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Abstract
 A multi-site experiment to evaluate the performance of 23 apple (Malus × domestica Borkh.) cultivars was 
established in 1999. The purpose was to evaluate new and promising cultivars and breeding selections in a range 
of geographical and climatic areas within North America. All trees were propagated on M.9T337 and minimally 
pruned to encourage early bearing. ‘Pinova’ and ‘Cripp’s Pink’ had the most flower clusters in the first year after 
planting. At the end of the fifth growing season ‘Cripp’s Pink’ trees were among the largest while NY 65707-19 
and ‘Minnewashta’ were the smallest. CQR10T17 and ‘Golden Delicious’ had the greatest cumulative yield. ‘Pi-
nova’ had the highest yield efficiency and highest mean number of fruit per year. The largest fruit were produced 
on NY 75907-49. Three breeding selections NJ 90, NY 65707-19 and NY 75907-49 had pre-harvest fruit drop in 
excess of 20%. ‘Chinook’ had the heaviest annual crop load but also had the smallest fruits. ‘Minnewashta’ and 
‘Silken’ were the earliest blooming cultivars while ‘Runkel’ bloomed the latest. Across all sites the average days 
from bloom to harvest was 184 days for ‘Cripp’s Pink’ making it the latest cultivar to mature and probably not 
suited to be grown in more northern regions of the continent.

 It has been estimated that there are in ex-
cess of 10,000 named apple cultivars (15); 
however, only about 15 cultivars are traded 
on an international basis. Even so, commer-
cial fruit growers are constantly trying to find 
new cultivars that can command a higher 
monetary value. Typically when a new high-
quality cultivar is released, supply is low and 
prices will be high. As supply increases then 
prices respond by dropping. The ideal situa-
tion is for fruit growers to be marketing the 
new cultivar before supply increases and its 
value declines. The current high cost of es-
tablishing an orchard and the risk of planting 
a cultivar that has a low demand make it vi-
tal that information on cultivar performance 
across a wide range of growing environments 
is readily available.
 The world apple production has rapidly in-
creased in recent years with the People’s Re-
public of China leading the way as the largest 
producer (5). Much of the rapid rise in global 
production can be attributed to the discovery 
and release of new apple cultivars (10). ‘Fuji’ 

and ‘Gala’ are examples of two new cultivars 
that fueled the expansion of the industry. 
‘Fuji’ is now the world’s leading apple culti-
var. O’Rourke et al. (10) estimated that total 
production of all apple cultivars will increase 
by 7% between 2005 and 2010.
 The NE-183 project as outlined (4) was the 
first organized research project that attempted 
to standardize the testing of new apple culti-
vars across a wide geographical region. This 
paper presents the results of the growth and 
yield parameters of the 1999 planting from 
17 sites in North America.

Materials and Methods
 The overall design and objectives for the 
study have been described previously (4). 
The experimental design was a randomized 
complete block at each location, with five 
replicate trees per cultivar; filler trees and 
guard trees were provided by individual co-
operators as necessary. Tree training was car-
ried out according to commercial practices, 
with the general goal of a pyramid-shaped 
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canopy and minimal pruning in the first two 
years. The date when 90% of the flowers 
reached full bloom was recorded each year. 
In the year of planting all fruit that developed 
were removed. In the second year, blossom 
clusters were counted with a local option to 
leave or remove fruit. In subsequent years 
fruit were thinned to a spacing of 15-20 cm, 
and singled to one fruit per spur.
 Trunk cross-sectional area (TCSA) was 
calculated from trunk circumference mea-
sured at 30 cm above the graft union at the 
end of each growing season. Tree height and 
spread were measured in the fall of 2004. 
Spread was determined by averaging the in-
row and cross-row spread of the trees. The 
height:spread ratio (H:S) was calculated from 
each individual tree measurements.
 The number of flower clusters per tree was 
counted in 2000 and thereafter bloom was 
rated each year. A rating scale (0 to 5) was 
used where 0 = no bloom, 3 = a full crop and 
5 = a snowball bloom.
 The goal of the cooperators was to harvest 
fruit when the starch index rating ranged 
between 4 and 6 based on the Cornell Ge-
neric Starch–Iodine Chart (1). At harvest 
fruit number (NF) and weight of all har-
vested fruit were determined for each tree. 
Dropped fruit were counted each year but 
not weighed. Mean percent dropped fruit 
(%DF) was determined by dividing the drops 
by the total number of fruit (dropped fruit + 
harvested fruit) and multiplying by 100. The 
cumulative yield (CY) for each cultivar was 
then determined by computing the sum of all 
annual yields. Cumulative yield efficiency 
(CYE) for each cultivar was determined by 
taking the CY and dividing by the TCSA for 
the year 2004.
 Average fruit weight (FW) was the annual 
yield of harvested fruit divided by the num-
ber of fruit per tree. Biennial bearing index 
(BI) was determined as described by Pearce 
and Debusek-Urbank (11) and utilizing the 
number of fruit each year. Crop load (CL) 
was calculated by dividing the number of 
harvested fruit by the yearly TCSA.

