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Responses of leaf traits to submergence stress and analysis of the economic
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100083, China

Abstract; Five leaf traits were analyzed in different plant species in an aquatic-terrestrial ecotone, Li River, to investigate
differences in these traits between different types of functional plants in severe and mild inundation zones, and to explore the
physiological responses of plants suffering from long-term submergence stress. By analyzing the relationships between leaf
traits in plants subjected to severe inundation, differences between the results of this study and those on the global scale are
also discussed. The five leaf traits analyzed were: leaf mass per area ( LMA), leaf maximum net photosynthesis rate
(A,..), leaf nitrogen content per mass (N, . ), leaf phosphorus content per mass (P ), and leaf potassium content per

N

max

mass (K, ). The results were as follows: (1) The values of A, , N,., and P__ under severe submergence were

significantly higher than those under mild submergence. (2) The LMA value for grasses was relatively lower than that for

trees and shrubs, whereas A and PNUE ( photosynthetic nitrogen use efficiency) were higher for grasses. (3) The N

max mass

p and PNUE values for grasses in the severe inundation zone were significantly higher than those in the mild inundation

mass

zone, while there were no significant differences in leaf traits for trees and shrubs between the two zones. (4) The
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relationships between leaf traits in the severe inundation zone were similar to those on the global scale, and the species in
the severe inundation zone had lower LMA, higher A ., N . and P . These results suggest that improving
photosynthetic capacity and increasing the levels of relevant leaf nutrients may be involved in the adaptation of plants to
aquatic-terrestrial ecotone conditions. Compared with trees and shrubs, grasses showed stronger adaptability to
submergence, which illustrates the differences in adaptability between different types of functional plants. The results of this

study indicate that a spectrum of leaf economics also exists in plant species in the severe inundation zone, and that these

represent species with a fast investment-return on the leaf economic spectrum.

Key Words: Li River; aquatic-terrestrial ecotone; inundation zone; leaf traits relationships; leaf economics spectrum
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S0 R KSR AT E AT T, I 22356  Loaf cconomics spectrum ) J24 R FHIMII J
MBS F25) Erit AR BARRAE SE PR EA A EARAE A LG PR R Y LA U Rl AR 1 56 R i g
MR G , REASHE — RN HUEE A R ) 92 DR AU SR W B A6 I 2R B R X RE A Al EA T T HEF , A
et WEUHE A, FL A O, 1 A5 K WA 9 250 625 TH7F (slow imvestment-return
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investment-return species ) (4.67) Wright AEUVRIEGE T 4Bk 175 D HLIX ) 219 D 2548 AT AR P 1R B
& BRI L0 IS F A TE R T R A OGRS, ¥ B rh ARG A | v 6 R AR L
HO AR AR S R G W L AR A A S UESE T M G B R AR TE AR G T K B 58
AR RGMY) A T IFAZ UL,

TV T T PRI IR X, SR W ST Rr A 0 M A by, VT K Bl S8 B SR I VLA A A 25 R e Ml AR 25
FRGEZ B ST IX AE ) 5 R4 S S WS KT N I R 32 4 K SCE . L EITET X6 7K Bl 32 s A 4 1) A 3L
A S AL 2 A A D AIESE AR Z 2 XA S B ALK AN B DX AR | 10t IX S5 HAR H S g
AR LSz 327 DX I e R A ) 2 AR S e kv, By — o I R M B R R B R G4 5 2
REMIARLAEHR ) BIRFE K i 38 30 AR R A I DR B 28 5 33 A ) R A 400 38 o7 7K ol 22 5 s 8 K 2
S A BRSPS K Bl S B A AR A SR BE BB ARAE . AT ST i 1B LA VTR Bl 32 i 32 2838 AR A 0 A F
FER G ST H IR T2 (1) BRISAEFE /KA B RR IR AR B | B B8 W e e ) PR TR 1Y 5 3R 5 sk RUEE T it
PR Z 0] R BB A2 57, S A ) i 2 5 i AF e 5 5 (2) W50 B 8 380l 5 (O Y i A ) MR Y
2555 (3) BFFEK Bl s B A - PRARAEAS R D RE B A M (o) 1) 25 5

