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Photosynthetic nitrogen — use efficiency of 11 aquatic plant species under

eutrophication of the sediment from a brooklet in Guangzhou
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1 South China Botanical Garden, Chinese Academy of Sciences, Guangzhou 510650, China
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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, umol 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 teciorum (7.22 + 0.31).

Interspecific P, values of the plant species were between 3.76 + 0.57 (I. tectorum) and 21.53 + 1.20 ( Hydrocleys
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nymphoides) . The P_, of H. nymphoides was 81.79% higher than that of I. tectorum. The PNUE ranged from 42.53 + 8.42
(1. 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, pumol 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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Table 1 Nutrient contents of sediment from brooklet at the beginning of the experiment ( mean+SE)

ALK 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 HHKHY 11 Bk EEY

Table 2 Eleven aquatic plant species included in the experiment

4 iy (¥ A 96
Species Code Family Life form
TKBESE Hydrocleys nymphoides (Willd.) Buch Hy-n WAL B} Limnocharitaceae KA
ALY Ruellia brittoniana Leonard Ru-b B BRBF Acanthaceae IR A B Rt
KM 8L5E L Echinodorus macrophyllus (Kunth) Micheli Ec-m PEISR) Alismataceae KA
A Philodenron selloum Koch Ph-s K RFL Araceae IR A B Rt
B * Acorus calamus L. Ac-c KH P Araceae KA

K G-E* Cyperus involucratus Rottb. Cy-i VHLEL Cyperaceae IR A B Rt
S Iris tectorum Maxim. Tr-t BB} Iridaceae 7K A Bl A
i * Typha orientalis Presl. Ty-o FHFRF Typhaceae KA
FAF 4L Angelonia angustifolia Benth. An-a LB R} Scrophulariaceae IR BT AR
2 N# Canna indica L. Ca-i FENERl Cannaceae KA s AE
BT Arundo donax 1. Ar-d RAEL Gramineae K

# AR 1464 Indigenous plant
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Fig.2 Relationships between PNUE,P_ and TN versus SLA in leaves for 11 aquatic plant species ( mean+SE)
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Table 3 The T-test for P, TN, SLA and PNUE between indigenous and exotic groups of aquatic plant species ( mean+SE)

spt JEH DG B MAS & e A (I ERLI V&S

G ) Light-saturated photosynthetic Total nitrogen Soecific leaf a//\ 20 Photosynthetic nitrogen-use
roups rate/ (pmol m™2 s71) content/ ( mg/g) pecific leaf area/(m”/kg) efficiency/ ( uwmol mol™! s71)
H Y

* {M{E% 7.94£0.77A 11.00+0.87A 12.80+0.90A 152.56+22.54a

Indigenous plants

SRR A 14.98+1.22B 14.93+1.67B 16.96+1.14B 314.59+56.65b

Exotic plants

RIS K NG FREFRARTE P=0.01 F1 P=0.05 K- 53 %

KTAEY PNUE 54 B2E AR A 2R A S5 25 SR 3% W 26 X BR B8 o3 it P i A Ay 12027 A R
T A O R AT A ) PNUE S50 M8 AR 90 400 1) A A R AE , AR 35k 2 18 A e
Fr A AR it i 45 PNUE 2 HRHIEERY . AWM AR R (D) AR B R A
PNUE I F HAMAG Y , M40 P o 5%, 3 3 FPAE Y g b 75w B S T A AR 9, ikl i) oAb Z2 Fh A 4 ,
I B PEA SR BARIS 280 7 TP G T4, R A R A B K B, B i A K R, ek K
P ) H: PNUE Pt Jg 3 45 51 55 i AR o i 1B A — 2L

