5538 B 14 ) E &~ £ Eild Vol.38,No.14
2018 4F 7 A ACTA ECOLOGICA SINICA Jul.,2018

DOI: 10.5846/stxb201705280992

BN WhAS BB AL TR ZE AT SRR T IR VB IR WA R ETT L1 MUK AR ML e A B A HIRICR AR 22317, 2018, 38 (14) :4923-4931.
Zeng X P, Yao R, Cai X A, Rao X Q, Zhang Y Q, Zhang X X.Photosynthetic nitrogen-use efficiency of 11 aquatic plant species under eutrophication of
the sediment from a brooklet in Guangzhou.Acta Ecologica Sinica,2018,38( 14) :4923-4931.

BRFHEESRET 11 MK £ HES T

S-S N A IR & > 2 1 Wlgl 2l gk A1l o a2
GONENT B B R AG ! ot REF KRG
1 R EBLEBEAEREREYIE T 510650

2 ) T MR BB PR SERE, TM 510060

FEE o K AR RPN 8 SR AL T N e 1 A BAE 2838 e K JL A R T, BRI 11 AR AEHE K A (L5 6 AhA A A
5 FhANSRAEY) ) S5 AR VR HEA TS . 38 i iR — AR SR AR B R A R (P, , pmolm T s7!) (FEIFTEIF(SLA,
m?/kg) A SR (TN, mg/g) HOGEYE AR IR (PNUE, pmol mol™ s™) , A4 #r My 6] Az 30 5 &5 ke e 1k K HOAR B¢
R, W] FPE A SLA B LR, e AR 2 R (20.31+0.30) SRR SR 45 7.22+0.31) 2538 3 4%, FhiEl
P fE(3.7620.57) (ZRH ) —(21.53+£1.20) (/KB 5E) Z (8], K L LSRR 81.79% . FhEY PNUE M 42.53+8.42( R %)
& 655.8+100.93( RAFFE) , 8 A JKBIE K AEBMF A PNUE EH5 5, HZERAHE (P>0.05) , XY PNUE B3
5 THRUK PNUE BOFRZE (R B LR IS R RE) (P<0.05) 5 Fii) SLA 735l 5 PNUE #1 P_, (umol kg™ s7") 5 1 3 B 1EAH
&, SLA I P, (pmol m™ s™") 43515 TN (mmol/m® ) 5 88 5 FAH G ( P<0.05) o AP KA M HER) PNUE SLA (P FIl TN ¥ 5 3 5
TAHAE Y IEHE (T-test, P<0.05) , BLHISF K AAEMIAE SR 43 & G2 AL EA A5 T B8 T A S50t R T B2 R, EL A VA 199 1o 2 A R A e
] s L

KR OLE M RCR & e A K AR5 R e

Photosynthetic nitrogen-use efficiency of 11 aquatic plant species under

eutrophication of the sediment from a brooklet in Guangzhou
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Abstract: To investigate the ecophysiological adaptability and purification capacity of aquatic plants for eutrophication of
sediment, 11 emergent aquatic plant species growing in eutrophied sediment from a brooklet in Guangzhou were studied in
relation to leaf physiological and structural traits. The aquatic plants comprised six indigenous plant species and five exotic
plant species. In this study, after 1 year, the light-saturated photosynthetic rate (P_, , pmol m™ s™), specific leaf area
(SLA, m’/kg), total nitrogen content (TN, mg/g) , and photosynthetic nitrogen-use efficiency (PNUE, pmol mol™' s™")
in leaves of the 11 aquatic plant species were measured and their inter-relationships were analyzed. Changing gradients of
interspecific SLA were clearly detected among the plant species. There was a nearly three-fold difference in SLA between the
maximum shown by Echinodorus macrophyllus (20.31 + 0.30) and the minimum in Iris tectorum (7.22 + 0.31).
values of the plant species were between 3.76 + 0.57 ([I. tectorum) and 21.53 = 1.20 ( Hydrocleys

