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Effects of Canopy Height on Photosynthetic Physiology
Characteristics of Phyllostachys pubescens Leaves
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Abstract: The carbon sequestration ability, water use efficiency (WUE) and other photosynthetic physiolo-
gy characteristics for different aged of Phyllostachys pubescens individuals were analyzed at two canopy
layers with a LI-6400 portable photosynthesis system. The results showed that; (1) the daily average net

photosynthetic rate (P,) and the transpiration rate (T,) of P. pubescens were lower for upper canopy leav-
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es than those of lower canopy leaves regardless of bamboo age during the culm elongation period. During
the shoot development period, the upper canopy leaves had a higher P, value at each time point and a high-
er daily average P, than that of the lower canopy leaves regardless of bamboo age. Meanwhile, the T, value
for upper canopy leaves of 2 year-old bamboo was higher at each time point than that for lower canopy leav-
es. The vertical change of stomatal conductance (G,) for different age groups was consistent with that of
T.. regardless of the growing season. (2) A reduction of photosynthesis at noon was observed at different
canopy layers of 3 year-old bamboo and the upper canopy of 2 year-old bamboo during the culm elongation
period, while it only occurred in the upper canopy of 2 year-old bamboo during the shoot development peri-
od. (3) The daily average of WUE in the culm elongation period increased along with canopy height re-
gardless of age. While, the daily average of WUE decreased with increasing canopy height during the shoot
development period for 2 year-old individuals. So. the canopy height had obvious effects on bamboo leaf
photosynthesis and WUE', which also impacted by growing seasons. There was negative relationship be-
tween G, and WUE for bamboo with all ages and canopy layers. We wanted to explore the variable stomata
behavior of moso bamboo at different ages during its important growing seasons and in order to improving
WUE and lay the foundation for further mechanistic research on water use strategy for bamboo. (4) The
chlorophyll a/b values decreased with the decrease of canopy height in different growing seasons. While
the chlorophyll content of all ages of bamboo was increased with the decrease of canopy height. The verti-
cal variation of leaf nitrogen content and leaf mass per area within canopy was consistent with that of leaf
net photosynthetic rate regardless of the growing seasons. The results indicated that the leaf morphology
and nitrogen content in the different canopies could change with the growth environment in different grow-
ing seasons, and make full use of light energy to improve the photosynthetic capacity. Our data could pro-
vide a scientific basis for developing sustainable cultivation technologies and enhancing moso bamboo tim-
ber production and carbon sequestration.

Key words: Phyllostachys pubescens; photosynthesis; transpiration; water use efficiency; canopy height;

seasonal variation; diurnal variation.

BT AT L R 7E T A A
U1 I R 7 2 K 3R AR 1)
it 25 20 Al 73 AR R L A 7 AR W L 7
by 0 SR 2R G K 0T L L A R A

5z o A TR AEPI A S T M. AT
MBEA HE RS RGNS DRE . e R AR S R SR
BTG 20 v e 4% 35 B AT o o R TR A T AR
RGBS I £ B9 E R — AT 527 R

F 7 A & & A st R R 25 500 AN AT
AT 53 A5 AT AR AL 22 550 (87 TR 18 B
Y1 (Phyllostachys pubescens) 12 fx T B (AT Fht2) |
T AR B A 4 3R A 78 Al R AR R A 38 R G2 0 BT
IR 5T IR B AT 48 T AU E R, BAT
W BES L. TEIA BATSE BT 400
Ji hm® SR B 9026 DL BN AT MR fi%
ISP 2y 611,15 Tg, 2915 43 = 2% ARE Bk 6ff B 1Y
7.8%57,

BATAE Sy L Al A R B AR R A2 )
HRBEFE R, HA KRR, N2 A L ERK
BT U LA A R RD 58 A AT AR AT
TR A K A BB S G >10 m) ™5 30 J2: R AT A
BAT Rk B HEAR 2R 48, 33X 5 & 77 2 8] n] 3 i AR
F G050 IO 35 43 38 i LS, FRATT R g R
B, 1E 9 A AR BOE G A SRS (PAR) 2441 .3
AT ZE BRI R B L & E R (P

