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Abstract: Photosynthetic nitrogen-use efficiency (PNUE) , which is defined as the ratio of light-saturated photosynthesis
(A

regarding their leaf economics, physiology, and strategy. The light environment may influence photosynthetic capacity and

i) to mitrogen concentration in a defined leaf area (N, ), is considered an important trait for characterizing species
leaf nitrogen content, and may also influence biochemical factors that affect PNUE such as nitrogen allocation to the
photosynthetic apparatus, CO, diffusion from the atmosphere to the site of carboxylation, and specific activity of the

photosynthetic enzymes. The objective of this study was to describe the inherent PNUE variation in leaves of Manglietia
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glauca seedlings grown under varying light environments. An improved understanding of this process is of great importance
for M. glauca seedling cultivation and artificial pure forest modification. The results showed that A, of M. glauca seedlings

®s™") was higher than that under other shading levels, mainly because of a higher

grown under 60% shade (6.03 pwmol m”
maximum carboxylation rate (32.93 wmol m™s™') and a higher maximum electron transport rate (61.83 pmol m™ s™").

Thus, moderate shading may assist in the cultivation and planting of M. glauca seedlings because A __ improvement could

significantly enhance their growth rate. No significant differences were observed in intercellular and chloroplast CO,
concentrations in M. glauca seedlings grown under different shading levels. Mesophyll conductance and stomatal
conductance of M. glauca seedlings grown under 90% shade were lower than those under other shading levels. No significant

difference was observed in the PNUE of M. glauca seedlings grown under different shading levels, because N_ . changed

area

synchronously with A which was largely attributed to the lack of significant difference in the proportion of) total leaf

nitrogen allocated to Rubisco and bioenergetics in such seedlings. Shading significantly enhanced thé proportion of total leaf
nitrogen allocated to light-harvesting machinery (P, ) in the following order: 90% shade (0.296'¢/g) > 60% (0.216 g/¢g)
>0 (0.132 g/g). However, enhanced P, under increased shade did not improve the PNUE. The proportion of total leaf
nitrogen allocated to the photosynthetic apparatus ( P,) was higher than that allocated to the cell wall (P ) ; for M. glauca
seedlings grown under 0, 60% , and 90% shade: P, was, respectively, 3.3, 5.8, and 6.0 fold higher than that of P . The
P, of M. glauca seedlings grown under 90% shade was higher than that observed under 60% shade, and the lowest P, was
observed under 0 shade. No significant difference in P, was observed in seedlings grown under the different shading levels.

The proportion of total nitrogen allocated to other plant organs (1-P,—Pyy : Py, ) was higher than P, and Py under all

Other
shading levels in the following order; 0 shade (0.755 g/g) > 60% (0.683 g¢/g) > 90% (0.596 g/g). The relatively high
P,,.under all shading levels implied sufficient nitrogen supply in the leaf for Rubisco, bioenergetics, light-harvesting
machinery, and the cell wall. Thus, there was no relative change in the proportion of total nitrogen allocated to these
components, and the P, increase was attributed to other nitrogen pools. In conclusion, for artificial pure forests where M.
glauca seedlings are planted, forest gaps should bé resiricted, because the species is adapted to a moderately shaded light

environment. In addition, when subject to shading, M. glauca seedlings should receive additional nitrogen to replenish leaf

nitrogen consumption.

