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Differences of Leaf Functional Traits of Pinus tabuliformis and
Its Response to Altitude Gradient in the Middle of Qinling Mountains

TIAN Yueli', YANG Hang', WANG Fangling”, KANG Haibin', XUE Yue', WANG Dexiang'"

(1 College of Forestry, Northwest A&TF University, Yangling, Shaanxi 712100, China; 2 Baoji Institute of Forestry

Investigation and Planning, Baoji, Shaanxi 721001, China)

Abstract: Pinus tabuliformis on ridge as one of the typical plant communities plays an important role in
biodiversity maintenance and ecological service function achievement. The objective of this study was to
understand how leaf functional traits responded to altitudinal gradients. Ten P. tabuliformis on ridge
traits were researched with typical sampling method in this study. The results showed that: (1) leaf
length(LLL), leaf nitrogen content(LLNC), leaf phosphorus content(LLPC) of 1—3-year-old leaf and chloro-
phyll concentration of 1-year-old leaf of P. tabuli formis on ridge were below non-ridge. However, the
leaf dry matter content(LDMC) and stomata density(SD) of 1-year-old leaf of P. tabuliformis on ridge
were higher than non-ridge. (2) The leal funcation traits of P. tabuliformis on ridge, including leaf
thickness(LT) , specific leaf area (SLA) of 1— 3-year-old leaf, LPC of 1-year-old leaf increased linearly
with increasing elevation, but L1, LDMC, leaf carbon concentration (LLCC), Chl(a+b) of 1—3-year-old
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leaf, SD of 1-year-old leaf decreased significantly with increasing elevation. (3) LNC was positively corre-
lated with LPC of 1—3-year-old leaf; LDMC negatively correlated with LPC of 1—2-year-old leaf; LL was
positively correlated with LNC, LPC of 2—3-year-old leaf; LKC was positively correlated with LNC, LPC
of 2—3-year-old leaf. The unique habitat condition of the ridge has created the unique growth strategy of

P. tabuliformis. P. tabuliformis on the ridge showed diversified adaptive strategies to adapting varing

environmental factors associated with changes in altitude.

Key words: Pinus tabuliformis on ridge; leaf functional traits; altitudinal gradient; growth strategy; Qin-

ling Mountains
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Fig. 1

Distribution of Pinus tabuliformis leaf functional traits on ridge and non-ridge
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Table 1 Variance analysis of Pinus tabuliformis leaf traits on ridge and non-ridge
PR v B 1 4£4F 1-year-old 2 M 2-year-old 3 B 3-year-old
Leaf trait Altitude df F P F P F P
1 1 2.919 0.163 1. 009 0.372 1.515 0. 286
LL I 1 2.027 0.228 0.617 0.476 6.432 0. 064
ik 1 24.034 <0. 01 17. 142 <0. 05 12.32 <0. 05
1 1 0.933 0. 389 3.726 0.126 1. 555 0. 28
LNC I 1 4. 905 0.091 28. 351 <0. 01 0.019 0. 897
ik 1 1. 822 0.248 8. 857 <0. 05 9.631 <0. 05
1 1 8. 407 <20. 05 10. 489 <20. 05 4. 381 0.104
LPC I 1 122. 842 0. 01 98. 454 <0. 01 32.941 0. 01
I 1 1.374 0. 306 3.182 0. 149 16. 132 <0. 05
1 1 3.231 0. 147
LDMC I 1 11.963 <20. 05
Il 1 1.55 0.281
1 1 4.986 0.089
Chl(a+b) Il 1 0.07 0. 805
It 1 6.761 0. 06
1 1 4,282 0. 107
SD il 1 3.312 0.143
I 1 0.736 0.439

8 LL s LNC P & bk LPC it ik
1600 m; . 1600~1900 m;[M. 1900~2 100 m; F Il

LDMC R T BT & 5 ChlCa+b) 4R &4k SD ASKALERE; 1.

1 300~

Note: LL is leaf length; LNC is leaf nitrogen content; LPC is leaf phosphorus content; LDMC is leaf dry matter content; Chl(a+b) is

chlorophyll concentration; SD is stomata density; [ .
LKC &ML, ¥ 52 b a3, (8 B3R 2 i 3o B
#.LT 5 LCC.Chl(a+b)f &.SD, LL,LDMC #
(DO o N 5 < RN R iR A F e R N

TEMER 1 300~2 100 m 5 BN, LA ML 1 4F
At LL 25 5 B % (P <<0.01), % LT,LDMC,
LNC b, HoAth £ PR 22 57 ¥ | 3 (P <C0. 05); 9k 1L
B 1 4EAN LLLLPC 2R MR R F (P <
0.01) % LCC.LKC Fl SD A i # &b, Ho g 4% IR
¥l 2 (P<<0.05),

L AR LA AR 2 47 A o Ty B A bR i v AR
b B HAEAN TR B 2 e an & 1 s . B IR
ATt S LS 2 AEZErE LT.SD 5 SLA 254, ¥
5T (B B AR AR O B 3 LNCL LKC
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{E B VR 2R A AR 1 3, LPC W JE b 35 728 Ak 3
1B b 2 4E 4 M Chl(a+b) & & F1 LDMC 5
SLA —F, B3R T 5 52 T e 3, (H 2 Bl il 48 A5 Ak
AR B E; LT LNC,LPC,SD 5 LL,LCC,LKC 2%

1 300~1 600 m; . 1600~1 900 m;[l. 1 900~2 100 m; The same as below
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25 W E(P<<0.05) , &£ MR EF AR,

