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Response of biomass allocation and morphological characteristics to light and

nutrient resources for seedlings of three alpine species
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Abstract: Microhabitat variety shows significant effects on plant morphological performances. To understand adaptation
strategy of alpine species to resources heterogeneity, response of biomass allocation and morphological characteristics to
nutrient and light heterogeneity were studied for three component species ( Saussurea macrota , Salvia przewalskii and Senecio
scandens) in alpine meadow of the Qinghai-Tibetan Plateau. Results showed that light and nutrient availability both had
significant effects on biomass allocation and morphological characteristics. And, there were some interaction effects between
them. For all seedling morphological performances in this study, there was a significant difference among species. There
were lower biomass and root allocation, and higher individual height, specific leaf area, leaf allocation and stem allocation
in lower light availability. Biomass, height, specific leaf area, leaf allocation all decreased in lower nutrient availability,
but root allocation increased significantly. Results revealed that light availability play a more important role in acting on
seedling biomass allocation and morphological plasticity than nutrient availability in alpine meadow. Finally, sciophilous
species Saussurea macrota and light-loving species Salvia przewalskii presented larger plasticity indexes in biomass allocation

and morphological characteristics than neutral-habitat species Senecio scandens.
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Senecio scandens

FE R R A 0 A ) B 20 TIC AR JR TS 2SR X 05 S5 B A %y i S AL o o AR B 5 S B 1 B 5
Tz —1 o AT A X IR SR (i 7 S A 7R SR AR AL B SR B R A TS AR R SR T TR
He RS AR A 3 S S R B DS A X AR R BRBE R 0 E B — Y . YR B EEE
FRICBR A, APk Sd i Y A R Y B R SRR R S AR R E A MR e ™ . WY
FEAB R K- RV (2 B8 T K S ] B0 285 M S P 2 SRt 0 O A9 AR K ARt LA T B A Sk w2 B 7 4%
R A T RE R AR, A R TR A B P B IR o ARG T BB IR B 22 R, R
IS EL ML TR A B o S AR A 15 BB I S %ot ek A 3 M ZE S RDG BEAE B T — RS R I AR
HITE S IENRFE . AFFRERMAT YA RIR B R B O, FEE Y A K 585, M AR S
AP E DI RETT T LA MA R A B A Y BEOR W IRALBC B RE N 2RI . YA K EERZ
BT AW RL, R R AE S B 3, T X (R A SR AR, T 25 W I RE 0 B8 W o, AR 35 2R A B B SE IR Y
TGN, BRI AR, R A B W A A B RN FAE LS. FRERY EYNES T FERHH
FrRfE A B R RS RS R, F B KA RO RERE DY FEREN KM EEEAEEERN
SO T S BRI RS U A BRI A AP A AR K B B T,
T R YR S IR AE 5 22 S T SRR E DM AR, S T H R R AR ER R FE R R UL 3 R AR
Y- K E-H KBS EOEHH TY RER A ARSI T BEOC R XS 4, %t 3 FiE Y S8 A i EA [FDE
BB TR IRSAE T M A 8 43 FOAs R IR AR B T BB PR AT T RIS, 40 T 3 FiAE 2 A0 e 5@ i 1A B
B A KA RIE BT IR AR 0 IR AR AL, 3R 3 AN FPFEA [R) B2 U5 25 14 T TR 285 FT 28 P mi o 4 AGE , DA K2 )
FPE RTE ST LS . R FE R AR YR b IR ZEA TR A 52 T BE 3 S AR K SRS BT 4R i — s L
1 #R5HEE
1.1 B S EsL

ASLHT 2005 45 AR 9 ATEZMRFHEEAES RGE SN E M B 1T, IR A AR Ry L2 34°
55", /R4 102° 53/ gHRE BEA 3 000 m, 4R 2.0 °C 4EFOKER 557 mm 45, B ARIR I BUAE 12 A &
BAE2 A, FHRENK -8.9 C;RERIEINE6—S8 A 3 A, FHKEN 11.5 C; 24E=0C KRN
1730 CFty . FHREKEHy 557 mm, [ETN FZEEDLE T—9 Ao %X K LLVSEFL( Cyperaceae) [ &
J& (Kobresia Willd. ) FIARZAR}( Gramineae) H)FF )& (Festuca L. ) . FBFARJE (Poa L. ) .BIRH)E (Agrostis
L. ) By—eFhF13§PR} ( Compositae) KX TEZE)E (Saussurea DC. ) 25T & MEEF ( Ranunculaceae) HIARIE
FEJ& (Anemone L. ) i) —S6F g L S I LAHAt) 22 B p) ML B 2 SRS f) A S B
1.2 BrEwet

