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Effects of temperature and sap flow velocity on CO, efflux from stems of three

tree species in spring and autumn in Northeast China

WANG Xiuwei, MAO Zijun*, SUN Tao, WU Haijun
Northeast Forestry University, Harbin 150040, China

Abstract ; Beitula platyphylla Suck. , Larix gmelinni ( Rupl. ) Rupl. and Flaximus mandshurica Rupr. are key tree species
in the secondary forests in Northeast China, which play an important role in the carbon balance of temperate and boreal
forest ecosystems. In temperate climates with four distinct seasons, large differences in temperature and sap flow velocity
between spring and autumn may result in a significant difference in stem respiration. In the current study, we tested the
effects of temperature and sap flow velocity on the CO, efflux from stems of the birch, larch and ash trees in both June and
September of 2005 — 2007 by using the Li-7000 infra-red CO,/H, O gas analyzer (IRGA) in situ. Measurements were
carried out at two locations; one in a 35 year-old temperate larch plantation mixed with ash and birch in Laoshan Forest

Experiment Station in Northeast of China (E127°34" /N45°20") and the other in the Botanical Garden of Northeast Forestry
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University (E126°38',N45°43") with plenty of planted birch, larch and ash trees (ca. 20 years old). Strong diel and
seasonal variations in respiration rates and sap flow velocity were found in all the three species tested. Diel dynamics of CO,
efflux and sap flow velocity showed various unimodal-curves depending on the season. The peak of CO, efflux in June
occurred during the scotophase which is contrary to that of the temperature, whereas both the CO, efflux peak and the
maximum temperature co-occurred at the mid-day in September. Stem CO, efflux was much higher in June than in
September. Daily mean stem CO, effluxes ( September/June) of the birch, larch and ash were 0.82/3.32, 0.74/3.78 and
1.98/4.98 pmol-m™s™" respectively; daily mean sap flow velocities ( September/June) were 2.48/10.02, 4.78/10.71
and 2.69/7.93 g-em>h™" | respectively. Significant correlations were found among stem temperature , sap flow velocity and
stem CO, efflux for the three tree species. There were significant positive correlations between the temperature and the stem
CO, efflux for both seasons; negative correlations between stem CO, efflux and sap flow velocity for June; and positive
correlations in September for all three species. Effects of the sap flow velocity from stems of birch and larch on their CO,
efflux were different between the sap flow upward and downward phases ( morning and afternoon). This might be due to
significant temperature differences in the 24 hour-cycle that cause the variations in CO, solubility within the stems, which
further alters the balance between internal CO, concentration and surface CO, efflux. Such balance changes varied by tree
species. This might indicate an interactive effect between sap flow velocity and temperature on stem CO, efflux. The
difference in CO,efflux from stems of ash trees between June and September was mainly influenced by the sap flow velocity,
but as to the birch and ash, the seasonal difference might result from variations of both temperature and sap flow velocity.
Our results showed that temperature is a key factor influencing stem respiration rate; however, the stem respiration (release
of CO, into the atmosphere) is also affected by the sap flow velocity. The effects of temperature and sap flow velocity on

CO, efflux from stems of the birch, larch and ash differ between the spring and autumn.

Key Words: CO, efflux; sap flow velocity; stem temperature; larch; ash; birch
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Fig. 1 Scheme of the experimental set-up for measurement of stem CO, efflux, sap flow and temperature
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Fig. 2 Dynamics of the stem CO, efflux, sap flow density and stem temperature in 24 hours
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Fig. 3 Dynamics of the stem CO, efflux, sap flow density and stem temperature of larch, birch and ash in 24 hours in September

