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Coordination between Leaf Construction Cost and Mechanical Resistance
of Dominant Woody Species in Subtropical Forests at Different Successional
Stages
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Abstract: In order to reveal the leaf energy investment strategy of subtropical forest trees at different successional
stages and the correlations between leaf construction cost and mechanical resistance, the suits of leaf traits,
including force to tear (F;), force to punch (Fp), leaf mass per area (LMA), leaf lifespan (LLS), leaf construction
cost per area (CCara), leaf cuticle thickness (T.), and leaf maximum photosynthesis per area (Aarea), for 14
dominant woody species from subtropical forests at different successional stages were measured, and the
correlations between leaf construction cost and mechanical resistance were analyzed. The results showed that the
dominant species from late successional forest had higher CCirea, Fi and Fp, but lower Agea than those in early
successional forest. In addition, CCarea Was positively correlated with both F; and F,. Moreover, the structural traits,
such as T and LMA, were positively correlated with CCaa and mechanical resistance. Therefore, it was
illustrated the coordination between CCuea and mechanical resistance, along with the changes in structural traits
might be responsible (at least partially) for this shift of leaf energy investment strategy for trees occurred at

different successional subtropical forests.
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KB FCAE) AR S PR [ R 2 B T L AR
WA R 485 A7 BF 50 3 (23°09'217~23°11'30" N,
112°30'39"~112°33'41" B)F#47 . &bl JE T/ 0
TR 2= S, KGR R 209 C,
B®HAHNRNTHE28.1 CysmAHN1H(12.0 C), F
PR EA 1900 mm, SEHZEKEN 1115 mm,
BIAHRHEE Y 81.5%.

T BB B AR (R 200~300 m)3z A
FEIATH . LA Bl Rl FE LR A IR HE A
INTRAR, W EMK(Mallotus paniculatus)?s, 72 & %
#12 m. 13#(0~10 cm) pH 4 4.29, AHLT 31.50 g/kg,
A E = 1.10 ghkg, B & 0.40 g/kg, FIIHEKEO~
75 cm) N 254.36 mm.

T8 B BT BUR AR (K 200~300 m) gt [
T TR A, E AR A HE(Cryptocarya
chinensis)FEIE R (Machilus chinensis)5, i )2 5 &
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15m, /% 95%. 13%(0~10 cm) pH v 3.89, AHL  WHFEMNEEATE BB BARA P S HL 7 Fe WA SR

Ji 48.69 g/kg, B EE 1.76 glkg, WS 0.29 g/kg, AR TR 1), GEHTE A I (8RR B ik

FI#KE(0~75 cm) 9 381.03 mm. FTHAEIR I 58 (36 2), iC TR MA R A 35 L
MR AT AUV KA R A 45 100, A JE MR

1 R AR RIS B B AL S IR B B A RRALE

Table 1 Characteristics of dominant species in subtropical forest at different successional stages

ickY| F 45 HEET FEJECRAE)E B Canopy

Species Family Abbreviation  Life form (sampling) height (m)
7B 5 Early-successional stage
HW Mallotus paniculatus Kik#} Euphorbiaceae Mp T*K Tree 2(2)
ER Melastoma sanguineum 54t PFRE Melastomataceae Ms HEAR Shrub 2(2)
=R Melicope pteleifolia 7 #} Rutaceae Mep FFK Tree 2(2)
WLIXSHI Litsea cubeba %%} Lauraceae Lc T+ Tree 2(2)
#4EK Cratoxylum cochinchinense 422 M F} Hypericaceae Crac T¥ K Tree 4(4)
IKZEF Saurauia tristyla BERER Actinidiaceae St K Tree 3(3)
BRERT Glochidion eriocarpum N EFL Phyllanthaceae Ge H#EA Shrub 2(2)
B Late-successional stage
HE Castanopsis chinensis 53kF} Fagaceae Cac T+ Tree 9~10(6~7)
WAL Engelhardia roxburghiana MR Juglandaceae Er T+ Tree 10~12 (6~7)
LLBHNE Syzygium rehderianum k4 4R%} Myrtaceae Sr F*K Tree 6~7(5)
I AR &MF Craibiodendron scleranthum var. kwangtungense ~ :ES{E%} Ericaceae Cs A Tree 6~8(6~7)
JE5EkE Cryptocarya chinensis Al Lauraceae Crc Tr K Tree 9~11(6~7)
wREFH: C concinna ik} Lauraceae Cc T*AK Tree 9~11(6~7)
1M Machilus chinensis Al Lauraceae Mc TEAK Tree 9~11 (6~7)

