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Hoagland ,
NaHCO; Na Q0;, HCO, 0.5 1.0 1.5 ,
2.5 4.0 6.0 10.0 mmol/L; OO% 0.5 14h/10h, 36U mol/m’ - s (25 £1)
1.0 1.5 2.0 3. 0 mmol/L; )
. : (1
1 pH
Tab.1 pH and concentration of disolved inorganic carbon in media for submerged plants (mmol /L)

Exogenous ) ). [HOO; 1/
diswlved inorganic pH [DIC] Free [QO; ] [HOO; ] [QO3™ ] 2.
carbon (mmol/L) (003" ]

Control 0.0 6.29 +0.01 0.62 +0.02 0.57 +0.02 0. 05 +0. 00 0.00 +0. 00 106866
0.5 7.25£0.01 0.59 +0. 02 0. 06 +0. 00 0.53+0.01 0.00 0. 00 1068
1.0 8.06 £0.01 1.06 0. 01 0.02 0. 00 1.04 +0.01 0.01 +0. 00 169
1.5 9.11 +0.01 1.44 +0.01 0.00 +0. 00 1.36 +0.01 0.08 +0. 00 16.9
HOO; 2.5 9.13 +0.00 2.34+0.03 0.00 +0. 00 2.20+0.03 0.13 +0.00 16.9
4.0 9.46 +0.01 3.61+0.03 0.00 0. 00 3.14+0.03 0.47 £0.00 6. 74
6.0 9.57 +0.01 4.96 +0.01 0.00 0. 00 4.18 £0.01 0.78 £0.00 5.35
10.0 9.70 £0.01 7.94 £0.02 0.00 +0. 00 6.43 0.01 1.51 0. 00 4.25
0.5 9.69 +0.01 0.84 +0.02 0.00 +0. 00 0.68 0. 02 0.16 +0. 00 4.25
1.0 10. 16 +0. 01 1.37 0. 02 0.00 +0. 00 0.78 +0.01 0.58 +0.01 1.34
o2 1.5 10.38 +0.01 1.81 +0.04 0.00 +0. 00 0.83+0.02 0.98 +0.02 0.84
3 2.0 10.51 +0.01 2.45+0.03 0.00 0. 00 0.99 £0.01 1.45 +0. 02 0.68
3.0 10. 64 £0. 01 3.45+0.03 0.00 0. 00 1.14 +0. 10 2.30£0.11 0. 47
1.3 2 OD (665 rm 649 rm)
1.6 [5—7] .
(3]
K. Kk 1 .
a,= 1+ 1+ + l+22 0-59, . .. !
[H']1 [H ] HCO;, Q0; 1/10 Hoagland
+ .2 + -1
a,= 1+ 1 L IH] 36U mol/m’ - s
K1 Kz Kz 25 ,2h [2]
+ K -1
o, = 1+ “1 Iy %
1 [H ] (mg/g- h)
G ={I ]+[H ]-[OH 1}/@, +2x;)
[QO,] = Ca, =[( -
[HOO; | = Cca, ) 1 ( X )] x ;
[CO; ] =Ca, [ ( )
K Ko H, 0O, a ) ( x )] x
C, 1.7 GrgphPad prisn
1.4 Oneway ANOVA (Dunnett's Multiple
’ Camparisn Test) , P <
: 0.05
' 2
( 0.0001) (FW)
1.5 ab 2.1
4 0.5g, HCO,
, 2—3mL 95% HCO, 0.53—
, 10 mL, 4000 r/min , 6. 43 mmol /L
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Fig 1 Variation of the growth of submerged macrophytes under conditions dominated by HCO; (meanst D)
a i b ; C ; d. ;e  f i} i h ;

