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The response of photosynthetic characters and biomass allocation of P. bournei

young trees to different light regimes
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Abstract: Phoebe bournei, a Chinese endemic species, is one of the valuable building timbers in subtropical evergreen
broad-leaved forest. The population of P. bournei declined sharply by 30% in the past three centuries and was listed as a
national Class II protected plant. Most of P. bournei sparsely distributed in mid-subtropical evergreen broad-leaved forest.
The purpose of the present study is to explore the adaptive strategy of light environmental heterogeneity and the natural
factors contributed to scattered distribution of P. bournei and the strategy of protection and restoration. Thus, the
photosynthetic characteristics, biomass allocation in response to different light regimes (100% of full sunlight, L, ; 40%
of full sunlight, L, ; 8% of full sunlight, L) were investigated in P. bournei young trees. Our results showed that; 1)
), apparent quenching efficiency

LSP,

There were statistically significant difference in maximum net photosynthesis rate ( P

nmax

(AQY), light saturation point (LSP), light compensation point ( LCP) and dark respiration rate (Rd). P

nmax

LCP, Rd declined as the light intensity increased while AQY increased with the increase of light intensity, revealing that
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P. bournet could adapt to dark light condition by lowering LCP and carbon consumption. Furthermore, the largest P, of
young trees under L, indicated the full sunlight was in favour of the accumulation of photosynthetic products by the
conversion of solar energy to chemical energy to the largest extent. 2) Total biomass, leaf biomass, stem biomass and root
biomass were largest under L. Increase in root biomass, fine root biomass in particular, facilitated to maintain normal
water absorption and transpiration and keep high photosynthetic rate while increase in leaf biomass and stem biomass was in
favour of light capture and construction of supporting and transportation structure separately. In contrast, root to shoot ratio,
leaf biomass ratio, root biomass ratio and stem biomass ratio were of no significant difference under three different light
regimes. 3) Photosynthetic characteristics and biomass accumulation were regulated to adapt to different light regimes,
among which biomass accumulation was confined by the decrease of light intensity. However, the allocation ratio of above-
ground biomass and under-ground biomass were not significantly influenced, in which the above-ground biomass occupied
more than 65% of the total biomass under three different light conditions. Change in biomass allocation ratio of the P.
bournei young trees wasn't significant under L, , L,, and L, indicating that extremely low plasticity of biomass allocation
resulted in high natural selection pressure, which might be a very important natural disturbing factor in sporadic distribution
of P. bournei young trees. 4) The growth of the above-ground part of P. bournei young trees was predominant by dry matter
accumulated in leaves and stems. With the decrease in sunlight intensity, a conservative strategy was adopted by slow gain
of resource and consumption. In contrast, the measure was taken to capture and consume resource more quickly in P.
bournei young tree under full sunlight. Therefore, it was suggested that mixture of P. bournei and Phyllostachys pubescens

will help to reduce the canopy density and then promote the renewal of P. bournei young trees in forestation.

Key Words: different light regimes; photosynthetic characters; biomass allocation; Phoebe bournei
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8°C,7 H PN 28.5 C  MmiR IR A-7.3 C Mo R 41.4 CAFJERHN 270—290 d, 4F
PN 1670 mm , FFFEKKEL178—210 d, AP EMXHEIE 81% , L HONLIHE, 7r REIZEERY Tl
YR A= TR HRIIK S Ry 22 22 YR ML f1 v ST BRSO AL SIS B DV 0y i S R b /08 03 4 v - il
LAy o NN = S i L o 7 N 3 L o 2 NN 7 N2 o e e N S

1.2 SRR AL Bt

T2008 4F 8 H LTI ARME UL 3 44 MR ) 1 18 BRAMIE TAE ML, 45 6 #RO8 1 41, B2 3 MARRDLER
Bi. (1) BRI (100% of natural light, Ly, ) 5 (2) F—J2 B A5 JE Jo W HR A 45 28 30 B AT, 76 05 K rb 20 0 s i
N EIRICHR A 40% (40% of natural light, Ly, ) 5 (3) FTWZ B2 T IR AR5 2 EBAMI , 76 1% K b 200 Ot
HH RGN 8% (8% of natural light, L), HIEHLPERTN . ALK 18. 16 g/kg 4= N 1. 18 g/kg 42 P 0.73
g/kg BN 1.24 g/em’, SCHRHARE A B DL A s0E S T8 R R IR R R e |

