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Effects of environmental factors on stem and
leaf functional traits of island plants

ZHANG Zengke, WU Yahua, WANG Qi, JI Lingbo, HUANG Liujing

( College of Landscape Architecture, Fujian Agriculture and Forestry University, Fuzhou 350002, China )

Abstract; The relationship between plant functional traits and environments is the focus of research on functional
traits. As a unique ecosystem, the plant function traits of the island must be different from that of mainland. In order to
definite the adaptability mechanism of forest communities in Pingtan Island, we explored the trade-off relations between
the plant functional traits, and analyzed the impact of environmental factor on the functional traits of island plants, by

measuring ten functional traits of stems and leaves as well as ten environmental factors of topography and soil. The results
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were as follows: (1) The specific leaf area (SLA) was positively correlated with leaf nitrogen content (LNC) and leaf

phosphorus content (LPC) , and negatively correlated with leaf thickness (LT), leaf dry matter (LDMC), stem tissue

density (STD) and leaf carbon content (LCC). Furthermore, LDMC was negatively correlated with LNC and stem nitro-

gen content (SNC). There was a positive correlation between LT and STD, while LT had a negative correlation with LNC

and LPC, as well as LPC had a positive correlation with LNC and SNC. In a word, carbon (C) and nitrogen (N) con-

tents in stems and leaves had a positive correlation. (2) The main influencing factors of soil on plant functional traits

were soil organic matter and TN in Pingtan Island. However, because of the lack of phosphorus content in the soil, LPC,

stem phosphorus content (SPC), SNC were positively correlated with soil total phosphorus, while LDMC positively cor-

related with soil total nitrogen; STD was positively correlated with soil organic matter; and SLA increased with the in-

crease of soil pH. (3) In Pingtan Island, slope position and slope were the two most influential topographical factors, on

plant functional traits. SLA and SPC decreased with the elevation increase. STD and LDMC increased with the increases

of elevation and slope, and LNC and LPC in the shady slope were greater than those in the sunny slope. This study pro-

vides a reference for the restoration and reconstruction of island vegetation.
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Table 1  Basic information and community structure of sample plots

o> K W
Sample plot Elevation Slope
No. (m)

B

s

(°) Aspect Slope position

HEvE 2514
Community
structure

1 17 13 3

2 23 6 7

3 214 7 5

10 218 17 1

11 94 35 3

12 13 11 8

13 39 3 8

14 209 36 3

15 239 16 8

16 91 24 8

M+ Bl 2

Sageretia thea+Panicum repens

AR+

Urena procumbens+Paspalum thunbergii

TEHE+ T - R

Rubus hirsutus+Miscanthus floridulus-Axonopus compressus

BT+ T 25
FElaeagnus pungens+ Miscanthus floridulus

TR A +BE R AL+ 5 R %

Pinus elliottii-Celtis sinensis+Urena procumbens
AR -5 B AR+ AE 1

Pinus elliottii-Litsea rotundifolia+Gardenia jasminoides
M-ER+FRT

Pinus thunbergii-Eurya emarginata+Dodonaea viscose
AR - AR T +FER AL

Pinus elliottii-Casuarina equisetifolia+Urena procumbens
EM-BEHEERT

Pinus thunbergii-Acacia confuse+Dodonaea viscose

1 - A+ BT

Litsea rotundifolia-Eurya emarginata+Melastoma candidum
AR+ TR T +HT 4L

Eurya emarginata+Dodonaea viscose+Melastoma candidum
JRAR+ UL A + /NI

Chukrasia tabularis+Murraya exotica+Ligustrum sinense
ERCLN S AR E

Acacia confuse-Cinnamomum camphora+Litsea rotundifolia

ARREE + LT+ F £

Casuarina equisetifolia+Psychotria rubra+Miscanthus floridulus

BERY +5F B A+ BRI AR

Eurya emarginata+Litsea rotundifolia +Ardisia crenata

B VAT R+ R Al + 51 B A

Acacia confuse+Syzygium buxifolium+Litsea rotundifolia

T TR T BE S8 LA SE B U 2R o Bk 1) B0 A DR R R A (B SR 0°) IS4 1 £ R, SR U 45° S — AN X[
R4S RN T LABUF R & 4528 0 1. b (247.5°~292.5°) 5 2. ZRb%(292.5° ~337.5°) ; 3. PHALH (202.5°~247.5°) ; 4. 7R
W (337.5°~22.5°) ; 5. P (167.5°~202.5°) ; 6. ARG (22.5°~67.5°); 7. FHRGH (112.5°~167.5°); 8. BiI (67.5°~112.5°)
SARBUCTOR, F A B BT 3R IR ANK 4T 2003) . B EAE 1. B3EAL; 20 iy 3. Faf,

