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High density sweet cherry orchards
with planting densities of 700-900 trees
per acre can be successfully managedin
NY State on dwarfing Gisela rootstocks.
In this trial the Tall Spindle system at
726 trees/acre was the most productive
system and is the recommended system

typically planted on semi-vigorous to vigorous rootstocks

with wide tree spacings and low total light interception.
Yields during the first 5 years are very low. Dwarfing cherry
rootstocks have allowed new possibilities for developing high-
density sweet cherry orchards with smaller trees that are more
precocious and productive and can either be covered with rain
exclusion shelters or high tunnels to prevent rain cracking (An-
dersen et al., 1999; Lang, 2005; Perry et al., 1996; Robinson et al.,
2004). High density orchards aim to improve early and mature
yield and fruit quality which has generally been the case. When
done properly, high density cherry orchards also generate rapid
returns on investment. Several high-density training systems have
been developed for sweet cherries (Balmer, 2001; Long, 2001;
Robinson and Dominguez, 2014; Weber, 2001; Zahn, 1994), giv-
ing fruit growers many options for choosing a planting density,
rootstock and training protocol. The objective of this project
was to compare three high-density sweet cherries production
systems on a dwarfing rootstock and determine the effect of
training system on vyield, fruit size, fruit quality and crop value
in the humid climate of NY State.

Materials And Methods

A field trial was planted in May 2013, at Geneva, New York
with ‘Rainer’ (a yellow cherry with red blush) and ‘Skeena’ (a dark
red cherry) cultivars on Gisela 6 rootstock (Gi.6). Each variety
was planted in three training systems: Tall Spindle - 5x12 ft = 725
trees/acre, Spanish Bush - 5x12 ft. =725 trees/acre and Upright
Fruiting Offshoot (UFO) - 4x12 ft. = 908 trees/acre. With both
the UFO and the Spanish Bush system two types of initial nursery
trees were compared. A single stem tree with no lateral branches
and a preformed tree with 5-6 lateral branches.

The experimental design was a randomized complete block
with 5 replications. Each plot was a 3 tree section with guard trees
on either side within the row.

The Tall Spindle system was developed by heading the leader
at 4 ft at planting and stubbing back any lateral branches toa 1.5
inch stub. In addition, 2 out of 3 buds along the tree trunk were
removed at bud swell. The bud removal process was repeated in
years 2 and 3 on the 1 year-old portion of the trunk. This resulted
in 15-18 lateral shoots along the trunk. Beginning in year 4 the
tree was pruned each spring at bud swell by removing 1-3 of the
largest limbs (>2 inch) along the trunk by cutting them back to
a 6 inch long stub or to a sub-lateral branch (Figure 1).

The Spanish Bush trees were developed by repeated head-
ing of the tree. First at 18 inches above the soil at planting and
allowing 3-4 vertical shoots to grow and heading each of those
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for NY growers; however, it is possible
that the UFO system would be among
the top performing systems if it were
planted ata closer between row spacing
than 12 feet.

again in late June t
produce several up
right shoots. In th
spring of the secon
year all of the vertica
shoots of the Spanis
Bush trees were re
headed to 6. inch long
stubs and then again on July 1 to produce many upright shoots.
Beginning in year 3 the trees were topped at 7 feet after harvest
and the lateral shoots on each of the 10 or 20 vertical fruiting
branches were stubbed back to 4 inches leaving long columns of
spurred shoots (Figure 2).

The UFO system was developed by planting the tree at a 45°
angle along the row and tying the leader to a horizontal wire for
support. Upright shoots arising from inclined leader were trained
vertically and attached to horizontal wires when the shoots were
long enough. An upright shoot was developed every 12. Inches
along the row so that at maturity the trees had 4-5 upright shoots.
Fruiting spurs were developed along the upright shoots but no
lateral branching was allowed (Figure 3).

Yield and fruit size data were recorded each year and trunk
circumference at the end of the experiment. A 50 fruit sample was
collected each year from plot and analyzed for fruit size, soluble
solids and proportion of cracked fruit.

Data were analyzed by analysis of variance using linear
models. Then, subsequent analyses were performed considering
significance of interactions with Fischer’s LSD (P=0.05).

