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Abstract

Ten orchard systems, composed of three training systems and several rootstocks, were compared with
two cultivars at nine locations for ten years. The training systems were slender spindle (SS) with 2,460
trees/ha, vertical axis (VA) with 1,561 trees/ha, and central leader (CL) with 1,111 trees/ha. Trunk cross-
sectional area (TCA) tended to be related to tree density. TCA was greatest for CL trees, smallest for SS
trees and intermediate for VA. Cumulative yields per ha varied greatly with location and cultivar, but the
relative performance of orchard systems was fairly consistent across locations and cultivars. CL trees on
M.26 or Mark rootstock tended to be least productive, whereas SS trees on M.9, Mark, and B.9 rootstocks
were the most productive. VA/M.9 was the most productive of the VA systems and at some locations it
was as productive as SS. Plantings at Michigan, New York, and Virginia were more productive than plant-
ings at Illinois, North Carolina, Ontario, and Washington. Relative to other systems, VA/M.9 produced

higher yields at the high-productivity locations than at the low-productivity locations.

Introduction

An orchard system is the combination of
a scion/rootstock unit, a training system,
and tree spacing. Orchard management is
modified for a given system. Several or-
chard systems trials have been established
in North America for apple (5, 7, 20) and
peach (4, 14, 21). Although yields were
often positively related to the number of
trees per ha (14, 20), profitability may (6,
14) or may not (4) be related to tree densi-
ty. Training system also may (4, 20) or may
not influence yield (5, 14, 20).

No multi-location trials have been es-
tablished in North America to evaluate
the relative performance of different or-
chard systems at locations with varying
soil and environmental conditions. The
objective of this study was to evaluate
tree growth and productivity of 10 apple
orchard systems at nine locations. An

earlier report summarized the first five
years of the trial (1).

Materials and Methods

In the spring of 1990, an orchard systems
trial coordinated by the NC-140 technical
committee was established with several
cultivars at nine locations. The cooperators
and locations are listed in a companion
paper (13). Plantings at Minnesota and
Quebec were removed, after six and eight
years, respectively. All trees were propa-
gated by TRECO, Inc., in Woodburn, Ore-
gon. The cultivars were ‘Empire’, ‘Nicobel
Jonagold’, ‘Early Red One Delicious’,
‘Braeburn’, and ‘Nagafu 1 Fuji’. Coopera-
tors at each location planted two cultivars.
The 10 orchard systems are described in
Table 1. An orchard system consisted of a
combination of training system, tree spac-
ing, and rootstock. Ten-meter-long plots of

1We gratefully acknowledge the support of TRECO Nursery, Woodburn, Oregon for growing the trees

and IDFTA for financial support.

222



PERFORMANCE OF TEN APPLE ORCHARD SYSTEMS:

each orchard system treatment were repli-
cated four times at each location. Each plot
had 8, 6, and 5 trees per system for the slen-
der spindle (SS), verical axis (VA), and
central leader (CL), respectively. Trees at
each end of the plots were considered to be
guard trees and were not used for data col-
lection. The 10-meter-long plots were con-
sidered the experimental unit, so there was
only one observation per orchard system
per block.

Slender spindle trees were individually
supported by tying to a post up to a height
of about 2 m. Vertical axis trees were tied
to a height of 3 m to a multi-wire vertical
trellis, or to metal conduit or bamboo
poles attached to a single wire or to indi-
vidual posts. Central leader trees had a
trunk support to 1 m, but no support above
1m.

Protocols for pruning and training were
those of Wertheim (22) for SS, Lespinasse
(10) for VA, and Heinicke (8) for CL.
Pruning the CL trees was modified to
avoid heading scaffold limbs and to allow
excess lower scaffold branches to fruit for
a year or two before removal and selection
of permanent branches. Protocols were
followed as closely as possible; however,
inexperience with the systems resulted in
site-to-site variation and deviation from
the guidelines was necessary due to varia-
tion in tree vigor from site to site. Irriga-
tion, fertility, fruit-thinning and crop pro-
tection measures followed local
recommendations.

Each year data were reported for mean
trunk cross-sectional area (TCA), yield,
and average fruit weight per surviving tree
per plot. These values were used to calcu-
late number of fruit per tree, cumulative
crop density (number of fruit per cm?
TCA, cumulative yield efficiency (kg of
fruit per cm? TCA) and cumulative yield
per ha. For the first five years, the cooper-
ator at Washington summarized the data
(1); thereafter the cooperator at Virginia
summarized the data. Data for each culti-
var at each location were analyzed as a ran-
domized complete block design by analy-
sis of variance (ANOVA) with SAS’s
Mixed procedure (11) and least squares
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means were compared with the probabili-
ty of the difference (the pdiff option in the
Mixed procedure), which is the least sig-
nificant difference modified for unequal
sample size. Because rootstocks and culti-
vars were not common to all locations, and
variances differed with location, ANOVAs
were performed for each combination of
location and cultivar.

Results and Discussion

Tree survival. Except for Quebec,
where ‘Jonagold’ survival was poor for
SS/M.9, SS/Mark, VA/Mark, CL/M.26
and CL/Mark, tree survival was generally
good, but some tree death occurred at
every location and with every orchard sys-
tem (Table 2). Other than Quebec, the only
orchard system with less than 80% sur-
vival was VA/O.3 at Michigan. Over all lo-
cations, the most tree death occurred with
SS/Mark and VA/O.3. Survival of Mark
with VA and CL training was better than
with SS. In the companion trial 0.3 also
had relatively poor survival (13). Tree sur-
vival for particular rootstocks has not been
consistent in previous rootstock trials, but
0.3 has generally survived as well or bet-
ter than M.26 (2, 12, 13, 17).

