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Plasticity responses of 4 tree species in subalpine-coniferous-forest to different
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Abstract: The morphological and physiological acclimations to six light conditions were investigated in seedlings of four tree
species ( Abies faxoniana, Picea asperata , Acer davidii and Betula albo-sinensis) in subalpine coniferous forests, in Eastern
Qinghai-Tibet Plateau, China. Four species are at different successional serals with A. faxoniana as late successional
species, P. asperata and A. davidii as mid-late successional species, B. albo-sinensis as a pioneer tree species. The main
purpose was to compare the difference in the responses of the plasticity of photosynthetic characteristics to different growth
light gradients among the studies species. The growth light regimes designed in this study were 100% , 55% , 40% , 25% ,
15% and 7% of the full sun light, respectively.
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The results were: (1) All seedlings of the four species under the low growth light conditions applied in this study
showed decreasing in root collar diameter, relative growth rate ( RGR) , leaf thickness, root mass ratio ( root dry mass/
seedling dry mass ), leaf area based photosynthetic capacity and dark respiration rate, light saturation point and light
compensation point, but increasing in leaf area per unit mass, above- / under- ground mass, specific stem length (stem
length/ stem dry mass) , leaf mass rate (leaf mass/ seedling mass) and stem mass rate ( stem mass/ seedling mass) ; (2)
Under most light conditions leaf area-based photosynthetic capacity and respiration rates of A. faxoniana were lower than
those of P. asperata, while A. davidii had higher values in those parameters when compared to B. albo-sinensis; (3) For
P. asperata and B. albo-sinensis seedlings, the relative growth rates ( RGRs) were higher than those of A. faxoniana and
A. davidii as the growth light regimes increased. However, under the low growth light regimes RGRs of A. faxoniana and
A. davidii seedlings were higher than those of the other two species; and (4) The means of phenotypic plasticity index of
the eleven morphological and physiological parameters of P. asperata and B. albo-sinensis were higher than those of A.
Jfaxoniana and A. davidii, respectively. All of which indicate that A. faxoniana had stronger capacity of acclimation to low
light regimes than P. asperata and B. albo-sinensis did, but the capacity of acclimation to high light regimes of the shade-
tolerant species was poorer than that of the two early successional seral species. The index of physiological plasticity was
higher than that of morphological plasticity, suggesting that morphological plasticity was an important acclimation
characteristic for growth light regimes for the four subalpine coniferous tree species. The results in this paper also support
the hypothesis that ecophysiological traits of tree species determines their successional status and associated habitats for their

seedlings.

Key Words: light acclimation; plasticity; morphological characteristics; photosynthetic characteristics; subalpine-

coniferous-forest tree species
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REREBGREME , IERE R Mg TERETIZNE, Rt S5 AEBRTHE BERKE .
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ANOVA 4317 (p <0.05) , ;A ZR (Two-Way ANOVA) J5 22 7381 Fi T 2638 R Wb X 5l vy A= < TE 2 A0 9 52 7 i
HIgml, A0 R Bl £k LAY K F Microcal Origin 5. 0 it 4347 84 3E17#1E ( Version 5. 00, Massachusetts,
USA) , B2 Microsoft Excel 3Xf4-42:%1 .
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H)MAEYESEE(REYR/ BAEYE ZEYE/ BAAEYE TEYR/ BAYE M B/ TR EYR) 4t
WOAEESPWRNERFZ 4N REZN, GBI ZEY RSB WE /D (p <0.05) , W HEX 4 KEFE
(RGR) M3 B (p <0.01) , W HE 8§ MBS EE MR BE (p <0.001) , Yy K HANEBIZEAEHRT 10
MEEHERBEEW (p <0.001) B/EEXM T EEZRARE(p>0.05),

R1 ABMHEHNER EYESRHUNERTESMS FE
Table 1 Results of a two-way ANVOA with light (n=6) and species (n=4) as fixed effects

JtIR Yy JEIR x Yy
S Light intensity Species Light x Species 2
Variables
F P F P F P
73
HK Growth i i 21.216 & & % 1015.532 kk % 11.028 & & % 0.970
Seedling height
2%
BE i 16.835 & & % 129. 837 ok ok 4.667 & & % 0.832
Root collar diameter
X ERKER
Relative growth rate ( RGR) 3.916 ® 3% 296. 806 ® k& 4.659 ® k& 0.897
EEM-TE AR
=N
JEZ Morphology Specific leaf area (SLA) 104.286 EEES 886. 195 EEES 17.257 # % % 0.974
Hh R
Leaf thickness 10.461 ® k& 339.273 ok 1.092 ns 0.958
R/ EE
Stem length/ stem weight 26.458 o 62.845 *owE 3.7713 ek 0.786
LY R RE
Biomass allocation Root weight/ seedling weight (RMR) 12.107 e 271.494 e 17.636 e 0.910
EE
Stem weight seedling weight( SMR) 2.730 ® 71.096 EEES 20.653 # % % 0.828
HELL
Leaf weight/ seedling weight( LMR) 6.824 e 248.810 *E 4.546 wk ok 0.883
/TR 15.729 o 202. 830 . 10.740 ok 0.877

