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LA FE 3, BTN 3114005 2. WIVEAE BEAE T L ARY, Wit 248 311600 )

W OE N TR AR O C RS AR AR B AT A G BRSO B AT 4 AT A AL B O
HEAREYCIREE S 54T (F%:1 200 wmol » m™ + s, fIk6:200 wmol - m™ - ¢™) M % FHo w1 il £& F11 O, Wil
Nz, TR B R FvCB BERIIESE T BAT A OGS RENE . S5 RERWT . (1) Sl it AL B B AT 4 A
i 3 TR, BB AR RS E R (P, ) ERURAE R (CE) KRB RV, ) A RH
FAEHHE R (], O BWBERTXE, (2) @S RAGT, BT M CO, M i Kt &l %
(P ) CE M PN S (g,) BERRUBE RIS (T,) L CO, ML AL (CSP) 375835 R (RO K- O A PR
(3) ME AL B I AR R BATHIH g, KN, 0B S ] i B AR AR A AR 1Y g, 080 T 60.31% ., I, &
FACFEOT LGRS B S v, R AR AT A R SRR AR 1, S5-I R A T R Akl 4Rk
(Rubisco ) #& [ [iff i %5 &2 A0 36 ME 8¢, AR 1F T 0% & B R 1k 1 NADPH B9 -& B, 3278 T 1, 5-Z 5% iR 42 B
(RuBP) AR R Rl B AT e 7 BEA TR At R Ak (2 BAT 0 S A K DL R AR i B R T DU
WRIE X A 5 00 40 2 AR AR I 156, Rubisco B3 & SR PEFN RuBP (R FAE BE 112 HOLABREN 7, 2 Bk, g
SR T BAT I A NI AOG A AR B A AR A, O BEGR BE R BRI R O A SO R g, R T R AR, BATS)
WG AE B2 8] g AT ABRE . 2058 3 BT, it R I D' 5 (9 el B 52 ) 1 B AT 4 i 6 G 1
FHRNR AR T B X T A7 4 v ) A A R B 2 B 1 5 )
KR BT, AR, SLERFAE, LA BRE KT, FvCB FAY
FES S Q945;5795.7 X EkERIRAD . A X EHES 1000-3142(2022)03-0406-07
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Abstract: In order to understand the limiting factors of photosynthesis of Phyllostachys edulis seedlings under nitrogen

addition and change of short-term light irradiance. The light response curve and CO, response curve were measured under
-1

*s ), and

an improved FvCB model was used to study the photosynthetic characteristics of P. edulis seedlings with nitrogen

different short-term light irradiance conditions (high light:1 200 wmol « m™ + s™, low light;200 umol + m™

fertilized. The results were as follows: (1) Biomass of P. edulis seedlings treated with nitrogen fertilized was significantly
higher than that of control, and light saturated maximum net photosynthetic rate ( P, ), carboxylation efficiency
(CE), maximum carboxylation rate (V, ) and maximum electron transport rate (J ) were significantly higher than

cmax max

those of control. (2) CO, saturated maximum net photosynthetic rate( P, ), CE, mesophyll conductance (g, ), triose

Cmax
phosphate utilization rate (T,) and carbon dioxide saturation point (CSP) of P. edulis seedlings under high light level
were significantly higher than those of low light level. (3) g, has no differences after nitrogen fertilized, but it reduced
60.31% while the decrease of short-term light irradiance. In conclusion, P. edulis seedlings with nitrogen treatment
increased the quantity and activity of ribulose-1, 5-bisphosphate carboxylase/oxygenase ( Rubisco) protease in
photosynthesis process, promoted photosynthetic phosphorylation and NADPH synthesis, and improved the regeneration
rate of ribulose-1, 5-bisphosphate (RuBP) through higher V, and J

. in order to fully assimilate photosynthetic
carbon, promote the high growth and biomass accumulation. Therefore, it could be inferred that the content and activity

of Rubisco and regeneration capacity of RuBP were the limiting factors of the photosynthesis rate, for the control
P. edulis seedlings with no nitrogen. To sum up, light heterogeneity affect the photosynthetic physiological and
biochemical changes inside the leaves of P. edulis, the decreasing of light intensity effectively regulate the changes of g,
and T,, indicating that the photosynthesis of P. edulis seedlings are mainly limited by g, and T',. The research shows that
nitrogen fertilized and the change of short-term light irradiance affect the photosynthesis and carbon acquisition of
P. edulis seedlings, and also affect its growth and regeneration.

