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Daily measurement of CO2 assimilation rate on a kiwifruit vine
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Abstract CO2 assimilation rate of a 'Hayward'
kiwifruit (Actinidia deliciosa (A. Chev.) C.F. Liang
et A.R. Ferguson) adult vine was measured during
the summer of 1989 by two methods. One, an open-
system chamber enclosing a whole vine canopy,
was designed for continuous investigation of
photosynthesis via the monitoring of external light,
humidity, air flow, and air CO2 concentration. The
other was the ADC-LCA1 system, which sampled
only a part of a single leaf. The results indicate that
photosynthesis rate value increases with light
intensity in both instances, but, with respect to the
single-leaf CO2 measurements, the whole canopy
CO2 exchange measurement shows lower
variability. Also absolute values for single leaf
photosynthesis are higher than those observed for
the whole plant.
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INTRODUCTION

Light interception is the first step in photosynthesis
(Lai 1987; Lakso 1980). Like most fruit crops,
kiwifruit requires high levels of intercepted light to
reach the light-saturation point for maximum
photosynthesis (Buwalda & Smith 1991). The
canopy in a horizontally-trained kiwifruit vine is
formed by several layers of leaves which receive
different radiation levels. Light distribution, as
influenced by leaf number and layer thickness, can
affect leaf photosynthetic activity (Rossi et al. 1984;
Corelli & Sansavini 1988; Buwalda et al. 1990). It
is thus very difficult to determine the average total
leaf area, whether shaded or not, under saturating
levels of radiation.

Photosynthesis can be measured in the field by
portable systems holding a single leaf or a part
thereof (Dick 1987; Gucci & Corelli Grappadelli
1989; Gucci et al. 1990). The leaves selected for
measuring photosynthesis should be representative
of the vine yet belong to different classes of position,
inclination, orientation, above-ground height, and
age (Edson et al. 1990). Many authors have pointed
out varying leaf photosynthetic activities related to
these classes without considering the statistical
distribution of the examined leaves (Hunter & Visser
1989; Intrieri et al. 1990).

A system composed of a chamber enclosing the
whole plant provides an overall average CO2
exchange while eliminating the individual variables
as represented by single leaves (Palmer & Rom
1986; Succi etal. 1990). Here the residual response
variability may be attributed to the efficiency of the
whole plant. In the present study the single-leaf and
whole-vine CO2 exchange responses are compared
and discussed.
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MATERIALS AND METHODS

The experiment was carried out in the summer of
1989 in a 10-year-old orchard of Actinidia deliciosa
'Hayward', in north-eastern Italy. Vines were
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Fig. 1 Representative scheme of the open
system including the whole vine. The tree in
the chamber is taken as an example.
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L = standard gas setting
B = flowmeter E = gas sampling switch H = microprocessor control system

: chamber F = RH and T sensors I = total radiation sensor

standard T-bar trained, planted at 4.5 x 4.5 m. Forty
mature undamaged canopy leaves were randomly
selected for single-leaf monitoring and measured
for intercepted light, leaf angle, position, and
orientation. Average leaf area was measured non-
destructively on sample leaves with a LiCor area
meter, and total leaf number on the vine was counted
after harvest. From this, total vine leaf area was
calculated. The 40 selected leaves area represents
1.75% in relation to the total vine.

The experiment compared two open gas
exchange systems measuring CO2 assimilation
rate—an ADC-LCA1 portable infrared gas analyser
and a whole-vine chamber (Scurlock & Long 1985;
Succi et al. 1990). The single-leaf CO2 exchange
was measured by the ADC-LCA1 (Analytical
Development Co., Hoddesdon, United Kingdom)
portable IRGA system; the readings were taken on
tagged leaves held in their natural orientation to the
incident light. The different photosynthetically
active radiation (PAR) levels were determined from
the measured light intensity at each leaf surface.

The whole-vine chamber was made of thin
polyethylene film and large enough volume to house
the entire canopy of a single vine, with an inflated
air flow rate of 280 litres/s. It was placed over the
vine the day after the single-leaf measurements
were taken. Schematically, shown in Fig. 1, it
measures CO2 exchange, air inflow and outflow,
and environmental variables. Radiation range (from
night level to 900 W/m2) was measured as incident
radiation reaching the horizontal surface during the
day. The recorded values were then used to analyse

and develop statistically the entire vine's
photosynthetic activity. All the data recorded by
both systems were analysed by linear regression or
curve fitting.

RESULTS

Leaf area
Total vine leaf area was c. 31 m2 on the trial date,
i.e.,2 months after bloom, with anestimated number
of 2 280 leaves.

Single-leaf measurements
The CO2 assimilation rate, as measured by the
single-leaf system and expressed as a function of
PAR, follows a typical hyperbolic curve, the values
of which increase in response to rising radiation and
reach maximum at 17.1 u.mol/m2 per s (Fig. 2). Note
that the CO2 assimilation rate curve continues to
increase at the highest tested PAR level (1700
|itnol/m2 per s) suggesting light-saturation of
photosynthesis was not reached at this irradiance.
There was also a marked variability of response, as
indicated by the two confidence limits. The explan-
ation of the variability existing in a randomly
distributed leaf population inside the canopy,
exposed to different intercepted radiation levels, is
that the initial slope of the light response curve is a
measure of the apparent photon yield, the efficiency
of light con version (apparent because photosynthesis
was CO2-limited). It is an intrinsic property and
when it does decline, there is an indication that the