1 REHER

LRI T T P4 E IR B A FUL a6 R Bk BIIA P2k, TR R 214km , i 50E T
FUM 12 285 km?H ) JEVIIR (24°38710"N & 25°53759"N, 110°07'39"E % 110°42'57"E) Jy LI it w ir 45 Hby
WO KOG R E 58 AL TR TR P BOKBE S 457T , 4K 83km, % DX AMIR AR B2 IX., J&
VI B v IV Y 2 R X, OB R FE R, AR 2R 17.8—19.1°C, A RE T 5t 1 814—1 941mm, fEZE K & 1
377—1 857Tmm, 4EfENE T F 5 BRES AN 3—8 A 3K F & 249 MAER I 1Y 80% , H:
H 5—6 AOMAFARHIEERY 40% ,9 A BIUAF 2 A mA], Al A 1 AR SR SO AR AR R 19 2%, BF5E X E
BT AALIE A7 ( Prerocarya stenoptera) KA ( Sapium sebiferum) FM¥ ( Celtis sinensis) % , F 2 HE AR FEI &K
( Vitex negundo) ,—MFK( Flueggea suffruticosa) JK¥HE( Geum aleppicum) \JeXTHk ( Nerium indicum ) 55, EEH
ARALFEN AR ( Cynodon dactylon) 55 03T 5 (Alternanthera philoxeroides) AW 1) F& % ( Setaria plicata) %% .
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2 MIRAE

2.1 FEHbIERS KA

ARG T 2015 4F 5—6 AU ITAEM-BHSI BLBE B T 10 4~32 A T4 /N LR K Bl A8 5 A b, 1R
K SCHE WA S [] B AR X e R DRERIF S DX R 43 kg R S JAE A e AR Y 40 o A ey e | HL v R
B AR K A DI KT 7 A A AR AR GRS AT ) /N T Lo, 300 B 38 388 35 A S 24 78 Pl et 7 Bsf /)
T2 H AT E AR T 1.4m, M6 E BEWE BOHT MR W By AR A 0 1) A B B S5 R0 R AR 43 ) e B 924
Bl HREA T RIS PR A, AU A BRI 43 Fia Y, o B B AR Y 35 Fh, MU AT AE Y 39
Fofr, B 9 T AR RE W VS v AR TR ORI AR 31 i, ARIEIDRERURI A WA A JEA FARKY ', B
NN R 1, U 24 % WK 2,

