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Abstract. Photosynthetic characteristics of Offefia alfismoides and Hydrilla verticilata were
studied after the two species were incubated under low CO, conditions. The PEPC/Rubisco ra-
tio of O. alismoides increased from 0. 45 to 4. 17 and of H. verticillata increased from 0. 47 to
4. 17 after low CO, induction. The activity of PEPC and NAD-ME increased more than 10-fold
and other C, enzymes such as NAD-MDH and PPDK also increased significantly after low CO,
induction. Cther photosynthetic characteristics also changed significantly. The net photosyn-
thetic rate of O. afismoides and H. verficillata increased by 50. 8% and 74. 1%, respectively,
and the oxygen inhibition on photosynthetic rate of the two species decreased to 35% and
60% , respectively, after low CO, induction. The chlorophyll fluorescence parameters also
changed after low CO, induction. All these facts indicated that photosynthetic carbon assimila-
tion of O. alismoides and H. verticillata might shift from C; to C, after low CO, induction.

Key words: Low CO,; Oftelia alismoides; Hydrilla verticillata; Photosynthetic characteristics;
Photosynthetic enzymes; Photosynthesis rate; O, inhibition; Chlorophyll fluorescence
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1, 5-bisphosphate carboxylase/oxygenase, % fi
B, 5- kIR b/ ) S 3CBLM, C, IR
CO, [ =& & # i PEPC ( Phosphosnolpyruvate
Carboxylase, B R 4 i =X N 1R R 1L i) At k52
. PEPC X CO, fy:R1J172 Rubisco L+,
F b, Rubisco J&—A W Zh kg, M P du g if) O,
SRS HAD R Rubisco AR {LEEHG 1, TG
e HA, 1 PEPC MIGH:NAS O, MEm., K
I, A O, ST, C, LA HELL
Cs HMER

Bowes o 9% % B /K ¥& Bl ( Hydrocharitaceae )
DLAKAR $y M 9 ( Hydrilla verticillata) ¥4 Kranz 45
MR AERIRE CO, VS T #4T C, JeA1ER, 5
C, TEAMEIR XAGH 4 F — g b A . ik
I, Kranz Ziti 3k C, Jearm s i g, M
RERCAT R, 70 B — 25 R W 1M Py 41 g oy 32
BUARW C, 3848, XFET C, JeRRBMWEI,
REMTERAMT % C, B RBEUETH PR
i, WA 8UE C, ¥4, S A C, JeA 4
FLTH MR,

HE S R EIE WAL C, ) R AH K%
RLify B8 K H ¥ (Egeria densa)'™ Fifr ik #
( Elodea canadensis)'®, B WL#8 % C, KA
YR anib 27 SR F AR T Rk
C, KA ARE R, T HH T ARRTIEFE
FIMOEE TAE AR LA A Ao 2 0 KA T
HoAH: A B Rk o, A BT —Ss i R A
B IAER REE L, (M PR AR Y e R e
A R AR AR Z D 5, DIKRE C, 1
Wi G, R BB TR AA TR 2 W,
b ARG a R, BAVE DI M 28
FiviL A 4 0 1R 66 41 H DG B PEPC F1 Rubisco
HIBTTE , 3 26 A K s B Y K 215 ( Otelia allis-
moides) JeRT A LR EA TGN C; I C, &%
A,

22 SR AR AT IS S L, AR K B AL UK
MK ERTFR BB LA B, E R CO, B
I PR E M FOCEERG M A AR
X YeR B ARG , LA Bt R 9 S ef e
AR W BT E CO, XK EFFAR
BOLE RN, 3125 AWK T A R Rk EE
CO, R T C; il C, 3xFH7E, NI N JE 22075