Trunk cross-sectional area. TCA was
affected by location, cultivar, and orchard
system (Table 3). The largest trunks were
reported for Illinois, Michigan, and Vir-
ginia and the smallest trunks were pro-
duced at North Carolina and Ontario (Table
3). The affect of location on TCA is in gen-
eral agreement with results from other root-
stock trials (12, 17). In general, TCA was
smaller for ‘Empire’ than for ‘Jonagold’,
TCA was similar for ‘Delicious’ and ‘Em-
pire’, and TCA was larger for ‘Fuji’ than for
‘Braeburn’. TCA generally is positively re-
lated to scion vigor (2). It is difficult to de-
termine the individual influence of training
system and rootstock on the response vari-
ables because Mark is the only rootstock
common to all orchard systems, whereas
M.9 was used for SS and VA, and M.26 was
used for VA and CL. In general, training
system influenced TCA, but the response
was probably influenced more by reotstock
and tree density than by training system.
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TCA is usually negatively related to the
number of trees per unit area, but it can be
affected by training system (16). The over-
all ranking of TCA for the three training
systems was CL > VA > SS. At Illinois,
TCA of ‘Jonagold’ was not influenced by
orchard systems. When trees were planted
at the same spacing in New York, TCA was
6% higher for VA than for Y-trellis (19). In
another trial, where trees were planted at
the same spacing, the ranking for TCA was
Y-trellis > Vertical Axis > Free spindle
(15).

Yield. Cumulative yield per tree was in-
fluenced by location, cultivar, and orchard
system (Table 4). Yield was lower at On-
tario and Illinois than at the other loca-
tions. At Illinois, yield was higher for ‘Em-
pire’ than for ‘Jonagold’, but at Ontario the
opposite was true. ‘Empire’ out-yielded
‘Delicious’ at North Carolina, but produc-
tion of the two cultivars was similar at Vir-
ginia. With Mark as the rootstock,
yield/tree was highest for CL and lowest
for SS for 13 of the 16 cultivar/location
combinations. With M.26 as the rootstock,
yields were consistently higher for CL than
for VA, but at Washington yields were sim-
ilar for both training systems. Trees at
Quebec responded differently, and
yield/tree was similar for CL and VA. Re-
gardless of location or cultivar, with M.9
as the rootstock, yield/tree was higher for
VA than for SS. In most situations,
CL/M.26 had the highest yield/tree and
trees trained as SS had the lowest yields.
After the first five years of this trial yield
per tree tended to follow a similar trend,
where yields were highest for VA/M.26
and lowest for the trees trained as SS and
for CL/Mark and VA/Mark (1). For trees
trained as SS, rootstock did not signifi-
cantly influence yield/tree at most loca-
tions. For trees trained as VA, yield/tree
tended to be highest for trees on M.9 and
lowest for trees on P.1. For trees trained as
CL, trees on M.26 had significantly high-
er yields than on Mark at five of the 18
combinations of location and scion.

It is difficult to determine the influence
of rootstock, tree spacing, and training sys-
tem on yield per tree because the three fac-
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tors are confounded. In general one might
expect that trees grown at close spacing
would be small and have lower yield per
tree than trees at wider spacing. When data
were pooled over two cultivars and four
training systems, Robinson (19) found that
trees planted at 1,429 trees/ha produced
12% less per tree than trees planted at
1,111 trees/ha. However, training system
also affects yield per tree. When data were
pooled over two cultivars and two tree
densities, yield per tree was about 30%
lower for SS than for VA (19). In a Nor-
wegian study, where tree density was held
constant, yield per tree was 40% higher for
trees trained as Vertical axis than for trees
trained as Free spindle (15).

Cumulative yield per ha was influenced
by location, cultivar, and training system
(Table 5). Cumulative yield per ha was
lowest at Ontario and highest at Virginia.
After the first five years of this trial, cu-
mulative yield per ha was lowest at NC and
IL, and highest at MI and VA (1), so results
at year five do not totally agree with results
at year 10. At Illinois and Michigan, ‘Em-
pire’ out yielded ‘Jonagold’ and at Ontario
the opposite occurred. The two cultivars
had similar yields at New York. At North
Carolina and Virginia ‘Empire’ out-yield-
ed ‘Delicious’. At Washington ‘Braeburn’
and ‘Fuji’ had similar yields. With Mark as
the rootstock, at most locations SS had the
highest yields and CL had the lowest
yields. With M.9 as the rootstock, cumula-
tive yields per ha did not significantly dif-
fer for SS and VA for 14 of the 17 culti-
var/location combinations. With M.26 as
the rootstock, cumulative yield per ha was
higher for VA than for CL for 5 of the 16
cultivar/location combinations. Previous-
ly, where tree densities were held constant,
VA out yielded SS by 3% (19) and VA out
yielded Free spindle by 40% (15).

