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Carbon Dioxide Uptake of Mixed Deciduous Forest Tree Species
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Abstract

Study on carbon dioxide (CO,) uptake of mixed deciduous forest tree species was a part
of the climate change research project - Greenhouse gas sequestration and emission of forestry
sector in Thailand. Diurnal courses of leaf net photosynthesis of 14 selected species in 6 families
were determined at the Research and Training in Reforestation and Afforestation Station, Nakhon
Ratchasima province. CO, uptake capacity and related parameters as well as environmental

factors affecting CO, uptake capacity were discussed.

Diurnal courses of gas exchange of the studied species varied considerably depending on
tree species and related daily environmental factors. Diurnal variation in net photosynthesis
reflected primarily differences in light environments and stomatal factors. The results also
showed significant variation in gas exchange parameters (P<0.01). The greatest daily CO, uptake
was observed in Teak (Tectona grandis) and the lowest in Xylia xylocarpa var. kerrii. The species
gaining higher CO, uptake generally exhibited higher water losses through transpiration, thereby
attaining lower water use efficiency (WUE). However, some tree species including Dalbergia
oliveri, Lagerstroemia loudonii and Chukrasia velutina had comparatively high WUE, indicating
their adaptability under drought conditions. CO, uptake data of some mixed deciduous forest tree
species provided in this study could be, therefore, essential background information for estimation

of CO, uptake and carbon sequestration of mixed deciduous forest ecosystems.

Keywords: mixed deciduous forest, CO, uptake, net photosynthesis
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Table 1 Lists of mixed deciduous forest tree species studied at the Research and Training in

Reforestation and Afforestation Station, Nakhon Ratchasima province

Common name Sciencetific name Family

VIUN Homalium tomentosum(Vent.) Flacourtiaceae

NITUN Irvingia malayana Oliv ex A.W.Benn Ixonanthaceae

an Tectona grandis L.f. Labiatae

mawin Vitex peduncularlis Wall.ex Schauer Labiatae

AR Sindora siamensis Teijsm.&mig Leguminosae — Caesalpinoideae
1oN Xylia xylocarpa (Roxb.) Taub. var. kerrii Leguminosae — Mimosoideae

(Crarb & Hutch) 1.C. Neilsen

NvININ Butea monosperma (Lam) Taub Leguminosae — Papilionoideae
NEY Dalbergia cochinchinensis Pierre Leguminosae — Papilionoideae
FIFU Dalbergia oliveri Gamble Leguminosae — Papilionoideae
1l s@: 1h Pterocarpus macrocarpus Kurz Leguminosae — Papilionoideae
ASLUN Lagerstroemia calyculata Kurz Lythraceae

ASLUNU Lagerstroemia floribunda Jack Lythraceae

UNTFA Lagerstroemia loudonii Teijsm.&Dinn Lythraceae

gUAY Chukrasia velutina (M. Roem) C.DC. Meliacea

M3INTITHYeYE
Inzimsdannziuasgniveslutazmniimesaiey finedoelneitnms

a L4 a 4 1 U
WATIEHANUNL51U5IU (Analysis of Variance, ANOVA) 1Az AATIZHANUUANANTZHIN
! = ag . Y a J aa
ANNAUAIWITNT Duncan’s Multiple Range Test laglslisunsuinsigin1eada SPSS

(SPSS., USA)

a 4 [ 4 a v o d
'Jl,ﬂﬁ'lgﬂﬂ']515]E]'U’ﬁuENGU'E]Qﬂ'liﬁ\iLﬂi'lgﬁll,ﬁ\?qvlﬁ@@ﬂ?'lill"ﬁ}ullﬁﬂ Iﬂﬂi%ﬂﬁ'lﬂﬁﬂwu‘ﬁ
'l g (non-linear regression) @mgﬂgmuaumi asymptotic exponential (Boote and

Loomis, 1991):
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—¢PPFDJ

ponglid )| R,

Tagh A = net photosynthesis (mol m_s);

