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ABSTRACT

The experiment was conducted at the Experimental Orchard in Dabrowice, near
Skierniewice, from 1994 to 2000. Apple trees of the cultivar ‘Sampion’ on semi-
dwarfing M.26 rootstock were planted 1.8 x 4 m apart. Trees were trained either
according to the four-leadered ‘Mikado’ method or to the spindle method.

Spindle trees were more vigorous than ‘ Mikado’ trees, probably because they have
only one main leader, whereas ‘Mikado’ trees have four. ‘Mikado’ trees had higher
yields and better colored fruits. ‘Mikado’ trees had higher total leaf areas, higher leaf
area indices, and intercepted more incident light. Trees trained as ‘Mikado' had also
very good light distribution in the whole volume of the canopy. Light distribution in
the ‘Mikado’' canopies was more uniform than in the spindle canopy. The ‘Mikado’
system is a superior method to ensure high yields of high-quality apples. Only the
high cost of the supporting framework limits its broader application.

Key words. apple tree, training and pruning, growth, yield, fruit quality, light
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INTRODUCTION sper-densdy planted  orcherds. In

Extensive studies have been carried
out recently in Europe on growing
dwarf and semi-dwarf gpple trees with
spindle, super-spindle or open canopies
in orchards with 700 to 10,000 trees per
hectare. Light intengty is a critica
factor in yidd and fruit qudity. It is
possible to provide trees with adequate

young orchards which are planted
moderately densely, light interce-
ption is insufficient, which reduces
yield. In densely planted orchards,
60-70% of the light reaching the
canopies is intercepted within two or
three years after establishing the
orchard. Light distribution within the
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canopiesis not uniform, which means
that part of the crop will not be of the
highest qudity. The pattern of light
intengity in open canopies, suchas V',
‘Mikado’, and ‘Solen’, promotes high
fruit qudity. Insufficient light intendty
in orchards planted in multiple rows
resultsin poor fruit quality.

In Europe, most dwarf and semi-
dwarf apple and pear trees are trained
as spindles. Most canopy forms
produced by lightly pruning and ben-
ding the shoots promote early and
heavy cropping (Mika, 1973). Many
tree-training methods have recently
been modified with atention to tree
planting dengity, light intensity patterns
in the orchard, and fruit quaity (Mika
and Antoszewski, 1974).

Densdy planted apple trees trained
as oindles intercept sufficient light and
produce high yields. Mutud shading
reduces light intengity insde spindle
canopies, which delays and hampersthe
development of flower buds and fruits
(Pamer, 1974).

The spindle canopy works best with
for trees with low or moderate vigor.
Excessive growth may be aproblem in
densdy planted orchards. Tree training
methods that smplify tree shaping,
alow optima use of orchard space,
promote light interception, and ensure
uniform light digtribution need to be
devel oped.

The common feature of spindle,
super spindle, espdier and  axid
canopiesis a centra leader from which
wesker laterd shoots branch out. Trees
with centrd leaders can be planted
farly densdy in arow in hedge systems
(Liebster and Pesserl, 1982). Trees can
aso be trained to have open canopies,
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in which severa leaders are directed
away from the axis of the row towards
the dleyways. In some fruit growing
regions, especidly in Switzerland,
France, Germany, USA, New Zedand
and Augtraia, many orchards with open
tree canopies are being established.
Each canopy has a least two leaders
spread out on V' or ‘Y’ shaped frames
to provide adequate light distribution.
Open canopies increase light inter-
ception and light penetration to the
center of the canopy, improving yieds
and fruit quality.

Widmer and Krebs (1996) from
the Ingtitute in Glttingen in Switzer-
land have developed the open canopy
systems cdled ‘Mikado' and ‘Drilling’,
which reduce the number of trees
planted per unit area and make full use
of orchard space. In these systems,
three or four main scaffold branches
are tied to stakes and wires sus-
pended two meters above the ground.
These branches are directed away
from the center of the row towards
the alleyways at an angle of 25° and
form leaders.