R1 EMEARRE

Table 1 Basic characters of sample plots

M Severe inundation zone T W HT Mild inundation zone
M Lﬁﬁ 2 KBTI/ A e KIEHAT A ——
atitude Longitude Submergence stress R Submergence stress R
time Relative elevation time Relative elevation
1 25°12'17.78"N 110°21'02.72"E 8 0.1—0.9 1.8 1.5—2.5
2 25°14'03.16"N 110°18'54.04"E 7 0.2—1 1.6 1.6—2.7
3 25°18'15.70"N 110°18'22.64"E 8 0.1—0.8 1.5 1.5—2.4
4 25°20'28.81"N 110°19'49.69"E 8 0.1—0.9 2 1.6—2.4
5 25°06'42.06"N 110°25'15.72"E 9 0.1—0.9 1.5 1.5—2.3
6 25°00'20.08"N 110°27'16.75"E 8 0.2—1 1.6 1.5—2.6
7 25°28'12.00"N 110°24'09.49"E 9 0.1—1 1.5 1.6—2.6
8 25°35'30.25"N 110°28'12.03"E 7 0.2—0.9 1.8 1.5—2.5
9 25°37'37.73"N 110°28'46.82"E 8 0.1—1 2 1.6—2.8
10 25°14'03.01"N 110°18'48.08"E 9 0.2—1 1.5 1.5—2.7
=2 BFEEMEFR
Table 2 The inquisitional plant lists
- e ﬁ?ﬁflﬁ Distributio/n range _
Species Functional types EE{@&T—E . 1'1&?:({@7&?'?
Severe inundation zone Mild inundation zone
W Pterocarya stenoptera EiZN + +
Y5361 Sapium sebiferum EI%N + +
—MFX Flueggea suffruticosa HEA + +
IK¥HE Geum aleppicum HEA + —
H#12% Vitex negundo WA + +
Z& Morus alba A + +
BBV Ficus formosana N + —
FAIM Broussonetia papyrifera Tk + .
SRk Nerium indicum AR + +
BH#& Cinnamomum burmanni PN — +
K F MR Cynodon dactylon AR + _
HEH Humulus japonicus A + +
SRKEE Oplismentls undulatifolius folius LN + +
2 Polygonum KA + +
X PRIE Paederia scandens A + "
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o - MEHYEEI Distributio/n range _
Species Functional types W TS W ety
Severe inundation zone Mild inundation zone
T4 Achyranthes aspera HAR + +
MBI Urena lobata B + ¥
R Melia azedarach A _ N
YA Trachelospermum jasminoides A + ¥
H 5 Perilla frutescens =W N + +
Wit Clerodendrum japonicum HEA — +
WA Vernicia fordii Tk - "
HAE S5 5L Bidens pilosa B + "
FIHIT Chenopodium ambrosioides HR + +
KBt Persicaria chinensis B + +
LR AL B2 FLIE Millettia championi A - "
ML Pe B Cassia sophera A ¥ +
T Bambusoideae = VN + +
M} Glechoma longituba B n ¥
Bk P.Aquilinum BA + +
HEM Radermachera sinica Tk _ "
I3k Viburnum dilatatum AR + +
BIHA Rawvolfia verticillata BEA + ¥
%7 Acanthopanax trifoliatus HEAR — +
FEB Arthraxon hispidus B + "
25,003 Rubus rosaefolius AR + +
FMRS Celtis sinensis Fk + +
JKATU Murdannia triguetra EA n ¥
/NEE Ligustrum sinense A — ¥
JF M-8R Boehmeria clidemioides B ¥ +
LLAETEIK B Oxalis corymbosa A n ¥
25 0YE T 5L Alternanthera Philoxeroides VN + —
A B RE Setaria plicata Bk + N

2.2 HHRARFEFR AN
221 MRS SN E

FE R BB BEA TR AME P B A SRS S E0 I e R A AE P B L B 5—10 BRSO 1Y AL
B B RRAE IR 3 AU 58 4 e TF R AZ 40 R, AL A L1-6400 (E#EAOE A /E R &2 %48 ( LI-COR, Inc,
USA) , fERSIEBANY 8.:30—11.30 Sext it J i A TOGIRIEAT 5—10min Yo &755: , MR i fns /e
BREEAHE(A,,, pmol m™ s7") | AR AL T (GS) KMl CO, M, Ho JelRff L #i,
HesmyEH R 1 500umol s m™? M 26—28C , 25 SANXHRE 50%—70% ,CO, ¥ (380+£10) pmol s™' m™, %5
AW 0. 5 L/min, THEBN T RAREOEEHEAE (A, , pmol g7 s7') A, = A, /LMA,
222 WA TR K AT E

I SRS B S AR R FoREE 10 158 4 e TT A I s o] S g 28, P T RSO o T AR, T 45
HER A BT 65 CHUAE LT 48h [HH /S TARE , THAE LM E  LMA=M A THE (g) /MHHA(m ).
223 MRHA(N,.) 8P, H(K,..) & EriE

