Reprints from the JOURNAL OF THE AMERICAN SOCIETY FOR HORTICULTURAL SCIENCE, Vol. 119(6), November 1994
A Publication of the American Society for Horticultural Science, Alexandria, VA 22314

J. AmEr. Soc. HorT. Scr. 119(6):1114-1120. 1994,

Harvesting Semidwarf Freestanding Apple Trees
with an Over-the-row Mechanical Harvester

D.L. Peterson, S.S. Miller, and J.D. Whitney’

U.S. Department of Agriculture, Agricultural Research Service, Appalachian Fruit Research Station, 45

Wiltshire Road, Kearneysville, WV 25430

Additional index words. Malus domestica, quality, efficiency, shaker, fruit, machine

Abstract. Three years of mechanical harvesting (shake and catch) trials with two freestanding apple (Malus domestica
Borkh.) cultivars on a semidwarf rootstock (V.7a) and two training systems (central leader and open center) yielded 64%
to 77% overall harvesting efficiency. Mechanically harvested ‘Bisbee Delicious’ apples averaged 70% Extra Fancy and
10% Fancy grade, while two ‘Golden Delicious’ strains (‘Smoothee’ and ‘Frazier Goldspur’) averaged 40 % Extra Fancy
and 13% Fancy grade fruit. Mechanically harvesting fresh-market-quality apples from semidwarf freestanding trees was
difficult and its potential limited. Cumulative yield of open-center trees was less than that of central-leader trees during
the 3 years (sixth through eighth leaf) of our study. ‘Golden Delicious’ trees generally produced higher yields than

‘Delicious’ trees.

Hand-harvesting the U.S. apple crop is labor intensive, and a
supply of dependable, skilled labor is a concern of the fruitindustry
(LaCroix, 1989; Peterson, 1992a). Brown et al. (1983) docu-
mented that <5% of the apple crop is mechanically harvested, all
of which is for processing. Excessive damage inflicted by com-
mercial shake and catch harvesters prevents wider acceptance by
the processing industry, and apples do not meet the high quality
standards required by the fresh-market industry. In the past 40
years, considerable research has been directed toward developing
mechanical apple harvesting equipment. Initial efforts focused on
harvesting conventional low-density spreading trees 4 to 6 m high
or more. Various prototype harvesters were developed to remove
and collect fruit from these large or standard-sized trees (Diener
and Adams, 1974; Markwardt et al., 1966; Millier et al., 1973;
Whitney et al., 1963). Damaged fruit, primarily with severe
bruises, cuts, or punctures, often exceeded 40% of the apples
harvested when these machines were tested on large trees. Most of
the damage was attributed to fruit falling through the canopy to the
catching surface. Researchers suggested that fruit from smaller
trees, possibly 2 to 3 m high, may be damaged less by the machines
(Cain, 1971; Lakso, 1984). Several innovative machines were
developed in the 1970s to harvest smaller freestanding trees
(Berlage, 1973, 1982; McHugh et al., 1977) but were still not
commercially acceptable because of fruit damage.

In 1980, a project was started at the Appalachian Fruit Research
Station, Kearneysville, W.Va., to develop systems for mechani-
cally harvesting fresh-market-quality apples. Emphasis was placed
on adapting tree design and machine components. Conventional
wisdom was that orchards would consist of semidwarf, freestand-
ing trees at medium densities (=500 to 1000 trees/ha) in the near
future. An over-the-row continuously moving shake and catch
harvester was developed that used an impact shaker to remove fruit
(Peterson and Miller, 1989a). The unit harvested trees up to 3 m
wide and 3 m high spaced 2 to 4 m within the row. The tree trunk
received three sequential impacts of increasing energy to remove
fruit. Falling fruit was intercepted and deflected to conveyors by
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inclined padded catching surfaces. A series of conveyors transferred
the fruit to a tilted bin filler. Five cultivars and six training systems
were evaluated for their adaptability to machine harvest (Miller and
Peterson, 1989; Peterson and Miller, 1989b).

