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Efficiency of Carbon Dioxide Fixation by Phyllostachys
pubescens

Ta-Chih Tu', Ya-Nan Wang? and Eng-Lun Shiau®

[ Abstract) Phyllostachys pubescens growing in the Experimental Forest Station, College of Bio-
resources and Agricultures, National Taiwan University (N 23 40, E 120 53’) was selected for this
study. The efficiency of carbon dioxide fixation was analyzed using the monthly measurements of
net photosynthetic rate, transpiration rate, stomatal conductance and other environmental factors in
the study site. The mean values of net photosynthetic rate, transpiration rate and stomatal conduc-
tance in the leaves of the upper crown were 4.55 . mol m™s™, 0.39 and 32.24 mmol m™s™, respec-
tively, and those in the leaves of the lower crown were 2.23 ¢ mol m™s™, 0.04 and 0.96 mmol m™s™
respectively. The mean carbon dioxide fixation rates for the leaves of upper- and lower-crown were
6.49 and 3.19 g m™2d™", respectively. The fixation rate for a whole bamboo plant is near 278.69g per
day and 102 kg per year.

[key words)  Phyllostachys pubescens, net photosynthetic rate, transpiration rate, stomatal con-

ductance.
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Table 1 The mean value of net hotosynthetlc rate, transpiration rate, and stomatal conductance measured in
2001-2002.

VEL [ 25 3 [ arr [ osEp L es | 7 | 8 E | 9f |10k [ a2 | T

UNP 2,61+ | 2.05f | 2.30% | 3.07 | 4961 | 9.39% | 10.13% | 11.58+ | 5.52+ | 1.68%f | 1.14f | 0.23% 455
1.98 1.62 2.22 2.96 3.02 8.92 5.09 4.59 4.66 1.78 1.09 0.18 '

LNP 0.95f | 0.66x | 0.82+ | 1.06f | 1.97f | 3.74+ | 5.17+ | 7.48%f | 3.83% | 0.66x | 0.41+ | 0.01% 223
1.01 0.74 0.93 0.95 1.26 3.50 3.28 3.34 4.27 0.65 0.37 0.01 '

UTR 0.11x | 0.25f | 0.30% | 0.40+ | 0.19f | 0.21x | 0.69% | 1.25f£ | 093t | 0.13% | 0.16f | 0.10% 039
0.04 0.03 0.08 0.16 0.06 0.08 0.42 1.07 0.76 0.04 0.06 0.04 '

LTR 0.03f | 0.09 | 0.01x | 0.11%f | 0.02f | 0.04+ | 0.03+ | 0.04f | 0.07% | 0.03= | 0.02+ | 0.01% 0.04
0.02 0.01 0.01 0.06 0.02 0.01 0.01 0.02 0.04 0.02 0.01 0.01 '

USCR 21.00% | 21.49% | 34.70+ | 34.35% | 35.30% | 37.08+ | 38.91% | 48.15% | 38.90% | 33.95% | 32.13% | 10.90% 3224
436 2.16 6.22 4.17 7.61 6.95 5.83 3.88 6.72 4.11 6.11 242 '

LSCR 1.08f | 0.90f | 1.24+ | 090+ | 1.00f | 0.83% | 0.75t | 0.79%+ | 0.92f | 1.03 | 1.00t | 1.06% 0.96
0.08 0.41 1.16 0.07 0.40 0.35 0.42 0.34 0.04 0.67 0.31 0.37 '

= ! "Data are expressed as mean + SD.
UNP: FRSA (25 (ol s’ ) » LNP R 56 £ (2 i ol s’ )+ UTR = Lt Jeffsiks ol ms” )
LTR : @8 Aol (mmolm?s” ) » USCR @ Fpt# aa4lE (mmolm?s" ) » LSCR : ' %7 4l% (mmol m?s" ) -

£2 2001 2 2002 5 12 [HERA A [ SRR « R 6 P SR SR
¥ COL BRI B

Table 2 Pearson’s correlation coefficient between net photosynthetic rate and transpiration rate, PAR, leaf tempera-
ture, relative humidity and CO, concentration measured in 2001-2002.

