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Abstraet. A conductometric apparatus for determining the photosynthetic rate suitable pre-
dominantly for field measurements is described. In contrast with the hitherto described and
applied instruments 3 samples of air can be analyzed here simultaneously, the data are temper-
ature-independent and the entire electronic part of the apparatus is transistorized. The absorbers
(300 x 30 X 30 mm.) and the leaf chambers (140 x 100 x 10 mm.) are made of plexiglass. The mem-
brane pump is hand-operated by means of a crank. The conductivity of the absorption solution
(0-02N-KOH + 0-59%, isoamylalcohol - saponin) is measured in a special measuring cell into
which the solution is transferred from the individual absorbers. The error of the photosynthetic
rate determination is about 10—209, of the value obtained for intensities of 10—20 mg.
CO, dm.~%h.7L,

The conductometric method of determining CO, in the air (which is one of
the most suitable ones along with the use of infrared gas analysis and colori-
metry) has been known for more than 40 years. It served as the basis for the
construction of numerous instruments for estimating the intensity of photo-
synthesis which are characterized by several shortcomings: 1. they are either
heavy and cumbersome or 2. possess a relatively complicated and unreliable
electronic equipment to be used under field conditions, and finally 3. the
absorbers of these instruments do not permit of air passage velocities that
ensure normal photosynthetic processes. The measurement is also complicated
by the fact that the conductivity of alkaline solutions greatly depends on
temperature. Apparently for the above reasons none of the instruments is
commonly used.

The present most successful apparatus of this type suitable for field
work was described by HorupuEiDE, HUBER and STOoCKER (1936). On the
basis of previous data StockEr and VIEWEG (1960) constructed a fairly con-
venient apparatus for ecological studies of photosynthesis which can be used
for short-period (1 min.) determinations of the photosynthetic rate. Its
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principal drawback lies in the pronounced temperature-dependence of the
estimations, in the possibility of analyzing only one air stream at a time and
~in the relatively great weight of the whole equipment including batteries.

Construetion of the apparatus and its operation

Work has been undertaken in this laboratory to construct a portable instru-
ment for field determinations of the photosynthetic rate (VOzZNESENSKY
1959, 1960a, b, ZALENSKY 1959). It is a characteristic feature of the latest
model of the apparatus (Fig.
1) that its recordings are
fully temperature-indepen-
dent, that three air samples
can be analyzed for CO,
simultaneously and that the
entire electronic section is
transistorized. These pro-
perties made it possible to
construct a completely mo-
dern low-weight apparatus.

The apparatus consists of
the following principal parts:
three leaf chambers, four
membrane pumps operated
by a hand-crank, a crank-
revolution gauge, a block of
absorbers with an absorbing
alkaline solution, the meas-
uring cell, the electronic
section and a galvanometor.

The leaf chambers [meas-
uring 140 X 100 X 10 mm.]are
made of cemented organic
glass, the narrow side being
open and another side having

Fig. 1. General view of the con-
ductometric apparatus for measur-
ing photosynthetic rate

a removable wall so that the leaf can be conveniently inserted inside. The
air sample is pumped out of the chamber by the membrane pumps through
openings in one of the narrow sides opposite the open one. During operation
the chambers are held on collapsible stands fixed to the base of the apparatus.
A uniform, pulse-free air passage amounting to 20—40 l/hr. is ensured
by four membrane pumps with alow working volume and with a high frequency
of membrane vibration (30— 50 cycles/sec.). The valve mechanism of the pumps



CONDUCTOMETRIC APPARATUS 81

is shown in Fig. 2. The openings of the flat block of organic glass hold two
thick-wall pieces of rubber tubing 1 (closed at one end) with oblong openings
2; the general arrangement can be seen from the figure. To secure dependable
operation of the valves they must be constantly lubricated with glycerol 3.
as required for the apparatus of STocKER and ViEwEee (1960). The volume
of the air pumped during the experiment is determined from the number
of revolutions of the hand crank on the basis of previ-
ous empirical calibration.

Four plexiglass absorbers form a single block.
Each of them is formed by a rectangular vessel
30X 30X 300 mm. in size with a glass filter No. 1 at- —~— ——aLl{—
tached to its bottom with epoxy resin. The upper wall
has an opening (covered with a stopper when no air
is pumped through) through which the absorber is 1 1
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Fig. 2. Schematic representation of the valve mechanism of a J
single pump. 1 — a thick-walled rubber tube, 2 — longitudinal

section, 3 — glycerol, 4 — membrane pump. Incoming air from
theleaf chamber passes from the left into the absorber at the right

filled and through which a sample of the absorption solution is removed to
be used for conductivity measurement. Each absorber is filled with 50 ml.
0-02 N-KOH containing 0-5%, isoamylalcohol and saponin. This amount of
the absorbing solution is fully sufficient for 3 to 4 determinations of photo-
synthetic rate with guaranteed complete absorption of carbon dioxide
from the analyzed air. It is possible to use other
concentrations of the alkaline absorbing solution.
A special measuring cell is used for conduct-
ivity measurements (Fig. 3). This cell consists of
two firmly attached plexiglass halves (A and B)
between which a common metal electrode is fixed
(1). Each of the halves contains cylindrical open-
ings 2 and 3 (12 mm. in diameter and 10 mm.
in depth). The ends of these openings contain
two further electrodes (4 and 5) 3 X 3 mm. in area.
The electrodes are of nickel sheet 0-2 mm. thick.

