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Abstract: [Objective] This study aims to investigate the physiological mechanism of seasonal changes of
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photosynthesis of Torreya grandis ‘Merrillii’ leaves at different tree ages, so as to provide theoretical support
for the efficient cultivation and sustainable development of 7. grandis ¢ Merrillii’ industry. [Method] The
response curves of chlorophyll and CO,, leaf nitrogen content per unit area (N,) and photosynthetic nitrogen
use efficiency (PNUE) in leaves of T. grandis ‘Merrillii’ at different tree ages (6 and 16-year-old grafted trees,
named as 6-a and 16-a respectively) were measured in May, August and November. The changes of surface
photosynthetic characteristics and internal structure of photosynthesis were systematically analyzed and
compared. [Result] In May and August, net photosynthetic rate (P,), specific leaf weight (SLW), maximum
RuBP carboxylation rate (V,;.c), photosynthetic electron transfer rate for RuBP regeneration (J,,), total
chlorophyll content (Chl), nitrogen allocated to Rubisco (¥ ,/Na), nitrogen for RuBP regeneration (J;,,x/Na),
and nitrogen for light harvesting pigment components (Chl/N,) in leaves increased significantly regardless of
tree age, while N, decreased significantly. Regardless of tree age, Chl content, leaf nitrogen content and
Jmax’ Vemax 1atio in leaves increased significantly in November compared with those in August, while V.., Jmax
Vemax/NVa> Jmax/Na, and Chl/N, decreased significantly. There was no significant change in A4,,,, and SLW. The
decrease of V,,,/Na in 6-a leaves was significantly greater than that in 16-a leaves, while the decrease of
Jmax/Na and Chl/N, in 6-a and 16-a leaves was the same. The PNUE of 6-a leaves was significantly higher than
that of 16-a leaves in May, August and November. [Conclusion] From May to August, regardless of tree age,
the photosynthetic capacity of leaves gradually enhances, and dry matter accumulates continuously, which
significantly dilutes the nitrogen content and makes the leaves mature. From August to November (with the
decrease of temperature), leaf senescence never occurs. However, the nitrogen distribution proportion in
photosynthetic components changes, that is, the effect of low temperature on RuBP regeneration is mitigated by
the relative increase of J,,. With the decrease of temperature, 6-a leaves allocate less nitrogen to RuBP
carboxylation and more nitrogen to RuBP regeneration, which may be the reason for the relatively high PNUE
of 6-a leaves. [Ch, 6 fig. 1 tab. 39 ref.]

Key words: tree ages; Torreya grandis ‘Merrillii’; light response curve; CO, response curve

BE=TT AR A, MY AE R TP IR | IR SN . — Bk, HEYOCEEHR T
PR A R O AR A A P e T S RE AT AR AR (COy) 43 AlE G A VR 3l J A A SRR, 5RO
B AE X ESR AT CO, 1M 7 ik A7 B T B BHAS ) A8 A B AR Ak b i AR B A S 3E MR, BRI, BFSEAE D
SV FE 8 251 P R A X T AR o) 1o A6 AR 1 7 | A A AR A BT F B R X RN R 2 A
ARSI S I (T T Vema)« PR S RS B LA LR S b EHZE
T PEAS AR A BEAL R A —Fp ikl BAHE Torreya grandis ‘Merrillit FOFF 2000 5 &, WBREEE, &
FEMER, P E2RHN EE TR, EETSTRRER, N 2008 FTF 0, Wy HE R Fpd U GE
K, #E 2019 4, WYL A A HE AR AR GA 4.8 07 hm?, € Rk P E RGO L X EE G 28 5 A R S
TEAEE b, Gl R 2 A SHENER Torreya grandis VE WA ARIGIETMNE, 4~5 a FFRFER, 15 a AR
W o J sOR AR A A BT I Y A A SR Ak T 306 455 i 7 8 ) B IR IR 5 R EE R -, R AN [ A AR
W R BB A A R IR A 7oK BTG PE L BERTEE L K R EOME R 5 SRS E S kA
AR BE A Y I, WK s iR T OGS VR R PR AR R R AR R AR YU, AR AR R
Quercus cerris M 1 GA SR REA I A 1 0 2 BRGS0 JRAER, X T &R B oY 284 h e 25 A
TEAG 5 AR SR BN, XA HEAS [R) A0 AN (7] 2295 1 7 66 Rk T A A T I v o DL 4
1B o ATELL 6 AFAE IR (WIHEIRIN) AN 16 4RI (BRI Mt ot xt 42, IR A Rk
GG NP R GEH RIS [R5 A it v 56 G AR T OGS A e W ATL R, A o e M e RO 15 1 it
FRALERIS IR .