2 AU R

Table 2 Leaf traits of dominant species

PER 45 AL HE R Early HBM Late

Trait Abbreviation Unit successional stage successional stage
T #i%4 ) Leaf force to tear F, kN/m 0.30+0.03 0.57+0.06™
M F %% /] Leaf force to punch F, kN/m? 0.27+0.03 0.38+0.02"
M2 % Leaf density LD g/m? 0.33+0.05 0.48+0.05"
M JEE Leaf thickness LT um 148.74+14.24 202.48+23.82m
B r A& & Leaf N concentration per mass Ninass Mg/g 25.99+3.11 17.31+1.99"
AL B F S & Leaf P concentration per mass Pinass Mg/g 1.17+0.11 0.70+0.06™
BL TS FL S Leaf stomatal conductance per area SSarea Mol/(m?'s) 0.37+0.04 0.1340.02**
iy B B Leaf mass per area LMA g/em? 57.55+4.80 99.81+2.96™"
W)y 73 Leaf lifespan LLS wk 20.29+1.85 91.29+9.84""
AL AR A E A Leaf construction cost per area CClrea g Glu/m? 83.95+7.07 143.51£5.60""*
MR JZJE S Leaf cuticle thickness T. um 1.34+0.36 4.44+0.51™
i KOt A% Leaf maximum photosynthetic rate per area Aurea umol/(m?'s) 11.85+1.11 8.35+1.07"

ns: P>0.05; *: P<0.05; **: P<0.01; ***. P<0.001.

1.2 MR ER R E TR E S HARMLLE, ™ 7% B (leaf density, LD,
FER AL 3~5 MRAEK REFIHEAE, BRI g/em’)=LMA/LT.

20~30 Jr5e It KAt . ZERHARA Li-Cor

3000A fEAEAM ARG E M F A, FFRRM i 1.3 R HBBANH A N, PEE

s, ARJETCE T 70 CHEAE Mt 72 h, AR . T ORAF B & B Jdiw s, AT A N

I L (leaf mass per area, LMA, g/em?)AM T 5 (Nmass, mg/g)~ P & 5 (Pimass, mg/g) FH Fi#4 2 fik
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7 (leaf construction cost per area, CCarea, g Glu/m?)ff]
M5E o Ninass FIFH L ICE I AT 5 Prnass FFH S IR
ORI 2 BT

B IR 53 EARYERE S AE S IR 550 Coeds
Bibe 4 h R, FESTE A H B A RGE X (Model
6400, Parr, IL, USA)582 ke /a iH 8 i £ K 5 #4
B, NTREMMECV) SRR E LKy &ML
B, BJ He=CV/(1-Ash). M F %A 2 O
1 og AR ATR AR, R Williams
M A 5 CCmass=[(0.06968H.—0.065)
(1-Ash)+7.5(KN/14.0067)]/0.89, X+, H. A%
RO IR HE (k)/g), Ash NHK5r&E(g/g), N A

R R (g/g), KRR N AL VRS (A N: +5;

A N 3). ST X 39 10 R IR A S A
6, BRIk K 3. S TR R A A B
Joi B R B AR (CCrmass) 5 EE I FL(LMA) Y AR,
B CCarea=CCrnass X LMA

1.4 NS

TRYIRIIERE 3~5 PR B FEAERE, 70 R4
1~2 M ABAR 2% F 10~20 F seshid e, & T
TRV IERAR R . R #i% 7 (force to tear, F,
KIN/m) g 40 2R AT 5 B %) v B 7 1 e oK ) 9 1,
B By R KK 25 mm, 98 5 mm (AR RE AL S,
FHHAS I 7711(£0.001 N, HA+DPL Rid, o E)zE
i S, W %% Ji(force to punch, Fp, kN/m?)
R 3 SR R B BT R R R 21, R
F1IHEREAEN 0.6 mm 14 @ EE 5B B (G
i) B 75 B B K 77

