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ABSTRACT

Fuji, Orin and Tsugaru apple cultivars were introduced from
Japan and planted in the experimental orchard of the Pomology
Department, Faculty of Agriculture, Cairo U niversity, Giza. They grew
vegetatively for 4 years without forming fruit spurs. Summer pruning
(tipping, bending and girdling) and paclobutrazol (pps33) alone or in
different combinations were tested on 2-year-old shoots for stim ulating
the formation of fruit spurs on these cultivars in comparison with Anna
apple. The combined treatments, specially tipping + bending + girdling
+ ppss; were significantly effective for producing fruit spurs than single
ones. Anna apple formed the highest significant number of spurs per
shoot, followed by Fuji then Orin, while Tsugaru cultivar had the
lowest tendency in this respect.

Distribution of fruit spurs along the shoot differed according to
the treatment and the cultivars. Either tipping or ppss; stimulated spur
formation at the terininal part; girdling enhanced it at the basal part, but
bending stimulated it at the medium part of shoot. Considering the
triple or tetra combined treatments, fruit spurs were mainly formed at
the medium part in Orin, terminal part in Fuji and at both parts in
Tsugaru shoots.

Chemical analysis revealed that higher contents of total
carbohydrates, C/N ratio, abscisic acid and indoleacetic acid, besides
low total nitrogen, protein and gibberellins may be in favour of fruit
spurs formation. '
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1. INTRODUCTION

Three apple cultivars namely Fuji, Orin and Tsugaru
(Appendix) were introduced in January 1996 from Japan through Japan
International Cooperation Agency (JICA) and planted in the
experimental orchard of the Pomology Department, Faculty of
Agriculture, Cairo university, Giza. They are the main apple cultivars
grown in Japan, Fuji (>50%), Orin and Tsugaru (both about 10%) as
cited by Neri and Sugiyama (2000). They are budded on Maruba-Kaido
(Malus prunifolia), a semivigorous to vigorous, the main rootstock in
Japan.

Fuji fruits can be stored in controlled atmosphere year-round
(good storage capacity),meanwhile Tsugaru fruits are of short life
(Jongpil et al., 1999). However, under our experimental conditions
either of the three cultivars failed to form fruit spurs and hence bore no
fruits through 4 years afier planting.

Dadu and Donika (1998) recorded that early summer pruning of
young apple trees is traditionally performed to stimulate the production
of fruiting spurs on older wood. Baolin er al., (1999) found that
drawing the branches of 4-year-old Fuji apple trees to an angle of 70-
80° in early April and girdling them at the base with a width of 1/10 of
base diameter greatly increase the number of fruit spurs and fruit set,
while untreated vigorous branches bore no fruit. Ferree and Schmid
(1999) added that bending vigorous laterals resulted in more flowering
spurs than heading for the apple cultivars, Gala and Red Cort.

Murav'ev (2000) concluded that early summer pruning of
apples significantly weakens growth and can be recommended as an
extreme measure for cultivars having vigorous renewal growth, eg
Orlovsky Sinap. Kondratenko er al., (1998)showed that girdling led to
deposition of excess assimilates in the form of starch, initiation of
photosynthesis, premature aging of the leaves and stimulated the
initiation of generative organs.

Treatment of paclobutrazol at 1000 ppm on 5-year-old Fuji
apple was most effective for increasing the number of flowers than
control. However, the combination of heading and paclobutrazol had
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greater effect on the production of fruiting spurs than each alone
(Ferree and Schmid, (1999). Nickel! (1982) ascribed the effect of ppa3;
to its retardational acts by reducing gibberellin production, therefore, it
can control the vegetative growth.

The present investigation was carried out to study the effect of
some summer pruning treatments and/or paclobutrazol for fruiting spur
formation on three newly introduced Japanese apple cultivars.

2. MATERIALS AND METHODS

This investigation was carried out during the two successive
seasons (1999-2000 and 2000-2001) at the experimental orchard,
Faculty of Agriculture, Cairo University, Giza on 4-year-old trees of
three Japanese apple cvs..ie. Fuji, Orin and Tsugaru in addition to
Anna cv. each grown on Malus rootstock. The frees were planted at 3x4
meters in clay loamy soil, trained as open vase shape system and were
mostly similar in growth. Three summer pruning treatments (tipping of
0.5-1 cm, bending at 70-80° and girdling by 1.0 cm ring) and spraying
with paclobutrazol (ppss:) at 1000 ppm on 15% July, in addition to
combinations between them besides untreated control trees.