Interspecific P,

EEWH : [FZRHEHERE TAEL I (2015FY210100) 5 o EREB R A A S RGN E 58 R (SR TAERA A
Wr#s B #:2017-05-28; W 2% H kit H £ :2018-04-04
# W IRAER Corresponding author. E-mail ; zengxp@ schg.ac.cn

http ://www.ecologica.cn



4924 JAE = 38 &

nymphoides) . The P_, of H. nymphoides was 81.79% higher than that of I. tectorum. The PNUE ranged from 42.53 + 8.42
(I. tectorum) to 655.8 + 100.93 (Angelonia angustifolia) among the plant species. Although there were high PNUE values
in Canna indica, H. nymphoides, Cyperus involucratus, and Typha orientalis, the interspecific differences were not
significance (P > 0.05). The PNUE of these plant species were, however, significantly higher than those of plant species
with lower PNUE (including Acorus calamus, Ruellia brittoniana, and I. tectorum, P < 0.05). The interspecific correlation
between PNUE and P_, ( mass-based, pmol kg™ s™') versus SLA was significantly positive, whereas in contrast, the
correlation between SLA and P_ (area-based, pmol m™s™") versus TN (area-based, mmol/m’) was significantly negative

(P < 0.05). The PNUE, SLA, P_,, and TN values of the exotic plant group were all significantly higher than those of the

sat 2
indigenous plant group (T-test, P < 0.05). Overall, these results suggest that the exotic aquatic plant species may use
resources more efficiently in eutrophied habitats, and have potentially higher growth rates and advantages in interspecific

competition.

Key Words: Photosynthetic nitrogen-use efficiency; nitrogen; specific leaf area; aquatic plants; sediment
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b, SPREAT U BB (550 mmx365 mmx330 mm) , 78RR HLECACR A 8 B SR AL 0 T
DUBURRIE (1), A9 54K 273, LU R 89 % BE R Bl K 2RI A8 (36 2) 5 — Pl S LA . 3 A Fb
AR A S0 ) FOABLAS T /K (K UEOR A e R AR bl A T AR ) H 3 e A0 R OR KB ) | T A AR AR A L) R 4 —
B, e A A TS E S | SRAEFEAE Y S DR S AR MR it , DS HE R BT R o & B T 2016
4F 10 H TSR SCHY R 4% T & TAE

®1 KEINTERENFTS S ECRYHEAREDR)

Table 1 Nutrient contents of sediment from brooklet at the beginning of the experiment ( mean+SE)

RA LK BA S
Total organic carbon/% Total nitrogen/(mg/g) Total phosphorus/(mg/g)
2.33+0.055 1.47+0.043 1.37+0.019

F2 MK 11 Bk EEY

Table 2 Eleven aquatic plant species included in the experiment

4 Ay R4 A 96
Species Code Family Life form
TKBESE Hydrocleys nymphoides (Willd.) Buch Hy-n # AL A} Limnocharitaceae KA
WEAEHY Ruellia brittoniana Leonard Ru-b B} PRAF Acanthaceae IR A Bt
K 8L5E L Echinodorus macrophyllus (Kunth) Micheli Ec-m FIERL Alismataceae KHE
FAE* Philodenron selloum Koch Ph-s K P Araceae IR A Bt
Bl ¥ Acorus calamus 1. Ac-c K Bk Araceae KHE
KRG E* Cyperus involucratus Rottb. Cy-i VHHEEL Cyperaceae IR A B R A
SR Iris tectorum Maxim. Tr-t %R} Iridaceae 7K A B il A
i * Typha orientalis Presl. Ty-o FWFl Typhaceae KA
FKAL4E Angelonia angustifolia Benth. An-a % ZF} Scrophulariaceae IR AR Bt
2 N Canna indica L. Ca-i 2 NEFl Cannaceae KA sl AR
BT Arundo donax 1. Ar-d ARAEL Gramineae KHE

* A LAY Indigenous plant

1.2 WE Tk
1.2.1  AEP A St o i £ ol

HZEE™ LI-6400XT(Li-Cor, Lincoln, NE, USA)Jt&EHME RGEMECH: L1-6400-02B LED SGIE , #<
TRAZ N CO, TRIE B A5 I B 2 KA R R 2E , 2 5 e 5 SR S (PAR, pmol m™ s71) R B 7F
0.50.80.100 150,300 .500.800 1000, 1200 , 1500 ,2000 %56 B /K- | SR R4S 5 A vl 5 (88 | B O A e iy
AR B 5 R T LA . FEMG R AR T, 18 ORA ) 1) BH 1T 9 )8 e, #E B R 17 9. 00—12: 00 [R] i
e, ARSI 3 IRE R,

