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Abstract: The current year twigs have less secondary tissue and are the most active part of the plant branching system. The
variation along elevation gradients of current year twig traits and biomass allocation in woody plants are critical to understand
the adaptation strategies of plant species to different habitats. This study was conducted in the headwater region of Minjiang
River on the eastern edge of the Qinghai-Tibet Plateau, aimed to deal with the functional traits changes of twigs ( stem
length, stem diameter and specific stem length) and the biomass allocation in different organs ( stem and leaf) of two
dominant subalpine coniferous trees species (i.e., Picea purpura and Abies faxoniana). Plant traits and biomass allocation
were compared at different altitude (3500—3550 m,3650—3700 m, 3800—3850 m) , figuring out their biomass trade-off
and growth strategies at different altitudes. The findings revealed that (1) the altitudinal interspecific difference of stem
biomass was greater than their intraspecific difference, and the stem biomass at 3650—3700 m showed the greatest variation
(128.4%). (2) Specific stem length of P. Purpurea existed a significantly positive correlation with altitude (P<0.05).
Furthermore , there was a significantly negative correlation between stem biomass, leaf biomass, and altitude (P<0.05). A.
Jfaxoniana presented a significantly negative correlation between leaf biomass and altitude (P<0.05). (3) With the increase
of altitude, the biomass allocation ratio of P. Purpurea stem decreased from 33.0% to 27.0%.The stem biomass allocation
ratio of A. faxoniana increased from 23.0% to 28.0% (4) At 3500—3550 m and 3650—3700 m, there were allometric
relationships of P. purpura between stem biomass and leaf biomass, stem length and stem diameter; There were allometric
relationships of A. faxoniana between stem biomass and leaf biomass, stem length and stem diameter at 3500—3550 m,
3650—3700 m, and 3800—3850 m. The differences of two species in the biomass allocation ratio of their stem and related

traits with altitude revealed that A. faxoniana was better adapted to high-altitude stress.

Key Words: Minjiang headwater region; altitude; current year twigs; plant traits; heterogeneous growth; adaptive

strategies
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Table 1 Twig traits and differentiation characteristics of Picea purpurea and Abies faxoniana

A Intraspecies

Ty— A i ]
ERZD I L
. . . nterspecles
PR R Picea purpurea Abies faxoniana
Traits Attitude/m S 14 (1 + S 34 (8 + ) S 44 {8 )
TRl gpgy TUME gy THIE R
rifiEiR pubis iR cvor iR oV
Mean+SE ¢ Mean+SE ¢ Mean+SE ?
MR g 3500—3550  0.227+0.013a 63.8 0.436+0.0196a 48.5 0.325+0.013a 63.8
Leaf biomass 3650—3700  0.140+0.009b 74.3 0.316+0.017b 60.4 0.224£0.111¢ 78.2
3800—3850  0.110+0.008c 81.8 0.358+0.023b 72.6 0.230+0.014bc 99.1
3500—3850  0.159+0.004b 79.1 0.370+0.012b 61.8 0.228+0.008b 81.0
YR/ g 3500—3550  0.113+0.011a 110.1 0.128+0.007a 65.6 0.119+0.006a 89.4
Stem biomass 3650—3700  0.049+0.005b 107.6 0.098+0.108b 119.7 0.073+0.006¢ 128.4
3800—3850  0.041+0.003¢ 77.1 0.139+0.006a 57.7 0.089+0.007b 122.2
3500—3850  0.067+0.003b 127.3 0.123+0.006ab 96.6 0.094+0.004bc 112.0
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RN Intraspecies N
—— — i
BREN T ARES | )
. X . nterspecies
PER Wk Picea purpurea Abies faxoniana
Traits Attitude/m S 1A (1 N S 34 (1 N S 34 (1 y
T P S A Y 5 S KR
PRz CV/% FrifEiR plse PR s v/
Mean+SE ? Mean+SE ¢ Mean+SE ¢
ZK/mm 3500—3550 5.460+0.216a 45.6 6.671+0.216a 94.6 6.027+0.157a 41.3
Stem length 3650—3700 4.741+0.200b 48.1 6.300+0.237a 40.8 5.482+0.161b 46.3
3800—3850 4.784+0.172b 41.9 6.991+0.290a 46.7 5.849+0.178ab 49.6
3500—3850 4.995+0.080ab 45.6 6.662+0.146a 41.6 5.789+0.096ab 459
ZEH/mm 3500—3550 0.209+0.007a 37.3 0.198+0.005a 28.0 0.203+0.004a 33.5
Stem diameter 3650—3700 0.190+0.008ab 46.2 0.176+0.059b 33.3 0.183+0.006b 41.2
3800—3850 0.187+0.008b 46.9 0.197+0.069a 35.0 0.216+0.005ab 41.3
3500—3850 0.195+0.003ab 43.0 0.190+0.003a 32.6 0.193+0.003ab 38.8
HZEK/ (mm/g) 3500—3550  79.694+3.830c¢ 55.0 68.667+4.341b 68.4 74.492+2.894h 61.2
Specific stem length 3650—3700 133.841+5.515b 46.8 100.020+8.116a 88.1 117.683+4.939ab 66.0
3800—3850 170.079+11.784a 65.2 88.034+7.572a 96.9 126.402+6.3656a 81.7
3500—3850 125.679+2.953b 66.1 85.681+4.048ab 89.9 106.577+3.003ab 77.6