Results obtained from the initial studies indicated that selected
cultivars of fresh-market-quality apples could be harvested from
semidwarf freestanding trees trained to an open-center system.
Tree growth habit also affected the quality of mechanically har-
vested apples. Fruit from spur-type trees consistently graded
higher than fruit of the same cultivar from nonspur-type trees.
Apples from ‘Delicious’ trees trained to an open center consis-
tently graded at =80% Extra Fancy and Fancy. Apples from
‘Golden Delicious’ trees trained to an open center rarely achieved
60% Extra Fancy and Fancy. Damage occurred during detachment
and falling through the tree canopy, on the catching surfaces,
during feeding into the conveyors, and during bin filling. Fruit
were also lost to the ground during harvesting. The objective of this
research was to examine the results of a 3-year experiment on
mechanically harvesting semidwarf freestanding apple trees of
two cultivars and two training systems in relation to a) fresh-
market fruit quality, b) identifying sources of fruit damage, and c)
harvest efficiency. An additional objective was to follow the
productivity of the selected cultivars from planting through the
period during which trees were subjected to mechanical harvesting
to determine the influence of training system on yield.

Materials and Methods

Harvester. The same basic harvester described by Peterson and
Miller (1989a) was used in this study. The inclined padded
catching surfaces were replaced with a roller decelerator catching
surface (Peterson, 1992b) that showed potential in laboratory tests
for reducing damage (Fig. 1). From the collecting conveyors, fruit
were elevated through pairs of parallel, but offset, rotating foam
cylinders to an inclined flat belt. Fruit were containerized using a
bin filler (Jesperson; Agritech, Woodstock, Va.). Standard 0.73-
m® wooden field bins (model ET4; Smalley Packing Co., Berryville,
Va.) were used. Bins of harvested apples were transported by
forklift to the grading facility and stored in a dry, shaded location
for 3 to 7 days at ambient temperature before grading. A sorter
(Omni Sort; Durand-Wayland, LaGrange, Ga.) was used to segre-
gate fruit by grade and weight. Fruit were graded for damage
(broken skin or bruises) only and classified according to U.S. Dept.
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Fig. 1. U.S. Dept. of Agriculture experimental mechanical apple harvester: (top) front view and (bottom) rear view.

of Agriculture standards: Extra Fancy permitted one bruise 12.7
mm in diameter or several bruises with a total area not to exceed
127 mm?; Fancy permitted one bruise not to exceed 19 mm in
diameter or several bruises with a total area not to exceed 285 mmn®.
The bruised category accounted for all other bruised apples. The
cuts and punctures category accounted for apples with any skin
breaks. Fruit with cuts or punctures and bruises were classified in
the cuts and punctures category.

Tree training and culture. Mechanical-harvesting studies were
conducted in a young bearing apple orchard at the Appalachian
Fruit Research Station. The orchard was planted (May 1985) with
‘Frazier Goldspur Golden Delicious’ /M. 7A (spur habit), ‘Smoothee
Golden Delicious’/M.7A (standard, nonspur habit), and ‘Bisbee
Spur Delicious’/M.7 EMLA (spur habit). Rows were oriented
north to south with an in-row spacing of 2.5 m and alternating
between-row spacings of 4.5 and 6 m (761 trees/ha). Cultivars
were planted in solid three-row plots of 20 trees/row. Each three-
row plot was replicated six times.

Alltrees were headed at planting to | m and trained as freestand-
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ing central-leader trees as described by Heinicke (1975). Four or
five shoots were selected between 86 and 100 cm on the leader to
form the first permanent tier of scaffold branches.

Heading cuts were used in the first 3 years to aid branching and
develop a strong, stiff framework required for shake and catch
mechanical harvesting. Mechanical limb-spreading devices were
used liberally, especially during the first 4 years, to position
permanent scaffolds at 30° to 45° above horizontal and encourage
a well-defined open canopy. Annual pruning consisted of thinning
cuts once trees began to bear and had filled their allotted space.
Mature central-leader (Fig. 2) trees had two tiers of permanent
scaffold branches spaced =1 m apart. Central-leader tree height
was limited to 3.0 m by cutting the leader back to a weak branch
in the dormant season. At the end of the fourth growing season,
one-half of the trees was selected for training to an open-center
form (Fig. 3). The leader on selected trees was gradually dwarfed
overthree seasons by cutting it back to a weak side shoot, removing
about one-fourth to one-third of the length of the existing leader
above the first tier of permanent scaffolds. This modified leader
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Fig. 2. Center-leader training system.

carried no fruit and was completely removed after the 1990
growing season. Mature tree height of open-center trees was =2.5
m at the outer edges of the canopy. During dormant pruning,
branches that might interfere with harvester movement and fruit
detachment were removed.