Note: Elevation and slope data are expressed by practical observations. The aspect data start with an eastward direction (i.e. 0°). Rotating

clockwise angle expresses that a method of classifying each 45° interval, and the number represent each grade. 1. North slope (247.5°—
292.5°) ; 2. Northeast slope (292.5°-337.5°); 3. Northwest slope (202.5°-247.5°); 4. East slope (337.5°-22.5°); 5. West slope
(167.5°-202.5°); 6. Southeast slope (22.5°-67.5°); 7. Southwest slope (112.5°-167.5°); 8. South slope (67.5°-112.5°).
Obviously, the larger number expresses that it is more positive, drier and hotter ( Zhang F & Zhang JT,2003). Slope position data 1. Top of

slope; 2. Middle of slope; 3. Bottom of slope.

2 R G5

2.1 HYIThEE R T AL
MR 3 ATLLE T B Y T RE MR 1Y 22 5+
R, JuHE SLA STD F1 SPC 28 £k g B 4% 51 M

33.01~1.01 m? - kg .0.13~5.60 kg - mm™.0.01 ~
0.88 g - kg,
2.2 TERFHEL

MR 4TI RS L TN S5 T4
347K (0.65 ¢ - kg!) (HEHE TP R T2
EEH & (056 g - kg'), FEE HIER=Z B S
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Table 2 List of the ten plant functional traits and formula, ecological meaning

T Dy RETEAR

Plant functional trait

YN WL A

Formula and unit

Ecological meaning

L T AR
Specific leaf area (SLA)

T o
Leaf dry matter content ( LDMC)

s
Leaf thickness (LT)

o i
Leaf phosphorus content ( LPC)

R

Leaf nitrogen content ( LNC)

ki
Leaf carbon content ( LCC)

e
Stem tissue density (STD)

te

Stem nitrogen content (SNC)

BN
i)

Stem carbon content ( SCC)

SLA(m® - kg') = M- AL (m® ) /0 i F 5
(kg)

SLA(m® + kg ) = Leaf area(m”)/Leaf dry
matter (kg)

LDMC(g « kg") =M R FTH (g) /M F B E
(kg)

LDMC (g + kg") = Leaf dry matter (g)/Leaf
dry fresh (kg)

LT(mm)= (N,+N,+N,)/3

LPC(g - kg') =M 28 (g) /M A THE
(kg)

LPC(g - kg )= Leaf total phosphorus (g)/Leaf
dry matter (kg)

INC(g - kg')=MHFER(g)/MHTH
(kg)

LNC(g + kg™ )= Leaf total nitrogen (g)/Leaf
dry matter (kg)

LCC(g « kg') = M 4 dk (g) /0T T 1K
(kg)

LCC(g + kg") = Leaf total carbon (g)/Leaf
dry matter( kg)

STD(kg + mm”) = ZX+ 3 (kg)/ZEEKH
(mm*)
STD(kg + mm™) = Stem dry matter (kg)/

Stem volume (mm®)

SNC(g - kg')=22%H (g)/ZE T (kg)
SNC(g - kg') = Stem total nitrogen (g)/
Stem dry matter (kg)

SPC(g - kg') =254 (g)/ZETH (kg)
SPC(g + kg') = Stem total phosphorus (g)/
Stem dry matter (kg)

SCC(g - kg' )= ZE2Hk(g) /2T (kg)
SCC(g + kg") = Stem total carbon ( g)/Stem
dry matter (kg)

S WAL AR IO A5 8 U 04 RE 0 AR SROE TR i B B AR
[1z92)

It reflects the ability of plants to acquire resources such as light
and protect themselves under strong light

S AR AR SRR 1 A 0 A RSB 3 5 5 1 g
Tt reflects the ability of plants to acquire resources and resist
physical damage

2 WAL B DR AR AR MR 7K 23 ) PR A
Tt reflects the acquisition of plant resources and the preservation
of water

SRR A RA R A E A G
It is related to the resource acquisition, metabolism, growth and
development of plants

HEREIOUHER MY K E TR IA X
Tt is related to the maximum photosynthetic rate,
metabolism and ability of growth and development

plant

SE R AL E A, S AERK K TR IAC
It is the construction cost of leaf tissue and is related to the
growth and development ability of plants

ERE A ) A R S AL SR L K ST i BRI RE A G
Tt is related to the vertical structure support, material transporta-
tion and defense ability of plants

HEAOCEEE MY AR LT BRI A X
It is related to the maximum photosynthetic rate, plant metabolism,
growth and development, and defense ability

SRR IR A KR T AR
It is related to the resource acquisition, metabolism and growth
of plants

