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Characteristics of leaf functional traits of Quercus spinosa and their responses to

environmental factors at different altitude gradients in Wumeng township
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Abstract: To understand the ecological adaptation mechanism and strategies of (). spinosa to high-altitude environments, 12
leaf functional traits ( here after LFTs) of the alpine oaks from three different altitudinal plots in Wumeng township,
Luquan, Yunnan, China were characterized. Furthermore, variance partitioning analysis ( VPA) and redundancy analysis
(RDA) were used to reveal the response of the LFTs to environmental factors, and leaf trait networks ( LTNs) and principal
component analysis (PCA) were employed to analyze the survival adaptation strategies of the species. The results showed

that; (1) All the LFTs of the oaks in Wumeng township were variable, with the coefficients of variation ranging from 6.12%
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to 54.97% , of which leaf water content ( LWC) had the highest degree of variation with a coefficient of variation of
54.97% , and leaf carbon content (LCC) had the lowest with a coefficient of variation of 6.12%. (2) Significant change
trend along the increase in altitude were observed in the most LFTs of the oak in Wumeng township. There was a significant
upward trend as the altitude increases in the specific leaf area (SLA) , chlorophyll content (CC), LCC, and leaf nitrogen
content (LNC) , while there was a significant downward trend in the leaf thickness (LT) , leaf dry weight (LDW) , leaf dry
matter content (LDMC), LWC, and carbon-to-nitrogen ratio (C/N). (3) In the study area, soil factors determined the
variation in LFTs of the oak, and among the different soil factors, the total kalium content ( TK), total nitrogen content
(TN), available phosphorus content ( AP) and soil water content (SWC) were stand out as important soil factors. (4)
Centered around the specific leaf area (SLA), a network was formed among the various LFTs of the oak in Wumeng
township. The species adaption to the environmental changes through the network was adjusted by two functional modules :
resource acquisition functional ( RAF) module represented by the LCC and nutrient utilization functional ( NUF) module
represented by the nitrogen-to-phosphorus ratio (N/P). (5) In the study area, the different economic strategies adapting to
environmental changes were discovered in the oak at different elevation gradients. An improved photosynthetic efficiency and
more proactive “fast investment-return” resource strategy were took by the oak at high altitudes to adapt to the high-altitude
habits. In conclusion, the significant variation was observed in the LFTs of . spinosa along the altitude gradients in
Wumeng Township, and nutrients and water content of the soil were the main factors causing the variation, which leading to

the generation of different adaptation strategies.
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Fig.1 Location map of the study area
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Table 1 General information of Quercus spinosa sample plots at three different altitude gradients

- y s o
b s sy R ERKE W o i ey
Altitude/m Latitude Elevation MAT/C MAP/mm  Aspect/(°) ) tp ’ Slope/ (°) Soil type
pOSl 1m0on
2423 26°2'56.31"E 102°47'36.16"N 9.6 1071 Z:dt 38 5283 25.8667 jig:!d
2624 26°426.73"E 102°46'13.14"N 11.8 1002 75 88 gl 28.4667 jyis:d
2897 26°3'9.08"E 102°46'33.99"N 11.8 1002 3 22k 15.7333 TFAR:

MAT: 4E¥Ji Mean annual temperature ; MAP ; 4-F% 7K & Mean annual precipitation

1.3 Sk

AT U 30 FrogsE ol R OR/NE ARG i T i D REHOIR A AR AR A T R AR AR I E . H
Je, M 2522 T ROF (RS BE £0.0001 g ) 43 R H- 86 5 ( Leaf fresh weight, LEW ) | F- {1 F1 & 5 ( Leaf
saturated fresh weight, LSFW ) F1+5 ( Leaf dry weight, LDW) . i3 Image J 245155 M T8 AL ( Leaf area,LA) |
ks Fe RO F T BE (Leaf thickness, LT) , _FiRMIHEE S 3 %0, BORHIE ., M FRdehs, A 95

Heit A ( Specific leaf area,SLA) :SLA=LA/LDW;

4 it 7 12 ( Leaf dry matter content, LDMC) :LDMC=LDW/LSFW ;