Fig. 3. A cell for conductivity measurement of potassium
hydroxide absorption solutions., Explanation in the text.

The right-hand cell (B) is filled with the original alkaline solution and serves
as a standard resistance in the measuring bridge; in reference to it the con-
ductivity of the solution placed in the left-hand half (A) is measured. For
filling this left-hand part of the cell a polyvinylchloride tube (6) and a rubber
ball (7)is used to withdraw the solution from the individual absorbers. After
measurement the solution is returned into the absorber from which it has been
removed. It is an advantage of this measuring cell that no air bubbles are form-
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ed at the electrodes or else are readily removed from them and that temperature
equilibrium of both halves of the cell is rapidly attained due to the com-
mon metal electrode. In instruments where the conductivity of the absorb-
ing solution was measured directly in the absorbers it was rather difficult
to remove the air bubbles from the electrode surface. As to the temperature
of the solutions measured it can vary but it is important that it be the same
in both solutions at the time of recording (VOZNESENSKY 1959, 1960a). Then
the ratio of conductivities of the two solutions remains the same and it is
not necessary to keep the instrument under thermostatic control or to measure
the temperature of the solutions.

Fig. 4. Electronic equipment of the apparatus. Terminals marked 1, 2 and 3 are connected with
the wiring of the measuring cell. R,: 560 2, R,: 560 £, Ry: 900 2, R,: 200 2, R;: 900 £,
Rg: 200 2, R,: 200 2, Ry 27 k2, Ry: 900 2, C;: 0-015 uF, Cy: 0-015 uF, C;: 2000 pF,
C,: 0-1 uF. Transformer: 2 X 300 coils in the primary, 1000 coils in the secondary
winding.

The ratio of conductivities of the two KOH solutions is measured with the
aid of a measuring bridge working on alternating current (Fig. 4). The whole
system consists of a generator, a bridge, an amplifier and a galvanometer.
A two transistor generator is fed from a torch battery and provides current
with a frequency of about 20 ke/s. The current is carried to the bridge con-
sisting of a variable wire resistance with a scale, additional resistances for
controlling the initial value and two branches into which the electrodes of the
measured and standard solutions are connected. The current leaving the bridge
is amplified, rectified and measured on the galvanometer.

According to the amount of air passing through the chamber the conductivity
of the absorbing solution is changed and thus the bridge equilibrium disturbed.
The deviation thus caused is compensated by a variable wire resistance with
a scale, the divisions of which then correspond directly to a certain amount
of carbon dioxide absorbed in the potassium hydroxide solution.

For calibration of the instrument it is of advantage to bubble a certain
amount of air with a known concentration of CO, through the absorbers and
thus to obtain a relationship between the amount of CO, and the scale divisions.

The possible relative error of estimation amounts to 10—209%, for photo-
synthetic intensities of 10—20 mg. CO, . dm.—2h~! which meets the require-
ments placed on field instruments used for photosynthetic measurements.
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roztok nasévé postupné z jednotlivych absorbéri. Chyba stanoveni intenzity fotosyntézy je
zhruba 10 a% 20 9 stanovené hodnoty pfi intenzité fotosyntézy fadove 10 az 20 mg CO, . dm—2.h~1,
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IaeTca onmcanyue KOHTYKTOMCTPIYCCKOr0 npubopa I ONPEICIICHNA MHTCHCABHOCTH
JoTocHETe3a, TOAXOAANEr0 IPENKIe BCEro JUIA I0JIeBLX u3Mepenni. B orimuue or onucas-
HITX H MCIOJB3YeMBIX [0 CUX 0P npufopoB aHATM3HPYCT OTHOBPEMEHHO 3 mpobul Bo3gyxa,
CTO aHHBIC HC BABHCAT OT TCMIIEPATYPH M BCs BICKIPOHINIECKAasa d9acTh coOpama Ha Tpau-
smeropax. Ilorsorurenw (300 x30 x30 wmm) m merosnie wamepsl (140 X100 x10 mw)
CKJIECHBI U3 ILTexcuryiaca. MeMOpanHOBEe HACOCHKY NPUBOASATCSA B ABIDKCHNC PYYHBIM PHIYa-
rom. Ilposogumocts aGeopOupyromero pactsopa (0,02 m. KOH + 0,5% wn3oaMumioBsiit
cnupr -+ CANOHNH) WBMePseTCA B CHCIIAJILHOR H3MEPUTC/IBHOI fAdYeiiie, Kyfa pacTBOp BCa-
CHIBaeTCHA W3 OTAENBHLIX HoTsioTHTesei. TIoTpemHocTh ONpeaesieHnsas MHTEHCUBHOCTH (oTo-
cuaTesa nopsaaxa 10—20 ar CO, X nm~—2 x 9~ mpejcraBisger okoso 10—20%.