SERARL R PR JE AR A e FE A X 3 R R L AR A B AR AR W) . KB R E 3 (Saussurea
macrota) , EEIMARTEM T B L, JB T Z AW F; H 79 B R (Salvia preewalskii) , 3% 537 16K 2 B b F
B T EICH R T Bt (Senecio scandens) , 53 A A8, J& T AR YR . B3R AL T H
A HEEEE BIA M B, REERTE]Z 2004 45 8 A F] 10 A4y, REMF FICAAES KRGS, EZR TUAF
HEZRMEH.

1.3 #HRTE

SLHJ7H: 2 MR Shipley il Meziane ), 7E P1AhHEAT 204R , A FAVEG AT VDA 0 A KB IR 18 4% 4d 5 Y
EBFBINER 15Sem, 524 23em WIEE P, FEBMERA DS MBAE 5 RYIET , JFH B Re— e BE S LAk
G 4l v (B X IR AR L35 5, B © B B 0 57 ' BR AL 28 i) S 30t v, O BRS BE 40 1) O < 243 B SR OB BRI
50% , (150) \12% (L12) F1 5% (L5) , AL 38 53 51| oA ADL R 5 Bl bR e st VBT B th o O RGBT s 57 0
SEFREAE R IR 4 N100 FfRFR 7 N10(100% F1 10/ % Bt R EHE 22 E TR P HE, 2R R EK 2 ER
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WA BFITEM ML R N,210; P,31; K, 234; Ca, 160; Mg, 48; S, 64; Fe, 0.6; Mn, 0.5; Cu, 0.2;
Zn, 0.5; B, 0.5; Mo,0.61(umol/mol) , SEIAE JILIRMFRF ML XAE , FEF N T 45 ET
3 ANEHEAbEE | 435k N10L50 N10L12 \N10L5 .N100L50 N100L12 1 N100L5, &fhaAbHs&TFEHE 10 4
e, IR 2d N 1 KBS FE 1 KRB 1 IR, AREE AR . 2005 455 AWIRE , ARYE A R EE & B L6
6], 76 8 A TH 29 A LAZEFGSBSFAEMER . BNYMHEGNEET 456 10 MEAER , B M EE
A S MR. ASZIGERSL A S H S 80d HIMEARYE MBFSE R, S T I BR E B AL R B, R
AL A REHLEURE , AL EE Y 10 DN EZH , FENLEBUR AR N S B R IR 2. E B 3T 10
AMAEZEHBENLE 7 ~ 10 BRK/ N A R AIFERR o RS BUAR 22 RT3 43, i T AR 38 2o 43 4 30 o s
FIGFIF Leaf area SX{FALFRITE AR (25 HHEE 70 °C 48h S T LT, 3 10 M T RSEFRE . MM
AR R RV R SO HLH TR B AT R A K B 80d B ARAE HEA TN &
1.4 BdRsHT

BAEYE S (H) ;4L (Leaf allocation, LA) = MY/ BiAE YR ; ZX40B (Stem allocation, SA)
= 2 YR/ Bk A ) B AR 43 BC (Root allocation, RA) = AR 4= B/ bk R & 5 Ho M T B ( Specific leaf
area, SLA) = M1EF/ M4 Y& ; F 8 0] ¥4 5 87 ( Phenotypic plasticity index, PI) = b33 — PR E
WEBRREERR AR E M o R (Three-Way ANOVA) AR R J5 22504 7 B AT Fh G IR SR 400 45128
B FERL AT A ST Al 2k A SPSS13. 0 3R {44058 Bl
2 BRESH
2.1 3 FREY4h i MR ARRAE XS X BR A SR AR Ak Y i B

KRR RN 3 MR T HERIIFRIR T BERZM(P < 0.001) , BREE5rECAM A R X 57 43
THWEREZR(P < 0.001), HFFEEREDFEIZBEZR(P < 0.001) . SLEEFFRTX L B SE
PR ARE A B E MR E RN (P < 0.001)  SEERAYFXT 401 KB AW E SLA MRE MZES =4 T
BERZEZW(P < 0.001) , MFaMPF St S AEwE™ 4 T BERZEER(P < 0.001), 5t
M SR MR =X G B AR (P < 0.001) #RFE (P < 0.01) FIZEAGHEL(P < 0.05) AFfE—E M H.
YER . AHXT TR KU, JEREXTIX 3 FE Y 4 8 TE SFHE AR LRI THX B RMER(E 1),