EEAE 3 HIRH 5 HIXABrBese . fEBAT 5
Ja WA AT AR A T AR R L R T Ok
B IIRE M R 58 3 L IO R ) AR R AT 4
AT LK B I 5] 9 B AT BT A AR D 5 A T RE )
IERES AN A KGRV RES SIS E5 2/ e 0 IUFIN
o BETHIB R T ARKE T EEN B, —
N 10 R AT IR R 12 AR s . tent, BAT
H IR HEAR Z G888 SR W 5 AN UK o3 75 SR IR X e
SR OB L BCIR . P ARHIE 52 A R TR DR X L DAL
TERKZ= R4 2t BLR 270 1+ 5 S B AT TR K
TEAT FRE K BE IR A AT R 42 i A7 bRk 20 ) 2R 2
PR AT AR A 1K 1 S B

R B ' e 55 e AL T TR L B R T R A
Al 51 T e J= 2 A A B A AH A A
MR ARSI R R VAR SR U SOEHE
R R 2 W AN TR e R g RE A B BRI R A
R R SR A i I PRI A B O R A s 2 i



2258 odt O % il 36 &

BUAR ) oK 3 R R B R =5 284k . 164
1k AR DA 2 35 R AS R AR 3% B AT 3O [ 5 2
FE BT R8OGG 1k B8 7 R K 43 R R T Rt
G806 T BAT R A K & ' W EZ K ROt E
Vi BRI 9 41 38 T /0 g R W A e
SEWEE A BAE 6 A f 11 AT L8R H i B
AR BEAE R R I (5 ) A2 A AT HEI (12 ) 1Y
i [E 2 fe IR 52 . R, AR UG 1 B B AT AR
AATEIHE R 30 m & A 25 & W I Bk 3 DL EAT
ANRVAE IS AR B 5T 6 52 FE B AT B R B BB (5
A EAA 12 A A X AN 6] 5 )23 e B 7K P i it
FOGEAE KGRI RCR TN BB 2 A B P
17 7 AL E BT, B 78 B B 5 2 8 X B AT R
A A URE M T A 52 ) B L R 7K 43 R FE AR R
FL T B B o 187 RV S A T AT ROMR 43 2 A A R
B AR 28 )y U IR A5 SR AR FR A 4l
1 AR ¥
1.1 FRHXEABR

AW TR GO Sy ER VLU AR AR A 25 R G fr
AIF 5 3 ok L0455 Al i R AT A T W VM P B & FH
X5 (119°56' ~120°02" E.30°03"~30°06'N), i%
DX 3 b S e A Ll B XK B I Bk @ T
P BT 2 AU DXL AR BRI 1601 C Gl i Ui
40.2 C, ARSI — 14. 4 C), Z4EF K &
1441.9 mm, T8 FRRMELIE,
1.2 KB EEmEE

R X BTN 20 42 60 AEACFIAE , 4b T A
AE AR IR, AREEAREREMNMAT
AR 30 m S LA M. 2 B 3
AR BATAARBEAIL 73 A 72 2R IE T . AW A8 WL
BRBE ] FRl B B SE BB 3 BT ARl 400 m® (20 m X 20
m) [N T B AT AR HERE R M B 20° 22 47, B 1)
TEFE TR 169 my 2R FH B AR KL Y 75 125 43 o0 il
FEHb T RR B R S R AT R . R b PN AT MR B R
3 8758k « hm * AR BE 0. 95, AT #k M 42 3 A 1 4. 0
~13.6 cm Z[i] ,SF W42 R 9. 8 cm, F 13, 2
m, MF LT A AR A, B RS —E W
JAEY) YRR Y 2.0 em, 45 2 4EBEIL 1K,
TAE A BB, HoRIZE R
1.3 WEHLBREFIE
1.3.1 XESE&ZTHSH  AKXK 00 T A RF4E
W BT & PRI 3 R R AT RS S 8 H A2 b i
RN SE o W R SR FE I [R] 43 1) 2 2013 4 5 A 14