XHERAG Y i R BESE 2 S 2 (2 emx3 em) B9, 58 A U 5 5 45 F M A, I LI- 3000C ( Li-
Cor, Lincoln, NE, USA) T F I Je 7 it 2 i ¥ it TR (<6 em®) B SEPRTATAR S A LI- 6400XT 64 1E FH
JERGE KR I i 25 R TR E

D E 25 Von Bertalanffy JEZEMAAYIL A AR FIE ) 196 A -m i 5 2 AR 88 Jr Re sk i G AR —
RIS ARSI A ORGSR (P, , wmol m™ s™") T HHICHISE .

1.2.2 MY A S = (TN) B E

A TGO 7 25 R S R AR T R O RE 7 T SIS E AT A BRI, B R R IR S A = S
S EPE T 105°CHER BT 4 15—30 min, #£ 70°C T 46T 2 1H 5, B ALK TR SR BRI E 06, 23 I %5 B
PIRE A TR . 0 AR BT A AR L E 70°C R4t 4—6 h FREURERREE .

P SR FH B o B TR B A, S5 AP A Y T I B U5 2 (TN, mg/g) o
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Fig.1 P, SLA, TN and PNUE in leaves of 11 aquatic plant species ( mean+SE)
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FiAE Y SLA {EAHIT (P>0.05) , /K BE5E FAEFKAEF Y SLA t 14045230 (P>0.05) B H S5 . 7F SLA {HAE
B 4 PR b R E T ORI, PR SLA Y B T AL RS R B (P<0.05) (K 1),
2.3 Y R A E R (TN)

11 AP S35 TN (mg/g) R 12.78, Ffi ] One-Way ANOVA F3Ar 45 R R W, SOF-(E DL E 19 i 18 &
(21.12) JKZEZE(18.88) B (17.05) FIAM R 5 (16.19) 55 4 FAEYIAY TN 2253 A 8 & (P>0.05) , B4k,
T B P IIMER) 7 FIAEY TN 0K/ NEAER B BN V28, ANEAE B35 25 57 (P>0.05) , 31X 7 P TN 433115
WA AL RN 7K B2 SEAR B B AR AR (P<0.05) , i TN i i i A8 2 KR (7.13) 19 2.96 £i5 (KT 1)

2.4 P ROEA AR EFRHRCE (PNUE)

FE] ) PNUE (umol mol™ s7') M\ 42.53 (R HT) & 655.8(KfHifE) , i K 5/ N2 2 H Kk, tHREK
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=, HES AR (P>0.05) , 76 F¥ME (226.21) Z b5 1EF 54T VB AL A S B H) PNUE A E7E R
FHES R BAR, Hrp B AR RO S R R PNUE H7E 100 LAF, B 24K T PNUE EES M KA1, L I
FNFE KB AR S FEY (P<0.05) (K1),

2.5 PNUE,SLA,P_ , TN Z[Hf)5 %

A 11 R 0000 2 45 50 | ATk SLA P, TN Fll PNUE Z [Al Y 2R o 45 R0 | Y A= 3
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AL A AR, 5 PNUE M1 P ( DA TR R, umol kg™ s ™) S B F AR PR IEAH K R (R 51 0
0.486 F10.575) , 4 P_ LA i AU B, U] SLA 5 P B HE—E M IEACR R HARE (R =0.249) ;51—
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PG 1) I 2R AR (R 439310 0.566 F10.699) (& 2, E13)
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B2 11 FfkEGWHA PNUE, P, TN 5 SLA B9 & (CEHEPRIER)
Fig.2 Relationships between PNUE,P_ and TN versus SLA in leaves for 11 aquatic plant species ( mean+SE)