Above-/under ground weight

F-values and significance (p) are shown; Variables are grouped into categories related to growth and biomass allocation; NS, p >0.05; = p<0.05;
® % p<0.01; = % % p<0.001
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55 1 AMERET, R U B R T URVIYAZ (AL HERI T PEARA 2254 K (RSB T IR A
VAR R A, 7E58 2 MR ET BB N BRI T B T A2 AR VLY A2 40 i B9 2R 2R 4 K5 T
3B BA A A T PRI AR Al i 2R AR S, R 25 % @B P BOR, BBOE TR, B T &/

B LAMERSY, M EVERIE 100% 268 T RMXTH A HE R (RCR) Bk, MR mAZTE 55% B K, IR
TLRAZTE 25% ~40% TESF AR, 7656 2 MERZ,2 FHE MR REX A KE AR (RGR) BB ELE 2Ry
25% ~55% , k0 55% ~100% , &4 R 25% ~100% ,

£2 FEAXRBETERN 4 HHENERSMELR
Table 2 The growth characteristics of 4 seedlings grown under 6 light levels (% of full sunlight)

(%) SHZ‘I'I%F (;m') %% (Zr'n) #HXH‘EI%&EZE (mg-g~'+d7")
Light = eedling elght% = - II;(:)t collar mmel;‘ = %Iie;;hve growth rate (;GZR;'3
environment Thigl st year The 2nd year The 1st year The 2nd year The 1st year The 2nd year
HE =4 P. asperata
100 25.36 +2.08* 33.67 £4.73° 0.73 £0.14° 1.10 £0.25° 0.0041 £0.0011®  0.0056 +0.0011*
55 25.7 +3.95° 33.16 +4.48° 0.65 +0.09* 1.06 £0.08%  0.0048 +0.0014* 0.0059 +0.001*
40 24.6 £2.99* 29.00 2. 61 0.72 £0.032 0.97£0.10*  0.0034 £0.0011% 0.0045 £0.0008%
25 22.2 +£1.89° 29.50 +1.00% 0.67 £0.05" 0.85+0.13%  0.0032£0.0021®  0.0046 +0.0006%
15 24.3 +3.23° 23.38 £1.38° 0.64 +0.09* 0.77 £0.14»*  0.0025£0.0018®  0.0039 +0.0005"
7 21.1+2.48° 26.50 +1.22% 0.56 +0. 08" 0.72 £0.22° 0.0016 0. 0009" 0.0021 £0.0007°
IRIT Y42 A. faxoniana
100 11.94 £0.56° 16.50 £1.66° 0.39 +0. 04> 0.67 +0. 14 0.0032 £0.0001®  0.0052 +0.0008*
55 12.04 +0.33® 15.92 £1.66% 0.49 +0. 08" 0.69 +0.11° 0.0036 £0.0011%  0.0057 +0.0002*
40 12.50 +1.00® 13.25 £0.96® 0.39 +0. 04> 0.53+0.04®  0.0042 £0.0012° 0. 0062 +0.0006*
25 12.74 +1.58° 13.80 +1.75% 0.50 +£0.07* 0.60 +£0.01*>  0.0040 +0.0007* 0.0052 £0.0004*
15 12.48 £1.30° 15.50 +2.00% 0.36 £0.04° 0.53 £0.08% 0.0027 £0. 0002 0.0034 +0.0010°
7 12.33 £1.20° 12.67 £0.29° 0.37 £0.05"° 0.47 £0.08° 0.0021 +0. 0005® 0.0032 +0.0003>
4T ¥ B. albo-sinensis
100 84.06 £11.91% 110.17 £20. 4314 0.78 £0.60* 1.12 £0.09® 0.0124 +0.0036° 0.0100 +0. 0007
55 70.74 +9.78° 176.60 + 11. 28" 0.62 £0.06° 1.33£0.21% 0.0102 £0.0006%®  0.0112 +0.0011%
40 68.34 +3.49° 189.17 £12.71% 0.63 £0.07° 1.22 £0.13b 0.0085 £0.0032%®  0.0113 £0.0014%
25 84.60 £20.15®  207.86 +11.70° 0.66 +0.06 1.60 £0.33° 0.0072 £0.0009®  0.0120 +£0.0015"
15 95.32 +10.04° 211.60 £23.242 0.62 £0.06° 1.16 £0.05° 0.0070 £0.0026™  0.0094 +0.0009°
7 85.53 £5.52% 149.70 £17.75° 0.48 £0.05° 0.75 +0.08° 0.0050 £0.0029°  0.0052 +0.0005°