Fig. 3. Open-center training system.
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Test procedures. The experiment was conducted during the
1990, 1991, and 1992 harvest seasons. The experimental design
was a split plot, with cultivar as the main plot and training system
as the subplot. Each treatment was replicated 6 times with 10 trees/
replication. Fruit quality and mechanical harvesting efficiency
were evaluated. Mechanical harvesting efficiency was defined as
a) preharvest loss—the proportion of the total crop that dropped to
the ground before harvest plus low-hanging fruit that were hand
picked before harvest to avoid interfering with machine harvest
operations; b) removal efficiency-—the proportion of fruit on the
tree at the time of mechanical harvesting removed by impact
shaking; ¢) collection efficiency—the proportion of fruit removed
by the impact shaker collected by the mechanical harvester; d)
machine efficiency—the proportion of the total crop on the tree at
harvest removed and collected by the mechanical harvester; and e)
harvest efficiency—the proportion of the total crop in the orchard
removed and collected by the mechanical harvester. For most of
our studies, the trees were impacted three times and fruit flowed
through the complete harvester and were containerized in a bulk
bin. Apple harvest was initiated each year when fruit starch levels
and flesh pressure analysis indicated optimum maturity.

In 1992, three additional studies were conducted to determine
if fruit damage was affected by a) yield differences, b) fruit
location within the canopy, and ¢) impact energy level. These tests
were conducted on ‘Smoothee Golden Delicious’ trained to the
open-center form and used 10, single-tree replications. The fruit
were collected from the rear cross conveyer instead of being
allowed to go through the mechanical bin-filling procedure. To
determine the effect of yield differences on damage, two tree rows
were selected, one with a light crop (29.1 kg/tree average) and the
other with a heavier crop (57.8 kg/tree).

We expected that, even on the open-center trees, fruit posi-
tioned above the main scaffold limbs would be damaged more than
fruit growing below the main scaffold. To determine this effect,
apples below 135 cm and with an unobstructed path to the catching
surface were painted one color and apples above 135 cm and with
an obstructed path to the catching surface were painted another
color. After harvesting, these apples were segregated and graded
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separately according to damage levels.

Normally trees were impacted three times at increasing energy
levels to remove fruit. To determine if the increasing energy levels
caused more damage, individual trees were harvested with either
two impacts (50% and 100% of shaker impact capacity) or four
impacts (25%, 50%, 75%, and 100% of shaker impact capacity).
After each impact, fruit were collected and graded separately.

Results and Discussion

Fruit quality from mechanically harvested apples was signifi-
cantly affected by cultivar and harvest year (Table 1). Training
system only significantly affected bruising. Previous studies (Lakso
etal., 1978, Miller and Peterson, 1989; Peterson and Miller, 1989a,
1989b) had indicated that quality of mechanically harvested fruit
is significantly affected by canopy design. Fruit from trees with an
open canopy, such as open-center trees, consistently graded higher
than fruit from more closed canopy forms, such as the central-
leader trees.

In this study, mechanically harvested ‘Delicious’ (‘Bisbee Spur
Delicious’) graded higher in the Extra Fancy class compared to
‘Golden Delicious’ (‘Smoothee’ or ‘Frazier Goldspur’), a result
that agrees with previous studies (Peterson and Miller, 1989b).
This grade difference for ‘Bisbee Delicious” was due to fewer
apples in the bruised, and cuts and punctures categories than the

‘Golden Delicious’ strains (Fig. 4). ‘Bisbee Spur Delicious’ graded
70% Extra Fancy and 10% Fancy, which was better than our
previous research with ‘Delicious’ cultivars, which graded 52%
Extra Fancy and 31% Fancy (Peterson and Miller, 1989a). The
increase in the proportion of Extra Fancy grade fruit was the result
of fewer small bruises and might be attributed to improvements in
the catching and collecting components of the harvester that reduced
the chance for fruit to fruit contact. ‘Golden Delicious’ bruises more
easily than ‘Delicious’, a fact that is evident from our results.

In 1992, tests were conducted to determine if fruit damage was
related to yield per tree. We suspected that the higher the yield per
tree, the greater the damage from mechanical harvesting because
of increased probability of fruit to fruit contact. There was little
relationship between fruit damage and yield, despite the signifi-
cant difference in yield (Table 2). There was a trend toward more
bruising with higher yield, but there were fewer cuts and punctures.
This lack of a clear trend indicated that 1) less fruit to fruit contact
occurred than was expected at these two yield levels, 2) fruit to fruit
contact was not important at these specific yield levels, or 3)
harvester design prevented tHe fruit to fruit contact previously
encountered, thus masking any differences due to yield.