2.6 AMFSSNEFIG PNUE SLA (P FI TN 2 [H] 225
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AT REAR T-test 455 WY (4 3) , T Al THE 22 T B .
PNUE SLA P Il TN #1477 — Ui 2% 5, A% H i 49 2 = 2o
PHETSPAHABE I PNUE k56 R B B0 (< 522 |
0.05) , Al 48 b5 34 1 22 S M 347 56 B 8 35 K (P < %m; 400 |
0.01) ,JFRAEHIZERE PNUE SLA P BTN 433 LEA E= 2 0
HAB Y ZERER 51.51% 24.53% 47.00% F1 26.32% ., §§§< 0
3 itie E ‘ ‘ | | ‘
0 50 100 150 200 250
R S O A 45 SR 50 AR T 7 5% 4 10 3T i B i

Total nitrogen content/(mmol/m?)

o, HFSEBRNEERLMRKFE(R D), & 14FK
FRAE 7K AR AR YRS, AR A RO R AT, 1 4R 5 (LAY
AR PIRTe R B SR o0 & 3 BN R R B 1 T R (4K
PEAR IR , 45 A XY A K AR 2R 0 A 45 40 1 R Ax
Ui B o SEAH ) R3S WX IR JE R 40 & SR AL IR O BT b g, A SO E A KAMT 11 Flok A
Y PNUE K H 5 SLA TN FIl P_ Z Al 2R

£3 AMiFFISEF P,  TN.SLA 1 PNUE 8 T #8382 R CFE+FR1ER)
Table 3 The T-test for P, , TN, SLA and PNUE between indigenous and exotic groups of aquatic plant species ( mean=SE)

B3 11 #AkEEWITE TN 5 PNUE 83X R CRE(HbRER)
Fig 3 Relationship between TN versus PNUE in leaves for 11

aquatic plant species ( mean+SE)

N NN TS o4 A AL NN et 1l FH Ak 3%

K . St A AR . nll\zlxﬂ.r_ﬁﬂi W J‘Luf’ﬁfﬁ@ﬂfﬁxﬂl?
Gr Light-saturated photosynthetic Total nitrogen ool oot (/K Photosynthetic nitrogen-use

el rate/ ( wmol m™2 s7!) content/ (mg/g) pedllfc leaf area/(m’/ke) efficiency/ ( mol mol™! s71)

Mk
* H}ﬁﬁ% 7.94+0.77A 11.00+0.87A 12.80+0.90A 152.56+22.54a
Indigenous plants

Y

SRRAET) 14.98+1.22B 14.93+£1.67B 16.96+1.14B 314.59+56.65b

Exotic plants

RIFIAFE R NG FHRFRRTE P=0.01 il P=0.05 /K22 03

KTFAEY PNUE 54 S22 ERI TR A S5 25 5 3% WA 76 X BR BT b a8 i i e i 12077 A R
12 AR O R T B A A 0 L PNUE 29 040 5 AR A 0 0 A R A, A K A Ry 2 1 0 i gy L
F Ak mint B 45 PNUE SRR g5 R AL R Bl S B A PNUE KT H Al
Yy ARIEEIREE X 3 Bl 09 R B A T AR, (s A At 2 FhAE A, ot R AE A RS R
B 280 GG T4, B R RAERERA TR AR, AT A R ], X s A KRR S FC PNUE it Jre 81
P25 R 5 HT AR RGE RS (B 1) .

KEMHFFEEE R —2 L Y A PNUE F SLA S IEA RSP 5 i 5 ( Leaf mass per area,
LMA = 1/SLA) B HARXCR Y, FF5E45 0 PNUE 5 SLA 2 & 3 (M EA E (R® = 0.486) , #E— 2B i A
PNUE-SLA fCR, I 3848 T AR SLA A9 R/IN, AT a2 b T MR AE ) 0 N 3 B S HAH DG A 38 K S5 40 R AT
ik, DA REY, BIR PNUE-SLA fF7EAHCC R HAEYFIE 9 PNUE WFFE 25, HA 122 R
%, Quero 7 EITIIGT 4 FARI LI A4 A BN 254G X 5 R0 3 B A4 WA S, TA A SLA R 5 R A AR RS
A SR TR F T (predictor) , 8 i XHAEY) SLA BONLIM | o] T f# A4 PNUE SRAE S H A A9 %) 9 U8R F S 3R
BRSO, Hikosaka ™ 43 P2 A= FhiE] PNUE 225 A9 A4E BN 2 A PNUE 2R A9AE Y, T RESE T
S BE Y S R T, B B A R R R T A RE | DT R AT T I R A0 T R R R AR AR 4y
fic , 58 A B98I . Poorter Al Evans''® AUBFZE & B, 7EAR G A 4444 F L Ik SLA F1 PNUE A= K R4
TR IRER I, Hom A B T AAL B AN R 58 2 THOUAAE R MI7E R OGRS M4 PNUE (W22 %2 T
SLA AR S A A 43 B 2 B A R E A Rubisco B, A8 47 5L 58 & A fE AL TG

