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CQ,-response curves are finding increasing importance in
photosynthesis research. Conventionally, these curves are
generated using defined concentrations of CO, from
known mixtures of air from gas cylinders. We have
developed an indigenous and novel method to generate a
constant supply of varied concentrations of CO,. We
demonstrate that this inexpensive method can be used to
generate CO,-response curves with higher efficiency and
as much accuracy.

THE CO,-response curves refer to the pattern of increase
in carbon assimilation rate (A) of leaves with increase
in ambient CQO, concentration! 7. These response
curves most commonly follow a hyperbolic pattern®?®
The instial slope of this hyperbolic equation is often
considered to represent the ‘carboxylation efficiency’ of
the system® Initially the increase in A is almost linear
at low CO, concentrations. The slope of this initial
linear increase (dA4/dCi) can also be considered as a
reflectton of the mesophyll conductance (g). Subsequent
Increase in ambient CO, shifts the limitation from CO,
to the regeneration of the other substrate, namely
nbulose 1, S-bisphosphate (RuBP). The poor regeneration
of RuBP limits the further increase in A4, leading
ultimately to the saturation of the response®.

The CO,-response curves have been widely used as
an important experimental tool for arriving at various
aspects that govern the photosynthetic processes!>?¢78
For instance, by using the CO,-response curves, it is
possible to measure the CQ, compensation point, to
compare the plants for their maximum ‘carboxylation
efliciency’ (g), to estimate the upper lmit of CO,
concentration at which RuBP regeneration becomes
limiting, and finally to calculate the relative stomatal
and mesophyll lImitation for photosynthesis in species
under control conditions and when experiencing
different abiotic stresses.

There has been a constant improvization of the
procedure for the development of CO,-response
curves. Conventionally gas cylinders having various
concentrations of CO, are used for gencrating CO,-
response curves. Here leaves are exposed to different
concentrations of CO, for a fixed period of time under
saturated light and the depletion of CO, is measured
using an IRGA. Recently Heitholt et al.* mixed gases
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containing zero and 681 ppm of CO, in different
proportions and arrived at different concentrations of
CO,. These techniques are costly and time-consuming.

With an objective to reduce the time and cost, we
developed a simple device to obtain different CO,
concentrations. In this paper we describe the methodology
and show that it can be used to develop CO,-response
curves comparable to those obtained by conventional
methods.

A diagram of the device to obtain different CO,
levels is shown in Figure 1. As shown in the figure, the
alumintum drum of 23-litres capacity in its inverted
position, is placed over water in a plastic bucket of 50
litres. When filled with air the drum floats over water in
the inverted position and when air is removed the drum
toves down gradually, thus pmpﬂrtmnally decreasmg
the volume of air in the drum. An iron frame is used to
support the drum over water and also to facilitate its
easy up and down movement. An air pump was used to
pump air into the drum. A copper tube is passed along
the inner side of the bucket and brought up so that its
tip 1s slightly above the level of water at the centre of
the bucket. Through this tube air with known CO,
concentration could be pumped into the inverted drum
and when once it is full the air can be easily drawn out
through the outlet tubing without any alteration in the
composition of air maintained in the drum.

To obtain CO, levels lower than the atmospheric
concentration (1.€.330 ppm), the ambient air is pumped
through a KOH-soda lime trap. The air coming out of
this trap will be free of CO,. This CO,-free air is
proportionally mixed with air containing 330 ppm CO,
(ambient air) to generate different concentrations of
CO, lower than the ambient level.

The following procedure was adopted to obtain CO,
concenfrations higher than the atmospheric Tlevel
Carbon dioxide was generated in a Kipp’s apparatus by
reacting 10g of CaCO; with 20ml of IN HCL A
known volume of this CQ, is taken in a syringe and
connected to the pumping system. CO, is pumped into
the drum using an air pump that pushed atmospheric
air (330 ppm). The pumping of atmospheric air dilutes
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Figure 1, FExpenmental set-up to obtain diflerent CO; concentra-

tions for A/C curves using ADC 2CA-2.
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the enriched air, resulling in a known concentration of
CO; higher than the atmospheric concentration. For
instance, {Smil of CO, when diluted to 25! in the
aluminium drum, gives 600 ppm CQ, gas mixture. By
altering the volume of CO, taken for dilution, different
concentrations of CO, were generated. In all, six
concentrations, three lower and three higher than the
atmospheric concentration, were generated.