PERER I R REARE T R E R JE AT 2R e S e AL E B E 4 A
TN, (%) BRBR L R 2 28 P (%), KIGOGEEEIE 2 &R K, (%), CHERAZFHBCE
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PNUE(pmol g™ s™') = A, /N, ,2H, A WAL R EEKEOEA R, N, R R RS R, ed
B AHIACK PPUE (umol g s™)= A, /P, 30 A, S TR BRI B P, S B3 TR A I8

i,
2.3 HlRAbEE S5

K HLR R J7 2253 HT (One-Way ANOVA) 43 B 45 PR FE 3 B8 s T8y | (0 e 18eiy LA S & BRRUEE 3 AN 4
T EIE 2E R SR T RE B R R 1] 9 25 55 5 SR B AH DG 43 Bt B (01051 43 B A 7 PR A B G R I S8
flith, R T A B ARST & L0 A, FEAR R R v X i MR AR AR IEA T T X B B, e B0l e M Y 35 T 452
T HT A SPSS 17.0 SEMY,

3 ZRE5HW

3.1 VRO S R e o W R IR ) LA
H2e 3 nI 0, BV W 50U I e LA M Rl 31 AP, —F 1 LMA PNUE K, R E2E5,; A,

N, P JPPUE 8 V15 ¥4 i 3 v PR %7 (P =10.000,P=0.029,P=0.040,P=0.001) ,
*3 EEBSTFSMERLHEHERSERR
Table 3 Leaf traits in severe inundation zone in comparison with mild inundation zone
ERR AR
I ¥ e 3 — — 1| FH % 322 1| FH % 322
e R WS e e e PURRE o RUBRE
X . Leaf mass TR Photosynthetic Photosynthetic
Types of inundation zone Noass P s Kiass .
per area Amu=s nitrogen use phosphorus
efficiency use efficiency
EE@Z&W . 41.36+2.41a 0.74+0.04a 2.30+0.05a 0.25+0.01a 16.57+0.88a 0.48+0.12a 2.97£0.14a
Severe inundation zone
e I S Y
PEE Bl 46.09+2.63a 0.51+0.03b 2.10+0.06b 0.23+0.01b 17.34+0.93a 0.36+0.05a 2.27+0.13b

Mild inundation zone

R N I ESE A FR/NG FRERIRTE P<0.05 KT 28 5 i 25

3.2 HEEEMWECH S U W O AN [F D) RE RUAE A MR A Ll

A1 AL TR B ORI S, 7T R LMA (A, PPUE &5k H S BEAMY ZE R B3 K It
AN FIAR<EAR <A, HZER W TN P, BE T HEA LAY, ST E M, A
) LMA A, K,...,PPUE SR FeARBA B EZR, N HEGRN ER T ATA KA 55
AR5 PNUE B HLEREE RN A< AR<GEAR  Hh R ARG HEA LR W

Bl 1R, AN TR AR R (BRI A, FEERR S S84 O 0 B W A0l (i 38 o T U W e T AN
AHHHI N, P, PNUE TEBA 5570 [0 035 25 52k
3.3 HEEMRCGEHEYIT A& IR Z R OE R

HIZE 4 W M B M R LMA 5 A N, P, K, .PNUE PPUE & 3 2 3% i S 4 5 5¢
R A9 N P K, PNUE PPUE ¥ 2B E M IEHIESEHR, PNUE 5 PPUE 2 B MIEAEER,
H3 5 ATAL LMA A, P —HZEMRES 1 s-1 A REER,
3.4 EEME S SRR M2 B RR A

W 6 frn, B BCH Y M A LMA N 41.36 ¢/m* A, 4 0.74pmol g™' s NN 2. 30%,Pmass 0.
25% , MAESERIE T AT 45 2 BF PR 1 43 51 8 : LMA127.70 ¢/m’, A, 4 0.13pumol g™' s™' N A 1.
94% P, N 0.11% , ZArnl i3, BRI i LMA B E KT 2 BRKF 1 A, N,... .PNUE. P
PPUE 8 2 5 T 230K,
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Fig.1 Comparison among leaf traits of different plant functional types between severe and mild inundation zones
AFRKRE//INEFRRIRTE P<0.05 K P TEFBE, « FoREER RN SHEREEZNA BEES NS TR EHER
4 itig