PPFD = photosynthetic photon flux density (umol m s ),

A, = light-saturated gross photosynthesis (tmol m” s ),
) = quantum yield of photosynthesis
R, = dark respiration (pmol m’s’).
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(a) Irvingia malayana (b) Sindora siamensis (c) Butea monosperma
25 25 25
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Figure 1 Diurnal courses of leaf net photosynthesis (A), photosynthetic photon flux density (PPFD) stomatal conductance (g,) and leaf temperature (T,_,) of some

mixed deciduous forest tree species. Each symbol represents mean +SE (n=10).
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Table 2 Maximum net photosynthesis (A), photosynthetic photon flux density (FFPD) and time
of 14 mixed deciduous forest tree species. Data (mean+SE) followed by the same

superscript letters are not significantly different (n=10)

Species Maximum A PPFD' Time'

(Lmol m’s’) (LLmol m’s") (hour)

Homalium tomentosum 6.99 £ 0.28" 1517.3 £ 110.1 10:50
Irvingia malayana 14.45 + 0.40° 998.2 + 30.4 08:45
Tectona grandis 2432 + 1.21° 1782.1 £ 29.0 11:00
Vitex peduncularlis 7.95 £ 0.61° 5222 £ 995 10:00
Sindora siamensis 17.91 + 1.30° 1407.2 = 170.0 11:10
Xylia xylocarpa var. kerrii 6.90 £ 1.21° 12774 £ 95.4 10:45
Butea monosperma 13.06 + 1.04" 1089.3 + 158.6 13:30
Dalbergia cochinchinensis 11.89 + 0.90" 773.4 + 48.9 08:30
Dalbergia oliveri 12.36 + 0.73" 1264.4 + 196.8 10:30
Pterocarpus macrocarpus 8.95 £ 0.64° 1215.1 £ 148.1 11:15
Lagerstroemia calyculata 8.95 + 0.49° 995.0 + 524 10:20
Lagerstroemia floribunda 7.09 £ 0.72° 1247.9 + 120.9 13:00
Lagerstroemia loudonii 11.48 + 0.44° 1128.6 + 108.7 11:30
Chukrasia velutina 13.46 + 0.47" 430.9 + 54.8 11:25

1 .
parameters where A reached maximum.
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Table3 Mean net photosynthesis (A), stomatal conductance (g), transpiration (E),
photosynthetic photon flux density (FFPD) and dark respiration (R,) of 14 mixed
deciduous forest tree species. For each parameter, data (mean+SE) followed by the

same superscript letters are not significantly different (n=10)

i A g E PPFD R
SpeCIes -2 -1 s-2 -1 2 -1 2 -1 ! 2 -1
(ummolm s) (molm s) (mmolm s) (umolm s) (umolm “s )
Homalium tomentosum 564 +032 023 +0.03° 272+0.10° 6963 +63.1" 0.85 + 0.06"
Irvingia malayana 795+ 051" 0.17 £0.01% 2.64+0.15" 10643 + 60.6°  1.32 + 036"
Tectona grandis 14.18 + 0.80"  0.65 +0.02" 548 +021' 10472 +66.5° 1.81 + 0.25°
Vitex peduncularlis 407 + 034 008 +0.01° 2.00+0.16° 6929 +72.5" 137 +0.07™
Sindora siamensis 11.99 + 0.63° 035 +0.02° 422 +022° 1005.1+61.0° 245+ 0.28°
Xylia xylocarpa var kkerrii 358 +0.29°  0.07 +0.01° 1.12+0.05° 9552 +69.8°  1.39 + 0.10™
Butea monosperma 920+ 0.57 046 +0.04° 4.65+023" 7133 +567" 1.20 + 0.18"
Dalbergia cochinchinensis ~ 5.57 + 0.41°°  0.08 +0.01°  1.54+0.09°  1056.1 +62.1°  1.56 + 0.45""
Dalbergia oliveri 712 +043°  0.14 £0.01°" 1.96+0.15 9559 + 60.8*  1.73 + 0.24°
Pterocarpus macrocarpus 414+ 029"  0.12 +0.01™ 1.91+0.12™  560.6 +48.1°  0.95 + 0.12"
Lagerstroemia calyculata  6.79 + 026 029 +0.02"  4.06+0.10°  824.0 +42.6™ 0.94 + 0.18"
Lagerstroemia flovibunda  5.19 + 0.47% 020 +0.02° 224 +0.11°  711.1 +622"  1.13 + 0.07*
Lagerstroemia loudonii 723 +038  0.10 £0.01° 1.65+0.08%° 6544 +57.0° 097 + 0.16"
Chukrasia velutina 876 + 044" 0.16 £0.01° 2.14+0.11°  939.2+538% 118 + 0.09™
Mean 7294015  022+0.01  2.74 + 0.05 850.7 +16.8  1.34 + 0.06
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Table 4 Means of daily net photosynthesis (Adaﬂy), stomatal conductance (g,), transpiration (E),

