P EE#PAH S AREAT ISSN 1000-0933
o EFSE AT CN 11-2031/Q

FSFEM

h EE =P L FHEEHEAT
Acta Ecologica Sinica

o E 60 FH R N9 EATI
ERHTIR

2010

PEESFFS 5
o E Rl B A SRR A 5T Aol
v A N tH AR



EFEER
(SHENGTAI XUEBAO)

R S A %30 %5 5 22 Hf 200011 A (¥ABT)

B X

B AT AL BB SR AT GG R v veereereeeeeee e e e T, B W FEE, £ (6009)
KB AR AR RS TR Yok KB F A E RN HKE LR M TRE, % (6019)
BB SE A R 5 2k A AIIE +eeeeeererermsmnemnertetee e e e s R, A, FAE, % (6027)
ENCEEFE R T TS ECT VLT T T2 R BEK, X, 5 3R, % (6035)
i 100 S HAK BRI T EJUR FRACHAH R F M oovveeeesseees BRAL K EE W (6044)
SR TL LI O LA S EET E VLI F Y C S B IF WL A, VA MR, % (6052)
CO, B A 343 F R hhi8 T R4 5 A i RACR SR RN R Y o oooe EWHW AW, L AD (6063)
AN B e BR o ALANMALASR IR TR B 6 EAE Ry AT woeeeeeeeen e X HFF, 4 % (6072)
B A 2 A AT TR A S G A K LA M o B BCAG R ceeeeerererererrrereriee e

............................................................................................. ¥ %, FA, % (6082)
BN R ER S IR SO SV ES L O T T RS MAX,FHEERE, % (6091)
S £ HIRA B BRI AT 6 R TG o B oo eveeeneesenesenesennas TRH, KEE, KA, % (6102)
RAT LI BRI REF R Yro—— AT TGP R Ao X FL,E 4,3 SHE, % (6113)
PN G YRR e LR S &N L I TR thrdE M, ¥ #,% (6126)
EAERBMEY E B X IR BT AT AE v vverereeeeerennmnnniiiiieieee ek, A % #,4% (6135)
ZL PR E BB E IR S TE P AE e Mk, REE, KRBT 4 (6146)
RE KRG A I3 BIAN GG AR GARIFRERBI S ZGH e ZER,H L, B #H,%F (6154)
AEG TG A ST LIEBMA ARG H e BRH,HEE, R H,% (6163)
EX TV ZETT ER LETT - F T F 2 ST CE L TR BB B, EMCE,% (6173)
FISPEE S EEE X EWE $ Y SIET CULY SNSRI FIEZ YA AR, % (6183)
PSR NP E R T 5 LR I B4 KBTS, % (6193)
BARREBREEIE S FHELE BB IE e TE, X E %,k E T, % (6201)
I ER G — AL R T BFTFE R G B eeverernreeniini, RIEW,H Z (6208)
N TV E TSR L FY P ET L AV R S NIL-P EE YN -5 RN

....................................................................................... F O YTE KEE L (6218)
H32 J7 7 AR PM, 5 NOy (CO 893 SHAER B T voeeeeerrenmenenneeees BOERE RS, % (6227)
AN R T LR ATERIE ) H T RAT I IIIAE ooeevesennenns BAW, X 1B, KEE, % (6234)
HHREE LG R IR RKPIE IR G v BN, EASE, BRI, &% (6242)
AT E1% DNA 64 T BABER B AIPEIL cveeereeerreeneeiie ettt HER,RHE (6249)
EFit 5%k
KAERDEES R PG H o evverrerrernrn i Bk, EK% (6255)
FIER S E B IEM AR FE R eeverrrrre e M EH,EEH,E/NE, % (6264)
W & b AR RE T AL AR A AR S 8 o B i B v veeereeerneeereennieenns iR4E, F R, IR, (6278)
i R+ i
BT RN AR B L FEARIR A MIZE oo eeeeeeeeerereeerererenereiieaas B, MER.E #,% (6289)
TR E
AR P REBHEREX KL B B ERLZA S HHLE Bk, RIS, 7 W, % (6297)

