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Abstraet .  A conductometrie 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 • 30 • 30ram.) and the leaf chambers (140 • 100 • 10 ram.) are made of plexiglass.The mem- 
brane pump is hand-operated by means of a crank. The conductivity of the absorption solution 
(0.021~-KOH ~- 0.5% 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--20% of the value obtained for intensities of 10--20 rag. 
CO~ dm.-2h. -1. 

The conductometr ic  me thod  of determining C02 in the  air (which is one of  
the most  suitable ones along wi th  the use of  infrared gas analysis and  colori- 
merry)  has been known for more t h a n  40 years. I t  served as the  basis for the  
construct ion of  numerous  ins t ruments  for es t imat ing the  in tens i ty  of  photo-  
synthesis which are character ized by  several shor tcomings:  1. s  are either 
h e a v y  and  cumbersome or 2. possess a relat ively complicated and unreliable 
electronic equipment  to be used under  field conditions, and  finally 3. the 
absorbers of  these ins t ruments  do not  permit  of  air passage velocities t h a t  
ensure normal  pho tosyn the t i c  processes. The measurement  is also compl ica ted  
by  the  fact  t h a t  the  conduc t iv i ty  of alkaline solutions grea t ly  depends on 
tempera ture .  Appa ren t l y  for the  above reasons none of  the  ins t ruments  is 
commonly  used. 

The present  most  successful appara tus  of  this t ype  suitable for field 
work was described b y  HOLDHEIDE, HUBER and  STOCKE~ (1936). On the  
basis of  previous da t a  STOCK~ and  VI~w~,G (1960) cons t ruc ted  a fairly con- 
venient  appara tus  for ecological studies of  photosynthes is  which can be used 
for short-period (1 min.) determinat ions  of  the pho tosyn the t i c  rate. I t s  
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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 

�9 in the relatively great weight of the whole equipment including batteries. 

Construction 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 (Voz~EsENSKY 
1959, 1960a, b, ZALE~SKu 1959). I t  is a characteristic feature of the latest 

model of the apparatus (Fig. 
1) tha t  its recordings are 
fully temperature-indepen- 
dent, tha t  three air samples 
can be analyzed for CO 2 
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 
alkalifie solution, the meas- 
uring cell, the electronic 
section and a galvanometer. 

The leaf chambers [meas- 
uring 140 • 100 • 10 mm.] arc 
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 1./hr. is ensured 
by  four membrane pumps with a low working volume and with a high frequency 
of membrane vibration (30--50 cycles/see.). ~ e  valve mechanism of the pumps 
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is shown in Fig. 2. The openings of t h e  fiat 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 STOCKEI~ and VIEw~G (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 
30 • 30 • 300 mm. in size with a glass filter No. 1 at- 
tached to its bot tom with epoxy resin. The upper wall 
has an opening (covered with a stopper when no air 
is pumped through) through which the absorber is 

Fig. 2. Schematic representa t ion  of  the  valve mechanism of a 
single pump .  1 --  a thick-walled rubber  tube,  2 -- longitudinal  
section, 3 -- glycerol, 4 -- m e m b r a n e  pump .  Incoming  air f rom 
the leaf chamber  passes f rom the  left into the absorber  at  the r ight  

, 

filled and through which a sarfiple 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. I t  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 ram. in diameter and 10 mm. 
in depth). The ends of these openings contain 
two further electrodes (4 and 5) 3 • 3 ram. in area. 
The electrodes are of nickel sheet 0.2 ram. thick. 

Fig. 3. A cell for conduct ivi ty  measu remen t  of po tass ium 
hydroxide absorp t ion  solutions. Exp lana t ion  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- 
ductivi ty 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. I t  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 tha t  it be the same 
in both solutions at the time of recording (Voz~Es~,NSKV 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. 

c2 Rs ~z 

Fig. 4. Electronic equipment of the apparatus. Terminals marked 1, 2 and 3 are connected with 
the wiring of the measuring cell. 1%1:560 ~2, 1~: 560 ~,  Ra: 900 ~2, l~a: 200 ~2, Rs: 900 ~2, 
1~5:200 ~2, RT: 200 ~2, 1~8:27 k~2, 1%~: 900 ~2, C1:0-015 #F, C~: 0"015 #F, Ca: 2000 pF, 
Ca: 0"1/zF. Transformer: 2 X 300 coils in the primary, 1000 coils in the secondary 
winding. 

