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Leaf traits and nutrient resorption of major woody species in the karst limestone

area of Chongqing
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Abstract . Nutrient resorption is a key component of nutrient conservation strategies and productivity and element cycling in
ecosystems. It influences many, if not most, ecosystem processes, including carbon cycling and resource-use efficiency,
plant litter decomposition through changes in litter quality, and plant competition. We studied 15 species of evergreen woody
plants and 14 species of deciduous woody plants in a limestone area in Chongqing; compared leaf dry matter content
(LDMC) , specific leaf area (SLA), and leaf thickness (LT) of two different types of plants before and after leaf
senescence; and analysed leaf nutrients and resorption characteristics before and after senescence by using different
calculation methods ( nutrient content per unit mass and leaf nutrient content per unit area). Finally, we analysed the
correlation between nutrient resorption efficiency and other leaf traits. The results showed that LDMC and LT were

significantly higher in the mature leaves of evergreen species than in those of deciduous species in the Chongqing karst area.
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SLA and SLA in senesced leaves were significantly lower in evergreen plants than in deciduous plants; LT was significantly
higher in evergreen plants than in deciduous plants; and LDMC showed no significant difference. Nutrient content per unit
mass of leaves, leaf nitrogen concentration (LNC) , and leaf phosphorus concentration (LPC) were higher in the mature
leaves of evergreen species, and LNC in senesced leaves was significantly lower in evergreen plants. Nutrient content per
unit area of the leaves showed the opposite trend; LNC and LPC were lower in the mature and senesced leaves of evergreen
species. There was no significant difference in the N to P ratio ( greater than 16) in both mature and senesced leaves of the
two types of plants. There was no significant difference in N and P resorption efficiency calculated using different methods,
and both evergreen and deciduous species showed lower resorption efficiency. When nutrient resorption efficiency was
calculated on the basis of unit mass of leaves, mean N and P resorption efficiency for evergreen species was 39.42% and
43.79% , respectively, and that for deciduous species was 24.08% and 33.59% , respectively. When nutrient resorption
efficiency was calculated on the basis of per unit area of leaves, mean N and P resorption efficiency for evergreen species
was 39.32% and 45.19% , respectively, and that for deciduous species was 29.59% and 38.45%, respectively. There was
no significant correlation between N and P resorption efficiency and LDMC, SLA, LT, and N and P contents in the mature
leaves of the two types of plants. However, N and P resorption efficiency was negatively correlated with nutrient content in
senesced leaves. This indicated that lower the nutrient content in senesced leaves, higher the nutrient resorption efficiency,
that is, higher the degree of resorption of nutrients, higher the nutrient resorption efficiency. In this study, we found that N
and P contents were both low in evergreen and deciduous plants, indicating that plants in a limestone area have higher

nutrient resorption efficiency.

Key Words: limestone area; woody species; nutrient resorption efficiency; nitrogen and phosphorus; leaf traits
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225, BTE T A A M DX A R I P A () AR 3 AR 37 20 PR AL, DL 24 A Bl & 3R R -7
WA

1 #MRERFE

L1 KA

U0 A2 T PO PR LA A FE (106°187E,29°39'N) kb T b IR Hr 4 fbaly | J& T A M i 2
WA, R 2 W, A TR IR 5 2, MU L, BRI 4 v AR 3 16.8 °C, AR H [ RT i 1000—
1300 mm 45y 111t 8 SR L by B AT | R, DK ORI 25 IO TR S h AR R i, T A i
PRt | HECE 2 Al T L il Pyracantha fortuneana) ¥ K% ( Nandina domestica) KA ( Myrsine
Africana L.) JACEEEH ( Bauhinia purpurea L.) 55 R A F BV A HE LS
1.2 PS5 BN 7 i

FFEAE A T 8 DRI VA 2 el el P, b 350 AR AU A AR - 2L A DR L Ml 7 57 3 2% A A AL TR S kb ik
BRI/ 500mx500 m AIFEHL, TEREHL TR I EE 15 S HGARAA PRI 14 % T ARASAE Yy R dE AT
Fr R I 5 R 3 FE RN SE (1) o X TR M RS , 3 BITERE N FRIC 5 BRA K BRI /b —2,
VAT T A g IBOREREL R