 Response variables were analyzed with 
the MIXED procedure of the SAS statistical 
software package (SAS for Windows Ver.9.1, 
SAS Institute Inc., Cary, NC). Factors used 
in specifying model effects were cultivar, 
location, block (of the randomized block 
design), and year (when yearly data rather 
than averages or cumulative totals over years 
were analyzed). For data resulting from aver-
aging or totaling over years for each tree, the 
model included the fixed effects of cultivar 
and the random effects of location, cultivar 
× location and block nested within location. 
For data from yearly observations, this same 
model was used with the addition of three 
types of random effects: those for block × 
cultivar nested within location, those for year 
nested within location and those for cultivar 
× year nested within location. In this model 
the residual is block × year nested within lo-
cation and cultivar. In both models, the vari-
ance of the cultivar × location effects was al-
lowed to differ among cultivars; thus, there 
was one interaction variance for each cultivar 
and these are the stability variances whose 
interpretations are described below (12). The 
Satterthwaite option (SAS for Windows Ver. 
9.1; SAS Institute Inc., Cary, NC) was used 
for determining degrees of freedom.
 The overall objective of the analysis was 
to compare cultivars across locations, with 
respect to their means across locations and 
the consistency of their differences from 
location to location. The former was done 
by comparing the cultivar generalized least 
squares means using pair-wise multiple t-
tests, each at the 5% probability level. (Be-
cause the means were compared individu-
ally by a t test, mean letter designations in 
Tables 2 to 7 may not follow an alphabetic 
sequence.) The main source of random error 
in these comparisons is the random cultivar 
× location interaction effects. To accomplish 
the latter, each cultivar had its own variance 
component for its interaction effects with 
locations, which is called the stability vari-
ance. A stable cultivar is one whose stability 
variance is zero, indicating that all its inter-
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action effects with locations are zero. This 
would mean that its mean in a given location 
differs from the mean of all cultivars in that 
location by an amount that is the same for all 
locations. Therefore, a stable cultivar is one 
whose means for a population of locations 
parallels the means of all cultivars in those 
locations. Significance of a stability variance 
estimate was obtained by a one-tailed test 
based on a normal approximation and tests 
the hypothesis that the cultivar’s stability 
variance is equal to zero.

Results and Discussion
 Tree Survival. In general tree survival at 
all locations was good; two sites had 100% 
survival and most of the rest were 90% or 
higher. The Idaho and Utah sites had rela-
tively high tree losses primarily due to fire 
blight [Erwinia amylovora (Burrill) Winslow 
et al.] (Table 1). One entire site (Ohio) was 
removed from the study due to tree loss from 

this pathogen. Although not statistically ana-
lyzed, tree loss by cultivar due to fire blight 
was greatest for ‘Cripp’s Pink’.
 Flowering.‘Pinova’ and ‘Cripp’s Pink’ 
had the most flower clusters in the first year 
after planting but were not significantly dif-
ferent from ‘Chinook’, CQR12T50, ‘Gold-
en Delicious’, ‘Minnewashta’, NJ 90 or 
‘Silken’(Table 2). ‘Co-op 29’ was the only 
cultivar that had no flowers the first growing 
season after planting. Due to the increasing 
size of the trees, flowering was rated in suc-
ceeding years rather than counting the clus-
ters. ‘Minnewashta’ and ‘Pinova’ had the 
highest mean flower ratings of all the culti-
vars (although they were not significantly dif-
ferent from ‘Cripp’s Pink’), while ‘Co-op 29’ 
had the lowest flower density rating. None of 
the stability variances for either the number 
of clusters in 2000 or the overall flowering 
density ratings were significant, indicating 
that all the cultivars behaved similarly rela-

