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Abstract Changes in photosynthetic efficiency
and carbon partitioning under extended photoperiods
(from 8 to 24 h) was studied using a photoperiod-
sensitive species (tomato—Lycopersicon
esculentum Mill.) and a non-photoperiod-sensitive
species (sweet pepper—Capsicum annuum L.).
Extending photoperiod by supplemental lighting
resulted in an increase in total carbohydrates (CH2O)
produced in both species. In tomato, extended
photoperiod principally favored shoot development.
Dry weight of tomato plants increased by c. 30%
when light periods were increased from 12 to 18 h,
although no significant differences were observed
in fruit yields. In contrast, extended photoperiod did
not increase shoot dry weight of pepper plants but
significantly increased its fruit yields. Furthermore,
studies on CH2O translocation supported these data.
In pepper plants, translocation efficiency varied
from 71 to 90%, whereas it varied from 54 to 69%
in tomato plants. On a daily basis, tomato plants
exposed to extended light periods accumulated more
carbohydrates than pepper plants. Tomato plants
had 4.4—4.9 times more hexoses than sucrose
whereas this ratio was only 1.1—1.5 in pepper plants.
Such results lead to the hypothesis that low sucrose
phosphate synthase activity in tomato plants might
have resulted in the accumulation of carbohydrates
and phosphorylated intermediates, which in turn
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decreased inorganic phosphate levels in the
cytoplasm and stroma. This could explain the
significant accumulation of starch in chloroplasts of
tomato as well as the absence of fruit yield increase
in plants of this species submitted to extended light
periods.
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INTRODUCTION

Prolonging photoperiods with supplemental light
results in increases in growth and yield for many
horticultural species and is a widely used technique
in greenhouse production (Costes et al. 1970; Hurd
etal. 1974;Riobeetal. 1983;Logendraetal. 1990;
Demers et al. 1991). Under extended photoperiods
however, sensitive species like tomato (Lycopersicon
esculentum Mill.) tend to develop important
physiological disorders. The decreased ability to
utilise supplemental lighting is associated, notably,
with the appearance of intervascular chlorosis
(Logendra et al. 1990; Vezina et al. 1991), which
might be caused by a reduction in carbohydrate
export from the source leaf in responselo low night
temperatures or by the presence of apoplastic
invertase in transgenic plants (Dickinson et al. 1991;
Schaffer et al. 1991). Many studies have reported
high rates of soluble sugars and starch accumulation
and an increase in mesophyll resistance to carbon
dioxide (CO2) diffusion in leaves of several plant
species growing under a short dark period (Thome
et al. 1974; Pinto 1980; Logendra et al. 1990). An
accumulation of chloroplastic starch may also
obstruct light penetration and limit metabolic transfer
between chloroplasts and the cytoplasm (Pinto 1980).

All in all, daylength has an important influence
on rates of translocation and respiration, on the
accumulation of photosynthates, and on carbon
partitioning between soluble sugars and starch
(Chatterton & Silvius 1980; Grange 1985a). The
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present study investigated the influence of extended
photoperiods on photosynthetic efficiency in tomato,
a species fairly sensitive to changes in photoperiod,
and in sweet pepper (Capsicum annuum L.), a less
sensitive species of the same family. Long-term
effects of extended photoperiod on photosynthate
translocation rate, on leaf content in starch and
soluble sugars, and on growth and fruit yields were
also studied.

MATERIALS AND METHODS

Plant material
Six-week-old tomato (Lycopersicon esculentum
Mill. 'Trend') and pepper (Capsicum annuum L.
'Delphin') plants were transplanted into tomato and
pepper peat bags (Tourbiere Premier Inc., Riviere
du Loup, Quebec, Canada) in a double-layered
polyethylene greenhouse (Quebec, QC, Canada:
long. 71.4°W, lat. 46.7°N). After a 2-week
acclimation period, plants were placed under either
natural light or natural light with supplemental light
of 120 umol/m2 per s photosynthetically active
radiation (PAR) provided by high pressure sodium
lamps (HPS, P.L. 780/N 400, P.L. lighting systems
Canada Inc., ON, Canada) for 12-, 18-, or 24-h
photoperiods. The natural day length in the
greenhouse during the experiment was c. 8 h. The
supplemental lighting began at 0800 h and lasted
during natural daytime and continued after natural
daytime up to the predetermined time. An infrared
controller-analyser (Priva Computers) was used to
monitor and control the CO2 concentration in the
greenhouse at 1000 ppm with a pure CO2 source.

The experimental design used was a complete
block replicated three times. Twelve experimental
units (light treatments) of 28 plants each were
distributed randomly. Data were analysed using
analysis of variance (ANOVA) (a = 0.05) on the
SAS system (SAS Institute Inc. 1985). Bartlett's
test was used prior to ANOVA to verify the
assumptions of homogeneity of variances. When
the ANOVA was found to be significant, a Waller-
Duncan means separation test was performed (Steel
& Torrie 1980).

Growth analysis
After 15 weeks of light treatments two plants were
collected from each experimental unit. During the
experimental period removed leaves were weighed
and leaf area measured, using a portable area meter
(Li-3000, Li-COR Inc., Lincoln, NE, United States).

For dry weight determination, stems and leaves
were dried separately at 60°C for 3 days. Fruit yield
was measured during the production period.

Measurement of photosynthesis
Net photosynthetic rate (PN) was determined using
an open gas exchange system consisting of two
infrared gas analysers (ADC—225-MK3, Analytical
Development Co Ltd, Hoddesdon, United
Kingdom). Photosynthetic photon flux (PPF) was
maintained at 120 umol/m2 per s, CO2 concentration
in the leaf chamber was 330 |al/litre. vapor pressure
was 2.34 kPa, chamber and leaf temperature were
25°C. Photosynthetic measurements were made
after 9 weeks of treatments on the fifth discerned
leave from the apex of four tomato and pepper
plants per experimental unit. PN measurements were
done after 2 h of the beginning of the light period
until the beginning of the dark period. Reading on
the gas exchange system were carried out at 2-s
intervals and collected by a computerised data
acquisition system (MT—1000, Measurement
Technologies Inc.). Data for CO2 assimilation
measurements were calculated according to a
computer program adapted from Moon & Flore
(1986). The unit of PN was converted to carbohydrate
production rate in order to compare with
photosynthate translocation rate in an identical unit.

Photosynthate translocation rate
Estimation of photosynthate translocation from
leaves was made as described by Terry & Mortimer
(1972). For dry weight determination, leaf discs
were sampled at the beginning of the light period, at
the beginning of the dark period, and at the end of
the dark period. The photosynthate translocation
rate from the leaf (T) was defined as T = P — A,
where: P represents the carbohydrate production
rate based on PN; and A, the rate of dry matter (DM)
accumulation. Ten replicates often leaf discs (0.5
cm2' were sampled from each experimental unit.

Carbohydrate determination
The fifth discerned leave from the apex of tomato
and pepper plants were collected at 0600, 1200,
1800, and 2400 li—3, 9, and 15 weeks after the
beginning of light treatment. Leaf tissue was first
frozen in liquid nitrogen, then homogenised with
80% (v/v) ethanol, and heated twice during a 20-
min incubation. Starch (insoluble fraction) and
sugars (soluble fraction) were isolated as described
by Ozbun et al. (1973). The starch suspension was