W% 7K & ( Leaf water content,LWC) :LWC=(LFW-LDW)/LFW,

F B2 0 5 -4 3R 5 4t ( Chlorophyll content, CC ) , I EE 4% R 81 A AR 324 00 5 - 5 75 4 ( Leaf
carbon content, LCC ) ; 7% [ SEAL AA3 %% 223 sh 40 B A% > 5E 1 &5 & ( Leaf nitrogen content, LNC) |
i & 18 ( Leaf phosphorus content, LPC) UL & 1 3 4 % % & ( Total nitrogen content, TN ) | 4§ 7% & ( Total
phosphorus content , TP ) 145 & 7% & ( Available phosphorus content, AP) ; FI5 8T A3 AFG- 12 % KO JE 7 I i
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SCGREE T I E 3 44 & B (Total kalium content, TK ) Fl# 5080 & & ( Available kalium content, AK) ;
BB A A I S Y pH [ 2 IR TR T I 2 £ 35 /KB (Soil water content, SWC ) Fl1%5 5 ( Soil bulk
density,SBD) ,,
1.4 Bdlaortr

FH Microsoft Excel 2010 XA 7RI 630 4 R 4.2.0 Hh 58 SUELR J T 2 L SR SRR 3R 0 2243 #r
(One-way , ANOVA) DA & Tukey Z 5 HWEVTAL I REMEAR UK & i M 3R F 0] 1) 25 5% F de/N — R 2k ik
(515 (OLS ) Z3Hiritt- Dy BE IR I T 44 1) 20 S LA T 2 A0 23 230 B (PCA) (AR 73 M (RDA) ALK 5 22 73 figt 43 #r
(VPA) BT IHBREMEIR SHEE N TR E LR A igraph A5 THEEMEIR M2, HARZ K ggplot2 fL5EIL,

2 HRE5SH

2.1 55 5 ji i LR D) BE TR B A3 R T RRAE

T 2o W R, 552 & il & LI AR D RE MR 0 28 5 REGEFIAE 6.129%—54.97% 2 8] (£ 2) . LCC
FEAN ) B o i 3 LU AR i e T B R AR, AR R R BUR 6.12%; 1 LWC RILI BRI A 5 B R RECH
54.97%. B& LT .SLA LCC.C/N N/P Z&@m IRk 22 53 B3, 5 h gk 2= S A B &, HAMHRE =R
AR FE BEE T (R 2), HATEENE, /P REMEREIZSA S S5 hiEkER B E,

WA 5 RBOR N, ARWFIEIN Ry B AZ 3% P Z A i D) RE PR AT . LDMC | LCC \LNC ,C/N (28 5 2%
CV<10%) ;246 5 ¥ 58 R R LR A MR A . LT SLA CCLPC \N/P [C/P (10%<CV <30% ) ; £ EZ I
Bi R R M AR . LDW . LWC(CV>30%)
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Table 2 Values and variation coefficient of the LFTs of Quercus spinosa at different altitude gradients

RPN RN RUETES Y
Leaf functional trait 2423m 2624m 2897m CV/%
HERE LT/mm 0.32+0.02a 0.33+0.04a 0.30+0.03b 11.31
& LDW/g 0.36+0.03a 0.25+0.05b 0.19+0.05¢ 31.44
HLIFIE AL SLA/ (em®/g) 76.86+3.60a 76.64+8.18a 93.75+18.5b 17.27
-4 5 & & LDMC/% 59.044.46a 52.66+5.05b 55.44+3.42¢ 9.06
&K LWC/ % 17.31+6.53a 32.29+8.67b 10.62+1.11¢c 54.97
M ZE &R CC/(mg/g) 2.18+0.30a 3.41+0.19b 4.12+0.33bc 26.27
B LCC/ (mg/g) 420.82+26.09a 457.83+9.29h 467.25+86.00b 6.12
A & LNC/ (mg/g) 11.72+0.23a 13.85+0.25h 14.11+0.28¢ 8.35
& & LPC/ (mg/g) 0.94+0.13a 1.4+0.26b 1.06+0.16¢ 24.18
AT =L C/N 36.03+2.59a 33.08+0.99b 33.04+5.75b 6.86
AW a L N/P 12.73+1.48a 10.26+2.20a 13.65+2.10b 19.73
M SR L C/P 456.19+56.22a 340.45+78.67b 446.72+83.60a 20.60

LEFTs; i F I AEPEAR Leaf functional traits; CV ;28 5 24 Coefficient of variation; LT ; /& JE Leaf thickness; LDW; I Leaf dry weight;SLA ; [
T Specific leaf area; LDMC : M-T-4) i ¥ & Leaf dry matter content; LWC ;' %7K & Leaf dry matter content; CC ; M%% 3 % & Chlorophyll content;
LCC ; M%7 Leaf carbon content; LNC ; %7 Leaf nitrogen content ; LPC ; -3 & & Leal phosphorus content; C/N: B & & o N/P: AW &
bl 5 C/P o BT A5 ik b5 38 v R4 T B9 R ) 838 7R 25 57 i 35 ( P<0.05)

