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Influence of extended photoperiod on photosynthate partitioning
and export in tomato and pepper plants
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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 (CH,0)
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 fruityields. In contrast, extended photoperiod did
not increase shoot dry weight of pepper plants but
significantly increased its fruit yields. Furthermore,
studies on CH,O 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 4.44.9 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
significantaccumulation 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; Riobe et al. 1983; Logendra et al. 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; Vézina et al. 1991), which
might be caused by a reduction in carbohydrate
export from the source leaf in responseto low night
temperatures or by the presence of apoplastic
invertase in transgenic plants (Dickinson etal. 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 (CO,) diffusion in leaves of several plant
species growing under a short dark period (Thorne
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






