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Spatial variations in the stem CO, efflux rate of Abies fabri and the response to

temperature in the Gongga Mountains
ZHAO Guang , LIU Gangcai, ZHU Wanze'

1 Institute of Mountain Hazards and Environment, Chinese Academy of Sciences and Ministry of Water Resources, Chengdu 610041, China
2 University of Chinese Academy of Sciences, Beijing 100049, China

Abstract: As an important component of carbon budgets and net ecosystem CO,exchange in forest ecosystems, stem CO,
efflux rate (E_) plays a crucial role in the global carbon balance. Investigation of spatial variations and the response of E_ to
temperature, are essential for improving the accuracy of E_ estimates at individual and community levels. In this study, the
horizontally oriented soil chamber (HOSC) technique was applied to measure the CO, released by stems. We measured E_ in
situ in the Abies fabri forest on Gongga Mountain using IRGA with a Li- 6400-09 from September to December 2014. Our
objectives were to examine the spatial variations in E_ of A. fabri and to explore the response of E_ to stem temperature

(T

stem

). Two representative trees in an immature A. fabri forest stand were selected. An opaque PVC collar (10.7 c¢m inside
diameter and 5 cm high) was cut to match the approximate curvature of the stem with the other end being cut flat. Then the
custom-built PVC collar was fastened to the south of the stem at a height of 0.3, 1.3 and 2.3m and to the north at a height of
1.3m, with 100% silicone sealant 24h before the measurement was made. Loose bark and moss were carefully removed from
the stem surface curved by the PVC collar using a hairbrush without damaging the underlying cambium before installing the
PVC collars. Measurements were made over three cycles at each sampling point, every 2 h from 8:00 to 1800 in the same

day of every month. The A. fabri stem E_and T,_ showed an apparent spatial pattern. The T at different heights ranked as

stem stem

follows ; 0.3>1.3>2.3m with maximum E_appearing at 1.3m. The E_and T, on the south face of the stem were higher than

stem
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that on the north. The monthly averages E_ of the growing season ( September and October) and the non-growing season
(November and December) was 0.51—0.99 and 0.14—0.22wmol m™ 57", respectively. The trend in A. fabri stem E_ was
consistent with T with a significantly exponential relationship observed. The temperature coefficient (Q,,) during the non-
growing season (4.6—6.8) was much higher than that in the growing season (1.9—3.0). It was concluded that spatial

variations of E_and @, should be considered when estimating individual and community stem E_.

Key Words: Abies fabri; stem CO, efflux rate; spatial variations; temperature sensitive coefficient (Q,,)
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8 1 R A DT LR Y AS AR T PR 2 TR R X il R 4 ) 3

TRUETT A5 I 3 204 KO- B 29km , HHX R 255K 6450m, A XA 1 X R AU B o B 2%, AR A IR BRI A PR ik
SRR PRRE RAT A A T v ARSI Aty Y ) 2 IR DX 5 7 3 v D €08 A0 DX AR Y b, R AT 4
F = I AR K IR 1000—3000mm , & B T MO T 2 FE 17 1) 58 88 10 30 50 1%, B PR B0 13 A8 AU AR Ol
£ X O o e oy G A 7 G 0N T e S

RIS TRk GE TTIE 1 R L AR A5 R G LR B 36 VA MG B0 37 (29°347217N, 102°5942"E) , J& T 1113l
FEWR AT AR TR TR 4 °C L1 AFARE-4.5 C,7 A 12.7°C AR RE7K & 1900mm , 4
PIAANHEE 90% ,4F-F-¥5 H #8 880h.,

FE UL A G HR 3000m W5 BT AR 16 U AR Mk AR JE V4 A2 i K, 380 B — 1> 20mx30m FfEdth, ik
ARSI T TR 22 1 5 FE LA AR Tl A LI (Aacer maximowiczii) (22X AEMK ( Sorbus multijuga ) F14-
JA ( PopulussimoniiCarr) % , FEHL NI JE A2 -5 Mg 4% 23.dem , S0 5 25m, M BE 0.8, % B 697 #&/
hm? A D3 BRI A5, B3R B, LR RIE (1—1.2m) |, JE A LR AR B 2, A ALK 5 & 7.8—
39.2 g/kg.