34 WroIL R R K A R 20224E2 H 20 H

1 #MEE 7%

1.1 ##

TG DX T W LA B TG 22 DT VAR MO 2 A S 4, 29°56/~30°23'N, 118°51'~119°52'E, J& T

WA R, EERE, SCRRREE, WER. TSRS EEL, RIS E, B
Mg Z N . BEXAE R 16 AEA RN 6 AEAE ARG f . Hordr, 16 ARA ARG 1 R 2000 AR FH G 32 1 i
M, PROTEEEE 450 Bk -hm 2, BEACH 2 ARARSCARAERY, HEAEDN 1ARAETRAME, CPIHAE N 115 em, P
Bk 2.6 m, iE0 16-a; 6 A FHEGRRE R N 2010 R FHGHE M AR, AEAR 2 A SCAE MR, 27
R VAEAERAE, AR 8.3 cm, FIIME N 1.8 m, 0K 6-a. FHHETRAE 4 AJRH &KHT, £950d
I R A B R R PO ARG A B DL 2017 4FEEZE (5 H) R F . B2 (8 A) A Rk 2
(11 ) B RGN () 24 4E A0 R Ak
1.2 Ak
1.2.1 Atbik R fergepdag 2egn 2 [SEHIMAVON TG L X IG R, EEBUTTARA, K
FH Li-6400 #5551 (Licor-6400, Licor, JEE), ffi MR 2 (22 L) #EATHME S 440 A1
e R AE . RERT, HE PN CO, BEIR KN B A 400 umol-mol ', A EHER CO, /NI CO, BE/R
E ARPEAIE (5 BB R A R AR B 162 1272 °C; 8 H 4RIk 21.0 B 32.5 °C; 11 A4y
B 13.3 F124.7 °C), $5 H 8 H K 11 H k2 e 2 BIAEHIZE 25, 30 F120 °C, WFE P2 AT
W2 BE 2 50% 5 >R JH RGB-18 FIGOG IR, & At 80 3 B2 2y 500 pmol-s™'. 1E XD sk HT, %6
800 pmol-m >+ s ' JEHEXF I H #EATYETA S 20 min, FFUF R IEALRRE S, PO SRIE BdE, 10 oEoh A
ey FAROEERIEZE 0 pmol-m-s™, I AR AR E M= EAE, FERUE S ORI E S, 0 R
WA, HA 3~5 K, BOFBEMEIESE R, DL B E B7E 9:00—11:00 58 .
122 CO,vm 5w & JCAEHER: 0 G R a5 R (779.0+71.9) pmol- m - s7'BU 0 PRI, Xf it | 47
CO, M Ji7 M £ I 52 1, G RESR % 8 800 umol-m 25, [AIMf, MBUE KRR, 5. 8 AKX
11 A M2 Rt R 25, 30 i1 20 °C. FEFFIR CO, M p; T £R M E /T, Jeh A 7E CO, BE/R A Eh
400 pmol- mol ™" F1YE 38 A 800 umol-m2+s™ T HF%E 30 min, FFAKIKIE AR K CO, FEE /R 4351 (400, 300,
200, 100, 50, 400, 800, 1200, 1600, 1800, 2000 pmol-mol ") FEFTHEH A H K (P,) M E, FFt
B i FARQUHAR 255 [l B 484 CO, Wil £k . 24 RuBP 78 £}, Rubisco /&A% (4,) IR
HlEF, AL

Ac = Vemax(Ci —I™)
T C+K.(+0/Ky)
K (D) H: Vepax /2B K RuBP R % 5 K, Fl K, /& Rubisco & A H UM AE FH 9 Michaelis % %8 ;
C; F1 O 43 1) A 4t B 18] B v ) CO, RS (O,) BEJR 3885 Ry 200 T RUNT IR 5 5 TR 5 W I i
CO, #M2245 . A5 R von CAEMMERER %522 57 i ) Rubisco 81 1222807 BUEILA -
MGG (4)) 52 RuBP BB BRG], FIRAR N
L Jmax(Ci = T™)
I 4c+8r¢
K Q) H: Ty AR T RuBP B A GG M FAE 3 dU R . ot R4t i/ o ik 18 23 G
A—C R, TR Vo AT Jaxe TR BY Vopax F1 Ry FTARYE 4A—C, 1 2% (C;<<250 pmol- mol™) 5 i ;
T WSS A—C, 12k (C;>600 pmol- mol ") 345 .
CO, Wi 137 {1 2% A 72 76 9:00—11:30 F1 14:00—16:00 525, B N | DNEE, BNEFEN 5~6 41
HHE,
123 et (SLW) 2 ARSI 78 5, AR s S0 =, R0 AL Bl i 4=
BN, HSE Lt R GRS B AR L, SRS O B A AT i B R AR, R i 7 B B ARG T
IR BEEB T A cE RS, R8s CHt T EME R, T A, M E (grmA)=T &/

