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In each plot there were 10 seedlings.
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Abstract.Solutions of CPPU and BA were applied to ovaries of meloi€(icumis melyp ~Wwere measured with a hand refractometer
flowers with or without pollination, and the effects on fruit set, growth, and sugar (N 1;Atago Co., Tokyo). Placental and meso-
content were investigated. Treatment with CPPU increased fruit set in both seeded andcarp tissue (5 g each) were prepared by cutting
seedless melons. Even at low concentrations, CPPU had a strong effect on fruit set in th@ith a razor and crushing with a mortar. The
seeded melons. In seedless melons, CPPU induced 100% parthenocarpic fruit set whe§pluble sugars contained in aliquots of the
applied with 10 mg-L™; lower concentrations were much less effective. Treatment with juice were passed through a membrane filter
BA increased fruit set in seeded melons, but was not particularly effective in the absencd0-451m) and 1QuL was injected into a high-

of pollination. During the first 10 days after anthesis, CPPU promoted fruit growth, but Performance liquid chromatography system
between 8 and 13 days after anthesis, the growth rate was lower than in the controls(model TRIROTAR-VIsystem controller, 830
Treatment with CPPU had little effect upon soluble solids (SS) levels in seeded fruit.RI refractive index detector, and 807-IT
SS content was significantly lower in seedless than in seeded fruit; this difference wadhtegrator; Japan Spectroscopic Co., Tokyo).
larger in the placenta than in the mesocarp. Sucrose levels of both seeded and seedle84gars were separated on a Shodex sugar
fruits were consistently higher than glucose and fructose levels. High concentrations 0fSC1011 column (Showadenko Co., Tokyo) at
CPPU reduced sucrose levels in the placenta of seedless fruit. These results indicate th&0 °C using distilled water (1 mL-mif) for
seeds play an important role in sugar accumulation and melon fruit growth during later elution.

stages of development. Chemical names used: [1-(2-chloro-4-pyridyl)-3-phenylurea)

(CPPU); 6-benzylaminopurine (BA). Results

Additional index wordsCucumis melosugar, fruit size, parthenocarpy, growth regulators

The size and quality of melon fruitis greatlyally used, although they are not effective at The percentage of fruit set for the polli-
influenced by position on the plant (Kamiya,low temperatures. The newly developed plaritated control plants was 50%, whereas
1969). Fruits on the lower position of the stengrowth regulator, CPPU, a urea-derivativdreatment with CPPU increased this to 85%
were smaller and sweeter than those on tlogtokinin, promotes fruit growth in grapeto 100%, depending upon concentration
upper portion. The optimum position for fruit (Vitis viniferaL.) (Nickell, 1986; Ogataetal (Table 1). The application of 1 mgHCPPU
setis between the 9th and 13th nodes of a vink988), pearsKyrussp.) (Banno et 311986), to nonpollinated ovaries induced 14% fruit
To encourage fruit set on a suitable nodend kiwifruit (Actinidia chinensisPlanch) set;however,5and 10 mgiCPPU increased
flowers are often pollinated by hand and in{lwahori et al., 1988), as well as increasing?_iet to 97% and 100%, respectively. Nonpol-
sects. Melon fruit set is inconsistent at lowfruit set in melon (Tanakamaru, 1989). inated ovaries not treated with CPPU or BA
temperatures and under cloudy or rainy condi- In this study we compared the effects opegan to wilt within 3 d after anthesis. In
tions, which inhibit the activity of pollen- CPPU vs. BA on fruit set and quality of polli- Pollinated ovaries, 1 mg-tBA had no effect
carrying insects (Tsukahara, 1988). Under suatated and nonpollinated muskmelon flowerson fruit set; however, 5 and 10 mg-BA

conditions, particularly in semi-forcing cul- increased set to 80% and 84%, respectively
tures, low fruit set is a serious problem. Materials and Methods (data not shown). Fruit set in nonpollinated
The following plant growth regulators ovaries treated with 10 and 100 m3BA was