R1 FEEMMFHET
Table 1 The list of selected plant species

H2 3G Life form

%5 Number

PFh Species

#} Family

Lk Evergreen 1 WAL LB W Bauhinia purpurea SR Leguminosae
2 H AR FRE Mucuna sempervirens oA Leguminosae
3 T AL B DR Millettia dielsiana A} Leguminosae
4 4T Rosa laevigata AR Rosaceae
5 K Pyracantha fortuneana iRl Rosaceae
6 KMAE Cinnamomum septentrionale 18l Lauraceae
7 KRZFE Cinnamomum pedunculatum }5F} Lauraceae
8 I Ligustrum sinense KREEEL Oleaceae
9 L1 Ligustrum lucidum KPR} Oleaceae
10 B R Nandina domestica /NBERL Berberidaceae
11 AT Myrsine africana 4Bl Myrsinaceae
12 W27 Lex ficoidea 8L Aquifoliaceae
13 5ii Diospyros cathayensis il Ebenaceae
14 4 1IJE5% Viburnum Chinshanense H AP} Caprifoliaceae
15 A Elaeocarpus sylvestris AR Elaeocarpaceae
Y& Deciduous 16 BHET Glochidion puberum KR Euphorbiaceae
17 By Sapium sebiferum KAl Euphorbiaceae
18 B H W Mallotus repandus K#F} Euphorbiaceae
19 185 555 Caesalpinia crista EA} Leguminosae
20 25 Caesalpinia decapetala E B} Leguminosae
21 WA XK Albizia kalkora A} Leguminosae
22 IR Vitex negundo LR} Verbenaceae
23 ERRRA Rhus chinensis BERFL Anacardiaceae
24 BAT Rubus corchorifolius L Rosaceae
25 FMA Celtis sinensis #i%l Ulmaceae
26 TEEMW Ficus virens ZF} Moraceae
27 HliF Diospyros 1%} Ebenaceae
28 7] JLES Berchemia racemosa FR 2% Rhamnaceae
29 S AR Rhodotypos scandens J\HANE Alangiaceae

http ; //www.ecologica.cn



4074 JAE = 35 %
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DE T4 B 5 & (LDMC) | HerF AR (SLA) (R (LT) 3 A5 PR R A% i (LNC) | FHE & &
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AR EARER (MR RN EE ) | SR R A3, R Delta-T M 18 F{X ( Cambridge , UK ) I % L 1
FU(LA)  FHKSEE R 0.02 mm AR RO o i R [0 1 R 3 AR CGlREFF 2k, BBCT- 246 B Ay Bt
LT, &M T 105 °C F A% 15 min,75 C F4ET 48 h 21HTE , LDMC) FI SLA AYHE A K . LDMC = it
B (g) /M A IR (kg) , SLA =M AR (m?) /AT (kg) 7,

1.3.2 Mok pgil e

R 4% &k CHNS-0 JCE M1 ( Vario EL cube, Germany ) 5 ; ' - 4 & R IR i -EH 86 PT
eyl . LNC(mg/g)= A2 (mg) /M T8 (g) ;LPC =M H28 (mg) /M A T (g) 2%,

1.4 MR350 PR SCBCR AL SO B A T AR
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g g SRR . ARSI F B i 3R i (mg/ g, RE ) RN TR F 9543 1% i
(pg/em’®,RE,) X IR PR, o 3 HE AT .

RE,= (1-M,/M,) x100% RE,= (1- M,/M,xS,/S,) x100%
Ao, MR Mo R B B RGN BT R W TR (mg/g) 5 S, F1 S, 70 A 3R 5 & 0t v A s
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B - 3200 B R A TR ORICR Z ] 1 25 57, >R FH Pearson AHC R BR300 78 /0 N P IR KGR
S AR T Z R AHDCE . BR85S 3R 0 - E 451 1R (Mean=SE ) , It A 23 BT i B I 7E SPSS
for Windows( Version19.0) 244 T #:47
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-t B SRAE ) LDMC Al LT #4758 5 28 5 T A, i SLA W B I8 AR (P<0.05) | B SR A4
BAME- Y LDMC FLT 43514 (419.97+13.91) g/kg.(0.18+0.01) mm H1(366.85+16.57) g/kg.(0.14+0.01)
mm, SLA 7358 (11.64+1.08) m’/kg F1(16.09+1.41) m’/kg; 7EFEZ M- H Y SLA X T& MY,
LT 1 35 TP ) (P<0.05) , Tl LDMC TEPZEAEY) T i 35 22 5 (P>0.05) , F 2R M s A 1) 5 2 i3
SLA 1 LT 43515 (12.05+0.09) m*/kg.(0.18+0.02) mm F1(16.68+1.37) m’/kg.(0.14+0.01) mm,LDMC |
39K (368.45+15.29) o/kg F1(333.23+19.96) g/kg.
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Fig.1 Foliar characteristics before and after senescing in evergreen and deciduous species

