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B ( Yarrow et al,2009 ; Cabrera Walsh et al,2013)
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Fig.1 Changes in the daily mean water temperature and light intensity at noon during the study period (r =3)
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x1 3M/KEYEEERERNBEES N
Tab.1 F and P values of the physiological parameters

for the three submerged macrophytes

Wb B BB R
FekT J2 F J2 F P F
M4EZ AR 32.039 0.000 7.845 0.001 10.938 0.000
Fo/Fm  29.144 0.000 519.178 0.000 7.142 0.001
AR 5.789 0.003 5.988 0.002 1.529 0.233
AR S 6.683 0.001 4.452 0.009 3.701 0.019
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F)  RUATE [ SR M i O BRI BT, O o 3R A
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HAERGEMERR, £7-9 K, “HMWMGEESE
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RSO BRI H AR S, S H LA Ry
I — 2 WIE N, 1T A fe SRR R B B R
IRV 5 PRI G ) £ BE DR AR, AR s P s
FE T A M T N AR e Tl e O IR S
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i ' B PAEE 3 20 2 AR I N R R 2
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PR A 2% SN FH - S AR S5 it v Ay s £ gt ot
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E5 2 | c . | be
=525 b b 1.2 be,
=g | 0.6F c c
E‘N%'TQ 01.0 0.8}
=5 05t 0.3r :
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e c d () <
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El £ 0.015 b bbb 0.0075 b a
%gg voto ] 0.0065} 0.008 |
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T L H
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Data were represented as means = SD (n=4). Values sharing the same letters indicate no significant differences among the treatments (P >0.05)

and values with different letters indicate significant differences among treatments (P <0.05).

Fig.2 Changes in the physiological parameters of the three submerged macrophytes during the study period
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2008) .

25 bRk, 2 QAR E TR IR AR AR
Bk BRGSO SRR S A Fo/Fm B35
I, I Y S TR R O B PR 5T T B SR BRI R A R 1Y
NS R B E I, DOGE s N S & &
TR & B AR A 1 UK &, i o B PR B2 06 5 A
IR 4Er A NPT A AL RGERERE , e i B 5
7 e TS O RE R i UL L 5 0 1Y) N BB T 5 TG
(WAL 3 2 (AR =B i 0 {58 3 S A TS i 3 <6
BERR, MAAFIIR O IR B RS B0 2 il
56 BRI Y 52 BE ) 55 T A MR ge i Rk . ASHIE
FEAE AR T I JAFAE— & B R BR, X T 2 M4
RFPAE R R OG B ER L T I AR R I T B AR A5 i 5
B T EIRARRTE

WA, METE, TReEAE, 45 2014, AR 25 I T T v
FIREERE NPT ] AR, 33(2): 316 -320.

TR, FHEH, FHARER. 2003, [E 204 W) i i 5 A Bt
FEBERE[T]. dbntR B4R, 18(2) : 147 - 151.

ZUE, BER, TAFE. 2007, SiEPE T EE A4

FREERTIE ()], BlEER 5 TR, 7(5) : 820 —823.
HEOEAE, TKREHR. 1996, AR EESEAK AR AP I P R
BE ARG ELT]. AR, 8(6): 11 -16.
MRIE. 2008. L FNTC KLk VR BE X I8 20 HR 3% ( Potamogeton
pectinatus ) B [F) AL E B[], BB FER, 28

(2): 570 -576.

B P, 2011, R E 0 AR TP R R A R S
[J]. REgRlF:, 17(6) : 30 -32.

s Pedrdd EIRIR, %, 2000. SRR B R4l i et
AACTER P (1], AL, 20(1) : 141 -
144.

TG, B, BUKOE, 2. 2007, EI0EE B K A bk E
BTSRRI YRR, 25(5): 473 -
478.

FAWE, AL 2003, 7 IR b Aa R AR B AR b R Y
M), WEREEERE R, 24(10) ;121 - 125.

W, IEMR. 1992, MEm e A R HEmEE[T].
PR TR 22 4R - FARBHF AR, 17 (3) « 372 - 375.
PEZZE, 4RFF. 1999. MMGE 1RSI 4F AL R IHDE

PRIHLHILT]. PRk =ik, 12(2): 9 -18.

o, RGENI, sRILAE. 2003, SGAVE RGN RO BE 5T R
[J]. Hi¥fimil, 20(5) : 539 -548.

FN, FAu, Bk, . 2009. iR ( Elodea nuttallii)
X AR SR AR W 2 M [T RS ARE, 28
(12) : 2561 —2566.

SCHE, BT, 1995, HEE BURTRIEAEY) - BB . £
AR KB ORI [T]. W A2 Be A 4, 21
(1): 10 - 16.

W, 20k, THEFE. 2012, KEIFHEAERERGHAERKE
B[], ASYAE, 31(8): 1954 -1960.
BBUE, mRR. 2001, SR AR SHEY I EELT].

PHALRI AR, 21(2) « 215 -220.