ANFINE FBE R A — MR AS R 3R [8] 25 57 18 3% ( P<0.05)

WREI T ST 20 SR (E 3) Brn , =82 48 A /N S BE IR B AR S R IR ) il B 60 85%—97% , it
PR B/ IR T AR 5 o 250 A ) A8 S5 (R R 0 s ¥ A2 29 A0 A /N D RE MR B AR S A B R Tl 83%—
92% , WP IR AR | AR 5 o5 25 A Wi A S5 1 KR 43, HEAS T A PR 3 i 3K i i B R KT
NSNSV S S

Bl vk [ Adokr  BAMORE 2R
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45% 149

LB LB

SB SB

SL SL
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4%10%3%
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Fig.3 Interpretation of plant character variation by altitude, individual and twig level

LB B AW Leaf biomass; SB: Z5/EW# Stem biomass; SL: 25K Stem length; SD: Z5# Stem diameter; SSL: 254K Specific stem length

2.2 AT mERAZH AL/ A PR AR S
SERBE B YR AR SRR B TSR (R 2, P<0.001,P<0.01), 25K 5ifEdk
A7 A 335 IEAH OGS 2R (P<0.001) , X BT 5 R m A AR AAL YA B i 28 AR i, IRYTV A2 B AR
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TG R AR B2 TURSE AR (P<0.01) | 25K TR B A A AE A G OE 2R (P>0.05) IX BT YL A2 /)N
B ZEA R AT R 52, R A 2R 25 2R RS SR PR A7 7 f 5 1
R AR, K G A PRAR ) 22 30t 38 A DA OC AR  HAR P TRI U IEA DG . 5 AR IR IRV A2
EREZERBFAE R IEAIICR (P<0.01) o WP Bl 28 i PR -5 1 S 1) 77 2E AR LA AR S, B e i A
P IR 4 R R X U RAS A A R R, AT REIE B T — 5 I SRS 4R

R2 ERZEMIRLLZ/MEEKEEX RN EENE

Table 2 Correlation coefficients and significance of Picea Purpurea and Abies faxoniana

o it Eﬂfi%% A Y E SN Z5H tt%ife
Species Altitude .Leai Stem Stem VStem Specific
biomass biomass length diameter stem length

TR EIRZKS P. Purpurea 1

Altitude WRYTEAZ A, faxoniana 1

SR LR LK P. Purpurea -0.667 *** 1

Leaf biomass WRYTI8AZ A, faxoniana -0.136 " 1

ENaR 7/ LR KK P. Purpurea -0.567"* 0.888 *** 1

Stem biomass WRYTEAZ A, faxoniana 0.044 0.686 ** 1

ENIS LR TN P. Purpurea -0.274 0.714*** 0.740 *** 1

Stem length IRYLE 42 A. faxoniana 0.049 0.518 " 0.348 " 1

el LR TAZ P. Purpurea -0.267 0.683** 0.630*** 0.474** 1

Stem diameter WRYT¥8AZ A, faxoniana -0.006 0.489 ** 0.444 "~ 0.482 %" 1

IS SR LA P. Purpurea 0.705***  -0.804**  -0.721***  -0.584***  -0.527"*" 1

Specific Stem length WRYTEAZ A, faxoniana 0.100 -0.291** -0.431*" 0.201 ** -0.153** 1

