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Abstract: In this study, we selected the aquatic plant Hydrilla verticillata as our specimen and cultured it in clean river
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sand and water in order to study the influence of five separate concentration levels of Cd*" or Cu®* on the plant. Effects of the
stress on the plant were identified, and we recorded parameters such as height, biomass, chlorophyll content, and survival
ratios of H. verticillata, as well as the effects of fluorescence parameters such as minimal fluorescence ( Fo), maximal
fluorescence ( Fm) , PS Il maximum quantum yield ( QY_max), degree of PSII reaction centers closed under stable state
(1-Qp_Lss), non-photochemical quenching under stable state ( NPQ _lss), and fluorescence images of H. verticillata
leaves. We also separately studied the variation characteristics of each parameter of H. werticillata under the stress of
increasing Cd** or Cu™ concentrations. We found that the height of H. verticillata decreased significantly under the different
levels of pollution stress by the heavy metal Cd*". This indicated that Cd** pollution may damage the bundle structure of H.
verticillata. There were no significant effects on the fresh weight of H. verticillata under the stress of either Cd*" or Cu®*
pollution, and this may be related to the high content of free water in aquatic plants. Dry weight of H. verticillata decreased
significantly when the plants were exposed to Cd** or Cu® pollution. Effect of Cu® pollution on the dry weight of H.
verticillata was far more prominent than that of Cd** pollution. All chlorophyll values decreased significantly when the plants
were subjected to Cd** or Cu®* pollution, and we found that the effect of Cu® pollution was greater than that of Cd*'
pollution. This suggested that the toxicity of Cu®* against H. wverticillata chloroplasts is greater than that of Cd**. The
chlorophyll fluorescence parameters (Fo, Fm, and QY_max) of H. verticillata under Cd** or Cd** stress were significantly
lower than those of the control groups; however, the values of (1-Qp_Lss) increased, and the values of NPQ_Lss first
increased and then decreased as the concentrations of the heavy metals increased. The different values for the physiological
parameters, fluorescence parameters, and imaging characteristics indicated that the influence of Cd** on H. verticillata was
greater than that of Cu®* when the same concentrations of the two different heavy metals were used. When Cu® concentration
was lower than 1 mg/L in the water environment, photosynthetic activities of H. verticillata under Cu®" stress were almost
normal. This means that H. verticillata could be used to restore a water environment with a low Cu®* concentration. H.
verticillata cannot survive for a long time in a water environment contaminated with Cd** or if Cu®" concentrations reach or

exceed 3 mg/L. This means that H. verticillata could be used as an indicator species for water contaminated with Cd*".

Key Words: Hydrilla verticillata; heavy metal stress; growth activity; chlorophyll content; photosynthetic fluorescence

parameters ; fluorescence imaging
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i ROE R A ERER E R, LS BB O G SO SR SO GRS R, 455 NI RIF TSR R
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10cm TRARVE A SEE M RH
1.1 MEEFR S48

2013 4F 11 H WK R ] i R B B AT AR 2 S0 A SR /K A (R By L S 0 A i ™ F s i PR A K
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5 FASREN (2R 5 5, JH DMSO TERIFEA i RIS AE ) i 2 B, AR T MTE 645 nm 1T 663 nm 11
YAE 32 ] Arnon 233 A F 4 % M (Ct, Total chlorophyll) (4% 2% a (Ca, Chlorophyll a) H4%%
b (Cb, Chlorophyll b) fil Ca/Ch (Ratio of chlorophyll a and chlorophyll b ) {&

Ca(mg/L) = 12.7 Ay — 2.69A (1)
Cb(mg/L) = 22944, — 4.684, (2)
Ct(mg/L) = Ca + Cb = 8.024,,; + 20.214,, (3)
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FE M 3 mg/L 1Y Cd™ Ab B ) BESEEAR i - YA, HE X IR ZH B FRAIR 6.72 90, Cu™ Wit of 2 388 FX) ok o8 G ol 25 5
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% .26.5 %, 0.5—3 mg/L WJE Cd* Prif N EBET4 R b 2 LIS H C> W E R 5 mg/L BT
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Fig. 1 Varieties and correlations of survival rate, biomass and plant heights of Hydrilla verticillata under the stress of different heavy

metal concentrations
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Fig. 2 Varieties and correlations of total chlorophyll ( 7Tc) , chlorophyll a (Ca), chlorophyll b (Ch) and Ca/Cbh of Hydrilla verticillata

under the stress of different heavy metal concentrations
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1) Fo 7 83852 17 Cu™ ME U JC B &5 M, ARV R 0.5 mg/L, Cd™ 51 Cu™ B Ab 35 B3 Fm 4y
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Cu Ab PR 5 B i) QY,, I B3 N, 5 mg/L Cd™ WE TS F 1 QY MK, TR 25.2 %1 5 mg/
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B PSIT O e 3240, WG A VE 0 R g, AR S6 & T fE i #2 . &1 3 1 Cd | Cu X EE 3
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E IRy 0 RS 0) 7 STER s RN 1 S g 73 M a1 2 ¥ 2 G N v K D D G A i X8 s v s
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Fig. 3 Influences on chlorophyll fluorescence parameters of Hydrilla verticillata under the stress of different heavy metal concentrations