Because the numerical values for yield
per ha varied considerably from location to
location, least squares means within each
location were ranked and the sums of the
ranks were used to help interpret the data.
Sums of ranks is a common approach used
by nonparametricians for analyzing data
sets that do not meet the assumptions re-
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quired for least squares procedures. A
major advantage of using sums of ranks is
that extreme values do not influence the
ranks. Based on the rank sums, yield per ha
separated into three groups of orchard sys-
tems. The group with the highest yields in-
cluded SS/B.9 > SS/M.9 = VA/M9 >
SS/Mark > VA/M.26. Orchard systems
with intermediate cumulative yield per ha
included VA/Mark > CL/M.26 > VA/O3
and orchards systems with the lowest cu-
mulative yields included VA/P.1 >
CL/Mark. Although yields differed greatly
from one location to another, rankings for
yields were fairly consistent. For ‘Em-
pire’, CL/Mark had the lowest yield per ha
at five of the seven locations, and the SS
training system ranked among the top
three systems at six of the seven loca-
tions.Yield efficiency and crop density
were influenced by location, cultivar and
orchard system (Tables 6 and 7). lllinois,
especially for ‘Jonagold’, and Ontario had
the lowest YE and crop density and New
York had the highest yield efficiency and
crop density. Yield efficiency and crop
density were higher for ‘Empire’ than for
‘Jonagold’, ‘Empire’ was slightly higher
than ‘Delicious’, and ‘Braeburn’ was high-
er than ‘Fuji’. With Mark, yield efficiency
and crop density for SS were lowest at 13
of the 16 cultivar/location combinations,
and VA and CL were not significantly dif-
ferent at most locations. With M.9, the
yield efficiency and crop density for SS
was consistently lower than for VA. When
M.26 was the rootstock, training system
did not consistently influence yield effi-
ciency and crop density. For SS, the root-
stock did not consistently influence yield
efficiency and crop density. For VA, trees
on M.9 and Mark tended to have the high-
est yield efficiency and crop density and
trees on P.1 tended to have the lowest yield
efficiency and crop density. For CL, Mark
consistently had higher yield efficiency
and crop density than did M.26. At most
locations VA/Mark and VA/M.9 had the
highest yield efficiency and crop density
and VA/P.1 had the lowest yield efficiency
and crop density. Results for yield effi-
ciency have varied in previous orchard
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systems and spacing trials. Costa et al. (3)
reported that the influence of tree spacing
on yield efficiency varied for different cul-
tivars. When planted at the same tree den-
sity, cumulative yield efficiency was 10%
higher for Free spindle than for VA (15)
and cumulative yield efficiency was 10%
higher for VA than for SS (19).

Average fruit weight tended to be low-
est at North Carolina and highest at Vir-
ginia (Table 8). At most locations ‘Jon-
agold’ and ‘Delicious’ had higher fruit
weight than ‘Empire’. Average fruit
weight was influenced by orchard system
for 12 of the 18 cultivar/location combi-
nations (Table 8). The influence of or-
chard system on average fruit weight was
not consistent across locations. Analysis
of covariance indicated that average fruit
weight was related to crop density or cu-
mulative fruit per tree for only four com-
binations of cultivar/location (data not
presented). Least squares means were not
calculated for the other 14 combinations
because fruit weight was not significantly
related to crop load for 12 cultivar/loca-
tion combinations. For the other two com-
binations, the interaction of crop load and
system was significant. This indicates that
the slope for fruit weight vs. crop load was
influenced by the orchard system at some
locations. Adjusting means with analysis
of covariance requires that the slopes are
similar (11, 18), so means could not be ad-
justed when the interaction was signifi-
cant. When ‘Empire’ fruit weight was ad-
justed for cumulative fruit per tree at
Michigan, the VA system with all root-
stocks except P.1 had the largest fruit and
SS/M.9 had the smallest fruit. When ‘Jon-
agold’ fruit weight was adjusted for cu-
mulative number of fruit per tree at Illi-
nois, VA/M.9 and VA/M.26 had the largest
fruit and SS/Mark and VA/Mark had the
smallest fruit. When ‘Empire’ fruit weight
at North Carolina was adjusted for crop
density, CL/Mark had the largest fruit and
VA/P.1 had the smallest fruit. When ‘Jon-
agold’ fruit weight in Michigan was ad-
justed for crop density, CL/Mark,
VA/Mark, and VA/M.9 produced the
largest fruit and SS/M.9 and VA/P.1 pro-
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Table 1. Training system, rootstock and tree spacing for the 10 orchard systems.

Training system Tree spacing(m)  Trees/ha Rootstocks

Slender spindle (SS) 1.25x3.25 2460 M.S EMLA, B.9, Mark

Vertical axis (VA) 1.6x4.0 1561 P.1, M.26 EMLA, M9 EMLA, B9, 0.3
Central leader (CL) 20x45 1111 M.26 EMLA, Mark

duced the smallest fruit. In previous stud- sistently influenced by orchard s

ystem (3,
ies, average fruit weight was also not con- 15, 19). :

10 1 New York VAMS

8 VAM.26
VAIO.3

SSMark

Ranking at year 10

CcLM.26
North Carolina |,y 26

ssM.9
VAM.9

§s/B.9

SS/Mark
VAMark
VAP.1

CUMark

0 2 4 6 8 10 O 2 4 6 8 10
Ranking at year 5

Figure 1. The relationship between cumulative yield per ha after 5 years and after 10 years for
‘Empire’ trees grown in 10 orchard systems for 10 years at six locations. Cumulative yields
were ranked at each location, where 1 = lowest yield and 10 = highest yield. A line of unity,

with a slope of 1, is included. If there were perfect agreement between the two rankings, all
values would fall on the line.
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Figure 4. The relationship between two cultivars for cumulative yield per ha after 10 years at
seven locations. Cumulative yields for each cultivar were ranked for each location, where
1 = lowest yield and 10 = highest yield. A line of unity, with a slope of 1, is included. If there
were perfect agreement between the two rankings, all values would fall on the line.