W%, 2R, A7, 4. 2008. AME NO X &5 5385t
JoiRiE R /N R R L SR AL R SR A e g [T ]
TR A2 36(29) : 12571 — 12574,

TRAERE, MR, kI, % 2007. i 26 4 e Rkt ok
fEsIt AL R R s [T]. P ELOL R, 40(7)
1345 — 1352.

SPGBk, ZEEE. 2006, S MNE TR AR AE AL
FePEpgE [T ], BB, 23(4) : 26 -28.

LT IREUR, MRS, 2015, BRI T BT Y AT
PERNE : AR5 TR b A LU [T ] AR 2 HE
P, 23(1): 18 -=22.

R 2007, ABFHEHAILEMRFESHEARIM]. b
A Ak b Rk

KPHE, FeT7T, 2040, 45 20110 JBaR R A R A WA
XA KRR ]. KAEYAIR, 35(1): 88 -
97.



100 %3645 % 5 H

KEXFEFT

2015 4 11 A

ARFASR, XIESC. 1996. fFHURME - RiflEl s A LEGAES R
Giat s [J]. WAk, (S1) 146 -61.

Barko ] W, Smart R M. 1981. Comparative influences of light
and temperature on the growth and metabolism of selected
submersed freshwater macrophytes [ J ]. Ecological Mono-
graphs, 51(2) . 219 -235.

Bukhov N G, Wiese C, Neimanis S, et al. 1999. Heat sensitiv-
ity of chloroplasts and leaves: Leakage of protons from thyl-
akoids and reversible activation of cyclic electron transport
[J]. Photosynthesis Research, 59(1): 81 —93.

Cabrera Walsh G, Magali Dalto Y, Mattioli ' M, et al. 2013.
Biology and ecology of Brazilian elodea ( Egeria densa) and
its specific herbivore, Hydrellia sp., in Argentina [ J].
Biocontrol, 58(1): 133 —147.

Camejo D, Rodriguez P, Angeles Morales M, et al. 2005. High
temperature effects on photosynthetic activity of two tomato
cultivars with different heat susceptibility [ J]. Journal of
Plant Physiology, 162(3) ; 281 —289.

Cook C D K. 1990. Aquatic Plant Book[ M]. The Hague: SPB
Academic Publishing.

Hussner A, Hoelken H P, Jahns P. 2010. Low light acclimated
submerged freshwater plants show a pronounced sensitivity
to increasing irradiances[ J ]. Aquatic Botany, 93(1): 17
-24.

Hussner A. 2009. Growth and photosynthesis of four invasive a-
quatic plant species in Europe[J]. Weed Research, 49
(5): 506 -515.

Jahnke L' S, Eighmy T T, Fagerberg W R. 1991. Studies of E-
lodea nuttallii grown under photorespiratory conditions 1.
Photosynthetic characteristics[ J]. Plant, Cell & Environ-
ment, 14(2) . 147 - 156.

Jakobs G, Weber E, Edwards P J. 2004. Introduced plants of
the invasive Solidago gigantea ( Asteraceae) are larger and
grow denser than conspecifics in the native range[ J]. Di-
versity and Distributions, 10(1) ; 11 - 19.

Karim M D A, Fracheboud Y, Stamp P. 1999. Photosynthetic
activity of developing leaves of Zea mays is less affected by
heat stress than that of developed leaves[ J]. Physiologia
Plantarum, 105(4) ; 685 —693.

Kunii H. 1981. Characteristics of the winter growth of detached
Elodea nuttallii (Planch) St. John in Japan[J]. Aquatic
Botany, 11: 57 —66.

Kunii H. 1984. Seasonal growth and profile structure develop-
ment of Elodea nuitallii ( Planch) St John in pond Ojaga-
Ike, Japan[J]. Aquatic Botany, 18(3) : 239 —247.

Lichtenthaler H K. 1987. Chlorophylls and carotenoids: pig-
ments of photosynthetic biomembranes[ J]. Methods in En-
zymology, 148(34) . 350 —382.

Mack R N, Simberloff D, Mark Lonsdale W, et al. 2000. Biot-
ic invasions: causes, epidemiology, global, consequences,
and control [ J ]. Ecological Applications, 10(3): 689 -
710.

Marutani Y, Yamauchi Y, Kimura Y, et al. 2012. Damage to
photosystem II due to heat stress without light-driven elec-
tron flow: involvement of enhanced introduction of reducing
power into thylakoid membranes[ J]. Planta, 236(2) : 753
-761.

McKee D, Hatton K, Eaton J] W, et al. 2002. Effects of simu-
lated climate warming on macrophytes in freshwater micro-
cosm communities[ J]. Aquatic Botany, 74(1): 71 —83.

Pattison R R, Goldstein G, Ares A. 1998. Growth, biomass al-
location and photosynthesis of invasive and native Hawaiian
rainforest species[ J]. Oecologia, 117(4) ; 449 —459.

