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Leaf functional traits of four typical forests along the altitudinal gradients in
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Abstract . Exploring the variation of leaf functional traits of plant community along environmental gradient can help us get a
better understanding of the adaptive mechanism of the plant communities’ response to environment. Altitudinal gradients
could be used as powerful naturally formed experiments for testing ecological response of forest community to environment.

Four typical types of forests along altitudinal gradients were investigated to analyze the variations of chlorophyll content, leaf
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dry mass content, leaf mass per area, leaf thickness, nitric concentration per unit area, nitric concentration per unit mass
and their correlations in Mt. Shennongjia. Based on the analysis, we tried to reveal the adaptive mechanism of plant
communities’ response to environment. The results shown that leaf functional traits including LMA, N ___ and leaf thickness
declined with the increase of altitude in the altitude ranging from 780m to 1970m. While LMA, N and leaf thickness
content of sub-alpine coniferous forest (2570 m) reached the maximum with 187.37g/cm’, 1.92g/m’ and 285. 31 wm,
respectively. LMA of sub-alpine coniferous forests was twice as much as that of evergreen deciduous broad-leaved forests,
3.7 times as much as deciduous broad-leaved forests. N, declined with the increase of altitude (780—2570 m) except

the N of mixed evergreen and deciduous broad-leaved forests which was less than that of deciduous broad-leaved forests.

The maximum chlorophyll content of sub-alpine coniferous forests (2570 m) and evergreen broad-leaved forests (780 m)
were 48.84 and 44.12, and the maximum of LDMA were 454.93g/kg and 407. 64g/kg for the same forests. Chlorophyll
content and LDMA for Mixed evergreen and deciduous broad-leaved forests and deciduous broad-leaved forests in which the
altitudes are between sub-alpine coniferous forests and evergreen broad-leaved forests had minimum chlorophyll content of
38.73 and 38. 19, and LDMA of 338. 93g/kg and 337. 3g/kg. There existed significant correlation among the leaf
functional traits. The results shown that there was significant positive correlation between leaf thickness and LMA/LDMC;
leaf thickness positively correlated with LMA | while there was no significant correlation between leaf thickness and LDMC.
while there was no significant correlation between chlorophyll

leaf thickness and chlorophyll content; LDMC

Chlorophyll content significantly positively correlated with N,

area

content and N, .. LMA significantly positively correlated with LDMC, N

area

significantly positively correlated with N,

area ¥

chlorophyll content and leaf thickness; N, significantly positively correlated
with leaf thickness and chlorophyll content; leaf thickness significantly positively correlated with chlorophyll content. The
results strongly demonstrated that single species’ response to the environmental change could not reveal how the forests
responsed to the environment. All species in a certain type of forests and their interaction of plant functional traits among
species in the forests determined the mechanism of its response to environment with the environmental changes along

altitudinal gradients.

Key Words: altitudinal gradient; chlorophyll content; leaf dry mass content; leaf mass per area; leaf thickness; nitric

concentration per unit area; nitric concentration per unit mass
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FTARFN I F DI REPERRFIE S 5 A B S n VAR B AR AL R A e SR I R AR AR A, Ak e g
AHIE 7 [RIE X Se i i Dy REMEAR Z 2 R AETE NTERI G R 7
1 MRFE
1.1 WF5EHE S 5 A oA 7

5 1 A T AL AR BE R A 25 2R G2 I S B MBS UL A 5 3l ( AT RTFR < Pl A 2t ) | s 4b 3 1 5
VU X JE R L Dk AR AE 22 A bk, 367 B 109°56'—110°58"E,31°15'—31°57' N, iZ X Ky 3% [ o 1l b 5
IR AR Fr B A L DX Ao U b | A 8 22K, e KA 5 223K 2900 m DA b A5 R ARGHS [m) JET 3R () 3
PEH R 10,6 °C L AERRKEE 1306.2—1722.0 mm, ASHFIT A9 BURE & AR B F pl e 2038 2001 4F 4
ST 1 4 FhERARISTY (8 A 8RR (REFPZETN 1 hm® ) RSS2 REHIE D3R 1,