The CO, concentration was continuously monitored
by the IRGA which forms a component of the potable
photosynthesis system (ADC LCA-2). The generated
CO; concentration remains fairly constant for a period
over 20 min. Since the time of exposure of leaves to
each concentration is not more than 35-7min, the
possible changes in the concentration of CQ, do not
impose any serious problems while measuring A.

The drums are sequentially connected to the air
supply unit (ASU)j of the portable IRGA, ADC LCA-2
1In the open system.

Development of COj-response curves. The CO, assimila-
tion rates were measured using the youngest fully ex-
panded leaves of sunflower and cowpea at saturated light
intensities. The experiments were conducted beiween 9
and 12 noon (local standard time). The selected leaf
(6.25cm?) was c¢lamped to the leaf chamber and held
perpendicular to the incident light. The RH in the leaf
chamber was mamtained at a steady-state level around
the existing ambient RH by manipulating the rate of
flow of dry air by the air supply unit. Gas-exchange
rates were recorded after 4 and gs stabilized to a new
steady-state condition. The assimilation rates at all the
CQO, concentrations were recorded on the same
exposed leal area within 20 min of clamping,

Based on the measured A and gs, the intercellular
CO, coucentration (Ci) was computed using the
following formula.

Ci={{g,~E*xC,— Al/lg.+ E/2},

where g_ is the total conductance to CO, transfer (mols
m~? §71), £ the transpiration rate (mols m~2 s %), C,
the CO, concentration in the cuvectte (ppm) and A4 the
assimilation rate (pmols m™2 s~ 1),

The data Jogger of the portable photosynthesis
system is cquipped with these formulac and the
insttument  simuftancously calculates the Ci and s
stored in the memory, The assimilation rates (A4) werc
plotted against the intercellular CQ, concentration (Ci).

From the data, the relative stomatal limitation was
computed as proposed by Farguhar and Sharkey®. The
CO, concentration at which A4 became positive was
considered as 1the CO,-compensation point.

The CQj,-response curves for both cowpea (Figure 2)
and sunflower (Figure 3j resemble those reported by

other workers' 2%~ 19 The initial increase in 4 to low
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Figuwre 2, CO,-response curve for sonflower (R2=0.99). The initial
slope (dA4/dCi) was considered as the carboxylation efficiency of the
leal. 4= —11.614+0.174Ci~0.000153C12.
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Figure 3, CO,-response curve for cowpea (RI=098). The initial
slope (dA/JCH was considered as the catboxylation cfliciency of the
leal. A= —-4.779+0.0845Ct~6.102x 10~* (12,

Ci 15 often lincar. This lincar increase in A4 can be
copsidered as the ‘carboxylation cfficiency’ of the leaf®®,
This initial lincar increase in A of sunflower and cow-
pea were (LIS and 0086 pmolsm 287 ppm !
respectively (Table 1)

The relative hmiation computed from the data
showed a stomatal limitatton of photosynthesis of 30
and 36.36% in sunflower and cowpea 1ospectively.
These values are in agreement with those previously
reported in wheat?, sunflower! and amaranthues, For
both the crops, CO, compensation point estimated wis
well within the range reported for C, plangs.

We conclude that the method desenibed bere can be
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Toble 1 Gas oxchange characternstics and relative
stamatal hmitation of compea and sunflower

Cowpea Sunflower

i

CO. compensation

pomnt (ppmi 6 ) 0.0

4 at W) ppm CO. 12 210
('t ippmi 2200 245.0
Triteal ~lape

w4 dOn 0.086 0.150
(‘l at "mjt mﬂ 4730
4., 2175 36.00
Rclative stomatal

limatation {1s %) 36.36 30.00

used for developement of CO,-response curves in plants
with high precision. This method is inexpensive
compared to the use of mixtures of gases from gas
cylinders. Further the use of this technique becomes
pronounced. especially when studies of a number of
species or genotypes are undertaken. because each

drum can supply an accurately known concentration of
(O, for over 25 min.
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