AR AR ] 22 57 2.3 (P<0.05)

2.2 M EREEESMIE AR R R S R R
221 ETFHA RN SRS SR

SLEGAER R (B 2) BT B M 5 TR SR & VR AR A R NP E R (N S (19.49+
1.16) mg/g,P 4(1.02+0.10) mg/g) W& TR LAHY (N H(18.15£1.15) mg/g,P }(0.90+£0.07) mg/g) ,{H
T2 (P>0.05) , BB AN E Z P25 AR CESMEYI 0 (21.38£1.51) , BEIAEYI N (20.63£1.63) ) ;
I REA) R LNC((14.79£1.34) mg/g) 35 5 TR 48ME4 LNC( (11.01+1.19) mg/g) (P<0.05) , 5%
A EE 2 U L B A s i R A, FE A R N i P (24.07£2.03) = TR SAEYI M R N P
(23.55+2.42) ,
2.2.2 LT RNIEARNMN IR

R4 RE,ITHA NP &t 5 RE AHLG, WISRIE AR a3 (] 3) | 8 SRAE ) BUA RN 0 i LNC Al
LPC ¥ B & TIEM Y, (B E B 225 (P>0.05) , Hd | % AW i = 2 0 /- Ff LNC A LPC 4351 A
(171.37+15.94) pg/cm® ., (102.01£12.31) wg/cm’f1(8.23+1.23) pg/cm® . (5.04£0.77) wg/cm?, &M P )
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Fig.2 Nutrient contents in mature and senesced foliar of evergreen and deciduous species ( nutrient content based on per mass)

A7 (134.90+£12.41) pg/em’,(95.53+9.29) pg/cm’ F1(7.10+0.94) pg/cm’, (4.61+0.76) weg/cm’; 1M FH P FH
iR R N P FE RS ZSAE ) DU SR B AR R R, 34 R IR R SR AR W A e NP TR A
FEMF NP WK T,
2.3 EETAE I R R o P SOCR AR S PR

FEFRIE I 15T H A B 37 0 PR ORI R 0 AR Bl R (36 2) W A N P DT R 555 T IOOOR 1
TR MR ARYE RE ST A TR0 FERCROCR , H SR FVE M) N P FEISCRCR 53 A 39.42% (43.79% il
24.08% 33.59% , A4 RE, 7155 09 3% 43 PR CROR , S Mg AR Y NP #3853 3 39.32% |
45.19%F1 29.59% 38.45% ; %F T30 P WO CRR B, SEgR 2 R (£ 3) , WY =& it N & (11.01
mg/g) W H R T V&MY (14.79 mg/g,P<0.05) ,P % (0.51 mg/g) EIRMAR T 75 M4 (0.68 mg/g) , L
WEZEF(P>0.05) , FULAT UL, &SR FVE MY N P FEIIORE B AR TR AY

F2 EGNMEHEYHAFEFTRETESZE NP BRKREZ ELR
Table 2 Comparison of N and P resorption efficiency among evergreen and deciduous species based different methods

H: %Y Life form

ik Tk _
Method Element GE 7] KA
Evergreen species Evergreen species
LT BN TR B 9840 % B Nutrient content based on mass(mg/g) N 39.42+5.02a 24.08+4.44b
P 43.79+4.67a 33.59+4.86a
FE T BT T AR F 3% 43 27 5t Nutrient content based on area( g/ cm) N 39.32+6.03a 29.59+5.12a
p 45.19+5.13a 38.45+5.78a

[RIATARA AN IR A AR {7 22 57 B 2% ( P<0.05)
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R3 EFRMEHEYHRE NP BREEEZ B R
Table 3 Comparison of NP resorption proficiency among evergreen and deciduous species

A5 Life form

Irik i -
(g% bz
Method Element e ARALY) . LY .
Evergreen species Evergreen species
T A T R 374 % & Nutrient content based on mass/ (mg/g) N 11.01£1.19a 14.79+1.34b
P 0.51+£0.07a 0.68+0.08a

[R5 AR 7 IR 22 57 .35 (P<0.05)
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Fig.3 Nutrient contents in mature and senesced foliar of evergreen and deciduous species ( nutrient content based on per mass)