HAFIEZASH . CN 11-2031/Q # 1981 % m * 16 %300 % zh P % ¥70. 00 * 1510 = 32 % 2010-11



H 7 2 R 2010,30(22) :6082—6090
Acta Ecologica Sinica

SR SPRE 2 MEH AN ARG EEK,
JE & F 1% F0 A& ¥ = 43 BL BY =2 i

Mo L EAARD
(L. AL A A AR AE 7 5 B BP0, U0 1000832, Mo 2% 52k P22 e, BILFLES 443000)

RE SESRE 4 MHERBE (25% \12% 6% F1 3% BHRH) BEAUSE AR R IR LU Fr B2 b X V& B ] RO T IR 3R 38, BFSE T 2
T B A [E] R 411 8 —— R4 ( Quercus acutissima)) FIALTE ( Platycarya strobilacea) AN [F Y68 T FETE B 6 & Fedk A KA
Yyt S Be , BT T AREFR 5 i W AR (R B W R &1 1 4k 7 B B BT B DL R “ FRE A K I BRI AR T SRR . SRR
B (DR T 2 MR AR EEREMEYESREEBERZR . )& IMERBEE TRIFENEHARKRIT,F
TERMERTE 35% LA b, AL E 4T B 818 H HISET-%R ,80d J5 3% 1 6% HARE T RIS H &RBA0T- s MOEIREE AP RRAR 4 1 b AL B 40
HHEHAEBERWEIOLETF (A0Y) MB KGR (P,.,) , BARKIEAME S (LCP) FIREFF I (R,) , BRI P55 58 B BRER 4
B LU B AR 55 AL 4 B A B DGR RSB EIRAE 1. (3)2 MR MBIE R 5 RCR ERAHKXR , &1
JEHRE B T T PR S AL E S M AR AR K FE (RGR) B8 55 Tt B P45 U RRBR AT B, THT /I ARS P &0 1 1975 TR 1L 28 ( VAR)
T BER . X FRRAELH RS WRAE YR (RMR) A F N HE A YRS FAM R, BEE RS KLY E L
(LMR) \RFTEFRE (LAR) F0 R TEAR (SLA) o AR BRI S B AR K AR W i o B 7 S 25 RO “ s - K AU 5 i 45
RHBAES AT EARENAERE I MRTER BRI RE T, W 55 MR 0 RRAR ) 1 B 5 & IS 6aR i &, feis 4
RO, BB TR

KR IEFEER; AN, AR, AWESh; KEHRTE

The effect of low irradiance on growth, photosynthetic characteristics, and
biomass allocation in two deciduous broad-leaved tree seedlings in southeast

of Hubei Province
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Abstract: Low-light environment in forest provides an unfavorable condition for the survival and growth of regenerating tree
seedlings. To survive in forest understorey, seedlings must depend on carbohydrate reserves when they experience negative
carbon balance imposed by occasional light reduction and tissue loss to herbivores and diseases. A greenhouse experiment
was conducted to investigate shade tolerance in seedlings of two deciduous broad-leaved tree species, Quercus acutissima
and Platycarya strobilace, in a hilly region of southeast Hubei province. Since the two tree species are exposed to a very
heterogeneous light environment, their seedlings are expected to express morphological and physiological plasticity in
response to changes in the light environment, and to show different shade tolerance in low light. Here we studied how
different tree seedlings maintain their low-light carbon balance and trade-off between survival and growth, in order to
provide theoretical basis in support of afforestation effort and help with understanding forest succession. We compared the