FHW A davidii

100 80.12 £9.31" 121.40 +8.20° 0.82 £0.15% 1.30 £0.18% 0.0120 +0.0014% 0.0091 £0.0011*
55 104.3 +4.72% 143.50 £ 12. 76" 0.86 £0.07° 1.24 £0.15% 0.0110 £0.0030®  0.0102 £0.0013*
40 85.54 £11.72° 179.17 +36.96% 0.76 £0.07% 1.30 £0. 14 0.0090 +£0.0012%>  0.0100 £0.0019*
25 107. 14 +6.74% 186. 17 £22.89* 0.78 +£0.06% 1.45 +0.10° 0.0109 £0.0018ab  0.0099 +0.0018*
15 73.42 +11.85° 153.60 £16.76™®  0.66 +0.04" 1.14 £0.094° 0.0063 £0.0026 ¢ 0.0082 +0.0024*

7 110.98 +27.31* 143.67 +18. 84> 0.67 £0.12° 1.10 £0.15° 0.0071 £0.0015° 0.0081 +0.0028°

RPEREATHE 2 AERE, FRFHRFSAMENARABRTHEEBEER (p <0.05)

standard error, and different letters in the same species indicate significant difference (p <0.05) under different light levels

2.2 R[FEDEIEIT S E Y R BL i e

G T B S AL MR B AR i A Y B 0BT, (B X IRTTY AZ M- Yy B B TR B 0, A [l A2
BRI T AN R AR Y B AR T R . IEREXT 4 M LY B, R IONETE R
BT ZEEYRBA . B BRI T 4 M EREYRIEA BRI B VRV A IR T A2
BB,

Date of the table represent average value +
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gﬂ g ol ; R =0 4498 a—d:location .(leaf mass ratio-a, stem mass _ratio—b,
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% % ] " e—f: leaf display (specific leaf area-e, leaf thickness-f,
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B, L X R =03325
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e 2
Q
r«/—‘) 0 | | | |

I
0 20 40 60 80 100
St 355 Light environment (%)

B 1 MBES RIS 12 LURERIE A 0 T SRS A 7] A2 K 3R i i 1
Fig. 1 Morphological responses to different growth light levels (% of full sunlight) for 4 seedlings
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(25% \40% \55% 236 1) F B R E G AR BN, BOLMBET 2 MLE 8 Pux 8/, HAPIRITA 25
(7% 236 H) TH Po KT T M4 H, ME RS SR . ZEMFEDLET , ks  arei i &
ROt EE R R TR E R
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B R G YA AR Py (pmol-m™2-s7")

)
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2
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J63% Light intensity
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55% 0O 100%
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P.asperata A.davidii  B.albo-sinensis
BFP Tree species

B2 AREMETERKES S RIS LR RAN B LS LM R 2B 4
Fig. 2 Parameters of photosynthesis-light response of 4 species seedlings grown under 6 light levels (% of full sunlight) , Error bars are + S.E. of

mean of 3 plants in each treatment

BRUR VLY A2 5 R XA 2 L HERI B AR A B B R LB TR M AW B (p >0.05) o (B2, KA
A BRI T 4 FhSIE B ISP R 28 (MU 15% 206 RA M T IEBEERA 82) (p <0.05) ; 7EMFDER
T, B AL FILL LI R G I P RS2 R e R TR YL AZ TN R

BB T EE A2 ORI A LR ARG BT MR R (LCP) FDBMA < (LSP) , BE 20t
FUFIRTTY A2 A0 MEROEAME R B AL S BB B T
2.4 JRAAA B TR

K 3 AARDEE T AERKKIRILEAS MR B2 AR B RERAI R I 11 M ™ B a4, 4 FEY
F I R 6B RIE TT BB R R, AR T B MRS RO, VIR 7 BE P BB AR e/ e P MR T 28
[EELEVE SN AP DL 6 2N

