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Lack of Apple Cultivar and Root Pruning Interaction
DaviD C. FERREE AND JOHN C. SCHMID
Abstract

The influence of root pruning on five apple cultivars with widely differing growth habits and growth po-
tential on MM. 111 rootstock was compared over nine years. Root pruning had little effect on growth or crop-
ping. ‘Mutsu’ were the largest trees and produced one of the highest cumulative yields/tree, and one of the
lowest yield efficiencies. ‘Jonathan’ and ‘Redchief Delicious’ had low cumulative yields. ‘Lawspur Rome
Beauty’ and ‘Smoothee Golden Delicious’ had higher yield efficiency than the other cultivars. There was no

interaction between cultivar and root pruning.

Introduction

Root pruning has generally resulted in
reduced tree size and shoot growth (7, 8,
11, 12, 13, 16). However, in some studies
results were inconsistent (1, 2, 9). Gen-
erally, these studies were conducted on
a single cultivar; however, Ferree and
Rhodus (7) worked with four cultivars
and found significant interactions of root
pruning and cultivar for tree size parame-
ters, but no interaction on yield and in-
consistent effects on fruit size.

The present study was established to
directly compare root pruning on a series
of apple cultivars with the following
unique growth and fruiting characteris-
tics: less vigorous spur type (‘Redchief
Delicious’); vigorous terminal bearer
(‘Lawspur Rome Beauty’); vigorous con-
ventional fruiting habit (‘Smoothee Gold-
en Delicious’); less vigorous convention-
al fruiting habit (‘Jonathan’); extremely
vigorous triploid with conventional fruit-
ing habit (‘Mutsu’).

Materials and Methods

In April 1893, the above 5 cultivars on
MM.111 rootstock were planted 3m x Sm
and trained to a central leader with mini-
mal pruning and without support. Soil
management was a 2m herbicide strip
with sod middles and a conventional pest
control program was used. Half of the
trees of each cultivar were mechanically
root pruned on two sides 50 cm from the

trunk to a depth of approximately 45 cm
using a sharpened subsoiler (12). Root
pruning began the second year (1984) and
was performed annually at bloom. The
treatments were arranged as a split plot,
with root pruning as the main plot, culti-
vars as the split plot with 7 replications.

Yield and trunk circumference were
collected annually. In 1988, 1989 and
1990 a sample of 60 fruit/tree were col-
lected and weighed to determine fruit size
in June just past the completion of the cell
division phase of fruit growth. In 1987,
1988 and 1990 at harvest a sample of 25
fruit were collected at random from the
lower canopy and weighed to determine
average fruit weight. After 9 years of
growth (1991) tree height and spread
were measured.

Results and Discussion

Root pruning had little effect on tree
growth or ultimate tree size or early sea-
son fruit growth (Table 1). ‘Mutsu’ trees
had the largest trunk cross-sectional area
(TCA) throughout the study and also one
of the largest overall canopy sizes. Al-
though there was a range in TCA'’s of the
other four cultivars due to variability, they
did not differ from each other. In 1988
and 1990 there was no significant interac-
tion between root pruning and cultivar for
early season fruit weight, with ‘Mutsu’
having the largest fruit and ‘Jonathan’
tending to have the smallest fruit. In 1989
the interaction was significant with early
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Table 1. Influence of root pruning on five apple cultivars on MM.111 root-

stock over nine years.

Trunk Cross-sectional Area (cm?)

Tree Size 1991 (m) Fruit Weight (g) June

Change

1988 1989 1980

Treatment 1987-83 1991-87 1991 height spread control root pruned
Root Pruning
Control 51.2 82.0 1353 45 32 153 11.7 — 9.2
Root pruned 49.7 70.8 1229 44 3.1 155 — 11.4 92
Cultivar
Jonathan 42.5bc 67.3b 111.5b 4.5bc 3.3ab 10.6a 10.5 9.6 7.6c
Red Chief 37.2c 50.9b 89.8b 42bc 2.7c 202b 114 128 8.4bc
Mutsu 80.5a 132.6a 216.4a 46ab 3.6a 21.8a 16.8 14.7 13.3a
Lawspur 41.2bc 55.6b 99.6b 40d 3.1b 12.0c 9.8 9.4 7.6¢c
Smoothee 50.8b 75.7b 128.3b 4.8a 3.3ab 12.4c 9.9 106 9.3b
F-Significance
Root pruning NS NS NS * NS NS NS NS NS
Cultivar sk ok ok ek *k *k *k *k *k
Root pruning x cultivar NS NS NS NS NS NS ** ** NS

season fruit of root pruned ‘Jonathan’,
‘Mutsu’ and ‘Lawspur’ being slightly
smaller, while fruit of root pruned ‘Red-
chief Delicious’ and ‘Smoothee’ were
slightly larger. These differences were
very small and there was no effect of root
pruning or significant interaction in fruit
size at harvest in 1989.

