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Abstract: [Objective] To elucidate the mechanism of photosynthetic characteristics and nitrogen allocation of Torreya

grandis ‘Merrilli” seedlings under different shading levels the growth gas exchanges parameters chlorophyll content

and leaf nitrogen content were measured. [Method ]We measured the height ground diameter biomass light response

curve CO, response curve chlorophyll content leaf nitrogen content of T. grandis ‘Merrilli’ seedlings under different
shading levels( 0% 50% 75% and 90%) . [Result] The results showed that the leaf color of seedlings became much

greener with the increasing level of shade levels. However the diameter increment and biomass of seedlings showed an
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increase at first followed by a decreased trend with increasing shade level. The seedlings at 50% and 75% shade levels
had the greatest diameter increment which was 215.2% and 233.6% of that at 0% shade level and 161.4% and
175.2% of that at 90% shade level respectively. The biomass at 75% shade level was significanly higher than the other
shade treatments and was 141.0% 111.5% and 114.0% compared with that at 0% 50% and 90% shade level
respectively. The root/shoot ratio of seedlings reduced gradually while the chlorophyll a ( Chl a)  chlorophyll b ( Chl b)
and carotenoid ( Car) content increased with increasing of shade levels. LCP ( light compensation point) and LSP ( light
saturation point) decreased while the apparent quantum efficiency ( AQY) increased with increasing of shade level.
Maximum net photosynthetic rate ( P,,) maximum RuBP carboxylation rate ( V,,) and RuBP regeneration of
photosynthetic electron transport rate ( J, ) showed an increase at first followed by a decreased trend with increasing of
shade level and the highest parameters were observed at 50% and 75% shade levels. However the leaf nitrogen content
per unit area ( N,) showed a decrease trend with increasing of shade level. Moreover the fraction of leaf nitrogen
allocated to carboxylation ( N.) the fraction of leaf nitrogen allocated to bioenergetics ( V,) the fraction of leaf nitrogen
allocated to light-absorbing pigment ( V,) and photosynthetic nitrogen utilization efficiency ( PNUE) showed a decrease
trend with increasing of shade levels and the highest values of these parameters except N, were observed at 75% shade
level. [Conclusion] Shade treatment can effectively promote the growth of 7. grandis ‘Merrilli’ seedlings. The seedlings
grown under shade treatment can effectively use the lower light intensity at early morning or late afternoon in comparison to

that grown at full sun light. Heavy shading (90% shading level) significantly decreased the P,, which may be related to

the capacity to capture more light and thus more resources were used to the light protein resulting in a decline in
photosynthetic capacity. Compared with the 50% shade level the 75% shade level had more nitrogen allocated to the
photosynthetic mechanism such as in N, and N, and significant higher PNUE. Thus our results indicate that 7. grandis
‘Merrilli” seedlings likely grow better at 75% shade level for seedling cultivation.

Key words:  Torreya grandis ‘Merrilli” ; biomass; photosynthetic characteristics; leaf nitrogen content; photosynthetic

nitrogen utilization efficiency
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Tab.1 Photosynthetically active radiation ( PAR) in different shade levels with the change of time

PAR/( pmolem %5 ")

fime 0 50% 75% 90%
9:00 1 007 £37. 8 483 +18. 1(52%) 263 +9.89(74%) 112 +4.2(89%)
11:00 1 407 +30. 5 696 =15. 1(50. 5%) 353 £7.68(75. 1%) 143 +3.1(88. 6%)
13:00 1 549 18 760 +8. 86(50. 1%) 394 +4.58(75.4%) 162 +1.88(89.7%)
15:00 877 £25 427 £12.7(51.3%) 224 +6.42(74.5%) 106 +3. 1( 88.2%)
@D0: 0% 7 50%: 50% y 15%: 15% ; 100% : 100% o 0% Full sun; 50%: 50% shade level;
75%: 75% shade level; 90%: 90% shade level. The same below.
1.3 +
2.5 = /
(2 ) :
o 1.3.2 8 25
1.3.1 Li-6400 ( Licor )
. ( 640022
) ( seedling height increment SHI) ° CO,
- CO, 400 pmol *mol ™' 28 °C
0. lems 50% ~65% 500 wmol *s '
2) N 18RGB
( PAR) 1 500 1000 1200 1 000 800 600
2 ) ( ground diameter 400 200 150 100 50 O wmolem*s~'.
increment GDI) : = 1 000 wmol*m s~!
- 0. 02 mm( 20 min 4 min
lem ). 4 0
3)
(LSP) . (Prs)
(LCP) (Ry) -
105 °C 0.5h 80 C 09:00—16: 00 °
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Fig.1 The appearance of T. grandis ‘Merilli’ seedlings in different shade levels
90%
(P<0.05) 75%