1 HRERE

1.1 HEEHR SRR

2798 B FH AR Ottelia alismoides) # 7-T
2008 42 9 AR A¥IJLE 3R TH,2009 fFAH 2K
TR BAE B, 75 H; % ( Hydrilla verticillata) BLH
BB AR S b KRR BT I . BESRAAES
fifi F§ 30 cm x40 cm x60 cm /¥ g BT, 2
fEFZRBAEYE , BHOGHRIE LR SRR VR H I KA A
Fbr, BERRE VB AEAR , BRI 2928 20 em,, Bk
B T KRR S, RIRIE 60 om, B
KRR AR WA, H - FAALEE ., ¥AMER
2,10 ~2.36 meg/L, KK ERTRIE EBERE
PR h L 3 Bk, IR & 10 fiT. YIfREESR
12 d J& , 2K AR B4 O AL P RIR R4, 4
Rk ige 5 AMER ALY B SRRSO,
PABHMK R A4 S o CO, 132 #E ; X IR I I 3%
7%, B HARE 1 BR, 204 2 BRI, FE R B B B
BRI Fr, BARIE CO, R i e85 K
o 30°C/14 h JElF Ak A 14 d JFHUEE, K 6T
WEUE 2 52 R IT i i, B S B IR /Y
Lhignt,
1.2 CO, IRENAE

53 B B RN B ALK AR, W pH, id st iR
BE, 00 FH TR T e R 0 KRR IR, IR G R
Mackereth 255 i H-4 Kk tk b B i CO, 3k
o
1.3 RE&ERERERS EERNE
1.8.1 R &EpR9MHRE

REHEYHRL, TR KD EIHERR 1.0 g
BEER A RAE TR T . IMABE R B A
Ao FEMARMEVRIG , MA 10 mbL ¥ 4R B 22 np i 4%

SROTHE, KA RO, T B R
100 mmol/L Tris-HCl (pH 8.0), 10 mmol/L

MgCl,. 0.1 mmol/L EDTA, 5.0 mmol/L DTT,
10 mmol/Lihith I ig . Si & 4 8k 2% PVP40,
JHEECk 0. 10% (1) Triton-X A28k 54. 9%
PRI . W MR R K . R
L 12000 r/min 5 Es.00 2 min, BB BB
FAEK b, AW 267, A BB A SR E A
4°C iAo
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1.3.2 X &EEENE

PEPC 3G #: /93l &, PEPC 359 /30 & 2 7
Ashton &7 3 Ll Gk Tk, Bk
it JT 57 2R 1R 5L A (MDH ) 4 {6 NADH R #if &
PEPC #j#51:. KM B F 5 H 100 mmol/L Tris-
HCl & vp 3 (pH 8.0), 10 mmol/L MgCl,.
0.1 mmol/L EDTA, 5 mmol/L DTT. 20 mmol/L
NaHCO,.3 U MDH, 0.2 mmol/L NADH, X B3
BRI ERAL, LUMA S mmol/L PEP 2 RN IF,
30°C T ¥l 340 nm Mgl 15, A X IR
0. 1 mL ¥ K# PEP,

Rubisco JFi: il <=, Rubisco 5 3FH: Rl
T Liley #1 Walker'®!, DL B Sharkey 2
o EH RN PGA S AR o ah B R S R
( GAP-DH) %} NADH 4 4k #:8] Rubisco [#iG
., RN T -F4H 100 mmol/L Tris-HCI Z8np#k
(pH8.0).,10 mmol/L MgCl,.0. 1 mmol/L EDTA.
5 mmol/L DTT .20 mmol/L NaHCO,.2. 5 mmol/L
ATP.5 mmol/L L PR MR I RS 1 B IR LR
VO TR PR S AR H R A A, ARG
B R ERE, LUMA 0. 5 mmol/L RuBP i | R
JFi,30°CT Ml 340 nm [¥Egsh 127, 25 R IR
0.1 mL B4R RuBP,

NAD-MDH ( NAD-malate dehydrogenase,
NAD-SZR R i g ) T5 - i3l 2 42 I Ashton 451
FB, NAD-ME(NAD-malic enzyme,NAD-3ER
R ) 35 R 3 5 5 Mt Hateh 36", PPDK
( Pyruvate orthophosphate dikinase, P4 Fi % 1 X
W) 15 A 2 2 IR Eowards (535,

