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Variation characteristics in leaf functional traits of woody plants in deciduous
broadleaved forest community in Baihua Mountain of Beijing

Gao Yonglong' Sun Yanli' Xu Mingze® Liu Shan®
(1. Beijing Forestry and Parks Planning and Resource Monitoring Center, Beijing Forestry Carbon and International
Cooperation Affairs Center, Beijing 101118, China;
2. School of Soil and Water Conservation, Beijing Forestry University, Beijing 100083, China)

Abstract: [Objective] This study aimed to provide a theoretical basis for elucidating the coexistence
mechanism of typical temperate deciduous broadleaved woody plants by revealing the variation
characteristics, sources of variation, and interrelationships among functional traits of leaf morphology and
biochemical traits of different life forms of plants. [Method] We investigated 8 leaf functional traits for 23

woody plants, including 12 shrubs and 11 trees in a deciduous broadleaved forest in Baihuashan Nature
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Reserve in Beijing, analyzed the variation characteristics of the leaf functional traits and relationships
between these traits, and further examined the driving forces of the variations and plant ecological adaptation
strategies. [Result] (1) There was no significant difference in leaf carbon, nitrogen and phosphorus content,
leaf relative water content and leaf tissue density between tree and shrub species. However, the specific leaf
area of tree species was significantly lower than that of shrub species, and leaf thickness and leaf dry matter
content were significantly higher than that of shrub species. (2) For most leaf traits, species was the best
factor to explain the variation in leaf functional traits. The variations in leaf thickness and specific leaf area
mainly came from species itself and life form, and the variation in leaf dry matter content was explained by
species, individuals and life form. (3) In addition, the results of trait information axis showed that most shrub
species were located at the end of the fast investment income of the leaf economic spectrum, while tree
species were located at the end of the slower investment income. These differences indicated that there were
diverse trade-off strategies for plant traits to adapt to environmental heterogeneity, and according to our
findings, the specific leaf area was the key variable to divide the ecological strategies of two life-form plants.
[Conclusion] Different life-form woody plants can acclimate to the resource variation along a vertical
canopy gradient by optimizing a combination of leaf structural traits. The slight environmental differences
between habitats will accelerate niche differentiation of coexisting plants in the community.

Key words: leaf functional trait; interspecific variation; tree; shrub; deciduous broadleaved forest; species
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BAELLEZRE BRI XA T AL T T 1k X
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Tab. 1 Basic information of 23 woody plants in Baihua Mountain Nature Reserve

PyFf Species #4 Family name HEVE R Life form
KK F Lespedeza davidii FF} Leguminosae H#EAR Shrub
BB T Lespedeza bicolor S B} Leguminosae HEAK Shrub
MM Deutzia glabrata JEHHE} Saxifragaceae H#EAR Shrub
% Deutzia scabra & B #Rl Saxifragaceae HEAK Shrub
B L Euonymus verrucosus T ¥ %} Celastraceae H#EK Shrub
¥ 38 % Euonymus phellomanus TF %} Celastraceae H#EK Shrub
FNIER Abelia biflora 4%} Caprifoliaceae H#EAR Shrub
K H &% Lonicera ruprechtiana A4 Fl Caprifoliaceae H#EAShrub
£ Bt Rubus crataegifolius R Rosaceae H#EAR Shrub
+ S 45 Spiraea pubescens 7%l Rosaceae H#EA Shrub
52834 Spiraea salicifolia %74 Rl Rosaceae H#EK Shrub
5351 Syringa pubescens AJEE} Oleaceae H#EA Shrub
HEALIE KA Larix gmelinii var. principis-rupprechtii FA%L Pinaceae Fr AR Tree
M Betula dahurica AR} Betulaceae T¥A Tree
FI#E Betula platyphylla MEAF} Betulaceae T+ Tree
F1 Fraxinus chinensis K BEF} Oleaceae T¥A Tree
Bk Juglans mandshurica #BkE} Juglandaceae FFK Tree
M Ulmus macrocarpa ir#l Ulmaceae T*A Tree
Z4 AT Ulmus laciniata %l Ulmaceae TR Tree
Wit Ulmus pumila ir#l Ulmaceae T* ARTree
SR Quercus mongolica 52| %} Fagaceae FFK Tree
TLFAM Acer pictum subsp. mono B E Aceraceae T*A Tree
1% Populus davidiana A} Salicaceae ¥R Tree