CGHAHD M 12 7 LA (A7 D . e 2 R
S S5 T HEAT L B A FE R 4 5 AR [R5 )2
JE A BEALBEI 3 K 34 [ | 78 43 R JF 1) ) PH I
(RS ERE M E 3 A8 R ABCF . R
FH LI-6400 {8 #5 2% 5% 4 W & & 48 (LI-COR, Lin-
coln, USA) M 8:00 ~18:00 & 2 h & 1 W, B4~
WEdEE 3. Ry 70 E BA Tk, ir A BAT
FERR 0 i R SR 3 3 2 8000 2 IR o AE [R]— R Y [R) —
180 708 T PN 98 18 s I 2 & — > A o 1) A ) e J2 358 A7
A5 — R REIE JE T 5 5 SRR Bk 09 AN TR) 5l )2 58 o7
H— R AR R R B EARIRIT IR 25 AR R [R5 2 3
I ORERS = R AR I IR RIS SR A
W72 7 BHEAE iz S8 B Rl (. AR S50
FRF 8] 508 000 2 (B BT BB AR S 1% 2 80 H - 24ME (G
Do ALA A3hid g ot G 3R (P, 2 15 &
(TH) SALFE (GO ERE . S6H S8 E R, CO,
He BE UL S MBI 88 CO, ¥ (400 pmol » mol™ ') g3k
WSRO BRI LE 0.5 Lo« min b, AH X EE
6020 =4 %0 FF 2 M R IR B AE B SR (5 H 1A A
ZPATHE (12 A LA 43 ARSI AE (20 3) C A
15+ 3 C, KREFMMARXCP,/T) I B K 5
FIRRCR(WUE)

1.3.2 REBESENMMHESSH HRELES
B 25 S W T A R BObR IC S A A A4S
A7 I N TSR R A LS AR T AR
FE . o, ik 5 AL e A A (CB50E],
Cambridge, UK) #H #i J§ B B Delta-T Scan
(CB50EJ, Cambridge , UK) 3k 243 5 52 B 1) 1 1o £
I J5 i BR S B i D R T SRR W S PR Y 4% A B AR
Prse A R SRS A ke, A
SR R AR, 0. 1~0. 2 g IR A S/ 1+ 1
AL BR AR L, AR 3 G IR RS,
FH A3 606 B T H I W O B A, 353 i 4% & (Chl a,
Chl b Fr A& b (Cars) B9 & i, &0 3
YRR 50 B A . CTRIRE 9 B MR AR I 4
HEOAS ] 6 J2 384« 43 301 R4 30 F 5 4 & TF 114 ik fe i
35120 340 43 T 43 RO S i J5E 38 O ik e £
i, AR CBS0E] W5 v R 1w AL, 4R 5 45 1] 52 56
EHMAHF (105 CTFRHEH 30 min, & J5 80 C i
St T EEFE . REMS T E R REITE T E
(LMA,, M 5 /0 1 B Ak o f 8 (LMA,, , B
fief /i e AR, B 3 YR I E T 1R )
B AN R AT % A b 53 A0 43 30l 78 5 )23 38 o7 B T 4
Rl S e =, PR AR AL T OF B e 100 H i L 48



111

KR A R e BE X B AT RO G A BRI Y S 2259

Ji 28 Wl B R -3 AR Ak AUV WROTH AL T B RCR H Foss
HLIRE AT A 2 AT &' (N o
1.4 #iEsbE

EMH AL AR HESSEADES S5
Z W2 5. R Excel 2007 #1750 b 1, % 5
UL A8 0 9 b T % (mean &= SE) R, SRS
% B 8 it & iz /] Photosynthesis Assistants
WA,

2 AR5

2.1 BEREMEMNANEALESEZHRSH K
SR ARENZN
2.1.1 SXEEFERE BN MEGFEEHEFPOH
TAAERETZRIERGEZR (B D, Ih#H
WL 2 EEs e B P H AR A 7R S 6] AR % B AT A R
[i] 49 552 W 4 1 < 0L il 2L B — AN I 3a B AR
2a EASREERAE 10:00 247 B, 55 AN WEAE 3
BAE 15:00 24755 2 R Hnt v P, H Z2{L7E 2a A=
BT A S B L T AE 3a AR R R
BRI 2R (T 15 A 5 TR S S TR AT 8 A A i e
P, HEH R E)E L <d 2 T #8005 H A
feka s, B P, H (A b & 68 2 e B 38 i B (%
D, H 2a EEBMANEAFERZ P, HYEEE KT
3a BT (P<C0.05), Z2 54T . 3a A BAT
MERTRGEZ I R P, H AR A3 52 B )« B U 0
M2k, i 2a A BATA OS2 LR P HAE(L R
CXLERL M 2, R RN B P, H AR Ak AR Ry LI
R 25 73X S A K =T, 3a il 2a AR BAT AR E
Et R P, WG Z A 12:00 245 1, 2a A BATAS
—— 3a-d —— 3a-u

8.0r

s
IS
(=)

-2
.