4 P T BEISBOF BE RN O 0K > TR > BB > RGeS, Kb, afpig sy
By R B RO E 3 MR, M A b S 4t W] BRSO Z 2 B PRV IR TLR TS
A YR ECAIH A ot e T 2B MR B R
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£3 FPRMXBETEKNB 4 HHE 11 HRSENEEZSYNTTEEEY
Table 3 Plasticity index for each of the eleven morphological and physiological parameters of 4 species seedlings grown under six light levels
] 38 35 B Plasticity index

S Parameters WRILA A EREY R, i FiiE
A. faxoniana. P. asperata A davidii B. albo-sinensis Mean
ES o R
Morphology Leaf thickness 0.28 0.23 0.27 0.29 0.27
e E AR SLA 0.30 0.36 0.48 0.51 0.41
R/ 2 E Stem
length/ stem weight 0.44 0.53 0.43 0.45 0.46
N
BAERCPE 0.34 0.37 0.39 0.42 0.38
Morphology mean
%ﬁﬁm ! & LMA 0.28 0.23 0.26 0.36 0.28
Biomass allocation
ZEE RMA 0.07 0.11 0.20 0.40 0.20
BEE RMA 0.31 0.25 0.31 0.52 0.35
%ﬁﬁm?ﬁﬁ?ﬁﬁ 0.22 0.20 0.26 0.43 0.28
Biomass allocation mean
MR A BRELEERS
Leaf photosynthesis P 0.47 0.50 0.60 0.45 0.51
R AR Ry 0.59 0.72 0. 63 0.54 0.62
EMBETHERD 0.42 0.38 0.5 0.31 0.40
SerME & LCP 0.53 0.79 0.80 0.66 0.70
St & LSP 0.43 0.62 0.62 0.74 0.60
Leaf photosynthetic mean 0.49 0.60 0.63 0.54 0.57
B F-14{H Total means 0.37 0.43 0.46 0.48
3 ifig

3.1 HEYAERAEEN L E &N

BRI X R AT B R . HEIE 2 MERZEW RN 2 M MR R A E
B B, T MRS 1 AN Ha B B, X5 Judk " MBI S R 3, TERREBERE SRR
M AR (— RS AR 3 ~5a) , BA RIS X 350 N 7] B8 HLER 18 , 4 v 18 0BT B 3R 4R I 32 2 B
R, DR T X B0 58 AR AL B A ST HH B JS 5 T £ MR 7 PR AR ER) W I 24 4R 9 1, T I o 30 5 R, S i B 1
RN HEMNSIRNE . 535k, 5 R MR B TR — R BRI 2 AR R A — R, TR B8 2 4F it i
MK HBERT

BITERY R EOLE T A RREY AR R EOER T A KEL, NI T A KT BTHE Y s
MREKER, BETUAR" . RPRAEMEIFEET (7% ~40% 206H) £ K KIRITS M H RGR BRI
THER(BR 15% 206) , AR T (55% ~100% 2688 ) RGR MIBU/); H MRS LLHEAE 1L, R A 1D
oAb (18 3) , AP REWENE T LR A, B2, Poorter * ST 15 MR # ROBI LR M, B
JEFEE 3% ~100% B8R T AR LI B Fh AR RS 4F , M XM BB RSO TR AW R EOL TR AR E
ZR AT YHRER , A LHRE AR

M1 AMERFFRNE 2 AN RKS,2 FFE R E R EE AR R T AR (25% ~55%) 0t
5d B EGE K RGR MY BAS BN, X SREMRG R — . MY 4K RS FEE 58 59 3 i g
N SR e B BT WA S B R RE A LA R LS T « (1) 386 F Pk /K 2 e 58+ S IR B o R 4
HAER, REAPIR E MKk —ERE LR RLOHRBAZ TRMNE , BER SRR E T X E
] RRUMRAFTE; (2) BROBRER T A M Aot & REN G F, Sl A RSO T A KBS A e v i
MAESEETRERNE, FERANHEYEZINME; (3)BAFBM XA, Bt a1F A
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R4 RS SEUA Y R B T W R R A 0003 & ARORe oy o8 ARGR i s i
HIFE X &, 38 UM AR ) 2 B9 AE XU D, AT e AR ) '
HOEAER AR, ATMNE 1 S35 2 4,2 4t
R RN g, 72 LK B, mH &K
RGR % 55% ~100% , ¥ 4288 K RGR F 25% ~
100%, MR = ENMERR, BX6W R IS E
PR T AR BT, HBIRE, ¥ (Abies T e T 5
alba Mill. ) BEZR WA F IR B AN 1.7% ~2.7% ,3F YB3 Light environment (%)
ﬂ%ﬁ%ﬁ@ﬂgﬁﬁﬂi’ﬂ‘ﬁ'ﬁm%*&%ﬁﬁﬂm26] 0 255 B3 ARAKEE THESHEMIRLA S L8N EERSE
SEAEFN S ~ 15 SFAEAER AT (W) K IrF N —B0t BRRA K B (ARGR g s AR CRecp o g )
ANy 5% 8% M 15% ~25% 7 o ABFH , IRIT Fig. 3 Comparisons of relative growth rates (RGR) for P. asperata /
BB ERES E WA R, X SHMHT 4 juoniana (ARGR ,, oot fosniana) » a0l for B, albo-sinensis /
SRE -, ELRRYIRTAMECBERI S A dovdi (ARCR 5 pyy s aug) grown under six light levels
~5a,H RGR =K BB EIIBRTE 25% ~100% 2 (% of full sunlight)
&), HeH 25% WA KB ERR 5 R ER MM, BER
RFERKGE THRRAEK RIF, X RERELR S 2 4F, B 15/ a2 T A EHNRE SR, B
L Fp o sSU5R 0 T A K ST RSB SE RBR BN BB K 2 4, HAE KA B T 2 e T 52 2/~ B 0 ; 57
FIEXAE R, B B2 AT B 8 o070 B OLTRE AR B LB B B AR R, BARIR
7 ZifE— 2B
3.2 HYCARHEXDEERAE N