TR TS F R B FIAE 9.76%—63.08% Z 1] (3% 3), & S /i) R T 02 AK, B 5 RECH
9.76% , A SF I K IE TN, 2B 2 B0 63.08% , WA b, 1552 & N[aliEk IR 7AE B 2 S B, B pH  AK
JE IR () 22 5 W i, 5 ek 25 52 R oh , A IR A = AR R 44 7E 22 57 (3R 3)

2.2 55 fin S AR D) Re MR I TR 1 43

LRI Hr a5 R s, SLA (CC \LCC Fl LNC 7% s Flivg 3k L+ 2 0 2% b a3, HAFTE A0 G, 4 ¢
ZH#IT 0.5,CC HHEFRAHRE R EE EIRF T 0.92(K 2) ;LT LDW .LDMC .LWC 1 C/N ¥k b I+5
TR LDW R C/N 5 A R A DG A OC R £ i35 21 0.82 F10.57 ; LPC Fl N/P B4R I 7w
I, C/P FER RN AE 43 5%  (HIR B %
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Table 3 Values and variation coefficient of the soil factors indicators at different altitude gradients

+ K F Soil factors 2423m 2624m 2897m R ZHCV/ %
T R (E pH 5.21%0.53a 5.5+0.45ab 5.72+0.78b 11.56

T A KR SWC/ % 19.22+4.32a 41.1x11.5b 31.88+8.87¢ 40.66

+ 37 SBD/ (kg/m®) 1.79+0.27a 1.10£0.22b 1.34£0.25¢ 26.65
TS TN/ (mg/g) 0.84+0.29a 6.14+1.02b 7.86+1.05¢ 63.08
BB TP/ (mg/g) 3.10+0.26a 3.94+0.58b 5.00%1.2¢ 27.49

I EM TK/ (mg/g) 9.34+1.08a 3.53+0.37b 6.9+1.26¢ 39.2
R AP/ (mg/g) 0.45+0.14a 0.35+0.12b 0.64+0.14c¢ 37.81
HEA AK/ (mg/g) 0.05+0.01a 0.05+0.01a 0.06+0.01b 9.76

pH : T IERRBIAE ; SWC ; 135 7K Soil water content ; SBD;: T35 H Soil bulk density; TN ; -3 & % Total nitrogen content; TP ; 43 L1 Total
phosphorus content; TK ; -3 S 47 Total kalium content; AP ; A Available phosphorus content; AK; #A{#] Available kalium content
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Fig.2 Trends in the LFTs parameters of Quercus spinosa along a altitude gradients
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A HAR I DI BEMER \LDMC 5 FR LT #l C/N Wik fHAR I D) BE MR AEZER W AR DG OC R (181 3) 51 LT AN 5
LDW SLA \LWC fil CC R EMIEKLR, N/P 5 C/P HARE B FEHIE(r=0.94) X &;LPC 5 ¢/P Hf
B BEMARE (r=-0.95) X FK, XA LDW 5 LNC(r=-0.84) Fl CC(r=-0.79) ¥ 5 B 7 4H 5% ; CC Fl LNC
BB FEIEMAE(r=0.88);LPC 5 N/P(r=-0.91) 2 B EHRME(KE3),

LT ok sk *kk *
0.8
0.33 LDW sokeok
~0.35 —0.65 SLA o % sk Kk * * ko sk 0.6
0.00 0.42 -0.31 LDMC sokeok sokeok sokeok seskok Hokok *k Hkok L 04
0.37 0.07 -0.29 —0.43 LWC ok Hkk Hkk
r 0.2
-0.22 -0.79 0.42 -0.39 —-0.10 CcC -
l W&
0 ¢
-0.10 —-0.51 0.21 -0.43 0.02 0.68 é
F 0.2
—-0.16 —-0.84 0.36 —-0.40 0.12 0.88 *%
011 | —020 | —-022 | —-043 | 041 | 030 0.34 0.46 LPC ok - 04
0.10 0.60 -0.26 0.11 -0.15 -0.52 0.08 —-0.69 -0.29 C/N *k 0.6
-0.16 | —0.15 0.39 0.33 -0.38 | 0.04 -0.11 | —0.09 | —0.91 0.01 N/P
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—-0.11 0.06 0.28 0.35 -0.39 -0.14 -0.07 -0.31 —-0.95 0.33 0.94 c/p
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Fig.3 Correlation between the LFTs of Quercus spinosa in Wumeng township
LT M2 Leaf thickness; LDW ; - Leaf dry weight; SLA ; FbI T B Specific leaf area; LDMC ; -4 J§i & & Leaf dry matter content; LWC ; -
/K& Leaf dry matter content; CC; M4t % & Chlorophyll content; LCC: Ml &% & Leaf carbon content; LNC: " %{ % & Leaf nitrogen content;
LPC: M55 &t Leal phosphorus content; C/N:BRE S 4 U N/P BB 1 LE ; C/P BB & 1L LG A R R0C7 DL BOA 8] (3 B 3R7R AS () D RE A AR 1)
1) pearson FHICHE R AL, B 5 FRH KR W FMEAKT-( + 0 P<0.05; * % :P<0.01; * * * ;P<0.001)

