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Abstract

The aim of this study was to understand the effects of partial ringing (bark removal) on tree size control and fruit quality of peach
(Prunus persica Batsch cv. ‘Hikawahakuho’). Partial ringing (PR) was performed on the bark, 2 cm long leaving a connecting strip
2 mm width on trunk. Bark was cut once (2 cm x 2 mm) or (8 cm x 2 mm) in experiment 1, cut once and weekly (2 cm x 2 mm) in
experiment 2. Shoot growth was lower in the partially ringed trees than the control. The bark growth resembled with the pattern of
shoot growth. Flower bud and fruit-set were higher in ringed trees than control trees. Tree circumference was higher above the
ringed portion than the lower part of the partially ringed trees. Moreover, pruned shoot weight was lower in partially ringed trees than
control trees (unringed). Fruit weight and maturity degree were higher in ringed trees than unringed ones. The results show that 97%
ringed bark strip can be effectively used to make peach trees dwarf and good fruit quality.
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Introduction

Among the several techniquesused to makethefruit tree dwarf,
partial removal of bark strip isan important one. Small, compact,
dwarfed or size controlled fruit trees provide easier pruning,
thinning, spraying and harvesting, high production of high-
grade fruit with lower cost of production (Tukey, 1964). The
primary factor limiting the use of size controlling rootstocksin
stone fruit production is the lack of suitable rootstocks with a
widerangeof compatibility among cultivars(De Jong et al., 2001).
Onguso et al. (2004) stated that in peach, shoot growth was
lower in bark ringed treesthan the control. Jose (1997) found
lower vegetative growth in all thetreatments of ringing (girdling)
to control mango trees. Arakawa et al. (1997) reported that in
appletree, trunk girth above the girdling significantly increased.
Onguso et al. (2004) recorded that trunk circumferencewashigher
abovetheringed portion. They alsoreported that sugarsand starch
content was higher in the bark above ringed than the portion
bel ow ringed stem.

Arakawaet al. (1997) gated that in appleflowering in thefollowing
spring significantly increased by girdling. Girdling also changed
thefruit quality i.e. increased SSC and reduced acid concentration
(Elfving et al.,1991; Greeneand Lord, 1983). Schneider (1954)
stated that girdling blocks the translocation of photsynthates
from leavestotheroot zone through phloem bundles. The block
decreases starch content in root system and accumulation of
sucrosein theleaves (Plaut and Reinhold, 1967). Hossain et al.
(2004) found that N and Ca content were higher in bark ringing
treated than the control trees. Johnson (1998) reported that
photosynthates produced in the leaves are partially and
completely stopped from reaching the roots by girdling. A new
partial ringing technique (theremoval of aring of bark 2 cmlong
toleaveonly a2 mm connecting strip) was used. Thereislimited
literature on the aspect and therefore, forms the basis of this

research. The objectives of this research were to study the
influence of different typesof bark ringing on shoot growth, bark
width, tree circumference, flower bud formation and the
relationship between bark width and shoot growth.

Materials and methods

Experiment 1

Site: The experiment was carried out at EhimeUniversity Farm
located in southern Japan, 33°57° N, 132°47 E at an el evation of
about 20 m above sea level. There is mild temperate climate
characterized by hot humid summer and cold dry winter. Thesoil
issandy loam with apH of 5.7.

Plant material: Two-year-old peach (Prunuspersica Batsch cv.
‘Hikawahakuhao') treesgrafted on wild form peach seedling socks
wereused in thisexperiment in May 2001. Thetreeswere paced
at 1.1 x 2.0 min acompletely randomized design. Fertilizerswere
applied totransplanted tree at therate of 10g each, N, Pand K
per treein thefirs year. Weeding and irrigation wereapplied at 7
daysintervals. Ringing wasdoneby removing apartial ring (2cm
or 8 cm long) with aknifetoleave aconnecting bark strip 2 mm
width on the trunk 15 cm above the ground level. There were
threetreatmentsand replicated four times. Thetreatmentswere
contral (noringing), partial ringing cut once (2 cm lengthx 2mm
width of bark) and partial ringing cut once (8 cm x 2 mm). Shoot
growth rate and bark width were measured weekly. Total shoot
length and tree circumference were measured after tree growth
stopped. Winter pruning was done and pruned shoot weight
wasmeasured.

Experiment 2
Theexperiment was carried out at thesamesiteasin exreriment 1.