Table 2. Influence of training system/rootstock combination (system treatment), cultivar and location on tree
survival (% alive) after 10 years. Data for Quebec are for 8 years.Z

Empire Jonagold Delic Braeburn Fuji
tsr!:z:ﬂnt L M NC NY ONT QUE VA L Mi NY ONT QUE NC VA WA WA
SS/M.9 100 100 100 100 100 75b 100 96 100 100 95 7bc 100 96 97 100
SS/B.9 100 100 100 96 100 96ab 100 100 97 100 100 79a 100 96 91 97
SS/Mark 85 97 96 96 95 100a 100 100 94 96 96 29bc 96 100 100 100
VA/P.1 100 100 100 100 100 80b 100 100 96 88 94 75a 100 100 — —
VA/M.26 100 96 94 100 100 100a 100 100 83 100 100 55ab 94 100 100 100
VA/O.3 — 67 94 94 100 75b 94 — 96 100 94 — 94 100 100 —
VA/M.9 100 100 100 100 100 90ab 100 100 92 100 88 70ab 100 100 100 100
VA/Mark 100 100 100 100 100 90ab 94 94 100 100 100 25bc 100 100 100 96
CL/M.26 100 100 100 92 100 100a 100 92 100 92 100 25bc 100 100 100 95
CL/Mark 100 100 100 100 100 88ab 93 100 100 100 100 38b 100 100 95 95
P-value 0.353 0.092 0.595 0.735 0462 0.031 0.611 0.494 0.620 0.235 0.791 0.001 0.595 0.573 0.615 0.763

2|_east squares means followed by common letters do not differ at the 5% level, by probability of the difference.

The influence of orchard systems on
cumulative yield per ha reported in this
study is probably related to canopy vol-
ume and light interception per ha. Apple
yield per ha increases nearly linearly with
increasing light interception, especially
the amount of light intercepted by spur
leaves early in the season (9). Robinson
(19) found that increasing the tree density
by 29% (1,111 to 1,429 trees/ha), light in-
terception was increased by 18%. When
data were pooled over two cultivars and
two tree spacings, light interception was
similar for SS and VA (19). In our trial,
yields within a location were probably
also related to light interception. The rel-

atively low yields for CL-trained trees
probably occurred because it took longer
to fill the space between the trees than for
other systems. At most locations trees on
Mark rootstock had lower yields than
trees trained similarly but on different
rootstocks. The low yields produced by
Mark probably resulted from relatively
small canopies produced by Mark.
Orchard systems trials are expensive to
establish and to maintain. Therefore, it
would be advantageous to terminate sys-
tems trials earlier than the 10-year period
used in this trial. One way to determine if
early termination would be possible is to
correlate cumulative yields per ha for the

first five years with cumulative yields
after 10 years. When regression models
were fit for each location, the linear rela-
tionship was significant for all locations
except IL, but the coefficients of determi-
nation were fairly low (0.32 to 0.75) and
the slopes varied greatly with location
(slopes varied from -0.75 at IL to 12.4 at
North Carolina). Comparison of these
models was further complicated by the
fact that the range of cumulative yield
after 10 years differed depending on loca-
tion (90 to 144 T/ha for Ontario and 251
to 471 T/ha for Virginia). To simplify
comparisons, cumulative yield/ha for the
10 systems was ranked from 1 to 10 for
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each location for the first five years and for  rankings for the 10 systems were exactly
the ten years, where 1=lowest yield and the same after 5 and 10 years, all points
10=highest yield. The two ratings were would fall on the line. Systems falling
then plotted against each other for each lo-  below the line had a higher ranking for the
cation (Fig. 1). Aline of unity, withaslope first 5 years than at the end of the study.
of 1.0 was included in each plot. If the Systems falling above the line had lower

10 10
g
g s = 8
% 8
8 6 = 6
0 o
o 4 > 4
£ 2
= 2 2 2
0 0
0 2 4 6 8 10 0 2 4 6 8 10
North Carolina ranking Virginia ranking
10 SsM.9 10 CLM.28
2 VAM.26
2 s £ 8 ssm.8
% s VAM.9
£ 6 SS/Mark c 6 SsB.9
=} VAMark o]
E 4 ) :E’ 4 SSMark
|3 o VAMark
° ., cumas| = 2 VAP1
c . ClL/Mark
0 0
0 2 4 6 8 10 0 2 4 6 8 10
North Carolina ranking Virginia ranking
10 o 10
=
£ s £ s
= &
[ -
& 6 £ ©
2 J
° 4 > 4
£ 3
=2 2 2
0 0
0 2 4 6 8 10 0 2 4 6 8 10
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Figure 2. The relationship between cumulative yield per ha after 10 years for ‘Empire’ trees
grown in 10 orchard systems for 10 years at six locations. Plots are presented for all pos-
sible two-way comparisons of three low-yielding locations (lllinois, North Carolina and
Ontario) and three high-yielding location (Michigan, New York and Virginia). Cumulative
yields were ranked at each location, where 1 = lowest yield and 10 = highest yield. A line
of unity, with a slope of 1, is included. If there were perfect agreement between the two
rankings, all values would fall on the line.



Table 3. Influence of training system/rootstock combination (system treatment), cultivar and location on trunk
cross-sectional area (T Cqu(cmz) of surviving trees after 10 years. All values are least squares means adjusted
for missing values. Data for Minnesota are for 6 years and data for Quebec are for 8 years. £

Empire Delicious
Systelﬁ :
treatment L Mi MN NC NY ONT QUE VA MN NC VA
SS/M.9 52.4 463 e 185d 186b 36.4e 30.0 cd 13.1¢c 53.6 de 225b 245c¢ 57.3 bc
SS/B.9 37.8 4M7e 26.2¢c 29.2b 338e 299 cd 13.2c 39.2e 29.0b 26.1¢c 458c
SS/Mark 34.1 329f 2230cd 33.8b 249 f 25.5d 139¢ 41.7e 26.2b 266¢ 372c¢
VA/PA 77.4 1153 a 489 a 69.1a 88.2a 715a 294a 121.5a 457 a 59.3a 111.7a
VA/M.26 62.0 792¢c 28.0b 60.4a 61.2c¢c 52.7b 20.3b 86.3b 30.0b 56.2 a 96.4a
VA/O.3 — 626d 28.7 bc 519a 45.1d 37.1¢c 13.1¢c 720c¢c —_ 478b 706 b
VA/M.9 50.0 56.2d 20.7 cd 38.1b 43.8d 30.5 cd 133¢c 57.8d — 309¢c 61.6 bc
VA/Mark 54.6 35.8f 224 cd 284D 243 e 28.6 cd 15.4 bc 50.2 de 23.0b 240c 442c¢c
CL/M.26 83.8 999b —_ 49.2 a 769b 55.6 b 16.5 bc 940b — 495ab 104.0a
CL/Mark 47.4 39.8 ef — 26.9 ef 29.6 ef 34.1cd 141 ¢ 51.3de — 289c¢ 520c¢
P-value 0.084 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.008 0.001 0.001
Jonagold Braeburn Fuji

