HAbhI HH BE-—
K £ Franco Mora Omar

F M0 &EBE EBE (BY
L 8 & 5 BE359%5
FUZEREEAB FRR1 78 3A15H

FAREGOEMH FARAE4RE 1EZS

24 X BEH Relationship between polyamines and ethylene during
flowering and fruit Development of Japanese Pear (Pyrus pyrifolia

Nakai)
CHEFVOREBIVOREREFHICBITIZRY I
CEIFL BT AL

Fham X EARER FH) HAEE

(B) 3

H WA B2 BATE &
J%/\

ofF 3 | |

FUAURRXDOABTDODER

Polyamines have been related to several biological processes including growth, senescence and
stress responses. Presence of mutants which can not grow because their deficiency in biosynthesizing
polyamines and the implication of polyamines in a large number of processes included in cell division are
evidences that these natural compounds are essential for growth. Interestingly, in some plant tissues,
polyamines have shown antagonistic effects on the action of the well known gaseous hormone ethylene.
Thereafter, as S-adenosylmethionine (SAM) is shared between the biosynthesis of polyamines, specifically
of spermidine and spermine, and the biosynthesis of ethylene, a relationship of competence has been
suggested. As polyamines seem to influence several fruiting processes, with this research, we aimed to
determine whether a correlation between polyamines and ethylene is present during pollination, fruit

growth and ripening of Japanese pear (Pyrus pyrifolia Nakai).
Polyamines during the flowering period
Differences in the amounts of polyamines between the anthers of the non-pollen producer ‘Niitaka’

and the anthers of the pollen producer ‘Housui’ were observed. From 3 to O days before anthesis, an

increase in the spermine levels observed in the anthers of “‘Housui’ compared with the presence of constant
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low levels in the anthers of ‘Niitaka’. This situation related low amounts of polyamines to a manifestation
of male sterility. Additionally, an increase in spermine during in vitro pollen germination seems to support
the idea that spermine is related to the presence of viable pollen in Japanese pear.

In detached styles of ‘Housui’ cultured in vitro, an increase in the ethylene production occurred
along with the progress of incubation. Pre-pollination treatment with 0.75 ml/L 1-methylciclopropene
(1-MCP) reduced the ethylene production on pollinated and non-pollinated styles in vitro cultured.
Furthermore, on field conditions, the 1-MCP treatment increased the period of stigma receptivity and fruit
set percentage in late-pollinated flowers. Thus, 1-MCP might reduce the rate of flower senescence and
consequently influence the period of flower receptivity positively.

Pre-pollination application of putrescine in ‘Housui’ flowers, did not affect the ethylene response
at post-pollination. However, an increase in pollen germination and fruit set was observed in late pollinated
flowers. On the other hand, in non-treated flowers, an increase in putrescine and ethylene was observed as a
pollination response. Thus, previous observation support the idea that putrescine might not play an
antagonistic role versus ethylene during pollination. Moreover, as putrescine is easier to apply than 1-MCP,
this treatment appears to be an important tool to improve fruit set when the period of application of

artificial pollination is limited in Japanese pear orchards.

Polyamines in relation to fruit development

In early fruitlet of Japanese pear, the endogenous free polyamines content, especially that of
putrescine, was positively correlated with the period of maturation and fruit size. Fruitlet with high
putrescine content, namely ‘Niitaka’, ‘Nijisseiki’, “‘Housui’ and ‘Kikusui’ produced large or medium fruit
size with late or mid-maturation periods. In contrast, the fruitlet of ‘Edoya’, ‘Awayuki’ and ‘Ninomiya’
presented low amounts of putrescine and produced small size fruit with early periods of maturation.
Interestingly, the ethylene production in young fruitlet was not only negatively correlated with putrescine
but reflected the well known characteristic of ethylene production at ripening. Thus, the factors involved in
the characteristic ethylene production at ripening might be also active during the early phases of fruit
development. These results indicate that the polyamine-ethylene balance in early fruitlet might influence
the fruit growth in this species.

The negative correlation between polyamines and ethylene in young fruitlet was observed also at
ripening. Cultivars with low or moderate production of ethylene resulted in high amounts of polyamines. In
contrast, cultivars producing high levels of ethylene showed low levels of polyamines. Nevertheless,
ethylene was high correlated with putrescine than whit spermidine or spermine. This situation suggest that
the higher amounts of putrescine observed in cultivars with low or moderate ethylene production might be

not fully explained with the idea of competence for SAM between the biosynthesis of polyamines and
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ethylene. Also, cultivars with high amounts of putrescine showed lower levels of fruit softening and weight
loss than cultivars with low amounts of putrescine. Thus, in Japanese pear, high amounts of free
endogenous polyamines might be related to the maintenance of postharvest quality.

Pre-harvest polyamine application was shown to affect fruit ripening in ‘Kousui’. Putrescine,
spermidine and spermine reduced ethylene production and fruit softening. Although 1.0 mM spermidine
was the most effective reducing ethylene production; both spermidine and putrescine, at concentration of
1.0 mM, had the best effect reducing fruit softening. It seems that the mode of action of each polyamine
might be different. This result supports our previous observation that polyamines might not act only by
competing with ethylene production. Thus, the specific site of action of each polyamine pool might explain
their different effects on the modulation of fruit ripening.

On the other hand, postharvest application of 1 mM putrescine reduced ethylene and fruit softening
in ‘Kousui’; in ‘Housui’ the rate of fruit softening was reduced but not the ethylene production; and in
‘Ninomiya’ no effect was observed. Moreover, high concentration of putrescine (4.0 mM) damaged the
fruit of ‘Kousui’ but not the fruit of ‘Housui’. Thus, the effect of postharvest putrescine application was
cultivar dependent and it seems that the most effectiveness concentration for each cultivar must be tested

before a possible commercial application.
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