monthly changes in the CUE of both fine roots and stems are similar, and their CUE increases with
temperature. The CUE of trees and their organs all decrease significantly with tree growth. (4) The CUE of both
the stems and fine roots is positively related with the air and soil temperature, while precipitaion has a positive
effect on needle CUE. Fine root CUE has negative and positive effects on stem CUE and needle CUE,
respectively. The tree layer CUE depends mainly on stem and fine root CUE. These results indicate that
old-growth forests have strong and sustainable carbon sink functions, and play an important role in regional
carbon storage and the carbon cycle of the forest ecosystem.

Key words carbon use efficiency; net primary productivity; respiration carbon consumption; old Abies fabri
forest; Gongga Mountain
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(Dixon et al., 1994; WSCAGEE, 2003). AR [l Bk 5k &
B2 S TR ARAR [ By BN 2% . AR
& AR B 1) A2 LR IR, VT4 77 1 (NPP) A2 Jx
BJC AR AR VR B2 3 2R 48 [T B o P2 1Y) EL WL 48 A7 (Zhou
et al., 2010; Williams et al., 2014). A1 .4l JNPP
AR P VR B AE &S R B 11, 1K RN
FE A AR KA T R AR, A7 (E — 58 1 P IR VA
(Gifford, 2003). #l4n, T MATITAZN, EHE2
W HE A K S g (JarGuska & Barna, 2011), 7E AR
BF, MR 2 A T4 S, 35
MR R . R HAENPP AT it & R A28, 5
FEN BN AR BEIR P ED B ekl R A A [
Wi AE JIIBR A - #l 2 X WNPP/GPPER 1 — Ry/GPP (R
R 5 BAIH AT J1(GPP) L EE, RN H FRIF
W33 28 (R Tt A FH 285028 (CUE ) AT DA T 422 e I A £ [
BREE T AW, ZFaFRIEE TR A LT
A B ARS8 B AR AR I8 11 [ e A
(K Ji 5, 2013). CUEIIBI NN T il RE B i Thie
AR T — N AL I

I AFRA RCUEMI 7t 1 AR rRfE VR A AR S
RERE, SRS E RS ARG (M,
2017; Shu et al., 2019; Zhang et al., 2019). XLEHF5T
87~ 1 CUER] e HAE R R A . BREE 25 A AN R AR
KB B 3L A o (R (A JT 8, 2013; Shu et al., 2019;
Zhang et al., 2019). MY antk, MR E S H P
RIS ABAEIR KRR L e 7 BEE AR
FRYCUERIZNA(Shu et al., 2019). LERK I} IR) R EE
|, BEVE CUBRER AR AR BT BRI, )5 i
FANFFH IR, BEVECUET] AE 2 i T P 3 Fl
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FE /N R T3 — e (. XL SRR T
TS CUEBN A28 LR (Gifford, 2003; de Lucia et al.,
2007), tHENIE T CUEAR{K 1) B 28 Ao e PE VLA, IESE
T AR AT B8k AR (1) 45 18 (Luyssaert et al.,
2008; AT, 2020). 28T, RS RGEAFH
CUE S H AR KUK SR DA VT o AR 53 T
T FIRAR [AICUEA T B R 2 BAT TR AR 2 CUE ) BT
R a0 ] S ERAEAF E— DI L . X L ) A B, A
AR T INRBEFI A KRG BCRUE, En]
TR T FRB A IR AR 3 S S, o R A SR A0 T 7R
MRAZS R G Bk Ae 7 (e B 5 5& N7 B2 .
P P -5 A AR 2 P 3 B I 5 1 2 R e L
R K B IR 45 M (Chen et al., 2019). SRTTTAES>
REER, JUH I BOAMRAN [F] 45 B CUE R B R LS O6T
WAy B CUERSEMA (AN A o 1 VB B AR
Rei 5 BOUR M E AR E, L OE RN A SR w5 A
HWEFIMAKCUE. AT, MEMREIH FAKAFZ
BRURFENIEE A WFFUR B, RGARI R ik 2 I
(BFERRAEK . WP W) 5 2Bk 1) 25%—63%
(Raich & Nadelhoffer, 1989), A 4R &% /& #E
1 FNPPH ¥ 53842 (Kalyn & van Rees, 2006), %
AN Hb T BEUR (AT 7 3 R B B R AT R
BMYERE E G Ihae, JUHEMN ARG 102
A, i, 4RCUERISUR nTRE 2 s2mit JrCUE. 1E
R A B 1) A AR RS o, T AU A
5 4 B A AR I (Moles et al., 2009), i H. /2 %
FEAIB I CA 1) S K 53 1 32 2237 i (Chantuma et
al., 2009). fERLM T, SeTegaTZM, W+ of
R EHRe /1, HAEK T AR D g m A 28 5,
DAL T B CUE AR A4 1T R 2 AH X A7 1)
DLz 42 (Picea asperata). 44~ (Abies fabri)%%
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R B Tl g 2 R RSP ) 1) PG I g L e o A A R
55 R IX —— 0 g AR X AR AR () 2 B B 4, 2
TR R AR KT IR AR AR, 78 XIS %
W BRFRAKIERAEY) Z FEEAR G S5 7 T A A ]
BRI AE A RO IE FH o 75 R 0 e L AT AR R,
AR (5 60% LA L (FEESE, 2014), WJE A2 MHE
UGG e L WS T AR S B AR AR AL . H A 176
o L A PR [ e A 2 B R AR AR R Tk R
il B DL B SR S 5 U T (B8R 4%, 2010; JELG
& 2013; B4, 2015; X7, 2015; Huetal., 2019),
R, SRAAEYTEE, BT M. AR
(R 5 A KA 5E, Al AN ATk B A A2 TR AR 2 S
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AR ) VG STV, g L 0 JE VA A2 AR AR ) [T B R 0, T
H AR PG L AR A S R G PR S KT