1.2 W+ E AR (T,,,) WE

PRI R FH LT AN AR A - T A< 22 /K S 52 7 (HOSC) P M2 W+ E_ o B A% 10.7em 15 Sem
1) PVC & W sm T EE 1, JHARE AR T2 0 IR V) B — 3 5 il T W) 65 o %€ 24h ffi B Rl /N0
R EEERRANE AR 100% HH 2 ik T 7 7 B A I B AR 11 7 6 A T2 1T, R St /D X THiE A 4L 15
T 7K AR 2 B 1 285 PP (S P PR S T TCE I o BRI G5 S WP DR B FER T b 1 S il e
i, SEIREE A SR FHACHR 0 5 T W B AE AR T 2% 18 4 Bl %) T B, Y 7K 3 00 R B T R AR

¥ Li-6400 f#E RG-S E R 58 (Li-cor Inc., Lincon, NE, USA) 5 Li-6400-09 + M0 % ( Li-cor Inc. ,
Lincon, NE, USA ) 3% s A% TIP3 B I 00 5 1 Fsf (] E BUZE 2014 4F 9 H—12 H A8 H N A] IG5
KRG H 47, D2 B E] 2k 8 .00—18 .00, B [A] [E] B 2h, BP4E R AE 6 YR, BRI AE 3 NG, FEREASIEI
N RJ5 Sem 451 3em BN ZEINE E_ B[R R Li- 6400 £ #5564 00 2R 48 A 5 By 38 15 B HR A
T oo MBI T E B2 AR RUAEL, I A T BE AT ) i E e 3 [ — KA T, B By i
AL 0.5k, AREAIK E, F & HAR B R M52 mT, XIS DOZ AR B FE 3R B0 ) — A2 2% L TRy
WIRT E JC 25 5 . ROt AR R B bk BAA RR PR HERT A (M4 23.4em, W5 19m) F1 B (f42
24.3cm, B 22m) SR E E (FERHE I 2 BRICIEAE [F— KT ) , B 7EFLSE R MR E 75 AN [R5 75 ) FIARS 1= 1)
5,

FRAE R 6 0k JE v A2 W e 1A AL L (35 1), ARSCRE 9 AR 10 AVE AR S 11 AR 12 AfERIEAK
7, RIRIE A B SEARRIE L2 2,

R OMERMEE S 2% H
Table 1 Phenological phase of A. fabri in the experimental field

Wyt 39 HZFH Jent 1) THAE T I A5 (1) 73]
Phenological phase Bud burst Leaf expansion Flowering Maturity period  First leaf coloring ~ Defoliating period
TR (H/ H/4F)

L. 05/01/2014 05/07/2014 05/19/2014 06/02/2014 09/20/2014 10/10/2014
Beginning time( M/D/Y)

L3 HCRabE
o TR 1 VPR P 0 A0 R

D 2
E =E x x = (1)
VO Al

L E T COLBERGE (pmol m™ ™) E WA R ict ROM T IE AR (ol m™ 5™ ) |V, IR 2

http ; //www.ecologica.cn



4 A E = 38 &

BR(991em®) , V, AR IFIRIFMAF (em®) , D R P E i A PVC FFE AR (10.7cm) ,h PP & BE A0
RGN I 2 R AL (71.60m” ) A S SEBRINAE BB TR T (em?) .