Kty 85 R —8CR W H 9  i PNUE I SLA HIEA GRS , 5 e H ( Leaf mass per area,
LMA = 1/SLA) S HAHSE R RS A SCHIWFGESE 0 PNUE 5 SLA 52 W 5 4R M IFAH G (R = 0.486) , #E—2F
itk PNUE-SLA BJ5CZR, KL, il i 7 f#Aa e SLA BRI, Al T2 T SR As 0 1 N 3B S AR G A= B % 254
FREAR AL A SO HoAt M SR oE 45 SR R 0, BL9R PNUE-SLA TEAEAHSE 56 R B Y A A] i PNUE W 77 A1E 22
S, HAM 2SI Quero Z T ITIFST 4 FARAN 2 1 A A BHURN 2544 St S5 R0E B B4 i 13, TA A SLA
SEMFIT A YA BRI S0 B0 TR R - (predictor) | 38 358 XSFAEL ) SLA AN, o] 1 f#AE Y PNUE $5NE S H i L
W% PE A FH S AR G T L, Hikosaka ' 43#1 7= A Ffi ] PNUE 2257 BB BN I B PNUE #5414
FEY, VT REJE T AR B RE R S B R T AR 2 B AR PR R IR A AR EE | DT R T PR A A S R R X
SCAE I Z B A0 BC, S8R I H (904 . Poorter I Evans''® BAF9T & B, 766 IR 4544 T, i SLA Fil PNUE fi%
AR R AR TG R BRI, L 0 oA AR L A RN RE S 2 TORA VR e R OCHR R A4 PNUE ()
ZE5t e T SLA AR R iR 43 B o 2 1A JEA Rubisco i , (A9 HLH m (AL TG 1
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PIARERNE XX Stk A T 2 0 7 2R B G5 R PR UL 5 L g, 5 R W, AR W 1 B KO A R
(A,..) TN SLA Il PNUE 35 FA M) (% 4) . WA B AR, Durand 1 Goldstein' ™' L 4 Fib 48 Rl
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RIHFBHIY) ( C. chamissoi, C. menziesii F1 C. glaucum) , £ X3 FAN M S5 A MFN PNUE 2 0] %) 22 5 54 HoAh
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JKAEREYI PNUE H#AE, Horb JKBASE B R Rt U5 RARAEFISE NFE5E 5 Ry SR Wy i (A
K AR EZ M) . A SCRBFFEEREW] (K 3) SRR P, SLA TN Fl PNUE 34825 &% T A i Al
#J, 5 Baruch A1 Goldstein"*""  Durand FI Goldstein ™ AUHF 77 4% 5 58 4 — 35, B AT A0 IR sl AL A9 28 Ak, B iR E it
B 3 6 AP SR AR ) LG A iR ) B A B ) B UER AR A AR R 38, B AT 35 T3 A AE — 28R ) Z 4, 4
TEEAE TR KA ALK 2 FhAMRAEY H , WAL FE 0 (8 SLA R T A A4, H PNUE R nAb A KA 9 , %
B T RALAE T 7 5 BA BRI TN & 6, X n BB S AR [ AT A 405G, Nk 48 55 J5t 7™ 85 DY BF | 365 7
PESR , M R AR A AR WP AT J8 TR SLA RS, DF I PNUE AR AR, 5 AR A ke o (4 25 5 47 HE 2
S, ARG BRPREE T R T3S A A RATAERY TN & BRI P, Z0HE , 3 v BB 1R A% B 1 AR 40 iC
J Rubisco A 3¢ ; \ix A5 fL i — 253 SLA 5 PNUE A BA A E M IEAHKE KR,

x4 BERFTEMINKREMHFORKNKEAEE(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

=) N/AYAN : \;E; 3 NN : /— q § %
s e e AR oL v
Groups Species number photosynthetic rate/ Total nitrogen Specific leaf nitmgen—u;e effi;:if;ncy/

( -2 -1 content/ (mg/g) area/ (m’/kg) -
pmol m™> s7") (‘pmol mol™" s7")
$iﬂ*ﬁ% 34 6.91 13.6 12.21 69.72
Indigenous plants
Y

ﬁ,l\ﬂéfﬁ% 30 9.65 20.9 16.76 98.14
Exotic plants
P values 0.061 0.0001 0.005 0.137