net photosynthetic rate

2
: VE| 2K 3E 4F] SE[ 6E TE] 8K 9F]  10F] 11F] 12F] iy
UTR 033 | 028 | 016 | 044 | 046 | 058 | 031 | 059 | 0.17 | 0.18 | 064 | 052 | 040
LTR 051 | 013 | 062 | 003 | -039 | 025 | 034 | 0.64 | 0.63 | -0.08 | -0.15 | 0.01 | 021
USCR -0.01 | 003 | 049 | 073 | 050 | 040 | 031 | 0.63 | 0.71 | 036 | 047 | 036 | 042

LSCR 0.38 | -0.16 | -0.01 049 | -0.15 0.95 0.88 0.69 0.73 0.10 029 | -0.11 0.34
UPAR 0.87 0.85 0.84 0.79 0.75 0.85 0.93 0.92 0.91 0.93 0.90 0.92 0.87

LPAR 0.78 0.80 0.72 0.91 0.92 0.90 0.79 0.83 0.88 0.59 0.93 0.83 0.82
ULT 0.48 0.49 0.65 0.70 0.78 0.59 0.63 0.62 0.77 0.40 0.78 0.68 0.63
LLT 0.69 0.60 0.41 0.60 0.47 0.75 0.85 0.75 0.66 0.24 0.59 0.54 0.60
URH -0.09 | -0.14 | -0.25 | 0.03 -045 | -032 | -0.59 | -0.21 | -0.46 | -0.34 | -0.26 | -0.39 | -0.29
LRH -0.33 | 0.16 0.04 | -0.07 | 0.18 | -0.12 | -0.37 | -0.29 | -0.28 | 0.01 -0.02 | 0.18 | -0.08

UCO, 0.82 0.66 0.85 0.83 0.52 0.77 0.70 0.80 0.81 0.88 0.83 0.87 0.78
LCO, 0.59 0.60 0. 70 0.69 0.81 0.69 0.60 0.72 0.77 0.52 0.76 0.88 0.69

?‘: tUTR @ Fg L{vﬁﬁr@} (mzmlolm s ) ?LTR: W%t{?ﬁﬁrﬁ} (mmolm s ) > USCR : Fghtl Sa—agi, (mmolm s )0 LSCRI
NS A EEE (mmolm s ) » UPAR @ H@di ol ¢ llt}' iﬂ%}«](umolms ) > LPAR: ™k 7 (5] f”éﬁ}«](,&molms ) s
ULT : He@3iE ( 'C ) »LLT: “MeZaf ( C ) B AERRE (% ) P LRH: WF?ﬁ{ﬁ’tﬁﬂ@ % ) »UCO,: Hg
B COE%E (ppm ) »LCO, - g CO % ( ppm )



B 17G) 2003 F 9 7]
#.32001-2002 F 12 ff £ 5k i S EE

Yk

Table 3 The mean value of Photosynthesis Active Radiation (PAR) ,

concentration measured in 2001-2002.
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i’?ﬁ? i} ( Photosynthesis Active Radiation, PAR ) ~ 3 3El ~ /¥R ~ CO,

