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The photosynthesis of aquatic vascular plants has been

investigated for many years. However, no comprehensive for-

mulation relating photosynthesis to the important environmental

factors has been fully developed. Light (James, 1928; Westlake,

1967; Ikusima, 1970), temperature (Saitoh, Narita and Isikawa,

1970; Stanly and Naylot, 1972), pH (Steeman-Nielsen, 1947 and

1952), inorganic carbon concentration and form (James, 1928;

Steeman-Nielsen, 1947, 1951 and 1952), oxygen concentration

(Hough and Wetzel, 1972) and flow rate of the water (Westlake,

1967) have all been shown to affect the photosynthesis rate of

these plants.

This morning we are describing an apparatus which we are

using to study the effects of various environmental factors on

the photosynthesis of submerged macrophytes.  We will also

present data on the effects of light intensity and pH on photo-

synthesis.
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Of the many methods which can be used to study photosynthesis

of aquatic plants, the measurement of changes in oxygen con-

centration with an oxygen electrode presents certain advantages.

First, the level of oxygen is not affected by changes in pH

or other components normally present in fresh-water. Second,

the rate of increase in oxygen concentration in a closed system

can be constantly monitored, providing a record of both the

magnitude and the kinetics of the changein the rate of photo-

synthesis.

Possible disadvantages ara 1) the effect of the internal

air space of the plant and 2) the formation of bubbles in the

system. The latter problem can be avoided by careful manipu-
£.

lation during the setting up of the apparatus and by checking

for the development of bubbles during the experiment.  The air

space problem is less tractable; however, calculations indicate

that less than 10 minutes are required to go from 0% to 50%

oxygen at near maximum rates of photosynthesis. The range

noted by Hartman and Brown (1967) in the oxygen concentration

in the air space was about 10-30%. To minimize this problem,

each set of conditions must be maintained until a steady-state

rate of oxygen production or consumption is achieved.  In our

studies, this steady-state occurs from 5 to 20 minutes after

the conditions are set.
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Since photosynthesis of aquatic plants .increases the pH

of the solution, we have a PH-Stat system which .adds an acidic

solution to the water. The amount of this C02-saturated solution

added is less than 2 ml generally to a total volumne of 340 ml.

This unit will allow us to calculate the rate of photosynthesis

based on the rate of addition of titrant using this equation:

V

0 0 2     -     VJ         (C       -      C  )
S

where, £02 is the ·amount of C02 removed from solution

vb  is the volume of titrant added

VS  is the volume of the experimental system

C  and C  are the total inorganic carbon concentration

in the titrant and in the experimental solutions,

respectively.

(Talling, 1973)

This method, of course, assumes that there are essentially no

other reactions which affect pH and that the carbonate system

is the only buffer. We have been using 0.05 Hoagland's with 10

or 25 ml of 0.5 M NaHCO3 (alkalinity approximately 2.5 and

6.0 meq/1, respectively).

Our apparatus is diagrammed in Fig. 1. The plant is en-
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closed in a chamber which contains a combination pH

electrode, the delivery tube from the automatic buret and a

thermometer. The solution is circulated by means of a

variable speed pump (5-1200 ml/min).   At the maximum setting

the ciculation time is less than 15 seconds and the linear

flow rate through the chamber is slightly greater than 1 cm/sec.

The oxygen concentration is measured with a polarographic

oxygen electrode and the output continuously recorded.  The

PH-Stat system, which adds CO2-enriched solution with a PH

of about 5.5, can maintain the pH within +0.02 pH units. The

temperature is controlled to about 10·10°C.  Light is provided

by two 75 watt incandescent spot lamps and the intensity is

varied by varying the distance and by neutral density filters.

The intensity has been calibrated with a quantum sensor in

PE m-2 sec-1.

The plant chamber consists of a piece of glass tubing,

plates of plexiglass with appropriate holes and a barrier to

prevent the plant from interferring with the electrodes.  The

total volume of the system is 340 ml.

The plant material, Elodea densa, is grown in the green-

house at 20-250(, approximately 500 VE m-2 sec-1 maximum light

intensity, and a pH of 8-9.5. Clean shoot tips about 10cm long

are used.
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Figure  2 shows a typical set of light curves at different

pH's. The curves are typical of those found by other workers

and are representative of our results.  The values are approx-

imately gross photosynthesis, being calculated by subtracting

the dark rate of change in oxygen concentration from the light

rate. Rough calculations using the amount of titrant added

give similar results; however, accurate recording of the addi-

tion of titrant versus time is required to make a detailed

comparison of the two methods.

The effect of pH on maximum photosynthesis is shown in 1/

Figure 3. The values are calculated as the percent of maximum

rate, which uniformily occurred between pH 7.0 and 7.5. The
,

rate drops rapidly on either side of the peak. Generally, the

decline appears to be more rapid above pH 7.5 than below pH 7.0.

However, there is a good deal of variability. The level of

HCO3 is maximal between PH 7 and 8; above PH 8 CO  becomes

important.  The level of free CO2 and H2CO3 approach zero be-

tween pH 8 and 8.5. These changes provide a possible, partial

explanation of the curve above pH 7.5. The increase of CO- to
3

about 10% of total inorganic carbon is not sufficient to explain

all of the drop in photosynthetic activity at high pH's even

though COi is not directly used in photosynthesis.  However, the
-1

reduction  in  free  CO2 from about  40 mg, 1     at  PH  7.5 t o about
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12 mg £-1 at PH 8.0 might be important.  The decrease .in

photosynthesis at lower pH does not appear to be related to

any change in the carbonate system.
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Figure 1. Diagram of apparatus for measuring the photo-
synthesis of submerged aquatic vascular plants.

Figure 2. The effect of light intensity on the photo-
synthesis of Elodea densa. (25°C,· alkalinity
6.0 meq £-1, 0.·05 strength Hoagland·'s, PH 8.2)

Figure 3. The effect of pH on the photosynthesis of  1
Elodea densa. (25°C. alkalinity 6.0 meq 8- ,
0.05 strength Hoagland's, light intensity
640 VE m-2 s-1)
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