2.4 FEOrFMRSCRCR R R 2Z B &R

HRAE RE, A RE, 71519 5% 20 PR SCSCR IE AR AR, 33 B I 540 o f I e 35 40 7 s 1133 10 3% 40 P i
BOR G ASUHRIR P 2Z [ S A S, B SR RIS Y N P FEIRSCROR 5 G B 45 bk R 22 1) A A
KT 4 PR Z5 R FRIPIZEAY N P B ICRCR 5 B i LDMC SLA \LPC \LNC \LPC & N :P Z[i]
BIAAEAE B2 AH G (P>0.05) s 2SN N P PRI 3 2 45 bk B Z ] A A DG an e 5 7
7N, N P ISR S LDMC (SLA (LT f N =P Z [ A B A0 5GP (P>0.05) T 5 3 &M 7 5753 & A
TER F A IC(P<0.05) , B4 AEY N IR IACR S w2 nt i P & A 7E 0 35 A OC (r=-0.602) , 5 iHAEY) P
R Gt b N S WA R E MM E(r=-0.776) , X F WY &2 b 350 & BB, N P i
e & S T=

3 e

TERE)0F PRI (08 Rt A i v, O 1 3 AR ) B S A% 0, AN [ D BE AR RO AR HAT 4% 11 B3R 20
MR, Aerts'™ S5 XS AN A R (19 35 53 PRI 9 A A < % 53 PR MBORA A A AR ] A 1 28 2 i 2 S S K
WA N 1 PRI A 47% , 35 AR DI R 54% , P11 TR ALK 38 7 30K 19 b A 176 28 22 [ Ve A 1) I 2
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(53500 51911 50% ) , Leonardus 25 NV 78 4R RUEE | 22 B i A= 4 400 9 33 20 FEROSORCR A R w9 332 4
TRV N P B R R0 TSRO (53308 62.1% 64.9%) , AR5 S FIRGSI A2 R N T
AR AEVE TR A A O X B ), TR o SR 0 2 V% A, N P B IR ISRCR AR T LR e 45 1, Horp
SEREY) N P FRSCRSCR K 39.42% (43.79% , T5 AP 2 24.08% 33.59% ,3X 1l fE— 7 T i TN [ (B 9 3k
B RRAS 6] S 35000 , 08 BH 35 43 PR IRCAE AR R IR) 25 5, 55— T4 mT 68 p 57 b 2% A4 % PRI S R0 oA B 2
S W TR A R e i DX R — R AR i ST 25 0 R 35 43 PR SCRICR R B T e 4k

F4 N.PERESESMNFBEMNF &R EF Z 8 H) Pearson 1855 1%

Table 4 Pearson correlations between NP nutrient resorption efficiency among mature leaf traits

H LAY Evergreen species TEWAEY) Deciduous species
IDRE N N FEI % (NRE) P I (PRE) N FEI % (NRE) P FH G (PRE)
Leaf traits Nitrogen resorption Phosphorus resorption Nitrogen resorption Phosphorus resorption
efficiency efficiency efficiency efficiency
LDMC -0.248 -0.145 -0.129 0.147
SLA -0.148 -0.155 -0.177 -0.313
LT 0.235 0.234 0.084 0.003
LNC -0.019 -0.048 -0.016 -0.227
LPC 0.074 0.237 0.143 -0.078
N:P -0.014 -0.326 0.041 0.078

# % P<0.01, * P<0.05;3H LDMC T % # table represents leaf dry matter content; SLA 4 LTI represents specific leaf area; LT A

=)

L represents leaf thickness; LNC M E S represents leaf nitrogen concentration ; LPC S S represents leaf phosphorus concentration

#x5 N.PERKFERSMHHFZEENHF&EMHREREFZ B/ Pearson 16K 1%

Table 5 Pearson correlations between NP nutrient resorption efficiency among senesced leaf traits

H LAY Evergreen species P& AEY) Deciduous species

IDRER N N FER s P R ICR N FR iR P R RCR
Leaf traits Nitrogen resorption Phosphorus resorption Nitrogen resorption Phosphorus resorption

efficiency efficiency efficiency efficiency
LDMC -0.290 -0.513 -0.448 -0.184
SLA -0.011 0.103 0.022 -0.110
LT 0.212 0.386 0.028 -0.052
LNC -0.796 ** -0.288 -0.719"" -0.776 **
LpPC -0.330 -0.786"" -0.602 " -0.828 "
N:P -0.451 0.501 0.196 0.384