HorF EHE 1 24 MRS 1 K AN 1 o 2005 4R ; HE ol 2006 AE%E

F1 HFRE CO, BIMEESHTIREMRIMRIEEHBXIH

Correlation between stem CO, efflux and stem temperature and sap flow density

H5J 8] Time FF Species BTG Stem temperature WHEE Sap flow density
2005-09 KMl Ash 0.96 ** 0.72**
MAZENFH Larch 0.89 0.53""
FAHE Birch 0.86 " 0.82*"
2006-09 KMl 1 Ash 1 0.91** 0.53**
KM 2 Ash 2 0.89** 0.64 "
MAETEMARA 1 Larch 1 0.46 " 0.21"
PLAPEMHRN 2 Larch 2 -0.58** -0.73**
FI#E 1 Birch 1 0.66** 0.26**
FI#E 2 Birch 2 0.94** 0.55"*
2007-06 FKHHMI 1 Ash 1 0.21 -0.03
KM 2 Ash 2 0.04 -0.83**
MATEMARA 1 Larch 1 -0.62"" -0.83**
MLAIEIHA 2 Larch 2 0.04 -0.83**
FIHE 1 Birch 1 0.12 0.6
F1#E 2 Birch 2 0.35" -0.82""

s QUM IAR AR K P<0. 015 = XU IR ALK P P<0. 05
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FR2 BWREAMBERTHEAEBHT CO,BRMBEMRREENEITLIE
Table 2  Fitting of the stem CO, efflux and sap flow density during sap flow raising and declining

[al5 7 72 BRI ZE/C L R AR
Fif i) R linear R Maximum Comparison
Time Species regression temperature of linear
equation difference regression equations
2007-06 05:40—11:40  JKHIMI 1 Ash 1 y=0.2239x + 3. 854 0. 68 0.79 P<0. 001
13:40—20:40 y=-0.1796x + 5. 6527 0.85 1.25
04:10—09:40  sKifiiHi2 Ash 2 y=-0.1013x + 5. 0666 0.76 1.04 P=0.043
10:10—21:00 y=-0.1581x + 5.4523 0.72 1.12
05:40—11:50 1 #E 1 Birch 1 y=0.0435x + 1.541 0.24 1.10 P<0. 001
12:20—18:50 y=-0. 1849x + 3. 2693 0.91 1.88
06:00—12:00 F1 #£2 Birch 2 y=0.0357x + 2.9023 0.77 3.02 P=0.074
12:30—20:30 y=0.0106x + 3.3483 0.76 0.76
05:30—12:00 &ML 1 Larch 1 y=-0.0666x + 4. 4146 0.83 0.86 P=0.214
12:30—17:00 y=-0.0321x + 3. 5857 0.45 0.87
05:20—11:50  J&M#A 2 Larch 2 y=-0.0148x + 2. 8513 0.47 1.06 P=0.615
12:20—19:20 y=-0.0124x + 2. 8893 0.73 0.46
06:00—12:00 7Kl Ash y=0.2399x + 1.4755 0.72 5.90 P<0. 001
2005-09 12:10—18:50 y=0.1192x + 3.039 0.83 1.30
08 :40—12:00 FI#E Birch y=-0.0061x + 1.2133 0.05 2.30 P<0. 001
12:00—19:20 y=0.0085x + 1.0249 0.38 3.00
06:00—12:00  JEI-# y=0.0098x + 1.2527 0.46 3.85 P=0.45
13:10—18:50 y=0.015x + 1.5509 0.83 2.25
2006-09 06:00—12:00  ZKHliHI 1 Ash 1 y=0.0295x + 1.8158 0.75 5.25 P<0. 001
12:30—16:30 y=-0.0345x + 3. 142 0.43 1.00
06:00—12:00  sKMii#i2 Ash2 y=0.0191x + 1.6325 0.63 4.60 P=0.705
12:00—16 ;30 y=0.0212x + 2.2076 0.77 3.50
06:00—12 ;00 4 #E 1 Birch 1 y=0.026x + 0. 514 0.75 7.35 P<0. 001
12:00—18 ;00 y=0.0011x + 1.2907 0.07 2.70
08:00—12 ;00 FI#E 2 Birch 2 y=0.0386x + 0. 4304 0.76 6.55 P<0. 001
12:00—18 ;00 y=0.0086x + 1.4329 0.59 2.45
06:00—10:00  J5M¥A 1 Larch 1 y=-0.0084x + 0. 7661 0.43 2.35 P=0.675
12:00—18 .00 y=-0.0085x + 1.2233 0.50 5.70
06:00—10:00  J5M#A2 Larch 2 y=-0.0036x + 0. 702 0.22 9.90 P<0. 001
12.00—18 :00 y=-0.0183x + 0. 9688 0.58 4.90