Three trees, representing three replicates, were used for each
treatment. For each season, nine 2-year-old shoots were labelled per
tree on 15 July.

Percentage of spur formation on the selected shoots as well as
their distribution on shoot parts (terminal, medium and basal) were
determined at the end of the growing season (15" December).

Methanolic extracts (Diaz and Martin, 1972) of fresh samples
of spurs or buds plus nodal tissues all along the shoots of the tetra
combined treatment (tipping + bending + girdling + pps33) and control
respectively were prepared on the 15" of December for the
determination of endogenous hormones (abscisic acid, gibberellins and
indoleacetic acid) using Gas Liquid Chromotography (GLC) as adopted
by Davis et al., (1968).

In addition, total carbohydrates (Smith et al, 1956), total
nitrogen (Pregal, 1945), C/N ratio and total protein werc estimated in
dried samples.

Data were tabulated and statistically analyzed according to the
complete block design ( Snedecor and Cochran, 1972). Means were
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compared using New LSD value at 5% level (Waller and Duncan, 1969). The
percentages were transformed into angles before subjecting to statistical
analysis,

3. RESULTS AND DISCUSSION

3.1. Spur formation
3.1.1. Percentage of spurs per shoot

Data presented in Tables 1 and 2 and F igs. 1 and 2 reveal that control
trees of the three newly introduced Japanese apple cultivars fai.ed completely
to form spurs. Meanwhile Anna cv. formed 25 8 & 29.07% spurs per shoot at
the two seasons, respectively. On the other hand, all treatments significantly
increased the percentage of spur formation in the four apple cultivars under
study. The combined treatments were much more effective in this concern than
either of the single treatments. The most promising treatment for all cultivars
under study was the combined treatment (tipping + bending + girdling + ppss3).
It was followed by triple combined treatments (bending + girdling + PPs33),
(tipping + bending + girdling) then (tipping + bending + pp;s3) in descending
order.

Table (1): Effect of some treatments on spur fermation % per shoot of newly introduced

Japanese apple cultivars in comparison with Anna apple (Season 1299-2000).

Cultivars Orin Fuji Tsugaru Anna Mean
Treat.
Tipping 1.68 833 8.05 30.78 12.26
Bending 4.23 11.22 8.7 28.08 13.6
Girdling 8.05 11.60 744 26.3 13.35
Ppass 3.21 7.90 951 36.84 14.23
Tipping + Bending 224 32.04 16.65 54.18 34.87
Tipping + Girdling 22.8 345 18.72 51.21 31.80
Tipping + pps33 29.1 32.07 15.78 47.34 31.07
Bending + Girdling 27.81 339 17.04 47.19 31.48
Bending + ppsa; 25.83 35.1 14.25 358 33.49
Girdling + ppas; 28.32 40.15 19.35 50.04 34.46
Tipping + Bending + 56.1 43.08 24.48 65.4 47.26
Girdling
Tipping + ppass + 48.0 483 2568 64.23 46.55
Bending
Bending + ppssz + 552 50.3 31.77 69.3 51.64
Girdling
Bending + ppas: + 65.7 64.53 34.11 70.44 58.7
Girdling + Tipping
Control 0.0 0.0 0.0 25.8 6.46
Mean 8.85 10.07 5.66 16.09
New L.S.D at 0.05 for:

Treat.: 1.455 Cvs :0.93 Treatx cvs: (.84
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Table (2): Effect of some treatments on spur formation % per shoot of
newly introduced Japanese apple cultivars in comparison with
Anna apple (Season 2000-2001).

Cultivars | Orin Fuji Tsugar: | Anna | Mean
Treat.
Tipping 1.95 11.1 12.6 33.18 14.7
Bending 5.7 14.76 13.59 33.0 14.26
Girdling 8.49 14.50 13.38 28.8 16.29
Ppss; 447 9.54 16.5 20.16 | 12.66

Tipping + Bending | 28.5 | 3573 | 2433 | 57.75 | 36.57
Tipping + Girdling_| 27.18 | 37.47 2433 | 5427 | 3581

Tipping + ppss 288 | 36.0 20.04 1 495 [ 33.59
Bending + Girdling | 31.38 | 44.49 23.85 | 49.83 | 37.39
Bending + ppss 315 | 43.56 18.12 | 5856 | 334
Girdling + pp;5; 2898 | 472 2739 [ 4971 | 3832