1.4 BFEFEEHNE

A SR LKA S e & B R A pH-
stat 31, W EME 1 iR, FIAKR(ES
CO, M) 1 & A eh= 57 8 pH M7, 6
HpHB&REFES O £H, K. Bk
CO, ¥ 1) Gran Wik i3 ™, Gran #=
1t stat 718 H 38X Likfr. 74 0CILR
FE K 540 ymol « m™2 « s TV R F(F stat 718
Y Sl A s 00 st W M) pH BRI st A A2
#5160 FHEREMW A B H CO, AL, KR &
PUKHEHIEE CO, BiSFEMR, MIFLA M,

A BRI W, BRI T Ak
AU REA,

(

(1)pH BB (5 stat 718 M) ; (2) HF B (3) HEA A
B (4) B BERkas  (5) B (6) Bl 1 (7)Y EHEUKR H 0
(ﬁs)ﬁ&mﬂ:(%ﬁ#ﬁ?:ﬁo) W Mg AL stat 718 4
Yo

{1)pH electrode { connected to the stat 718) ; (2) Perforated
disc; (3) Inflow port; (4)Magnetic stirring apparatus; (5)
Rubber plug; (6) Discharging port; (7) Qutfiow port; (8)
Plant material; (9 ) Magnetic stirer; (10) Titrating solution
lsading port { connected to the stat 718).

1 pH-stat TBEHERREHE
Fig.1 Chamber with various components
for the pH-stat experiment

®1 —HAREFAKERIREY
Table 1 Chemical composition and formulation
of a general purpose culture solution

Rl d v . .
Chemical composition Formulation
, B AE(mg/L)
Parameter  Concentration Reagent Quantity
Ca 25.0({mg/L) CaCl, -2H,0 91.7
Mg 6.8(mg/L) MgSQ, -7H, 0 69.0
Na 16.0(mg/L) NaHCO, 58.4
K 6.0(mg/L) KHCO, 15.4
DIC 10.2{mg/L)
S0, 26.9(mg/L)
Cl 44.2(mg/L)
W 0.85
Alkalinity {meq/L)
HTRE a9
loni¢ strength ~ (mmol/L)

Coﬁjﬁ:ﬁrity (us/cfna?zsﬁ)

pH 7.9
1.5 SESIREEEEMDH

A2 3 00 R A B 4 ( YSI 5000 ) B4tk
B, FIH NaHCO, Fi il A R SR ( ARAE R
HOAD) W EHL TR HE SR, Tris R ap¥A15 pH 4EHP1E
8. 0, M BLe R AR, A WE D ERE
X 2%F21% 5 O, N, BES4&™,10 min J§
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W det B, TR S, Jea i R, ot
B ARG, A B, i ALK P R A, O
BYEHE LR AN, NEME. N THERER
TALBRIREE , Sei P AR IR BE MR 0. 25.0. 5.,
0.75. 1. 2 mmol/L {fj NaHCO, # Tris-HC| %,
Sy v RO VT I ORI (R BB N R BE , B8 TS
R B@ e 2 R 0. 25 mmol/L, #rief s
W HEEMNEC. HETEEEEN
540 pmol - m~? - s 7RIl HEE R P AR A
b, TR R A R, PER T 30°C. B
W2 T B P B AR R . AR
IR AR A WL A, B G R, SRR
H2% 0, 521% O, P AEEZE52% O,
o iR T A R R,
1.6 HERESENE

-4t & B William P. Inskeep [ 71"
#HAT.
1.7 HEERFERSENE

R F D BGE T F T-U0 KA g & 586l 2
{7 PAM 2100 S £5¢)6{% ( Portable Chlo-
rophyll Fluorometer, #i[{ Heinz Walz GmbH 2H]
A7) AT SR YOS =S P, W T H
DUkAE S & M fy desfe fi M J , WEIERE 30 min, 3
R P (RGRI6) A AL (BRYEOE) , B F ) PAM
2100 MEWENE W IERET R KB TR F/
Fo =(F = F )/ Py GIENC T WOC RS I L BT
i Yield; FFHERRRB gNEE AKX gN =
1= (R =F)/(Fp = F )R, MR BEHN

