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Abstract; Taking four ornamental bamboo species of Hibanobambusa tranquillans f. shiroshima H.
Okamura, Bambusa tuldoides ‘ Swolleninternode’ , Phyllostachys violascens {. viridisulcata P. X. Zhang
et W. X. Huang and Indocalamus decorus Q. H. Dai as materials tested, light response and CO,
response curves and parameters, and diurnal change laws in photosynthetic and gas exchange parameters
and related environmental factors related were analyzed, and the main factors affecting net photosynthetic
rate (Pn) of leaf of four bamboo species were discussed by correlation analysis, stepwise multiple
regression analysis and path analysis. The determination results show that with enhancing of
photosynthetically active radiation intensity (PAR) or intercellular CO, concentration ( Ci), Pn value of
leaf of each bamboo species increases gradually, but there is a certain difference in their increasing
ranges. There are great differences in light response and CO, response parameters of each bamboo
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species. In which, apparent quantum yield (AQY) of leaf of H. tranquillans f. shiroshima is the lowest,
CO, saturation point (CSP) and CO, compensation point (CCP) are also lower, and other parameters all
are the highest, while both AQY and CCP values of P. wiolascens f. wviridisulcata are the highest, other
parameters are the lowest generally. There are some differences in all diurnal change curves of
photosynthetic and gas exchange parameters of four bamboo species. Diurnal change curve of Pn value of
leaf of I. decorus is “ double-peak type”. That of H. tranquillans f. shiroshima, B. tuldoides
‘ Swolleninternode’ and P. wviolascens f. viridisulcata is “single-peak type” , their peak values appear at
14.00, 10:00 and 12:00, respectively. Overall, diurnal change trends of stomatal conductance (Gs) ,
Ci, Transpiration rate (Tr) and water use efficiency ( WUE) of leaf of four bamboo species are similar.
The analysis results show that according to total influence from high to low, main factors affecting Pn
value of leaf of H. tranquillans f. shiroshima are PAR, Tr, air CO, concentration (Ca), Ci; those of B.
tuldoides * Swolleninternode’ are PAR, Tr, Ca, Gs, those of P. violascens f. viridisulcata are PAR, Tr,
Gs, air temperature (Ta), Ci, and those of I. decorus are PAR, air relative humidity (RH), Ta, Ca,
Tr, Gs. The comprehensive analysis results indicate that among four bamboo species, H. tranquillans f.
shiroshima has the strongest photosynthetic ability, while it has a weak ability to adapt and use to low
light, and its CO, assimilation ability is also strong with a wide adaptability; B. tuldoides
‘ Swolleninternode’ and I. decorus are at the middle both in utilization ability and in adaptation range of
light and CO,; P. wiolascens f. wviridisulcata is the worst both in photosynthetic ability and in CO,
assimilation ability, while it has a strong ability to adapt and use to low light, and has a narrow CO,
adaptation range.

Key words: ornamental bamboo species; photosynthetic characteristics; gas exchange parameters;
environmental factors; correlation analysis; path analysis
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Table 1  Average height and diameter of culm of four bamboo species
tested (X+SE)V

b F-HFF R /m SERIFF AR em
Bamboo species  Average height of culm  Average diameter of culm
HT 0.82+0.08 0.85+0.04

BT 2.83+0.09 5.14+0.26

PV 4.92+0.31 3.58+0.21

D 1.17+0.13 0.49+0.06

DHT, 180 B AT Hibanobambusa tranquillans f. shiroshima H.
Okamura; BT: %1547 Bambusa tuldoides ‘ Swolleninternode’ ; PV .
AERFEAT Phyllostachys violascens f. viridisulcata P. X. Zhang et W.
X. Huang; ID: SEMEAT Indocalamus decorus Q. H. Dai.
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-4 Photosynthetically active radiation intensity
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Fig. 1 Light response curve of leaf of four bamboo species tested
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Table 2 Light response parameters of leaf of four bamboo species tested (X+SE)!)