# FIRTE 0.05 /KF EAFFERFE R, ++ FIRTE 0.01 KV EAFFEBFERFR, #+ = FIRTE 0.001 KF EAF7ERFE LR

2.3 AR T PRI ) 24 A /IS A i o il B A K G R AL

ZAZTE 3500—3550 m ik EIHE 3650—3700 m RIS, o 28 A 1y e A AR Sy S A B i) 2R AR
Wy 43 BE A i R AS 1 33% B R IR 3 26% (8] 4, P<0.05) ; Y242 W e it 1) 28 1k, | 2548 4 43 I L 9] 25 4k
AEFE, TE 3650—3700 m L T TFE] 3800—3850 m MFHRET , 25 A2 15 A8 by 25 B A 45 v A2 ) 5 R P AN R
W Jo s g AR 2 Ml ) T 25 B, HLZE AR W LA ol AR 1Y) 24 9% S 538N % 28% ( P<0.05) , iX R WIFE 3500—
3550 m IR AL , A2 AR 2RISR (E R B AR G T, B R G AR ), EL2E B A 4 0 T LU 491038 ¥
I (27%:73% 5 28%:72%)

IR RS S AR Y AR T RAL SR A IE A DG OC R (R N 42 P<0.001, 141 5),
3500—3550 m #1 3650—3700 m #F4K [ SMA RS54 1.436(95% #7824 1.324,1.558) (1.113(95%
fRIXEN 1.012,1.223) , ¥ B E & T 1.0(P<0.001;P<0.05) , KU Z A Y5 ARy 2R % ik K
KR, HZE AR B ERT ESH Y, 3800—3850 m #EHk b SMA &R N 1,133 (95% & A5 X 18] 9 0.993,
1.294) , 5 1.0 TR FE 25 (P>0.05) , RUZMFEK - — 3 BRI HAERKOCR B 7e ik & 8 T
PR AL | 7E b s A e S [ R 1.120(95% BAR X [H] 2 1.037,1.209) , FE R &35 1.0 f77E &
F#F(P<0.05) , WEZEAEY RS MY R A = AR AL RS B E IR (TN &
P<0.001, 8 5), H SMA & 53518 1.208 (95% & 17 X [H] 24 1.090,1.338) ,1.175 (95% 1% X [3] Ky 1.060,
1.302) \1.313(95% B X [H] 24 1.181,1.461) , ¥ B ) B E & T 1L.OE—IKNITE P<0.001) , RARF =
AR L 2R S A A Y R E R AR OCR B YRR B R T A A = MR A A A 3
AR 1.228(95% B F XA 1.157,1.305) , HFIRIR S 1.0 fA7E B35 2% 5 (P<0.05) IR 5 T4
EERAFAE RIS, — AR B A A SRR RS (P<0.05)

BRI RZZE K 5 M A1 A KOG 2R AR B HE B 25 2B 0 R G A KA TR A A | BRI = A2 4l S5 A
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Fig.4 Biomass allocation and trade-offs of stem and leaf parts of Picea Purpurea and Abies faxoniana

& R R Mg AR A S EA9I 1A 6 25 57 (P<0.05)

£, SMA BER7 510 1.441(95% B Z X 8] 1.241,1.674) 1.195(95% B A5 IX [0 K 1.013,1.410) , ¥ B EEHT
1.0( P<0.001;P<0.05) ; B4k M [ K, SMA £ R 1.163(95% B X 0] 4 0.992,1.364) , 5 1.0 Ll &
ZE5E(P>0.05) 3 —ANFRAAFAE L FERPR 1.269 (95% &5 X (B4 1.158,1.391) , JLFEI PR 5 1.0 776 B & 2%
5 (P<0.05) , =R RIS (P<0.05) , A2 =AM AL IR RE S 4% 5l 28 A IE AR 56 6 &R ([T — i
WIS P<0.001, K 4) , H SMA #5435 1.301(95% A5 X [0 Jy 1.101,1.538) . 1.187 (95% & {5 X [a] Ky
1.017,1.386) .1.289(95% B {5 X 8] N 1.114,1.493) , 34 1 F 4 5= F 1.0(P<0.01,P<0.05, P<0.001) , 7]
A=A HR PR S EIRREFHEA KR, HERMINR T2, = MBR AL R AP 1.258
(95% EAFIX AN 1.150,1.375) , 3L FAIFR G 1.0 7716 B35 22 5 (P<0.05) , B RS FhifE 3k a) & A= 2l g
(P<0.05) ,
2.4 YA HR BAEYEIR B R AR S ARV OC R