have been used in attempts to improve fruit Plant material. The cultivar used was very low (7% and 11%, respectively), and
set: indole-3-acetic acid (IAA) (Burrell and'Tokyo Earl's 55'. Seedlings (140) were growth of the fruits was not recorded. No fruit
Whitaker, 1939), naphthaleneacetic acidransplanted 45cm apartin two rows in each ¢fet occurred following treatment with 1 or 5
(NAA) (liyama, 1972; Takayama, 1970),two beds (1.2 m wide< 18 m long) in a Mg-L*BA (data not shown). The number of
para-chlorophenoxyacetic acid (4-CPA)greenhouse at Hiroshima Prefectural Univiormal seeds in the pollinated control fruit
(Kondo and Murozono, 1974), BA (JonesFertilizer was applied at two stages, a preplati{as 463 (71.9% of the total number); how-
1965; Takayama, 1970), gibberellic acid (GAproadcast application of 900 kg-haf e€ver, 1,5, and 10 mg-iCPPU reduced the
(Kondo and Murozono, 1974), ethephorl4N-14P-36K, followed by a sidedresiumber of normal seeds to 327 (58.8%), 292
(Batal, 1983), and 2,4-dichlorophenoxyaceapplication of 150 kg-h&N at flowering. The (51.7%), and 159 (29.4%), respectively. Ap-
tic acid (2,4-D) (Masuda et.all990). NAA, vines (main shoots) were trained verticallyplication of CPPU to nonpollinated ovaries
4-CPA, and BA were most effective. How-and topped at the 23rd node. All lateral shoot§duced parthenocarpy, as all seedcoats were
ever, NAA is not used because of harmfulvere cut above the 2nd node. empty. ) ) )
side-effects. Thus, 4-CPA and BA are usu-  Treatment.Solutions of 1, 5, and 10  During the first 10 d after anthesis, fruit
mg-L*CPPU, and 1, 5, 10, and 100 mgBA length was enhanced by CPPU treatment;
were applied at anthesis to the ovaries of tHéereafter the growth rate of the control

FecsvedTo bublication 1 Feb. 1999, Accepted folOWErs on the first nodes of lateral shootgnontreated, pollinated fruit) exceeded that of
eceved for publication - eb. - ACCOPICC 0k oyveen the 11—12th nodes of the vines. THBe CPPU-treated fruit (Fig. 1). Final weight

blication 6 Oct. 1999. Th t of publishing thi . . : ; :
g;pel?e\‘/vlgg defrgyed in partebgzotsheopg;mlesml régf] p; npollinated flowers were covered with pape@f fruit from nonpollinated ovaries treated
charges. Under postal regulations, this paperthegéef(;‘ilS from the day before until 3 d aftewith 10 mg-L'CPPU was equivalent to that of

fore must be hereby markadvertisemergolelyto  anthesis. A X 2 x 4 factorial arrangement of control pollinated fruit, whereas 5 mg:CPPU
indicate this fact. treatments in a randomized block design waas less effective (Table 1). No growth
To whom reprint requests should be addressedsed, consisting of pollination vs. nonpollina-0ccurred in nonpollinated ovaries treated
E-mail address: yhayata@bio.hiroshima-pu.ac.jption and CPPU v&A, each at 0, 1, 5, and 10With 1 mg-L*CPPU.
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Table 1. Effects of pollination and CPPU treatment on fruit set and size,
and seed development of melon fruit.