AR, ST A 120 A0 N T LR 3k T ] A AR S A5 i A A A K A VR AR R, A — A 28 L ]
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Fiv 94 2 R B E A0 Sk Bl S, I Xk Ah R AR B 09 51 Bl Ky FC3E N PR AF 5Y B #2538 L, Baruch Al
Goldstein'™" LUK B S HF 55 BRAMAE A R FE X G2, SRy 48 7 S A o 1y A B A 285 2T 4 40 00 MO TR 4 S T]
B A 2R A T IR T 30 A AISKARIAN 34 FhAHIAEY) , X SERE Y AR I B AL TR EAR AR JHA T2
PIARENE X X Stk A 7 22 0 7 2E B G5 A R PR UL 55 L g, 5 SRR, AR W 1 R KO A R
(A,..) TN SLA I PNUE 35 FA M) (% 4) . FIFE B E RS, Durand 1 Goldstein' ™' L 4 Fib 48 Rl
( Cyatheaceae ) MHFFERI G (FHr 1 FOR SN RAEY) 55 3 RO AR HUAP ) | 2R R A [RGB S5 (T PR B
BUPRS: ) T LB 4 RO 006 A T G L & PNUE $34E, 25 1R B, JCie el #h J& 4, A K il
Sphaeropteris cooperi ( Ji5i7” i MK FIE) (9 P, SLA TN( %, T Btk ) F1 PNUE & T [FE} Cibotium JBH) 3 Fit
RIFBHIY) ( C. chamissoi, C. menziesii F1 C. glaucum) , £ X3 FAN M S5ARMFN PNUE 2 0] %) 22 5 14 HoAth
WFFEARIE AR, LR R R T [l — B W5 DX, AR SCLUK A= 3035 IR Y8 37 70 ' SR AL 0 15 57, W9 11 Fib
JKAREYIE PNUE H#4E, Horb JKBASR 5 AR Rt U5 SRR AEFISE NFE5E 5 P R Aok Wy (J A
K AARRIEZ LX) , ASCHIFSEEE R F (3R 3) , J kMW P, SLA TN HI PNUE ¥ 1 2 55 T4 Hi A
Y, 5 Baruch F1 Goldstein">" .Durand F1 Goldstein*? HITFT 45 e —3, BA M [] =l AH AL HyAR 4k, SR NI eI
W13k SE A SAE ) LU AS HAF P B T v A B TR AR A K e (H AT 35 AT A e — SN R 22 4k,
TEREALE AR AL 2 FhAMRAEY T, A8 R0 B Y SLA AR TR 489, JL PNUE AW A S Sk A5 97 , A6 Xt
WA T RALAE T 7 HRA AR TN &8, X A RE- S AR [ AL S GG 5, Nk A8 75 J5L 7™ S5 P4 BF | 365 17
PESR W A AR RS AT, JB TR SLA BUAEY) , Kt PNUE ARXT AR, 5 HA S >R Fl (1 A= B3 A7 AE 25
St IR RO IRPRSE W] BB T3 & HA G s RABAERY TN 25 B BRI P, 2145, X T REC S E IS B Y AR /1
S Rubisco BiA G ; ik £e25 4k i — 545 ] SLA 5 PNUE A B A AR E 1Y IEAHOCC R

*4 BEREATHEPMIIREYH FORAXEHER(A,,,)  TN.SLA 1 PNUE #{&

Table 4 The mean values of A ., TN, SLA and PNUE in leaves of indigenous and exotic plant species in Hawaii

= NTAPAN R SNIAYAN 25 FIl B 2l 3%
- ) R . I AR
Hep¥ g Maximal . - Photosynthetic

. . Total nitrogen Specific leaf . O
Groups Species number photosynthetic rate/ . nitrogen-use efficiency/
o)) content/ ( mg/g) area/ (m”/kg) 14
(pmol m™ s7") (‘pmol mol™ s7)

lkﬂﬁ*ﬁ% 34 6.91 13.6 12.21 69.72
Indigenous plants
&I\;K*H% 30 9.65 20.9 16.76 98.14
Exotic plants
P values 0.061 0.0001 0.005 0.137

R4 Baruch Fl Goldstein!3!]