F1 AR FOMYHIZANEREEHTESTER
Table 1 Results of Univariate ANOVA with light, nutrients and species on each trait

SR JEH B Wkh M x FRAr BB ¥R SR xR SBER xFRA < PrFh
Parameter L N Sp LxN L xSp N x Sp LxN xSp
KA TB 644.5*** 180.8 *** 815.1*** 147.2*** 123.7*** 20.3*** 29.4**

e MR SLA 896.6*** 16.7*** 31.3*** 0.4ns 27.7*** 4.3 % 1.2ns

Pk Height 20.1*** 47.6*** 167.2*** 8.2%** 8.6*** 0.8ns 4.6**
43S LA 89.1*** 16.7*** 78.8*** 0.4ns 1.6ns 2.4ns 2.3ns
25411 SA 47.8*** 0.3ns 160.6 *** 0.5ns 5.1%* 0.1ns 3.2 %
H4rHE RA 120.6*** 15.1*** 9.9 0.9ns 1.2ns 2.3ns 3.7ns

Sp: species, L: light, N: nutrient; F value and significance (P) are shown; ns; P>0.05; *P<0.05; * %P <0.01l; % % %P <0.001; F[H

BRI AR B A Y B, AR R BE LM T AR Z ZDEIR (P < 0.001) FIZR4r (P < 0.001) B B E R, 74
FE R BERZESR(P < 0.001) , EAFFESCHRN (R 1) o 3 PR i) A ) B X 6 BRI SR 20 22 5 F) i o
FAAE B 22 5% :50% JE IR > 12% J6 IR > 5% Jeif, — B E R4 > kIR 20, BI 3 M5 50 A4 W) B BE L IR A 3R 3
RIS 0TI 38 0, (ELL R X A ) B B SE MR K T 3R ISR o 3 MR R TE 50% BRI IR 20 251 T R 2l
RKXME. HYFEFEREZS HTREBRERR, TEtE/N . HREBEE LRI, BES SRS T
HABEKAME. X TYFE, U RBEER, REMREHRD(E 1, A) . KEHXEBHIHTEREBFE
R R ZEROL IR AT R0 251 T IR Bl R R AEL, T T BB IR ZE H S5 O6 IR (12% S 1) kIR 7 2510 T ik Bl %
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KRE(E 1, B) . LM ERFEE R EIFEARTTE I, BAER R &0 T REABEKM LM TR, KHH KB
FIH P9 B SRR B A= R0 46 1F T AR BB R fEL, T T BB R ZEFOL IR MR IR 0 451 T R Bl B K ME (&
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E1 KEMHREH.HEARBEMTENX3 MEWE S0 HFHEWE(A) B (B) LEHER(C) 33 S ER ST 495012 § 0 i
Fig. 1 Mean biomass (A), height (B) and specific leaf area (SLA, C) response to light and nutrient treatments from three species

( Saussurea macrota, Salvia przewalskii and Senecio scandens) at 80 d

L50,L12 il LS 435127 50% i) AR CIRARAF 5 12% I AR SCIRARAFAN 5% 19 B ARG IRAC 5 N10 1 N100 R IRFR oM A< F A i 37 40 44

2.2 3 FEYIS A B S ECX G AR 4 AR AL R

Y r AR B AR Z FDER (P < 0.001) (Ff5 (P < 0.001) Fi#FH 25 (P < 0.001) K2
ERW B 3 AT E XA R AR B R P B R R E R BRI (R 1) . ROBRT , 4iE R
BRI 53 B AL/ IR S B s T = DB RE T , S e W A BOR AR M EE BN 23 IE o 73X 3 AP,
KREM KB EA R E -2 FE A/ MR 2T, 10 T BB IE AR, B B R AR 73 Be A0 f5e /) B