Fruit position in the tree affected fruit damage. Apples with an
unobstructed (clear) path to the catching surface were damaged
less than those with an obstructed path to the catching surface (i.e.,
above the branches) (Table 3). Most of the improved quality was
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Fig. 4. Fruit quality as affected by cultivar and harvest year (system data pooled).
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Table 1. Quality of mechanically harvested apples.

Training Extra Cuts and
Cultivar system Year Fancy (%) Fancy (%) Bruised (%) punctures (%)
Bisbee Spur Delicious Central leader 1990 6230 15.0 ab 7.8 e-h 15.0fg
1991 76.6 a 26f 331j 17.5 efg
1992 70.2 ab 8.9 de 7.3 fgh 137 g
Open center 1990 67.4b 15.5 ab 8.4e-h 8.7h
1991 69.7 ab 24f 23] 257 cd
1992 76.6 a 10.0 ede 4.8 hij 87h
Fraizer Goldspur Golden Delicious Central leader 1990 352ef 159 ab 122 cf 36.7 ab
1991 492 cd 12.0 bed 17.4 be 21.3 de
1992 333f 9.3 de 16.5 he 40.8a
Open center 1990 349 ef 14.8 abc 113 c-f 39.0a
1991 46.6 cd 11.8 bed 16.4 be 25.3¢cd
1992 46.4 cd 7.4e 10.8 d—g 35.5ab
Smoothee Golden Delicious Central leader 1990 33.0f 18.0 ab 12.7 cde 36.4 ab
1991 51.0c¢ 12.4 bed 6.4 ghi 30.3 be
1992 320f 8.8 de 40.7 a 18.5¢f
Open center 1990 40.6 def 20.1a 10.6 d—g 28.8¢
1991 39.8 def 12.1 bed 9.0 efg 39.1a
1992 42.5 cde 16.9 ab 19.1b 21.6de
Analysis of variance
Cultivar £ sk *k E
System NS NS * NS
Cultivar x system NS NS NS NS
Yeal- ok % 3k ok
Caultivar x year NS ok *E et
System x year K NS *% e
Cultivar x system X year NS NS NS NS

*Means are from raw data but data transformed with arcsin transformation for analysis. Mean separation within columns by Duncan’s multiple range

test, P = 0.05, df = 100.
N5 " "Nonsignificant or significant at P = 0.03 or 0.01, respectively.

Table 2. Effect of yield on the quality of mechanically harvested ‘Smoothee
Golden Delicious’ apples.

Avg Extra Cuts and
Yield yield Fancy Fancy Bruised punctures
level (kgftree) (%) (%) (%) (%)
Low 29.1 &% 28.6a 223a 338a 152a
High 57.8b 338a 13.7b 41.1a 113b

“Means followed by the same letters are not significantly different using
the 1 test for P =0.05, df = 18.

Table 3. Effect of fruit location in the tree on the quality of ‘Smoothee
Golden Delicious’ apples mechanically harvested from open-center
trees.

Extra Cuts and

Fancy  Fancy Bruised punctures
Treatment® (%) (%) (%) (%)
Apples below 135 cm (C) 6792 163a 9.7a 6.1a
Apples above 135 cm (O) 558b 132a 127a 183b

*C = fruit with an unobstructed path from point of attachment to mechani-
cal harvester catching surface. O = path to catching surface obstructed by
branch and/or other fruit.

YMeans followed by the same letters are not significantly different using
the ¢ test for P = 0.05, df = 93.

due to fewer cuts and punctures. However, even of the fruit with an
unobstructed path to the catching surfaces, >15% was
nonmarketable.

In analyzing the detachment damage, only impact with the
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lowest amount of energy (first of four) produced a significantly
higher percentage of fruit in the Extra Fancy category (Table 4).
This was the result of having fewer apples in the bruised, and cuts
and punctures categories. Any of the remaining impacts that were
at a higher energy level damaged the harvested apples more. All
higher impacts produced about the same amount of bruising, but
the highest impacts produced more cuts and punctures.

