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Photosynthetic characteristics differ between emergent and floating-leaved

macrophytes

XIE Chun, ZHOU Changfang “ , LONG Shuiyun, WANG Wenlin, XIA Qindong, PINGCUO Sangzhu, XU Zixuan
School of Life Sciences, Nanjing University, Nanjing 210023, China

Abstract: Emergent and floating-leaved macrophytes, two different life forms of primary producers in shallow lakes and
riparian zones, play important roles in nutrient cycling and energy flow of aquatic ecosystems. To investigate the differences
in photosynthetic characteristics between the two forms of macrophytes, chlorophyll fluorescence, pigment composition, and
special leaf weight (SLW) of four emergent macrophytes (Acorus calamus L., Pontederia cordata L., Thalia dealbaia
Fraser, Zizania latifolia ( Griseb.) Stapf) and four floating-leaved macrophytes ( Nymphaea mexicana Zucc., Brasenia
schreberi J. ¥. Gmel., Nymphoides indica (L.) O. Kunize, Trapa bispinosa Roxb.) growing in natural habitats were
compared. In general, emergent macrophytes showed higher electron transport rate ( ETR) and non-photochemical
quenching (NPQ) under high irradiation, as well as relatively higher initial slope () of ETR curve under low light, than
did floating-leaved plants. Broader ranges on maximum quantum yield of PSII (F /F,), ETR, NPQ, maximum potential
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ETR (P,), maximum ETR (ETR,) and saturating irradiance (E_ ) were also found among different species of emergent
macrophytes. Average chlorophyll ( Chls) and carotenoid ( Cars) contents were also higher in emergent macrophytes than in
floating-leaved ones. However, due to the discrepancy of SLW, the trends of pigment amount among species on a fresh
matter basis differed from those per leaf area unit. Among the four emergent macrophytes, T. dealbata and P. cordata
exhibited relatively higher photosynthetic ability, and all fluorescence parameters together with pigment ratios ( Chl a/b,
Chls/Cars) indicated they belonged to the sun type. However, A. calamus and Z. latifolia exhibited relatively lower
photosynthetic ability, and part of the parameters were closer to the shade type. All four floating-leaved species exhibited as
sun type. This suggests that the heterogeneity of environments contributes to the discrepancy of leaf photosynthetic abilities.
Emergent leaves grow in highly diverse environments, so their photosynthetic parameters have broad ranges, whereas the
environments for floating leaves are relatively stable, so their parameters are limited to small ranges. It may not be necessary
for floating-leaved macrophytes to develop NPQ and internal heat dissipation to prevent high irradiation damage. In
conclusion, special attention should be paid to both environmental heterogeneity and discrepancy of adaptation abilities

when selecting aquatic macrophytes for wetland restoration.

Key Words: emergent macrophytes; floating-leaved macrophytes; environmental heterogeneity; chlorophyll fluorescence ;

chlorophyll; carotenoid; specific leaf weight
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Table 1 Derived parameters from ETR curves of the two life forms of aquatic macrophytes
HyFh P/ ETR,,/ E/ E./
Species “ k (pmol m2s71) (pmol m™2s71) (wmol m™2 s71) (wmol m™2 s71)
AC 0.219+0.025abced 0.007+0.004ab 74.7£9.5¢ 63.9+4.4¢ 313.3+50.8bc 1706.0+446.5ab
pPC 0.267+0.008a 0.010+0.001ab 141.4+4.1a 120.8+2.5a 455.5£19.6abc 1797.3+77.2ab
TD 0.233+0.014abc 0.006+0.002ab 142.5+£23.7a 124.9+17.4a 554.9+101.8a 2451.7+£309.4a
ZL 0.245+0.020ab 0.003+0.001b 72.8+5.5¢ 68.1+9.0c 276.1+23.8¢ 1388.1+38.5b
NM 0.170+0.021d 0.006+0.003ab 87.4+112.3bc 73.1+4.6bc 463.7+70.3abc 2092.9+205.3ab
BS 0.191+0.010bed 0.014+0.001a 114.9+8.2ab 87.8+5.7bc 460.9+29.8abe 1617.2+87.1ab
NI 0.198+0.023bed 0.008+0.003ab 113.5+4.1ab 96.7+3.3b 507.9+48.4ab 2198.7+273.6ab
TB 0.180+0.025¢d 0.014+0.004a 104.1£6.5bc 79.9+4.6bc 484.3+£83.5ab 1804.7+414.3ab
EM 0.241+0.009A 0.006+0.001B 107.9£10.1A 94.4+8.0A 400.0+£37.3A 1835.8+37.3A
FM 0.185+0.010B 0.011+0.002A 105.0+4.6A 84.4+2.9A 479.2+28.6A 1928.4+135.6A