Key words: Phyllostachys edulis, nitrogen treatment, light irradiance change, limiting factors of photosynthesis,
FvCB model

B e (SOREPY i K7/R R NIV S TPy k7 K S D B
RES LA ALY RS 7L, S A W) AR B 10 A I SR AL Rk
B0 AT DL ZE R RS AR - A T, Farquhar 55
(1980) # i | /|l Farquhar-von Caemmerer-Berry 4=
Pk o6& BERL (FvCB AR A ) AU B I 7 oA
OGE A B A Ak S 3 F  43 B AS [8) 3R 58 45 10 T
WYCE RGN NTEA IS, PFE R, 52
C AP R D65 ik Sy 19 3 28 R 43 4% Rubisco
it 5 fi A RuBP (YA BE ) A RO & 7 ) —
WEIR IS H SRR Y E ) ( Farquhar et al., 1980;
Manter & Kerrigan, 2004) , FJH FvCB #i# 5] AH
Pyt A B9 Rubisco i AR LH AR (V) (RuBP
R (J,,) BERRPTRRIE (T,) Ak
R (g,,) SEA AR BRI S BN AR L i s, nl
DA AW 5 B B2 10, BFSEAE Y 6 & R
TEXT R85 A8 Ak B e [ ( Sage, 1994 ; Evans & Loreto,
2000 ; Tholen et al., 2012)

EEN AR Coma Yy, R A K i

JT AT A T — A 2 AT T R (B K
45,2007) , WF5E BAT B GG RRAE ] S 8 ok B AT AR
28 PR BRI . BRI
M AR AERK M KREZENER, AERXEY
JeG A B 1Y G RN 1 B AR AT
LR M E & i 5 MR Rubisco i % & 52 1EAH
FFHeZ ( Yamori et al., 2011; Xiong et al., 2015),
MM [R] 52 W0 1 - Rubisco B A9 R 4K fiE 771 ( Nakano
etal., 1997), AN, MR AGEE g, BIEMHK
(Xiong et al., 2015) , Kb, A DAHEWT iF 80 & &
Al REIE AL PR g, 18 AR S e A ) 1 OGS PR
MG Z Y AT LA DR ERZ
— GRS AL XHAE Y ROt G E R R A &
B, U H IR ARG TEAR T 22 63 5 h 1y %)
BT o AN [EIAF )0k B 55 510 B ol 88 728 A 1) 3 17 P A7 7
TRK 25, BRGR FE A AR I 23 52 el AL 4 1) OG5 1
FH WA AR K R E D6 IR SR B 5 v L AT RE

TG TS AR Y 1O G T RE . BFSYOG IR I
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XA 4l B B S i 0 B o B 35 8 Al X
AL A A 0 BRI B4 520, S 3 PR o 8 56 R 25 H
BC ', DL AR bR 28 A BB PR SR AL . AS 5%
VeI B AT 4 A7 It AL B, AT TR AR
G A CO, M 7 £k (A/C 2R ) /Y E | JF %
BT BN B P FR ' JR K SF 23 50 00 5
A/CME ARG A R &0 T BAT A RO & R
SR VIR B LU LA IR (1) AR BB A7
2Jy i A R BIR S A R ) Bl R A DR A9 A I
(2) JE I ]G B AR A e 2 6 R 2 W A AR 1) DG 5
VERT AL T AR E G T 594 i HOE & BRI 7
St 25 (3) FFR USRI I ] O BEAR1F  AE A
SRR BTN g, R/,