H4 Baruch F Goldstein3"

IKAE R RR G A K 2T P T S KA | T AR R TR A D 55 LR 28R Cavalli 572 BF 58 13 A2 K
TR =12 3 b - il b 3 b S M A, R I AR K TR K B TTT K A ) O 4 8 2 il PNUE S48 T K il 9 A il
Yyl A, S R A A A 22 5 0 TR AR S R A X R B A R L PNUE (22 AN B 3, ARBFSE AT
Ve 11 R B HE KA , 5 Cavalli 25> T 6 A4 /K i o 18]t 5 AT AR, 5 SR R AMAE D 7 1 4R
SR INEE Y A e, R 3 FNER 4RI AR IR 25 51, TGI8 A AR M A P s S 5 IR ) , SLA i R ARG
JeA R L ARMAE Y & R RS BT AR, & i PNUE & TR, BRI s oy @ s 5
WA X, — 5 B SRR (L BR T 4 Fh (B) 9 22 5540, SEI0 0 1 8 352 20 45 1 Tl 22 31858 (WD IR s =
TR ) (2 S RE R AL ) 1 6 S VE FHBE 0 v e 0 i ek i 454, AT S i B A 4 1) PNUE, | el
U, AH TR A , HE K HE ) 32 7K A4 COL AR e B B 55 S AR R 3 e A 5N e AR AP R B rh o HLSE AL 34

B 17 &P SLA 5 PNUE 75 35 IEAHSC R AN, AR50 30, 11 Ml SLA 5 P BIEAH KR, 5L
T A FERE AT B P, (wmol kg™ 871 ) SR FEIEMSE (K 2D, R =0.575) , 5 A BUA ALK P, (pmol m™
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8 S % 38 &

™) FRIAR SR U R 23 (18] 2B, R* = 0.249) ; SLA 5 LB FEAE P i 3 A0 M X — 45 L 55 Reich Z51¥)
Poorter FI Evans''®’ AT 5T 25 A0 —2, H. Poorter 1 Evans''"®! iU 5245 SRl F ,SLA 554350 5 1 AR FE A A B
HALAA GG B R B F AR S AR ] R AR A AR LU i O SRR 0 R B
SR DGR DG, 7E LA A MR ] SLA 55665 T %6 114 56 2 B SR B dt Bk B R o 5 R T O B3
HoAl 7, 11 AR SLA 5 TN (I FUEER]E , mmol/m*) (¥ 2C) \TN(mmol/m*) 55 PNUE ( [&] 3) ¥ 5 & 2 (1 1 AH
ﬁé,Rzﬁ’%Uﬁ\j 0.565 1 0.699) , 5 Rosati %DS] 1 Benomar %[18] RO 5T 45 0 B —E A e v SR B Yt
SLA TEda " P ROt a R i S i A A 5 T S Y A 0,

4 #ig

25 LR, 11 K AEAE T IR Ve 57 40 B SR AL S5 A T AR R, B 1 A1 S5 A 00 445 SR 3R W . A5 40l 1) 1)
SLA JZ UK L5 B, ot e 1A R 52 5 8 5 B AR ) S5 R B AH 2230 3 A%, AR IEIAY P, (pmol m™ s7") 7 3.76—
21.53 Z ], fe K AH e/ IME 5 5.7 7%, FRIEIAY PNUE M 42.53 (SR L) & 655.8( KAfifh) , 36 N KB
BRI 9 PNUE {E 385, X Se M A9 PNUE 235 3 T8% PNUE () &3l A6 W & R 5 Fla]
SLA 43515 PNUE 1 P (pmol kg™ s7") 2 R E A IEAAE, SLA F P_ (pmol m™ s7') 4355 TN (mmol/m?) &2
WERASC, SRAEYI PNUE SLA P A1 TN 535 5 TASHUAE Y , Ui Ak K A M AE 5% 00 '8 AL T
RE ST A SO A FH R, BA VT Y e 2B R R AR ] 52 A 3
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