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Influence of Planting Depth on Growth, Yield and
Fruit Quality of M. 26 Interstem ‘Fuji’ Apple Trees

Hiroo Koikg, Kazuyuki Tsukagara and Yuzo KoBavasHI

Nagano Fruit Tree Experiment Station, Suzaka, Nagano 382

Summary

The effect of planting method on the tree vigour of M. 26 interstem ‘Fuji’ apple trees
was examined in shallow sandy soil from 1978 to 1986. Trees on M. 26 interstem exposed
exhibited a retardation of tree vigour from the 5th to 6th year after planting ; parti-
cularly, tree growth and yield were significantly decreased. Tne calculated orchard LAI
including alley ways showed 2.5 (interstempiece half-buried) and 1.1 (interstempiece
exposed). Fruit from trees with interstem half-buried were larger and the eatin gquali-
ty was better than {rom trees with interstem exposed. Burrknots were formed at the
node of the exposed interstem. It was thought that tree vigour was affected by the
degree and number of those burrknots.  Original roots of trees with interstem half-
buried were replaced by new roots arising from the M. 26 interstempiece near the soil
surface at the 4th year after planting. Root growth of the interstem exposed trees were
drastically suppressed. These findings suggest that M. 26 interstem trees, which have
been widely used in Japan, must be planted deeply in order to avoid burrknot forma-

tion on the interstempiece above ground.

Introduction

In 1985, apple trees with dwarfing rootstocks
were growing in about 25 percent of apple
orchards in Nagano Prefecture. The main
dwarfing rootstock was M. 26 (83% in 1983)
and trees were planted in hedgerows at a
spacing of 1.5xX4m or 2X4m using trellis or
metal pole supports. Most dwarfing apple trees
grown in Japanese nurseries were M. 26 inter-
stem trees using the weeping Marubakaido
(M. prunifolia var. ringo) rootstock. Except
for virusfree sources, M. 9 has not been used
as an interstempiece on the weeping Maruba-
kaido rootstock because of an incompatibility
caused by a latent chlorotic leaf spot virus
carried in M. 9.

Many researchers demonstrated different ef-
fects of interstocks and interstem lengths(2,5,
7). Especially, Parry and Rogers (7) showed that
long interstocks of M. 26 caused extreme dwarf-
ing. Shallow planted interstem trees tended to
develop burrknots on the above ground parts
of the interstem(3,6,9,12). Burrknots were
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formed at the node of stem and tended to

cause reduced vigour (10,11).

We report the effects of two planting me-
thods on the field performance of M. 26 inter-
stem ‘TTuji’ apple trees over 9 years at the Na-
gano Prefectural Fruit Tree Experiment Sta-
tion.

Materials and methods

One-year-old ‘Fuji’ trees with 30 cm M. 26
interstems over 20cm of Marubakaido N-1
(M. purnifolia vaxr. ringo) were planted in
sandy loam soil in March 1978. Two different
planting methods, at 1.5X4m spacing, were
used.

Planting method treatments were : 1) stem-
piece exposed (the soil line 5cm below the
stempiece/rootstock union) ; 2) stempiece half-
buried (the soil line at the mid-section of
stempiece by mounding the soil in fall of the
same year).

All trees were trained similar to the Slen-
der Spindle Training system. A randomized
block design was used with 5-tree plots repli-
cated 8 times.
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Trunk girth at 15 cm above scion/stempiece
union, tree height and spread were annually
measured, and annual yields were recorded
including fall fruits. Burrknots on the M. 26
stempiece were counted at the 8th year after
planting.

At harvest, a 50-fruit composite sample (10
fruit from each of 5 trees) was used to measure
soluble solids.

The root system of a characteristically grown
tree from each treatment was dug up by hose-
ing with pressurised water, to measure gro-
wth at the 4th year after planting. TFor the
anatomical study of root nodules, material
from 1-year-old and 2-year-old M. 26 shoots
were used. Stems were cut at node and inter-
node to find the original position of root germs
or root nodules.

Results and Discussion

Growth

Tree size of M. 26 interstem ‘Fuji’ apple
trees was influenced by the planting methods.
Exposing the stempiece tended to reduce tree
vigour from the 4th to 5th year after plant-
ing.