3.2.2 AGEIRAEI CO, T & MR o Y 22 5

W7 225 L3 AN 6 R 9 AR TR I CO, BEHGE & I 8B AR T B A 25 S R AR
1,6 A6y CO, B &AM TR T 9 A6 A OB EWALT 9 Ay, 6 A4 Kl +i co, &
E 9 H i 108.92% , 24 TEMAN 6 H 9 H 5 201.93% ,(FAKE6 H L9 H M 148.05% (El4)

3AFN6 59 AR R AN 2 e 1 R (I 4) | Bt LLR I IT 2200 07 125, W S s i g 1 3R Tk
CO, T Tt Y D HE R -, AR VE A 1 PR 28 A8 Sk, BT T B RV O 3 B2 43 i S AR it AR T3 B A
Sy PR F BRI A O3 1) 25 S5 2R T CO, BEEGH A RE R, DL BE AR M A f i, S 5B
VDL 3 A5 18] 22 S X B 3R T CO, BET0E B 1 RE MR, 20380, A8 IR BE RO o B 5 4 19 38 ELAR T34
W 22 0TI ER ) LRI IR BEVE R DA i, K iR 2R T CO, B GE & H 4y 1R]
(22 5 .35 (P<0. 001 ) 5 TR EAE A B A AR s, K B WIS 2 T CO, BEGE & A (Rl 22 5 AN B3 (P =
0.151) , BEHZK th I+ 10 CO, BEGI E H 17 (] 25 57 B Z R B Y 22 SR mis DR, DA IREAE A B
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R BT RRIERER TRTT COBMOERA B | e e dcOmE o B
[ 22 5 AN 3 (6 RVE AL P=0.167; K P= .
0.363) , LAWK DL BEAE Bl 19 728 k| %42 T WA 0 1 A
BT CO, R £ 0y 8] 1Y 22 S A 2 35 ( D%
HHA P=0. 168 ; FIHE P=0.056) , BRI 5 EHA R
HEFY A [EA%T 2RTHT CO, R THE kY 22 57 32 2 th A 1
Tk 3 55 R R AL [R5 R Y
4 it

AHEFERI, BAR L 3 AR T CO, Rl i 1 A1k
TE AR B RN ZE T A A —E ML, 5 24h &
IR T2 CO, R T 2 IR 1) 3l 25 28 Al =X
FER MG FR LA I 2, A ] — A b oA 53 1] AT
A TR] A 22 5, A AN [RIARE A TR 9 DX 4 PR AF 5 4
ﬁl:{:t, BT R H 2R fb BE A g gl 4k A ity B4 MRENBR KBV . A6 B9 ARREE.MTFXRE
2RI AEABRST 3 RO T R co, Ry CORMERIR
S 7 5 B ) B 2 (LR g T 4 Comparison of the stem €O, efflux and sap flow density
Hﬁr‘ﬂﬁﬁ}ﬂz%u ’E 6 H ’fﬁm%ﬁ?’fﬁl‘lﬂ Hj }% ’ {HEQ{%% of birch, larch and ash in June and in September
PR ,3X 5 Marry Anne S5 [BFFE 45 R —80°7 KR
PRI AT A T 1 R DA R R 40 i v gk s Y R & €O, I %
A IR B A TR BRI AR BT b, ST 1 bz T 00 7 ) S N T S B A G R S Y
CO, , BLIAH A BB AR AL T LIRS i AR08 7 A2 1Y CO, BB Ry, S 30l 3R 1 €O, B
OB AR EFERT . 9 Ao ER I CO, B GE B V(A 767 8] B, 5 B AR ks A — 80, HF
FIRESE 9 AR T AR 223 (3R 1) | U B XA 1 W 1) 52 0 2 3, i AR T 3R T CO, B 1 5 it 3 78
e FaH—20 1 6 H 3R T IR B 22 /1, i LA 1 9 W i e 13 3R 38 728 A AN B I AR 2 52 Wi 1 Tl
CO, B IE £ 1Y FE 2N 1