CPPU Fruit set Wi/fruit No. seed/fruit

(mg-LY) (%) (kg) Normal Empty
Not pollinated

0 - - - -

1 14

5 97 1.56+ 0.28 0 565+ 88

10 100 2.0Gt 0.25 0 532 95

Pollinated

0 50 2.33t 0.26 436+ 98 170+ 56

1 85 2.44+ 0.38 327+ 87 229+ 79

5 95 2.55+ 0.44 292+ 102 272+ 96

10 100 2.40: 0.21 159+ 68 381+ 105
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The treatments had little effect on meso-
carp SS (values from 11.1% to 12.9%), but SS
readings were low in the placenta of
nonpollinated fruit following treatment with
CPPU at 5 or 10 mg-L(Table 2). Sucrose,
glucose, and fructose are the three major sug-
ars in melon fruit. Of these, sucrose content
was almost three times as great as that of
glucose or fructose. There was little difference
in the sucrose content in the mesocarp for the
various treatments; levels ranged from 5.29%
to 6.76%. However, sucrose levels in the
placentawere particularly low (1.37%t0 2.3%
vs. 6.17% in the control) following treatment
of nonpollinated ovaries with 5 or 10 mg-L
CPPU. Differences in fructose and glucose
content were nonsignificant for all treatments,
with the exception of the lower levels in the
placenta of fruit following treatment with 10
mg-L*CPPU.

Discussion

Both CPPU and BA greatly increased fruit
set of pollinated flowers. Mori (1975) reported
that BA treatment to flowers had a limited
effecton fruit set, even at concentrations above
1000 mg-E*. However, we previously ob-
served that lower concentrations of BA dra-
matically increase fruit set of artificially polli-
nated flowers. Moreover, fruit size and sugar
content equaled those of the control (Hayata,
1988). Application of BA to nonpollinated
flowers had little effect. In muskmelon, BA
may increase the competitive ability of the
treated fruit by improving transportation of
assimilation products and prolonging the period
during which pollination and fertilization can
occur (Hayata, 1988).

Treatment with CPPU promoted fruit setin
seedless fruit, and induced parthenocarpy,
whereas BA did not. This has also been ob-

Fig. 1. Effects of pollination and CPPU on the growth of melon fruit. P = pollinated; NP = not poIIina@‘?i'fved in watermelonCfitrullis panatus
Number = concentration of CPPU in mg:Bars represert sp.

Table 2. Effect of pollination and CPPU treatment on the sugar content of the mesocarp and plac%\tﬁiﬁh

melon fruit.
CPPU S3 Sucrose Fructose Glucose
Pollination (mg-£Y (%) (%) (%) (%)
Mesocarp
+ 0 12.4+ 0.85 6.76+ 0.63 2.0+ 0.20 2.2+ 0.13
1 12.4+ 1.30 6.60t 2.02 1.53 0.15 1.83t 0.12
5 12.2+ 0.80 5.75: 0.94 2.02+ 0.30 2.3t 0.14
10 12.9+ 1.20 5.88t 0.84 1.8t 0.21 2.08: 0.13
— 0 — — — —
1 _— _— — _—
5 11.1+1.30 5.24+ 1.09 1.74+ 0.55 2.04 0.35
10 11.3+1.10 5.29+ 1.01 1.60t 0.42 2.30t 0.29
Placenta
+ 0 14.4+ 1.30 6.10t 0.91 1.26+ 0.13 1.47+ 0.08
1 15.8+ 0.50 5.95+ 0.21 1.13t 0.06 1.53t 0.40
5 13.8£ 0.30 5.55+ 0.18 1.10+ 0.18 1.32£ 0.19
10 14.8+ 0.90 6.26+ 0.49 0.92+ 0.37 1.20t 0.32
— 0 — — — —
1 _— — — _—
5 8.8+ 1.40 2.3t 0.45 0.82+ 0.44 1.26t 0.45
10 6.8+ 0.80 1.37+ 1.06 0.33: 0.23 0.76+ 0.15

zSoluble solids.
YMeanxz sp.
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(Thunb.) Matsum. & Nak.] (Hayata et al.,
1995). Therefore, under conditions that limit
pollination, such as low temperature, CPPU
may enhance fruit set.

Fruit growth in grapes (Nickell, 1986) and
it (lwahori et al., 1988; Ogata et al.,
1988) is markedly stimulated by CPPU.
However, in our experiment, although CPPU
promoted growth of seeded melon for 10 d
following treatment, growth then slowed, re-
sulting in fruits the same size as the controls.
Fruits from CPPU-treated, nonpollinated
flowers were smaller than the controls at
harvest. The same growth pattern was ob-
served in watermelon (Hayata et al., 1995).
Nitsch (1952) suggested that fruit size and
shape are closely correlated with seed num-
ber and seed distribution in many species,
and Kurata (1983) reported that fruit devel-
opment is related to seed number in water-
melon. We found lower proportions of normal
seeds in CPPU-treated fruit than in control
fruit. Therefore, the number of seeds appears
to be one of the factors affecting fruit growth
in melon.