R 1 MREEHEE L w2 IR AR 80 37 R0
Table 1 Site characteristics of four typical forests along the altitudinal gradients in Mt. Shennongjia, Hubei

AMER 223 AR s Rl lEE

535 WzilEs He Ay

Forest Elevation gblUE Average age Density DBH ﬁl M ;t?%fi
types /m iope /a / (Bk/hm?) /cm anopy Pont ypes
H S I o
'T% BRI 780 41.5 40 2000 7.90 0.85 Ly B 43¢
Evergreen broad-leaved forest
T e
Mixed evergreen and deciduous broad- 1670 21 60 1600 13.34 0.80 1Lyl B A
leaved forest
I .
g T” 4k , 1970 19 90 1100 17.59 0.80 L3t B e
Deciduous broad-leaved forest
LB A .

A A 2570 22 150 800 24.82 0.80 1L B A

Sub-alpine coniferous forest

1.2 T

AR R RRARZE I 28 TR AR I 1) BB, B E M A B = (X + AR L3 +4H
XA ) /300, B BUE SR FD (EEHE>0. 1) P ST RoR A, AARR 2R p i AR R A HLGHS HUE Y
AMAS b SRR A1 ] | BB R FE 2232 B B A it AR 20—30 J i (M B/ AT 2 22 5R
L) (HURERIFP UL 2) o KR B i T 2 DR AR 8], e A H BRI IR A B #E XNk A
A (] S s D 1 A MR A R s
1.4 HY R DIae IR E
1.4.1 I (leaf mass per area, LMA) I+ i &% i (leaf dry matter content, LDMC) B9 & J5 1%

PR S R/NE SRyt R BT LR S T CL-203 Wi ARG S TR i A T RROR A T
A5, Winfolia2007 TR, WM A 65 CHA NPT IHE T /02— K FFRE, LMA = My
TH(g)/MHEA(m?*)= 1/ (specific leaf area, SLA)

PEFE S R /NS i B B ARG 7R 5°C A SR I PREE P A 12 ho HRCHS S s K 4R 25 it
LYK PR (AR ) SRR R A 65 CHUE N T2 IEH FrE, LDMC =R THE (g) /M H
MAEEE (k) o
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R2 MURZEIGHREEE L 4 IR ZRREE M P B T AR
Table 2 Arbor species of four typical forests along the altitudinal gradients in Mt. Shennongjia, Hubei

AR

Forest types

Wy fh Species

BB (phoebe zhennan yichang) )| #1485 ( Lindera strychnifolia. var. hemsleyana ) \F¥ M i ( Phoebe faberi) | 5 W 3% £ 4%
( Nothopanax davidii ) . & W ( Cyclobalanopsis glauca ( Thunb. ) Oerst. ) . JI| ¥ ( Cinnamomum wilsonii ) . ¥ 8 ( Celuis

H SRR AR tetrandra ) NUHi ( Phoebe zhennan) &M 1145 ( Camellia caudata) %83 ( Cercis chinensis Bunge) Ik ( Prunus discadenia
Koebne) #1644 ( Paliurus hemsleyanus Rehd. ) | LI A} ( Sinowilsonia henryi) &7 (llex purpurea Hassk. ) .5 M¥5 ( Ficus
heteromorpha) A3 X ( Cyclobalanopsis gracilis) . = 29:%% ( Cephalotaxus fortunei)

AR MR ( Quercus engleriana) F8ZE (Padus wilsonii) KL LI ( Symplocos xylopyrena) \FFAEMK ( Sorbus megalocarpa) &
Wit ( Quercus glandulifera var. brevipetiolata ) MW ( Tilia twan) (¥ F-Wi ( Carpinus viminea) . %3 H £t 8% ( Rhododendron