Results

Tree size and survival rate. After ten growing seasons, tree sur-
vival differed significantly among training systems. UFO preform,
Spanish bush preform and Tall spindle had the highest survival rates,

Figure 1. Tall spindle trees with
a vertical trunk and 10-15 lateral
branches

Figure 2. Spanish bush trees with
multiple leaders.
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which did not differ significantly from 100%. Spanish
bush and UFO were the training systems with higher
mortality rates (data not presented). Training systems
also affected the vigor of the trees, but no differences
of growth were observed among the cherry cultivars
evaluated in this study. Trees with the largest trunk
cross sectional area were with the Spanish Bush pre-
formed and Spanish Bush. The smallest trees were
with the UFO training system (Figure 1).

Yield and Yield efficiency. Annual yields
(kgetree!) for each training systems on both cul-
tivars showed that Rainer had production in the
fourth year (Figure 5). In this first year of produc-
tion (2016), the Tall Spindle had higher yield than
any other training system for both Rainer and
Skeena with 11.3 and 9.72 Kg respectively. The
lowest yield was with the Spanish Bush system for
both cultivars (Rainer 2.59 and Skeena 1.56 kg).
In the second year of production (2017), Spanish
Bush had the highest yields (Rainer 8.5 and Skeena
8.4 kg) while the UFO system had the lowest yields

Figure 3. Upright Fruiting
Offshoot (UFO) trees angled
main leader and multiple
upright fruit shoots.
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Figure 4. Final TCSA of two sweet cherry cultivars

(‘Rainer’ and ‘Skeena’) on Gisela 6 rootstock grown in

5 training systems: (Tall Spindle (TS), Upright Fruiting
Offshoots (UFO), Upright Fruiting Offshoots preformed
(UFO preformed), Spanish Bush (SB) and Spanish Bush
preformed (SB preformed) at Geneva NY (LSD significance
difference P<0.05).
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(Rainer 6.2 and Skeena 6.3 kg). In the fourth year
of production (2019), Skeena dropped its produc-
tion to below 2.5 kg with all training systems. With !
Rainer the Spanish Bush system had the highest
yield while the Tall Spindle had the lowest yield. In
2020, both cultivars had very low yield with little
difference in yield among the training systems. In
the last 2 years (2021 and 2022), the Tall spindle
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while the UFO system had lower yields.

The highest cumulative yield was with ‘Rainer’
and ‘Skeena’ on Tall Spindle system (46.2 kgetree!
and 42.9 kgstree! respectively), followed by ‘Rai-

Figure 5. Annual yield (2016-2022) of two sweet cherry cultivars (‘Rainer’ and ‘Skeena’) on
Gisela 6 rootstock for five training systems (Tall Spindle (TS), Upright Fruiting Offshoots
(UFO), Upright Fruiting Offshoots preformed (UFO preformed), Spanish Bush (SB) and
Spanish Bush preformed (SB preformed) at Geneva NY.

ner’ on Spanish Bush preformed (39.1 kgstree!),

‘Rainer’ on Spanish Bush (36.0 kgetree'!), ‘Skeena’ on Spanish
Bush preformed (34.2 kgetree 1), and on UFO preformed (32.9
kgetree!), UFO (32.8 kgotree'!), and Spanish Bush (30.9) (Table
1). The lowest cumulative yield was with ‘Rainer’ on UFO prefor-
med (30.5 kgstree!), and ‘Rainer’ on UFO (27.5 kgetree'!). When
yield per tree was converted to yield per hectare the Tall Spindle
system continued with the highest yield but the UFO system had
higher yield than the Spanish Bush system.

The greatest cumulative yield efficiency was with trees
trained to the Tall Spindle system followed by the UFO system
(Table 1). The UFO preformed, Spanish Bush preformed and
Spanish Bush had the lowest yield efficiency respectively. There
was also a significant interaction between cultivar and training
system. The highest yield efficiency was with ‘Rainer’ on Tall
Spindle (0.52 kgecm2 TCSA) followed by ‘Skeena’ on UFO (0.47
kgecm2TCSA), tall spindle (0.47 kgecm2TCSA) and UFO pre-
formed (0.47 kgecm2 TCSA). The lowest yield efficiencies were
observed for ‘Rainer’ on UFO (0.38 kgecm TCSA), on UFO
preformed (0.37 kgecm2TCSA), followed by ‘Skeena’ on Spanish
Bush preformed (0.33 kgecm2TCSA). The lowest yield efficiency
observed was for ‘Skeena’ on Spanish Bush (0.29 kgecm2TCSA).