PrFl Bamboo species AQY P LSP LCP Rd
HZBA AT Hibanobambusa tranquillans {. shiroshima 47.34+13.16¢c  20.70%0.67a 2 644.06+45.63a 29.47+2.83a 1.33+0.08a
BT Bambusa tuldoides ¢ Swolleninternode’ 69.18+12.37b 13.57+0.59b  1565.81+12.32b  11.09+1.74b  0.74+0.05b
AEFFIRAT Phyllostachys violascens f. viridisulcata 86.81+34.33a  6.46+0.58c 1 146.28+11.78¢ 5.84+1.62b  0.48+0.05¢
FEMEAT Indocalamus decorus 65.63+26.17b 12.26+0.64b 1 371.87+8. 16bc 9.36+1.73b 0.59+0.04bc

DAQY: FWLHE T i Apparent quantum yield (mmol - mol™") ; P, : I K IEAHF The maximum net photosynthetic rate (wmol + m™2 - s7');
LSP. SGH IS, Light saturation point ( pmol - m2 57! ); LCP: M 5, Light compensation point ( pmol - m?2 5! ); Rd: 155 I 1% 53 8. Dark
respiration rate (pmol - m™> - 7). [ F] N /NG FHEF IR 2 7 B3 (P<0.05) Different small letters in the same column indicate the

significant difference ( P<0.05).
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Fig. 2 CO, response curve of leaf of four bamboo species tested
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Table 3 CO, response parameters of leaf of four bamboo species tested (X=SE) 1
PrFl Bamboo species CE Pl CSP CCP Rp
& BABEAT Hibanobambusa tranquillans f. shiroshima 55.35+18.23a 21.34%0.71a 1266.48+21.62b 59.41+8.83bc 3.11+0.12a
BT Bambusa tuldoides ¢ Swolleninternode’ S51.11x11.62a 18.76x1.47a 1 784.26+22.02a 51.11+£9.74c¢ 2.65+0. 14ab
AEFFRAT Phyllostachys violascens f. wviridisulcata 15.65+8.72b 8.84+0.68c 1300.03x15.71ab 88.23+8.66a 1.33+0. 18¢
LEMEANT Indocalamus decorus 28.34+12.64b 13.05+1.04b 1 118.20+18.17b 64.01+7.84h 1.75+0.22bc
D CE: BALAR Carboxylation efficiency (mmol - mol™') 5 P+ fe K4 %R The maximum net pholosynlhelm rate (wmol + m™2 + s71); CSP:
CO, {8 A CO, saturation point ( pmol + m™2 « s7'); CCP; CO, #Mz 5 CO, compensation point ( pmol + m™2 « s71); 7‘&”{“%(1%1

Photorespiration rate (wmol + m™ + s7'). EJ?'JEPZ:IE]W‘J/J\E?E??%%E%E%( P<0.05) Different small letters in the same co]umn indicate the

significant difference ( P<0.05).
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Fig. 3 Diurnal change curve of net photosynthetic rate of leaf of four
bamboo species tested
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—m—: BAZHBAAT Hibanobambusa tranquillans {. shiroshima H. Okamura; —A—: AT Bambusa tuldoides ¢ Swolleninternode’ ; —e—: JEFFRAT
Phyllostachys violascens f. viridisulcata P. X. Zhang et W. X. Huang; —e—; SERI%AT Indocalamus decorus Q. H. Dai.
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Fig. 4 Diurnal change curves of photosynthetic and gas exchange parameters of leaf of four bamboo species tested
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AR DCEREE P [0] () o PRAH C R AU LR 4, 2553
W1 .4 ARt i P (B 5 M B SALREE (Gs) i
] CO, ¥ JE (Ci) | 26 W5 3 R (Tr) Fl7K 43 F) 2% %
(WUE) U B EARGRE S (PAR) KR (Ta) (55
SAAXTERE (RH) FIRS CO, MR E (Ca) MK A B &
(P<0.05) 5 B35 (P<0.01) #H G PE  Hordr | & 47 F
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Fig. 5 Diurnal change curves of environmental factors related to photosynthetic parameters of leaf of four bamboo species
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Table 4 Simple correlation coefficient between net photosynthetic rate (Pn) of leaf of four bamboo species tested and different factors

P

BT Po 1O FTSPAH DR R L

Simple correlation coefficient between different factors and Pn')

Bamboo species

Gs

Ci Tr Ta Ca RH PAR

HEBA AT Hibanobambusa tranquillans f. shiroshima 0.280x* —-0.807:#%  0.912%x 0.928#x  —0.724xx  —0.848#xx  (.78]x:x