Recent Swiss studies have shown
that trees planted and trained at an
angle have higher yields and better
fruit quality than trees trained verti-
cally. Trees trained according to the
‘Mikado system already produce
abundant, high-quality fruit in the
third year after planting (Widmer and
Krebs, 1996).

MATERIAL AND METHODS
The experiment was conducted at

the Experimental Orchard in Dabro-
wice, near Skierniewice, from the
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spring of 1994 to the autumn of 2000.
Appletress of the cultivar * Sampion’ on
semi-dwarfing M.26 rootstock were
planted 1.8 x 4 m gpart. The tree rows
were digned north-south. Trees were
trained ether according to the four-
leadered ‘Mikado' method or to the
spindle method.

The experiment was designed as
arandomized block with three repli-
cates. Each plot consisted of arow of
six trees. Thestewas drip irrigeted, and
in the third year after planting, grass
was established in the dleyways.

Tree vigor was estimated by mea-
suring trunk diameter, total annua
shoot length, and total annual shoot
count. Trunk diameter was measured
every year 30 cm above the ground.
Total annual shoot length was mea-
sured only in 1999. Yield, size and
color were recorded from 1995 to
1999. In September 1999, the tota
area of the leaves of one tree of each
canopy type was measured using an
Area Measurement System (Delta-T
Devices Ltd., Great Britain).

Light interception was measured
from May to June in 1999 and 2000
with a Tube Solarimeter type TSL
(Ddta-T Devices Ltd., Greet Britan).
Solarimeters were placed a ground
level under the tree canopy and in the
aleyways. One solarimeter was placed
above the tree canopy to measure
incident light. Light interception was
cdculated as the difference between
incident and transmitted light.

Light distribution was measured
on sunny days from June to Sep-
tember in 1999 and 2000 with a Sun-
Scan Probe type SS1 (Ddta-T Devices
LTD, Greset Britain). Light distribution
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indde the tree canopies was measured
a 05, 1.2 and 1.8 meters above the
ground.

Data were datistically evaluated
by R.A. Fisher’'sanalysis of variance.
Significance of differences between
means was determined by Duncan’s
test aa P = 0.05. Most statitical
calcu-lations were carried out on the
results from direct measurements.
Vaues expressed as percentages,
such as fruit size and color, were
transformed by Bliss' method.

RESULTS AND DISCUSSION

From 1994 to 2000 there was little
difference in trunk growth between
trees trained with the ‘Mikado' system
and trees trained with the spindle
sysem (Tab. 1). ‘Mikado’ trees were
dightly less vigorous than spindle trees.

When shoots were counted and
measured in 1999, ‘Mikado’ trees had
sgnificantly fewer and shorter shoots
than spindle trees (Tab. 2).

In the first two fruit-bearing
seasons, spindle trees yielded dightly
better. In the next three seasons, there
was no difference in yield between
‘Mikado’ trees and spindle trees. In
subsequent  years, ‘Mikado’  trees
yidded dgnificantly better than
spindletrees (Tab. 3).

Thetotd yield for thefirst five years
of fruit-bearing was dightly higher for
the ‘Mikado’ trees than spindle trees.
‘Mikado’ trees produced 14.3 tons more
fruit (Tab. 4).

In 1997 and 1998, ‘Mikado’ trees
had a sgnificantly higher productivity
index than spindle trees (T&b. 4).
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Table 1. Trunk cross-sectional area of ‘ Sampion’/M.26 apple trees

- Trunk cross-sectional area
Training P
em [cmT
¥ 1994 | 1995 1996 1997 1998 1999 2000
‘Mikado' | 4.2 85a 132a | 181la | 229a | 3l2a 439a
a*
Spindle 35a| 91a 145a | 19.6a | 264a | 352a 479a

*Means followed by the same letter do not significantly differ at P = 0.05. Comparisons are valid within

the same column

Table 2. Shoot length and shoot count of * Sampion’ /M.26 apple trees

Trainin Total annua Total annual Mean annual
stemg shoot length shoot count shoot length
R [m/tree] per tree [cm]
‘Mikado' 35.9a 168.8 a 210a
Spindle 456 b 1924b 23.6b
* For explanation, see Table 1
Table 3.Yielding of ‘Sampion’/M.26 apple trees
Trainin Yield
Stemg [kg/tree]
R 1995 1996 1997 1998 1999
‘Mikado’ 0.7a 14.8a 270a 44.1b 41.3b
Spindle 16a 185a 25.6a 37.8a 341a