B BER A DA-2100 &=,
1.8 WHEAETRAA %

f§i F Microsoft Excel 2007 #4736 B i 5%
AR RAE R W, ] SPSS Statistics
17.0 Fi w7 #E 2 ¢ #& 5 (Independent-Samples &
test) X AL BHA AN IR H 4728 7 BT,

2 &R

£, Aprgeh ab gl CO, MERAK, IUH
(7. 24 £0.13) x10° pmol/L Z:45 , X H4l CO, 3
BEZ2k 0. 017 £0. 004 pmol/L,

H13R 2 W LUE D K ERT AR AL E CO,
BRE, A mn R A AL, KEWH
PEPC/Rubisco G L 0. 45 -1 % 4. 17,
MWK LR 0. 47 A= 4. 17, Rubisco {¥%
PR FRE AR R A, HAb 4 FiOBA LR
TERHE CO, hAETEH: BEFA®. Hh,C, &
#ItA s PEPC 1 NAD-ME 35 #:2kT1& T 10 %
7i45 , Rl a6 2] NAD-MDH #i1 PPDK [ (&
Ko MR, Tl GRS R, B Rm i
NAD-MDH A1 PPDK (#3544,

b FRL K R FINE BE A G A B B 5 0 LY
FERENEER(p <0.01), HE2 LLED,
FEAKERTAR B A R A AL B R
IR, O i 7K 5 1l 4 0 SR A P 4 6 Sl R A o 1
(733K 17. 6% 1 28. 3% ) KRALT% IRE (23031
K 50. 3% F147. 1% ) (1% 3),

B 3 WA, BRI EASHO D, K ERTIE

* 2 RRE CO, 7K E/ MRS IHE KR
Table 2 The effect of low CO, on the activity of photosynthetic enzymes of O. alismoides and H. verticillata leaves

B Activity of photosynthetic enzymes

PEPC Rubisco NAD-MDH NAD-ME PPDK
Samples {umol CQ, - {umol CO, - PEPC/ {umol CO, - {umol CO, - {umol CQ, -
h -1, mg -1 h -1, mg -1 Rubisco h -1, mg -1 h -1, mg -1 h -1, mg -1
chl) chl) chl) chl) chl)
Trﬁ%d 188.29 +2, 96%* 45, 44 +0.69" 4.17  2168.69 £123.45* 75.00 2. 70" 21.27 +0.87*
Q. alismoides P
K 19. 88 +0.46 42.39 +1.29 0.45 0 6.33 +0. 59 0
T%Ea%’gd 286.64 +3.09* 68.64 +£0.53* 4,17 2272.90 £49.58* 93.09 +4.30"* 41,55 +1.72*
A
H. verticillata P
oK 30. 32 +0.61 67.43 +1.52 0.47 0 9.03+0.39 0

H: a-HH(S MRS +SE; » —SHRFEEEERR,

Notes : a —Mean of five replicates + SE; = —There is a significant difference between the treatment and control.
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Table 3 The effect of O, inhibition on the photosynthesis
" F ﬁ%ﬁ%ﬁﬁ ROERUKCERTIAE AL £/ Fy rate in O. afismoides and H. verticiflata leaves

