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Foliage Respiratory Characteristics of 5 Evergreen Tree Species

Native to the Temperate Deciduous Evergreen Mixed Forest of North American
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Abstract : [Obiective IThis study aimd to investigate the interspecies variation in leaf respiratory characteristics and its
underpinning factors, and quantify the impacts of such variation on the estimation of leaf carbon flux. [Method] Five
evergreen species of Chamaecyparis thyoides, Pinus rigida, P. resinosa, P. strobes and Tsuga canadensis, which are
common to temperate coniferous-broadleaf forest of Northern America, were chosen in this study. Leaf light photosynthetic
response curves, and CO, response curves and respiration temperature response curve as well as leaf morphological and
biochemical traits were measured. Using linear regression, we analyzed the relationship among leal respiratory
characteristics, leaf structural, biochemical and physiological attributes. A coupled stomata-photosynthesis model was
adopted to simulate the dynamic of leaf level carbon flux during the experimental period. [Result] Our results showed:

(1) Interspecific difference was found in leaf area-based nitrogen content (N, ) » but not in mass-based nitrogen content
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(N,..). Likewise, there was obvious difference in the area-based respiration rate (R, , was highly regulated by leaf
morphological traits; 2) Leaf respiration rate could be well explained by its nitrogen content. Moreover, a positive
relationship was also found among R, maximum net carbon assimilation rate (A) and specific leaf area (SLA) ; 3) Light
inhibited leaf dark respiration in all species investigated, with the ratio of mitochondrial respiration under daylight to dark
respiration rate (R, /R,) spanning from 0. 39 to 0. 90. The R, /R, ratio was positively correlated with maximum oxygenation
rate (v,,,,,) and carboxylation rate (v_,.,,) of Rubisco. In addition, strong correlation was also found between leaf R, and
R, ; 4) Q,, of dark respiration ranged from 1.44 ~2.24. Activation energy of respiration (E,) varied among species, but
the variation was marginal; 5) With using fixed Q,, and assuming R, = R affected the estimation of leaf carbon flux was
affected in all 5 species, but the extent and magnitude of influence were species-specific. The sum of carbon flux for the
5 species was only slightly affected. [Conclusion] In summary, those results clearly demonstrated that leaf respiratory
characteristics were species—specific. Factors underlying the inter-specific variation include leaf nitrogen content and leaf
morphological traits. The light inhibition of dark respiration was regulated by Rubisco carboxylation and oxygenation,
reflecting that leaf photosynthesis and respiration were inter-related. Simulating leaf level carbon flux without considering

the effects of Q,, and light inhibition of dark respiration would lead to incorrect outcomes in terms of leaf carbon gain.

Apparently, such error will be undoubtedly magnified when scale up to canopy, ecosystem or global level.
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Tab. 1 Parameters in photosynthetic sub-model and stomatal conductance sub-model
ZH IR 471 ZIEVA i s T ki BeAz
Parameters C. thyoides P. rigida P. resinosa P. strobes T. canadensis
Ve ! (pmolem ~2s 1) 54.22 76.29 43.22 46.15 88. 43
Jou ! Cumolem =2 s71) 60. 46 91.98 59.16 68. 80 109. 77
a 2.84 3.08 2.66 2.81 2.75
g,/ (mmolem =2 s ") 0.03 0.03 0.02 0.02 0.02

DV o A1 T 55 B U P T K M T 3 A T 1 5 a A g 20 B AL 5 BE 7 B o 0 L 26 A AR B . V... and J,,.. are maximum

carboxylation rate and electron transport rate, respectively; parameter a and g, are slope and intercept of stomatal conductance sub-model, respectively.

L4 Fit 5

K H SPSS17. 0 # {4 (SPSS, IL, Chicago, USA)
HEAT B 7 2 40 1 (one-way ANOVA) o 14 5648 H]
Kolmogorov-Smirnov 7%l Levene’ s v ¥ 5 #¥5 19 1F
A PERNTT 28 550 47 B AN A o 22— Wk A7 0
A e (Log,) o A [A) B Rl it i) 1 1 <044 A8 6 2 50
MR 5C &5 K b 78 BRAR bR (9 3 48 EE 3 AE ] Turkey
HSD V%

2 HiR50MH
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R Rl P R A P K € N S I R
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Tab. 2 Foliage morphological and biochemical traits of 5 evergreen species

ZH I Jei AT ZIEVA N 2 Trfn B
Parameters C. thyoides P. rigida P. resinosa P. strobes T. canadensis
Lo i AL SLA/ (m? « kg™") 3.54+0.12a 4.33+0.03ab  4.98 £0.39 be 6.12+0.39 ¢ 5.68+0.22 ¢
LA A S N,/ (gem ?) 8.06+0.24 b 8.16 +0.48 b 6.72 £0.42 ab 5.63 £0.44 a 5.72 £0.50 a
AR A SR N/ (mgeg™) 12.77 +0.45a  15.40 +0.83 a 14.76 £0.72 a 14.78 +0.83 a 15.13 £1.51 a

A TE) Py o 3548 15) LE 852 4 ) Tukey” s HSD %o [A) 4T G AN F) - R KR A8 0. 05 /K 78 57 Wb 3%

[ [ . Comparison among mean was conducted

using Tukey’ s HSD. Different superscripts stand for statistically significant at P<0. 05 level. Different superscripts in the same row stand for statistically

significant at P <0. 05 level. The same below.
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Tab. 3 Inter-species variation on leaf respiratory characteristics of 5 evergreen species