1 B 5 M I BB 5 T ik

1.1 #F R HEER

TR TR A T VLR VLR AR AR AR 2 R G
M 57 o, #b #A7 B O 119°56'—120° 02" E
30°03'—30°06" N, J& T 7 3 #hoy 28 XUA0A B K
el A K B 1 441.9 mm), SRR A 4R
BIRR 16.1 °C, M i B i I 40.2 °C, B g S A
—14.4 °C (A A% ,2008)
1.2 AR AE
1.2.1 &#44veRE4LE KT 2014 454 A
FrG I AR KNI B BAT 2 A AR SR
A LT 20 KR, 42 0% 2 57 I AR 5 5 Y I RE A b
A IETF At 1 em BN LLBR AU KBTS
HFE T 45 35 em, 7548 30 em A2 AR ZL
RAe 129 5 kg, 4l 47 ) ARt 80 R AL B
2H 10 FR . it AL B ZH rhohn A R B R, i A
I A AR NAER 0.2 ¢ - kg'( L)
1.2.2 M E 7%k 2015 4 9—10 H (B R) B4
9.00—12.00, B A HRVERE 5 R4 K R4 B9 A8 bk
YE RN e X 42, B8R 1 T0 3 1] 575 = 20 70 7 52
432G A, Sk 98 E Licor 24 A LI-6400 %!
4 2O G AR AT 6 57 il 0 5, >R F it
RLIN 5 1%, GG A AR 5 B 43 R 18 S
J&, BfK 5 2 0001 800.1 5001 2001 000,800,
700,600 500,400 300,200,150 ,100 .80 .50 .20 .0
pmol + m™ « 57 BEANSEERAES BE R Y7 i B E]
120 s, 2% &4 (2007) 17 B0 BAT L
B MR ADEIR X RIETRIA

W BT R CO, M 7 R 2R B 300 7 B ] A
Jr R ] O e 07 ith 2 AR 8 O A 4R TG R A
FE RS EIRFE DGR AE 1 200 wmol + m™ - s,
J615ES 30 min, FJ ] Li-6400-01 ¥ 1k 8% 3 45
Z ot = B COME B, CO,MRIERRE N
400,300,200, 100, 50, 300 . 450 . 500 . 600 . 800 .
1 000.1200.1 500.1 800.2 000 wmol + m? - s,
B COL VR B BE T (0 7 B 6] 54 120 s, I 5 I
ICSREA COREME T P, ,

T LAY R AR O G A B A A

AR, R Gu & Sun Bk FvCB YL AL (Gu et
al., 2010; Gu & Sun, 2013), KAFAERAI V. .
S & N T 550G S 80, B0 B AT i R 3G 4O &
REWNTE A B AR, INGEXT BTG A
BL A R, X AR AR A TE B RO A e 1
CO, MR, F G A - CO, 11 28 56 455 78 1E 474 11
(FEFE,2007)
1.2.3 FvCB #A&  FIH Gu & Sun B#EAY FvCB ¢
AR B0E C M)A A IR Rubisco i 2h 71 %k
(KAK,), T FvCB B A G 0] GE A7 76 L&
MG, — Al T AR AR 8, 3R AT AR AL 5
B SR A s B R 3G T TP A (Gu
et al., 2010;Gu & Sun, 2013) ., ZPE T E Wk
T Rubisco i i 1 R il B B2 2] RuBP -4 32 2 FR ]
W B4 v LA KX RuBP P AE SR BRI 2 7 R e
e s o3 BN S ) o3 0 R i, L ARAS 1Y SR B B g
BUZH AW AT A3 3 A B B iy SEBRINY | 2 — A
LG H 1 (Gu et al., 2010)

TG FvCB B TR B8 AR T AL
G RN PR A0 BR

%% € >(1+3a) I'",

A=min{W_, W., W }(1—1”‘)—]{,1,
o W, W, C.
cn=ci—io
8n

X, € FRMER N CO, 00 K ; o s G
HoRIR [l ZBERR T & C I Hel T Feon 44k
N CO, M ;A 2R COLEIRIEER ; W 7R Rubisco
BT R AL % 5 W3R RuBP FRAE BRI R 19 9R
A W FoR T, BRI BRH A R, 3R W Pl
MR CRRMIA] CO, 00K g, Fnt A CO, T
Vena G
C(,+Kw;

W, =
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K(‘U:KU 1+7 o}
KU

KV, B R R KRR SRS
B K R COLK T KL K, 08 0K [RH 4L 0
Fm 0,57,
Jc,
W=———:
' 4C,+8T

ma:
]

