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Abstract: Leaf functional traits can directly or indirectly reflect the adaptation strategy of plants to the environment,
influencing their survival, growth, and reproduction. Until recently, there have been many studies on the relationship
between leaf functional traits and environment, but most have used the single or mean value of the traits to represent one
species, ignoring considerable intraspecific variations. Pinus tabuliformis is one of the main afforestation tree species in
China, playing an important role in terrestrial ecosystems. Thus, the relationship between the leaf functional traits of P.
tabuliformis and environmental factors could elucidate the relationship between intraspecific variations and environmental
factors. The results of this study could provide a theoretical basis for better protection, development, and utilization of P.
tabuliformis forests under global climate change. In the present paper, we analyzed the environment factors and distribution
of eight leaf functional traits of P. tabuliformis in its natural distribution range, including leaf length (LL) , leaf thickness

(LT), specific leaf area (SLA), leaf dry matter content ( LDMC), stomatal density (SD), leaf nitrogen concentration
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(LNC), leaf phosphorus concentration ( LPC), and leaf carbon concentration (LCC), from leaves collected in Inner
Mongolia Liaoning, Beijing, Shanxi, Shaanxi, Ningxia and Qinghai Provinces, from June to September 2014. The results
showed that 1) The leaf functional traits of P. tabuliformis showed significant intraspecific variations, and the variation
coefficient was between 4.82% and 25.85%. The traits, except the LCC of annual leaves, showed significant differences
between different research sites (P < 0.05) , the intraspecific variation of LPC was the highest (23.29% for annual leaves
and 25.85% for perennial leaves) , and the intraspecific variation of LDMC was the lowest (5.91% for annual leaves and 4.
82% for perennial leaves). 2) There were significant correlations between the leaf trait and the longitude and latitude (P <
0.05). LL, LT, SLA, SD, and LNC of P. tabuliformis leaves exhibited a weak longitude distribution pattern, and LT, SD,
and LNC exhibited a weak latitude distribution pattern. The combined effect of changing hydrothermal conditions along
longitude and latitude and strong local effects could contribute to the formation of these patterns. There was also significant
variation among different individuals at the same site, suggesting large local effects, which could weaken the longitude and
latitude distribution pattern on the large scale, leading to a small R value (0.05 < R*< 0.3). 3) The pattern of leaf
functional traits was affected by various environmental factors, and each leaf trait of P. tabuliformis was affected by several
factors. Further, the main controlling factors of different traits were different; the controlling factors of annual and perennial
leaves were different in some traits. In the present study, we found that the LL was mainly affected by the mean annual
precipitation and altitude, LT was mainly affected by the mean annual temperature and volumetric soil water content, SLA
was mainly affected by the mean annual precipitation and soil nitrogen content, LDMC was mainly affected by water factors,
SD was mainly affected by altitude, LNC was mainly affected by altitude and water factors, and LPC was mainly affected by

soil phosphorus content.

Key Words: Pinus tabuliformis; leaf functional traits; distribution characteristics; main controlling factor; path analysis
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Fig.1 Distribution of Piuns tabulaeformis and the sampling points
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Table 1 The natural eco-environment status of research area

WFFE LA EHIL/C AEFREZK/mm A3 i BH/m AR
Research sites MAT MAP Longitude Latitude Altitude Dominant species
JbEeRA L 35 493 115°49'F 40°32'N 1200 JNAS Pinus tabuliformis SRR Quercus mongolica , 111

% Pobulus davidiana Ak Juglans mandshurica
A L T AW Acer mono Maxim SABEAK B Tilia

T3 T 1l 8.7 729.5 123°8'E 41°00'N 260
Ll mandshurica 2.4 Lonicera japonica
et 9.1 645 119°59'E 40°17'N 138 TS LA AP FF) 4% Vitex negundo linn
. TMAS B2 R TKE Betula platyphylla 5516
A 552 B L] 4.8 465 118°28'E  41°21'N 1138 {M“ %E}& FIFE Betula platyphylla 5245
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A SRR M VEHE Corylus mandshuric
WP A L 8.7 788.6 112°7'E 36°39'N 1496 MR SR FUHE i BB Corylus mandshurica

BT Lespedeza bicolor

A L4 B ER Quercus aliena 21K Betula albo—
[SUPIS:k: 10 1100 108°28'E 33°26'N 1643 sinensis JG R HE Betula luminifera FELLAS
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R IR (IR AR T3 SR TR LU(E) SR . SRS TE R — DR A PR E =R K3 R Jo s L
OREVAIS I WA RS2/ STHE /A e S/ ATl A I Ml B3 G S A BN NI B T80 S-S S5 g o S w31 & oy L e <1
AR 5 AR AT 4% 50 TR KSR AR AR ST B T i U AR (8], 3 TR B B O DRIR & AT
B AR BEARE 0 A 26 25 B B FH AR AR 100em” (3R JTH 3 103 AR AR & h - hric
1.3 MEFRbR M
1.3.1 REWRER I 2

TERE—A H B BEHLIZE R 20 AN ER, B f5 M HI IR 4R TR T 1Y 7K 430 T 1710000 Y HL - KAF-FR
o AR A AR BE O 0.0Tmm A0 305 b - RO RE B — SRR BE AU IS (leaf length, LL) | 7 )5 o7 i 58
(leaf width, LD) LA M5 (leaf thickness, LT) , JHFAFAET B 9 i BUR A S=m # LD * LL/2 118>,
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Fig.2 Statistical characteristics of annual leaf functional traits
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Fig.4 The longitude distribution pattern of the leaf functional traits of pinus tabuliformis
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Table 2 Analysis of variance table of leaf functional traits

AR nf- % Y1) Jy 2% AN T 2% FiE M
Trait Leafage Between group variable ~ Within group variable F value Significance
RN —4F 185.3 98.4 16.954 0.000 **
LL/cm EZiR 134.314 106.046 11.399 0.000 **
I J5 —4F 1.046 0.575 16.357 0.000 **
LT/mm EZiR 0.955 0.374 22.966 0.000 **
LG TR —AF 9847.527 9772.943 9.069 0.000 **
SLA/ (cm®/g) ZAF 8197.259 10410.091 7.087 0.000 **
T B —4F 108.038 274.788 3.539 0.002**
LDMC/ (mg/g) 24 73.735 320.292 2.072 0.050 =
SALEE —AiF 5888.964 5950.591 8.907 0.000 **
SD/(s/mm?*) AR 4759.019 5274.128 8.121 0.000 **
LN —4F 0.558 1.312 3.826 0.001 **
LNC/% AR 0.898 1.731 4.670 0.000 **
I 2 i —4F 0.023 0.050 4.082 0.000 **
LPC/% LA 0.013 0.018 6.688 0.000 **
B £ £ —4F 290.249 1671.729 1.563 0.151
LCC/% EZ:3 461.770 1939.326 2.143 0.042*

(1)LL, ™4 Leaf length; LT, MJ2 Leaf thickness; SLA, MY Specific leaf area; LDMC, M4 % i Leaf dry matter content; SD, S fL
%5 Stomatal density; LNC, M2 & & Leaf nitrogen concentration; LPC, "M% & & Leaf phosphorus concentration; LCC, M filk & # Leaf carbon
concentration. (2) * , P<0.05; * * , P<0.01.
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AR e 280 i 56 1 Ak LA B 401 240 e ) A 4 S B0 AR S e IR G (R LA A Rt — Pt sE . &
HERR S ACRIR I T 2448 A K ZE A AR 3 h mT R R K SR R REAE— e R 3R ME 4R R e T 22
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