®2 PrEEHMHREERIEIRR EEE IR

Tab. 2 Selected plant leaf functional traits and their main functions

FUYE S v VNN
PR 25 Englith Hf A
Type of leaf trait Variable abbreviation Unit Ecological implication

HEE R LNC % BRSO B A 1
Leaf nitrogen content Resource acquisition and photosynthetic potential evaluation

AR R E o Lt Ty

Biochemical trait Leaf carbon content Lce 4 HyL A1 ) Building and defense
R e ‘ BRSO A KAR B Resource acquisition and growth

LPC % .
Leaf phosphorus content metabolism
= R AL SR LA RO B IR 28I AR SR B A

Iz L mm Survival strategy and carbon costs related to photosynthetic
Leaf thickness t

respiration and transpiration

USRS ST HLEE G = 3h 4. K. UKD KB e
LDMC glg 77 Resistance and defense capability against physical hazards
such as herbivores, wind, and hail

R A R

Leaf dry matter content

) 2 L K MR
JEELIHITEIR " BRGSO . R R I R
Morphological and LT AR 2 o ; -
. - SLA cm’/g Growth status, resource acquisition, and capture light ability
structural trait Specific leaf area
of plants
Ly AT =y : s
= ) ] 7] 1~ i \t% &N
. LRWC g/em Water status, drought resistance, and environmental
Leaf relative water content .
adaptation of plants
W2 2 I B0 P RO
L LTD ofem’ AR HE 7RG I B Ui

Leaf tissue density Toughness and stress resistance of leaves

¥ BN 0.01 mm ¥ FE 7~ 25088 00 b R RO = - )R COR, Lincoln, USA)M & FEAN - F THIAR o A4 AR A
B . K% T AR A (LI-COR 3000C Area Meter, LI- T AR S B RS SR A . B N KR, 7E 5 C
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T B /AR R, g/em® . K T & 4 # AL (Vario
Max CN Element analyzer, Elementar, Germany )il] &
M AR SRS R
1.3 HiEsH

K H Shapiro-Wilk & 306t IR Bl 847 1IE 4540
A A Ee, AN IR AS 20 AT (1 4 18 log ek B 4T
FRoEfb AL o {51 FH AR 7 RECGRAE YDA [R] I Dy e
RIS S RERE o RS FEA ¢ K50 0 A E AR AT
AR 2 M AR Y) DR ORI ) 22 R R R B 3, 3
P8 BN A PR 00~ 3 A A o

K VR B 280 ABE R 3 A AR 3 2R L )R RS Akt
TP R Dhae R e sgm . Ko, VSR (IR R
FIVEE A B B AT 58 280RE, PR AT A S BE AL o
X3 AN RE REE R Dh Re AR AR e 34T 07 2 00 fi, 47
ST AR bR R 2R PR AR SR (R AR G T gk

FIH Pearson AHIG /M AR5 23 FliARAAEY) AR
YRR 18] B FH G, £EAH 50 B FR G vk B 0 pp AR
HIFHRRRE, NX A HEARRMTE AR . KA b5 HEAL
F2 53 A B0 PR R IR G R AERE AR 5 TR R[] 22 57
KA F R B 8 AN D RE MR AL S LR & 15
BT R, RIS AR A AE P D RE AR R 40 A R
FEFISLARIALT, FR G S EEE R ES
4.1.0 B P RE KRR E N P=0.05,

2 RGN

2.1 MIfBEER TS RAHE

8 NI DHRE MR (A A 22 SRR an ] 1 ANk 3
FioR o AT &, 908 R0 b T AR AR
R MU (48.0% F1 45.2%), W& B W ERE.
AV FE IR 2 (I 30% KA, MRS A F Al
So 2 7K AR S R B (18.2% F1 19.3%), T H- B
TELRABBACCER R < 5% (K 3). MILFE
Ak ss OB DR, TRAEDET RS &, ot
B o B M I A S K E A 2 T
15 AR A B3 25, (BT AREY &
I 2H 2308 R 3 2 3 v T RER S ME, LT AR
BIE BB T REARME.