R[] ) i D RE PR TR AR DG PR 30 45 2R , 22 5 52 & il i LLUBR I 25 DI RE P DR T 18 A DG A 10 225 &1 1
W2 SRR S5 IRARET I LLBR I 25 D RE IR IA) OC 28 B, A EL 22 (W) i 1k 5 D [ Mo (18] 4) s AR
P 265255 S HOT I, HE TR (SLA ) J2 88 o 265 vl 2 d S 4R/ F Y < b PR JHEBE Hh e P ( Degree )
A 10.0 B HJE (Closeness ) A 0.08 40 ( Betweenness ) 4 5.62 , = g hnts) A s (£ 4) , U BHFE R M- &5 1L AR
N FREE S R SLA K FEE BB AVE T, 380 I 4% SR 2B o v LL B A IR X £ Rl T A AR
(11 4) 7352 LA B % i (LCC, IR EON 0.9) Sy MR A BEH AT LU AU & i EL (N/P L RIERHON 1.0)
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Fig.4 Correlation network and network clustering among the LFTs of Quercus spinosa in Wumeng township
LT M JE B Leaf thickness; LDW ;i Leaf dry weight; SLA : LI THIFH Specific leaf area; LDMC ; '#) i & & Leaf dry matter content; LWC ;I
7K Leaf dry matter content; CC; M 4% 2% & 4 Chlorophyll content; LCC: M-8 1% & Leaf carbon content; LNC ;"% % & Leaf nitrogen content;
LPC; -5 &t Leaf phosphorus content; C/N: BB 1 Ho s N/P AR & L ; C/P BB & 4t LG B R[] 0 mARAE RO A RIVEAR , s A3k
RZIBIHISE R, AR H AR A R R Z M A SC R 2L AR R R R B Z [ C R

F4 SBRIPMTUHFHIEERBXEMEDETSSH

Table 4 Node parameters of correlation network among the LFTs of Quercus spinosa in Wumeng township

I 45 7 5 S50 Network node parameter

RN
Leaf functional trait et RN gl RIRHL
Degree Closeness Betweenness Clustering coefficient

R LT 4.00 0.06 0.58 0.67
& LDW 7.00 0.07 2.03 0.67
He M AR SLA 10.00 0.08 5.62 0.60
YRR R LDMC 9.00 0.08 4.07 0.64
&k LWC 6.00 0.06 1.58 0.73
ek AR CC 8.00 0.07 2.53 0.68
MRS LCC 5.00 0.06 0.17 0.90
A LNC 8.00 0.07 1.57 0.75
RS LPC 9.00 0.08 3.90 0.64
WA F R C/N 6.00 0.06 0.62 0.80
A& =L N/P 5.00 0.06 0.00 1.00
e & R L C/P 7.00 0.07 1.33 0.76

2.4 55 g fil i LR R D) RE MR PR A - 4 e 1

X5 5E & filt i LRI DO BE IR 5 3 HOE DL RS 64T VPA D7 200 45 R BoR — A5 7
Xof S P v LR I Th BE IR AR A TRl 54.52% (18] 5) , Horp =34 L A1 FH A BN 16.13% 5 H3ER 1
(X1) FHHBIE K (X2) B[R/ R 1T 13.79% , A I (X3) S [E/E IR T 12.19% ; A 5 A+
) B i R R A AR, IR R 4.53% HUE R 78 3.91% SR T4 3.60%

P TR 5T X 3 B R /N R BCRAE IR 1 25 S AN 8 R R 7 2 S v 3 (3R 2) |, HED 5 I T
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Fig. 5 Variance partitioning analysis between the LFTs of
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Fig.7 Principal component analysis of the LFTs of Quercus spinosa in different altitude gradients
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