Crop load was affected by cultivar and training system.
‘Skeena’ had higher crop load compared to ‘Rainer’ (Table 1).
Among training systems, Tall Spindle had the highest crop load
compared to all other training systems evaluated. There was also
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an interaction between cultivar and training system. The highest
crop load was with ‘Skeena’ on Tall Spindle (73.3 fruit no..cm
TCSA) followed by ‘Skeena’ on UFO (66.9 fruit no.cm? TCSA),
and on UFO preformed (64.2 fruit no. cm TCSA). In contrast,
‘Skeena’ on Spanish Bush and ‘Rainer’ on UFO and, UFO pre-
formed, and Spanish Bush preformed had the lowest crop load.

Fruit quality. Training system had no effect on fruit size,
however, there was a significant difference in fruit size between
cultivars (Table 1). ‘Rainer’ had bigger fruits compared to ‘Skeena’
(11.2 g and 8.0g respectively). The difference was evident each
year from 2017 to 2022 (Figure 6).

Cracking was also significantly different between the two cul-
tivars. ‘Skeena’ showed higher number of cracked fruits compared
to ‘Rainer’ for all years except 2018 when there was very little
cracking for either variety (Figure 6). Among training systems, in
2017 the Spanish Bush and the Spanish Bush preformed showed
the highest cracking incidence, followed by the UFO, the UFO
preformed and lastly the Tall Spindle. In 2019 and 2021, the Tall
Spindle had the highest incidence of cracked fruits among all
the training systems. No significant differences among training
systems were observed in 2018, 2020 and 2022 (Figure 7).

Fruit soluble solids was different among training systems
(Figure 8). The highest soluble solids was with the Spanish Bush
and Spanish Bush preformed, whereas the lowest values were
with the Tall Spindle and UFO-preformed.
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When the percentage of cracked fruit was subtracted from
the total yield per tree and yield of “good” fruit (non-cracked fruit)
was converted to yield per hectare then significant differences
among the systems became more apparent. With Rainer the Tall
Spindle system had the highest yield per hectare of good fruit
while the other 4 systems had lower and similar yield of good
fruits. With Skeena the Tall Spindle system also had the highest
yield of good fruit followed by the SB preformed and the UFO
preformed while the SB and UFO had the lowest yield of good
fruit.

prone to cracking. Thus, both of these cherry cultivars need rain
exclusion shelters for successful production.

Conclusions

All three of the high density cherry systems we evaluated
(Tall Spindle, Spanish Bush and UFO) can be successfully man-
aged in high density plantings. The best system was the Tall
Spindle system followed by the UFO system while the Spanish
Bush had the lowest yield of the three. The Tall Spindle system

Table 1. Cumulative yield per tree, cumulative fruit number, average fruit size, cumulative

Discussion

In this trial we compared 3 high-density sys-

crop load, cumulative yield efficiency (2016-2022) for each combination of training system
(Tall Spindle, UFO, Spanish Bush (SB)), and cultivars (‘Rainer’ and ‘Skeena’).

tems. Our results after 10 years, show that training » _ Cum. | average | Cum-crop | Cum.Vield
system affected many attributes evaluated in this | Cultivar T:;::;;g ((':'r?t.l::d) e ,C,:I.nt'rfereu.l: il I:,(fc(,f:;t ?zﬂ::c;
trial. First, tree size of the SB and TS systems was ha) size (g) TCSA) TCSA)
larger than with the UFO system. The larger tree size | Rainer 359 713 38638 M2A 4548 042
of the SB could be related to the repeated heading [goena 349 €93 5,054 A 508 589 A 041
cuts made in the development years of the orchard S " e oo oo "
and due to postharvest hedging of the trees to limit : . :
tree height. This level of pruning could have resulted b 3 8034 S974A 88 6624 049
in a greater vegetative response by the trees. Also, UFO 301C | 6818C | 3730C 104 5248 04348
the UFO was planted at a closer in-row spacing Uro 17 e o a5 o Qe
that the other 2 systems and it has previously been preformed '
shown that increasing tree planting density results sB 33.78C 60.8¢ 4,051BC 9.4 4398 0.368
in decreased trunk cross-sectional area (Robinson sB - e R . P ol
et al., 2008). This result is important since it means preformed ' ) ' ] ] ]
the higher planting density of the UFO system will | P <0.0001 <0.05 <0.0001 NS <0.001 <0.01
be manageable in the smaller allotted space per tree | cultivarx
as the orchard ages. training
The system with the greatest cumulative yield | $ystem

