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Abstract: [Objective ] This paper investigated the differences in photosynthesis characteristics and photo-protection
mechanisms between Torreya grandis cv. ‘Merrilli’ and T. grandis by comparing the characteristics of gas exchange, leaf
nitrogen content and chlorophyll fluorescence of the flat young leaves (young leaves) and fully grown leaves (mature
leaves) of two species. [Method] We measured the light response curve, photosynthetic pigment content, leaf nitrogen
content and chlorophyll fluorescence parameters of young leaves (10 days after budding) and mature leaves (50 days after
budding) of T. grandis ‘Merrilli” and T. grandis (15 years old) in a natural forest. [Result] The, young leaves of T.

grandis ‘Merrilli” had significant lower A, , LSP and higher SLW than that of the young leaves of T. grandis, and the

max

relative difference value was 40.3% , 33.1% and 29.7% , respectively (P<0.05) . However, the mature leaves of T.

grandis ‘Merrilli” had significantly higher A__, LSP and SLW than those of T. grandis, and the relative difference value
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was 26.3% , 40. 9% and 44.8% , respectively (P<0.05). Furthermore, T. grandis cv. ‘Merrilli’ had significantly
higher leaf nitrogen content than those of T. grandis, and the content was about 32.5% and 44.9% higher in young and
mature leaf, respectively (P<0.05). However, the PNUE in T. grandis cv. ‘Merrilli’ were about 54.9% and 12.8%
lower in young and mature leaf compared to those of T. grandis, respectively. The P_and G_ in young or mature leaves
both of T. grandis and T. grandis cv. ‘Merrilli’ measured at midday (at 13:00 pm) were all distinctly lower than those
in the morning (at 9:00 am) , the relative difference value of P, was 33.7% , 26.8% , 35.1% and 44.4% (P<0.05) ,
and the relative difference value of G, was 27.7% , 23.5% , 38.7% , 45.0% (P<0.05) , respectively. No significant
changes in C,(P=0.05) were observed. The young leaves of T. grandis cv. ‘Merrilli’ had significant higher quantum
yield of A pH-and xanthophyllregulated thermal dissipation (¥ (NPQ) ,) , and Car/Chl and Chl a/b ratios (P=<0.05).
The mature leaves of T. grandis cv. ‘Merrilli’ had significant higher quantum yield of fluorescence and light-independent
constitution thermal dissipation (¥ (NO)) than T. grandis (P<0.05). [Conclusion] The results indicate that young
leaves of T. grandis cv. ‘Merrilli” (with lower Amax and LSP compared to T. grandis) mainly dissipate the excess
energy through increasing Y (NPQ) and Car, and decreasing Chlb content under high irradiance (at 13:00 pm) . The
mature leaf of T. grandis cv. ‘Merrilli” (with higher Amax and LSP) also needs to increase the ¥ (NO) to dissipated the

excess energy. Significant lower PNUE in leaves of T. grandis cv. ‘Merrilli” reminds us to pay more attention to the use of

nitrogen fertilizer in future.
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Fig. 1 Light response curves of net photosynthetic rate (P) in

young and mature leaves of T. grandis cv. ‘Merrilli’ and 7. grandis
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Tab.2 Simulation parameters of light response curves of net photosynthetic rate in young and

mature leaves of 7. grandis cv.

‘Merrilli’ and T. grandis
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Tab.3 The photosynthetic pigment contents in young and mature leaves of T. grandis cv. ‘Merrilli’ and 7. grandis
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Fig.4 The relationship of total chlorophyll content (Chl(a +b))
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and the maximum net photosynthetic rate (4

max
in young and mature leaves of T. grandis cv.

‘Merrilli’ and T. grandis
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IR S Y TR B 3A) , (H 2 L

PNUE 41 k2. 3 A% T 44 - )7 (18] 3B) o Dk, 7 M £
Az b B R EUIE I ] . PNUE B R 938
2 BA BRI SLW, t TAES I CO, ¥ g B s
U0 325 5 D' B B AR n 23 1E 2 A & 410 1Y)
N b2, [#{t T PNUE (Poorter et al., 1998 ; Hikosaka,
2004) » 1% AT fie A2 75 R I AR AR 1 B R A

%4 FEMETEEME/MAIT RBHALASSRBTLH"

Tab.4 Changes in the photosynthesis parameters in young and mature leaves of

T. grandis cv. ‘Merrilli’ and T. grandis

I 28 i & I i) JEHE P,/ SALSE G #ala co, C,/ HE e TR T/
Leaf type Cultivar Time (pmol'm'zs'l) (mmolem 25~ ") (p,mol'mol'l) (mmolem ~2s~")
F A 09:00 1.72 £0.03% 26.7 +2.2¢ 273.4 +4. 66" 0.69 0. 08"
éf;:g T. grandis cv. ‘Merrilli”  13:00 1.14 +0. 03" 19.3+1.0° 284.7 +1.35° 0.51 +0. 05°
leaves e A 09:00 2.22 £0. 12¢ 26.1 £0.8¢ 227.8 £3.1" 1.16 £0. 004"
T. grandis 13:00 1.44 0. 23 16.0 0. 5" 220.3 +15.9" 0.66 £0. 14"
7 HE 09:00 7.17 £0. 40" 70.6 £4.7° 212.2+0.1" 0. 63 £0. 06"
E&iﬁi T. grandis cv. ‘Merrilli’”  13:00 5.25 0. 12" 54.0 +0.3" 223.3 +4.63" 0.59 £0.01"
leaves HIE 09:00 4.3£0.42° 40.4 +7.4° 204.9 +28.8" 0.61 +0. 10"
T. grandis 13:00 2.39 +0. 58" 22.2 +4.7% 207.2 £23.1° 0.59 +0.09"