The efficiency of the mechanical harvester was affected by
cultivar, year, and, to a lesser extent, training system (Table 5).
Preharvest losses were a serious limitation to mechanical harvest-
ing, since 16% to 21% of the crop was lost before mechanical
harvesting. Some of these losses were due to preharvest drop, but
mostlost apples were hanging too low and had to be picked by hand
to allow machine movement through the orchard. If these apples
had not been removed before mechanical harvesting, they would
have been damaged, their weight would have caused limbs to
droop, which would have interfered with fruit transfer, or the limbs
would have damaged the catching surfaces. Even though a con-
scious effort was made to train the trees in the dormant season to
keep the fruiting canopy high above the catching surface, by
harvest time the canopy lowered due to increasing fruit weight,
which interfered with machine movement. ‘Bisbee Delicious’ was
a more compact upright tree than ‘Golden Delicious’ and, there-
fore, had less preharvest loss. Preharvest losses were greater on the
open-center than the central-leader systemn because there was a
higher percentage of the crop in the lower part of the tree canopy.

Removal efficiency was better with the spur cultivars than the
nonspur cultivar. The more compact the tree structure, the better
the energy transmission, which also explains the better removal
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from the open-center than the central-leader trees. Removal effi-
ciency decreased in the third year of the study as the trees continued
to grow and increase in size. Limb placement in a freestanding tree
to obtain efficient fruit removal while providing sufficient struc-
tural support was difficult. It was difficult to effect removal on
limbs that were weak or positioned perpendicular to the impact.
We also found reliability problems with the massive trunk impac-
tor. Although the trees were all headed fairly high due to differ-
ences in terrain, the impactor was often positioned near or on the
ground, a position that decreased the delivery of impact energy to
the upper tree structure.

Collection efficiency ranged from 90% to 95% and tended to
decrease with a less compact tree canopy and as the fruiting canopy
increased in size over time. Losses from the collecting surfaces were

Table 4. Effect of impact level on the quality of ‘Smoothee Golden
Delicious’ apples mechanically harvested from modified open-center
trees,

Extra Cuts and Fruit

Fancy Fancy Bruised punctures removed
Impact (%) (%) (%) (%) (kg)
1of2—50% 43.9b 18.2a 206b 17.3ab 6564
20f 2—100% 41.6b 173 a 155b 255¢ 50.4 b
1 of 4—25% 694a 13.0a 69a 10.7a 218¢c
20f4—50% 485b 16.5a 17.1b 17.8ab 727 a
3of4—75% 45.8b 148 a 16.6b 228bc  452b
4 of 4—100% 46.4b 13.6a 136ab  264c¢ 11.6¢c

“Means followed by the same letters are not significantly different using
Duncan’s multiple range test for P = 0.05, df = 44.

Table 5. Efficiency of an over-the-row mechanical harvester.

due to apples a) trapped on the inclined catching surface by low
branches; b) lost around the trunk closure mechanism; c) lost as they
were transferred from the inclined catching surface to the roller-
decelerator; d) thrown from the horizontal conveyor when handling
a heavy fruit load or; e) lost off the edges of the catching surfaces.

Differences in removal efficiency and catching-surface effi-
ciency produced similar results for machine efficiency. The spur-
type ‘Bisbee Delicious’ was most efficiently harvested, with >91%
of the crop on the tree before harvest being removed, collected, and
containerized. Least efficient was ‘Smoothee Golden Delicious’,
with only 82% machine efficiency. Machine efficiency also de-
creased with time as the trees matured and yields increased.

Overall harvest system efficiency ranged between 64% and
77%. That is, of the crop produced in the orchard, 23% to 36% was
not harvested by the mechanical harvester under the tree-training
and harvesting conditions described in our study. The only consis-
tent success we had in harvesting a high percentage of fresh-market-
quality apples was with compact spur-type ‘Bisbee Delicious’. But
even with ‘Bisbee Delicious’, when averaging 77% harvest system
efficiency and 80% of the harvested fruit in fresh-market grades
(Extra Fancy and Fancy), mechanical harvesting would yield only a
little >60% of the fruit in the orchard for the fresh market. All other
cultivars and tree types were even more unacceptable.