L M NY ONT QUE WA WA
SS/M.9 719 ab 68.2d 52.7d 526bcd 214D 218b 495b
SS/B.9 69.7b 59.2 ef 50.0d 459 cd 200b 20.0 bc 40.7 bc
SS/Mark 47.8b 515f 40.0e 406d 206 b 20.0 bc 310c
VA/PA 107.4a 1142ab 1020a 76.4a 433 a —_ —
VA/M.26 946ab 104.4b 79.8b 62.1abc 236b 346a 732a
VA/O.3 — 858¢c 60.0c 56.6 bc — 136¢C —
VA/M.9 58.3b 81.6 cd 66.2¢c 626abc 242D 22.7b 50.1b

VA/Mark 475b 57.9 ef 414e 39.5d 223b 17.7 be 26.4c
CL/M.26 106.3 a 1240a 80.8b 659abc 21.8b 36.5a 81.2a
CL/Mark 540D 68.0 de 48.4d 552¢c 23.2b 219b 329c¢c
P-value 0.001 0.001 0.001 0.001 0.016 0.001 0.001

Z|_east squares means followed by common letters do not differ at the 5% level, by probability of the difference.
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rankings for the first 5 years than after 10
years. The rankings put all systems and lo-
cations on the same scale to facilitate com-
parisons.

Several types of information can be ob-
tained from these plots. Lack of deviation
from the line indicates good agreement for
rankings after 5 and 10 years. There was
good agreement between the rankings at
only Ontario, indicating that these types of
trials should not be terminated after only 5
years. At North Carolina cumulative yield
after 5 years was poorly related to yield
after 10 years. This poor relationship may
be due to management modifications after
year 5 (M. Parker, personal communica-
tion). There were some similarities be-
tween locations. Considering only cumu-
lative yield, the most desirable orchard
systems would be those that occurred in
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the upper right-hand corner of the plot be-
cause these systems were precocious, but
also had high cumulative yields for the du-
ration of the study. SS/B.9 and SS/M.9
were in the upper right-hand corner of the
plots for 3 of the six locations. Other sys-
tems with desirable cumulative yield char-
acteristics included SS/Mark and VA/M.9.
At most locations CL/Mark and CL/M.26
tended to occur at the lower left-hand cor-
ner indicating that those orchard systems
ranked low for cumulative yield per ha
after 5 and 10 years.

Plotting rankings after 10 years for two
locations allows one to evaluate the agree-
ment between those locations. Plots in Fig-
ure 2 show the agreement between loca-
tions with similar cumulative yields per ha
after 10 years. The three plots on the left
side of Figure 2 are all possible combina-

-
o

North Carolina ranking

Illinois ranking

Ontario ranking

0 2 4 6 8 10 0 2 4
Michigan ranking

New York ranking

6 8 10 0 2 4 6 8 10
Virginia ranking

Figure 3. The relationship between rankings for cumulative yield per ha after 10 years for
‘Empire’ trees grown in 10 orchard systems for 10 years at six locations. Plots are pre-
sented for all possible three-way comparisons of the low-yielding locations (lllinois, North
Carolina and Ontario) and three high-yielding locations (Michigan, New York and Virginia).
Cumulative yields were ranked at each location, where 1 = lowest yield and 10 = highest
yield. A line of unity, with a slope of 1, is included. If there were perfect agreement between
the two rankings, all values would fall on the line.



Table 4. Influence of training system/rootstock combination (s

cumulative Yield (k%trvee) of surviving trees after 10 years.
for missing values.

stem treatment), cultivar and location on
? values are least squares means adjusted
ata for Minnesota are for 6 years and data for Quebec are for 8 years. ¢

Empire Delicious

System
treatment L L']] MN NC NY ONT QUE VA MN NC VA
SS/M.9 116 132 e 25 88 c 132d 59 be 22b 191 bc 16 49 c 123 ¢
SS/B.9 102 152 de 26 82c 118d 52¢c 27b 166 ¢ 19 62c 133 ¢c
SS/Mark 103 138 e 30 78 c 120d 48 ¢ 26 b 164 c 23 76 bc 156 bc
VA/P.1 141 143 e 24 107 bc 172¢c 74 ab 37a 252 ab 21 63 c 187 b
VA/M.26 144 190 c 31 173 b 214 b 88a 46 a 263 ab 19 107 bc 222 ab
VA/O.3 — 195 ¢ 33 130 bc 200 be 74 ab 33 ab 269 ab — 90bc 225ab
VA/M.9 147 231 ab 27 137b 218 ab 83 a 28 ab 281 ab — 99bc 234 ab
VA/Mark 112 201 be 28 115 be 133d 76 ab 39a 239b 22 112b 218 ab
CL/M.26 168 244 a — 248 a 247 a 89 a 40 a 308 a — 168 a 247 a
CL/Mark 163 177 cd — 143 b 141 cd 81a 40a 226 b —_ 146 ab 230ab
P-value 0.118 0.001 0.642 0.001 0.001 0.001 0.006 0.001 0.123- 0.001 0.001