AC. BTl Acorus calamus ; PC: #R 4 %. Pontederia cordata; TD : T3 J1 4% Thalia dealbata ;7L 28 ¥ Zizania latifolia ; NM . B ME3%E Nymphaea mexicana;
BS:Zi3% Brasenia schreberi;NI: 448348 Nymphoides indica; TB:Z5 Trapa bispinosa; EM : fE/KAEY) ; FM ; ¥ ALY ; o WIHA AR Initial slope; B 7]
Z %X Photoinhibition coefficient; P, ; iz RWETE L T4 4% Maximum potential electron transport rate; ETR  ; f K B T4 1% 3 % Maximum electron
transport rate; £, - F5e/MEAIGEE Minimum saturating irradiance;; E,, - /G5, Saturating irradiance ; 28 4 2 P8 + AR IR 22 ([A] — 4 Fh  n=5;
[f)— 35 AL, n=20) , AE/NG RS TR IRYFIE] A 15 2418 22 5 1 2 (P<0.05)

TR E I R (P<0.05) o P A A Hh S A i TR
Chls 7% 4 f 5 BRI R 26 3% > B I 32 > 45 4R 3% 46 Al
35, IR 263 Chls & R  (H 4
FEAE WAL T B E A ZE (P<0.05) , FIRER 14
Chl a/b B ELAE N 5.4 LLAM(P<0.05, & 4) , HoARHEY)
Chl a/b WAHY N 4 247,
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H Cars & it =y TH £ BRI 28 B (P<0.05) , {H LU i
fif T, 28R R (P<0.05) o PR R R 2
SR TR Cars 51215 T & 4R E AL FI22 (P<0.05)
BN TR S R B O B S W 2> 4
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Fig.3 Specific leaf weight of the two Ilife forms of
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Nymphoides indica; TB: 3 Trapa bispinosa ; € Ffi RHET i 58 o )
— A G T (R, EM KA FM T AR ; 181 B8l 9 -1
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W5 s R F /F, @y JETR NPQ SF SRS B3 R T A iR 45 R T FA19)
W B, HEK AR B Ab PRI 52 R, HOG & POLS B AR JE 5 5 T 1 AL o Ak PR AR O 38—, O
SRR, HEKREYIG & VS EU I M AT B REZUR AR IS R MR 5 2R 4 4 2
TSI AR ) 14 A 2567 5 38 308 1 T 1 AL ) , AU A D' i B AL 5 I Ak BRI5E ) AR S A Rl AR A 4 v
ARIE>

1% 1% Ralph 457 A9 HE  ETR MHZAUA IS0 IR R o (ER MUY SDEIXDE G DT, 5 h it
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REHIE H, AIFSY R HEARAE D SR o (KT 17 MR, Fh I o] 94 0 448 7K R 0 & AR 1 4 G RE o KT it
Y. % o (HAEAR 0] DLRNE R & B ARXT RN, D66 (0 2 2 AH W W SO g I 55 B0 55 0] O F 3 o 19 22 48
PR ARSI AR KA YY) Chls BN Cars 5 RS TIR I AEY) . (HEEIR— A 15 T B R RIAE 4 22 1], b 3R X Ry
KR IR, X R AT REIA P K R 4 4 S A DR R B2 e, M G IR U A Rtk — 2B EaE . I Ah Bk
R CRER R =X, 59K A &, PAR<E, I, LIOGAL A K R 3 PARSE, I, WA ARGt 223 K
T, $%M Ralph Z"7 YR E 65 ETR (EANX R, E (EMOCARIY) , H ETR, (E G, BIGA 8 R
RIS ARSI W] — R WG R R R A b SE AR B T 500IE, ME— ARG U R R R E (S T
PIAH Y EL WG, (HH ETR, (B0 5 38 3 AT DR R 10 AR £ 5k — R P 5 HL s T W ik ) SAFE R
T X MW T, B Bk o B, ETR, ZE A ETR fhZ 280, FoA U W S2 56 ik 4 FhE /K bl
PIXHR G R e ) ¥4 FCFS ) 46 RO £ 035 N = Y A B D T B RS B, JRATTSC I i AR vt R B
7—8 J A1k TF ICHE IR BT T A B v L 28 2 o A Ao IR B v A B U B R Y X L i AN T 5
O TR BT T A PRI ) A R R 7 AR AR 0 R FH B8 0 AR X 45 557, JH v 45 R 52 46 6] 5 O R A 3
N7 BE 7 AR X A