with different treatments

40
% 35 * W 47 Treated Phot :ff:é.‘-thﬁ$ X
7 ‘ osynthesis rate
£%5 101 01 RifR oK A (wmol COp + h~" O, MH(%)
‘% E’ »s Samples g~ chl) O, inhibition
- 21%0, 2%0,
552 AEHULS
BQ 154 O. alsmoides 10.8 £1.1%* 13.1 £1.5* 17.6
z0 . (Treated)
# 2 10
mE AEH I
1— 5 0. alismoides 8.5+1.7 17.1 +3.3 50.3
$ ( CK)
®oo it I AKIERT I e 120110 18.0£1.9*  28.3
e o Al . verticillata 91, .0 1. .
H.verticillata O.slismoides (Treated)
« W AR E LR, R (4E)
= :There is a significant difference between the treatment H. v(eg:Kc:;Hata 5.5+0.3 10.4 0.7 47.1
and control.
” B a — (5 MESR) 2SE; « — ST ISR,
.2 R CO, XK ERIFIR B nﬁﬂﬂ‘]ﬂ‘{ﬂﬁ] Notes: a — Mean of five replicates +SE; x — There is a
Fig.2 The effect of low CO, on photosynthesis significant difference between the treatment and
rate of O. afismoides and H. verticillata control.
N 270 Treated O % CK
051 087 .
0.45 1 . 0.7
0.4 4 06 i
0.35 1
] 0.5
: 002: k &E 0.4
w o w o
0.2 1 0.3
0.15 02
0.11
0.05 - 0.1
0 T Y 0
KET A KR B
O.alismoides H.verticiliata Q.alismoides H.verticitiata
0.8 ; 0.6 -
0.8 1 T ]
0.7 06 .
0.6 1 04 1
0.5 1 hel 03 .
T 04 - % '
0.3 1 0.2
0.2
0.1
0.1
0 T | 04 T
AT B KEH HE
Q.alismoides H.verlicillata Q.alismoides H.verticillata

*: YA RAAE R,

* : There is a significant difference between the freatment and control.

3 ABASHREAZAKEMNTREHERNESE F, . F/F, Yield, gN HEL
Fig.3 Changes of chlorophyll fluorescence parameters of O. alismoides
and H. verticillata between treated and CK groups
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Al gN {34 B35 T IR4L, KRBT Yield {Haba
T T IR, BN R

3 i

A TALB 3 RIBAAE4E, W11 CO,
(Bf Tk 4 T CO, A H,CO,) 1978 T
TRtk (HCO; ) LA Btk (CO5™ ) o JGHLMEHE 3
MRS Z PRt pH M, KT pH (0

TR MR IE 4 BTRT . WTRAES], X pH
>8 I, KGR H 1 CO, IR L, BRI 0,

N
th

Al
o

-
(4]
T

—_
o

Concentration {mmol /L}

o
(2]
T

6.0 70 B0 80 100 110

Hydrogen ion conoentra.tion {pH units)

H4 REpH TEHBFEMRS
(1 meg/L KHCO, ¥#,20°C)
Fig.4 The concentrations of different DIC species
as a function of pH

HZE AR T, DR R R IR 7E R TR AR
BT IR — MK R R RR B (mat) , i b
HAERM( >35%C) 96 A4, e A
5%, CO, JH FEHE A4, BT AL BER B h i B il
CO, WeBLIMAIG, JE BARME CO, Fff. 7EXEE
HRAT RO A AR RS R ECRE C,
Ak Gl

AW 7 = e LB Jea L E R
PR B S 2, O BT R G 28 S AR B8 8, 1R
DI T AR 55 ALK E R BRIF L e
Cs 11 G, BeALMHRIRIE CO, SR5E, NIFHE I T
FIEATHEAE FARBE, Horh, AbBIELF ] RSP HIK
i pH {H153] 10 BB, ek pH &4 F, Bl CO,
WAL, Ok 7. 24 x10™° pmol/L; X HEHIF R
it 8 i CO, HeBEZ 0. 017 pmol/L, 24t Hite
W EE

MWK GV (Egeria densa) ik O W] #5%

P C, #4283 E CO, BT, Hoba ki kiz
B C, B R C,1°%, B 2)5 B ¥ PEPC
WPE I8 10 & 15 %, T Rubisco #: 42 R 7%,
PEPC/Rubisco {8 M DK 1 0. 4 73] 5. 01,
HAh C, ;&2 6L, 11 NAD-ME,NAD-MDH., PP-
DK &5 3k i 48 KB A, KBB4 C,
J5,CO, #M& & 4%, PEPC Rt & 30% ", 5
Ah 2GR CO, B TR WM HEE R R
W BIET,