26

A J RoRi TR IR R RN ORH
TAR B A T KR AFOCRIE ;0 & — i H B
SECEDE ARG | ADE RS T b Al A G 1 it R
MRS IS EL; 0 Je— DR SHL

3T,C,
W="—"""">
" C,-(143a) T

AT, RN BER AR, 2 o 9 0 1Y,
A, =3T -R, A FoRBE T FRE T CO,5mR IR,

AR B R 1Y FvCB BB AL, 2% Gu %5
(2010) BT WA A E B
1.2.4 AF e AP 180 d J5,F 2015 4F 10
AR BAT 4R 4 v AT B R, T A T ==
KA ZR T B (em ) 1R R &) B 1Y Bk & 5 B AR AZ
W UEIE THERE 80 CHET RIEE RIS A A=Y
i (TE) B,
1.3 HiEA

B E R AL BEE]DG & S8 22 57 KA H
R v R AR ) B 1 22 S R 0 B SR ST RE AR ¢ A 56
( Independent-Samples ¢ test) ; AN [F] HG 46 5 7K X
BT YEDOCE S HOW 22 57 R R EE 1 ¢« K
5 (Paired-Samples ¢ test) #4707 .

DL B B ge it o i A I A A 3 SPSS
13.0( SPSS Inc.,2005) F1 Microsoft Excel H15¢ i,

2 HERE5AH

21 BRMNEMSEXEGEENZI

REAFW AT P, FR R L3R
( carboxylation efficiency, CE) . & K F X B4 1,
HeAME2 45 (light compensation point, LCP) {2 3 /N T
X FEAE AR , 10 B 260 2= Ak 38 45 A PR 1) ARG O FTAIG
WRE CO,RE ST, TEMFDGR T O A e iR, A4
KRER, HARAAMMRLE R, g, M T IJLHSHL

IR AR TR RE AT bR 22 S5 R R (P>0.05)
Voo F1 T SN 38 I F X BRAB BE (P 43931 0.043
0.047) , 5540, AR A B R SR AEBE G CO,
TRURD A5, F0 RN 5 FEAR AT CO, W R, il S2UAE #
P AT TE B3 22 5 (P=0.062) , 5B CO, ¥k
JIE R 386 00 AT AE — 5 AR b ko U A B 2 A SR 1Y
(K1), WAEK FRE A 180 d FARR
TR AE R TC V8 7 v A AR ) i B8R )y T A
PEFXF A R (2 1,P<0.05)
22 AR REHEANEMHERESHHEMN
12 2 AT, X B AT A i TE S AR R RO S
R EH A/Co 2 RGN R AR Y g, T,
P CE 310 25 /N T 5 o BOKCOF B #E R (P <
0.05), CO, #p £ 5 ( carbon dioxide compensation
point, CCP) b 3 KT = ) UK P Bk (P<0.05)
Vo F1 T UGB B 25 57 | R0 0l BEOKOE AV ' B K
SEAH R 1Y Co, 1 F1 5 ( carbon dioxide saturation
point, CSP ) fE7E I At i 4 (P=0.052) , =G IEK
SERERE Y CSP 5  , AA RO% A S ] B B A
BTN g, FHWAT 60.31%, T, /T
46.44% , CCP ¥4 Jil T 94.56%, P, W /> T
54.63% ,CE )&/ T 36.84%,

3 W54

REXHEYA B WA BAEERA 5
A8 5 VE FH ( Maroco et al., 2002) . ¥ EBATHY
RAEIRGE R ATA, AR A B AT 4 3R
K, R g, WHOGG S50, /2 Ak B R
0 P, CE 3 KT X B4, vi A co,
e R A KRS, AR v, T B
KX BRAEARR (P 4350 0.043 F10.047) , X [A] A
NIRFE 25 AR R Bl i i AR & & 1
i, 6 1E B9 ¢ B B —Rubisco & & 5 8] kb £ 13
Ty e w7 e KRR Ak A A R N Y R
( Maroco et al., 2002) , M2 2% & & L [6) F 6 38 n