4.1 FRE B S U Bl R MR Y 25 S

WFTE A R, W B A I PR S U I DO AP A — 2 2257, S BO Y Aol &
R T W B, Ul RS B AL 7 R S e 4R s 1 B D65 RE T R s A R R oK b
Yy, AREX K HE IR IE 300 55 0 K A7 A AR IR A5 1S Skt o AR S A 8 DX B A e 1T I e
ISR AR IS5 I8 — 2, 200 TR R % = ek FE T F iy (9 B, o BE WS ey A KU AL T K
P30 S R A 5 v, A S HH KT PR R BN T Y aE e 4R s A B e RE D SO S B R B SR BT i TS
B Z BDEE WA R BT AR AT, LIRIXHRBEWE K o ARLRRAA PN BB KAl 45 1 35 a3 A 305 AR PO T 1
JiE R 7K R S A K R W TE A OG0 EME K M S5 R OB B VR W 2 1 2 43 L B AL 1 AR
F12 &Pk E M B LR AE 2 AR R DG G MR SR AR 52 K i R 2
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®4 EEERHEYIMER Z 808 XS

Table 4 Correlation analyses of leaf traits in severe inundation zone

IR potm SR e mam owwan CORE AWR

Leaf traits logLMA i logN,,... logP, logK._. FI R ke
logA s, logPNUE logPPUE

LT logLMA 1

BREOLE HAR logA,,., —0.920( % %) 1

B A logN.0 ~0.261( * ) 0.216( *) 1

R A logP,. S0.529( % #)  0.456( % #)  0.164 |

PR AL TogK,c -0.624( x %) 0.630( * =)  0.505( x )  0.467( x ) 1

e E E FIFHRCR logPNUE —0.689( # %)  0.814( % %) —0307( % %)  0.261( #) 0.281( *) |

Y B A AR logPPUE —0.616( * %)  0.758( % %)  0.131 ~0.068 0376 (+ ) 0.662(% %) 1

* FINTE P<0.05 7K (OB 1 18 A OG; + * FRARAE P<0.01 7K CBUIN) 1= i 34 ¢

x5 BEEBRHEHERXAMNESHT

Table 5 Analysis of slope among leaf traits relationships in severe inundation zone

AR Leaf traits R Slope R? P

et E— R KOG R LMA—A . -0.94 0.7856 0.297
o B —n (S B LMA—N, -0.4463 0.0757 0.002
ot — S i LMA—P -0.8072 0.2621 0.210
BREOCE BRI AT A LN 0.4318 0.0628 0.003
RECA BRI BEE AL —P e 0.7357 0.193 0.122

PP EBEEASH AR S 1 8- 1 R R 2R

F6 EEBETFSEKRETHIERSERER
Table 6 Leaf traits average in severe inundation zone in comparison with the global plant trait network

W Severe inundation zone 43R The global plant trait network

iLf jj;its WAL m P e hR AR R m T £ hR AR P
Mean=SE Mean+SE

HoH T LMA/ (g/m? ) 35 41.36+2.41a 2371 127.70+2.43b 0.000
BREEAHE A,/ (pmol g7 s71) 35 0.74+0.04a 770 0.13+0.00b 0.000
MRS E N,/ (%) 35 2.30+0.05a 2061 1.94+0.02b 0.004
A A 2 A FHBCR PNUE/ (umol 7' s™!) 35 0.48+0.24a 712 0.06+0.00b 0.001
MR P,/ (%) 35 0.25+0.01a 752 0.11x0.00b 0.000
S A #EE R PPUE/ (pumol g™' s71) 35 2.97+0.14a 204 1.06+0.05b 0.000