Asgiyeh fRKEE CO, B9E,MEC, oA
T AR BB LG, SR R
T Holaday %/ R 3, UL T A 5% R o BE
CO, BRREMEMITI. BIEERFRALLAMAK
iy, Cy oA MM RRERA L SRR BN
b, RS RB—FE, KER ROCE BRI LR ET
RERAET W Gy Iy Gy WS, AKIETTA W BB A T 5
B C, EMHEKD R,

BT Gy BREHATH C; RE R MICEFE,
1 5. BT & 14 T 3 45 HL ) ( carbon concentration
mechanism,CCM) fiifg C, ##iaafi R R, 6
PRS2 R, B B G, NGB R T
C, #W'™, Aggh KW E CO, BRE, K&
BUAIR BEE S B o A4 T 50. 8% 5
74.1% , 748 C, ML ERE,

ARG E MR R TR R B T R PR
WS, W C; YIS, AWK, SRR
B, JC e RS , A A R SR PRI
HRHADCE R A RERER R, B TR A
A M EH , A C, HWea B i
B8 Gy i, TERWE O, 24 F,C, Soh
wRHPREE CO, #XHE Rubisco B n T4k
JERPRAE R, a2 2R, T C, PR
T Rubisco, i figfks: PEPC [z CO,, i H PEPC
X O, SRR BUR'™ , Hiik, C, HYLAHRSE O,
W RELZEET C, HY, LR, IR
CO, PFRHFRE, ML O, (21% O, X&) X ¥
R BTG A Y T WS , 2330 2 S0 FEL Y
60. 0% 5 35. 0% , GEHAASCIRNAE — e PRI [T BB
FHT C, &, HEEAS N RRAKE RS
W 28. 3% il 17. 6% WAL, #1  Flaveria
brownii g 4% ") SR G , X T BB R M) e
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op R W PR CAIL IR IR T8, — T, 7E CO,
5 O, 354 Rubisco BA%45 S (s i, S 1K M L
T E R T CO, M3E5aE 1, FBE L Rubi-
sco B O, (i, S IS BIHD ), JErr g ;
H— , BT CO, WEERIE, Bk N M 6E 1R
Fiih=Z A A, AL TR TR,

Fo Rhoe e, RYCRLE T (PS ) KR H s
Sb TS TF R =8, KA RTINS I
F, B T4b s, 6 W% I Ea Ml A gkin,
WA el 2 A B AEEG T R ™, &
A 3 N R, EE W REE R -2, X
e Rk BE CO, s RO M aR T X 4bs
SLAR A R A, B PS T R AR W IWEEE
ABEH T Y64 v A% 33 g LA S e SRR Es, B
WA L 24 PS 1T R 4R AR WO BB aEXT )G
A AL IR, B —F I RBAPHLEL, R/, &
PST Btk 28 7= &, A& PS 1 Fythess
A Yield J& PSTTA#CE 7778, & Kbk PS
I SR H O TEA 853 TR B T A R ERERIZRX
K Apg b, 4B K ARG £/ F, A Yield
AMELRI G T IR, DR AL AL K AT PS 11 J4n
Skl A BRI, 33T I K 2 A A R
CO, 8 i —Frpb i g, B 8 PS T M6
BEEE LA , SRR R CO, Mt ket
i R R,

A M A B AR AR M A R B OE TR MR
CO, M AKEMBEICARIENEN, BrIEs
BrIF R BT aE Cs 1] C, R 5L, MRMETIA
i CrREACILIE a1 ae X/ E oy ik D B S =
ITHERA S, B H R A W R 8 AR A
R, HIE R R T — S AR T8, N
BATBCES S, % C, P ML RER =B
HALS RSB RIH SETH,
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