Table 1. Survival of trees by site and cultivar 

Location %Survival Cultivar %Survival

British Columbia   96.8 Ambrosia   92.0
Idaho   70.0 Autumn Gold   90.0
Massachusetts   91.6 BC 8S-26-50   95.7
New Jersey   98.1 Chinook   88.6
New York - Geneva   97.9 Coop 29   93.3
New York - Ithaca   96.0 Coop 39   92.9
North Carolina   96.0 CQR10T17   96.0
Nova Scotia   98.0 CQR12T50   92.7
Ontario   91.4 Cripp’s Pink   85.0
Oregon   99.0 Delblush   96.0
Pennsylvania - Biglervillez   90.0 Golden Delicious   89.3
Pennsylvania - Rock Springs  100.0 Hampshire   90.7
Utah   55.8 Jubilee Fuji   92.0
Vermont   97.0 McIntosh   86.7
Washington   99.0 Minnewashta   93.3
West Virginia   89.0 NJ 109   93.3
Wisconsin  100.0 NJ 90   94.7
  NY 65707-19   96.0
  NY 75907-49   92.0
  NY 75907-72   94.7
  Pinova   98.2
  Runkel   98.7
    Silken   92.7
z This planting was removed in June of 2004 due to a severe wind storm that destroyed the majority of the remaining 

trees
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tive to the other cultivars regardless of loca-
tion.
 Tree Size. As measured by TCSA, ‘Cripp’s 
Pink’ were the largest trees although not sig-
nificantly different from a number of others 
and ‘Minnewashta’ and NY 65707-19 were 
the smallest, also not significantly different 
from some other cultivars in 2004 (Table 
3). It is interesting that ‘Minnewashta’ came 
from the same breeding program that devel-
oped ‘Honeycrisp’ which was the smallest 
tree in the 1995 NE-183 planting (2). Sig-
nificant stability variances (P value < 0.05) 
were found for ‘Autumn Gold’, ‘Co-op 39’, 
CQR10T17, CQR12T50, ‘Delblush’, NJ 
109, NJ 90 and NY 75907-72; indicating that 
tree size for these cultivars did not behave 

similarly at all sites in relation to the other 
cultivars. 
 At the end of the fifth growing season the 
tallest trees on average were ‘Silken’, but 
were not significantly different from most of 
the others; there was variability for ‘Silken’ 
from site to site as indicated by the signifi-
cant stability variance. NY65707-19 was the 
shortest, but not significantly different than 
eight other cultivars. The trees with the wid-
est canopy spread were ‘McIntosh’ with sev-
eral other cultivars not being statistically dif-
ferent. Trees with the narrowest spread were 
NY 65707-19; three other cultivars did not 
have significantly different tree spread. NJ 
109 was the only cultivar that had a signifi-
cant stability variance. Four cultivars ‘Mc-

Table 2. Means and standard errors (std err.) for number of flowers per tree in 2000 and mean bloom 
rating of apple cultivars for 2001 through 2004.

                               Flower clusters in 2000               Mean bloom ratingy 2001-2004
Cultivar  No./tree  std err.  Mean rating std err.

Ambrosia 8.4 d-iz 3.2 3.42 cdefg  0.14
Autumn Gold 7.3 ef 2.3 2.87 hijk  0.19
BC 8S-26-50 2.5 fgi 2.5 2.80 jk   0.16
Chinook 18.7 a-g 6.1 3.55 cdef  0.15
Coop 29 0.0 I 2.2 2.23 l   0.14
Coop 39 15.3 bcde 3.7 3.61 cde  0.15
CQR 10T17 8.5 def 2.8 3.29 efgh  0.14
CQR 12T50 16.4 a-i 5.8 2.53 kl   0.19
Cripp’s Pink 32.9 a 3.5 4.11 ab  0.18
Delblush 7.9 ef 2.3 3.52 cdefg  0.14
Golden Delicious 23.8 abc 5.4 3.19 ghij  0.16
Hampshire 16.9 bch 2.3 3.26 efgh  0.17
Jubilee Fuji 5.2 fgi 2.3 2.71 k   0.14
McIntosh 1.8 fgi 4.9 3.17 cdefghijk  0.31
Minnewashta 22.6 ab 4.5 4.30 a   0.14
NJ 109 20.6 abcd 4.6 3.67 cd  0.16
NJ 90 9.0 c-g 3.1 3.66 cd  0.14
NY 65707-19 11.4 b-f 3.1 2.84 ijk   0.16
NY 75907-49 15.2 bcde 3.5 3.37 defg  0.16
NY 75907-72 0.8 gi 2.2 3.23 efghi  0.17
Pinova 37.5 ab 8.7 4.20 a   0.16
Runkel 11.7 bcdefgi 4.5 3.17 fghij  0.18
Silken 22.8 a-g 7.2  3.72 bc  0.16
z Means of 17 locations. Those sharing a common letter within each column are not significantly different by a t test at 
the 5% significance level. Because of imbalanced data and number of replications, the mean separation letters may 
not run continuously for groupings.