Key Words: photosynthetic nitrogen-use efficiency; Manglietia glauca ; shading; nitrogen allocation; CO, conductance
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H ARG Fr 24T 0 R Bz CO,Mal by th 2 e o B~ BRI 5 BRAE K RAFRIANTE , B4l B e I 1 4>t
Fo BTt 7 T AR T BH T8I0 s, S e O A fE R JE e U . R Licor- 6400 A X AL G IR
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50,20,0 wmol m™ s~ BABEM i G B il £, I 5 B 2 CO, ¥R 1 50 380 wmol/mol , I % Y mm 7 (1 £& )5
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Hrpr P oA ECE] Rubisco H LG ; P, i A S BE B AE W) T RE=¢ 40 3 th i LU B s P, o R 53 L B4 6 4
W s M, Sk B T AR (g/m ) N, R T EMN R RS R (/) 5 Vo B (pmol m™ 7' ) 5,
PR (pmol m™ s7") 3 €y A B AR HEBE (mmol/g) 3V, J& Rubisco H3% , BI2AA7 Rubisco 19 CO, [ 42 I #
(pmol CO, g™" Rubisco s™) , S BEAHE; J, A B 40 L €4 2 £ ( Cytochrome f, Cyt f) ¥ 5 K HL T % 326 3 %
(wmol electrons wmol ™' Cyt fs™) , FIREEM K, V, F1J, W5 g an R0,

Voldoe) = 5,

1 +e &7,

o R R FHACARE B0 BUE R 8.314 (T K mol ™) 3 T, &0 A (K) ,AH, AH, AS Fire ks hfg 2
TG ARG AT A8 5, TR v, B IR 4397124 74000 (1/mol) 203000 (J/mol) 645 (J K*hmol™' )1 32.9;11
B A EUE 23550k 24100 (J/mol) (564150 (J/mol) (1810 (J K™ mol™") Al 14,7741,

Cp DG I h it 2 5 A2 A (mmol Chl/ (g N) ), HIBUE AT IAI LG 1Y CurIMES M, BI(ERY G
AL A AT HA C BB (7 =0.97) , IF LA IFE SRR R 2 . AR .
12.6
(M, ]
Fortn, [, ] g SR TR T (M, B0 /m?) B, [ €, ) b G B ™ BORERE AT LI 3 M, B9 (DR 5
H C, M E, DB —A1 8 P,
2.8 Y RE S R A

FIFENT G 10 A0 RE S5 R Onoda S5 6 FH A IR TIE 7 BUL g BERERFIS 500K B0 S B3
E W VTREMRRESIN 3% (W/ V) + ZBe LR R A0 (SDS) ¥E K %% 1 25 B8 17 (35 unit/mL, Rhizopus mould,
Sigma, St Louis, USA) 3l AT INFAES.Co | 0 A5 TTUE 7 FH 28 088 7K B IRG 4 0l 26 A 705 DRI 25 0, B3 W DO VE Mt
T, LR AR A A S it
29 HdEabr

i Excel 2007 #E1 74853, SPSS 17.0 HEA 78R A M 1 7 2250 #1, Orgin 9.0 HEATAEIR

[C,] =1.94 +

3 #R

3.1 ASFIER AR KAREL I A #9 PNUE

ARIEYE RE R RAREL A PNUE %A B 525 (R 1), 60% I 4 F IR AR EL M A
HAREBREN, A, . EICEBTRRARED TR AA,, KN, 5 90%E AT B KA SEL %
ZERTE =L

®1 FEEHRGTRAESEHFOLSEHANE(PNUE) ERFERGER A, ) REAMEARHFESE(N,..)
Table 1 Photosynthetic nitrogen-use efficiency (PNUE) , light-saturated photosynthesis (A4, ) and leaf nitrogen concentration on an area basis

(N,..) inManglietia glauca seedling leaves of different shading levels

R JEH A R BRI s R LV ES
Shading levels A/ (pemol m™2 s71) Ny’ (g/m?) PNUE/(pumol g™ s71)
43 No shading 4.07+0.36b 2.60+0.25b 1.67+0.31a
60%3 R 60% shading 6.03+0.56a 3.65+0.29a 1.68+0.18a
90%3H R 90% shading 3.50+0.46b 2.33+0.39b 1.76+0.36a

F 8.051" " 4.762 " 0.024

GEH A [RIHE R 25 1T B4 IR 22 Sl (M AT MR ) IFMOT 22001 (n=5) ,/NE FRERIR 22 FAE P<0.05 K B35, F 8 KFRES 0t
% # P<0.05, * * P<0.01,
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32 RIFBEG &I F RAELN I 1Ok 455