1.5 M ERESAREERE

REAPRE IR HL 3 PRALEANMA T 3 7 LB
BT A 0. B 0.1 mol/L BRI
(pH=7.2)BCH 2R TN 2.5%)% BRI 2%% 5 H g
0 ] 5 R ] s v, FEHIRRBEZ) 1 mmy K4 2 mm
IR TERER, R T 4 CUKEER 2R E, B
PG ELHE, HIRORAE, ) 7 HL(UCSG; Leica,
Germany)fill & E AN 0.5~1 um F)EE D) 5 FE B
N 70~100 nm FIFEEY]F o X2 AR E D
o3 A FH PR AR SR e, AE SRS AR B
(DVM6 a; Leica, Germany)FliZ 5t H1 7 & 7358 (Tecnai
G2 Spirit BioTWIN; FEI, Czech) F W& H-4A11%, /o
B R R A Tmage T 500 R 1 H R

(leaf thickness, LT, pm)A1#8E V) A )M R E B E
(cuticle thickness, T¢, um).

1.6 M &

- A 7 i (leaf lifespan, LLS, wk)j2& il id K sz
LR A 2 [ 2013 FEAEKFHFIER @G H),
PIFRIEEL 5 FRAEEFESAEAR Y 50 BT AR,
JAAE s B R AE KRR T L E R 2016 K. LA
I 1R 7 e ] 22 1T 248 )y LLSS,

17 B EEEMSATE

EEDIFH N 3~5 PREGAAMATZEEL 9~15 J1 -
[IRH AR, FEEROE & 1X(Li-6400, Li-Cor,
Lincoln, NE, USA) & I F 11 55 Kt 633 % [maxi-
mum photosynthesis per area, Aaea, umol/(m?>-s)]F1 5 5L
S [stomatal conductance per area, gSaea, mol/(m>-s)],
FHER M 14 9:00—11:00 BREAT, MEREEH
RSN 1500 gmol/(m?+s), CO» WA 400 pmol/mol,
ML E N 25 C, BRIBEN 50%~75%, £
1 15 min OGS EITRIIE .

1.8 HdE ST

BRI 2% 75 2 43 HT(One-Way  Anova) H T 56 A
() 5 B B AL EA A Bl i MR TR 22 s etk [al A
(linear regression) A T 56 i - PR TE] AU AH DG s &
B3 53 A (PCA) A T A 5 i F MR 5 AN 5] 76 5 B B
PREFA B P 58 LA ) ORIk o BT A B dE 40 #r 31E
R it 8 (version 4.0.3) 31T .

2 SE AT

2.1 MR ZER

5595 % FLOAAR B, T I AR SR AR
CCarea T2 B ETFE(P<0.001, & 1: A), 5 E B HIAIM
14> 518 83.95 A1 143.51 g Glu/m?, V51 25 g AN S
Pk B (~F-34) FoF Fy 239108 0.57 kN/m. 0.38 kN/m?,
BEETEE RN 0.30 kN/m A1 0.27 kN/m? (B 1:
B, C). UbAh, 5B M L FA Fl i () LLS (91.29
JA I 55 25 v T 5L 191(20.29 J#)(P<0.001, B 1:
D)o M B 55 S e, AR ) LMA
LD A1 T 2 I F (K 1 By £ 2), 20530
T 1.73. 1.45 F13.13 5,

PRI 7 ) Aarea M TEE 5 5 19 380 358 25 162 101
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Fig. 1 Differences in leaf trait of dominant species from different successional stages of subtropical forests. *: P<0.05; **: P<0.01; ***: P<0.001; CChyrea, Fy,

Fp, LLS, LMA and A, see Table 2.

R N HEEA(P<0.05, B 1:F), S50k 11.85 fl
8.35 pmol/(m*s), ELIEE AT (1) gsara IR T T
BEHAP<0.001), 43514 0.37 F10.13 mol/(m?-s), 1344
FHIHEF 19 Novas 0 P 12 BUFIRERG R B35 2).