Sax D F, Brown J H. 2000. The paradox of invasion[ J]. Glob-
al Ecology and Biogeography, 9(5) : 363 —-371.

Schreiber U, Bilger W, Hormann H, et al. 2000. Chlorophyll
fluorescence as a diagnostic tool: basics and some aspects
of practical relevance[ M]. //Raghavendra, AS Photosyn-
thesis: a comprehensive treatise Cambridge; Cambridge U-
niversity Press: 320 —336.

Waage J K, Reaser ] K. 2001. A global strategy to defeat inva-
sive species[ J]. Science, 292. 1468 - 1486.

Wahid A, Gelani S, Ashraf M, et al. 2007. Heat tolerance in
plants: An overview[ J]. Environmental and Experimental
Botany, 61(3): 199 —223.

Wilson J R, Holst N, Rees M. 2005. Determinants and patterns
of population growth in water hyacinth[ J]. Aquatic Bota-
ny, 81(1): 51 -67.

Wise R R, Olson A J, Schrader S M, et al. 2004. Electron
transport is the functional limitation of photosynthesis in
field-grown Pima cotton plants at high temperature [ J].
Plant, Cell & Environment, 27(6) : 717 —724.

Xu J, Li W, Liu G, et al. 2007. Inter-specific competition be-
tween two submerged macrophytes, Elodea nuttallii and
Hydrilla verticillata[ J]. Journal of Plant Ecology, 31(1) :
83 -92.

Yamada M, Hidaka T, Fukamachi H. 1996. Heat tolerance in
leaves of tropical fruit crops as measured by chlorophyll flu-
orescence| J|. Scientia Horticulturae, 67 (1 -=2): 39 -
48.

Yarrow M, Marin V H, Finlayson M, et al. 2009. The ecology
of Egeria densa Planchon ( Liliopsida: Alismatales): a
wetland ecosystem engineer J]. Revista Chilena De Histo-

ria Natural, 82(2): 299 -313.
(FHERFE T AL)



2015 % 5 # T WARE,3 AL A 2 2 5 O R O R TR By A HE e 101

Physiological Response of Three Submerged Macrophytes to the
High Temperature and Light Intensity of Summer

WANG Ya-lin, GAO Yuan-yuan, YU Dan, LIU Chun-hua

(The National Field Station of the Freshwater Ecosystem of Liangzi Lake,College of Life Sciences,
Wuhan University, Wuhan 430072, P.R. China)

Abstract; Invasion by exotic species has become a global problem, adversely affecting the environment, economy
and even human health in the areas invaded. Elodea nuitallii and Egeria densa, belonging to Hydrocharitaceae, are
two exotic submerged macrophytes species in China that display a strong invasive tendency. It has been reported
that E. nuttallii and E. densa are both adapted to low temperature and light intensity. Thus, we investigated the
physiological response of three Hydrocharitaceae species to the high temperature and light intensity of summer, in-
cluding the two exotic species ( E. nuttallii and E. densa) and one native species ( Hydrilla verticillata). The stud-
y was designed to explore the effects of high temperature and light intensity on the invasiveness of the two exotic
macrophytes. In August 2014, all test plants were placed in the natural summer condition of high temperature and
light intensity , which provided the experimental treatment. The physiological response was measured by determining
photosynthetic ( total chlorophyll content and the maximum quantum yield of PSII ( Fv/Fm) ) and antioxidant ( ma-
londialdehyde and proline content) parameters. The physiological traits were measured on day 0, 3, 6,9, 12, 15
of the treatment. Results show that high temperature and light intensity significantly affected the physiology of all
three species, especially photosynthesis. Furthermore, long term high temperature and light intensity increased the
impact. From day 1 to day 3, when the temperature rose to 31°C, the total chlorophyll content of E. nuitallii and
the Fv/Fm of the three macrophytes were significantly lower than their initial levels (P <0.05). From day 4 to day
6, the temperature remained at 32°C and the total chlorophyll content and the Fv/Fm of the three macrophytes were
significantly lower than their initial levels (P <0.05). Moreover, the MDA content of E. nuitallii and E. densa
was significantly higher than the initial level (P <0.05). During the entire experiment, the total chlorophyll con-
tent and the Fv/Fm of E. nuttallii and E. densa were significantly lower than the initial levels (P <0.05) , except
the total chlorophyll of E. densa on day 3. There was no significant difference in the total chlorophyll content of H.
verticillata on day 12 or 15 and no significant difference in the Fv/Fm of H. wverticillata on day 9 or 12. The malon-
dialdehyde and proline content of H. wverticillata did not change significantly during the experiment, indicating that
H. verticillata is well adapted to summer conditions. The lower rate of photosynthesis and higher accumulation of
malondialdehyde in E. nuttallii and E. densa during long-lasting conditions of high temperature and light intensity
indicate stress. Thus, the native species, H. werticillata , has better tolerance to the summer conditions than the two
exotic species, K. nuttallii and E. densa.
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