Root pruning caused a 35% reduction
in yield per tree in 1987, but had no influ-
ence on yield in other years (Table 2).
There was no interaction between cultivar
and root pruning for yield per tree in any

year, or cumulative yield and yield effi-
ciency. In 1986, 1989 and 1991 ‘Mutsu’
had the highest yield per tree. Yield of
‘Mutsu’ has also been high in other culti-
var trials (4, 5, 10). ‘Mutsu’, ‘Lawspur’,
and ‘Smoothee’ had higher cumulative
yields than ‘Jonathan’ and ‘Redchief De-
licious’, which is similar to results from
previous long-term studies (4, 5, 10).
‘Lawspur Rome Beauty’ and ‘Smoothee
Golden Delicious’ had higher productive
efficiencies than the other cultivars, with
‘Mutsu’ and ‘Jonathan’ having the lowest.

Table 2. Influence of root pruning on the yield performance of five apple
cultivars on MM.111 rootstock over nine years.

Yield/Tree (kg) Cumulative Yield

Treatment 1986 1987 1988 1989 1980 1991 Kkg/tree kg/cm? TCA
Root Pruning

Control 162 284a 403 589 540 61.3 237.5 1.9

Root pruned 165 185b 365 63.4 469 557 220.1 1.9
Cultivar

Jonathan 136b 17.1b 139c —  74.4a 50.5b 149.3b 2.9c

Red Chief 13.5b 11.4b 25.9b 34.4b 31.4b 35.4c 156.3b 4.0b

Mutsu 24.0a 17.2b 31.8b 87.6a 31.1b103.3a 274.0a 2.9¢c

Lawspur 13.6b 33.9a 60.9a 41.2b 78.7a 49.0b 254.0a 5.7a

Smoothee 16.8b 37.9a 59.4a 40.2b 36.6b 58.1b 302.2a 5.2a
F-Significance
Root pruning NS ** NS NS NS NS NS NS
Cultivar ok ok ok ok *k ke ok *k
Root pruning x cultivar NS NS NS NS NS NS NS NS
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‘Mutsu’ usually has low production effi-
ciency due to its very vigorous growth
and large tree size (4, 5, 10). ‘Jonathan’
also generally has relatively low yield ef-
ficiency (4, 5, 10) even though it had
much less vigorous growth and was a
smaller tree.

The effect of root pruning in this study
was smaller than in previous studies (3,
12,13,16). In previous studies, root prun-
ing was initiated on mature fruiting trees
and it has been shown that the reduction
in growth from root pruning is greater
when the trees carry a crop (16). In the
present study, root pruning was initiated
prior to flowering and fruiting, in the sec-
ond year in the orchard. A greenhouse
study on vegetative trees indicated that
when growing conditions and moisture
supply is optimum, growth reduction due
to root pruning is temporary and trees
previously root pruned compensate and
are less influenced by subsequent root
pruning (14). The trees in this study car-
ried only modest crops and initiating the
pruning prior to fruiting may have result-
ed in less response to root pruning. TCA
of root pruned trees was consistently
smaller than non-root pruned trees even
though the difference was small and not
significant (Table 1).

The most important finding from this
study was the lack of interaction between
apple cultivars with very different growth
habits and root pruning. Another study
that compared the effect of root pruning
on nine rootstock and interstem combina-
tions with ‘Smoothee Golden Delicious’
as the scion (6) found that even though
there was a 3.3-fold difference in tree size
from largest to smallest, root pruning pro-
duced similar results across all genetic
combinations. Root pruning generally af-
fects growth and fruit characteristics
through its effect on water relations, al-
though the effect on root produced phyto-
hormones may also have an influence
(8,14,15). The results of this study and the
rootstock study (6) indicate that even
though growth habit and vigor differ
among cultivars and rootstocks, the re-
sponse to root pruning is similar.
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