* For explanation, see Table 1

Table 4. Productivity index and total yield of * Sampion’/M.26 apple trees

Training Productigity index Total yield | Tota yield
system [kg/lcm® TCSA] 1995-1999 | 1995-1999
1995 | 1996 | 1997 | 1998 | 1999 [kg/tree] [t/hal
‘Mikado’ | 0.1a| 1.1a | 15b | 19b | 13a 127.8a 1775
Spindle 02a| 13a | 13a | 14a | 10a 1175a 163.2

* For explanation, see Table 1

In 1996, the third year after planting,
gpindle trees produced the most apples
less than 75 cm in diameter, and
‘Mikado' produced the most agpples
greater than 7.5 cm in diameter. Only
25% of the gpples from ‘Mikado’ trees
were less than 7.5 cm in diameter.
Almost 50% of the apples from spindle
trees were lessthan 7.5 cm in diameter.
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‘Mikado’ trees produced significantly
more apples greater than 7.5 cm in
diameter than spindletrees.

>From 1997 to 1999, the percen-
tages of apples in each size class
were similar for both ‘Mikado’ trees
and spindle trees (Tab. 5).

In all years, and especialy from
1997 to 1999, ‘Mikado' trees produ-
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Table 5. Percentage of applesin different size classes of * Sampion’/M.26

Traning 160,65 cm| 6.5-7.0 cm| 7.0-7.5 cm | 7.5-8.0 cm | 8.0-8.5cm | 8.5-9.0cm
system

1996

‘Mikado’ 0.8a 45a 199a 33.0a 29.7b 121a

Spindle 27a 144 a 305a 3l2a 14.7 a 6.5a
1997

‘Mikado’ 10a 6.4a 20.6a 30.3a 319a 9.8a

Spindle 0.7a 5.8a 199a 336a 322a 78a
1998

‘Mikado’ 04a 18a 9.7a 232a 448 a 20.1a

Spindle 00a 09a 9.3a 259a 416a 223a
1999

‘Mikado’ 04a 5.6a 219a 320a 254 a 14.7a

Spindle 02a 43a 20.0a 283 a 26.7a 205a

* For explanation, see Table 1

Table 6. Color development in apples of * Sampion’/M.26

Training Percentage of apples with more than 75% blush on surface
system 1996 1997 1998 1999
‘Mikado’ 69.3a 88.1b 87.0b 82.8b
Spindle 62.1a 785a 75.2a 64.2 a

* For explanation, see Table 1

Table 7. Total leaf area, leaf areaindex and light interception of * Sampion’/M.26

apple tree
Training Leaf Number | Meanleaf | Areaunder | Leaf | Percentage of
system area of leaves area canopies area light
[mP/tree] | per tree [cm?] [m?] index | intercepted
1999 | 2000
‘Mikado' 18.8 12990 14.5 45 4.2 60 61
Spindle 12.3 7830 15.6 45 2.7 46 60

ced better colored apples, with blu-
shing over more than 75% of the
fruit surface (Tab. 6).

In 1999, total leaf area was
measured for one representative tree
of each canopy type. The total leaf
area of the ‘Mikado’ tree was 33%
greater than the total leaf area of the
spindle tree. The ‘Mikado’ tree had
12,990 leaves, while the spindle tree
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had 7,830 leaves. The leaf area index
was 4.2 for the ‘Mikado’ tree, and
2.7 for the spindle tree. The higher
leaf area index observed with the
‘Mikado' tree is typica of super-
dense systems (Tab. 7).

Light interception was measured
in 1999 and 2000. ‘Mikado’ trees,
with a total leaf area of 18.8 m?
intercepted 60% of the incident sun-
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light in both years. Spindle trees,
with a total leaf area of 12.3 m?
intercepted 46% of the incident
sunlight in 1999, and 60% in 2000.
‘Mikado’ trees, with their larger total
leaf areas, intercepted more light and
produced higher yields (Tab. 7).