( 3A).
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Fig.3 Changes in biomass and root to shoot ratio of T. grandis ( 3 ) X
‘Merrilli” seedlings under various shade treatments
2 a b

Tab.2 Changes in the chlorophyll a ( Chl a) chlorophyll b ( Chl b) total chlorophyll ( Chl a+b)

and carotenoid ( Car) contents of 7. grandis ‘Merrilli’ seedlings under various shade treatments

Parameter Shade level
0% 50% 75% 90%

Chl a/( mgedm~?) 2.0+0.09¢ 3.40 0. 40b 4.1+0.12a 4..00 £0.43a
Chl b/( mg*dm ~2) 0.75 £0.02¢ 1.26 =0. 15b 1.55 £0. 11a 1.65 +0.3a
Chl a+b/( mgedm~?) 2.7+0.11c 4.60 +0. 54b 5.70 £0. 23a 5.70 £0.63a

Car/( mgedm ~?) 1.05 +0. 04b 1.49 £0. 15a 1.70 £0. 1a 1.72 £0.19a
Chl a/b 2.64 0. 08a 2.67 £0. 13a 2.65 x0.11a 2.42 +0.04b
Car/Chl 0.38 +0.01a 0.32 +0.01b 0.30 £0.01b 0.30 £0.01b

3

Tab.3 Simulation parameters of light response curves of net photosynthetic rate of 7. grandis

‘Merrilli’ seedlings under various shade treatments

Parameter

Shade level

0% 50% 75% 90%
LCP/( pmolem 25 ~") 24.00 £3.00a 9.00 3. 00b 10.50 1. 73b 7.00 1. 73b
LSP/( pmolem ~2s~1) 547 +49a 504 =47h 520 =35b 420 +21¢
AQY 0.017 £0. 003b 0. 029 £0. 004a 0. 030 £0. 003a 0.030 +0. 001a
P, /( pmolem 2571 4.50 +0. 45h 6.04 £0. 46a 6.50 £0.29a 4.93 +0. 14b
Ry/( pmolem~2s~") -0.40 +0. 05h -0.25+0. 11a ~0.31 £0. 04ab ~0.22 +0.08a
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Fig.4 Light response curves of net photosynthetic rate ( P,)
in leaves of T. grandis ‘Merrilli’ seedlings under various
shade treatments
2.4 1% : €0,
) cma Jmax Fig.5 Intercellular CO, response of photosynthesis in leaves of
T. grandis ‘Merrilli” seedlings under various shade treatments
C; <400 pmol *mol ' P, (0
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Fig.6 The modeled photosynthetic parameters based on
analysis in response of photosynthetic rate to intercellular
N‘d CO, concentration in leaves of T. grandis ‘Merrilli’
- 90% NM seedlings under various shade treatments
4

Tab.4 The changes in the nitrogen allocation in leaves of 7. grandis ‘Merrilli’ seedlings under various shade treatments

Shade level

Parameter
0% 50% 75% 90%
N, /( g'm’z) 2.5+0.07a 2.3 +0.10a 2.0 +0.04b 1.9 +£0.03b
NM/(mg'g’l) 20.1 +0.6lc 22.4 +0.92b 20.6 +0.45b 25.5 +0. 36a
Ne/( g'g’l) 0.06 £0.01c 0.10 £0.01b 0.14 £0. 02a 0.11 £0.01b
Ny /( g'g’l) 0.010 £0.001¢ 0.026 +0.003b 0.031 £0.003a 0.027 £0.001b
NL(g'g'l) 0.023 £0.002b 0.027 £0.001a 0. 025 +0. 003ab 0.019 £0.001¢
Ny /( g'gfl) 0.10 £0.001¢ 0.15 +£0.021b 0.19 £0. 020a 0.16 £0.011b
2.6 75% PNUE
( PNUE) PNUE 90%
PNUE PNUE  50% ( 7.
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( PNUE)
Fig.7 Photosynthetic nitrogen utilization efficiency ( PNUE) in leaves

of T. grandis ‘Merrilli” seedlings under various shade treatments
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