photosynthetic photon flux density (FFPD) and dark respiration (R,) of 14 mixed

deciduous forest tree species. For each parameter, data (mean+SE) followed by the

same superscript letters are not significantly different (n=10)

species Adaily PPF Ddaily Edaily WUE
mmol m_2 day_1 mg d m_2 day_1 mol m_2 day_1 mol m_2 day_1 numol/mmol

Homalium tomentosum 2436 + 13.8% 1069 + 6.1 301 + 273 1175 + 44 23+ 02"
Irvingia malayana 3434 + 220 1507 + 977 46 + 262" 1139+ 637 3.1+02"
Tectona grandis 612.5 + 348" 2688 + 153" 452 + 287" 2369+ 9.1' 27+ 03
Vitex peduncularlis 1757 + 147% 771 + 65% 299 + 3.13" 866 + 7.00° 2.3 + 02"
Sindora siamensis S18.1 + 27.0° 2274 + 11.9° 434 + 263" 1825 + 94° 29 +0.1"
Xyliaxylocarpa var. kerrii 1548 + 12.5° 679 +55° 413 +3.02° 482 + 24" 3.8 + 0.4
Butea monosperma 3974 + 245 1744 + 108" 308 + 245" 2007 + 10.00" 23 + 02"
Dalbergia cochinchinensis ~ 240.5 + 17.7° 1056 + 7.8 456 + 2.68° 666 + 4.1 38 +02°
Dalbergia oliveri 3074 + 186° 1349 + 82° 413 + 263 848+ 63 54+08
Pterocarpus macrocarpus 1789 + 126" 785 + 5.6 . 242 + 2.08' 82.7 + 5.00 P + 01"
Lagerstroemia calyeulata 2933 + 114 1287 + 50% 356 + 1.84° 1752 + 43° 17 + 0.1
Lagerstroemia flovibunda 2242 + 203 984 + 89" 307 + 269" 969 + 47" 22+ 01"
Lagerstroemia loudonii 3126 + 166° 1372 +73° 283 +246° 713 +36" 47403
Chukrasia velutina 3786 + 188" 1662 + 83 40.6 + 232 926 + 4.6 42 + 02"

Mean 1331 +28 351 +071 117 + 217 11827 + 23 3.0 + 0.1
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compensation point (LCP) Wa\WTﬂﬁﬂTﬁﬁﬂlﬂiWZﬁLLﬁ\‘]ﬁ]&WiJ%uﬁﬂﬂc] @ﬂﬁTﬂTi!WﬂJﬁu (initial

2 T o P} A P} ° A A ' .
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saturated gross photosynthesis,
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1 v o d 1 [ 4
asymptotic exponential U9 Boote and Loomis (1991) WUNANNANNWUTISHINMITTUATIEN