Rq. D

—Ryo 2



5539 5 1 1] X BESE: ANELA Oy AR A AR g AL 1 35

124 vH%% (Chl) M2 REHEF S 2 0.02 g, TR AKA 8 mL #IBUR (IR %0k 95% 2
B BB T, EREIREIR $E E AP, MRYE R AN OB T (UV 2500, 5y R0 K e
649 F1 664 nm Kb MM SGRE o 0 SR BTN A A TR AT AR, TR SRR S i (mgr dm™).
125 *th RAE. BESREAA A E (PNUE) AR EELSGIM P eyt RAEMET R, FAPLER
00N I A TR T U R (N, gomY)e DM O G R (A 5 Na W HER G E A Z R
%% (photosynthetic nitrogen utilization efficiency, PNUE)™, ¥ & ECE WA rY 4 ECM, Bi4rAd
| Rubisco MR E (Vemax/Na)+ RuBP FAEFEHIBI AR (Jna/Na) FHHIECAL /T A Z (ChUN,)o
1.3 HIELNEBESSHh

FH Excel #b #4545, i i SigmaPlot 12.5 fEEl, ffi FH| Origin 8.0 £ il ' & — 't i 1z it £& F Ot &
—CO, MR iZk, Fl SPSS il it EhEE .

2 HREGHN
21 REAHRERSEENH BT 5o s K

W LA i TR A, 8 1A 11 )] ol = k2
AR B L0t R AT s IR AL
(P<<0.05), 8 AN 11 A &M F bt 5 2 (8] 0 B 3% & DO
%5 (P>005). 55, 16-a LM EREET 6-a B o0 b "
(P<0.05); 8 AR 11 H , Wit [ Hent T e 8.3 éﬁsoklb
25 (P>0.05), ﬂ
22 REBWRERHEEHEN B %6 i E S " 5 .
BE R o
TR RN, FAET T Py AE S H AR, 62 36

8 APk ik se(E, HAARRREz 11 A (Bl 2). RIS ZBFFNE R4 M F T 16-a Fl 6-a 114

5—11 7, 6-afl 16-a FHEM A4 P, ¥ B EE R AR A 2 [0 72 53 5.2 (P<0.05); ** FonhilFE 4
~ [ A U ) 222 e A S 2 .01), KRR

(P<0.05), H8—11 AM#EZ MR ELR P> B FRAGTRAESAET R &6 2L

005) Figure 1 Changes in specific leaf weight (SLW) of T. grandis
2.3 AEBABARERBEEENF CO, MRzt ZaIT

M 3 Al TCI R RN, 11 FMER F B COLMLAN S B3 & T 8 A (P<<0.05); 8 AN, 16-a
F1 6-a FHEM - CO, 1A 43501 A 725 Fi1 550 pmol-mol™, 11 H #5354 740 F1 1075 pmol-mol ™,
K450 T RN, 5 A BFHEM H B Venax A1 Jae BB E KT 8 AAI 11 H (P<0.05). 5 8 AH

‘Merrillii” at different tree ages among different months

ns
10 mA Ansa A g 3.0 B * A
z 8 + o = 2.5 =
g i 20
g Or =
s < 15 ns
g ns £ 0 B 7
< = ns
A 2+ B I__l3_| <~ 05 iﬂ c C
L1 i . “in
5 8 11 5 8 11
At H
. 16-a 3 6-a

JE5879 800 pmol +m2 sy AFKG FRANNEG TR HIL IR 16-a 1 6-a M A A2
[ 225 5.3 (P<<0.05); * oA 4 N ASFEI i 18] 22 7 B35 (P<<0.05), ns R AR

A2 REAKREREEAESTH AR E (P) flEeF R ik F (Ry) 89 T4
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Figure 3 Changes in CO, response curves of photosynthesis in leaves of 7. grandis ‘Merrillii’ at different tree ages among different months
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Figure 4 Changes in V., and J,,, in leaves of 7. grandis ‘Merrillii’ at different tree ages among different months
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Figure 6 Changes in nitrogen content per area (N,) and photosynthetic nitrogen utilization efficiency (PNUE) in leaves of 7. grandis ‘Merrillii’ at
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