IR P
b
(=

P/(rmol * m
(3]
(e

g
=

—F=
8:00 10:00 12:00 14:00 15:00 17:00 18:00
i 18] Time of day

L HR

o 2 B ROt G IR IRE 12:00 A4
BCE 1,B) s 5 WA A L 22 55047 8 A [R) 47 0%
(TR AT KN BAT— K PN £ ) 8] g 9 2 Rt B
P, E¥IRFwE)ZE T R 0 P, H XA b 2
o BE RS IR i (R D, AR R 3 AE AR BAA
R P, HYER . FEMTERGE DR
NS TWIBAERK ZEA BATA KM R P, H ¥ETE
AH R 8 AR (0 AS [) 568 22 22 180 A K AH [R) 568 2 3 00 A
[ 7 i A R 22 I 2 5 45 3k B 35 K P (P<C0. 05).,
2.1.2 #ZEBBEZE K 2,A B, fEHFHFH,2a.3a
BB E LR ER 2B R (T H
A Ak R 38 2 B B S 0 L0 R i £k L 24 A AN R4S
R R T, (HS — RIEE 1 AE 12:00 47 ,3a
HE SRS — YR U FE 2a A= SRR B B ; 24, 3a
A BT AR R & B E] A T B T, HB¥{E R R
B )2 RN T )2 T A AR Ak e B
FIAT AR B T, H ¥ (E Bl 5 2 o B 3
B, FLT, H O b5 2 a0 b6 A8 fb e P, HO3(H
WRFHEGE D, FESWERGE D BRI ENE
ARt i T, H ¥(E A R AT 88 A 8] 56 )2 2 ] 25
Sk E K- (P<<0.05), MK 2.B Al Jl. 1 22 45
P8, 3a A BATMAE R LE A N A T, H
A Ak B 2 B G A L AR gl 4R DB SR 12:00 2
A B, 25 B )T {8 7R 6 J2 i ] 25 R A/ 5 [
W 2a AL BATMATE R TR A T, H AR bk LG
T 2 eE 2 LR i ) A R A i £k, HL e )=
B = 1 SO - N 9 = N S e €l 22
FrHEy .2 4R BTN T, B (Bl 25 e )2 755 R 1
JITT G I, W3 AR AR AT A AR B R 2 1 0w T R
—— 2a-d —O— 2a-u

8.0

)
IS
[}

—2

P/(pnmol e m "¢
-~
=)

g
o

e
o

8:00 10:00 12:00 14:00

i /8] Time of day

16:00  18:00

3a-d I 3a-u AP SRR 3 4F A ANAGE 2 I T FAN L Fr L T 2a-d F1 2a-u 4r B EROR 2 4E AR AN T I TR A L B s R IR
BIL R S0 CAD R 2R S5 47 BT (B) B 17 A [l A7 0 A6 )2 I 7 0l R (P H ZZ AL ARAE

3a-d and 3a-u stand for lower (d) and upper (u) canopy leaves of 3 years old (3a) plant ,while 2a-d and 2a-u stand for leaves of 2

years old (2a) plant; The same as below.

Fig. 1

The diurnal and seasonal change of net photosynthetic rate (P,) in leaves of P. pubescens during the culm

elongation period(A) and shoot development period(B)
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Fig. 2 The diurnal and seasonal transpiration rate (T,) change for different canopy leaves of P. pubescens during the
culm elongation period (A) and shoot development period (B)
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Table 1  Comparison of diurnal average value of instantaneous water use efficiency (WUE), net photosynthetic rate (P,) ,
transpiration rate (T,) and stomatal conductance (G,) of P. pubescens among different canopy layers
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Fig. 3 Stomatal conductance (G,) for 1 year-old leaves of 2 and 3 year-old P. pubescens among different

canopy layers during the culm elongation period(A) and shoot development period(B)
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Fig. 5

The linear relationship between stomatal conductance (G,) and WUE of P. pubescens among different

canopy layers during the culm elongation period (A) and shoot development period (B)
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Table 2 Comparison of vertical change of chlorophyll contents of P. pubescens among different canopy layers

during culm elongation period and shoot development period
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Fig. 6 Leafl mass per area (LMA) for 1 year-old leaves of 2 and 3 year-old P. pubescens among different canopy

layers during the culm elongation period (A) and shoot development period (B)
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Fig. 7 Leaf nitrogen content per mass (Np..) for 1 year-old leaves of 2 and 3 year-old P. pubescens among

different canopy layers during the culm elongation period (A) and shoot development period (B)
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