FASCII TR B (3R 1) W00 8 B2 X Y 3R 1T CO, i F 5 . 2%, (B2 7E 24h JET AN, TR0 LR | 7
SRR U T AR A VARG A ) AR T SR T CO, BRI it ) RH 254K I, 6T B TSR I 30 1) Y it 3 22
XPRE TR CO, BEHOE & 2 A R (26 2) , HE R PTREHT T b R AR Z RN EE A [\], S B T 7R CO, i
JEAIR] S E R AR T CO MR EEAR ]

AWFFEH 3 BRI TR CO,BB0HE S A 4 I B A 25 MR, B 6 iy CO, BEu I B & T 9
B3 o BT 28 0 W 2 WX Aol 2 1) i 3 R phy B R RO R S AR RO AR, 3 BRI 6 A
FT 9 A IR TH R R AT IR R T 6 0y AV D RE WA T 9 0y, X (SRR A Y e 4 21
FEARRY CO, B FEARXS I NTFE—EREBE EIE AN 1 B 3R AR . McGuire 55 B HI & JL 3K 7 X
( Fagus grandifolia) W& EZWFEW ( Liquidambar styraciflua ) Fl—BREEE AR ( Platanus occidentalis ) AR FUHERACH B
CO, MR R ILARIFI A2 1) CO, AT 13% —T71% Bl £ , BTN ER CO, 3z i 55 B 1 U B 52 0
H0 L BEARHEZE K FR A ASIRI I 1 0t 8 A KRS AR, 28 S il R 0 3 22 5, B OO & AR
oo 9 AUy S T 6 A, ER T NEE CO, iz ki A2 4k, RV it R b, lr Wit 1] EAfiaE 1 €O, %2
DRI T AR A 380 B~ 3R T 1) CO, 0RO Ui/l H st Al D | BB R A= 1 A0 S A SRS 1 T 14 732 A 5 e 2H 28 )
KN T2 A T CO, BEMCHE 5, (H2 O 2 5 W R T IR ™ A CO, ) A FURE TR Y E 2 A 1

SR, AR5 B IK 3 TR XA~ PR 52 M F) [ R, ol A A ) A ROIRZS 2B R BT T i S5 L % T L %
RN O S ST LU TR CO, R0 A5 S T RF I (R A 58 45 S A A% T 3R T CO, R0 2 1) 2%
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VAL 5RO TEB A AE R AR ISR A 2 U I A A A SRR T R R AT AR TR
BNASI 75% (BT A K BRI TR0 243 B i B T P 215 BhAS 1Y 51% F1 24% ) 17 I IR f1 2
AW S ARAR BT BUZ 2 A BE S Re I AR VIR . FIrLL, ARWF5E 3 Rl AR T CO, BT
i PR PEARARER 15 IR R R R A OGAN TR S R AR K T I R R R A O A R

AMHFE W] A A E0 AP P RE XA TR 1 CO, BT f A AR K FE R, AR %27 I A FK h A 43 3]
AL TR FIERFLAL X 3 B AR T CO, Bl & 22 5 28, HLIRR A7 25 5% . Iir AR i)
SEFRTA -0 B3R TH CO, T TG Tt FR U B S P W 7= A 1 CO, 7R It HH i i 19 5 il i A5 o Ttk — 20
MBI
5 it

T 2 5 M R T I A 3 238 8 D PR (RS TR I 7 A 1 CO, 1) KA A4 R T3, [ sl 52 A T Y8 3 3 70 52
W), 24h JIAN FIHE 262 AN FUK IR T CO, R E Bt 5 W i o B2 2 AR OC , (B ARt 1) b FHBT AT
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