The ratio of conductivities of the two KOI t  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 bat tery and provides current 
with a frequency of about 20 kc/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 CO2 through the absorbers and 
thus to obtain a relationship between the amount of CO 2 and the scale divisions. 

The possible relative error of estimation amounts to 10--20% for photo- 
synthetic intensities of 10--20 rag. CO 2 . dm.-2h -1 which meets the require- 
ments placed on field instruments used for photosynthetic measurements. 
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Je  popisov~n konduktometriek~7 p~istroj pro s tanoveni  in tenzi ty  fotosynt6zy, vhodn~" p~ede- 
v~im k ter6tmimu m6~eni. Na rozdfl od dosud popsan~ch a pou~ivan~ch p~istroj~ analyzuje 
sou6asn6 3 vzorky vzduehu,  jeho fidaje nejsou zg~visl6 na  teplot6 a cel~ elektronickt~ 5s je 
t ranzistorovhna.  Absorb6ry (300• 30• 30 mm) a listov6 komory (140• 100• 10 ram) jsou 
plexitov6. Pohon membrgmov~ch 6erpadel je ruSni klikou. Vodivost absorpSniho roztoku 
(0,02 N - K O H - ~  0,5% isoamylalkohol ~-saponin)  se m6~i ve specis m6rn6 cele, k a m  se 
roztok nas~vg~ postupn6 z jednotliv~rch absorb6rfl. Chyba stanovenl  intenzi ty  fotosynt6zy je 
zhruba 10 a~. 20 % stanoven6 hodnoty  p~i intenziti~ fotosynt6zy ~g~dov6 10 a~ 20 mg CO,. dm-*.h -~. 
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~aeTc~ onHcaH~e I~OH~IyI(TOMCTpgqccKOFO npH6opa Xa~ onpc;~C~iCHg~ IIHTCHCIIBHOCTtf 
~OTOC~4HTe3a, no~xonnmero  ripen(he Bcero nJi~ riozieBDiX u3MepeHg~. B OTagqge OT OnHcaH- 
m,~X ~I ~cnoa~,3ye~,~Hx no cHx hop npnSopoB aua.un3HpyeT OnHoepeMenuo 3 r, po6L~ soa~yxa,  
ero nanH~,m He 3aBgC~T OT TeMnepaTyp~ u BCU 3.~eI(TpOHHqecHag qacTb co6paHa na  Tpa~- 
3UCTopax. I loraoTnTea~ ( 3 0 0 • 2 1 5  MM) H am:TOBI)m tcaMepbI ( 1 4 0 • 2 1 5  M~0 
cK:meH~,t n3 n a e n c u r a a c a .  MeMSpauo~Me Hacocm,:g IlpHBOni:ITeg B nBHmeHue pyquI, IM p ~ a -  
ro~,~. IIpoBoanMOCT~, a6cop@py~omero pacTnopa (0,02 H. H O H - 7  0 , 5 %  ~aoaMuaos~fi  
cnHpT ~- canoHnn) ~aMep~eTcg B cIIe~IrlaYibHoii n.aMepl~Te:ibHOi~ ~gefi~e, ~y~a pacTnop ~ca- 
ChIBaeTe~I I43 oTneorII~ttb|X IIOF~IOTIITeJICI~I. IIoTpeIIIHOCTh oiipe~e~ieHi4~I IItITeHCHBHOCTII (~OT()- 
CrItITC3a nops~Ka 10- -20  ~tr C02 • J~M -~ • q - t  i]peAcwaB~i~ew oi~o~]o i 0 - - 2 0 % .  