SEEGAL T 2a J5 , M FAEHEROEA I E R S8 Li-6400 (Li-Cor, Inc, ) Z331T 2010 4F 10 A 12011 4F 1
A4 R 7 A ERHAIR KA 9:00—11:00 AT DG IR R AH G 5m -6 e Wt 2 i g o B EFREE T ik
B3 B SIS AR IR, B R IR @R 3—5 AT E 2011 4F 1 H 100% JEHEE T 6 4)
B R AR ek AT I HAOC IR B A A I R iy T I p PR 3P e R AR o R Li-6400
CLEDCIR AT B R GE I E i B e B2, 23 G K 500 wmol/s, CO, W FEERETE 380 wmol/
mol , JRE R s ph 56k 21 55 , AR U IBEAE e 1 38 e % )2 0 2000, 1500 ,1000,800,500,300,150,,100,50 ,20 .0
pmol -m s~ R BT Y 1 48 K0y R LA i 26, T B K A 3 2R ( Maximum net photosynthesis rate,
P, ) W ETRCR( Apparent quantum yield, AQY) JGIEFIE (Light saturation point, LSP) JE#Ms: i ( Light
compensation point, LCP) K& KEIE ( Dark respiration rate, Rd) %6554,

SEHAEWT R AR IR T I, 25 AR AR 4 B85 . DMEXEAS DG IR AR A ) i F
RERMTF R ISR N EARFAR AR AE YRR o3 AR e HAE KR R8T TERMAE DS
ARG R AR, B LA SR AR S 2R AR 2 AR ( AR >2 mm) AR ( H42<2 mm) ,
R T 105°CARF /NN E1E 80 C UL T Z=AEH , FRiE& T , JFTE T8 YR, HEY)
B RAEYE MRAY &, IR AEY S #RE L (Root to shoot ratio, R/S AR E /M FAYIE) M AEYE H (Leaf
biomass ratio, LMR, "8/ A= ) | 254 ) i L ( Stem biomass ratio, SMR, 2 &/ B4 &) R A = I
(Root biomass ratio, RMR , R #/ B A= ¥y &t ) , ML A AE 9 & EE ( Thick root biomass ratio, TRMR, HLHR &/ S A Y)
i), 4R A Y H (Fine root biomass ratio, FRMR, 4R/ SAEY& )

1.3 Hdeib s
S 7t ZRASE AR P AR B0 BRI A I 2R k=N
1 -8I
P = Bar-1)
o By N3 A EIEERIC IR R KL LS A RRSS 1, AR OCAME S, ] SPSS17.0 #EATER A R 7
24317 (Duncan #355) | IF LS DS HAEAFRDEIIAIE T 225 . H Origin 8. 0 FIF4 A,
2 HBR55H
2.1 AR AEARDEREE T RO G R

] g 4 A5 E AN ) 24 el o7 i R R LY SR AR B, MG B BEAE 0 —200 wmol -m ™ s™" Y [ AT H
3 POCHEEAEY) P, JL T 2R BEC IR EE N, P, ARG ST | YOG IR B B ALS  P, 1Y
TR  BE AT WO (1) . 3 FROGAL S AR A IR0 9 5 09 7

ARIDESREEA BRI £ S MO N (% 1) BEOLRIBIE BB, P,,,, LSP LCP, Rd
Z WA, M0 AQY ENRBLH AN AR S, B Y ARG S RO FH s I TR, BR TR 2R 2 100% JEIREIAN 40% St
P ) LCP o W35 22 54, Ho 3 MOLIREE T DB RES B A B &M 255+ (P<0.05) .
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Fig.1 Photosynthesis light response curves of P. bournei young trees under different light regimes