B A5 ,2012) , 0 R fie K H 1% 3 i b 25 AH
B4R R (5K 45 O F b JE OF, 2009 Evans &
Poorter, 2010) , {HA KA HAERTE R, g, FI TPJL
TRSHL LA PR IR0 BEAR AR 22 SRR R (P>
0.05) , X Al C A1 (Y 3 26 0F 5% 25 S I9F A — 5,
Sawada %5 (2005 ) 1 Chen 45 (2001) B W 5% & K,
it & PT FEAR IR AL = W R 3R B IS ey bt R T
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R2 3 RE 3, ] RE 20020
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£ 3 g 0010
S 200 S 104 g
> = Z 0.005-
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CSP LSP CCP LCP CE AQY

Bl =P YIEAREDR . Vi BRI J. KRB, R, S FREIFIGEE; g, MAMMSEE; T,. BERRPTHFH
B Pl COMAURREOEE R, P, EHAUEREEEH A ; CCP. CO,#MZ A ; LCP. it ; CSP. CO, /AL ; LSP. Stif
FIs; CE. BIRILE R ; AQY. RWE TR, ns FRTLER; « RREREF(P <0.05); * « FREFWEZE(P <0.01),

Data=x+s_. V, Maximum electron transport rate; R,. Dark respiration rate at light; g, . Mesophyll

conductance; T,. Triose phosphate utilization rate; Py,,,. CO, saturated maximum net photosynthetic rate; Py, . Light saturated maximum net

max- Maximum carboxylation rate; J ..

photosynthetic rate; CCP. Carbon dioxide compensation point; LCP. Light compensation point; CSP. Carbon dioxide saturation point;
LSP. Light saturation point; CE. Carboxylation efficiency; AQY. Apparent quantum yield. ns indicates not significant differences; * indicates

* * indicates extremely significant differences (P<0.01).

K1 BT ER AL BRSO & S

Comparisons of photosynthetic parameters between nitrogen fertilized and control plants

significant differences (P<0.05) ;

Fig. 1

X1 EMHEEMMBLEBEEKKEMEYSIE al., 2011) , FATAYIELEE 45 R R L FFx 2458,

Table 1  Comparisons of height and biomass between j‘ﬁ ST IE ST Y A a] ) 22 S s e g a5 S T AR
nitrogen fertilized and control plants ﬁ FA R SR AR AN T
N N
4t 3 i i RESER M CO,5rFiz 8 (Sun et al., 2013) , A
Treatment Height (em) Biomass (g)

lﬂz,ﬁfEFkZl-‘E'T R NEU & *EHEEI"J“JFI"]QHJH@?FT#
TiA R FEIT AR AR AR Y CO, 1A
AN B, BVARBER B R AT B AT S E

?JJCEI’J v, H g IR IR R AR A K

X7 B Control 28.5+4.6a

43.03+2.72b

17.04+4.54a jt/J

it L Nitrogen fertilized 56.27+10.66b

W FPIAFR/NG FRE R 22 5 1.3 (P<0.05)

Note: Different lowercase letters in the same column indicate

significant differences (P<0.05).

DN Tl 18 22 PR ) 0165 1 P 18 B 1 B2 1 ( Zhang &
Dang, 2006 ) ; 46457 3K W] g,,,‘@ﬁﬁ”fﬁ’fhf%’?ﬁi
A B8N T 2 3 42 = (Bown et al., 2009; Yamori et

o AR AR Py R 2 T AR 2 O T X IR )
B (P<0.05) sEGE VR S AT S A
64 1E FH i 72 T AL Rubisco 45 P B9 80 FE
YRR AR HE T 6 A BER AL A1 NADPH /9 & AR, 42
{5 7 RuBP WP R il BAT 4 BeA8 78 40 i
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KESHERMILR
Table 2 Comparisons of photosynthetic parameters of
Phyllostachys edulis control plants under
high light and low light levels