ARG T AR AR 038 WAL, K RE ) FF T RS 22 [ AT BEAF TR R 25 5% . AW ke v e S 1
B AL A5 32 shal e (Wnktiz sh) AR EAE T (CInEEERD) DLRIRGIBE (I PSR ) 4> Hidh kR
A VER (FRFERL) 2 PS TR EZDEA MR HLE] 2 SEg b KA NPQ (R 4w, HoP ik fa Rt 5
SRR FIE I NPQ AR H BT S AR B A B2 =, AT HE G 5E 2o R e b 2 VR AT OB IR P R ) B, S
AL LR, F /F @y JETR (HAR T, {H NPQ ZNIAHXIEAR, A R F50E T M A GBS P fh iy
NPQ i i Z KT 0 R RBES ARl 0F B AR RETR AN PS TG A A BB S T 7 A AR A5 i
kA R TG (U ReR UL T S OCOR IR A R ST . SC50 hiF A NPQ B 19 22 163 Rl B
TRTFHEKAEY 245 R UESE T AT R AR, BE TR 2= B K G 3 5. T XTI AR 4 vl R A+
B, VRN B TR R S K R, vTaE A K G2 pha B At 2 I, DLERE AR E . AT NPQ
AR AR T EE FFE S AR, AT A BZAESE NPQ (ERAR, S50 = KAt ad f bt & B3Rt R 7
SEOG R L PR AR, SR A5 R RGE A A RIS . X AR ] BB 263 NPQ (IR A 5%, 28
3¢ PS IOBPRIBE 1855 , ANl BAE Ml e T AR, 7ok, A oE R I i R AG A AE T o FE G O AR i 2
Al AR A FRATTEI I 8 Z IR Cars S A NPQ (HA7AE— &AM, 5256 bt & BHE /KA Cars
PR TR (A B AN RE AR K AEREYI P Cars 5 NPQ HZ IR i E B AR, ALK R K
UUKAEY) , BT 7K OB B, XIS A e AR A7 1 e RATHEM SR G R B ML 7 DK AL IR
HEL,

H 2% Chl a/b F1 Chls/Cars {9 FUAE , — B b BH A B Chl a/b HAE 3.0—3.4, Chls/Cars FAE 3.8—4.4; B
A H Chl a/b HAE 2.4—2.7, Chls/Cars H{H 4.8—5.7"%) ) FRATSZE Ak 8 Fh/KAAHIAY Chl a/b HEAEI K
T 3.7, AL BTN K AR R R B AR AR . FEI4E Chl /b WAHHE BB 5 5.4, I S5 HE OGS RE ST AHXT R
HEK )R (0 RIS 46 Chls/ Cars FAEAEIT 4.4, 755 FHAE AP RAE ; {H BT FIZERE Chls/ Cars FUE 8T 5.
1, ARSI EAE Y . PR MAR ) 4 SR AE WA AE Chls/Cars FU(E (5.2, BBl 1 2R A ) OGS g SRR = 108
o IaRg R T KRR €2 H i 5 A K AR R 6 2 22 (B R VR AT R AL mT 68 5 Bl 2 R A7
FEERZES ., BT SLW FEARRUKAERY 225, R b B0 A A £k X TR R &AL
AR —BE , Lichtenthaler 25 34 R RN [F 250 R Ge A7 LU m] REAS 31 58 A I A 45 3, Fr sk ml L,
X AN [ S 45 JE AT LAt | 20 T 9 T 2 R A A — ek

4 Lt

SEAAE DI A X P2 AR A BT AL BRI S PR B, N T HE KAL) F o/ F, @y (ETR (NPQ Z55L 5 5002
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BBt apzk K8 D RS EZ MBS R TR Y, h ETR 245 it P ETR, (B, E, ¥ Z K
WUESE T IX—4F Ak, HEKAEH) NPQ E R A A F R, R WRFEHUR H R e if I i B B AL ; 3 A
Py NPQ FAFEHBONT i DGR 5 ) PR3P 7 SO AL, HC T RE S 22 My HOBUK PR B E 22 i, it TOK A AW
K B GR ELANRIAE Y] SLW (22 S B0K , S BUN [ /K A A8y 1) Bz - T AR R S A57 Pt i o F) €0, 38 35 4
ARRRAFAE—E 2257, (B HEAHY) (0 R & B M T A, LT /K AR AT Chl a/b B9 AR 38 i
ThiAEY) . 454 Chls/Cars HUHE , $EKAEY 1L AR B0 ROLE RE T B0, o S BH A= 5 Bl 22RO &
RE S5 , BRAME AT & AR BURFAIE . SEBR R IN 4 Fhi7 - HE Y 24 )8 T A= B (B W) RR RDE 5 2O S BB AL iR
FEARXTEL/IN, L ZR A S HOG A BE T 98 55 22 18] 1) 5% AN RE 1) B TRl A A AR SC B HEA 7 A R
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