Interstem exposed trees were, at the 9th
year, only 55% the size (height and spread),
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and half the trunk growth (cross sectional
area) of interstem half~buried trees (Table 1).

Nine-year-old interstempiece exposed trees
did not fill the given empty space. Heavy inter-
twining of the shoots from trees with half-
buried interstems, planted in 1.5X4m, were
recognized the 9th year after planting. The
distance between trees within the rows should
be about 2.0 or 2.5m for half-buried interstem
trees in fertile soils.

Jackson(4) reported the highest LAI to be
2.6 in a typical hedgerow orchard including
alley ways, at the East Malling Research
Station. The calculated orchard LAI including
alley ways in this study was 2.5 (interstem-
piece half-buried) and 1.1 (interstempiece
exposed)at the 8th year after planting(Table 2).
The optimum LAI for hedgerow orchards of the
‘Fuji’ variety is anticipated to be lower than
2.5, based on growth characteristics and fruit
production.

Yield

The trees quickly came into production and
the first crop was harvested in 1980, the third
year after planting. Yield of trees with stem-
piece half-buried increased to 30-40 kg at the
6th to 8th year. Trees with interstem exposed
recorded maximun yield at the 4th to 5th

Table 1. Growth and yield of interstem exposed and half-buried M. 26 interstem
‘Fuji’ apple trees at the 9th year.
. . W < . Yield Cumulative Cumulative

gl::;:‘;gg Height Spread TCA /tree yield/tree yield/TCA

(em) (ecm) (cm?2) kg (kg) (kg
Interstem :
half-buried 427 277 68. 4 32.3 166. 8 2.43
exposed 282 208 33.4 17.1 91.3 2.73
Significance *k * Hk *% Kok NS

z: Trunk cross sectional area was measured at 15cm above graft union.

*x Significantly different at the 1% level.
* Significantly different at the 5% level.

Table 2. Effect of planting methods on shoot growth, leaf weight and leaf area of 8-year ‘Fuji’

apple trees on M. 26 interstem.

Planti Shoot Avg. shoot No. of Leaf Avg. leaf Leaf LAI
atrflxgg length¥ length leaves weight welght area /Area”

metho (em) (em) [€)) P (ecm?)

Interstem :

half-buried 10, 214 26.8 8,391 3,611 0.43 151, 285 2.5

exposed 3,787 17.3 4,706 1, 557 0.33 67,874 1.1

v: Total current shoot growth.

7. Data were calculated from a leaf area to leat weight relationship and 167 trees per 10 are. (y=36.06 x+2. 52,

y: leaf area, x: leaf weight, r=0.973 ** n=200)
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Fig. 1. Annual yield per tree of M. 26 interstem
‘Fuji’ apple trees. O—O: Interstem exposed.
®—@ : Interstem half-buried. Each point is
the mean of eight plots (5 replications per
plot). ns=nonsignificant; *, p=<0.05; %, p<
0.01.

year, then tended to decrease their yield gra-
dually. Yield of trees with interstem exposed
was about half that of interstem half-buried
trees after the 6th year (Fig. 1). A significant
difference of cumulative yield per trunk cross
sectional area was not recognized (Table 1).
From these results, it is clear that M. 26
interstem trees are precocious and productive,
but interstem exposed planting causes tree vig-
our retardation and gradual decrease in yield.
Burrknot formation on the interstempiece
The clonal rootstocks MM. 111, MM. 106, M. 7
and M. 26 have a strong tendency to produce
burrknots when exposed above ground(9).
Root nodules began to occur on the above
ground portion of M. 26 interstempieces during
the first or second year after planting. These
root nodules extended annually and developed
into burrknots. Interstempiece exposed trees
formed more burrknots on the interstems than

A B
Fig. 2. Intermediate stem sections ®nd burrknots.
A : Exposed M. 26 interstems and burrknots at

the 8th year. Note that burrknots encircled
the interstem surface near the upper graft
union.

B: Twisting and disfiguration of half-buried
M. 26 interstems caused by the burrknots.

interstem half-buried trees (Table 3). Most
burrknots, formed on the exposed interstems,
developed annually and finally encircled the
surface within five to six years after planting.
Burrknots formed on the above ground portion
of the interstempiece tended to cause interstem
fluting, interstem twisting and disfiguration

(Fig. 2).