1 #RA7EE

11 REER

TR AL TR ARSI RS L B, &
WEMFHR T 556 m, SEREWTIL R g, X N SAE
AU, BT I TR SRR, RIS C, 1
HF¥RR-4.5 C, THFERUR12.7 C; FEREK
#1938 mm, FEEPHECIT; FHRHEL N
0.5m-s ', fIXURHAFAR N 2K EIR D, 2SR i
1190% (XIESE AN & TE, 1986).

A FE AL T o BB B o L I AE S R G
LI 56 iy (57 FR o M 1Ly i), AR E AR, Horp
TeARZEGEHE X, g 1785 i (Shu
et al., 2019), JFJL-FE HMEE A2, WEAH2
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47.3 cm, FRMAIEEO. 7/ AT, #E 1516k -hm?; S b
JZ #E(Betula utilis). 7 #E(Betula insignis). LR {EHk
(Sorbus hemsleyi) & i A% Bl o BRI ¥ A2 444 A1,
HER 2 3 B2 VA i 71 (Bashania fangiana) . 542+
B4 E245(Smilacina japonica). % 3 JEE 24 (Smilacina
paniculata) Fl 45 1€ #4 >K % (Cardamine tangutorum),
DL A% 111 ) 8% (Abietinella abietina) £ 4% 22 ¥ (Actino-
thuidium hookeri)&5. )82 IMEKZTENS5-104,
FEAEKFENINHRIRFELIH.

12 SEWHE
121 MR E ST
S A7 T DT L 43 300 mf B A A2

IR K AL REHL(T 600 m?). FEH R K 1
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ASEIE ISR ARAE . AR FRBEEX R
IR 26 5NPPREAT T E Sk 5. 72/ MK |,
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JE N EEBRBITRARZ KT #RERIANE RN E S
SRR AR U T 4R (Mencuccini et al., 2005), [A]
I, FERPRERTIRIEELT 02K, k. H.
INZG e T BRYIM AL, B R I B D A%
(DBH) 432 cm, #iA] & T4 ARDBH 73 A1 FEAE LI 43/
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75 7R 96% IR JE VA A AR, A/ B AR 1
ZAT40-50 cm, K IMIEEC0-T0 cmIFA . 1%
FEH R AR A I e/ N AEAETS embh B, Al —
BRI KRG N T75-90 cm. AHFE10 cm L _E )45
TP EFTREWARZ MK NES . EFAE
AKE b, W T EH FIAARNPP H 204, PR
AMERBEK o BT SRBeAs FE BRI, AMAZKF 1
WPIH 2 5 NPPI AL R . Sia i Bk ik 548
B ATR .
122 MRRZNESHREHE
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2, WERIERNEKFEA R, EEKFE—H
B H — k. AR ER, A8 S BT AERE A
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o WEIURE S A A BN KA, S BRI s FL PR
W 2 A 19:00-22:00, £0.5 hilll & — K.
LR B, A [R142 0 A (1 At e e 236 T B . 22
F, EFE PRI E E PR B R ) 4
KRR EOC Z o AR TR I THIAR i 2 (1 T AR 48 280
FEML.2.3), I ETEAZE IR R . EMAKE
S v - RN N e S b Ve N = e
VBRI (Ta), BARARER 4 SR & TR
JEAFIRS B ST, RIEDBH %, 1533
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BARAEGIRAECUE respiration of the tree fine roots in tree layer
Annual fine root CUE [ FEAR R A CUES A
of the tree CUE dynamics of fine roots
WA KAIAENPP FARMASRED RS | FARGRNPPHE in trec layer
Annual fine root NPP <€ Fine root bi d ics > Fine root NPP dynamics
of the tree in tree layer in tree layer
AT A Y it FEARE. BARTNPPEIE
Tree stem bi »| Stem NPP dynamics of the tree
i layer
WAAMER TAENPP increment and tree lays
Annual stem NPP of [« A 2%7%%14%”5@1&
the tree CUE
REAAMRTF4ECUE E*WFWR A sy | Separate growth CUE dynamics of stems in tree
Annual stem CUE of ree stem area 22 and maintenance layer and stem annual CUE of
the tree respiration the tree
AR A T4 FEAH TIP3 R FEARRE . WAR T IR S
Annual stem respiration [€ Stem respiration rate »| Stem respiration dynamics of
of the tree of the sample tree the tree and tree layer
BURMAE IHERER, PEAEH I P % TR IR B
Annual needle respiration [ Needle respiration rate »| Needle respiration
RIARA S IH4ECUE of the tree of the sample tree dynamics of tree layer AR CUEDIE
Annual needle CUE CUE dynamics of needle
of the tree — in tree layer
RIARAMEE I 4ENPP R B Y32 FeARBE4HENPPEIZS
Annual needle NPP of [<€ Leaf area and litter — Needle NPP dynamics
the tree dynamics in tree layer