per hectare was the tall spindle even though the UFO | Rainer, TS 46.2A 83.4A 52618 9.7 59.08C 0.52A
system was planted at a higher tree density. We have | Rainer, SB 36.0BCD 65.0C 4,021 10.1 47900 0.43 ABCD
previously shown that cumulative yield per hectareis [ painer, s
positively related to tree planting density (Robinson | preformed 391ABC | 706BC 4191C 129 446D 04180
et al,, 2007, 2008, 2014a, b, 2017). However, in this | Rainer, uro 758 | 6200 | 2753E 13 37.8D 038 BCDE
trial the Tall Spindle had greater yield than the UFO  [2io e
(which was planted at a higher tree density) or the | preformed 30.5DE 69.08¢ 3,086 DE 106 375D 0.37 (DE
Spanish Bush system (which was planted at the same [ sxeena, 15 12908 | 77488 | 6686A s 733A 047 ABC
density). The UFO could have performed better if it Skeena, SB T o 08B0 ~ o T
had been planted at a closer between row spacings
and not just at a closer inrow spacing. Considering ;I::feo'::::: 342(0E | 617D | 4750BC 8 47.2(D 0.34DE
both yield and fruit quality (cracked fruit), the Tall

. . . . Skeena, UFO 32.8 (DE 7428 4,707 BC 78 67.0 AB 0.47 AB
Spindle system had the highest cumulative yield of
good fruit and likely the highest cumulative crop | keena U0 32.9 (DE 7448 4,845 BC 8 64.2AB 0.44 ABCD
value (not calculated for this article) The one nega- preformed
tive result with the Tall Spindle was the lower fruit P <005 <005 <00 NS <00 <005
soluble solids content with this system compared to
the Spanish Bush system. N e we os fner =k

In our trial fruit cracking was a serious problem . : 05 i

in 3 out of the 6 cropping years. This illustrates the ol i o
difficulty of growing sweet cherries in NY State g ]
without rain exclusion shelters. We have previ- = "] e
ously shown (Robinson et al., 20144, b and 2017) gﬁ' %f 02
that either high tunnels or rain nets (VOEN system) % «| Sois |
have dramatically reduced rain cracking and are 2 1
an essential component of successful sweet cherry Lt W 'R 'R 'R W MZ:

2017

production on the humid climate of NY State. It
was surprising to find that ‘Skeena’ showed higher
cracking rates than ‘Rainer; which itself is a variety
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Figure 6. Average fruit size and yearly percentage of cracked fruit (2016-2022) for Rainer
and Skeena from 2017 to 2022 (LSD significance difference P<0.05).
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is a simple system to develop and is the recommended system for
NY growers. However, it is possible that the UFO system would
be among the top performing systems if it were planted at a closer
between row spacing than 12 feet.
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Figure 7. Yearly percentage of cracked fruit (2016-2022) for each training
system (Tall Spindle (TS), Upright Fruiting Offshoots (UFO), Upright
Fruiting Offshoots preformed (UFO preformed), Spanish Bush (SB) and
Spanish Bush preformed (SB preformed) at Geneva NY (LSD significance
difference P<0.05).
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Figure 8. Average soluble solids of fruits from two sweet cherry cultivars
(‘Rainer’ and ‘Skeena’) on Gisela 6 rootstock grown in 5 training systems:
(Tall Spindle (TS), Upright Fruiting Offshoots (UFO), Upright Fruiting
Offshoots preformed (UFO preformed), Spanish Bush (SB) and Spanish
Bush preformed (SB preformed) at Geneva NY (LSD significance difference
P<0.05).
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Figure 9. Cumulative yield of “good” fruits from 2016-2022 of two sweet
cherry cultivars (‘Rainer’ and ‘Skeena’) on Gisela 6 rootstock grown in

5 training systems: (Tall Spindle (TS), Upright Fruiting Offshoots (UFO),
Upright Fruiting Offshoots preformed (UFO preformed), Spanish Bush
(SB) and Spanish Bush preformed (SB preformed) at Geneva NY (LSD
significance difference P<0.05).
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Greefa grading machines are a perfect balance between fruit-friendliness, efficiency and ease of use, with different models

available to cover a wide range of fruits and vegetables.

We offer integration for complete packing lines, including custom washers, waxers, dryers, dry and wet dumping systems,
container handling, and packing equipment. As well as water filtration and purification systems.

Available with a large range of measuring systems, including: External Quality (iQS), Internal Quality (iFA), Size, Weight and
Colour.
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