M7 A

eSS Folt ok (s AME P{E

Parameter High light Low light #iits: df P value
2

Vi 66.6+ 69.94+  -0.111 2 0.922

(wmol - m? - s1)  8.34 11.82
S 72.62+  56.59% 0.510 2 0.661

(pwmol » m? - s") 3.98 9.14
R, 1.28+ 2.11% -0.718 2 0.547

(pmol + m? +s™) 0.2 0.81
g, 1.31% 0.52+ 4.828 2 0.040

(pmol + m? + M) 0.2 0.03
T, 5.34x 2.86+ 13.216 2 0.006

(pwmol »+ m? - s")  0.51 0.33
CcCPp 4434+  86.27+x -11.215 2 0.008

(wmol + mol™) 4.23 4.43
CSp 1064.97+ 823.59x  4.202 2 0.052

( pmol - mol™) 56.7 41.61
P 12.21+ 5.54+ 15.477 2 0.004

(pmol + m? +s")  0.87 0.45
CE 0.019+  0.012% 7.738 2 0.016

( wmol - mol™) 0.001 0.002

T R4S BAARDLIE 1,

Note: Abbreviations in the table are shown in Fig. 1.

e R, 2, %o 2815 5028 B8 i A
1M , Rubisco & &2 16 PEF1 RuBP %) 7545 T 0]
S HEA MR T

HRMYARK AEFREENATR FZ—,
PRI, — LRI DA Ry 2 A 0 9 R 1) 2 AP 5 o
H g E 4 B R AR B T 22— (kN
2010) , —ME BRI aT MRS A ER L A
T4l AR AR (R 2 B B AN ) 45 3K
YRR ZES . SRR T TR T
BTG AR B B 2 i AR W i o BB bk
(King, 2003) ; M7E =GR FET | b E 2 B AE Y
s AP AT R T R K A SR R £
AW e A YR T (Poorter, 1999) , Hi BT G4R
SIBUE 20 1 BAT i LA VR R, X0
TFEBATY G A AR A A K B A
ER . TEm MR ROEA 48T, BATZE 1 —
B A SR BN 2ER (£ 3), BRI EHL
SR MR Py, CE g, T, CSP ¥ .2 R TG
HROKSP- I AR | 285 SR 3 WO BROK S T AR AR Y
CERE It TR g, T, 2, BIAL T A F

JCIFREE N R BATHI T, M R 40 A B RN IR O W 1Y
Mg R R O A IR - BFgE B, )R] Py
U N) O BRSR B2 1Y AR RE B8 A RO IR 45 g, 1Y
K/N(Douthe et al., 2011,2012; Xiong et al., 2015;
Fini et al., 2016) . FRATHIBFFE A IO REREE A 1
200 pwmol + m™ + 7 MK ZE 200 wmol + m? - s f#iF5
BATLHI g, FEIREMLT 60.31% ., AT ANBIBFTE R
W1, SCREXT o, 5200, T 8 2 380 0 52 e i SR A 1) i
B WK 46 /N B (Loreto et al., 2009) ; 1A
i 58 N R OG22 i g, ( Tholen & Zhu,
2011) ARG, ERE R8N, BRI g,
K ABRAREZ W g, %5 B9 IR 1 ( Douthe et al.,
2011) , BRI RE S 0P T AR 4 40 i A 52, A B
T ET b T A AR ) 4 R R RN AR KOG O PR B el
A 7, T AR AR Y 1) BEBT VR, AR ) 2 R Y 4
R A HEEME L,

AR R IS I BT R BB AT YOGS
FEMER LS, R B (1) AR B D P,
CE W35 KT XF B &7, Ui W] HAE AR Fn G T [m] 4k
CO,BeJ7 s il AR Ky v, T SRS T X
MRERRA AR (2) AR B BT P, FIXT
WRA 22 5 AN b 2, DA i VR FE 1Y CO, W] R AN AL R
YGRS B 5 (3) 43 A e AR PR O & S50k
AT R RERE AR Y A/ C MR mT AT, R T AR R
(4 P \CE g, T, .CSP 2 3 K TR K- 1y
TR , 45 SRR IOG BACE T A AR OG5 T
S THRYNGY g, F1 T, S (4) AR BIFAR UL
EHIHY g, /N, T J B S T %) R AT D) A A
1 g, 18T 60.31% , HALBRA A 1 Tk —2L 0158

SE
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