B1 TR LS P AZ BB R F AR (CUE) =T s ST B . NPP, 101477 77
Fig. 1 Research route of seasonal dynamics of carbon use efficiency (CUE) in an old-growth Abies fabri forest on Gongga

Mountain. NPP, net primary productivity.
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0.12 mm ¥ J& Je I BH K& 42 78 N A1), R FH LI1-8100
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R s, FAKESEEKS, E&#H
ANF R /NBIREAR SRR, 23 A EUREI @ By BT A
B AR B AR AR B 75 &, R AR AS RS B2 A T
HAFERENARERRSELREEER@Q >
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A, LFR. DFR. P. M. D. DR. THIYZ5ER
TEAIRR AR SRR AE R AR R BT
YRR SRR A AR AR A&
S [ (B B, A SEES AL AT U « R RNPPTE
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A, AT 2B AN [F R S B (R A B ) ek 25 AR
Hh B RO (AR 3 5 PR St T PR AT A 5
124 HUBEAIE

CUEE R NINPP/(NPP + Ry), :HR N H F7 M
WA . ARG TR A ZE 538 B WA = 71 S5 FIR
B, (MR AREMMNBECUE;, £ETHRAKZESEE
(PIRF IR B ERIE = I E AR, PETARZ
CUE. e dEAEKZ(1H ZIRFEA )M AGFIg L
77180, R, AU EAKZRG-10H) CUE. 4
P RS b, ARE AN R AR R A P o 5 A 7 Ay
HEER HHEMAKRECUE. BT AP EM %
IR P B BT M ARREAR 2 B T AN GAR B Eh S (R > 0.9,
p < 0.01), Bk, PRI DT 355201648 i B2 £
Epolr 8 & 55 RH LA 2S) R #E20164F 77 A JZ CUE
EMARFREMARECUE, NFERIAE T, B
Sy BN CUEB RN, FRATTHRFH /N A 2= e 45 1
(N = 12), KM 7 FEEA(SEM) (R BHEE, 2010),
N T TR ZE KA A 2% B CUEBh &AL .

2 WRGER

21 BRI ERETERERR A
MR hi i E FE

P& B PR 2 351 5 ) 135 SR B e R
ERERFRHBRECR, HEM&niA: y =
0.1835exp(0.1027x)(41 1), y = 0.3288exp(0.1212x)
(FF)Fly = 0.135exp(0.1082x)(R &), # HIZER* B
760.85LL F, Hp¥/hF0.01. #EHAT152016-20174F
U JE A2 T R 2 B % 2% B VR B FE H 3has (B
2A. 20). FARZEESE ARG ZEL S A5
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Fig. 2 Respiration of the tree layer and trees with different diameter classes in an old-growth Abies fabri forest on Gongga
Mountain. Different lowercase letters indicate significant difference at p < 0.05 level for the respiration amount of same organ under

different diameter classes.

B IFEMKRR, HA PR H g i aF
B K, 2017451440 g Com 2 201 74E 4 IR
SNASFIIARAIAL, TI201 64F £T H- I 2 25 5 i A
T 20164F-Tr A2 IP IR e 5 2 g i 28, 20174
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Fig. 3 Net primary productivity of the tree layer and trees with different diameter classes in an old-growth Abies fabri forest on
Gongga Mountain. Different lowercase letters indicate significant difference at p < 0.05 level for the net primary productivity of same
organ under different diameter classes.
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Fig. 4 Carbon use efficiency (CUE) of the tree layer and trees with different diameter classes in an old-growth Abies fabri forest on
Gongga Mountain. Different lowercase letters indicate significant difference at p < 0.05 level for the CUE of same organ under
different diameter classes.
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path.
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Table 1 Standardized influence coefficients of the structural equation model (SEM) for the arbor layer carbon use efficiency (CUE) of Abies fabri old-growth

forest
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