RIR/NE S FR AR AL 135 5] sig<0.05 K- 835 22 5 | RIRI KT 58 3R R AL 1355 sig<0.01 K- 35 2 57
1 Bon, 525 PO AU, Cd* 8 Cu™ JiE J5 ) SR 3 R RSN PSIT R o AR BE (1-Qp_Lss) |
AT K ZE(NPQ_Lss) LFF, 0] Cd> 8 Cu® Whif el 28 T B3t OB RE A A BE

R1 TRREESEMENBE(1-Qp_Lss) 71 NPQ_Lss K350
Table 1 Varieties of (1-Qp_Lss) and NPQ_Lss under the stress of different heavy metal concentrations

gk E

Heavy metal concentration p /( mg/L) 0 0-5 ! 3 3

Cd* fiha 1-Qp_Lss 0.97+0.01 1.04+0.03 1.04+0.06 1.09+0.10 1.09+0.08
Cd** stress NPQ_Lss 0.75+0.17 1.30+0.21 1.67+0.30 0.93+0.18 0.78+0.11
Cu® il 1-Qp_Lss 0.97+0.01 1.00+0.00 1.00+0.02 1.00+0.01 1.01+0.02
Cu®* stress NPQ_Lss 0.82+0.08 1.09+0.08 1.30+0.05 0.95+0.32 1.24+0.13

2.4 Cd*  Cu™ Wpie X BB S LR I 52

Cd** B Cu® S [R)9 JB 6 5 s A0 B 1) BRI - PSIT H5e K 17 RN A 2 G AR 8] 4 45 58 i
N, Cd™ JHE T () RRE I Fr DO AR SR BE S AR MR BEAE 3 me/L M LA 11 Cd™ 3B AL 35 | R EE R 5 KR
PR FIDCEE NG, A 25T (SR e [a) S A0 ZE AT R A ) B 9 0 i XA G A TR R (] 4a) o T
WP 0.5 mg/L Al 1 mg/L 1 Cu®™ Wi X BABE I B oA i M A ma o 1 2 (AR Cu IRBE PRI S 2 i
ETRREEA (K 4a) . 53 —J71H, Cd™ 8 Cu™ X B2 b 1) JE i Ak iz A b i E T A VB, i 52 Cd™ | Cu™
FoiR 36 S B BRI G A TR RRAR , ELE S G B0 P T 25 AR AR R ik Ak | Cd™ | Cu® Bt X B g 16 A4
PR35 I i 6 T8 B ™ 8 1 25 AT R kA e, 3 AT BB -5 25 R Tk i - 487 R 5 A8 AT — i QIR
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Fig. 4 Varieties of chlorophyll fluorescence ( QY_max)imagings under the stress of different heavy metal concentrations
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ATREJER A Cu™ st i) AR RAER R A G RS E ™ E L 4] 0.5—3 mg/L Cd™ Wk EE B At
PR 2R B T RIE AR T 2 CA™ MR F] 5 me/L 4R S T R R 2 (H2TE 0.5 mg/L
Cd*" [ R B4R a/b( Ca/Ch) 2L 2135 TR JEHEAE CA™ WREEMITIE R AR AR 3 T e, PR I ¢
R b 7E CA* W N 0.5—3 mg/L BRI TA B ET- 10 Cd* ¥R BEDN 5 mg/L I BT B A RSN 4 R
b R 2R RO 2R GRS E T, e A R BURAOU AU A TESE | B S BT R 301 55 1) Tirf 52 1
AR A, Cd™ Whae T LR b S, AT AR R CdT A 2 BE D AR, Cu™ A T
FRBEIERR b RTE 0.5 mg/L T RERIRARG BT, 5 BT X PR G J8 f i 2 OL A5G, L EBIAE Ca™ 1y
i FECRBE LR SR S BT, PR R 2R R Cas Ch LA LATE R8T 7 FAARBIL ] i 75 3 —

WERER a PEOCEN A e A BTS2 2 N, QY J e T PS ISR b CREFE LR, Al 1
FEAAS AN B ERBE R 32 1 45 05 T ) 2248 b L Cd™ I i 38 Fm L Cu 8 FREMR IR 2 Fo T REMY 22
BEUN, I, Cd” A I QY,, (AL HE Co® WA T iR RAT 3 22 | LI BRSO & 16 PR RE ) 0 B2 A9 T 32
BT Cu™ i 32 >Cd™ i 52 . W 9T R WIAEXT BRI 4L o, Cd™ X 2 AR PR /N fEL Cd™ it 2%
WERTBTE GBI YE (Fv/Fo 3R PS ILIETETR 1) 12 Co® M85 FREFFTEZ | S il Cd™ X BB &
VERIES IR L Cu™ SERIIR, JF 5. Cd™  Cu™ Wt X O A8 M i 05 F SR AN AT 300191 1-0p_Lss J2& PS
I BBz ot S O RREE 76— EFRIEE B QA fY R ALIE JFRES | 1-Qp_Lss #K, PS IL S % PR/, 5550t
AL, Cd  Cu W5 B BB 1-Qp_Lss B WL T~ PSIT A9 A AL ) PSIT S0 A0 (912 138 52 BHL, 24
ART PRBENT B COERER I ZMEE K JEUAS IR AT 17 i B B L REIAFE BLAF T3 i (1 Fe A3, A7 T
ABJE 3 AR AL A K REL(NPQ_Lss) b THH PSIL 5 R 177 3 ( QY ) PRI ZJ5 ARG P I
ANE I IR AT REAE T PSIT AYHR IR JR30 , SR 0 1E # 28 PN RERO™ H IR

