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A gas-phase Q? electrode was used to determine the photosynthetic potential of
Ipomoea  batatas  leaves. The 02 evolution rates (OER)  were measured at different
combinations of COZ concentration ([C&l 1, pre - illumination period and water status of
leaf, and compared to the values of C& assimilation rate (CAR) measured by infra-red
gas analyzer (IRGA).  The results obtained were as follows; The optimum [CC&]  for
OER measurement was in the range of 5% to 10%. The photosynthetic activation of
sweet potato leaves required a lo-min pre-illumination of 1000 /*molm-2s-‘.  The OER of
detached leaf disc with leaf water potential ( $,) above-O.8 MPa maintained a maximal
level for 80 min. The measurements of OER showed a high correlation with CAR
measured by IRGA in the atmospheric air. When the measurement condition was
controlled as mentioned above, the photosynthetic potential of Ipomoea batatas leaves can
be measured by the gas-phase 0, electrode method, and this method is considered to have
a wide application to photosynthetic studies on other plants.

INTRODUCTION

The rate of whole leaf photosynthesis is usually monitorred by infra-red gas
analyzer (IRGA),  which is expensive and requires skilled techniques for measurement
procedures. In addition, the photosynthetic rate (Pn> obtained by IRGA is often
significantly affected by stomata1 movement (Gaastra,  1959; Hanson and Hitz, 1982;
Ishihara et al., 1972).

In sweet potato (Ipomoea batatas) leaves, the expression of potential Pn is often
limited by stomata1 closure resulting from environmental factors. Therefore, for
evaluation of potential Pn, it is necessary to use a technique which can directly measure
Pn of mesophyll tissues without stomata1 limitation.

A method of overcoming stomata1 limitation is to raise CO2 concentration [Cal in
the ambient air sufficiently to facilitate CO, diffusion into mesophyll. The oxygen
electrode has stable sensitivity under very high [CO,] conditions. It is possible to
measure Pn saturated with COZ. However, the conventional liquid-phase measurement
with small tissue slices is less sensitive in Pn detection than IRGA, and the values
obtained with the liquid-phase 02 electrode are usually very low (Ishihara et al., 1979;
Ishii et al., 1977; Jones and Osmond, 1973; Yamashita et al., 1978).

The leaf -disc O2  electrode (gas-phase system) also has stable sensitivity at very
high [CQ] and can measure Pn (Delieu and Walker, 1981 and 1983) at a precise level
as obtained by conventional IRGA. The values obtained with the 0, electrode are
considered to be a maximal rate at which photorespiration is almost entirely suppressed
(Delieu and Walker, 1981). In addition, the apparatus is simple and inexpensive, and
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very easy to operate. These advantages indicate that the apparatus can be a useful
means of evaluating photosynthesis in Ipomoea batatas  leaves.

However, some technical problems have been pointed out for the measurement
procedure because a leaf was detached and Pn was measured at very high [Cal in the
apparatus. In addition, some pre - conditionings  are required prior to the start of
measurement.

The objective of this work is to know a proper usage of the gas-phase 02 electrode
to determine the photosynthetic potential of Ipomoea bat&s  leaves. OX evolution rates
(OER) were measured at different combinations of [COZ ] levels, pre - illumination
periods and water status of leaves, and compared with the values measured by IRGA
methods.

MATERIAL AND METHODS

Plant material
Young shoots of Ipomoea bat&as  Lam. cv. Koganesengan were transplanted in

10,000 cm3 plastic pots containing sandy soil in the middle of April 1992 and grown in a
green house for two months. Before transplanting, chemical fertilizers were applied, 2.0
g per pot of N, Pz05 and KZO. The fully expanded forth to sixth leaves from the top
were used for measurement. The epidermis was peeled according to the method of
Kubota et al. (1991).

Gas exchange measurements
1. a evolution rate
Measurements were made with a leaf disc oxygen electrode system (Hansatech LD

2/2; Delieu and Walker, 1981) connected to a gas mixing system. The [Co21  in the
chamber was controlled by mixing pure N2, OZ and CO2 gas with a gas mixer (Kojima,
GM-3A). The temperature of the leaf chamber was maintained at 29°C by circulating
water from a water bath to the water jacket of the chamber. The air was moistened to
keep relative humidity higher than 90%. Each leaf disc (10 cm”>  was pre-conditioned
in the chamber containing the air with controlled [CO,]  at a photon flux density (PFD)
of 1000 ~~olrn~~s~’  for about 15 min.

2. CO2 assimilation rate
CO?  assimilation rate (CAR) of an intact peeled leaf was measured with a portable

photosynthesis measurement system (ADC, SPB-H3) in the adjacent part of a leaf used
for the OER measurement. Measurements were taken in the atmospheric normal air at
a humidity of 66.2 -t 0.23X,  PFD of 1618 + 24.4 ,u rno1m-2s-1  and leaf temperature of
32.8 i 0.07”C.