F2 TRMZEMEHERFFE

Table 2 Basic characteristics of different measurement sites

I E R R e BE A0 1) ME S ER IV 8¢ A 7 T A 0 PR AR
Samlpe tree Height and direction Diameter/cm Cover area/cm” Volume of collar/cm?
M A Sample A 0.3m (F4) 24.84 91.00 381
1.3m (F4) 23.36 91.35 373
2.3m (F4) 21.85 92.00 365
1.3m (db) 23.36 91.35 373
FE# B Sample B 0.3m (F4) 27.55 91.00 372
1.3m (F4) 24.29 90.68 381
2.3m (F4) 21.07 90.00 394
1.3m (dk) 24.29 90.68 381

KRBT UEES T, LR,
E. = ae’ (2)
o E BT COBGERR (wmol m™2 s7™") | T AR TR o F1 8 NH AL,
Qo TR BRI 10°C B IR 3 1 i ih A5 48, FHA =R (3) 1T
Qo =e" (3)
o, B BIR (2) 2 AR 1 B M
E AR 10°C BT R CO, i, 715 WX (4)

Ei

EIO :eBX<T;10) (4)

oL E AT COBEH R (umol m™ s7') ,8 M (2) A H A BUE, T A TR,
1.4 Sitodr

KR I 25 M7k (One-way ANOVA) Fl /N i 35 25 5238 (1LSD) He R[] I 2 4 ' 22 1) 1Y) 25 5%
Excel 2007 1 SPSS 20.0 #1748 11 43#7, K Origin 8.0 5884

2 RS

21 EMT,, 7 LRHE

5 B S R S VA2 E R T S P S A AR A As R (I8 1 &1 2)  BDNAE R ZE(9 AR 10 A) B3R K 2
(11 A2 AYEM T, 2R TR, ERZFMAEERKFNIRIE R E E 07 0.51—0.99wmol m™ s~ I
0.14—0.22umol m™* s gl WRJEAR M T E A T, FEANFEH A IEEE B E S T, A Es—E,
ARV B T, B MR A b B A 1 e B T O 33 14 (B 12 ) i I, RS 1 i T k28 et g b Tl
(% 3) ., W EARIRBEA (3838177 PR, 1.3m AR IE K, FLRG 1 o Tk
2.2 EM T, 25 [EASfLFRE

AFIME H B EAEARIN 1.3m>0.3m>2.3m, T, REHN 0.3m>1.3m>2.3m (& 1), FER A AS[H]
EREREAE9 A 10 AR 11 A 2R 53 (P<0.05) , MEER B 759 A1 10 H 2% 83 (P<0.05) , A K ZFE
ZRAWE(P>0.05) , AFEIETTE) E T, AR rm>Iem (& 2)  7ellE A 61522 5 5.3 (P<
0.05) .

SR 85 T 7 A XA MR 19 52 Wi R W LA [) 0 7 7 & E |, FRATTSR B A — R B T I3 % (K,
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Fig.1 Seasonal changes in E and T, on different measurement height
GS:/EKZE | growing season; DS: AEAEKZE | dormant season; Eq 5, E) 3 Ey 3 BT 0.3 1.3 H1 2.3m IR HE | stem CO, efflux rate at 0.3, 1.3
and 2.3m height; T3, T 30 Ta a0 : BT 0.3 1.3 F1 2.3m B TR | stem temperature at 0.3, 1.3 and 2.3m height

wmol m™ ™M) R HEAT /0, AN 3 Ff7R, 1.3m b B, B35 T 0.3m A1 2.3m, ELW TR i TILii, 0.3m Al
2.3m E 2EFAWE(P>0.05) , X FE—WEME, E AR FR S S TIRERS,

R3I TRNEREEL M FEREZNHTFRETERNFTE

Table 3 Seasonal changes in amplitude of CO,efflux rate ( pmol m~2s™!) and stem temperature (°C) on different measurement sites

5 9 H September 10 J1 October 11 /1 November 12 A December
Height E, T, E, T, £ T, E, T,
FERE A Tree A
0.3m (S) 0.15 2.65 0.07 1.35 0.34 1.29 0.05 3.83
1.3m (8) 0.61 2.52 0.13 0.77 0.13 1.05 0.02 4.40
2.3 m (S) 0.11 2.21 0.11 0.94 0.07 0.71 0.10 3.92
23 m (N) 0.29 2.41 0.08 0.64 0.11 0.20 0.06 3.33
FERE B Tree B
0.3m (8S) 0.30 2.79 0.04 1.94 0.13 0.56 0.05 3.50
1.3m (S) 0.52 2.15 0.17 1.57 0.16 0.64 0.08 3.39
2.3m (S) 0.19 1.98 0.27 0.40 0.16 0.23 0.03 4.11
2.3m (N) 0.24 1.92 0.03 0.61 0.14 0.15 0.05 3.32