FHAE YA B SR RAE A3 2R, W E M NA N R AR FRY, A KFEEE T =2 et
KL ARE N BE RS, MIRTLR A M BB P FEERET (25% ~50% ) A RES R K, RIEIE T Mk
SO ES REL RPN HEZ LR, FEHFGRT B MR SRR AR AR
IR Y 4% BB , 5330 B i B 0 P A AR 0 O T AL B A , Keitao %5 (2000) 7 IR 88 A TR B AL
BB FHAE YR B I 2R PR 3R AR

L) MR A TR P 2 8 2R PR R AR R A I B I SE N RN o BB A I e R R A M R A
MR T A AR EAAR T HEEHITOCAIER, BRA VYRR R, EiprR T4 ; i i P Rk 5 Z8 09 B A%, =B
T MR E IR A ) BB 838 o RE R AR I P I R W Dk B . ASBI SR P, I EREA BREAR T 4 FpE b Ab
£ RGP R (p <0.05) 3% 5 HABFFE A R —3 ™ > (B S Rl B ST IR T A2 0 A B B R A
BB, HFEDERT Az A2 B PR R 2R IR VLY A2 16 , T SR B PP 0 o 23 T L 35 PR A , PR TR IR
SISO ER I R FHAE R YARE , TRV A2 BA T B YA 1E o
3.3 YR LIRS L Y T BB S A

4 FHE A AR B AE W B MR R TR AN Y B 43 BB VT BB MR 4, TRBHZE PR B P AR BURHE B R B 2
TP 5 SO CF 58 D — R ERAR , Wi R ER A S A Y I 20 B R AE B9 W) PR/, MBS 7R T AR R i
N HCAE 38 TR AR S I SR R BRET () B R BREENE L, BARR B R RE Y bR i e
NMEENFEREER. —HBORH, FERHNBR(E0) WY IWEE B (W) MEYX R RO R A
HEREERIAE S P, ABIE S, e E AR Z M 408 B T S B R E B R TIRILA A2,
FEFIAX 3 MR A BEAIERS LR TTEEE R TR RMELN , BN L E IR 2R
BEBIDEEN BBy , A5 R P E B Y L S Y BOA BB KBS N R ) AR T B Y
B,

AT A HELT T V] B AR O AR OR , X SRR W B AT X R RO R RIE N . R T
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T 645t AT B PR BB A ZAS RN PEA/ I , 22 PR £ M4l 38 BB S TR A5 A A W) B Y o BOR A L 7 JR )
WL, M, BT AR B ML R TE SRt T RABREI RGR 5 P, XS ERLE T HER BRI R 21
FMF T AR, FITESH - RE AR T L2, A B BRST 4 A K SR BLEA R AR 1
SIRITRAZH L, R A2 11 FPS 400 T B850, 9F H. P 1 RGR 725808 T BB, RIL A
SMENME, ARERE RIS ML VA IR IUE T S0 AR
EELEXNALE 60a AN L RPN E S REEE L, RERTREREN 1 ~4 FERZLE, B
6a Ll L Z 2 KB MM FERZ , XERE SRR MBS, B T REHFET, Bk
WRERMZEHEENRT A AMFENERRR, IERFDVATARRRE ™ E KRBT W, XISt
NI R AFEERTRE S 7 AN TTART S0 e JE A RO R R AR SR B R, 7 B R AR 52
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