W52 6y 800 pmolem =% =, Y 52 [N i) 43 5y 9:00 Fll 13:00. Measurements were performed at 9:00 and 13:00 p. m at 80 pmolem ~*s ™"

light intensity, respectively.
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Fig.5 Changes in the fraction of absorbed irradiance consumed via PSII photochemistry (Y (1I) ), ApH-and xanthophyll-regulated thermal

dissipation (Y (NPQ) ) , and the sum of fluorescence and light-independent constitutive thermal dissipation (Y (NO)) in young and

mature leaves of T. grandis cv. ‘Merrilli” and T. grandis with increasing photosynthetic active radiation (PAR)
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W B2 51 %

UE Ak, B 5T 3K W, SLW R Ji B 4 5% 5 5 1 )
H 77 & (Poorter et al., 2009) « E A% & SLW 1%
% P PP E AE TR B8 P A5 0 B A T v R
[ ) FH %% (Ishida et al., 2006) « T & 7 A 40 1
BRI B ) SLW 4 1 5 v T HIE AR I 5 3K A A
W Py 7 30 58 4% A0 I E 9 95 1 R 2% . (R R
B, SLW B KR Y, i Tk Jroh K88 0 9 i T
TV B 1507 A0 35 g (9l ol A 25 ) e = 184 n ok A 40 i 3
W T B A KT T RS AN (R I, AN IS HOSROE R
H: 1% (Reich et al, 1998) o UL 0] 411, AH [ 1 o8 %
T HATEAR LSP Al A, 1 75 HE &) it 5 5 52 3 06
il (Bertamini et al., 2003) « 4K Tfi, 5 9:00 K 46 Lk,
13:00 B (o am) A MELh PR B B2 /N T 1
Bt (% 4) . 5 9:00 1A, 13:00 W (5 6 5E)
FRE KEAS St (p) PRI G, 34 W 35 BRI (L €
WEAA, R 13:00 B PO EEE B T AHEA
LB TR A RAE 6, 5 C/C, #B RN
A6 UL G SR A AR B I ot A RE 0 B 2
HAFLIEE B & 1 (Xu et al., 1995) « #{% LSP i
AT 7 RSy i TT R L A 8 5 1 6 AR B WL A G &
HUR e 26 e il i FE B /N 28 . Y (NPQ) AR 3 PSIT 4b
TH I A pH R I B ZE U T ORE U - ROR Gl
BN A A SR o v P — P o) R OR AL
(Ishida et al., 2014) . BH® K H 4 FEE SLW [F)
W] PR s A i (i [R) 4k B8 ) BRAIG) 38 i B& A1
I F 1R 52 s 6 4k 2% 2% % (Y (ID) ) i 5 Y (NPQ)
G 1 20 RE B0 Sk 4R 30 nk v S kA e 0 )
(Adams et al., 2004; Yamazaki et al., 2011) o AHF
G FAHELD A Y (1) 5 254K 1 HEA 4 i, {5 3
Y(NPQ) #1 & 2 5 T MW &l 1, 3 W 3w 8 2 A Ml
L — B Z LR LA . Y (NO) AR 3 PSIL 4b
AR T PE R R A R R, RO 1 T
b 27 Y (NO) 8 imy, M) 3 W 44 2% g i 5% 36 R BUFE
HCAS A2 DACKS A 420 WS 1 s i 58 4 Vi RE 4, BTN S
PR RE AR T MW BE B 2 1 R E (Kramer et al.
2004) o FAE 1) Y (NO) 525 v T HE B Rl s i
(E5) ,ixX ] e 5 2= A 10 25 th IOK 1 4 o
O B 407 (0 R B R R e 244K T B X A
I 5 JE— B SR A BT S B R G A AR R AR
L 22 5

BeAb, 550 B 4l i A b AR 4 i L
Car/Chl 1 Chl a/b, i] B8 /& %5 - ek 25 4 % €5 2% Chlb
PG RE W, A Chl a/b FE&; d1T Car [ 32 %2
4y 2 % 2% (Jahns et al., 1994) , 75 HE %) i B A %
r1 Car / Chlff) 7 A £ ih vT B8 A2 30 1 B R £ 11 Car
FEHCI I )0 685 9 :00 B Al &)y - 5 R %)) 11 G,

R/NAT S (H 13:00 FHER) I G, W25 i T HEA %)
(R 4) , RYRFF B0 G, vl e A R T A R4 it
T I A A Ok B AR ¥ B (Warren, 2006) o
WS W] T $0 P B 108 55 B ( Gossypium: barbadense
var. acuminatum) E. A8 51 G, (Liu et al., 1994) .
g Lk, AT ARG Y (ID M g Y (NPQ) , Chl
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4 ZEp

ZE LR IR  75 HE 5 AR 2 i kot 22 TR O S
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HH G0 A 27 B 40 R AR EOAS 2 DA T WA T
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