2.2 NEEBH B AR AR &

IR REWI(E 3)) CCarea T Fu Fy B2
T EAIE(P<0.05), LLS 5 CCureas Fi 2 R #IE
A, Te 5 CCarea 1 F tH 2 35 1IEAHSE, [FI), LMA
5 CCarea M1 Fpy R F MK KR, AP, CCua 5
@Sarea~ Prmass P2 A IS, M Asrea 5 gSareas Nimass
F Prass I 2R F IEAH R, HE F, 2EF 5K,

FER T REKY, F—EREREER
61.6%, V& FM L AW Fh 3 BRE — M A
(B 3:A)e H—F 815 Aarcas gSareas Nimass PAAL Prnass
EIEAE, M5 CCareas Fiu LLS IR 5 F7UAH S (H
3:B), ST R, O A R
5 CCareas Fio Fp AIEGK LLS, T Asreas @Sarea MFE
e ERAK.

3 et

AW I T R AR BRI B L I 14 F
IR BA R Tl T I A 3 B A FHATUARG T 14 S5 A S PR 1)
ZES A ME, S5, VB AR S ]
Te PG AR v R B R AR ST SR, B0 CCarean
HUIMHTIEEF A Fp)s LLS A1 LMA, Aareas Ninass A1 Pinass
BUR, TME B EAINAR R . BAh, AT 4s ik R
B, CCarca GHUMPTIEAELEYIFIC R, 1 Te F1 LMA
FE P F o8 R E A IR, 7 CCurea M
BB A A RS AR . = R IA
AR ZE UL EREA L, AR FiEK LS,

3.1 RBWF B AR R A R B

KR AEREY, S RHHEL, 5P
TR BB R ECSRE s A ) T Tl 223 i (1) 5
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AR R H AR, LRI, R
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Table 3 Correlation of leaf traits of dominant species
‘I‘i% Trait F, Fp LMA LLS CCarca Te Aarea Ninass Prass ZSarea LT
F, 0.39"
LMA 0.46™ 0.54™
LLS 0.79"* 0.36" 0.61™"
CCrea 0.37 0.41" 0.92"" 0.54™
T, 0.52" 0.17 0.45™ 0.83"" 0.47"
Aurea 0.25 0.69"" 0.30" 0.19 0.24 0.12
Ninass 0.22 0.48" 0.34" 0.20 0.27 0.03 0.36"
Pinass 0.20 0.46™ 0.52" 0.39" 0.48"" 0.38" 0.43" 0.29"
LSarea 0.61"" 0.49™ 0.50™ 0.61"" 0.45™ 0.46™ 0.66™" 0.48™ 0.52"
LT 0.32" 0.38" 0.25 0.28 0.16 0.23 0.46™ 0.26 0.28 0.46™
LD 0.05 0.07 0.36" 0.14 0.37" 0.08 0.0002 0.02 0.09 0.02 0.13
*: P<0.05; **: P<0.01; ***: P<(.001.
30rA 070 B LD
I Mp O 1
Cac ! 1
Cc ® : : Asea
~ 15k L
ff 5 ® oo 0.35 i CCT . N @)
AN G o
o @ Crc ! Ms o R, ! -
O Op----------- ---0----o T o =-=--Q oo - : ————— O ---
b Mep
R Sr ! FVO !
= . Cs I Crac 1
H st ® I Ge 035 o !
| O 1
| St |
| 1
-3.0 1 1 1 1 | ~0.70 ! ! 1 ! L
-4 -2 0 2 4 -0.4 -0.2 0 02 0.4
i o LA Eq KHfr : o Je F
@ i) Late <«— FJH 41 PCI(61.6 %) —y 18] Early T <— FMIr1 PCI (61.6 %) —» HLAF
Long leaf lifespan Short leaf lifespan
A iR A
High leaf construction cost Low leaf construction cost
E LT BB CIE

High mechanical resistance

Low mechanical resistance

2 ANFE B R A R e HoR I R 04T . A RS RIA A, B AR . 4E AR 1.

Fig. 2 Principal component analysis of leaf traits of dominant species at different succession stages. A: Dominant species; B: Leaf traits. Abbreviation see Table 1.
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