Govindjee 1 Nedbal J* F I AN 41— UL™ 5 3% 3 - 5 I 1t 2t 38 5 ' UG A e 475 L2 92 36 9 15 4817
QY. ) PSIT e Kot 1774 M2 30t (B i E S L B <62 J DRI X OB R G T YL, DOl 3R
B Cd* | Cu™ H 42 J 3 B PR et i PSIT S rfon 2 B B H DLE IS . Cd™ | Cu® X MR 7 Ay 4
FHRIE MG TF IR 1, PRI F o SR 2 A N, ™ | G Xof J 98 1) T 2 ) L0 A ) B 2 vy R e
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P4 A BTG 3 A0 Ak SO G A A 10 (BRI bk ZE RN 5 S5 R AN TR, DRI T 4 A SR R T X Cd
Cu™ IR,

MAEHIIEZS b AT DLW 00 2 K RS2 e 5 0, Cd™ il B SRR B L Cu® b RIS IR B 5, U
B C.d™ Byt X B S R e A B MR K T Cu™ Tt ok BB R 0 OS2 00 5 3 g/ L 114 Cou™ 0 YT 288 358 194 3 378 565 il e
K, Bt 25 A J3E 1 TR, B B B SR B TG T B T, ™ k3 £ R SRR Cu™ il 23 T i Fe ¢d™ iha
R 7E 3 mg/L Co®™ Ml R, BB AUEH  Ca/Cb QY Fefik;5 mg/L Cu™ [l Nk B T H i
i, %M 5 mg/L Co™ ilhift F K342 AU RICHLY) & gD s Z 30, Ca 38 Ch kb1, K 2
AT LB Y, Cu™ 38 T4 E b JFE 0.5 me/L BT R 3, Hopbh ik B2 i 2 st R AL AR A B35 25 5%, 1
W Cu™ it %t SR BE T 4 R a AOSE MR ELIT SR b oK, nTRER IR - Co™ SR E M SR R AR A R, B IR
-4 Z G, SR R SR a B EE IR R ORG G R ISR SR A AR fE T,
R K Fr=(QY,, ) W, 6 VE R i385 X B 3 i pl s FA R, &2 5 mg/L Cd™ ria
5 3 mg/L Cd™ Bt FAHELTT LA Y SRS A4 R a FINFERER b 5L 02 R % B A RE 148 bR CasCh IF:
T EES U ATERBE IR TR, B 3 hi & TR QY,, BB EZEFBENE TX—5, SHEA1E
FAJCHA W22 RS BL R A I ACH L i RAUB C ARk, TE R EE R, M 5 mg/L Cd™ W F 5 3
mg/L Cd*™ il FAHEL 3% 1 'h NPQ_Lss WIRRARULIH B3 LR AR J1 R B 1B 4 o LUE Y, SRR 16 LTS
T AR /N W A R 22 A v T e ) KGR 43, 6B VR FIAS 2 09 HLAY R S 4400 1A 4 it g A= K BVR R —35
SRR BK A A i ik A R AR 3, 17T R T R R SR CdP BRI E SR AR DL BT

Cd* JE BB FENIE FRICER W 2B, Cd™ (1 2 35 1R A 356 1 S 2 | 52 i) 40 L B 19 T2 ol B 3 40 B 2
FNANM AR Cd™ il F 2B AT W R %, 3 me/L S DL M EE Y Cd™ %o SR SR A0 10 e K, 2
B2 BB A RS, Joik K R AE A7 R BH BT VEN Cd 15 YUK MR R Fl, Cu™ 2R EAK
WIS IR B R IC R T A—E MR BE Y Cu™ Xof B E A A KA A A, L2 ot — i Tl 2 o ol L 8 A L A%
T SRRz Ak ZRBER 2R IR AL 2 | 0 SR AR K R OE 88 I A A | B 10 RIS 24 2 006 A5
EORBFI W R 0.5 A1 mg/L A Cu ki X B G AT PE AR B RIEARIR B AY Cu™ 3R
B BT DLEAT HO A I R 0 AR B Bl mT 4R DR P e AR Cu® 5 YooK IB B 5K AE A S R G
DUKMY B, AR 2SS RE 7 H T30 8. , M 75 20 A5 Rt — 251 57, DA e T S e A s I 1
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