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Abstract
In mechanical grafting, as the axes of scions androotstocks are grasped by mechanical hands, it is necessary to control the length of axes in the grafting procedures.
Therefore, this study was conducted to analyze effects ofuniconazole andgibberellic
acid application on the axis length of figleaf gourd, a rootstock for cucumber. Elongation of hypocotyl and intern odes was more inhibited by immersion of seeds in
uniconazole at increasing concentrations ranging from 1 to 100 mg/I. However,
spraying of 50 mg/I gibberellic acid at the cotyledon-unfolded stage enabled to
recover the inhibition of intern ode elongation by uniconazole. The elongating effect
was enhanced by the increase of the concentration of gibberellic acid up to 50 mg/I,
but not at 100 mgil. It was suggested that the length of the hypocotyl andinternodes
of figleaf gourd can be controlled by the application of uniconazole and gibberellic
acid.
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Introduction
In Japan, failure of vegetable production associated with continuous cropping was ascribed
in 800Jo of the cases to the incidence of soilborne diseases and nematodes 13>. To prevent
the occurrence of soil-borne diseases and nematode damage, grafted plants have been used for
the production of fruit-bearing vegetables. In
Japan, 930Jo of watermelons, 72'1/o of cucumbers, 500Jo of eggplants, 320Jo of tomatoes and
30<t/o of all types of melons are produced using
grafted plants 6>.
Grafting, however, is laborious and timeconsuming. Since the labor required for grafting accounts for 520Jo of that for growing

transplants 5>, farmers and nurseries need a
grafting aid. To address this problem, mechanical grafting of fruit-bearing vegetables has been
studied in Japan since 1987, including the use
of adhesive and hardener system for mechanical grafting 4 •10>, hardware system 2 •11> and software to increase the survival rate 8 •9>. Recently,
five small tomato plants have been grafted
simultaneously with grafting plates 7> which is
considered to be the optimum method for
mechanical grafting due to the high adaptability to small plants growing in plug trays. In
mechanical grafting, since the axes of scions
and rootstocks have to be grasped by grafting
plates or mechanical hands, the length of the
hypocotyl and internodes must be controlled
for effective grafting by the instruments.

196

JARQ 28(3) 1994

Growth reguJators may be applied to control the hypocotyl and internode elongation.
Gibberellic acid promotes stem elongation,
whereas uniconazole inhibits it. Foliar spray
application of uniconazole reduced the plant
size of petunia, impatience, salvia and
marigold 1>, height of tomato 15> and potted
lisianthus 12 >. On the other hand, gibberellic
acid was effective in promoting the shoot elongation of hibiscus previously delayed by a
drench application of uniconazole 14>. Izumi et
al. 3> reported that uniconazole inhibits gibberellin biosynthesis in rice plants.
In the presem study, the control of the length
of the bypocotyl and intemodes of figleaf
gourd, a rootstock for cucumbers, was examined by treatment with various concentrations
of uniconazole and gibberellic acid at different
stages of the plant.

Mat.erials and methods

plants at the 1.3-leaf stage on 4 September.
Twelve plants were treated with 2 ml/plant of
gibberellic acid at concentrations of 0, I, 10,
50 or LOO mg/ /. Length of hypocotyl and internodes was measured 9 days after spraying
of gibberellic acid.

Results and discussion
Seeds of figleaf gourd were immersed in
uniconazole at various concentrations and
sprayed or not sprayed with 50 mg// gibberellic acid when cotyledons had unfolded. The
length of the hypocotyl and internodes 14 days
after spraying of gibberelJic acid is shown in
Fig. I. The length of the hypocot.yl and internodes decreased with the increase in the concentration of uniconazole, but no germination
was observed at 500 mg/ I uniconazole. Seed
immersion in uniconazole solution was effective in inhibiting the hypocotyl and internode

elongation with increasing concentration of
I} lnhibilion of axis elongation by uniconazole
Seeds of Cucurbita ficifolia Bouche cv.
Kurodane were immersed in solutions of
uniconazolc at concentrations of 0, I, I0, I 00
or 500 mg// for 20 hr. The seeds were sown
in plastic pots (700 ml) containing an equal
amount of both Andosol and bark compost fertilized with 0.21N-0.21P-0.18K g// on 21 July
1989 and grown in a glasshouse at 25 ± 6°C (airtemperature). Gibberellic acid (0.5 ml) at a
concentration of 50 mg// was sprayed on each
plant which had unfolded cotyledons on 28
July. Length of hypocotyl and intemodes of
six plants in each treatment was measured on
11 August, 21 days after sowing. Pictures of
the plants were taken on 2 and 11 August.

2)

Promotion of axis elongation with gibberel/ic acid

Seeds of 'Kurodane' were immersed in I mg//
uniconazole for 20 hr and sown in potted soil
on 23 August. Tbey were grown in a glasshouse. Gibberellic acid was sprayed on the