ZH R i A1 ZE/S Jig 2 I Bz
Parameters C. thyoides P. rigida P. resinosa P. strobes T. canadensis
R sren 1.77 £0.27 ab 2.12+0.33 b 1.45 0. 15 ab 1.34£0.13 a 1.74 £0. 10 ab
R,. 6.37+1.15a 9.20£1.46 a 7.25+1.01 a 8.10+£0.86 a 9.87 £0.57 a
R ea 0.77 £0.21 a 1.84 £0.32 ¢ 1.14 £0. 12 ab 1.06 0. 16 ab 1.56 0. 12 be
Ry, 2.81+0.82a 7.99 £1.41b 5.76 £0.96 ab 6.40£1.02b 8.23 +0.68 b
R, /R 0.39+£0.07 a 0.90+0.03 ¢ 0.78 £0. 04 be 0.76 £0.03 b 0.85 0. 02 be
[ 1.86 £0.42 ab 1.44+£0.13 a 1.71 £0. 18 ab 1.65 £0.09 ab 2.24£0.27b
E, 39.97 £0.01 a 39.96 +0.00 a 40.16 +0.01 b 39.96 £0.00 a 40.15 +0.00 b

DR, 2275 0 MBI A (umolem =2 1) SR, by 305 B U A ¢ (ol kg =2 s ™) R, /R, Sy o S i I W e 4 [ 0 W ok o

LA Qo R WP R AR F (9 JARYE S B A9 W W AR T B 35 46 B (B s KJemol™') o R,

indicates area-based respiration rate (pmolem 2 s™') ; R

stands for mass-based respiration rate (mol+kg 257 R, /R stands for the ratio of respiration rate under daylight to respiration rate in darkness; Q,

is the thermal sensitivity of respiration; E, represents activation energy of respiration (E,, kJ*mol =") .

2.4 I F B o 18 R AL

T A B B Qo TR P (1] 22 S B ' Xof % T TR 7 40
VR FH K 2 i 1 00 A7 v R e ) o L B, DR O 2B A
FUBUR B I — B0 26 A SR Q. A
Ry AR AR 45 7 I 4 R 0B ) B 35 30 £
il (AL, Full model) ; BEJG, E Q,, =2.0 K&
R, = R, FF ¥CBE R0 1 fik In) Ak Jde 22 (f] 4o 185 A,

simplified model) o Al 45 KR W, A& Q,, Kt
FR AV IS AN A8 b i Ry s () A0 B B3 1 T
s (1 4,3 5)  {H 52w A8 B A7 ) [/ 4 Fh 8 5 24
BURFPEAT O L, AR I A AR 9 B () AL AR AR AN
13.99% . ity Wi 22 ) 5k [ A4 B0 4 o 5 1 5. 10%
SR faj AL TR S AN B B it ¢ ) A0 3 R 22 AT
Wi 45 /N (3.45% ) o
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Tab. 4 Relationship among leaf morphological, biochemical and physiological traits
B 2 B 2 B w5 ok AR
Determination P
Independence Dependence Slope Intercept ..
coefficient
R, e N 0.17 0.51 0.19 0.02
A, 0.02 1.54 0.01 0.74
R, N,. 0.41 2.05 0.10 0.11
Apas 0.08 5.90 0.17 0.04
SLA 0.89 3.62 0.15 0. 04
Ry, N, 0.06 0.78 0.03 0. 44
A rea 0.10 0.72 0.14 0. 06
Rinm Noa 0. 67 -3.62 0.21 0.02
A 0.12 3.08 0.29 0.01
SLA 1.12 -0.06 0.23 0.01
1.2 1.2 30
A b
Lot Lot 2r
= 20F
08 08} o
o . st
= 06 S 06f 3
- - 2 10}
0.4 04}k ?‘_
05F
o ]
02t 02} ol a
o y=0.16x+036 =046 ™ y=005x+040 r=042 y=094x-032 =078
0 A L ‘ . A ) 0 L A ‘ . ‘ L s . A )
2 4 6 8 10 12 14 1 2 3 4 0.5 1.0 1.5 20 25 30 35

Vaisoo! (mol -ms7")

Vorsoo/ (Hmol -m~2 s7)

R,/(umol -m=2s™T)

B3 e 2 A I W 3 5 () 15 WA 3 8 LA K R, /R, 7] Rubisco i ¥ A A1 55 A 3 < 7] 1) G &

Fig.3

The relationship between dark respiration rate and mitochondrial respiration rate under daylight and among light

inhibition ofdark respiration, Rubisco carboxylation rate and oxygenation rate
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Tab. 5 Daily and sum as well as the difference of

BFIEY

foliage net carbon gain of five evergreen species

modeled by different model

Wy i ] Ao A5 Y
| Full model Simplified model
Species
Aean Ay Aven ZAvean D %

R A C. thyoides  0.29 17.12 0.25 14.72  -13.99

KA P. rigida 0.30 17.87 0.31 18.78 5.10
JNE#A P. resinosa 0.27 15.90 0.26 15. 40 -3.16
FeKA P. strobes 0.31 18.77 0.31 18.38 -2.07
A2 T. canadensis 0.45 27.00 0.43 26. 04 -3.57
BAT Sum 1. 61 96. 66 1.56 93.32 -3.45
3 it
3.1 HRERBMEES

5 P SRR R P IRGE R R R ] 2
B KRR, X 45 R Y a0 AW 45 R A T
(Griffin et al., 2002; Xu et al., 2006; Searle et al.,
2011) o WPULAE = A ATP DL KB i 48, ki A
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Fig. 4 Modeled daily leaf net carbon gain of five evergreen species during experimental period with different models
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