E, TR stem CO, fflux rate; T, : B TIEJE , stem temperature ;S : # F ¥4 i, south of the stem; N FJLTfi , north of the stem

2.3 E ORI BE A e N REAE
AN [0 5 A7 B (AR JE ¥ S T B R 1 B A A A e B PR B 2 G &R (P<0.01 5 & 4 RNl 5)  Hor L)
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B2 FEANEFEHT EF T, HETEL

Fig.2 Seasonal changes in E and T, on different measurement direction

GS. ARK=ZE , growing season; DS JpE R ZE ,dormant season; E_ 4 E, . A 1.3m Ak g T R T R R R ,stem CO, efflux rate on the south and
north of 1.3m height; T, \Torn : A8 1.3m AR AL A TG, stem temperature at the south and north of 1.3m height

M 1.3m FALPIAL RS BOREBAF (£ 4) . RIBERAZ

1.5¢
WEFIRNE Q  fH7E 2.57—5.92 ZAs b (& 6) . HK % ~ . Eigj »
AR MR F IO O, T4 M G B e %
(P<0.05; [ 4) , LRFINIE B4R IN 13m(N)  § £ 1o} i T
>1.3m(S)>2.3m(S) >0.3m(S) . %—2 b
(G a
3 EpRte =3 | & b
?—J Té 0.5¢
3.1 EZS[aARIE a :
BRSPSV (0 5 MRS R R R A B
(RIFER, 4k S RRRARERAR AR (3% B, R O, vy

FERFPIBERE , AR 25— 5E i LA 201 E A
PR T E AR BRI 2 (R R %
WFFETR HPR A AN ] v B 22 300 1) O A Tl 2 L Q0 KA KX
E FAFAENI 0225 . LURBE A0, Motzer ™ ZEHF 5T ARAK
i 0 8 Ul R AR A N e B S A6 B 1) s R FE AR T
JZ 55 4°C T Derby ™ IA A 5 52 K BH ELSHAR 1 187 14 T BE 300 5 23 8 T T, A2 UL 0m , B ZE R T s BE Ay 1) I
P22 5 33 20T BB sl a7 LK P RO RRBE IR A S0 7 LR O i, ARESE R RV A2 T, B
SE LTI TR E KB BT 1.3m, “F KRR —EE, B+ E AT, WRBH A RIR 2L
FaF . FEl AR A0 AR M DX, AR bR 28 I 1) O B AR G, bR ORI RE T R 2 T ARCR, il B R ( Fagus
sylvatica)) F1 % UMM SEEA LRI BE AL B 29000 T4 T AR Ak 0 ST Y < 55 2 WK 26, 0 5 39 1)
Ui JE V2 AZ MR B [ JE K BH LS, 1AM 5 X 43 0—60cm JhBE 5 T2 L, fff 5 - 4 fuh g A 1 0 L E o35

1l %L B Measurement sites

B3 FARMECLE E, L&
Fig.3 Comparison of E, on different measurement sites

S: M T RETH , south of the stem; N . #§TJLHI, north of the stem
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Fig.4 The relationship between E and T, on different measurement heights

stem

Hy s T 0.3m Ab,0.3m of the stem; H; 5, T 1.3m Ab,1.3m of the stem; Hy 5, S 2.3m 4b ,2.3m of the stem

1.5
o
Fsouth oA © Frorth °
OFEMB A

= A:y=0.338¢01230x A:y=0.27601406¥

o R2=10.820 R2=0.822

E B: y = 0.120e"177% o

g 1.0 | B: y = 0.263¢0-1406x ° R2=0.875
°
23 L
& 5]
2
E

S s ©

g

[

7]