SEL(E 2, A,B,C)

o

Y2 TR AL Z BRI (P < 0.001) Fi4Fl (P < 0.001) REFEZHAER (P < 0.001) K 2.3
M IR A AR QB 25 BL R AL B A R RPE R (R 1) o 3 MR 4 R AEROEIR T
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Fig. 2 Mean leaf allocation (LA, A), stem mass ratio (SA, B) and root mass ratio (RA, C)

response to light and nutrient treatments

from three species ( Saussurea macrota, Salvia przewalskii and Senecio scandens) at 80 d
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O FCENEEIT R o B A 32 B HE A1 ) B A s, AL S5 B 22 O R R A e Bt b 4, @ 4
R BE M AMRE 2R A E AN T RUR SRR £ (06 IR IR DU S HOE R A R AR TEE A B AR
FROAAET 3 AP G e S AR AR | EEH T AR M BC R A, TR 2 BC 340 B33 . T7E = 5%
T WTEDR B 22 9 AR Y B B B B SR RIBOL IR EIR , 1X Lo )y B AR X LA B R 1 B L LU T AR A 43
M, RS FEANGT MYEH R ERMERKEE" EEREYR ), AR TR
TP RRRFE

F2 3 #iEW80d MKE EHER MHAEMEL EEWELMREY R ERE RGBT R B W 418
Table 2  Phenotypic plasticity index ( Mean + SE) for LMR,SMR,RMR Height,SLA of three studied species at 80 d

YrFh PR Lo AR HAE Y L AR AR
Species Height SLA LMR VSMR RMR
It

KHHAES 0.61 +0.05* 0.61 +0.06 * 0.42 +0.03ns 0.31 0. 02ns 0.64 +0.06*
Saussurea macrota

H‘EE&%E .. 0.61 +£0.03ns 0.63 +0.08 ** 0.39 +0. 03ns 0.36 0. 03ns 0.59 +0.08 **
Salvia przewalskii

THEE 0.35+0.05** 0.48 +0.04 " 0.34+0.04" 0.18 +0.04** 0.43 +£0.07 **

Senecio scandens

X FIX 3 FE YA YR BCRTE SRR 2R, TR AR IR A IE] DL IR 2ZE R I IR 7r 22 2 R
THEREER HHEAS TR T BRI FRAEY B QRSB AIFTH 10% . = HYH
REMXEBHMECYFH T REBEEMOCRA T AR RARE AT I 35% , KL B
NFT R BEORFE YR N EA X BN A Y BT, (B BA B KR SR A A 4y & 4 i w) 28
e, Yt B PSP T LA A 6 A 35 T 38 3 HR 25 bR A A 8 20 TE O 9 3 SR PR LB R I AR B A 32
Grif, 7R B M BRE R, R B AE D B IO MR E H B A RK M SRR . b
BT AT B, RS T, R T BN RITE SRR R AR 40 e (Y AT 2B A N, R (RO IR T AR
THUNGEY R, T PEIRAA: Y84 IC AT BB (0 YRk B B T8 M A A B AIIR A RE 1), AT R e
HEBERRERRE D o TS HRIR ) AT SR BRI R RE S o 9 N A KA SR M E B R R
BRI b, ELA o T S F) W oy T i 288/ R 6 T, 9y b T LAl 3 T 285 i [0 e 4 BB A 4 ' B ) P e
R, R HAAEE R

AWFERY, MO ENFT , R HEXN A REY Y B BABEARWEE WA EE . RAER
BENT RS A YA BRER L BERN . — BV EMROCR T RAEY RS TR, T 5 AYE
BT Ho I TR BRI MR TG 238020, SR ARBUE B IR VR IR . R, ZEERG TR R A 14 T, SR B 2 A 35 95 4
P2 B R P 2 K I RS L T 3% 40 P 22 31 9 2 i A SR BB BRI A A KB A R Bk ™Y . 2
IR AT X SEAB ) 2085 38 2 B BT IR B BIAR AR AR 40, SRARIDUSE 2 g3 SR 20 BE IR 4R i He s 5 BB T A
EARE A . HE BRI, 0 AR R SR A B AL A Fh B A AN E KR R RIS
I JB 255 T X G BRI SR 4 B AR LRI T B w7

MRS A B2 T B IR R i R A A A TG S i) O R A R B T IR PR SR R i M E g R
USSR T O R Ao R R AR AE R A R A R o R R 3 U A2 i A B R LA
TEFREST , TR B IR = (Y T I R D B i/ o e TR AR SR O SR BRVE , T 5 B & R PR AR K VB8
FRMS TR %5 335 I A iR B S s R 45 e i , BT T AR A My o 7 b e R v v ) LA A R R 1
A=Y 8 Bk BRI R IR 5 B o PRLL , AT 5 PR R A B 2 FC A ) SR B 5 %o
TR R AR A EE N ES YR L
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