B A LR 4 [ A iR B T XA A A
WS BBk 4 iR . AL LKA

G B R B S 3 AE 43 i R 2.30% A
0.14%, & F ALt FI AR Y35 KF . 54 EG A
TIP3, B LR AR A &
B, (H S RN, BB (NP ek T A
AR Z BRI, NIP KT 16 SRR AE K2 8RR
#il, NIP /T 14 Ros W) 2 B BRI, NP £ 14 ~
16 B, 52 500k 1 3 [F) BRI % AR 5T R B H AR L
23 FARAAE ) NP (1P 3594H v 16.43, il 4= [E ki
AR B30 7K P o 3R B AR X (0 AR AR A AH
bl 2 X SR Al 14D A K At i 52 81038 11 2 K PR A

22 et R MR

B Z i g R R, ATETY YRR
XF 8 AN ThRe AR 1748 e B A AR N (B 2) 0 i
R MRS R MR AR A AR S K A A
SV FE ()7 S EERIR T Fh (65.6% ~ 85.1%),
TG D6 T R R T BE IR AR 5 1 T R e ke A A
(< 10%) . PpFh A G B IL IR 32 F 7 i J5 B2 R0 B i
AR AR S5, W) b A g 1 W JEE S R B oo T AR AR SR
52.1% F1 49.6%, =35 4L 53 BIARRE T W& BE A LE T
FRAR 5K 39.2% N 37.7%. MW T & R4 5%
Vi AR AR VE BRI R s, H o R T T
JR S AR T 44.1%- 27.1% F1 20.3%.

2.3 MIhgEEIR AR

KSER:MATEESHHEREERE LMK,
20 215 5 o L R R B TR S B 3 AR,
-4 5 e 2 3 I AH DG TR S B A
KRS ARG LU TR AR T i R AT AR
BEMMR. SMA KGR R, Lt f-—T4))%
i, L IR R R L A U R
B A o R RS R A R A
AR K - R 6 A PEIR G SMA [l A %
TERERFTARZ [0 2 R IEAEZ (K 6). ILoh, 1 H
FEA 25 7K BRI JB B ) IE 26 Ok R ANLE TR AR A 4 o
BEP<0.05), {EEAEY TR ARZEP>0.05. 1
S 2P0 I R B R R TE A DG OR R 4 B TE R
FFRARH AR ZE (P> 0.05),

F R T RN T ARV AR TS TR A
PR N E A, B3 B B 1A E R
25 R T 8 AN I R AR S T 22 1 33.4% FHI
22.1%, JSSRFEEN 55.5%; HHELHEARYFL, FeARYIFh
KU T EIFREME. £ 7 88 Tl 1 FEE
A S BRI A 40 B IR oG, SRS
B A A FWRS 2 FESHES 2N
EE i T AR IEAH G, 5 i JEL R R M T o B AR
Ko e B 3 MK 745 KA H, Te ARV TG 7 1)
e R AT E PCL R A AR 4K, BIFR A H Thie
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12. 53548 13 MR 14, EIME; 15, A 16, 2Bk 17, BHE; 18, Bk 19. 24 20, Sedb it 44 21, Sk 22, AAHG 23, 1L, *,
sk ek oy B REAR 5T ARLE P<0.05. P<0.01 fl P<0.001 KFAFAELEZE R . 1, Lespedeza davidii; 2, Deutzia glabrata; 3, Lespedeza

bicolor; 4, Euonymus verrucosus; 5, Abelia biflora; 6, Rubus crataegifolius; 7, Euonymus phellomanus; 8, Deutzia scabra; 9, Spiraea pubescens;

10, Spiraea salicifolia; 11, Lonicera ruprechtiana; 12, Syringa pubescens; 13, Ulmus pumila; 14, Betula platyphylla; 15, Fraxinus chinensis;

16, Juglans mandshurica; 17, Betula dahurica; 18, Ulmus macrocarpa; 19, Ulmus laciniata; 20, Larix gmelinii var. principis-rupprechtii;

21, Quercus mongolica; 22, Acer pictum subsp. mono; 23, Populus davidiana. *, **, and *** represent significant differences between shrubs and
trees at the levels of P < 0.05, P <0.01, and P < 0.001, respectively.
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Interspecific differences in functional traits of typical woody plant leaves in Baihua Mountain
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Tab. 3 Statistical characteristics of leaf functional traits of 23 woody plants in Baihua Mountain, Beijing