Jonagold Braeburn Fuji

L M NY ONT QUE WA WA

SS/M.9 46 c 110e 128 ¢ 83 cd 21 93 be 76 b
SS/B.9 59¢c 136 cde 114 c 84 cd 30 91 be 87b
SS/Mark 57¢c 149cd 138¢c 78d 33 76 bc 85b
VA/P.A 51c 125de 166 bc 107 be 48 — —
VA/M.26 101 ab 162 ¢ 195b 114 abc 32 122 a 122a
VA/O.3 — 162 ¢c 201 ab 105 be —_ 42d —
VA/M.9 96 ab 229ab 221 ab 123 ab 38 130 a 116 a
VA/Mark 83b 228ab 183b 99 c 33 73 ¢ 75b
CL/M.26 116 a 212b 249 a 118 ab 16 125 a 117 a
CL/Mark 102 ab 255a 197 ab 126 a 34 95b 98 ab
P-value 0.001 0.001 0.001 0.001 0.256 0.001 0.006

2| east squares means followed by common letters do not differ at the 5% level, by probability of the ditference.
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Table 5. Influence of training system/rootstock combination (system treatment), cultivar and location on
cumulative yield IST -ha?) of surviving trees after 10 years. All values are least squares means adjusted for
missing values. Data for Minnesota are for 6 years and data for Quebec are for 8 years. 2

Empire Delicious
System
treatment IL M MN NC NY ONT QUE VA MN NC VA
SS/M.9 285 325 ab 61 ab 216 ab 324 ab 144 a 55abc  471a 38 bc 121bc 303
SS/B.9 251 373 a 63 ab 202 ab 290 ab 127 ab 66 ab 409 a 49 ab 154 ab 327
SS/Mark 252 338 a 75 a 191 be 271 b 118 ab 64 ab 403 a 56 a 186ab 385
VA/P.1 212 214 c 38¢c 161 c 259 b 111 be 56abc 378b 33c 94 c 281
VA/M.26 217 285b 48 bc 260 abc 322 ab 133 ab 68 a 395 a 29 c 161ab 333
VA/O.3 — 293 b 51 bc 195 b 300 ab 111 be 49 be 404 a — 136 bc 337
VA/M.9 220 347 a 42 ¢ 206 abc 327 a 125 ab 42 c 423 a — 148ab 351
VA/Mark 169 302 ab 44 bc 173 bc 200 ¢ 114 bc 58abc 360b 35¢c 168ab 326
CL/M.26 186 271 b — 275 a 275b 99 be 44 bc 342b — 187 a 274
CL/Mark 181 196 ¢ — 159 be 157 ¢ 90 be 45 be 251 ¢ — 163ab 256
P-value 0.323 0.001 0.006 0.030 0.001 0.021 0.033 0.002 0.004 0.023 0.069
Jonagold Braeburn Fuji

IL Ml NY ONT QUE WA WA
SS/M.9 114 bc 269 b 315a 205 a 51 205 a 181 a
SS/B.9 145 ab 335 a 281 b 207 a 73 188 a 207 a
SS/Mark 140 ab 268 a 339 a 191 ab 82 161 b 194 a
VA/PA 77 ¢ 187 ¢ 250 be 160 bc 72 — —
VA/M.26 152 a 244 b 293 ab 171 b 49 163 b 174 a
VA/O.3 — 244 b 302 ab 158 bc — 56 d —
VA/M.9 145 ab 343 a 332 a 184 ab 57 162 b 171 a
VA/Mark 124 ab 343 a 275b 149 ¢ 49 91¢c 108 b
CL/M.26 129 ab 235bc 276b 131 ¢ 18 116 ¢c 127 b
CL/Mark 113b 283 b 219 ¢c 140 ¢c 38 93¢ 107 b
P-value 0.010 0.001 0.001 0.001 0.052 0.001 0.001

ZLeast squares means followed by common letters do not differ at the 5% level, by probability of the difference.
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Table 6. Influence of training system/rootstock combination (system treatment?, cultivar and location on cumu-
lative yield efficiency (kg-cm?) of surviving trees after 10 years. All values are least squares means adjusted for
missing values. Data for Minnesota are for 6 years and data for Quebec are for 8 years. ¢

Empire Delicious
System
treatment L MN M NC NY ONT QUE VA MN NC VA
SS/M.9 2.4 13a 29d 31c 36¢c 2.,0bc 17¢ 36b 0.7ab 20c¢ 2.2 cd
SS/B.9 2.8 1.0 abc 3.7c 28c 35¢c 17c¢c 2.0 bc 4.3 ab 0.7 ab 24c 3.0 bc
SS/Mark 3.6 14a 4.2 be 23cd 4.4b 1.9bc 19bc 4.1 ab 0.9a 2.8bc 42a
VA/PA1 2.1 05¢c 12e 16d 2.0d 1.1d 1.3¢ 21c 0.5b 1.1d 1.7d
VA/M.26 2.4 0.8 bc 2.4d 29c 35¢ 1.7¢ 23b 3.1bc 0.6b 20c 23cd
VA/0.3 — 1.1 abc 3.1cd 2.7cd 44b 2.1bc 2.5ab 3.7b — 19c¢c 3.2bc
VA/M.9 3.3 13a 41b 3.6 bc 5.0 ab 27a 2.2b 49a — 3.2b 3.8b
VA/Mark 2.2 12ab 57a 42b 55a 27a 2.6 ab 4.8 ab 09a 47a 5.0a
CL/M.26 2.1 — 24d 5.0 ab 3.2c 1.7¢ 2.4 ab 3.2b — 3.3b 2.4cd
CL/Mark 4.3 — 46b 54a 4.7b 2.4 abc 29a 4.6ab — 5.1a 4.6 ab
P-value 0.179 0.004 0.001 0.001 0.001 0.001 0.001 0.046 0.001 0.001
Jonagold Braeburn Fuji