0 L .;% 1

TR Stem temperature/°C

E5 AEWNEHEWT E M T, BHLR

Fig.5 The relationship between E and T, on different measurement direction

stem

J -~ T RS I ,south of the stem; F, G ,north of the stem

TR A AN T b CEAE RN ) | X S OB Tl R B e BE T e SR RS AR A, AR MR TRV AT K,
R T, —FERIAR B AE 1L, SRR TR B R RERAF A R E fE e ELRR 2 b A0 72 Ak, T oAl PR 3R g+
BEJZRBL BTN CO, B iz iy r] eSS RN E AR BT 0] b 724k, 9 4, A%~ 0 A JEL A B 2 PR o 4
T CO, [ FMEBEREERE AL, A TP I BE R H DR 1 CO, A 3870 2 VA M AR AS SBR[ L 3 3
BRI XA R AR LR A EH T B, fli2s A28 AR Bt B 2t . A, ik JE v A2 AR T e
I E w2 A, 59 E F R ( Quercus alba) A53HE ( Quercus prinus ) LI ( Acer rubrum) VIS S AR /el -
WFFEEE R —E, X S8 ) R 22 A oK

HTHBRIREE XS E RS20, FAT TR RS A — 0S5 1Y E | FEBEI & A BB T CO, B R 5200, &
PARKTMN E, B35 TIEAERKS, AR T80 5 BAT B0 A e AR DR 58
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BRAEVBER > 12 3o BE R AR S5 0 20 7 1 5 2 e R A 1 8

PR S T AT S BB Y CO, R P

B AN, T 1.3m 4 £, KT 0.3m F12.3m &b, 7 ol a

MK T, TR ST A A A e, PR 3 .

) WRREE S TR (O B RAURE 5 AR 53 )

R A S LB TR COL B M B EE T :

AAEDER T TR SH R G FRELE & | i

WIRS R A A T A B %) T 2t

B BRI RS | 75 B M R LR 2

BRI CO,BEHOER 0

32 £ FIEN
HELD VP W 3ok R S R R IR X IR T IR

R A TR R T CO, AR (5 A ) Bl 6 RIS L B R A B R 5

01441 i ] COZE"J%[@T}”%& £ YL T 2 T 8 e i e Fig. 6 Temperature sensitivity coefficient ( Q,,) of different
Gﬁ;ﬁ%ﬁ) N ’ ﬁh{ﬁﬁﬁﬁﬁﬂjﬂ%)ﬁﬂﬁ ESETQ\ Zez;;;:;iﬁl?t,::ish of the stem; N . B T-JLTfT , north of the stem

o AR 7 22 S ) R T, SRR B A

T E AT, MBI, DA KOE RS A T30 B m] LUSR R E A8 S 61% , R 2= A2 1 R %) 30 B fige g
TASSHIY 68% 7l Zha S0 St RN AR A F 53 & B IR BE SRk TRt 70% 1) E AR L, AR SO BEIR
JE AT LA RS [0 R 0 B E AR ARG 69.4—89.5% ,Je: E i /E KR BAARE R Z LR B ENEFH T, N3]
DIE AT EER E RS SE A 2, Hob 1.3m ARR AP RPA5ES,0.3m AN EIK , A K Z AR
KEMNIRE A E 43 HIAE 0.51—0.99umol m™ s™' F1 0.14—0.22wmol m™ s Z [A] P 3 , e A% T H AL 52 (R
1, TR SREHL R AEMRIRAA 56, Zach 251 LL#E T HEER 1050m F1 3050m &b F KK T CO, B0 2 | & BT %
SRR NG E G 2 A%, 1T EN 6.6 1%, Robertson %57 X6 MV Th b 142 2 1 L ik M IX A 55 A5 HH AR Z5 48
BT TR 3000m (14930 1= LU MG EF AT | A= K28 H BRI R 10°C AR 30 T 0k JE ¥8 42 4 BT 3
FERAC, (0T E AR AR A,

x4 FENERBEERK ES T, WIEHNEHFEMEBEERY

Table 4 Exponential fitting equation of E_ and T, and Q,,on different measurement site