RHEE N EIE£SE , A R/NG FRFIRTE P<0.05 KF T 225 235

WA A B NP JPPUE Y8 5 T RUE R, AR oK e b & BT
RIARET & AR TAEY eSS X 2 Bl i W, 7B T VSO A A T B e 1 s A X 3 R
SRR SOR B = F SO G AR TR AR 3EA HLY BT R FR R 3G I A AR AR A A i MR RE T . A
JeAVERIRE T S HM RS TG R SR B UIME, FURM SRR MY T ZA G ™) Bl Al 1 P A R K
W AERE LW B LA G, R A B AR B 2 — B S 5O B b i 0 A R Ak K i [ 1k
W, 5 ATP WG B BRI 52 BOCA P= s s VIR O™ L R AE > B Tl L8 WK S
HRE SRR (ST, A5 B S v B S U BRI i A A BETT . Brooks A 4500 B2 X
S RAPHR LAY B AR — e R R R b e BE R S AR AL CRE M TR S A e
RET .

4.2 AR B YR Y HLE

AMFFEH B SO TR JEARM R Y AL PPUE ¥ B F KT HRAKEY) , 0 LMA 3%

T T A, 3 Uk WA [F) Zh R R R % ] — PR (0 35 10 RE S A7 A — i i 22 5% ket o A A 4 EL A o
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R EEROG AR ), X EEE W TN F DI RERY AR P 6 T i AU A EE SR RS [, TR S RER N R
W EUH TG RS A R 3K A 20 5 R, AR LR SRR 5 it BE G K ) IR DO A
FHREAT RN AR ENA IR, USCHOEAERRE 85 , T S AKEY M F 43 Bl 3 £ 1A 2] Rubisco 1, #56
et 1y 32 o R

WSO B N, P JPNUE 3 5 2805 TR s By, R I R PPUE 8 2 5 TR
T, 1 Ul B R AL 6 7K 0 %) e 1 S Sk AR, XoF T 5t R A M A, AN, MR R D R A 2
S TR F DA A R FAKE ), R TEAR B UL TR A, 1 BB I S 5 0 S5 e A AR ) R B 1 3
I 7KHE
4.3  FEEEE BT T HRAE R XS AR R R

WO A AR G R R YK E ¥ 2 R R (R 6) , EE WY A AL N
PNUE P, .PPUE 235l &4 BR N B 5.69 .1.19 8.00.2.27 2.80 177, M 45K ) BE T I F A LMA D) J2 o J3 v 1%
Y 3.09 5, WSO BEAKE YL 23 B, IR A P RD S 65.7% , AR RUEE TR B SY B AR R P 2L
633 il AL G ARG M BIFN B 26.7% , HAFE Y 0 LMA B 5 BT IR MHEAR (LIE 1), R o hE R
)22 5 T B T80 LMA R R H Z —, KR T, & BB &5 GGl R L8 oo R ey A
B — et R B E AR T A AT Amass B8 M8 3500 2 0] REJE HGE 1 7K AR BE
G 2 —

AW LI, R A A AN, P K, PNUE PPUE #J5 LMA & i ) A%
Z,MN,,..P,...K,...PNUE PPUE #5 A 50 ENIEAHIEIEER, DL 5, b o8 8 b 3 ik
L, CA AR RER , X S TR 4 R —80 0 BeAN, A IMA A, 5 P, A ZRIMAIE S 1 -1 %

nnnnn

HE/NT N, JEINAHE (slope=-0.4463) (WA 5) o HEEME BTG BRI M AP A AOXT IHPRIR AR OG5 3R
e X | RS S 2y Ly K iR e e S Ry € 7 N DR R W N ol B B0 ] ST - R
Pt 2855 R TG R, M R S R, B E R PR B - i

IR WEFEAE R PR AR SC O 2R rp NP VRN AR A K BR i T 3R B[R] 25 M A 14 A A= At
(I g e IR TR Y E SRR N 1 TN R 1R /1 A I T S (LS00 0 £ SR (£ 5 7 N T '
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