R SRR, SEY A REE BiHEE I a %
It is the construction cost of leaf tissue and is related to the growth,
development and defense ability of plants

i, H - e m gt
2.3 E MIEEMRZEAMNBEEXR

X T AR b AR AR Y 25 T e IR E AT
Pearson #H ¢ 430871, & S Af AF H,SLA 5 LPC.
LNC 2M B F IEM &, 5 SNC R R FIEME, 5
LT LCC.SCC 2k & 3 i A1 3¢, 5 LDMC Al STD
EREMMAE;LDMC 5 SCC 2B FIEMX, 5
SNC B H & A 56, 5 INC & B3 AR 56 LT
5 STD 2 B E IEME, 5 INC 2B E R, 5
LPC & & A%, LPC 5 LNC SNC £ # 2 2 1F

H2E;SPC 5 SNC 2 % i 3% 1IE M ¢ ; LNC 5 SNC
B FIEA G LCC 55 SCC B0 i 35 IFAH ¢,
B2 HRIZER C N P SR IEME,
2.4 EYMEERMAERFZEMNXR

i RDA HE , /- ki o g otk s i 2
R A G PE, W L AT RLE Y, R R =
54.44% o SOM 152 M e K, HEROJ2 TN #i P
IR ) it TR A 35.26% , v il 07 6 52 i e kG,
HUSEIE BE e 1) AR

TS IEEMIRAY R (I 1:a) :SNC LPC |
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Table 3 Changes of plant functional traits in the Pingtan Island

i H WA oE T s ht iR R SURE rHc R RS R MBS R Ema i RS EROR

Item SLA LDMC LT STD LCC LNC LPC sce SNC SPC
5/IME Min 1.01 113.16 0.06 0.13 325.11 9.01 0.11 283.70 5.19 0.01
FRRAE Max 33.01 708.66 1.07 5.60 518.81 54.95 1.84 492.15 16.62 0.88
(AR 11.39= 386.00=  0.32= 0.53+  461.66x  21.85x  0.66x  443.01x  9.04z 0.32+

Tts. 0.59 10.37 0.17 0.06 3.30 0.81 0.29 2.81 0.27 0.02

7. SLA. HHE AL, LDMC. MT¥ i LT, MR, STD. 2841414 % ; LPC. M'Bi & i; SPC. X8 & & ; LNC. & &

f#; LCC. ik &HE; SNC. 2R &, SCC. £ &=,

Note: SLA. Specific leaf area; LDMC. Leaf dry matter content; LT. Leaf thickness; STD. Stem tissue density; LPC. Leaf phosphorus
concentration; SPC. Stem phosphorus concentration; LNC. Leaf nitrogen concentration; LCC. Leaf carbon concentration; SNC. Stem nitro-

gen concentration; SCC. Stem carbon concentration.

x4 TERBITEETFHETLER

Table 4 Changes of soil factors in Pingtan Island

i H THERVE 2R W FkE -
Ttem SOM TN TP wC p
/M Min 3.55 1.54 0.05 1.26 4.20

e KAE Max 41.38 3.22 0.45 29.25 6.37

WEsFRER 19.99+ 245+ 0.22+  10.90+  5.32+
Xs. 3.73 0.155 0.29 2.19 0.18

SPC 543 TP 8 1IEAH2¢; LT LCC ,LDMC ,STD 5
135 TN, WC,SOM £ IE ¢, 5 pH 2 i #H 5%,
SLA 543 pH 2 IEAHC, HIE K+ 5 Rtk
952 (B 1:b) :SLA SPC 53 S iFAHE , 5
P A B 5L UM O LNC  LPC 5 3% ) &2 1F A1 5%
STD ,LDMC \LCC Sifg#k 3 B 52 IEAHOC, 537 &
Uibi: b

3

3.1 BREEHE HIEERZ BNNEXR

R OC 28 J2 1 ) D) e 1k AR =2 1) o 3 3 1 Bk
ROMFRZ N AR B Y 42t A SR T 1k )5
T AL YRR 4L & ( Westoby et al., 2002 ; Diaz et
al.,2004) . X PR G FR 32 B4 45 PR R 25 1
RIAE R R, WL B 5 A9 D) s IRk SLA
5 LPC.INC 2 & ZF 1EAMH X, 5 LT, LDMC,STD
LCC 2 W MAH G, I 4518 55 Wright et al. (2001 )
Fl Reich(2001) A 58 A — 3, SLA 5 Y%
TEAE R R FDGA BURAOC (B ,2012) ; AUE