G Bambusa tuldoides ¢ Swolleninternode’ 0.896#%  —0.403:*x  0.969:: 0. 833k —0.904#x  —0.891#x  0.901:*x*
AEFF AT Phyllostachys violascens f. wviridisulcata 0.931s%  —0.785%%  0.9103%: 0.873%x  —0.348+%  —0.804#x (. 885
EWEANT Indocalamus decorus 0.662%x  -0.224 0. 764 5% 0.759%x* -0.702%%  —0.650%%  0.618%x*
D Gs: KFLSSE Stomatal conductance; Ci; fif]f] CO, e JE Intercellular CO, concentration; Tr: ZE o R Transpiration rate; Ta: ‘i Air temperature

Ca: KRS CO, ¥ Air CO, concentration; RH: 25 SAHXTEEE Air relative humidity; PAR: Yo 44 A48 H1 5% B Photosynthetically active radiation

intensity. * : P<0.05; =* . P<0.01.

M H B Pn{HYS Gs . Tr.Ta PAR {H 2% B &8k B & 1E
AHI, 5 Ci,Ca A1 RH {H VA I S0 I 35 A OC {3
ANEATI R/ P fHS Ci{H 2 A B E AU C (P>
0.05),

XA P (BT 52 W /R B AH G 30 2 | 1 B

AL AT HASBEMER S EA ] Z M AR L E R,
I, 7 FAR R A S 2 B Al _E i — 28 o0 # 1
4 TR Po (65 HADE S ARSI S AL
FAARIAEE N T R A G 45 R WA 5, 45 2R R
4 APTRR R Po (H5 45 T RO IRAR DGR 22 0K, 5
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FATRD P AHAHDCHY FEE I FIFA—3L,

F 2 A 22 0 181 I3 43 B fl 2 52 00 4 ST Rp i H
P {HA) FE T, Ll Gs(X,) . Ci(X,) . Tr(X,) . Ta
(X,) .Ca(X;) RH(X,) Fl PAR(X,) N HAZHE, M
P {Eh AR Y, 45 B HEK 4 AR R P 8 5
1 U3 75 8 50 500 R 2 Y s = 1. 572X, 0. 861X, +
1.346X,-0.222X, [ R* =0. 981, P<0. 01 , bx fE At iR
2% (SEE) = 0.516); Yy = 0.245X,— 0.286X, +
0.316X, + 0.233X, (R = 0.989, P<0.01, SEE
0.499); Yy = 0.288X,+ 0. 199X, + 0. 741X, +

®5 k4 MM RRERER (Pn) SRR EFENREEXRY

0.595X, + 0.324X, (R*= 0.981, P < 0.01, SEE =
0.516); Yypsy = —0.402X,+ 0. 663X, + 0. 659X, -
1.91X, + 0. 485X, + 2.032X, (R*=0.951, P<0.01,
SEE=0.820) .

3R [ A 7 R T 0. LR BEA I i P (B
FEFZHAF R Tr.Ci Ca F1 PAR {H; 8L 710 A Pn
A FEFEM N 74 Tr Ca PAR Hl Gs {H ; AEFF AT
MR Pn {H A9 FEZ 520 K4 Gs PAR Ta,Ci Fl Tr
{8 ERNEATH B P {H ) FE M T8 Tr . Ta Gs .,
Ca .PAR Fl RH {H, 5 {mAHIC /M 25 RIEA—2

Table 5 Partial correlation coefficient between net photosynthetic rate (Pn) of leaf of four bamboo species tested and different factors

#FTF 5 Pn (G AHICRED

KL Partial correlation coefficient between different factors and Pn"’
Bamboo species

Gs Ci Tr Ta Ca RH PAR
FSHYT Hibanobambusa tranquillans f. shiroshima 0.014  -0.791#¢ 0.821#¢  0.257 0. 637 0.254  -0.520%x
T Bambusa tuldoides ¢ Swolleninternode’ 0.541#% —0.339 0.183#  0.290% -0.378#+  -0.225 0. 688
TEFFRAT Phyllostachys violascens f. viridisulcata 0.252=* 0.552# 0.242x* 0. 547 %% -0.066 -0.107 0.252%
FEMEAT Indocalamus decorus 0.379#* 0.225 —0.358* 0.321 =% —0.678x*:x* —0. 504 % 0.401 #*

D Gs: KALFE Stomatal conductance; Ci; Ji kG COZ?/'{QFI Intercellular CO, concentration; Tr: 7% i R Transpiration rate; Ta: S Air temperature ;

Ca: KX CO, W Air CO, concentration; RH:; 2SS MFHESE Air relative humidity; PAR: FeB A AR B Photosynthetically active radiation

* . P<0.05; #x, P<0.01.

intensity.