Tipping + Bending | 56.37 | 55.98 28.14 63.48 | 50.99
+ Girdling
Tipping + ppsss + 5298 | 64.59 31.38 65.85 53.7
Bending
Bending + ppss; + 57.66 | 62.49 41.88 80.49 | 60.63
Girdling
Bending + pp;3; + 65.1 68.85 45.0 77.13 | 64.02
Girdling + Tippin
Control 0.0 0.0 0.0 29.07 7.27
Mean 28.60 | 40.58 22.7 50.05
New L.S.D at 0.05 for

Treat : 1.983

Cvs :0872

Treat x cvs : 0.611

The double combined treatments gave less stimulatory effect on
spur formation, although they were significantly higher than the single
treatments. This trend was true for all the cultivars under investi gation
in both seasons. Anna apple showed the highest significant number of
spurs per shoot, followed by Fuji then Orin, while Tsugaru formed the
lowest number ifi both seasons of the present trial.

These findings are in parallel with those found by Dadu and
Donika (1998), Baolin et al., (1999), Ferree and Schmid (1999) and
Murav’ev (2000) on different apple cultivars. The effect of tipping and
bending may be due to the controlling of apical dominance phenomenon,
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ie., the inhibition of lateral bud growth by auxin emanating from the
apical bud (Devlin, 1972). Nickell (1982) ascribed the effect of ppss; to
its retardational acts by gibberellin production and hence govern
vegetative growth. Moreover, Kondratenko ez al., (1998) showed that
girdling leads to deposition of excess assimilates in the form of starch
and stimulates the initiation of generative organs.

3.1.2. Distribution of spurs at shoot parts

Spur formation percentages at the three shoot parts (terminal,
median and basal) of the four apple cultivars under study as affected by
the treatments are presented in Tables 3 and 4. Generally the mean
values indicate the highest significant percentage of spur formation on
the median part of the shootin Orin and Anna apple cultivars, but it
was at the terminal part in Fuji and at both terminal and median parts of
the shoot in Tsugaru cultivar. Similarly, SungDo and Heejae (1999)
found that Fuji apple produced higher percentage of terminal flower
buds than Jonagold cultivar. This trend was ascertained in the tetra
combined treatment (tipping + bending + girdling + pps33) in all
cultivars under study as well as in the triple combined treatments in the
Japanese cultivars.

It is worth to mention that single treatments :ad different
promising effects on the distribution of fruiting spurs along the shoot of
Japanese apple cultivars under investigation. Either of tipping or ppsa;
stimulated spur formation at the terminal part, meanwhile girdling
promoted it at the basal part, but bending enhanced spur production at
the median part. On the other side, all the single treatments stimulated
spur formation only at the middle part of Anna shoots. This difference
may be due to the fact that Anna apple bears flowers on shoots and
spurs, while Japanese apple cultivars bear its flowers only on spurs.

3.2. Chemical contents of buds and spurs

Buds plus nodal tissues of control and spurs of tetra combined
treatment (tipping + bending + girdling + ppsi;) were analyzed for
determination of total carbohydrates, nitrogen, C/N ratio and protein
(Table, 5) as well as endogenous gibberellins, abscisic acid and
indoleacetic acid (Table, 6). :

Total carbohydrates and C/N ratio were significantly increased
in spurs; meanwhile total nitrogen and total protein tended to decrease
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in spurs of the treated trees of all apple cultivars under study as
compared with buds of control trees. In this respect, Hao ez al. (1991)
found that paclobutrazol application to delicious apple increased leaf
content of chlorophylls, starch, carbohydrates and soluble sugars and
most amino acids, but had little effect on total protein. Moreover,
Huang er al., (1995) on four-year-old apple cv. Aki Fuji trees
demonstrated that paclobutrzol treatment increased photosynthetic rates
and dry matter accumulation in roots than those of untreated trees.

Determination of endogenous hormones (Table, 6) revealed
a significant increase in spur content of abscisic and indoleacetic acids
and a decrease in gibberellins in the treated trees as compared with
those in buds of the untreated ones (control). Similarly, Niu et al.,
(1994) showed that leaf ABA content of apple trees was increased due
to paclobutrazol treatment and this was concomitant with the increase
of flower initiation. The significant reduction in gibberellins in the
fruiting spurs due to the tetra combined treatment under study than
vegetative buds of control trees would confirm the findings of Marino
and Greene (1981) on early Mclntoch apple that gibberellins inhibit
flowering on both spurs and one year old wood.

In conclusion, it appeared that high total carbohydrates, C/N
ratio, abscisic acid and indoleacetic acid besides low total nitrogen,
protein and gibberellins may favour the production of fruit spurs on the
Japanese apple cultivars. Therefore , the treatments that could drive the
chemical content in this direction may stimulate formation of fruiting
spurs.
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