I R hypoglaucum) JEHIIMI( Clethra fargesii) AJRFFEE ( Viburnum brachybotryum) 3E1EA ( Daphniphyllum macropodum) Bk
TRAEH K ( Bothrocaryum controversum ) \ ¥ K ( Eurya japonica ) . %% & K ( Euptelea pleiospermum ) . 2 # K ( Cyclobalanopsis

oxyodon) i B-H| ( Polystichum stimulans) . {3 4& B ( Meliosma cuneifolia) . 111 ¥ 1€ ( Philadelphus incanus Koehne) | £1 ¥k
(Lithocarpus glabra) Ko7k X ( Fagus engleriana) \WUREAE ( Cronus japonica var. chinensis)

B B2 ME ( Betula wtilis) HZE (Padus wilsonii) JEARHL( Quercus glandulifera var. brevipetiolata) JEEA ( Carpinus viminea) |
5 - 7] P KA ( Platycarya strobilacea) \=53& ( Coriaria sinica Maxim. ) BLHE AR ( Quercus aliena) A1 ¥k ( Lithocarpus glabra ) U K&
1E( Cronus japonica var. chinensis) HEZE( Castanea henryi)

BV AZ (Abies sutchuenensis ) . 1 #% ( Rhododendron simsii ) \ ¥ B2k ( Prunus discadenia Koebne ) | 2 15 £ B B ( Acer
caudatum ) ZLHE( Betula albo-sinensis )

s LA

1.4.2 WA ENEIE

P T 105 CF AT 10 min,65 C LT REE, SRAYLIKE A ENE 2R T &,
1.4.3  WEEEINE Ik

VEFE S R R/NE AT B, RN D380 S8 30 28 IOk (EL 3R T 32 JORI A8 S vk G Bk g ik 587 3 00y, RS 2
0,02 mm FIERR = RO i B TR, BROHCSF- 218,
1.4.4 WMEREENEE

M2 Z R SR AR TS VE I BRI 0T, R B A ) AR R e A AR (L AR R B TR O A 2
f8h5 . HHET, — R AT M S 4 0 & f FIH] SPAD S A3 e JLAR NS B i, 4060k
FETHRARAE BB FERT I ; SPAD M2 R AR i H AT & 1010 5 4 40 2 28 ) A 485 XA ELA Pt (il
RGN R Xt G2 B4 ot , 8 T P AR i o e AR B0 KRR gT R W, i i 3 A A
F AT E B SPAD {HA R —FhE ) ARBFSE R A SPAD-502 M4 RN RE 5 - H7if i A g
BRIH,
1.5 HdEanbr5ahes

TR ARSI DI RE R IRAE T T A P Fh D e PR 5 L 8 2 H A ISR

T.=(1/s) X P.T.

s R IR ECE PO SR A, T o HEA R D RE AR (E

FIFH Spss16. 0 K 7 2230474 (One-Way ANOVA ) FLEE /0B A [l ZR AR Tl e MR 22 o) i 24 5%, 30
A2k LA EIE H Sigmaplot 1 Microsoft Excel 2003 342l .
2 ZER551
2.1 FRARSEHIE0: B D) RE IR gk

SR SRR R RE | 4 Fb R B MR R O AE S T e LMA R RE AT N B934 260 . B A3  780 m
EFEN 1970 m, BEVE DY LMA (7 JREERI N, 52 T RS IV R bR i 2 i o] TR SS R > T - e
AL TR 2570 m (930 /& L EF ARG LMA (I JEERE AT N, 0S5 g, 43990 8 18737 ¢/em’® 385. 31 pum Al
1.92 g/m? s Horpr 4 FhERARZEHY LMA (B 22 57 % (P<0.05) , B HARIY LMA {E2 5 Sk Ra AR 2 £, 2 7% it
MEAREY 3.7 A5 (& 1) 5 e LT AR 5 R R R AR ks i R IR SR T8 R AR N 2257 3 (1) .
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2

31 %

B kg i R R SSAR S N, /D T R RS, BETRER 780 m B 2570 m #9TF&, N, 2 T S
BV 2 o PP > o ] RS M 85 L TP, L 4 FRERMCE R N, (225 W (T 1)

250

200

150

100

et LMA/(g/cm?)

