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% f7 3 X & B Evaluation of the roles of carbon partitioning, cell
division, cell expansion, and gibberellins involved
in fruit size of Japanese pear (Pyrus pyrifolia
Nakai)
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In fruit crops, fruit size at harvest is an important aspect of quality. To uncover the
mechanism of fruit development and establish suitable cultural practices to improve fruit quality,
the roles of carbon parlitio'ning, spur characteristics, gibberellins, céll division and cell
éxpansion in regulating frui_t development in Japanese pear were evaluated.

. Partitioning of *C-photosynthate from spur leaves during fruit growth of three
Japanese pear cultivars differing in maturation date :

To assess the interaction of assimilate supply and eariyll'ate maturity of cultivars and its effect
on _ﬁ'nal fruit size, the pattern of carbon assimilate partitioning from spur leaves to fruit and
other organs during fruit growth was investigated using three cultivars differing in maturation
date. Compared with the earlier-maturing cultivars ‘Shinsui’ and ‘Kousui’, the larger-fruited,
late-maturing cultivar ‘Shinsetsu’ had a greater total leaf area pef spur, greater source strength,
‘with more "°C assimilated per spur and allocated to fruit, smaller loss of >C in respiration and
export over the season, and longer duration of cell division and enlargement. Assimilate
availability during thé period of cell division was crucial for early fruit growth and closely
correlated with final fruit size. Early fruit growth of the earlier-maturing cultivars, but not the
later-maturing ones, was severely restrained by assimilate supply rather than by sink limitation.
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2. Evaluation of cell division and cell expansion in relation to final fruit size in Pyrus
pyrifolia _
To evaluate cell division and cell enlargement involved in determining of final fruit size in Pyrus
pyrifolia Nakai, 46 cultivated Japanese pear cultivars and three wild pears were selected to
study the relationship between cell number pre- and post-anthesis, cell size at harvest and final
fruit size. The results showed that not cell number of pericarp at pollination but cell number of
the mesocarp at the cessation of the period of cell division after pollination is crucial for
determining of final fruit size in P. pyrifolia. Final fruit size is the function of cell number after
pollination and the duration of cell division rather than cell size at harvest. A longer period of
cell division and greater cell number in later-maturing cultivars are the main factors for the fact
that later-maturing cultivars usually have larger fruit than earlier-maturing cultivars in Japanese
pear.

3. Spur characteristics, fruit grth and carbon partitioning in two late-maturing
Japanese pear cultivars with contrasting fruit size
The aim of this study was to investigate the roles of spur characteristics and carbon partitioning
in regulating cultivar differences .in fruit size of two late-maturing Japanese pears ‘Atago’ and
‘Shinkou’. The results showed that they displayed differént patterns in leaf development, flower
characteristics, fruit growth, and shoot type. On a spur basis, there were no significant
differences in the amount of "*C assimilate produced by spur leaves on each labeling date
except at 190 DAA, however, there were highly significant differences in the amount of e
allocated to fruit between cultivars. Moreover, a higher amount of '*C was allocated to ‘Atago’
fruit than that in ‘Shinkou’. Analysis of relative sink strength (RSS) showed that ‘Atago’
exhibited a greater RSS of fruit and lower losses of "°C for respiration and export than
‘Shinkou’. These results suggest that the movement of photosynthates into the fruit was
determined by. sink strength of the fruit rather than the source strength in the two cultivars.

4. What is the fate of ™C-photosynthate from different current shoot types in
late-maturing Japa_riese pear during the pefiod of rapid fruit growth?
To elucidate the fate of photo;ynthates from different current shoots and their influence on fruit
growth in neighboring spur complex during the period of rapid fruit growth, two late-maturing
Japanese cultivars: ‘Atago’ and ‘Shinkou’, were selected for experiment. The results showed
that all of current shoots investigated could export photosynthates to the neighboring fruit and
buds. The cultivar difference in amount of "°C is resulted from the difference of RSS of fruit
between cultivars. '
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5. *C-photosynthate accumulation in Japanese pear fruit during the period of rapid
fruit growth is limited by sink strength of fruit rather than by transport capacity of
the pedicel
In Japanese pear, GA;q applications at 40 DAA resulted in marked increase in pedicel
diameter and bigger fruit at harvest. To elucidate the relationship between pedicel capacity and
fruit growth and determine what the main factor responsible for larger fruit size at harvest is,
fruit growth and pedicel vascularization and carbohydrate fluxes were examined. The results
showed that larger fruit size resulted from GAs application during this period ascribed increase
in cell size of the meso'carp, carbon partitioning to fruit and relative sink strength of fruit.

- Although GAs is closely related with pedicel vascularization, it seems that photosynthate
accumulation in fruit is limited by sink strength of fruit rather than by transport capacity of the
pedicel.

6. Roles of gibbereilins in carbon translocation and partiticning in Japanese pear fruit
during the period of rapid fruit growth '
We postulate that GAs promote fruit enlargement may be caused by the enhancement of
sucrose- and sorbitol-metabolizing enzymes’ activities stimulated by GAs in fruit. To test this
hypothesis, the relationship between GAs and the activities of enzymes involved in sucrose
and sorbitol metabolisms was examined to explore the key enzymes in carbon partitioning and
to obtain information on GAs signal functions in carbon partitioning. The result showed that
GAs promote fruit enlargement and carbon accumulation via activation of Inv-CW in the core,
Inv-N and NAD-SDH in the flesh during the period of rapid fruit growth in Japanese pear.
Inv-CW, Inv-N and NAD-SDH up-regulated by GAs are vital for sugar hydrolysns and
determination of sink activity in Japanese pear fruit.
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