Root germ and root nodule formation on
young M. 26 shoots

Root nodules were recognized on nodes of
well grown one-year-old shoots near the soil
surface in the nursery. Swingle(11) showed
that root germs in apple shoots may be initi-
ated at several points in the cambium ring:
1) at the branch gaps, 2) at the leaf gaps,

3) at the primary medullary rays, 4) at the
secondary medullary rays. In this study, most
root nodules were thought to be initiated from

Table 3. Burrknot development on M. 26 interstem at the 8th year.

Average no. of burrknots

Plar}l}ting Total
methods <10 10—20 20—30 30—40 40—50 50<mm

Interstem :

half-buried 0.1 0.2 0.7 1.8 1.5 1.9 6.2
exposed 0.3 1.5 2.7 3.2 2.7 1.3 11.7
Significance NS % sk ok sk NS sk

z; Diameter of burrknots.
#% Significantly difference at the 1% level.
# Significantly difference at the 5% level.
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A
Fig. 3. Root nodules which have arisen on a leaf trace or internode of a 1-year-old M. 26 shoot.
A: A cross section of root nodules formed on the node.
B: A cross section of root nodules formed on the internode. Note that nodules are connecting
with the central pith.

leaf traces or bud gaps at the node. Root nod-
ules or root germs which had arisen on inter-
nodal parts were not related to leaf traces
or bud traces but were connected to the cent-
ral pith(Fig. 3).Thus the burrknots are thought
to interfer with movement of water or nutrients,
because of their connection to the central pith.

Root development

Rogers and Parry (8) showed that deep planted
dwarfing apple trees develop a new root system
near the soil surface replacing the original roots.
When the root system of a 4-year-old inter-
stem half-buried tree was examined after grub-
bing, it was found that the original roots of
Marubakaido N-1 (M. prunifolia var. ringo)
had been almost replaced by new roots arising
from the M. 26 interstempiece near the soil
surface (Fig. 4). But even though the original
basal roots of Marubakaido N-1 (M. prunifo-
lia var. ringo) showed little growth, they sur-
vived and seemed to help keep the tree stable.

Fig. 4. A root system of interstem halt-buried ‘Fuiji
apple trees at the 4th year.
a: Original roots (Marubakaido N-1).
b: New roots (M. 26).
GL: Ground level.

The root growth of the interstem exposed tree
was drastically suppressed.

Fruit quality

Fruit from trees with interstem exposed be-
came smaller than those of trees with inter-
stem half-buried from the third year after fruit-
ing. The average fruit weight of trees with
interstem exposed was 182 less than that of
trees with interstem half-buried, at the 8th to
9th year after planting (Fig. 5).

Fruit of trees with interstem exposed had a
little higher soluble solids and were somewhat
less juicy than those of trees with interstem
half-buried. Brix changes usually depend on
In spite of the heavy
rainfall that occurred in the pre-harvest season
in 1981, fruit from trees with interstem expo-
sed had higher soluble solids than that of

pre-harvest rainfall.

400
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Fig. 5. Changes in fruit weight of M. 26 interstem
‘Fuji’ apple trees. O—O : Interstem exposed.
®—@® : Interstem half-buried. Each point is
the mean of eight plots (5 replications per
plot). ns=nonsignificant; %, p=<0.05; *x, p<
0.01.
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Fig. 6. Soluble solid content in fruit. O—O: Inter-
stem exposed. @—@ : Interstem half-buried.
Each point is the mean of eight plots (5 repli-
cations per plot). ns=nonsignificant %, p=0.05;
#%, p=<0.01. Pre-harvest month, September in
1983 had above average rainfall. It was the
highest rainfall between 1979 to 1985 and totall-
ed 253 mm, more than double the average of
115 mm.

trees with interstem half-buried (Fig. 6).

It is thought that the burrknots interfered
with movement of water or nutrients and re-
duced fruit quality.

Based on this study, we would recommend
that dwarfing apple trees propagated by double
grafting long M. 26 interstocks on Marubakai-
do N-1 (M. prunifolia var. ringo) be planted
deeply with the interstempiece at least 5 to 7
cm exposed. We also recommend that growers
choose short interstem dwarfing apple nursery
trees.
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