JCEE A E B AL, 5 R OL A A G
VI (AR50 5 ,2015) 5 B A% 5 BE 1 1Y — BRI IR 1
HEAWITTER, S 5067 WS i (B SCES,
2016) , i L SLA \LNC \LPC S 1FAH ¢ | 2 [A] iz me A
YIRRBOE B IR Y RE 71, M, SLA 5 LDMC £ ffi
FHIE  LDMC A58, B SLA B30 /0, {88 i Fr 9 358
KA [ I 3 THT 7 0 8 R BEL 7 A, AT e
IRAE AR K 53 HOR (X 5H06 452017 ) o LT 1E
AP A T TR 3 B AR T, S AR AR ERSER AR
FEIK AT B YIA 5% 5 STD & 75 22 () 2R T RE Mok, S ik
TP A AR RE 77 . SLA IR AR ) 18 &
ARSI T 50 G v B R B i i 2R 85
H KA SU% E (Wright et al. ,2004) , 4 140Kt
HZMOEE YA T R B S B A R
PAE N K LT F1STD, 9 /I i 17 R %) A 25 3R i 1
( Wright et al.,2002) , [Aff,LDMC 5 LNC & i
Kbk, 5255 (2012) B 45 R — 5, R W 245
PR 25 0 5 43 e =2 (8] AU, DL R 2 5 20 i it
FBEA R, Kb R EZ WA EH O
A 5F,2016) , AWFF KRB, ZE M C N &2
WEIEAM KL FR,LPC 5 LNC SNC £ g 3 1E
XK, BXFP R R N P ZHFEIITE N P Z[H]
) FH AR FH 5 ) 36 A 90 B9 A 25 AU A (B 4 R R ik
2 2010)
3.2 TEXIEREYINEE R M
+HORBRMAE S R G E T RS,
AP 09 A A R 0 A 6 AL ) T e PR IR Y 8 R
HEAEH (47K ,2016) . AW KB SOM TN,
pH TP J& 520 B A Y Dy Re etk i) LR 7, X 5
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Table 5 Correlation of plant functional traits in stem and leaf
4‘ . n R , , Y
SRR PO g AR wmem mmeR sl SHRER BEAR ZRAR
Functional trait LDMC LT STD LPC SPC LNC LCC SNC SCC
Lt T AR SLA -0.196 * =0.471 s -0.277 * 0.281 0.131 0.329 = —0.283 #x* 0.217 * —0.458
45 LDMC 1 -0.152 0.195 -0.189 -0.050 -0.212 * 0.153 —0.295 #3* 0.227 *
MR LT 1 0.227 *  =0.234 * -0.071 —0.282 *x* 0.067 -0.122 0.206
L BUEE STD 1 -0.112 -0.002 -0.044 0.192 -0.192 0.182
S & LPC 1 -0.101 0.395 %%  —0.032 0.443 %  —0.094
ZEWE & SPC 1 -0.020 -0.051 0.336 %  -0.071
A & LNC 1 0.083 0.498 % —0.072
it LCC 1 -0.058 0.491 %
2545 &k SNC 1 -0.081
. o#x P<0.01, * P<0.05,
Note: #** P<0.01, * P<0.05.
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-1. 0. . A 1.
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LB, PRI SE PR, S 22 /]S s Je ff A1 18 R 0° ~ 90° Z [RIIR, PA~7%

B REAAARRK R LI 90°0)  Fm “H WA BEMMRKR, (THS, 2011)

Redundancy analysis (RDA) of the correlation between plant functional traits and environments. The arrow line and the size of the angle of the two-

S [ R IEAHSCOC R ; I M fa 90°~180°ZIEUHT -

line segment indicate the correlation between the plant functional traits and the environments. The longer line shows that the correlation is greater,

contrarily smaller; There is a positive correlation between the two variables when the angle is 0°~90°; And a negative correlation between the two var-

iables when the angle is 90°—180°; There is no significant correlations between them when the angle is 90°. (Ding et al., 2011)
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SOM | TN 1 Ry A= 25 2 Go e A NG A 0 7 22 21 i 47,
FEW: T 0T B 20 45 40 T8 B A AR (O
B4 2017) 15 LDMC 5 TN 1 LCC 5 SOM &
A, SBAh, PR L TP SRR ERS, —
5 T AR PR R S B b X 4 B XA, 3 P
JC R RS A B R 0 O B 1 A 40 O A R 5
oy —J7 W AT RE RSP S SR 2, R P
ErERIA R (R RS, 2018) , BUME P BN OF
S RIS M BR i M R R 2 —, TR
SR S BE R X 3 TP A B 28 A B O U
( THE4,2011), LNC SNC .LPC £ I figteik 3z
TP SENE W, YR RAE
BT B S A A0t 3 55 i A AL ( Orwin &
Bardgett,2010) . — A& O T, 2096 L ALY Y
SLA BN, MBI 4 & M A5 b SLA 8K (Wright
et al.,2002) . (HAHBFSE & B, SLA 5 1+ 157 53 41
KR5S, v REJE TR B T 5, K 4R 3 5%
5 H T E B XU 28 (TR R AE2017) i B AR
Py 1 L R N i e R 2 KL
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Fe BRAERE IR A0 I A7 A H AR -, A
M I A0S A L B ) b 1) 2R ) 2 R T (A A
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