y Bloom rated on a scale of 0 = No bloom, 3 = full crop, 5 = snowball bloom

APPLE CULTIVARS I. GROWTH AND YIELD CHARACTERISTICS
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Intosh’, ‘Autumn Gold’, ‘Jubilee Fuji’ and 
CQR10T17 exceeded the allotted in-row 
spacing of 2.5 m while most other cultivars 
were contained within their allotted space or 
were under it. NY 75907-72 had the highest 
average H:S ratio, indicating that the trees 
were taller than wide; while ‘McIntosh’ were 
just about as wide as they were tall. None of 
the cultivars had a significant H:S stability 
variance. 
 Traditionally tree size has been compared 
by TCSA (8). TCSA was utilized in this 
study as well, but there was a case where 
more tree measurements might be needed. 
‘Minnewashta’ and NY65707-19 had simi-
lar TCSA but ‘Minnewashta’ tree height and 
canopy spread were significantly larger than 
those of NY65707-19. It maybe important 
when specifically evaluating new cultivars 
that mean tree height and spread are deter-
mined as well as TCSA. 
 Yield, Efficiency, Number of Fruit and Bi-
ennial Bearing Index. CQR10T17 had the 
highest CY but it was not significantly bet-
ter than seven other cultivars (Table 4). The 
lowest yielding cultivars were NY 75907-72, 
NY65707-19 and NJ 109. Some of the culti-
vars had stability variances that were signifi-
cantly different from zero, including ‘Autumn 
Gold’, ‘Chinook’, ‘Co-op 29’, CQR10T17, 
‘Golden Delicious’, ‘Hampshire’, ‘Jubilee 
Fuji’, NY 75907-49, ‘Pinova’ and ‘Silken’. 
This indicates that at certain locations the 
CY of that cultivar was higher or lower in 
relation to the other cultivars, meaning that 
the cultivar may perform better or worse at 
a particular site. In general CY at NYG site 
was the highest and CY at WA was the lowest 
(data not shown). The highest CY for 12 of 
the 23 cultivars occurred at NYG. The NYI 
and PAR sites both had 4 cultivars with the 
highest CY. The WA site had 10 cultivars that 
had the lowest CY.
 ‘Pinova’ had the highest CYE but was not 
significantly better than nine other cultivars 
(Table 4). Two numbered selections, NJ 109 
and NY75907-72 had the lowest CYE and 
this was true at all sites since the stability 