A2 W AZZE IR BE I 35 A BE FABAR RN TR 0 2 25 5 (3R 3) , BARR I LIZE KON P i ff, =
FZZEM R A W S AR A /N (P, = 0.404 P, = 0.524) , T B ZZE K BRI (218 P,<0.001) ; 1212
A i Z PO RN (P, =0.322) , EEZZE K IR (P,<0.001) . DI/MNEAY ROV VSR, 225 %
SEMEIN(P,=0.905) , FEZ /AW i RS2 (P, <0.001 ) 5 ¥ A2 W SR I H AR [R] 1 KL, v A2 R 2241
(P,<0.001= P,) , HAlPEAR IS 3Z 2 /N A= 9 19 S 35 2 ) (AR —+HEIR PL,<0.001, P,>0.05) , KIS, LA
[F] /NS PR PR R AR 3/ ISV A A A2 X e (R Py 52 M 45 SR AR ) VA0 ) 25 R 52 ) B 6 4 (238 B AS [R) T AS [, 3
SEANVS IR BN QAT AR Ak AR K/ NSRRI A7 75 i 3 20 ( P<0.05)
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Fig.5 Growth relationship of Picea Purpurea and Abies faxoniana

* FARTE 0.05 K LAFAEE LR, « « FRTE 0.01 K EFFAERFE LR, = * « F/RTE 0.001 /KF LIFAEREXRR
3 it

31 BRAZ A/ PRI REMEIR IO S

R AR AT AR PR 4 S ST P T 50, PR B0 A7 A — R SR , 76 I 10 B AR B 1 AR A, L ) 4k
OEFR it AR AR S5 R 8 T LA S AR % BB V38 R AR BT R W) R AR AR BV A2 2 4R A
ANBCRY I A i ZRAE YR SR SRR AR S RO, SR A AR A VBRI AR AR R 0, ELBR FE 2R R
G, ZE MR TR AEAR 35 B IE A DG SC R X AERT A ST AR B I, v AR A AR ST A B 23
G A Y R SR A TE AR OGO R UL B IR M 5 SR A BRI S HLR R B A %
SER B H LR B AN UEERR ) I 412 i 208 i A A B — A B O 2, DT 48 5 i 1 A A7 e
T3 R R 2 B TR A AR RE T, AR IR S AR R PR 9 S B C , AT AR HE 25 A R £ AL,
FREH SR AR E KA E M A IE I R . SRR ZE R T RER D 1 HE AR X e RE AR,
T i YA/ IV S T R S HRBT XU D IR v G A5 2 BRI SR (R A O ZEML e AN TR i L 22
S R IR B A2 AT RES 2R R IR DA G WS R SRR TR 3 25 e 2R
“V7 AU AT BRI AL B SR AR N B ORI K 23z s R ARE B2 DU DR B S R AR 2E L =
SR A e G A S B S I SO OGS AR UM B 4K T, A2 b R 23 m R BEER B e
PR AL , ZAZZE RS Y SRR A iR AR, A 0T BB R T A T3 R S B 5T, 7 AR
AR RIS 4 VAL B A Y IR R AE AR DG OC R | 22 A i 1 2L Al — B 7 iR A
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e 22 A W BV A2 1 1o 4 e 25 A R ORAIRAR 5 PRBE E B R  AEA)ZE RO S AR A A A ) R
SERAE TIPSR B A RS
£3 TRBERERZMSIRILDSHE/NEIEIRLE

Table 3 Comparison of twig traits of Picea Purpurea and Abies faxoniana

%ﬁ]‘ Mi Wk A Altitude/m if:f% A fﬁgg
Species Covariate Trait 3500—3550 3650—3700 38003850  models Pa PP,
ERRN ESS ZEH SD 0.202:0.005a  0.193£0.007a  0.189£0.002a  <0.001 0.404 <0.001
P.Purpurea Z£EHE SB 0.097£0.005a  0.054x0.005b  0.043£0.005b  <0.001  0.020 <0.001
SR Y LB 0.205+0.010a  0.149£0.009b  0.115£0.007c  <0.001  0.524 <0.001