In 1999, light distribution was
more uniform in ‘Mikado’ canopies
than in spindle canopies. In spindle
trees, light intensity was very low in
the middle part of the canopy, and
very high in the upper part of the
canopy. Because most fruits are
present in the middle and upper parts
of the canopy, uneven light distri-
bution adversely affects the unifor-
mity of fruit maturation, size and
quality. In ‘Mikado' canopies, bran-
ches are directed outward, opening up
the upper part of canopy and dlowing
more light to penetrate to the rest of the
canopy. This promotes uniform fruit
qudity and higher yields.

In 2000, light digtribution was more
uniform in dl pats of ‘Mikado
canopies than in spindle canopies. In
‘Mikado’ trees, light intendty was good
a both 1.2 m and 1.8 m. Because
‘Mikado’ trees do not have a centra
leader, light distribution was as good in
the centers of the canopies as at the
peripheries. In spindle canopies, light
intensity was lower near the leader at
al heights (Fig. 1). In the center of
‘Mikado’ canopies, light intensity
was over 600 watts/m?. In the center
of spindle canopies, light intensity
was a little over 200 watts/m?. Light
intensity in the center of spindle
canopies was very low.

In August 2000, trees were
pruned to increase the amount of
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light penetrating to the middle of the
canopies and thereby improve fruit
quality. Light distribution was again
measured towards the end of vegeta-
tive growth. Summer pruning had
indeed improved light distribution in
al parts of both ‘Mikado’ and
spindle canopies. In ‘Mikado’ trees,
summer pruning permitted more
sunlight to reach the middle and
upper parts of the canopy than the
periphery. This was not the case with
spindle trees. Even after summer
pruning, the centers of spindle cano-
pies near the leaders were poorly lit
at al heights (Fig. 2-3).

Canopy form affected tree vigor
as expressed by trunk cross-sectional
area and total annua shoot length.
The ‘Sampion’ trees grew poorly in
the local sandy soil. Trees grafted on
rootstock M.26 grew satisfactorily.
The canopy volume of ‘Mikado’
trees increased very quickly, with
moderate lateral shoot development.
In spindle canopies, many strong
shoots grew out in the upper and
middle parts of the canopy because
of the vertical position of the main
leader. Heavier pruning was neces-
sary to restore the conical shape of
the canopy.

‘Mikado' trees vyielded better,
which agrees with the results
obtained in Switzerland (Widmer and
Krebs, 1996). ‘Mikado’ trees, with
their four main branches directed
outward towards the alleyways, are
well lit from the top, which permits
quick and thorough filling of the
orchard space. Good light distri-
bution and moderate lateral shoot
development promote early bearing.

Fruit Ornam. Plant Res. vol. 12, 2004: 49-60
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Figure 1. Light distribution from the periphery to the middle of canopy (MC) at 3 levels (0.5, 1.2, 1.8 m) of ‘Sampion’ apple trees
trained as Mikado and spindle (A,B) and mean illumination at 3 levels (C,D)
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Figure 2. Light distribution from the periphery to the middie of canopy (MC) at 3 levels (0.5, 1.2, 1.8 m) of *Sampion apple trees trained
as Mikado before and after summer pruning (A,B) and mean illumination at 3 levels (C,D)
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Figure 3. Light distribution from the periphery to the middie of canopy (MC) at 3 levels (0.5, 1.2, 1.8 m) of * Sampion” apple trees
trained as spindle before and after summer pruning (A,B) and mean illumination at 3 levels (C,D)
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Training branches & a 25° angle per-
mits full use of the orchard surface and
improves yidd. ‘Mikado’ trees adso
require less pruning to maintain canopy
shape, which alsoimprovesyield.

In spindle trees, the lowest branches
and shoots recaived lesslight asthe tree
got older and consequently bore less
fruit. The lower pats of ‘Mikado
canopies were better lit and continued
to produce well.