2.5.2 @AM XHHK 4 DATRRE EOE A R
(Pn) SHEZ W P 0H, 5R K 6,
P 2B BEAT ) BB AR R BT 0, Tr A Ca {ELXTH:
Pn {EA3 1IER0UV, Ci A1 PAR B X5 H: P {E AT T30 5 45
PR 1) F ) B2 25 0 A2 2%, Al 3l A R B, e RN
SUBABAATIE R P (B S5 508 s 2 ARHET , &%
FEE K T K PAR [ Tr Ca  Ci, [A]3, ## I8 %}

®6 HiX4NMIBHASALEEREETERMEFHERSHER

Table 6 Result of path analysis on net photosynthetic rate of leaf of four bamboo species tested with main influence factors!'’

ST R P B RS RN B EACHEY, &
BN K P PAR | Tr Ca , Gs; 3% BB X £ AT AT
W Fr P B PR M RN R = EARHET , #5 B2 m
KT K PAR Tr . Gs \Ta i ; 4% I8 0] 35 i 247 - A
P (B B B R RO e B ARHE Y, 45 EE A P
KX A PAR RH Ta .Ca Tr.Gs,

FE 0 [N HigmrREY FIHEE A% Indirect path coefficient®) SRIEEE
Main influence Direct path Total path
factor coefficient? Gs Ci Tr Ta Ca RH PAR coefficient
HEABAYT Hibanobambusa tranquillans f. shiroshima
Ci -10.173 — -0.757 13.072 23.955 26.098
Tr 0.841 9.155 — -12.659 -24.870 -27.532
Ca 13.789 -9.644 -0.772 — 23.705 27.079
PAR -27.725 8.789 0.754 -11.790 — -29.972
BT Bambusa tuldoides ¢ Swolleninternode’
Gs 0.003 — 0.059 1.468 18.592 20.122
Tr 0.064 0.003 — 1.507 24.391 25.965
Ca -1.861 -0.002 -0.052 — -20.701 -22.615
PAR 27.706 0.002 0.056 1.391 — 29.154
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43 6 Table 6 ( Continued)
FEEE T R R fa) M4 283 Indirect path coefficient® PSSR 1
Main influence Direct path Total path

factor coefficient®) Gs Ci Tr Ta Ca RH PAR coefficient
AP RAT Phyllostachys violascens {. viridisulcata
Gs 0.004 — -11.219 0.112 1.179 35.263 25.339
Ci 12.916 -0.004 — -0.096 -1.235 -31.743 -20.162
Tr 0.118 0.004 -10.510 — 1.072 36.264 26.948
Ta 1.315 0.004  -12.131 0.096 — 31.484 20.769
PAR 38.787 0.004  -10.570 0.110 1.068 — 29.399
FKEMEAT Indocalamus decorus
Gs 0.009 — -0.071 0.156 0. 868 0.029 11.316 12.308
Tr -0.107 0. 006 — 0.667 14.878 -4.166 46.718 57.996
Ta 1.028 0.001 -0.069 — 23.848 -6.627 46.670 64.850
Ca —-24.646 -0.000 0. 065 -0.99%4 — 6.723  -45.339 -64.192
RH 6.811 0.000 0. 065 -1.000 -24.326 — -48.424 -66.874
PAR 58.536 0.002 -0.085 0.819 19.089 -5.635 — 72.727

D Gs; TALFE Stomatal conductance; Ci: Hild] CO, ¥ Intercellular CO, concentration; Tr; 7% R Transpiration rate; Ta; “Ti Air temperature ;
Ca: KX CO,¥EJE Air CO, concentration; RH: 25 S HIXHRE Air relative humidity; PAR: Y657 R I3 & Photosynthetically active radiation

intensity.

2 oA R W%E‘Jﬂﬁéﬁ;ﬁi%ﬁ Direct path coefficient of net photosynthetic rate of leaf with main influence factors.
3 R R S B N T 1 6] 4258 48 2 X Indirect path coefficient of net photosynthetic rate of leaf with main influence factors.
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