R LB 26 P T JR SER B 16 B0 (42 2) T LA Y, AR I B AL B35 7 255 W A )
H R C, 1 C,90%BER 551 T I RACES T F g, 1 g 8T HABPRIAE I, 609% BEBT A5 T B IRAE
L P U BBV, AR T RO ZEQ) 85t 37.0% & 0% 46 PE T IR A ZE4h i o
Vo2 % RS F I AT e B 1 . {FL 15 60% 17 b B 1 A R 8 22 5
009% 1 4 1F T WG IRAEL 0, 58 B F 3L AP b B

K2 TREHFGTRAEGEHFHEXESH

Table 2 Photosynthesis parameters in Manglietia glauca seedling leaves of different shading levels

. SALSE WHANRSE R COMKIE  BIL COMKIE  ROORMEE ekl Tk

X g, & c/ c./ Vemas” L’
Shading levels o P ! ¢

(molCO, m™ s7) (molCO, m™ s7") ( pmol/mol ) (' mol/mol ) (wmol m™2 ¢ (ol m™2 s71)

49t No shading 0.046+0.005ab 0.051+0.005ab 289.56+6.44a 208.65+8.46a 24.03+0.98b 63.85+3.71a
60%E 1 60% shading 0.058+0.006a 0.059+0.007a 274.70+7.21a 187.01+7.72a 32:93+0.94a 61.83+4.01a
90% 3 90% shading 0.039+0.003b 0.039+0.004b 285.78+5.88a 205.35+8.16a 16.29+1.98c 36.68+3.84b
F 3.743 2.394 1.852 2.523 31.958 """ 15.395***

GEiF AR B 45 F T A9 25 Mk 22 S (M bR iR ) IO 20007 (n=5) ,/NE F 8RR 22 T AE P<0.05 K I+ 525 F A8 Bobs i 40 4R
7 P<0.05," " P<0.01, " " * P<0.001, CO,S LA CHRIE S A iR FIDas 12 25 < CO, YR 9 380, pumol/ mol

3.3 RIFLBEERASAF T KAL) i R A5

ANFIE B A T IRRZEL 0 B Z U BLEDE A R GE Y B (Ppoazs =5 1 43 e 2 40 B EE b i) H il ( Py ) o
Ho SRS YK ARE R PRI P 1Y 3.3 fi5,60%385 55 25 14F F 8 5.8 1%, 90% 1 1 4148 LT+
6.0 ff. 90%ERHAL LT WY R ATEL H M P, S i AL B AP AL 3L, U 60% 1 S 4t Ab L, B AN [H]
PIEFTALELS P P BE 2R . =AM RIRARZEY M A 41 53 0 A L (P, , TR HBR TO6
G ARG RSN F Z AN F B ) = IR AR B P, S Py, ANFE B AL R P, KNIBUT . 4206
(0.755 g/g) >60%3E R (0.683 g/g) >90%E W (0.596 ¢/g) .

KA RGAN53 A Rubisco A WF1 REEA A1 5y AR ALY 5 , FEXERRIEE B 45 F N I ARZE L T v 1 5%
BCHEAT OB (L 2) o =ANAEIR BIRAEEZ i it v #J2 P ey , JoUOh Pl Py = ANARIRR B9 R E ) B
M Fr Py AP IR 03 22 S (HEE T D0 el 3 1 it R 43 P B G2 A v B L], = AR ) PRI
JBEFF 247 - 90%BE R (0.296 ¢/g) >60%iHE i (0.216 ¢/¢) >4 H:(0.132 ¢/g) .