L Mi NY ONT QUE WAX WAX
SS/M.9 0.8¢c 16e 24c 16¢c 1.3 3.8ab 1.5bc
SS§/B.9 09¢c 2.3d 23c 1.8 bc 1.5 3.8ab 2.1ab
SS/Mark 1.2bc 29c 35b 1.9bc 16 3.3b 25ab
VA/P:A 05c¢ ile 16d 15¢c 1.2 — —
VA/M.26 1.1bc 16e 24c 1.8 bc 1.5 3.4b 1.6 bc
VA/O.3 —_ 1.9de 34b 1.9 bec — 28c —
VA/M.9 1.8ab 2.8cd 3.3b 20b 1.5 48a 23ab
VA/Mark 1.9ab 40a 45a 26a 1.6 3.4b 27a
CL/M.26 1.1 bc 17e 3.1bc 1.8 bc 0.8 29c 14c
CL/Mark 20a 3.8a 41a 2.3ab 1.6 3.9ab 29a
P-value 0.001 0.001 0.001 0.007 0.548 0.001 0.001

Z|_east squares means followed by common letters do not differ at the 5% level, by probability of the difference.
XTCA was not measured in Washington in 1999, so data are for 1998.
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Table 7. Influence of training system/rootstock combination (system treatment), cultivar and location on cumu-

lative crop density (number of fruit-cm?) of surviving trees after 10 years. All values are least squares means
adjusted for missing values. Data for Minnesota are for 6 years and data for Quebec are for 8 years.
Empire Delicious
System
treatment L LU]] MN NC NY ONT QUE VA MN NC VA
SS/M.9 17.2 23.9 be 76ab  266bc  240c 16.1ab  146¢c 229b 46b 15¢ 13.5 cd
SS/B.9 18.8 28.0b 95ab  234bc  232c 139b 16.5bc  26.8ab 43b 156bc  17.4cd
SS/Mark 253 336a 10.2a 19.2¢ 30.2b 15.1b 156bc  242b 55ab  17.8bc  25.4b
VA/P.1 15.2 11.2e 40c 143bc  13.7d 87¢c 10.4d 136¢ 29b 7.3d 10.8d
VA/M.26 17.0 16.2 cd 6.8bc  249bc  25.4c 128bc  18.8d 19.9 be 44b 128cd  14.7cd
VA/0.3 — 20.0 cd 9.1a 234bc  308b 16.4a 229a 251a — 121cd  20.1bc
VA/M.9 223 254bc  10.1a 30.7b 348ab  203a 17.8bc  31.8a — 20.3b 249b
VA/Mark 14.8 36.4a 9.2ab 355ab  39.0a 21.4a 206ab  30.1a 84a 316a 31.8a
CL/M.26 15.2 18.0d — 426a 23.1¢ 124bc  20.1ab  21.0b — 20.4b 14.9 cd
CL/Mark 30.0 334a — 43.1a 33.1ab 18.8 ab 229a 28.3ab — 339a 279 ab
P-value 0.164 0.001 0.015 0.001 0.001 0.001 0.001 0.001 0.043 0.001 0.001
Jonagold Braeburn Fuji
L Ml NY ONT QUE WAY WAY

SS/M.9 37bc  17.1b 102¢ 95¢ 8.2 16.2 be 57d
SS/B.9 43bc  199ab  10.0c 11.1 be 8.9 16.9b 86¢c
SS/Mark 6.3b 27.1a 16.1b 122b 10.1 146cd  116b
VA/P.1 25¢ 101¢c 74c 9.1c 6.9 — —
VA/M.26 52bc  10.3c 11.3¢c 10.9 be 8.7 13.4 cd 6.1cd
VA/0.3 — 119¢ 155b 11.7 be — 13.2cd —
VA/M.9 85ab  17.3b 14.8b 11.5 be 8.3 19.9a 9.7¢
VA/Mark 104 a 233a 21.7a 16.6a 9.6 153bc  142a
CL/M.26 53bc  105¢ 13.8b 11.1be 46 12.0d 57d
CL/Mark 11.6a 224a 210a 13.7 ab 9.6 175ab  149a
P-value 0.001 0.001 0.001 0.002 0.474 0.003 0.001

2L east squares means followed by common letters do not differ at the 5% level, by probability of the difference.
YTCA was not measured in Washington in 1999, so data are for 1998.
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Table 8. Influence of training system/rootstock combination (system treatment), cultivar and location on
average fruit weight (g/fruit) of surviving trees after 10 years. All values are least squares means adjusted
for missing values. Data for Minnesota are for 6 years and data for Quebec are for 8 years. Z