Y '
peranaganuyunasveanssa ldthuganssane 14 wila IdedAgoanada (P<0.01,

. = v o Jo 1 dy Y A Y 9 1 S o a
Table 5, Flgure 2a) %QE“]JLL“U“U?]’J'IN NWH‘ﬁ@Nﬂﬁ'l’JuGl,ﬂﬁLﬂfJ\iﬂ‘]J‘WiimhliJ‘]hm\ﬁQ (ﬁ'l‘Wﬁ e
Y a A Ay ] o o A
AU, 2546) uazwaam”lwvuﬂauc] VliJEJ‘ﬂEJ\‘ﬂuvl,’J (aﬂTJﬁﬂ, 2545; 9INA, 25459; Eschenbach

et. al., 1998; Chaisalee, 2000)

Table 5 Coefticients of the photosynthetic light response curve of 14 mixed deciduous forest

tree species. The correlation was fitted by the asymptotic exponential equation (Boote

and Loomis, 1991).

w PPFD R, LCP ,
Species 4 4 a4 ) 4 a4 r p- value
pmolm s pmolm s pmolm-'s pmolm s

Homalium tomentosum 9.12 0.063 600 1.14 19 0.86 <0.0001
Irvingia malayana 10.46 0.053 750 1.44 29 0.44  <0.0001
Tectona grandis 26.41 0.024 >1500 0.19 8 0.84  <0.0001
Vitex peduncularlis 9.72 0.044 1000 1.46 36 0.76  <0.0001
Sindora siamensis 17.15 0.046 1400 2.08 48 0.69  <0.0001
Xylia xylocarpa var. kerrii 6.78 0.024 1000 0.98 43 0.54 <0.0001
Butea monosperma 14.54 0.045 1200 0.46 10 0.76  <0.0001
Dalbergia cochinchinensis 9.13 0.024 1200 0.58 25 0.57 <0.0001
Dalbergia oliveri 12.92 0.035 1200 1.45 44 0.82  <0.0001
Pterocarpus macrocarpus 10.40 0.019 >1500 0.33 18 0.76  <0.0001
Lagerstroemia calyculata 9.91 0.030 1300 0.98 35 0.8  <0.0001
Lagerstroemia floribunda 16.21 0.050 >1500 1.32 27 0.94  <0.0001
Lagerstroemia loudonii 10.82 0.070 700 0.67 10 0.79  <0.0001
Chukrasia velutina 12.64 0.087 600 1.26 15 0.78  <0.0001
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(a) Photosynthetic light response curve (b) Relationship between A and g,
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Figure 2 Photosynthetic light response curve fitted by asymptotic exponential equation (a) and
the relationship between net photosynthesis (A) and stomatal conductance (g,) fitted by

simple linear regression (b) of some mixed deciduous forest tree species.
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Table 5 Coefficients of the relationship between net photosynthesis (A) and stomatal
conductance (g,) of 14 mixed deciduous forest tree species. The correlation was fitted

by simple linear regression, y =.y, + ax

Species Y, A r p- value
Homalium tomentosum 1.87 42.44 0.793 <0.0001
Irvingia malayana 2.51 38.9 0.771 <0.0001
Tectona grandis 6.94 15.48 0.198 <0.0001
Vitex peduncularlis 1.32 37.33 0.880 <0.0001
Sindora siamensis 6.46 23.07 0.627 <0.0001
Xylia xylocarpa var. kerrii 1.19 45.1 0.900 <0.0001
Butea monosperma 5.14 15.37 0.476 <0.0001
Dalbergia cochinchinensis 1.68 54.54 0.711 0.0004
Dalbergia oliveri 3.67 29.21 0.674 <0.0001
Pterocarpus macrocarpus 2.81 21.2 0.757 <0.0001
Lagerstroemia calyculata 4.84 9.06 0.317 <0.0001
Lagerstroemia floribunda 1.29 29.19 0.831 0.0055
Lagerstroemia loudonii 6.09 27.64 0.152 <0.0001
Chukrasia velutina -0.47 66.11 0.764 <0.0001
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