Measurement of leaf water potential
Leaf water potential ( $w) was measured in the same leaf disc immediately

following the measurement of OER by a thermocouple psychrometer (Wesco, C-52).
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RESULTS AND DISCUSSION

Figure 1 shows OER of the leaf discs with and without epidermis as affected by [C
021. In the control (unpeeled) leaf, OER increased with increase in [CO,1  from 0.5% to
5%. This indicates that OER was inhibited by CO, starvation resulting from stomata1
closure at less than 5% [COJ. There was no further increase in OER with increase in
[Cal from 5% to 10%. The OER curve had a peak at about 5% [CChl. The leaf
seemed likely to be saturated with CO2 under [Cal conditions over 5%. As [CO21
increased to 25%,  OER decreased to about 70% of the maximal rate. This OER
decrease suggests that the high [Co2 ] damaged mesophyll tissues and inhibited
metabolic reaction in the photosynthetic apparatus of the leaves (Graan and Boyer,
1990).
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Fig. 1. The effect of C@ concentration on the oxygen evolution
rate in peeled (0) and unpeeled (0) leaf. The horizontal
axis is a logarithmic scale.

In a peeled leaf, OER increased slightly with change in [CO,]  from 0.5% to 5%, and
decreased gradually with further [CO,]  increase (Fig. 1). It is suggested that the OER
of leaf discs with peeled epidermis has been already saturated at 0.5% [CO,] and
metabolic inhibition is detected over 10% [COJ. This also indicates that the saturated
values of OER can be measured in the range from 5% to 10% [COZ],  even though the
leaf discs have an epidermal barrier to COz  penetration of photosynthetic tissues. The
optimum [CQ] for measurements of sweet potato leaves seemed to be about 5% from
results shown in Fig. 1.

When a leaf is exposed to saturating light intensities for a long period of darkness
or low light, an induction period (IP) exists before OER has reached a steady -state
(McAlisters,  1937; Osterhout and Haas,  1919). The length of IP became shorter by
illuminating the leaf before the start of measurement.

Figure 2 shows IP as influenced by pre - illumination periods. In the non -
preilluminated leaf discs, which had been placed in the dark for 30 min, OER exhibited
a short burst during the first 30s after illumination, then decreased for the next 1 min,
and began to increase gradually to a maximal steady-state in around 10 min. IP was
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Fig. 2.
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The effect of pre-illumination period (A, 0; 0, 3; 0, 10
min) on the 02 evolution rate.

shortened with pre-illumination period; no IP was detected in the leaf disc which had
been pre-illuminated for 10 min.

Although the mechanisms of the induction requirement for photosynthesis is poorly
understood, it has been thought that the initial burst of OER in the pre -darkened leaf
shown in Fig. 2 was photochemical reduction of intermediates accumulated in the dark
and available for reduction during the first minute of illumination (Prinsley  and
Leegood, 1986; Robin and Pearcy,  1986). Thus, the length of IP probably requires
autocatalytic build up of sufficient pools of carbon reduction cycle metabolites and/or
light activation of photosynthetic enzymes.

The high sensitivity and rapid response of this apparatus could be used to study the
functional interrelation between photochemical and carbon fixation reactions of
photosynthesis in Iponwea  bat&as  leaves.
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Fig. 3. The relationship between leaf water potential and Oz
evolution rate.
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Measurement of OER is made using detached leaf discs and its water content is lost
during the measurement. Thus, measurable periods depend on the retention degree of
leaf water potential ( $w).  Fig. 3 shows OER as influenced by decreasing +w of leaf
discs. The OER was constant for 80 min when +w was above -0.8 MPa.

As water stress increases, photosynthetic rates are generally reduced by increase in
stomata1 resistance and inhibition chloroplast metabolism (Hanson and Hitz, 1982;
Kaiser, 1987). In the 02 electrode system, the stomata1 limitation can be overcome, and
values obtained with the apparatus presumably indicate the activity of chloroplast
metabolism. In this study photosynthetic rate of mesophyll tissue began to decrease at
-0.8 MPa (Fig. 3). However, by humidifying the air, the leaf discs can maintain water
status adequately for 80 min. This indicates that normal OER, independent of water
deficit, can be measured during this time.

Figure 4 shows the relationship between CAR and OER. The CAR was measured
with IRGA in an intact peeled leaf and OER was measured with the 0, electrode ‘using
detached leaf discs at 5% [Cal. There was a significantly (P<O.Ol)  high correlation
between CAR and OER, giving the following regression: [OER] =5.72+2.49  [CAR].
The high correlation indicates that the measurements by 0, electrode can present a
good coincidence with those of IRGA. The high OER obtained here suggests that the
photorespiration is almost completely suppressed under the conditions of high [COZ],
and thus this OER is regarded as a maximal rate of coupled election transport through
both photosystems (Delieu  and Walker, 1981; Lilley and Walker, 1975).

In conclusion, it is considered that the gas -phase Q electrode has a number of
advantages in photosynthetic measurement, and can provide useful information for
photosynthetic study of Ipomoea batatas leaves.
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Fig. 4. The relationship between CO, fixation rzte and 02
evolution rate in peeled leaf.
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