2K SSL 82.354+6.416c  131.946£6.418h  159.079£6.241a  <0.001  <0.001 <0.001

INEAE %K SL 5.329£0.199a  4.979:0.157a  5.403:0.209a  <0.001 0.002 <0.001

254 SD 0.197£0.007a  0.1930.007a  0.194x0.008a  <0.001  0.905 <0.001

24 SB 0.103£0.007a  0.0520.007b  0.047:0.007b  <0.001  <0.001 <0.001

MM LB 0.218+0.010a  0.1520.009b  0.159£0.010b  <0.001  <0.001 <0.001

K SSL 86.556+5.881h  128.987+6.382a  137.53426.973a  <0.001  <0.001 <0.001

IRTLY A ESS 25K SD 0.198+0.005a  0.180+0.005h  0.193x0.005a  <0.001 0.029 <0.001
A.faxoniana BRI 0.128+0.020b  0.101£0.020c ~ 0.1356£0.020a  <0.001  0.011 <0.001
S LB 0.43620.017a  0.327£0.018b  0.345£0.017h 0.006  0.322 <0.001

K SSL 68.708+6.749b  103.209+6.787a  85.040£6.510a  <0.001  0.012 0.003

NGRS 2K SL 6.356£0.224b  6.639+0.224a  6.966:0.213a  <0.001 0.143 <0.001

Z£H SD 0.187£0.005a  0.184x0.005a  0.196+0.005a 0.001  0.001 <0.001

ZEHEY)E SB 0.109£0.006b  0.126£0.006a  0.138+0.006a 0.02 0.158 <0.001

Sy LB 0.3840.006a  0.367£0.006b  0.3540.005h 0.02 0.158 <0.001

F 25K SSL 74.683£6.675b  93.538+6.656a  88.515:6.353b  <0.001  0.121 <0.001

VAZERK SIS A i Ml DA i WA A [ TR 7 TR bR A Sy TR A8 ) L SPSS X R 8 At A7 40T 5 P AR K/ (Z54K) AR Plant size (stem
length) effect; P, FERER/INC/INE A4 ) B0, Plant size (twig biomass) effect

R PR AEARIEF SRAL A S/ N T LA P A A 1) 728 S5 33K T R DR DA R A BRI A48 S AR T f P A LA X~
1T IR A 2 S5 T T XA I PR A AN (R B RO W AN ], b N s A 72 S R R 3l K T8
2 W 5E R, w2 SR S A RS B TRR IR L A v sh A B AR IS TR R DX Y RS 1 1oy M A
ZAZ58 31X 5 Naudiyal 557 XFURTTIR DI 5 L ARARBF 5T 75 B 2578 — B
3.2 BRAZHAEA/PEUCEY R T I B IR AV e

LARTE BT b TR AR ZR B s 4 HAB PRI R 5 A 20 6 K78 S | R T T A0 AL 25 M 20 IC ) 22 5 R
TR[F D RERY i S S A TSR T, AR e o e AR SR AR v R I F 2K R B AR R BE A
JE A [R5 B MR A R O SR AU AR A A B TR P i B RERIRR ) ST 2 A B
A AR A SR B R A T AR R R KU PR R A T R B T
HUBAR A , o S RS R B Ay B ™, AT R W], A TEARIER AR X 25 10 4 LU 43 0 8 35 o3 T4 i Vg 4R
Ab AR AN LA R AR i LR AR D R R PR T 1 S AR K FE R ik S A AR ROE R
T 15 R A B i A K ORI 2o 5 B U A BRI s B R Y, RV AR 76 [ A K 1 L
S PR A 2 IO P58 A A TS e 8 B A 75X, LRy B S RER RIS, XRIITEA R T =42
AR /IVBAFAEAU T S 2 RIRE PR TS 25 A2 W i 30 s 3 L ik A 0 i 4 5 3 PR | 200 TRAS I o 8 L 25 57 00
ARUAE Sy BART 5, 25X/ INVELA A= Wi B EAT RN, VA2 R AR AL B 2R B ST FE s TR, —
TP b 2R A e S IR A KOG AR BINIE TV AR o FACE o 394 i 2 A Wy I, PR ) o 2 Ay TR R 7 %of
LHHEL,
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3.3 DRAZAN[EIE B e