0.8 a 035 -
] o) X e
S 01t N 5 [ ]&%
£ 0 6023 £ o030 L ‘
E 90%3E g 7)) c0%ititl
2 0er 2 o025t I o0
= o b | ==
232 A 222 020¢
BEg 04f a BEg c
RE Y b &KE D 015}
®SE 03 ® S &
.§ g N S % o010
E 02} 5;’ a a @
o © 0.05 |
'ﬁ 0.1F a a a -ﬁ "I“ a a a
0 Hzm 0 _ 1 72z wim
HERY i ke A5 Rub%sco ﬂi%ﬁﬁ%%éﬂﬁ ' Tﬁﬁ'ﬁéﬁﬁ
Photosynthetic Cell wall Other parts Rubisco Bioenergetics  Light-harvesting
apparatus components

1 AEEBEGETRAEDETRFRELSRE ARER
FlRA 5 RIS BEEEL 51
Fig.1 Nitrogen allocation proportion of photosynthetic system,
cell wall and other parts in Manglietia glauca seedling leaves of
different shading levels

2 AEEEZE TRAELEI FETE Rubisco, EM S15EE
4B 5 R HSE A5 B 5 BE B 41

Fig.2 Nitrogen allocation proportion of Rubisco, bioenergetics
and light-harvesting components in Manglietia glauca seedling
leaves of different shading levels
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a A 2 .
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£ 15¢f 15+
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L
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-éo | A
30 b
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RG] (Py) 5 AREFI AZE (PNUE) B B35 47
Fig.3 Regression analysis of fraction of leaf nitrogen allocated to photosynthetic apparatus ( P, ), light-harvesting components (P, ),

Rubisco (P ) and bioenergetics (P, ) with photosynthetic nitrogen-use efficiency (PNUE) in Manglietia glauca seedling leaves of different

shading levels

4 itig

BRALAT CO, MR E KOG B AT P8 1 5 i i R 506 A R 0 JE T2 I PNUE ) R[] 72 B %) 38 1 Ak 241
VAT B E R KA TE L C.. Yamori S5 X0 B ( Nicotiana tabacum )™ J¢ Monti %5 % 352 28 /K o W 3%
( Brassica carinata) " SRIFFE FEIREZR B, AN A AR KOG IR X} C I AT, 55 o T2 B A0 08 19 &b BREAER 1K
ASELE R Vo X T X B Delagrange %S [ 6HE BE N MR (Acer saccharum ) J N2 K EAE ( Betula
alleghaniensis WIBEFE IR S 4296 K 60% 1 AL B R A SE Qi ik i) g, R A B 7846, {5 60% 1
PIAL IR AR ASEL T A v, B R T AR AR T RIRAESN T v F, Bt 609% 35 1 Ab B T R AR 3440
WA A, BEE TEEEMTR, XMARAGES &G T RAEN 5 ROLE I & A6t f
ST T 90903 B AL R B IR AGEL MV, B T R AR T AT AN AR R A, K, A
A RE T A B T LA B AR A A A R T DR A R T R R S v e A A R, oA T Al bR s
FE AR BT A B K, B PR AN AR R R T AR A

P AL BRI B NV, AR RS R AE L Y N PR 60% B S N B, i E) T 3.65
g/m? | MAESIE T & 90% R F 1 N, BEA%, 298 B UL M B RS 42 3L KOGR I m, —
PR, B A KOERAL B R AR N B 1 DA AT AR AR B e o A BE 0 (R TR RE A AF 9 22
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G TR N, AT A EE Y IR X R SR A B A A BRI A G, IE 2
TIRARIEG R0y A, M N, B A O R AR A0 T [R] 25728 Ak PR [8) 388 1577 40 3T 1 B 35E40) 1 i
PNUE JfI%A 3% 25 5 X R W ORI i M 7EAS 6] 4 AR KOGaR T OGS VEFIXT AR FIHRE AL, Wyka
S50 DU o o - P o R - o S R AR ORISR A R MontgomeryﬁziE%ﬂﬁﬁfrrg?zﬁﬁfﬁ( Dipteryx
panamensis , Virola koschnyii, Brosimum alicastrum ) FIBFFE " A3 M ARIR A9 2538 . (HA I8 AN AR KOGIR Y
WA AT LAREAIE PNUET 50 4 PNUEN™! o S AT I FEIE I A KOG IR AE 5 22 45 M1, Muller 456 AS [
FAEAS ) B Ak B R 1% % 04 SR A Y0 Bk  I] (Aucuba japonica) WO 5T 2 WA, 78 B K 55 % HE B J2 97 R
PNUE ¢85, i & R IMPRAR S IR i s