Plant material: Three-year-old peach (Prunus persica Batsch
cv. ' Hikawahakuho') trees grafted on peach seedling stocks (wild
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form) were used in thisexperiment in May 2001. Thetreeswere
spaced at 1.1 x 2.0minacompletdy randomized design. Weeding
and irrigation weredoneat 7 daysintervals. N, PandK fertilizers
wereapplied at therate of 10g each, per tree, respectivelyinthe
firgt year. Partial ringing wasdoneby removingapartial ring2cm
long (with aknife) |eaving aconnecting strip 2 mmwidth of bark.
There were 3 treatments each with 4 replications used in the
experiment. The treatments were control (no ringing), partial
ringing (cut once) and partial ringing (cut weekly). Winter pruning
was doneand pruned shoot weight was measured. The experiment
was continued until 2005 to know the residual effect on tree
growth and trunk circumference. But thetreatmentswere applied
onlyin 2001. Percent flower bud, fruit set, fruit yied, fruit number,
fruit weight and maturity degree wererecorded.

Maturity degree: After harvesting, the fruits were kept in the
boxes according to the replications. The fruits were scored into
two groups (full ripen fruit was evaluated as score 5, and green
fruit was evaluated as score 1 by visual observation). Scores of
all replicationswere recorded, averaged and expressed asmaturity
degree.

Results and discussion

Experiment 1: Theeffect of 2cm x 2mmand 8cmx 2mmringing on
new shoot growth wasrecorded (Fig. 1). In ringed trees, growth
was lower than control (unringed) trees, while there was no
differencein growth between 2cm x 2mm and 8cm x 2mm ringed
treatments. However, new shoot growth increased from the 18-
12" week (May-August) inthecontrol, 2cm x 2 mmand 8cm x 2
mm treated trees. Therewasadifferencein growth between control
and treatments from week 2-8 weeks. Bark growth wasmeasured
for 14 weeks (May-August) to determinethere ationship between
bark and shoot growth (Fig. 2). Bark growth was higher in the
2cmx 2 mmringedtrees. But inlater stages, therewasnodifference
ingrowth between 2cmx 2 mmand 8cm x 2 mmringed trees. Total
shoot length and pruned shoot wei ght were measured at theend
of the active growth period (Table 1). The lowest total shoot
length was recordedin the8cm x 2 mm ringing treatments. There
was very little difference in shoot length between control and
treatments. Thelowest shoot weight wasin 2cm x 2 mm ringed
treesand the highest wasin control trees. Increasein bark width
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Fig. 1. New shoot growth in peach trees as influenced by different ringing
treatments. Vertical bars indicate SE (n=4). PR = Partial ringing.

Table 1. Total shoot length and pruned shoot weight of peach trees as
affected by partial ringing of different sizes

Treatment Total shoot length Pruned shoot weight
(cm) 9
Control 601.5+32.3 450.00£17.6
PR, (2cmx 2mm) 595.2+£21.2 443.33£24.5
PR, (Bcm x 2mm) 581.6+20.1 434.23+8.03
PR, and PR, are partial ringing treatments
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Fig. 2. Bark growth in peach as influenced by partial ringing. Vertical bars
indicate SE (n=4). Weeks are (0: May 25, 11: August 9). PR = Partial
ringing.
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Fig. 3. Correlation between shoot growth and bark width of peach trees.
A = Partial ringing cut once (2 cm x 2 mm), B = Partial ringing cut once (8
cmx2 mm).

and shoot growth exhibited positiverelationship (Fig. 3). Fig. 4A
showsinitial bark ringing structure (2 cm long x 2mmwide) in
peach trunk and 4B photos show thefinal bark width and trunk
circumference above and beneath thering. It was observed that
trunk circumference was more above the ringed portion than
bel ow thering.

Experiment 2: Theeffect of partia ringing (cut once) and partial
ringing (cut weekly) on total shoot length was recorded in 2001
and 2004 (Fig. 5). In partially ringed trees, it waslower in partially
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/me bark strip retained

Bark ring removed

Fig.4A. Bark ring structure (2cm length x 2mm width) at initial stage.
Fig. 4B. Photo shows the bark ring structure and trunk circumference (upper ring

and lower ring) at final stage after 4 months of ring application
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Fig. 6. Effect of partial ringing on trunk circumference (lower part from

ringing) of peach trees in different years. Vertical bars indicate SE (n=4)
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Fig. 7. Effect of partial ringing on pruned shoot weight of peach trees in
2001 and 2004. Vertical bars indicate SE (n=4).

ringed trees than the control trees (unringed) in both years. It
wasclear that there were differences between treatmentsin total
shoot length until 2004. Trunk circumference was observed in
2001, 2002 and 2004 (Fig.6). Moreover, after thetreeswerepruned
as dender spindle bush types, the pruned shoots were weighed
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Fig. 5. Effect of partial ringing on total shoot length in 2001
and 2004. Vertical bars indicate SE (n=4). PR = Partial
ringing.

and measured in 2001 and 2004 (Fig. 7). Thelowest pruned shoot
weight wasin ringed treesand the highest wasin control in both
the years.