Treatment with CPPU did not affect the
SS of the placenta or mesocarp of seeded fruit,
but markedly reduced SS in the placenta of
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seedless fruit. This is consistent with thedayata, Y.1988. The effect of BA treatment on thevlasuda, M., H. Nagao, and S. Matsubara. 1990.
findings of Tanakamaru (1989), who reported setting and development of meloGucumis Growth and sugar contents of 2,4-D-induced
that CPPU treatment reduced the SS of melon MeloL.) fruit (in Japanese with English sum-  parthenocarpic melon fruits cv. ‘Earl’s

; inati i ; mary). Bul. Hiroshima Agr. Coll. 8:11-22. Favourite’ (in Japanese with English summary).
ILL;II Vr::;r? ﬂgﬂ:?:éﬁgr\%assﬂ?;re?ﬁ Stﬁgr?ﬁ;:)s']{!ayata!v, Y. N_iimi, and N. Iwasaki. 19_95. Syn- I_3u|. Okayama. Agr. Coll. 75:15-21.

. . . thetic cytokinin—1-(2-chloro-4-pyridyl)-3- Mori, Y., T. Okuda, and M. Kosuge. 1975. Study
fruit, and its content_ln both t_he placenta and phenylurea (CPPU)—promotes fruit set and on the stability of bearing and the elevation of
mesocarp was consistently higher than that of gy ces parthenocarpy inwatermelon. J. Amer. quality (sugar degree) in netted melons grown

either glucose or fructose in our experiment; soc. Hort. Sci. 120:997-1000. in the plastic greenhouse (in Japanese with
however, CPPU treatment also dramaticallyiyama, T. 1972. Melon and NAA (in Japanese). English summary). Bul. Fukui Agr. Expt. Sta.
reduced SS in the placenta of nonpollinated Protected Hort. 14:35-38. 12:11-22.

fruit. Seeds are thought to play an importaritNahOfi, S., S. Tominaga, and T. Yamasaki. 198&Nickell, L.G. 1986. The effect of N-(2-chloro-4-
role in promoting sink activity of fruit, thereby Stimulation of fruit growth kiwifruit Actinidia pyridyl)-N"-phenylurea on grapes and other

enhancing the accumulation of sugars. There- cr]inensisPIanch., by _N—(2—ch|0ro—4—py_ridy_|)— crgpsProc. Plant Growth Regulat. Soc. Amer.
fore, our data suggest that this reduction in N’-phenylurea, a diphenylurea-derivative-  13:236-241.
' . cytokinin. Scientia Hort. 35:109-115. Nitsch, J.P. 1952. Plant hormones in the develop-
sugar content_ cannot be attributed to CPP!ijones, C.M. 1965. Effects of benzyladenine on ment of fruits. Quart. Rev. Biol. 27:33-57.
treatment, butis probably aresultofthe absence fyt set in muskmelon. Proc. Amer. Soc. Hort.Ogata, R., T. Saito, and K. Oshima. 1988. Effect of
of seeds. Sci. 87:335-340. N-phenyl-N"-(4-pyridyl) urea (4-pu) on fruit
Kamiya, E. 1969. Culture and management of size: Apple, Japanese pear, grapevine, and kiwi
melon in greenhouse (in Japanese), p. 56—62. fruit. Acta. Hort. 239:395-398.

Banno, K., S. Hayashi, and K. Tanabe. 1986. Effect Seibundo Shinkosha Press, Tokyo. Takayama, G. 1970. Promoting fruit set of melon
of KT-30 spray on the growth and quality of Kondo, Y. and M. Murozono. 1974. Study on the  (in Japanese). Agr. and Hort. 45:839-840.
pear fruit (in Japanese). Abstr. Jpn. Soc. Hort. method of artificial fruit set in melon (in Japa- Tanakamaru, K. 1989. Development and charac-
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