* * P<0.01, * P<0.05

MU Killingbeck 55 A ZES3HT T 89 /™ SR FVE I AA AR LR M P i N P S RS S M vk B
B PR o> A R SOR IR PR B, i sl A N P A RIS 7 me/g H10.5 mg/g
PRI R 3% o0 PR 52 A K, SRS Ay X6 7 o2 5 e P IROACA 5 24 NP 353 0 ) 1K 31 10 mg/g Al
0.8 mg/g L _E I ARY AT BAR A FFRAORE L, S M rp g o0 & BB, 2 m A ) IR SO J3E iy, IS 2
%, B SR AR PRI PR E S 3 T AR (MR P 2000 0.45 mg/g 11 0.67 mg/g) o A SCH
FERI, WEHEY) (n=15) FMFEHAEY (n=14) FEMH N P 158705015 11.0,0.548 mg/g 1 14.9.0.702
mg/ g, F IR T A K AE IR TR A D DA N R P ELAG 5 e ) RO R | 8 S AL ) RO N A P R
= T M) X 5 Killingbeck BFFEAYZE RN, X R W SRAEYIXT IR 700 3R HA B0 B FFROR R

TERZ BB AE SR G N F P AA RO R AL AR AR i T NP 5 J N :P
AR R SR BRI AR L i NP >16, H P & i<1.0 mg/g, 52 P BRI N :P<14, WA N & &
<20.0 mg/g, 52 N FRH#fi| ;A T —F Z s N P SRR, AWFFE s e DR SR Y N <P 75
PR rh AR R 2E S, B NP W T 16, [FI P S i ORHERR T 1.0 mg/g, BAHINE ke 1 1 n b
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XA R A2 5] PR AR,

B AT R0 . 35 0 TR R 5 T i 3240 S i 2 T SR R Y Aerts LI K
AR i 5 R0 FERSORCR 22 (RN 3 A DG, (SR 20 PR SR e I 350 i 2 (B A A B 3
TG, IX G A SO S 25 A R, N P B IICRCR 5 5 it NP 3 i 52 00 3 A O g 2 106, s v
TR EARAIG , FR 5 FEOBCROR A e, BSR40 PG OSORE B g, L3R 2 PR RO Ss3 o i s, 3 106 A i 4 e ok
RAARG 28 2 Th 33200 SR 4R v 5 0 BRSO 1 . Kobe 258 AU (O BIF5E 45 SRty 6 B | JC 16 2 i ] b 2 o
W b e R A i T SOOI T R A B, i R R R A i R B S 5 R FR R SORCR 1 T
ARG K P, 350 PR s Rl 5 i 25 Rk ( LDMC  SLA (LT) AHSEPEA B35 (P>0.05) ,{H H AT A X —
J7 T FIBFIEIR LR B = BARNLERA Tk — 5T

WA L bt R R, R RS A AR R R, R S R AR | AR IR R D K 3R B
Fidk . SRl FRXMERE  GEEA KRBT INESRGE T RAR, FEIR 0 A R B B 1SR4 A W i
P XARAFR TR OL T, REGEMFRABER R 2 ploh BRI A8 K R R A KA R AR B i A )
T PRI, R N P 00 R AF B T R, A A2 T 57 53 DR AE LN SR B — b iR a3 3 ml
TR W TR A BE AR ELA (IR A 7 T RIS A s R AE [R5 03 TR WOIGA S 52 mi ik B Al Y& 0 i) C - P,
T 53 00 B s 945 400 940 ik 3 B 3 PG 30 N RS 3, e B8 M AR S R G TR M B R FIRE 2 1k

4 Zig

W TR A R M XA AR 22 AR AR, AT TX 5 B~ % 35 ML T B A T A 0 S AR A ) R 7 e
ST A AR BE BB LA AT A Dl DX o R e A 3 AR R SR 0 R R IRCIR
DU T X L, AR B TR B I TS A R i, W AR AR A NS R PSR TS MY,
EN N SR A W TR AR BT AL T A RS B SR 0 R U R B A B AR R A
Yy EE M N SR P& i R TR AR (E AT A R R 3R i R BRI R A R AR, S
TR NP LR e A P o 8 225, H NP B3KT 16, n) Uizt XA ) 2R
FEZ P RKZ, NP FIRSCECER S AR N T Z A 5C R RS R B IR 0 IOBOseR S H f i
PO TR R PR RE s R B3R S R T OGRS R M NP & i 5L 0 3 UG ik U ] 5
M SR R SR PR AB R , RT UAT CA M XTCIE R SR AR ) R S T AR, BT i R
TR SR IR R 0 PR SO FE SR 20 PRI SO AR SR T IV B S M o
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