Empire Delicious
System
treatment 18 L] MN NC NY ONT QUE VA MN NC VA
SS/M.9 143 120 e 139 a 116 162 a 122 b 116 b 159 be 153 ab 149 161 b
SS/B.9 146 132 cd 136 a 120 151 ab 124 b 124 a 162 b. 156 ab 155 169 a
SS/Mark 142 124 de 139 a 124 145 ab 126 b 121 ab 168 a 159 a 159 167 ab
VA/P.1 141 111e 128 b 114 142 Db 122b 124 a 152 ¢ 153 ab 148 155 be
VA/M.26 138 149 b 123 b 117 138 b 13t a 121 ab 154 c 140 ab 154 158 be
VA/O.3 — 155 ab 125b 115 144 b 126 b 109 ¢c 149 ¢c — 157 161b
VA/M.9 146 163 ab 131 ab 117 143 b 135a 124 a 154 c — 157 163 ¢
VA/Mark 149 155 ab 133 ab 120 142 b 127 b 124 a 160 b 124 b 150 157 bc
CL/M.26 139 135 cd — 117 141b 134 a 122 a 155 ¢ —_ 161 163 ab
CL/Mark 142 136 cd _ 125 141 b 130 ab 126 a 162 b — 151 167 ab
P-value 0.361 0.001 0.005 0.252 0.029 0.032 0.001 0.001 0.033 0.464 0.002
Jonagold Braeburn Fuji
L Mi NY ONT QUE WAY WAY
SS/M.9 214 a 95b 239 a 170 171 234 ab 262 a
SS/B.9 197 b 117 b 233 ab 165 170 224 b 240 a
SS/Mark 193 b 111 b 217 c 157 159 223 b 214b
VA/PA 214 a 110b 222 be 163 177 —_ —
VA/M.26 208 ab 155a 217 c 169 176 247 a 255 a
VA/O.3 — 160 a 217 ¢ 160 —_ 211 b —_
VA/M.9 217 a 169a 226 bc 173 184 234 ab 246 a
VA/Mark 184 bc 171a 207 cd 155 170 215b 192 b
CL/M.26 207 ab 162 a 223 be 166 183 240 a 256 a
CL/Mark 174 c 168 a 196 d 169 179 219b 197 b
P-value 0.006 0.001 0.001 0.166 0.621 0.001 0.001

Z| east squares means followed by common letters do not differ at the 5% level, by probability of the difference.

YTCA was not measured in WAshington in 1999, so data are for 1998.
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PERFORMANCE OF TEN APPLE ORCHARD SYSTEMS:

tions of the three locations with low cu-
mulative yields and the three plots on the
right side are for the three locations with
high yield. Rankings at Ontario, North
Carolina, and Illinois agree fairly well ex-
cept that VA/Mark performed better at On-
tario than at Illinois, and CL/M.26 per-
formed better at North Carolina than at
Ontario and Illinois. Rankings for New
York agreed fairly well with rankings for
Michigan and Virginia, but rankings for
Michigan did not agree very well with
rankings for Virginia. Rankings for
VA/Mark, SS/Mark, and SS/B.9 were
higher for Virginia than for Michigan and
the ranking for VA/M.26 was higher for
New York than for Michigan (Fig. 2).
Rankings for each of the high yielding lo-
cations were also plotted against rankings
for each of the low-yielding locations (Fig.
3). Interestingly, VA/M.9 ranked 7'h at the
low-yielding locations and 9t or 10t at the
high-yielding locations, respectively (Fig.
3). The ranking for VA/O.3 was higher at
the high-yielding locations than at the low-
yielding locations. VA/Mark ranked high-
er at all the high-yielding locations than at
Illinois. CL/M.26 and VA/M.26 ranked
higher at North Carolina than at all the
high-yielding locations.

To determine if more than one cultivar
should be included in a systems trial, rank-
ings for cumulative yield per ha for one
cultivar was plotted against similar values
for the other cultivar for each location
(Fig. 4). Locations where agreement for
the two cultivars was good included
Michigan, Washington and New York, ex-
cept for SS/Mark at New York where the
relative ranking was higher for ‘Empire’
than for ‘Jonagold’. At North Carolina,
SS/M.9 was more productive with ‘Deli-
cious’ than with ‘Empire’ and the opposite
was true for SS/Mark, VA/Mark and
CL/Mark. At Illinois, SS/M.9 performed
better with ‘Jonagold’ than with ‘Empire’.
At Virginia SS/Mark performed better
with ‘Empire’ than with ‘Delicious’. At
Ontario VA/M.26 performed better with
‘Jonagold’ than with ‘Empire’. This graph-
ical display of the results indicates that the
relative performance of an orchard system
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may differ with cultivar, so more than one
cultivar should be included in systems tri-
als.

Conclusions.

It is difficult to draw general conclu-
sions from this study because cultivars and
rootstocks were not common to all loca-
tions. In future trials an effort should be
made to plant the same rootstocks and cul-
tivars at each location to facilitate analysis
and interpretation of the data. Cumulative
yields per ha varied greatly from one loca-
tion to another, but the relative perfor-
mance of the 10 orchard systems was fair-
ly consistent across locations. At most
locations relatively low yields per ha were
obtained for CL/Mark and CL/M.26,
whereas the three orchard systems with
SS-training tended to have high yields. For
VA-trained trees, M.9 was the most pro-
ductive rootstock, whereas Mark and P.1
were the least productive. Because the in-
teraction between location and orchard
system did not appear to be great, the num-
ber of locations for future systems plant-
ings should be reduced. Four to six well-
chosen locations would probably provide
results that would apply to most apple-
growing regions of North America. More
than one cultivar, and preferably the same
cultivars at all locations, should be includ-
ed in future trials.

Results from this trial should be inter-
preted cautiously because yield and aver-
age fruit weight are the only economically
important variables presented. Fruit size
distribution, fruit color and quality, and
costs for orchard establishment and main-
tenance also influence orchard profitabili-
ty. In this trial SS was the most productive
training system, but costs for trees would
also be the highest. At some locations SS
produced fruit with poor red color because
there was too much within-tree shading. At
locations with high tree vigor, SS required
additional pruning time to hold trees with-
in their allotted space. Therefore, cumula-
tive yield may not be a good indicator of
profitability.
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Peach Rootstocks - Fruit Phenolics
In all cultivars fruit from trees grafted on Nanking cherry contained more total phenolic
compounds than did those on ‘Tuseito’ or ‘Nagano-Yaseito’. There was wide variation
in phenolic contents among cultivars; being low in ‘Soctome’, ‘Yahata-hakuho’ and
‘Chikuma’ but high in ‘Sanyo-suimitsu’, ‘Setouchi-hakuto’ and ‘Golden Peach. From
Kubota et al 2001. J.Japan.Soc.Hort.Sci. 70(2)151-156.