GUITHE Statistical characteristics ~ LNC/%  LCC/% LPC/% L/mm LDMC/(g-g"') LRWC/% SLA/(cm*g') LTD/(g:em™)

;;ei;’jﬁ :t:’ﬁfffviaﬁon 23+04 443+18 0.10£0.04 03+0.1 030£0.10 624+12.0 251.0+114.0 0.4+0.1
I5/IME Min. value 1.6 403 0.09 0.1 0.07 44.4 65.4 0.2
B KA Max. value 32 47.8 0.20 0.6 0.50 82.3 527.7 0.7
A3 5 Z 4 Coefficient of variation/% 182 41 28.7 32.8 48.0 19.3 452 303

F4 BRUZHAKEHMHER. BSE. EHLSHOARERILER

Tab. 4 Comparison of leaf nitrogen and phosphorus content and the ratio of nitrogen to phosphorus of 23 woody plants in
Baihua Mountain with other studies

— -
Stﬁiij;gea Speci%ej t%&mber LNC/% LPC/% N-P iﬁﬁfﬁ

JE5 FH7E1L Baihua Mountain, Beijing 23 2.30 0.14 16.43

BHRICYO L Horgin Sandy Land 52 247 0.26 10.40 [32]

VT T4 Dry Hot Valley of Jinsha River 22 2.05 0.26 8.03 [39]

VLR # 1 Wuyi Mountain, Jiangxi 14 1.71 0.09 19.73 [30]

8= i A< 2% Eastern margin of the Qinghai-Tibet Plateau 29 1.31 0.14 10.31 [40]

7 F EH Pu’er, Yunnan 152 2.09 0.14 16.50 [31]

MK 1l Changbai Mountain, Jilin 48 2.15 0.22 10.81 [41]

Jb SR i X Beijing and surrounding areas 358 2.61 0.20 13.90 [42]

4= [E [ £ HE 4 National terrestrial plants 753 2.02 0.15 16.30 [43]

PR =ERHEASE A= [ %

mm M4 Individual — mmm BfiFLi% 2 Random error

& N
S (=]
T T

J5 2 TR E 43 L
Percentage of variance contribution/%
[y*)
S

0
LNC LCC LPC L,

SLA LDMC LRWC LTD
I IREMEIR Leaf functional trait

2 EIEAL MR RIS RO R D BEE R AL S A TR

Fig. 2 Contribution of life form, species and individuals to the variation

of plant leaf functional traits

BN 6 T B AT B TR PR 4 A R s A
I HE A 54 TR0 A 490 4 5 L 7 L A L TR A,
SN[ 5L RE AT A R () PC2 i R AR AL
T[54 375 TR AR 0 ) MRS S A S B 7 7R AR
WE AR IE A 208 B S L (1 R T
3 3 i
31 MIMEEHERE T RS

TRET AR T DS 3ot AR T 98 e A5 0 T 7
VB35 4 K I ST B I, FUMEIR S S M — s
B LR T R A E ST . — BB TR A
0 P R 6D e 70 2S5 2% S5 A, B 2 [
PR, I 2% R (7 R 25 S AR DR,

x5 MHINEETEIREY Pearson HHX R EL
Tab. 5 Pearson correlation coefficients of leaf functional traits
Leu;f—'gift?(ﬂ%l}{frait LNC LCC LPC L, LDMC LRWC SLA
LCC 0.01
LPC 0.56%* -0.14
L, 0.08 —0.15 0.20
LDMC 0.21 0.39 —-0.10 0.25
LRWC —-0.05 —-0.10 0.12 0.46* -0.23
SLA 0.09 -0.24 0.24 —0.13 —0.75%* —-0.09
LTD -0.14 0.27 -0.39 —0.49* 0.43* -0.18 —0.73%*

AR PP A EIRTEP < 0.05 7K P A2 FE S 25 4 50 * AR PIPT I AR IRTEP < 0.0 KT #FE i 2 5K . Notes: * represents significant

correlations between pairwise leaf traits at the level of P < 0.05. ** represents significant correlations between pairwise leaf traits at the level of P <0.01.
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Tab. 6 SMA test for the relationship of pairwise leaf traits between shrubs and trees

el Gt R p e 95% B X 7]
Category Life form Slope 95% confidence interval

#K Shrub 0.30 <0.05 —854.08, (—488.72, —1 492.56)
SLA-LDMC

T¥AK Tree 0.59 <0.001 ~732.46, (—4 467.08, -1 179.86)