A commercially acceptable production system depends on
obtaining sufficiently high yields of high-quality fruit that will
provide the grower with a profit. Funt et al. (1992) indicated that
~18 t-ha™ is required for profitable production at a planting density
of 840 trees/ha, which is similar to our planting of 761 trees/ha. Qur
first measurable crop was produced by ‘Delicious’ (1.6 kg/tree)
and ‘Golden Delicious’ [‘Smoothee’ (4.2 kg/tree) and ‘Frazier

Harvest
Preharvest Removal Collection Machine system
Cultivar lost* (%) efficiency’ (%) efficiency” (%) efficiency” (%) efficiency” (%)
Main effects
Cultivar
Bisbee Spur Delicious 163 b" 97.0a 94.2 a 914a 76.7 a
Fraizer Goldspur Golden Delicious 206a 935b 919b 859b 68.0 b
Smoothee Golden Delicious 204 a 889¢c 0220 822c 654b
System
Central leader 17.0b 91.3b 924 a 84.4b 70.3 a
Open center 2122 95.0a 93.2a 88.5a 699 a
Year
1990 18.6b 96.0 a 954 a 915a 74.7a
1991 174b 947 a 922b 873 b 71.8b
1992 21.2a 88.7b 90.7b 80.6 ¢ 63.7¢
Analysis of variance
Cultivar # dok *%k k% H
System i % NS % NS
Cultivar x system ok NS NS NS *%
Year 23 ek Hsk sksk *%
Cultivar X year i *¥ NS w3 X
System X year ¥ NS NS NS NS
Cultivar x system X year £ NS NS NS ek

“Fruit either picked by hand or natural drop before machine harvest.
YOf fruit on tree before harvest, amount removed by impact shaking.

*Of fruit removed by the impact shaker, amount collected by the catching surfaces.

wOf fruit on tree before harvest, amount removed and collected by mechanical harvester.

¥Of total crop in the orchard, amount removed and collected by mechanical harvester.

"Means are from raw data but transformed with arcsin transformation for analysis, Mean separation within columns by Duncan’s multiple range test,

P =0.05, df = 90.
%*."*Nonsignificant or significant at P < 0.05 or 0.01, respectively.
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Table 6. Yield of three apple cultivars and two training systems used to study a prototype over-the-row mechanical harvester.

Yield
Cumulative Avg
1990 1991 1992 1990-92 1990-92

Treatment® (kg/tree) (tha™)
Cultivar

Bishee Delicious 124 b¥ 35.0a 39.6b 87.8¢c 22.4*

Frazier Goldspur 44.1 a T8¢ 60.4a 112.4b 28.3

Smoothee Golden Delicious 438a 263b 613a 1314 a 334
Training system

Central leader 351a 27.2a 5734 119.6 a 30.5

Open center 318 a 18.8Db 502a 101.4b 287
Analysis of variance

Cultivar L ok *k o

System NS L NS H

Cultivar x system NS * NS NS

®

“Trees planted in 1985. All trees initially trained as central leader trees; conversion to open-center form began in 1989.
YMeans are from raw data, but data transformed with arcsin transformation for analysis. Mean separation within columns for
cultivar by Duncan’s multiple range test and for training systems by 1 test, P = 0.05, df = 30.

*Average yield per hectare calculated from average yield per tree from 1990 to 1992 and 761 trees/ha.

%" *Nonsignificant or significant at P = 0.05 or 0.01, respectively.

Goldspur® (6.7 kg/tree)] trees in their fourth leaf (1988). Low-
temperature injury during bloom severely reduced yield of all trees
in 1989. Mean yield data for main plot and subplot effects for 1990
(sixth leaf) to 1992 (eighth leaf) are given in Table 6. Average
yields per hectare exceeded a profitable production level (Funt et
al., 1992) for all cultivars and training systems from 1990 to 1992,
‘Smoothee Golden Delicious’ had the highest cumulative yield,
followed by ‘Frazier Goldspur’ and ‘Bisbee Delicious’, which had
significantly lower cumulative yields over the 3 years of the study.
Reduced yields for ‘Golden Delicious’ trees in 1991 may have
been the result of poor thinning response in 1990. Yields per tree
were significantly lower for open-center trees than central-leader
trees in 1991, as were cumulative yields for 1990 to 1992. These
results contrast work by Laksoetal. (1978, 1989), who reported no
difference in yield from central-leader and open-center ‘MclIn-
tosh’ trees. There was a significant cultivar X system interaction for
yield in 1991, which was probably associated with the overall low
yield for ‘Frazier Goldspur’ that year. Our studies indicate that,
while open-center training of freestanding semidwarf apple trees
may reduce yields below those of central-leader trees, yields were
still well above minimum levels for profitability.

Our 1992 studies showed that fruit with an unobstructed path to
the catching surface removed with a very low energy level had the
best chance of being harvested without damage. Robinson et al.
(1990) showed good potential for mechanically harvested ‘Em-
pire’ apples grown on a Y-trellis. Further research efforts will
concentrate on growing trees supported by a narrow Y-trellis with
fruit removal effected by a limb impactor.
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