growth, photosynthetic characteristics and biomass allocation between seedling of the two tree species under four controlled
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light regimes (3% , 6% , 15% , and 25% natural irradiance) , in order to assess their low-light carbon balance and life
history growth strategy when imposed to low irradiance. Results show strong differences between seedlings of the two tree
species in growth, photosynthetic characteristics and biomass allocation under different light regimes. Q. acutissima
seedlings had higher survival rate than P. strobilacea seedlings under all light regimes, especially in the low irradiance
(3% and 6% natural irradiance) treatment where P. strobilacea seedlings suffered complete death in 80 days but Q.
acutissima seedlings grew well with at least 35% of survival. Light had significant effects on the photosynthetic
characteristics in seedlings of the two tree species. . acutissima seedlings had higher apparent quantum yield (AQY) and
maximal net photosynthetic rate (P, ), but lower light saturation point ( LSP) and dark respiration (R,) than P.
strobilacea seedlings, indicating stronger low-light carbon assimilation and carbon capture capability. There was a negative
relationship between survival rate and relative growth rate; Q. acutissima seedlings had a high survival rate but poor relative
growth, whereas P. strobilacea seedlings had a high relative growth rate but poor survival. Despite small differences in net
assimilation rate ( NAR) , the light-demanding P. strobilacea seedlings had greater relative growth rate ( RGR) than the
shade tolerant Q. acutissima seedlings under the four light regimes. Compared with the high root mass ratio (RMR) in Q.
cutissima seedlings, P. sirobilacea seedlings allocated more resources to leaves and less to roots, hence relatively greater
leaf mass ratio (LMR) , leaf area ratio (LAR) and specific leaf area (SLA). In conclusion, further to a trade-off between
survival and growth, seedlings with different shade tolerance may adopt specific life history strategies in response to low
irradiance. Light-demanding tree seedlings have higher growth potential but weaker self-protection, which can be
disadvantageous to survival at low light because high growth potential results in greater rates of whole-plant respiration,
tissue turnover, herbivory and mechanical damage and decreased storage. In the contrary, the shade tolerant tree seedlings
accumulate more biomass, maintain positive carbon balance, and have low-light competitive advantage, and are

characterized by traits that maximize survival and net growth.

Key Words: survival rate; photosynthetic ; relative growth rate; biomass allocation; low-light carbon balance
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3% 1 6% B ARG AT 4l ) EURRAR S B A BE AR P, BRI LCP AU R, (R 1) o
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Table 1 Gas exchange parameters and light fitting correlation coefficient for the seedlings of Q. acufissima and P. strobilacea grown under four
different light regimes (25% , 12% , 6% , and 3% full sunlight)

species regime/ % (pumol/ jumol) (pmol-m~%s71)  (pmol'm™%s71)  (pmol'm™s~')  (pmol:m=>s7")
BRAE 25 0.036 £0.004A,a  5.00+0.53A,a 457.6 +13.8A,a  21.69 +3.97A,a 0.61 £0.09A ,a 0.999
Q. acutissima 12 0.038 £0.003A,a  4.87 +0.39A,a 411.3 +45.2AB,a  14.55 +3.36AB,a  0.45+0.07AB,a  0.997
6 0.049 £0.003B,a  3.330.21A,a 289.3+32.6BC,a 11.71 +1.71AB,a  0.26 +0.05B,a 0.998
3 0.050 +0.006B,a  3.36 +0.55A,a 223.7 +46.5C,a 5.36 £2.90B,a 0.29 £0.10B,a 0.999
& 25 0.038 £0.005A,a  6.31 +0.56A,a 486.6 +20.2A,a  15.37 £2.40A,a 0.56 £+0.11A,a 0.999
P. strobilacea 12 0.037 +0.005A ,a 5.19£0.84AB,a 379.7 £42.2AB,a 12.08 +2.79A,a 0.49 £0.15A ,a 0.998
6 0.037 £0.016A,a  2.01+0.51BC,a  284.9 +63.8AB,a 23.28 +6.81A,a 0.56 £0.21A,a 0.998
3 0.035 +£0.016A ,a 1.38 £0.53C,b 198.9.5 £25.2B,a 26.65 +4.40A,b 0.45 +£0.13A,a 0.993

AQY  FMEE T3 Apparent quantum yield; P, : KA H# Maximum net photosynthetic ; LSP; Y&/l 5, Light saturation point; LCP; J64b
B2 45 Light compensation point ; R ; : I FFIJZ 3 %8 Dark respiration rate; R: #1552 % correlation coefficient
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Fig. 1 The photosynthetic light response curves of the seedling of Q. acufissima and P. strobliacea under four light regimes (25% , 12% ,
6% , and 3% full sunlight)
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Fig. 2 The weekly survival for the seedling of Q. acutissima and P. strobliacea under four light regimes (25% , 12% , 6% , and 3% full
sunlight)
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Fig. 3 Leaf area ratio (LAR) , specific leaf area (SLA), relative growth rate (RGR) , net assimilation rate ( NAR) for the seedling of Q.
acutissima and P. strobliacea under four light regimes (25% , 12% , 6% , and 3% full sunlight)
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Fig. 4 Biomass allocation for the seedling of Q. acutissima and P. strobliacea under four light regimes
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