leaf temperature, relative humidity and CO,

R? 15| 2 5| 3 %] 4 5| 5% 6 %] 7 %] 8 ] 9 %] 10 #| 11 5] 12 7] iy
UPAR 138% 312¢ 3821 391% 406% 478t 479t 616t 349+ 185% 154+ 1431 136
82.00 184 151 129 164 179 180 164 189 117 97 90
LPAR 52+ 112+ 145+ 149+ 158+ 168+ 169t 204t 150 150+ 107+ 59+ 135
29.00 69 80 82 78 93 100 113 93 93 63 35
ULT 10.90% | 10.37£ | 29.93% | 21.87% | 24.95+ | 24.83% | 23.22% | 25.85% | 21.46% | 20.38+ | 13.89% | 13.67% 20.1
0.38 0.34 0.81 0.88 0.97 0.99 0.91 1.00 0.84 1.21 0.54 0.53
LLT 4.67t | 4.45% | 1548t | 16.50% | 18.45% | 22.91+ | 22.30% | 21.58% | 19.02+ | 19.13+ | 13.35% | 12.88% 156
0.14 0.10 0.35 0.38 0.42 0.52 0.65 0.49 0.43 0.44 0.31 0.30
URH 91.84% | 89.55+ | 92.99+ | 95.82% | 88.55% | 93.18+ | 96.85% | 90.58% | 93.75+ | 87.87+ | 88.18% | 87.35% 91.4
1.21 0.73 1.00 0.90 1.30 1.54 1.42 1.12 0.82 0.77 1.02 0.68
LRH 97.53% | 94.03% | 9537+ | 96.95+ | 89.72+ | 96.95% | 97.51% | 92.68% | 95.50+ | 91.23+ | 91.38% | 91.91% 94.2
3.46 2.79 3.04 3.23 3.61 2.96 3.14 3.57 342 3.14 2.92 2.83
302+ 302+ 301+ 304+ 307+ 328+ 302+ 325+ 311% 302+ 302+ 300+
UCo, 307
11 11 12 11 12 12 11 15 12 11 11 11
LCO, 295+ 296+ 301+ 295+ 296+ 317+ 296+ 322+ 303t 304+ 295+ 296+ 351
8 8 8 8 8 9 8 9 9 7 8 8

'ﬁ% : "Data are expressed as mean = SD
UPAR : gt £ {2 3544F (ol m?s” ) - LPAR : ™ gt *;m‘ﬂ' £ m (gmol m?s™ ) » ULT : 8l ( °C )
LLT : Ml (°C ) > URH: FeBAfShes ( % ) > LRH: B AfIEhy % ) > UCO,: He# CO % ( ppm ) -

LCO, : M COE% ( ppm ) -
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Figl.  Relation between net photosynthetic rates and

CO, concentrations on the upper leaves of

bamboo canopy.
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Fig2.  Relation between net photosynthetic rates and

CO, concentrations on the lower leaves of
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(P) JJ3 AR = 1 CO, [k
EHREA
T 2 AR AR B, T S E EE 30.02em” -
Pl T 8 DA £ 12,77 om? > [ BJBOS T 1
A EL 5.79 em® « FF ETREMS R 170 fi
FEFEY R BrRiases 234 > BRI [20% o 1
BIRA G sss o P RIRA T 25% - HERT = AR
5L 57.58m” o

LT g



IS %Wui&r, 17(3) 2003 F 9 k| —193—
F4 AT LT e CO, [
Table 4 The carbon dioxide fixation rates on the upper and lower leaves of bamboo canopy.
R I'P”J}‘E” 5id CO, [iil EE!
,umol ms. mmol m?d” g md’
HaR RGeS Ha% GES e RGeS
91 = 1 F| 28 }! 2.61 0.95 85 31 3.72 1.36
91 = 2% 4[! 2.05 0.66 67 22 2.93 0.94
91 F 3 F[ 29 }! 2.30 0.82 75 26 3.28 1.17
91 F 4 F| 14 |! 3.07 1.06 99 34 4.37 1.51
90 F 5 F| 28 [ ! 4.96 1.97 161 64 6.36 2.80
90 F 6 F| 11 [! 9.39 3.74 304 121 4.38 5.33
90 F 7 F[ 12 ! 10.13 5.17 329 167 14.45 7.36
90 F 8 F| 26 [ ! 11.58 7.48 375 242 16.52 10.67
90 F 9 F| 25 | ! 5.52 3.83 179 124 7.87 5.46
90 &F 10 F] 21 [! 1.68 0.66 55 22 2.40 0.94
90 F 11 k| 25 }! 1.14 0.41 37 14 1.63 0.59
90 & 12 F| 30 [! 0.23 0.01 7 0 0.33 0.01
T 4.55 2.23 148 72 6.49 3.19

2. ZFECO, fHItEl
BARE 8 PR T B PR 1 CO, [
Eli9EE 4.84 g m7d > Rk 118 T Co,
[iil Bl £ 278.69 g o — IF ' [fil : CO,102kg

m ~ #&im
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