50

25 r

2.0 r

0.5

ST BUR A i Nareo/ (g/m?)
=

500

-}y JEJE Leaf thickness/um

400

300 r

200

100 r

Ik

T4 J5 £ & LDMC/(g/kg)

EBF(780) MF(1670) DBF(1970) CF(2570)

AL A B Ninas/(2/kg)

EBF(780) MF(1670) DBF(1970) CF(2570)

432 £ & Chlorophyll content (SPAD)

EBF(780) MF(1670) DBF(1970) CF(2570)
FRAR T (HFHR) Forest type(Elevation/m)

500 r

400 r

300

200 r

100 |

16

12

10

60 r

50

40 t

30

20

10 |

EBF(780) MF(1670) DBF(1970) CF(2570)

EBF(780) MF(1670) DBF(1970) CF(2570)

EBF(780) MF(1670) DBF(1970) CF(2570)
PR FI(HFR) Forest type(Elevation/m)

Bl MREBHREEL 4 FABRWREREYM R IRERENTLES
Fig. 1 Plant leaf functional traits along the altitudinal gradients in Mt. Shennongjia, Hubei
X Bl : AR BURGEAR 25 BE (F5°5 79) (m) s EBF AU F LR IR bR MF Q35 2098 1 I8 iR SSAK, DBF AR R Ak, CF AR 3 3 i 1 g it
s Y il SHREMIRAEL; R T REFROR AR AR B 7 76 225 (P<0. 05) ; IRZEFE N RS

FEVER A FE I, T 4K i = A I bR ORI % S5 UK 19 85 6 ) I A P 5 3R B B T LDMC, 43031 K 48. 84
44. 12¢/kg F1454.93 | 407. 64/ kg ; MR AT 8 Z 0] 155 2% 75 W ] I TR S8 AR V6 I 6] P AR A - 2 26 7
H1LDMC A5, 43 51~ 38. 73 .38. 19¢/kg Fil 338. 93 . 337. 3g/kg; H.H &% 7% I I8 M- 1R A8 bR Y i 436 5 5 |
LDMC 575 0 [ i AR i 42 25 & M LDMC Z B BB & 225 (K1) .

T B N, BEER THE TT B, FORTETEIR 1970 m (474 - b T S 5 T R bR S T s 1
BrmpR (1 1) .
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2.2 URRBREE L A HRIR 2 A AR S
2.2.1 SRR Z R A DG

XA IR BB - 4 Fh SR ZR ARSI TR AR I i D REMEIR B A 2 20 HT (36 3) KB LMA 5 LDMC 4%
B REIEM A (P<0.05), LMA 5 N, M HJE BB 3 0E MG (P<0.01), 5 N, B35 5 6 (P<
0.01), LDMC 5 N, MEER S BN EEEADC(P<0.01) , S 88 R B EME(P<0.05), N, 5
FRRE M E SHAE P<0.01 KF ERFFME, N S EETE P<0.01 K ERBFEAME, HHE
JE S B SRR P<0.05 K2 BEIEME,

®3 MREBKGEL 4 MARKKFARM R IhEEEKEE X E

Table 3 Pearson correlation Coefficients among leaf functional traits

H i )i LR ATIE AR - g ==y PR TR AR R
LMA LDMC Norea Nass Leaf thickness
T4 Bt & & LDMC 0.550 *
AR N, 0.970 " 0.708 **
B R AR N, ~0.599 ** 0.209 ~0.411
I FJEE Leaf thickness 0.963 ** 0.452 * 0.923** -0.667 **
2% F ik (SPAD) 0.464 0.891 ** 0.635** 0.265 0.449 "

#* % P<0.01, *P<0.05

2.2.2 MJE5 LMA Al LDMC 65

WFFEERRWI (18 2) 1 RS LMA/LDMC 2 5 35 fY IR (r=0.979, P<0.01) . MR RS LMA
WAFAEE B F IR ENE (r=0.963, P<0.01) 15 LDMC A IR (r=0.452, P<0.05) ; LAl WL, M5
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