R1 BEGREREARETHRLEHIESH

Tablel Comparison of photosynthetic parameters of P. bournei young trees under different light regimes

e SR B FR VLA R FW TR TN JeAME R I I 3 o4
Season  Light regimes P AQY b P K
/(pmol-CO, -m™2+s™")  /(mol-mol™") /(pmol'm™2+s7")  /(pmol-m™2-s7") /(pmol-CO, -m 2.7
100% FEIRET Lo 6.26+0.42Aa 0.013+0.001Aa 1280.66+26. 04 Aa 12.05+2.21Aa 1.07+0.04Aa
% Spring  40% JEHAEE Ly, 3.52+0.21Ab 0.022+0.001Ab 1052.54+14.32Ab 13.11+£2.33Aa 0.95+0.05Ab
8% FLIFHT Ly 2.17+0.11Ac 0.034+0.002Ac 445.25+17.89Ac 2.63+1.86ABc 0.28+0.03Ac
100% FEIRET Lo 7.40+0.20Ba 0.033+0.001Ba 1342.30+9.28Aa 19.54+1.82Ba 1.28+0.02Aa
B Summer 40% GBS Ly, 6.18+0.07Bb 0.037+0.001Bb 874.30+5.45Bb 9.75+1.90ABa 0.85+0.02Ab
8% FLIFT Ly 4.02+0.11Bc 0.040+0. 001 B¢ 530.78+10.09Ac 4.87+0.12Bc 0.71+0.01Bec
100% HIRET Lo 6.94+0. 15Ba 0.024+0.001Ca 1343.62+10.54Aa 12.07+1.21Aa 1.10+0.02Aa
K Autumn  40% JEIREE Ly, 6.34+0. 18Bb 0.032+0.002Ch 1178.54+28.15Ab 7.95+1.92BCh 0.64+0.05Bb
8% FIFET Ly 4.08+0.09Cc 0.035+0.001 Ac 759.69. £9.56Cc 4.24+1.53ABc 0.26+0.03Ac
100% YEFREE L0 — — — — —
£ Winter 40% J6IRES Ly, 4.67+0.21Ca 0.035+0.001Ba 1335.91+14.32Ca 4.92+2.33Ca 0.28+0.05Ca
8% FLIFT Ly 2.53+0.11Db 0.039+0. 002Bb 767.35+17.89Db 2.04+1.86Ab 0.13+0.03Ch

FHEA R 2R J57 225311 ( Duncan K55 ) R 30A F G PREE 922 5, A R/NG RS 6] — 219 b BE W) 22 Sk 2. 35 ( P<0. 05) , AR RS FRER R A
[Fi) 2515 AH ) b 342 ) 22 S W2 2 (P<0. 05) , R s g V-3 (B e hmiofe 22

LI TE 100% IR P, RIANEFRRK BHSKELEEEER SEFERERE (P<
0.05) . MAHLPTE 40% SCIREEH) P, RICNKBWEE S, HEEZ 25 MARE, 5K LW E2ERE
WE(P<0.05) , HMITE 8% IABEW P, RICHKENMERK, A5 EFEWHH B EEZES (P<
0.05), MHMLIATE 3 FOLHEE F ) AQY EM N E B KA, HESAF LR AEE SESAKELE
W3 (P<0.05) . WRLIFTE 100% F 40% YeIREE T A9 LSP Y%A B & F T 25  (HHAE 8% A% Ty
LSP MR A A T KHSHEFTAREEZES (P<0.05) . HIREAIMTE 100% 5T 1 LCP R A E
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R, S5 HEENA BEMELE R (P<0.05) . 40% JCHEET LCP MR W ERR A (HHSEEW
EWHLERIEA R, SHEMKELRBE(P<0.05), 8% EHET LCP XM WEZR K, HHE5HEKMNZE
ERARE H5AFEEFBE(P<0.05), 100% JEIHEE N Rd TR FENZET A, 40% YCIREE T W RN
BEN Rd FR, HHKEMA A WS (P<0.05) , 8% I T Rd RN E T, H5F LW
PR BE(P<0.05),
2.2 HHRTEARRDCIREE T B A YR e

22 R E IR EREE 1 A5 1k i 25 5 el ) Al 4B A P B 2R (P<0. 05) |, IR 2 AR 1 26 A i | i S R
FEIREAR IR D i A I 5, 25 A, i AR e 2 R o ' R Y A T e R A (R TR
100% ,40% SEIEE N 22 AR E , B FE AT, ARt Bl A 6 BEGR B A 34 i 3 | 5 ok 2B Wi — 4
TE 100% ,40% 5 F R AR E

WSR2 B R AR AR A i T S ) R SRR A W e A (] % T AR R 1564 4y A1 3 0 Ay Bl 5 't i 2
P REAR T D (HURTE 3 FPOGEREE B 22 R 3 (P<0.05) .