TEARMETE R, A2/ VBRI AR A AL i W SR S5V A2 R BN R, 7 22 70 T SR 3R W, = A A IO X
PP BEAZAEITER T A By /ISR 22 K HE A8 /INBOR /N 2 BE TR A A T e A= A2 A, DT 2 I /B PRHR 1 2
B, MBI, Joit e DLZE R GE e/ NRCAE M A D DA d ok S WA AR R/ /NP AR B9 52 T, 45 2R 24 3%
B PR SRR /N 8 35 B A OGN | Ul W v A2 32 i o A0 25 47 AR/ IVASE B DR/ N DT 52 W) A ) 2 PR Y
ik,

St A R AT R, ZAZARIEERAL 2 A i BB RO T B AR 2RI i im T 25 M, R g =5
WA i S S K SR A D IR A I U A2 A R e R A A A B A, A TSR AR 3 i i e 2R OR
PR RAEYIAR AR B RE ST, (EUR SR AL A o B, AR ATIAR AR B, D B A o 25 KT 52 30 w8 T A5 X
BRI , 254 G 2L e N IR A K OE R . SAZ I TS SR R BRI > it AR SR 542
XPRLEE PR 7 AR A ARS8 00 AR b AN [R] 4 ) B85 P 7 8 S (R R 3R ) AN 4R 25 AL B | 13
Fr o Bl BE R BRI XK AR AT TR L, A K 2 e P s i P e PR, Ml B2 v e 4 15 s T 3 P 58 5 e
1%, 305 FEV L XIRLEE 1 1T B TAT R O RHR B AR R =ANBHR s A R il — BT,
H A iR 30 rTRESOR, N SR A THE W = A2 e IR 7Ol BE . BERE SR T o, v A2 28 AR R R 2R K 25
ML AE R OC R AR R A K, 25 A o AU 25 R AR R e AR A A 1] 1) 22 AL R DI RE SR R S5 b 14 I
ZER IR 1 o) A AR T A K AR K 43 354 Iz i, ) B AU S, PREFRRE T 4 A 2R MR e
=N R RBL A A 2 B e R A B R AR W ORE N A AR ZEMIRAE R B v IR R
PRI IZAE R IR E KR UL A2 RIS ARV BRI BHE LA 18, 5 S A2 AH LU R A2 XK 53
TR, mZ AT TR0 455058 KRR F ARG A2 vT REFE IR A AE T 5

LRI B2 SV I LE RS S DB N AR e BRI R B0 T IR i T 2 et 5 R =
FZBIHEA 13 JTAFRT, ZERI oK, BEE TRLRE B T e, oo Lt DR o) 75 v D AR I v YA AR T M X B
USRI Y AR T, Sl SR 2 A2 R DA T 9K T3 55 20 7 7 45 7 0l 5 o i
SR B R B WA AT R BRI, TRIE L, RS E S K
TR AR AR i LK R B[R] i S SR AZ 0 404 . AR S R AR X T RE 2 e A2 1 5k AT
K55 A B A S U A WRTLYR ASRFFE S5 5, Liao 5520 3 vl [ V4 1 b DXV A AR A3 T B S 2518 — 2K

4 #ip

TAZHVE AL AR A/ ISHEARAE AN RIS (1A (235 A 22 53, AN [RI AL AR [R] PR AR R B AN TR A2 AL R =42
SRR R AR A E IR S R AR T E AR R, s MR A A 52 B NSO /INB I 5 ¥ 42
S AR SR AR B O OC R . AL, BAZ SV AL A [R) T4 18] ) A 0 6 70 e S 5 28t TR 76
RIS FR I AR B 73 B O 45 A8 R TR T B AH S AR A 7 A B W SR 5 L TR AR AE AN [RTIRRARC T S BN TR 0 A
M, (RIS R A2 S5 A AEANR] S A A i vl P BEAS 10 ik >R AN ] A R SRR G i 2B I s g 9%
TG E . RFRUEEMCRE T, ER A2 2 Rl DX AT 95K, IRV A2 0] i 1) T 25 965 4 A%
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