HEA Shrub 0.66 <0.01 -1 046.08, (—1564.72, =699.35)
SLA-LTD

TR Tree 0.65 <0.001 -716.80, (—1102.74, —465.93)

#ER Shrub 0.23 0.12 0.82, (0.45, 1.47)
LTD-LDMC

T¥A Tree 0.17 0.21 1.04, (0.55,1.97)

#EAK Shrub 0.29 <0.05 -1.20, (=2.11, —0.68)
LTD-L,

T¥A Tree 0.50 <0.05 -1.16, (-1.93, -0.70)

#EAK Shrub 0.13 0.26 142.13, (76.57, 263.81)
LRWC-L,

TR Tree 0.34 <0.05 118.57, (66.43, 211.65)

#ER Shrub 0.29 <0.05 11.29, (6.44, 19.81)
LNC-LPC

TeA Tree 0.34 <0.05 9.39, (527, 16.74)

VE: A E/N G 7 RER IR SMA [ B R AEE AR RITR AR H] 22 7 AN 3% . Note: the same lowercase letters indicate that there is no significant difference in

SMA regression slope between shrubs and trees.

O 7K Tree @K Shrub
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Sl
I
g
()]
g -1y
( J
,2_'
-2 0 2 4

PC1 (33.4%)
K3 R D Re R i 3 gy o
Fig. 3 Principal components analysis (PCA) of leaf functional traits
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Tab. 7 Differences in PCA principal component
load scores

AR O &5 B B S BN 5 B AR 57
R AT i R B A S M R, X R A4
PEBRAGT ) TP PR PRI — 2K, AR AT RE 2 23t +
BRI A R R PR A o

J3—J7 Tl FEARATR AT ARl Vi - v
MR EAARER 73, AR PE ATV IR A2 R Ak 52 AN
T HOB S S E 2 IR LR, X R4
BN AN TR AR 3 TR AR O DR O I 22 S, X TR AN
SRR VR P P P A 1 A A A L R A B (s
B TR I B T REA A TR i JE R4
S S T RAEAE 2 2 5, AR PEARAE A R AR
R TR) ) R 22 5, X5 A S AR ] AR
122 it e 45 SRAS — 2 AR F e L R b
W TR REARAEA A 1 2 AR 2R R 2 7 TH] A7 AE 2
FHIES, X PECT A F RS R AE PR IRAR 57 1
WP LA AE BT, A [R5 R ) 1 B L T
PR SRIBU % (R G5 A AR, SR I J) B PO 3 58 22 St

T REREIR

Leaf functional trait Principal component 1

F 1

F 52

Principal component 2

LNC 0.46 0.28
LCC -0.25 —-0.05
LPC 0.48 0.03
L, 0.05 —-0.51
LDMC 0.12 —0.54
LRWC 0.21 —-0.10
SLA —0.26 0.47
LTD 0.37 0.01

BIYEIE . 3K I R AR A 3 B A ] b 2 R

M IhRE IR HY R SRR

— TR A A Bk 629 AR TR (B HO I AT TR
B i 9 A2 3 K o RV PR S AR R 25% ~ 32%s

3.2

I HL I8 & P P = e B A0 2% ) 96 L £ 38 o, bR R Ay

AR S R L B 2 k2 B0 FE SR R R B oh, 0 T
RAR S SRR A IT 78 1E 3287 R R () AL Y 7K, ) A2

AT R : EAE AR AR YIET 8 AN ThEE MR Y
AR SR P VG LR 4.1% ~ 45.2%, Forb B 2 B 1 Fh
6] AR S M A TR & B . SRS, A

T T ST FRE R A5 BE A B 23 KPS T
AT, MR AR EIR LT A R B A 5 v 1Y
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48 D O NI

546 4

T P 2 B AR S R A AR e g kR T A
AR T, XET 8 ANHHEART F AR kT
PRAZ 5 1 AR B i A (4% ~ 27 %), IX S HEMCE
WA X (Quercus glauca) T T4 FE 1) 14 IR 1A Ff
P AR S g & SR AR AR
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