LU AR LA TR AN 3 4T 2E i T B 1 R B 7 4 A8
b R IAE AN R B 2= A 1 s . Bl TR
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SHAREE . AEILE WA 3 AN SD 22 5k B E
(P<<0.01),LT.LPC.LKC il LCC 2% ¥ B % (P
<<0.05) , HAb A R Z R AR,

2.2 WEMIELEHAH R E )8R Z B/
X

ChlCa+b) & f M 8 3 7 AH O (P<<0. 01, RI A L
TR AR, R B i B R R SRR Y
fiK; LNC 5 LPC i 2 IEAH G (P <<0. 0D, R M Ry
I R v O R B R R T R
AR, AL R B (R 2)

LA AR LA R 2 AR A LDMC 5 SD £ i
FEHIEA KR (P<T0.05), £ R T4 & & &
e AL B RO, R A e R R K e i

WA AEE LIRS 1 AEAm SLA 5 LLLCC, & B B3 BB, i R & BBIT R 3D,

Fz2 H 1 FE MM E Pearson 1HX RE

Table 2 Pearson correlation coefficient of 1-year-old leaf traits of Pinus tabuliformis growing on ridge and non-ridge

HER

Leal trait LT LL SLA LDMC LCC LNC LPC LKC Chl(a+b) SD
LT 1
LL —0.374 1
SLA 0.048  —0.744" 1
LDMC 0.170 0.098 —0.322 1
LCC —0.296 0.746" —0.621"" 0.081 1
LNC —0. 460 0.214 —0.213 —0. 368 0.332 1
LPC —0.326 —0.115 0.210 —0.528" 0.010 0.756" " 1
LKC —0.194  —0.189 0.176 —0.051 —0.070 0.032 —0.039 1
ChlCa+b) —0.301 0.761" " —0.628" " 0.075 0.698" " 0.279 0.028 0.086 1
SD —0.226 0.411 —0.343 0.377 0. 040 —0.227 —0.608" " 0.190 0. 381 1

LT Rt SLA gl HAR s LCC i3 & LKC M40 & &,
G

Note: LT is leaf thickness; SLA is specific leaf area; LLCC is leaf carbon concentration; LKC is leaf potassium content.

x B % x A3 B OR B3 (P <<0. 05) AR W% (P<< 0. 01) M 6,

* and * * indicate

significant (P<C0. 05) and extremely significant (P<C0.01) correlation, respectively. The same as below

3 A 2 FE A MM E Pearson 1H X R &

Table 3 Pearson correlation coefficient of 2-year-old leaf traits of Pinus tabuliformis growing on ridge and non-ridge

Pk LT LL

Leal trait SLA LDMC LCC LNC LPC LKC ChlCa+b) SD
LT 1
LL 0.076 1
SLA —0.168 —0.282 1
LDMC 0.423 —0.126 —0.202 1
LCC 0.134 0. 104 —0. 388 0.122 1
LNC —0.371 0.574" —0.054 —0.135 0.082 1
LPC —0.465 0.496" —0.061 —0.481" 0.020 0.872"" 1
LKC —0.152 0. 430 —0.037 —0.004 0. 366 0.548" 0. 387 1
Chl(a+b)  —0.120 0. 448 —0.016 0.131 0.065 0. 189 0.064 0.523" 1
SD 0.495" —0.239 —0.224 0.557" 0.115 —0.291 —0. 455 —0.073 0.007 1
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Table 4 Pearson correlation coefficient of 3-year-old leaf traits of Pinus tabuliformis growing on ridge and non-ridge

FER

Leal trait LT LL SLA LDMC LCC LNC LPC LKC Chl(a+b) SD
LT 1
LL 0.054 1
SLA 0.026 0.082 1
LDMC —0.325 —0. 046 —0. 241 1
LCC 0. 205 0.082 —0.402 0. 320 1
LNC —0.335 0.656" " 0.211 —0.163 —0.189 1
LPC —0. 204 0.746" " 0.115 —0. 448 —0.179 0.756" " 1
LKC 0. 100 0.567" 0.158 —0.220 0.133 0.787" " 0.540" 1
Chl(a+b) —0.423 0.026 —0.252 0.539" 0.029 0.329 —0.104 0.103 1
SD 0.237 0.150 —0.079 0.001 0.122 —0.161 0.192 —0.083 —0.049 1

WA AR A WS 3 4EA 0t LL 5 LPC 2%
B IEA (P <<0. 01, RN KB, -8 7 5
R, [ B S L RS B R LDMC 5
Chl(a+b) & & 5 1 3 [ AHC (P<C0. 05) , R I Ky ot
T L MR AR (R D),
3 3t
W EHFMIE L FHFim A Th e RS
I AN 5 W AR ) A RN D RE MR B L R
Z = ARBEgE T 1 AE A SD R LDMC £ H
LA i AA >R 1L A AL L, Chla+b) R 3
tB LU TR <JE LA AL B AR, A A oY A R
— OO ORFEM S LLLLNC,LPC #8£ B 10
AN <TE LA A R . SD R A & AE 1) 75
VEF RIS 48 FLA A e i) BB A b 2 — L 2R
N HE S BE AR A R . LDMC A s M As ) 16
F SRR 2SR 1485 7K 00 B 885 95 R0 A ) R
F2 5 A7 B A A KRR SRS, NUPLK 2
MY AR LT LT ICR, MR AT St % ik
VAR PN 3 6T RuBP i 4 R0 45 1 52 e i — 2P
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