5 3 s [EVEYx: PesE ZB (R? IREFRE(Q) o

f W e e RERM (R LA PR (n)
Measurement Regression Determination Temperature .
. Sample tree . . o Sample size
position equation coefficient coefficient

0.3m (S) FERT A y=0.204¢%1011« 0.765 2.75 63

M B y=0.226e%4+ 0.694 2.57 70

1.3m (S) FER) A y=0.338¢% 1230~ 0.820 3.42 65

R B y=0.263¢" 1400+ 0.835 4.08 69

2.3m (S) FERT A y=0.177e%1004« 0.749 2.73 68

FER B y=0.229¢% 1071 0.703 2.92 63

1.3m (N) FERF A y=0.276¢" 1400~ 0.822 4.07 69

FER B y=0.120e% 177 0.875 5.92 67

B E 5 T, WHEEOTBRIREA S . 3(IEFRE0) x6 (B RIRED) x4 R(4 MHEH 1K) =72() , R n (B F 8B 5 WREGS:
*XJ‘q:ﬁéi[Ej,soulh of the stem;N;Wq:_]E[ﬂj,nnrlh of the stem

33 Q, ZA biHE
IR SE A TR AR A K Q,, B & W TR, SHT AR —5 2 Amthor' ' 42 H FH A2
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2217 (Mature tissue method ) BEAE AT 53 Ay A K P IR RT 248 5 P I, I 0A kg 38 %o 1 8 10 ol R 8 A ], o
RERE T IR B B AR B A G & AR K P 2z i A KT M i sg . JE 4 K RAE ) DA AR R
WP A = T2 RIS B A e P 0 ko 5 A8 AL T ARk, PRI, Saxe 2567 IAAIX SR QBT AR A B A
SR BERE 22 1) 23 TF 0 T S5 B 2R O E W TR Ry b D)y 12 Bl = oL R B R il 5 1 0 M,
AT Qo FFASE—AME RE Y S5, R 0 U930 8 A8 A EL A P IRGE 13 BR 42 ( Thermal acclimation ) /%) |
RV I B O UK B ( Q) S E R BRI A5 1 Fh i T R 4 3 35 7 A7 - R FIAR R P ) e
I 50 AR 024 LR R RIRR P 22 S KT AR R KSR QAR IR AE 1.9—3.0 Z 0], 3
MK ZEAE 4.6—6.8 ZIA] i TR B (2.0) 7 RN T30SV R 1Y QS (1.0—3.0) . FRAITHE
W, B A R AERIRIAEE T, Wk JE A2 TP = TR TS W NG . Tjoelker 25 % X0 S SCRR A ZE T A& BE,
POHFHLIX. Qo 4 2.14 TR K 2.26, FEIRAT A 2.20 Ak b Xl 2.56, FEX XA Q,, (H W 0.5 TiRBEH X,
& F IR (10 903 B 3 o AN B Q0 T Il , B AN R S R e T 2 5%, ek, s b 4 b
17 Qo TRA M, AT BE AL AR AIREE S8 Q0 LTF, WiTEE w1, QR 5 E_MIFIM A (L%, vl fE
550 5 A TE B2 A R R G

] AR FRAMRAE 2 RGeS TIPS T AR T R, R Sl 2 O A T P I AL B ASE TR () AF 5 30 EL AR 55
M LT TR T E A JEAR 1 olcke [ - ST I o e B I 2T AR S AR A SR T R S
SEHSAR KRR BRI T X E A B SR I AFSE . AHIESE IR T 73, fe s SIS B A 2.3 m, i (IR
B, LA, A R i — 25 s XAk T2 Ak E 235 Tl JRy B 7S Ab ML P 26 G o ) 0 AR R 35F , DA% 2 B A A
E_TERRMRAE 25 R GERRAGHR P 094
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