uniconazole. On the other hand, the length of
the hypocotyl and internodes increased by
spraying of gibberellic acid at 50 mg/I. In the
plants treated with gibberellic acid, the tota l
length of the hypocotyl and internodes
decreased with higher concentration of uniconazole up to 10 mg//. However, the length at
10 and 100 mg// uniconazole was a lmost the
same. Growth retardation by uniconazole was
alleviated by the application of gibberellic acid
at higher internodes. In petunia, impatiens, salvia and marigold, foliar spray application of
uniconazole at concentrations from 10 to 160
mg/ I produced smaller plants than untreated
control plants 1> and spraying of uniconazole
at 5 and 10 mg// also reduced the height of
lisianthus 12>. As a result, variation in the length
of the hypocotyl and internodes was obtained
by the combined application of uniconazolc and
gibberellic acid.
Morphology of figleaf gourd whose seeds
were immersed in various concentrations of
uniconazole and sprayed or not sprayed with
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whose seeds were immersed in various concentrations
of uniconazole (0-100 mg//) for 20 hr
( +): Sprayed with 50 mg// gibbcrellic acid when
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Length of hypocotyl and internodes of figleaf gourd
9 days after spraying of gibberellic acid on the seedlings at 1.3-leaf stage
Seeds were immersed in I mg// uniconazo le for 20
hr and sown.
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50 mg// gibberellic acid when the cotyledons
had unfolded is shown in Plate 1. Seed immersion in uniconazole resulted in the reduction of the size of the leaf and petiole, whereas
the effect of gibberellic acid was opposite.
Changes in the plam morphology were clearly
apparent 5 days after spraying of gibberellic
acid. Leaf size and petiole were larger than
those of untreated control plants. However,

the shape of the plants treated with 100 mg//
uniconazole and 50 mg// gibberellic acid was
simiJar to that of untreated control plants, except for the ratio of bypocotyl and internode
length.
Length of bypocotyl and internodcs of figleaf
gourd 9 days after spraying of gibberellic acid
on the seedlings at the 1.3-leaf stage following
seed immersion in I mg// uniconazole is shown

Plate l. Morphology of figleaf gourd whose seeds were immersed in various concentrations of uniconazole (0- 100 mg//) for 20 hr
( +): Sprayed with 50 mg/ / gibberellic acid 7 days after sowing when
cotykdons unfolded.
( - ): Not sprayed.
Pictures were taken a t 12 days (top) and 21 days (bottom) after sowing.
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in Fig. 2. T he application of gibberellic acid
resulted in the elongation of the internodes of
the plants whose seeds had been immersed in
I mg// uniconazole but not in that of the
hypocotyl. The length of the hypocotyl and
internodes increased with increasing concentration of gibberellic acid up to 50 mg//, while
the values at 100 mg// were almost the same
as those at 50 mg//. In hibiscus, the application of gibberellic acid at a concentration of
50 mg// was effective in promoting the elongation of shoots previously delayed by the application of uniconazole while at 25 mg// the
growth retardation of rice 14> associated with the
application of uniconazole was alleviated. I n
the present experiment, leaf size, petiole and
height of plants increased wit h increasing concentration of gibberellic acid up to 50 mg//.
Based on these results, it is concluded that
the length of the stem and internodes of figle.af
gourd for rootstock can be controlled by treat-

ment with uniconazole and gibberellic acid.
Plants with a shorter hypocotyl and longer internodes but with a similar height to that of
untreated control plants can be obtained by immersing seeds in I mg// uniconazole and spraying of 50 mg// gibberellic acid at the
cotyledon-unfolded stage.

References
1) Barrett, J. E. & Nell, T. A. (1992): Efficacy
of paclobutrazol and uniconazole on four bedding plant species. HortScience, 27, 896 - 89'7.
2) Honami, N. et al. (1992): Robotization in the
production of grafted seedlings. Acta Horticulturae, 319, 631-634.
3) Izumi, K. et al. (1984): Effects of a new plant
growth retardant (E)-1-(4-chlorophenyl)-4,4di methyl-2-( 1,2,4-triazol-1-yl)- l -penten-3-o l

199

(S-3307) on the growth and gibberellin content
of rice plants. Plant Cell Physiol. , 25, 611 -617.
4) Morita, S. (1988): A new method of grafting
by the application of an adhesive in fruit
vegetables. Agric. Hort. , 63, 1190- 1196 [In
Japanese].
5) Oda, M. (1990): Grafted plant 'Tomapina'
bearing three kinds of fruit. Japan Tobacco
Inc., Oyama, 108pp. [I n Japanese].
6) Oda, M. {1993): Present state of vegetable
production using grafted plants in Japan. Agric.
Hort., 68, 442-446 [I n Japanese].
7) Oda, M. et al. (1994): Simultaneous grafting
of young tomato plants using grafting plates.
Scientia Horticulurae (in press).
8) Oda, M. , Tsuji, K. & Sasaki, H. (I 993): Effect
of hypocotyl morphology on survival rate and
growth of cucumber seedlings grafted on Cucurbita spp. JARQ, 26, 259-263.
9) Oda M. et al. (1993): Factors affecting the survival of cucumber plants grafted on pumpkin
plants by horizontal grafting at the hypocotyl
level. Bull. Natl. Res. Inst. Veg. Ornam. Plams
& Tea, A9, 51-60.
JO) Oda M. & Nakajima, T. (1992): Adhesive grafting of Chinese cabbage on turnip. Hor/Science,
27, 1136.
11) Onoda, A., Kobayashi, K. & Suzuki, M. (1992):
The study of the grafting robot. Acta Horticulturae, 319, 535-540.
12) Starman, T. W. (1991): Lisianthus growth and
flowering responses to uniconazole. Hor/Science, 26, 150-152.
13) Ta kahashi, K. (1984): Injury by continuous
cropping in vegetables - Various problems in
the cultivation using grafted planrs. Yasaishikenjo Kenkyushiryo, 18, 87 -99 [In Japanese].
14) Wang, Y. T. (1991): Growrh stage and site of
applicarion affect efficacy of uniconazole and
OA3 in hibiscus. Hor/Science, 26, 148-150.
15) Want, Y. T . & Gregg, L. L. (1990): Uniconazole controls growth and yield of greenhouse
tomato. Scientia Horticulturae, 43, 55-62.

(Received for publication, Feb. 23, 1994)