R/S,LMR,SMR,RMR,TRMR,FRMR 7£ 3 FIOCIAEE N 5255, 3 MO T i A &5 B4
Y 65% LI L,

R2 ARARETEEHMENERRRLSELR

Table 2 Comparison of biomass accumulation and allocation of P. bournei young trees under different light regimes

24 100% Y6355 40% JEIF5E 8% I bE
Parameter Ligo Ly Lg
BEYE Total biomass/g 245.026.70a 102.89+9. 6b 56.79+10.21c
At Leaf biomass/g 40.72+13.42a 18.73+7.46b 6.32+3.79b
AW Stem biomass/g 140.80+5.76a 61.42+8.76b 31.77+4.29¢
M A4 Root biomass/g 63.50+0.97a 22.75+5.96b 18.70+2.63b
HLAR A=) B Thick root biomass/g 60.50+1.69a 21.08+6. 19b 17.88+2.28b
YR A Fine root biomass/g 3.00+0.72a 1.67+0.23b 0.82+0.33¢
MR Root to shoot ratio 0.35+0.02a 0.30+0. 13a 0.50+0.07a
Ayt e Leaf biomass ratio 0.17+0.05a 0.18+0.06a 0.11£0.05a
22 YR Stem biomass ratio 0.58+0.04a 0.60+0.04a 0.56+0.03a
M A4 HE Root biomass ratio 0.33+0.03a 0.23+0.08a 0.33+0.0la
FHAR A2 4 B e Thick root biomass ratio 0.25+0.0la 0.21%0.08a 0.31+0.04a
ANHR A4k L Fine root biomass ratio 0.01+0.005a 0.02+0.001a 0.01£0.005a

AR FRFRAAR T AR FDEIR A BE2E RV ( P<0.05 ) | RABE I b 22

3 iTig
3.1 HAEYRTEARRDGCIREE T BGA FEIE

Sl AR & A E R E RN N T2 —, MY A RS FEDCERBEROE A mR AR TH Ok
B B8 I P AR R A S5 1 T D dl 3R I KA FNTE = 645 1 RO & AR AL W BB s = 8L, b LSP 1
LCP /M st A ) e YCRAE Y AR BAE AR B A 153 SR TR DG 1 R DG S o B2 i SR Y B FRFTTR R, A
7 5 e HE R X 5 e AN S e R FERE 1 MR QR LSP 76 4 Y6 IR R ek, Bl YEHRBE (19855 , LSP btz
WD B E A IR S T IR B LSP, B HTHE B 2544 B B ARG 5 8 T W25 DG IR A S 58 T ) 3k B i
KELH, LCP M (RO T AR SR04 T R 400 1) S R ) A R v () b o EL AR e PEVE BB DG EGR B2 (1Y)
FAR IR AR S A% LCP B 22 BRI, 156 W 308 B 7% ) At 4 AR T 3 ok 3R R M A R 338 I ' S 5 BE AR B 58, AT g
B A S5O0

FIETRCR(AQY ) RE IE i b S WO A AL A DI RERAE L L AQY K 3 WA A 47 Wi i 5 7 4l i
MR E A SRR Z IS5 GRE T o —28 e m] LA et B 550G R T RE T o 3 FOGER T
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RS AQY A 2 P25 57 (P<0.05) |, & G R BE 1A AQY 52 IR =2 T e (1 3 | 3 Ut T ) Al 41 )k
BWERAA T —E & N BT .

Rd JEAEW) A= A TG S BEAS A P AR AR E W A KR B R BRI RE TR (AN — e R LB
THEY LR 4R ZEETIT R, Rd BEE G IRRE RR AR AL ' — Ml 5, 8996 TAEY Rd FRAI
T RERAAY) H B i — RGP L] XA F T 55655 T 66 s AR BRI 4 B AR R R R AR XS A8 E , X T AbTE
SEIBE T RE AAF BT R X A MRS IR Rd AR Z SRR 520 . 1 Gamage Fl Jesson
TEXTHT VY A AR ( Pseudopanax crassifolius ) FE47 5000 b B 5% B 2 B, M AR 7E 20 B AT B A vh i) Rd TG
WEER 2 FAEM G XS AL ( Platycarya strobilacea) #1H6 A Rt se i & AL/ AE 25% ,12%
6% ,3% YEHRERIE T (1 Rd %A B2 571 X UIAT LAB ) I A2 30 2o 28 o A R DR 17 S B 85 1 Bl
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