IKAE MR I A K ST T S N KA | T AR ALK A ) 25 LR 26 R Cavalli 52 BF 58 1900 B2 K
AR — R 0 s — i s 3 G B M A , & B0 AR K TR K B TTOK R O A SRR PNUE 4 T /K i 90 A= A
YR A, S Rk AR R A B 25 5 W A S AR KR R G R L PNUE 22 R B3, A5 T
VeI 11 A B KA, 5 Cavalli 257 BT 26 (4 7K B o Pe) 3o S O RS DA AL, 5 52 M BR MR 7 1 4R
SR R RIEE Y A e, R 3 FNER 4 AT UL AR IR 25 SR, TGI8 AR M A H A0 5 IR , SLA # A ARG
B R L ARMAE D = i R AE R AR T AR, A R PNUE (5 TARMAE Y , BRI oy Jm el 5
VA LXK AT — 2 B AR R (LR T R ) 9 22 S A S Y A 3B R A3 A5 A RN A PR (DR AR
TR EE ) 1Y 22 S S RESC AR ) G A MR FHBE 7 M B 1 S e 454, T 52 el B4R ) 19 PNUE,  H I AT
U AR FETTAKAE D) , BETK AR 32 7KK CO, I S B BE 55 45 AR IR 2R 52 ma 5/, FE A A RS rh TR L Se S fL 34

FFEIR LI, 11 P SLA 5 P RIEARE R, 5L IR AN A P, (pmol kg™ s7") 2 I & 1EAH
K(R*=0.575) , 5UAHFUAEEARL AT P, (pwmol m™ ™) IAHSCHERIA .3 (R*=0.249) ;SLA 5 IR 364 P,
B S B AR e — 25 S 5 Reich %Y Poorter Fl Evans''® 75 45 A —2L, H. Poorter Al Evans''®' 57 45
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ALK, SLA 55351 5 T AR A BT i B Al YOG B R B R R AR A, AR AR ) AR AR
R i R R 6 A R A BRI SCOC R Y B, 7 BT R IE] SLA 5064 3R E R ISR
J i A PR ()G A R T O Al HA T, 11 R SLA 5 TN (T AER , mmol/m®) [ TN (mmol/m?) 5
PNUE #5835 89 UG, R* 40510 0.565 F10.699) , 55 Rosati AT Benomar 2518 BURIFST 45 R HA — 21y
AASEHE , R SLA FEB /R AP FOCE 3R MR B & w855y T s Y 2 M (&1 2,81 3)

4 %t

ZE LTI 11 KAEMPAE R I 5540 & SR AL A T A R A, Rl 1 4 J5 1 D 2 45 SR 3 I . A0 o 1) 14
SLA JZ UK HH 5B, o 1) R B2 7l R 5 AR A S R WA 2230 3 A%, A FRIRIAY P, (pmol m ™ s7") 7E 3.76—
21.53 ZJa] , F RAE e/ ME B34 5.7 4%, FhiE]H9 PNUE M 42.53 (SR H) Z 655.8(Kflifh) , 96 \FE K B3
R FIFR 9 PNUE (H 39506, XY 1 PNUE & 355 T4 K PNUE B9 2 i L M B, Fria
SLA 43515 PNUE #1 P_, (umol kg™' s7') 52 B A IEA &, SLA A1 P_, (umol m™> s7') 23515 TN (mmol/m*) &£
BERAE, JSRIEYE PNUE SLA (P F1 TN &2 & TAMAEY) , Ul ANRK MY R 7 E B ALRIR T
RE T A SO AR R, ELA VA 1 v 2 R R R (] S R 3
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