There was a direct relationship
between light interception and leaf
area, and between light interception
and vyield. Similar results were
obtained by Lakso and Robinson
(1997), and Palmer and Adams
(1997). Light distribution within the
canopy affects fruit quality (Jackson
et d., 1977; Pamer et al., 1992). In
this experiment, light distribution
had a large effect on fruit color, and
asmaler effect on fruit size. This
agrees with the results obtained by
Heinicke (1966), Verheij and Verwer
(1973), and Jackson et a. (1977).

Poor light penetration reduces
blushing in apples (Jackson et al.,
1977, Wertheim & d. 1986), as was
observed in this experiment. ‘Mikado'
trees consggently produced better
colored gpples than spindle trees, which
confirms earlier findings by Widmer
and Krebs (1996). Heinicke (1963)
found that light intensity decreased
dragticaly from the top to the base of
the canopies of ‘Delicious trees trained
with a verticd leader. In this expe-
riment, it was difficult to ensure proper
light digribution in the middle and
lower parts of canopies with a vertica
leader by pruning trees in early spring.
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This was not a problem with the more
open ‘Mikado' canopies.

Robinson et al. (1991) found that
V-shaped trees were wdl lit. The
‘Mikado’ tree training system can be
regarded as a double ‘v’ system, which
improves light penetration throughout
the entire canopy.

The‘Mikado’ system is a superior
method to ensure high yields of high-
quality apples. Only the high cost of
the supporting framework limits its
broader application.
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OCENA WARTOSCI KORONY ‘MIKADO’
W STOSUNKU DO KORONY WRZECIONOWEJ

Zbigniew Buler i Augustyn Mika

STRESZCZENIE

Doswiadczenie przeprowadzono w latach 1994-2000 w Sadzie Doswiadczalnym
w Dabrowicach, koto Skierniewic. Material doswiadczalny stanowity jabtonie odmiany
‘Szampion’ na potkartowej podktadce M.26, posadzone w rozstawie 4 x 1,8 m. Zasto-
sowano dwa rodzaje formowania koron:

1. Koronawrzecionowa— kontrola.
2. Korona czteroprzewodnikowa—‘Mikado’.

Drzewa prowadzone w formie korony wrzecionowej rosty silniej niz w formie
‘Mikado’ prawdopodobnie dlatego, ze miaty tylko jeden pionowy przewodnik.
Drzewa prowadzone w formie ‘Mikado’ miaty po cztery przewodniki prowadzone
ukos$nie, co mogtlo ostabi¢ ich wzrost. Drzewa prowadzone w formie ‘Mikado’ plonowaty
obficiej. Duze réznice zanotowano przy poréwnaniu wybarwienia jablek. Drzewa
prowadzone w systemie ‘Mikado’ mialy istotnie wigkszy $redni procent jablek najlepiej
wybarwionych w poréwnaniu do jablek pochodzacych z korony wrzecionowej. Drzewa
prowadzone w formie ‘Mikado’ mialy takze wigksza powierzchnig liSciowa,
posiadaty wyzsza warto§¢ wskaznika powierzchni lisciowej oraz wigkszy procent
intercepcji $wiatlta. Wykazywaty rowniez bardzo dobre nastonecznienie w calej
objetosci korony, ze wzgledu na brak pionowego przewodnika i roztozeniu konaréw
na boki. Stworzyto to bardzo dobre warunki do przenikania od goéry S$wiatla
stonecznego az do dolnych partii korony. Jablonie prowadzone w formie wrzecionowej
miaty bardzo dobrze nastoneczniong goérna czgs$¢ korony, natomiast §rodkowa strefa
korony byta mocno zacieniona. Tam wlasnie znajdowata sig¢ glowna masa owocow.

Doswiadczenie wykazalo duza warto$¢ korony ‘Mikado’. Przeszkoda w jej
upowszechnieniu jest kosztowne rusztowanie 1 konieczno$¢ przyswojenia sobie nowej
wiedzy z zakresu formowania koron.

Stowa Kkluczowe: jablon, formowanie i cigcie, wzrost, plon, jako$¢ owocow,
inercepcjai dystrybucja $wiatta
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