R A A RS S50 E N, Bl PR RIDLE RGN AT B L], 75512005 RS Rubisco
AL BZE 0 PNUE (G 270 3t 5 AR RIFSE 25 AR TR (8] 3) o Rubisco J& C i WA W& IR £
AR B I FOR A VR FE A BRI PRI 220 | BRI ey R0 2 R0 o 1 o B U 81 T LA S 2 B i PNUE
AR B B A AR A SEN , BAREEL RG-S R GEA BC O 2 R I (H 32 S YA o b R /o G
Fe i, Rubisco A A= W) 71 6 27 20 0 A& 43 BE Yo 491 5 A & A= 18 35 722 Ak, Rt PNUE JF 0 & A4 3% 28 1k,
Delagrange FIMF5T IR & BAE A RIS I G | InEE R EHE 1) P AN Pg%ﬁ%%’f’t[w] o Feng X AR
Hi¥) ( Eupatorium adenophorum J¢ E. japonicum) MW#F5EA% H THIFIME5E Y . 1H Le X Bk ( Prunus persica)
HFsE"  Osada %X‘fﬁ?ﬁ%(Polygonum sachalinense) HIFFE B Chen &% =+ ( Panax notoginseng ) BB
T P SREAL PR Py OGRS R 2L S PRI CRE Ty, T e ki e i R AL AR ) B A%
B RE I T REIFANBRE i 0GB e T, PRI T RE 23020 43 FO B H AR L 1L 91 v O BRBRBE R I AT e b P,
B PR P, LIRS PNUEY , JRARTER PR P ARG IREREE T 1 AT S8 PERIL, sk th B 1 HA4% = PNUE
FY RE

R A o A A A T BEAH 520, Feng 26 Y2 ZEPE 2% (E. adenophorum) BYWFFEIN A F &L 43 Bie
FDCH RG-S A LRE T LB — R AU IR AR | RIVH R — S 2070 I L 384 o, ) 573 — A 00 I B s 20>
HHBFSE PSR 22 1 i AP BEEDE B AR BRI L 1A ) 0.57—0.65 o/g, AT BE S L B IAE] T 0.065—
0.124 g/ g, MIABFFE TR AIER DA RGE R LBIHK 0.19—0.35 o/, AR A L4 AT 0.047—0.058 ¢/, —
A B LE AL/ R AT BE I AN 2R BT R R T 5 S . BT ARG BIESE rh AR R B4y i vy o B 2D 5
ZR G0 1 b 51 i 2 S T 1898 S 2 (LT 8 40 B 1) L B i AR K (T 1) o Onoda %517 5
Takashima 45 %' 2% A4 Rubisco %45 41 i BE R AL 7E— PR 56 &R, (H LA Harrison"™ 5 Hikosaka ™ 2%
FHNREF LR IUFAERFED R A E AR R . B TR T BT AL BT ROR S 40 i R
P LR, PR DAIA R Fr 2B 3% 00 e AR, AU 5 2R 08 LAY 25 A1 T RE I A 7845, R E R BIF 5+
P 5 Py JFEA A CEREE AR LTS TTEE FRELZ 1 251 ORI L i i e B3 e i 28k S 2% B
AAEL G R Nt 20— RYBIESE . Ah  BIFSE PO & AR S8 LG ] B A S8 B A2 B2 A B i3 hn =202 th 7 P,
GNP S B0 WPy S P 3TR K AR 0 i 8 Ak X LR AL B BCA AR B R P 3 i) 3 7ok
TP TR (P ) o PICTE T P SOMR 3 B B X R AR S5 407 1 14 7 308 177 1 () o1, 8 30 3 34 it 2R
PLARNFE PR G 2H o A H A4 v i s i it e TR, B 1k el TG 2 A A R T A AR KON R
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