A.M. Spicatum; b. C.Denersum; c. P. Pectinatus d. P.Crispus e H.Verticillata; f. P.Lucens g E.Nattalii; h. P.Maackia; The

same as the following Figures
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2. 5mmol/L HCO; ,7d
5.8 6.70
1.64 2.04 HOO;
8 b
( )
co%
coy 0.16—2.3
mmol/L , HQO,
0. 68—1. 14 mmol/L , pH
9. 69—10. 64 Q05 ( 2),
1. 5 mmol /L oo, 1.0
mmol /L (D§ ,
1. 0 mmol/L
o, (P<
0.05); 0% 1. 5 mmol /L
mmol /L o'y
(P <0.05); 7d
4.21 4.48
7.73 3.18
O, HOD;, QO
pH
pH [HOO; 1/ [Q05 ]
coy :
[HOO; ] 0.68—1. 14 mmol/L, 0.5—1.0
mmol/L [HQO; ] (0.53—1. 04 mmol/L)
co
, pH  10.16—
10.64; , pH
10.38—10.64, 0.5—1.0mmol/L [HQO; ] pH
7.25—8.06,
[HGO; ] pH
2.2

oo%
(a+b)

HQCO;
, ab
a) / (Chl b)
2.3

(Chl

, 8
( 3 : :
1.5 mmol/L HCO;
2.5 mmol/L
(P <0.05)
, 8.39
, 8 HQCO;
HQCO;

HCO;

2.5 mmol/L HCO;
4.0 mmol/L

HCO,

HCO,
10. 0 mmol /L
(P <0.01)

HOO;

(2n), 8

( 4 ,
,  3.0mmol/L
m3- ] )

2.0 mmol/L co’n

Q03”

1\

[HCO; 1/ [005 ]
1. 0 mmol/L co’n
(P <0.05),
; Qo5
(P<0.01);
2.80 ;
2.10 3 pH
[HOO; ]/ [0O5 ] ,
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Fig 2 Variation of the growth of submerged macrophytes under conditions dominated by QO3~ (means+ D)
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Fig 3 Variation of photosynthetic and respiration rates of submerged macrophytes under conditions daminated by HOCO; (means+ D)
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PHY SOLOGICAL EFFECTSOF D ISSOL VED INORGANIC CARBON ON
COMMON SuBvM ERGED M ACROPHY TES

ZHANG Yan-Hui, AN Yan-Jie, ZHU Chi and YANG Shao

(Hubei Key Laboratory of U rban Aquatic Enviroormental Ecology, College of L ife Sciences Central China
Nomal University, Wuhan 430079, China)

Abstract: Disolved inorganic carbon (DIC) is a fundamental resource for photogynthesis of plants The foms of D IC in
water include QO,, HOO,; and CO; . Recent studies have shawn that D IC potentially limited the growth and photosynthe-
sisof several submerged macrophytes In order o elucidate the mpactsof the statesof D IC in hyper-eutrophic lakes caused
by water bloam on the growth of submerged macrophytes, the growth, chlorophyll and photosynthetic and regiration rates
of eight peciesof submerged macrophytes, including Ceratophyllun demersum, M yriophyllum spicatum, Potamogeton pec-
tinatus, Potamogeton lucens, Potamogeton maackianus, Elodea nattalii, Potamogeton crispus and Hydrilla verticillata,

were investigated under different D IC conditions The reaults indicated that HCO, could be used as a carbon source by all
the submerged macrophytes tested. improvement of growth and photosynthetic rateswas found on C. demersum, P. crispus
and E. nattalii under exogenous HOO, belov 1.5 mmol/L, and al® on M. spicatum, P. lucens, H. verticillata,

P. maackianus and P. pectinatus under exogenous HCO, below 2.5 mmol/L, however, when Q05 acted as the daminate
carbon urce, different effectswere found on the eight kinds of submerged macrophytes Growth and photosynthetic rates
of P. maackianus, P. pectinatus and H. verticillata were not inhibited, and showved improvament under certain (I)i oon-
centrations, which indicated that the three eciesof macrophytes could adapt to awide range of [HOO, ]/ [0 ] ratio
and pH value. In contrast, the growth of C. demersum and E. nattalii were inhibited, and M. spicatum, P. crispus and
P. lucenswere died under the conditionsof CO;  as daminate carbon source, indicating [HOO, ]/ [CO; ] ratio and pH

valueswere the important limiting factors of growth for the above 5 Pecies of submerged macrophytes
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