Hower bud and fruit set were higher in ringed treesthan unringed
(control) trees(Fig. 8). It was observed that there was difference
in tree size among thetreatments and flowering was greater in
thepartially ringed (cut weekly) and partially ringed (cut once)
treesthan control. Fruit yield and number of fruitswaslower in
ringed treesthan control. Whereas, weight per fruit and maturity
degreewerehigher in ringed treesthan control trees(Table2).

Table 2. Effect of partial ringing on fruit yield and quality of peach

Treatment.  Fruitnumber Yield (kg) Fruit Maturity
tree’ tree’ weight (g) degree

2001

Control. 6.25£1.2 0.75£0.13 120+4.8 2.3+0.24

PR, 525+1.3 0.65+0.10 1255.2 3.0+0.27

PR, 411+10 051+0.11 124450 3.5+0.28

2005

Control 13.4+23 1.79%020 134260 25%0.23

PR, 185+32 245%026 1325#56 3.2x025

PR, 175%31 2.25%024 129.0+54 3.7+027

The results show that partial ringing is effective as dwarfing
component in peach trees |t was observed that new shoot growth,
total shoot length, pruned shoot weight werelower in theringed
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Fig. 8. Effect of partial ringing on percent flower bud and fruit-set.
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trees than the control. This might be due to suppression of the
cambial layer (phloem) in the bark. It has been reported that
nutrient sap may diffuselaterally or vertically if normal phloem
transport ischecked by ringing (Tukey, 1964). Thiswas observed
when cambium layer was suppressed by ringing and new shoot
growth, total shoot growth, pruned shoot wei ght and bark growth
were reduced. This demonstrates a clear relationship between
shoot and bark growth. Schneider (1954) stated that girdling
blocks the transl ocation of sucrose from |leaves to the root zone
through phloem bundles.

In thepresent investigation, moreeffectivetreatment waspartial
ringing (cut weekly) than partial ringing (cut once) for reduction
in shoot growth. It might be due to less suppression of food
movement between shoot and root by bark ringing. Carbohydrate
transport from leaves to roots smoothly through the phloem was
suppressed because the phloem wasreduced in width by ringing.
Onguso et al. (2004) stated that shoot growth was |ower in bark
ringing treated trees than the control in peach trees. Theresult
also was similar to Jose (1997). We found trunk circumference
was higher above the ringing and lower below the ringing.
Arakawa et al. (1997) reported that trunk growth above the
girdling wassignificantly increased and bel ow the treatment was
reduced in appletrees. Onguso et al. (2004) reported that trunk
circumferencewas higher abovethe bark ringing and lower bel ow
the ringing. They also reported that sugars and starch content
was higher above the bark ringing than the portion below the
ring. The block decreases starch content in root system and
accumulation of sucrosein theleaves (Plaut and Reinhold, 1967).
Hossain et al. (2004) found that N and Ca content werehigher in
bark ringing treated treesthan the control trees. It was observed
that flower bloomed washigher in theringed treesthan thecontral.

Hower bud and fruit-set were higher in ringed treesthan unringed
trees. Arakawaet al. (1997) stated that flowering in thefollowing
spring in apple was significantly increased by girdling. Per fruit
weight and maturity degree were higher in ringed trees than
unringed trees. Onguso et al. (2004) found that fruit quality was
higher in ringed treesthan control.

The results show that the residual effect of ringing treatments
wasfor 3days. In citrus, girdling caused asignificant decreasein
gibberellinslevel intheroot sysem (Wallergeinetal., 1974) and
since gibberellinsare presumed to synthesize partly in the roots
(Kende and Sitton, 1967) the decrease may be attributed to the
limited supply of photosynthatesasaresult of girdling. It might
bethat thereduced level of gibberdllinslower a- amylaseactivity
and thus preventsthehydrolys sof starch. Themetabolic sysems
might be involved in respiration, accumulation of 3-
phosphoglyceric acid and pyrophosphorylase activity (Beevers,
1969).

Theresultsshow that it is possibleto make peach tree dwarf on

vigorous rootstock by applying bark ringing. The technique
includes bark ringing and retaining a bark stripe (2mm), which

allowsthe plant tosurvive aswell asremain dwarf. Although the
techniquewas ableto explain that by applying 90% ringing plant
can besurvived and dwarfed. Somedifferenceswerehighlighted
including bark ringing maintained weekly more effective than
bark ringing maintained once. Fruit quality can beimproved by
using this technique. In addition, bark ringing reduces cost of
tree spraying and labour and thus fruit tree growers can usethis
dwarfing technique easily tomaketree szesmall.
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