variance was not significant. Cultivars with 
significant stability variances included ‘Chi-
nook’, ‘Co-op 39’, CQR10T17, ‘Golden De-
licious’, NY 65707-19, ‘Runkel’ and ‘Silken’ 
indicating CYE varied by site. Lafer (7) sug-
gested that annual yield efficiencies should be in
the range of 1.0 to 1.5 kg·cm-2 of trunk cross-
sectional area. Only NJ 109 and NY75907-72 
did not reach the minimum threshold, but 16 
cultivars exceeded the suggested maximum 
level.
 The two named cultivars from British 
Columbia, ‘Chinook’ and ‘Silken’ tended to 
have the highest number of fruit per tree over 
the entire study. NY 75907-72 produced on 
average the lowest number of fruit per tree. 
The growth habit of this cultivar had less 
branching and a more spur-like growth pat-
tern with considerable blind wood. Cultivars 
that had significant stability variances that 
indicated they did not perform uniformly at 
all sites included ‘Autumn Gold’ ‘Chinook’, 
CQR10T17, ‘Golden Delicious’ ‘Jubilee 
Fuji’, NJ 90, ‘Pinova’, and ‘Silken’. Since 
the number of fruit is largely influenced by 
the amount, and quality of thinning it is pos-
sible that individuals may have varied their 
degree of thinning.
 The tendency for a cultivar to become bi-
ennial can be partially a result of inadequate 
fruit thinning. The BI is a means to measure 
this tendency. Values over 0.6 indicate that 
the cultivar has a strong tendency towards 
biennial bearing (11). ‘Autumn Gold’, BC 
8S-26-50, ‘Co-op 29’, CQR12T50, and ‘Ju-
bilee Fuji’ all had an index above the desired 
threshold. These cultivars will need early and 
heavy thinning to prevent biennial bearing. 
Cultivars with significant stability variances 
included ‘Autumn Gold’, ‘Chinook’ ‘Golden 
Delicious’, ‘Jubilee Fuji’ and ‘Hampshire’. 
The significant stability variance would in-
dicate that the tendency for a cultivar to be 
biennial or not varied by site. Since ‘Autumn 
Gold’ and ‘Jubilee Fuji’ had BI values > 0.60 
they were not consistently biennial and ad-
equate early season intervention may pre-
vent biennial bearing. With the other three 
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cultivars, ‘Chinook’, ‘Golden Delicious’ and 
‘Hampshire’, they may have biennial bearing 
tendencies. 
 Average Fruit Weight, Pre-harvest Fruit 
Drop and Crop Load. Average FW from 
NY 75907-49 was the greatest, followed by 
‘Runkel’ (Table 5). Apart from these two cul-
tivars there were six others that had signifi-
cantly larger fruit than ‘Golden Delicious’. 
The smallest fruit were those from ‘Chinook’ 
and, as grown in the eastern U.S., would not 
be acceptable. However we cannot determine 
for certain if the small fruit size of ‘Chinook’ 
is a natural tendency or was due to insufficient 
thinning in this study. ‘Chinook’ has a ten-
dency to overset fruit; if it is not thinned hard 
and early, fruit size remains small (13). Since 
‘Chinook’ had the highest average number of 
fruit per tree it seems probable size would in-
crease with appropriate fruit thinning. Based 
upon a weight to box count size table (16) 
the ‘Chinook’ would have graded out at 150 
count fruit; while ‘Cripp’s Pink’ and ‘Silken’ 
would have been 113 count fruit. NY 75907-
49 average fruit weight would have graded 
out as 80 count fruit.
 Pre-harvest fruit drop that equals or ex-
ceeds 20% may limit the economic viability 
of a cultivar and may pose problems in timing 
harvest. In most cases the percent drop was 
below the threshold value. NJ 90, NY 65707-
19 and NY 75907-49 all had a mean percent 
drop in excess of 20%, although they did not 
perform in a similar fashion at all sites be-
cause they had significant stability variances. 
In addition ten other cultivars had significant 
stability variances. ‘Silken’ had the lowest 
percent drop of all the cultivars. 
 CL varied among cultivars. The number 
of fruit per cm2 of trunk cross sectional area 
was highest for ‘Chinook’ and lowest for NJ 
109 and NY 75907-72. Only ‘Chinook’ ex-
ceeded the maximum crop load threshold of 
6-9 fruits cm-2 suggested by Lafer (8). With 
the exception of the standard ,‘Golden De-
licious’, none of the cultivars was the same 
in the 1995 and 1999 plantings; most of the 
cultivars in the 1999 planting had an overall 

lower CL. Mean crop load for ‘Golden Deli-
cious’ was lower in this planting than in the 
previous planting. The heavy crop load for 
‘Chinook’ and ‘Silken’ coincided with small 
fruit size. It was unfortunate that neither of 
these cultivars was planted at the BC site 
since they were both developed there (13,14). 
It should be noted that all three of the culti-
vars developed in BC had significant stability 
variances for CL, indicating that there were 
some sites where these cultivars performed 
differently or were thinned better.
 Bloom Date, Date of Harvest and Number 
of Days from Bloom to Harvest. ‘Minnewash-
ta’ and ‘Silken’ were the earliest blooming 
cultivars, while ‘Runkel’ bloomed the latest, 
although it was not significantly different 
from 5 other cultivars (Table 6). A late bloom-
ing cultivar may be advantageous in avoiding 
early spring frosts and is a breeding objective 
in some breeding programs (9). The earliest 
maturing cultivar was ‘Minnewashta’ while 
‘Cripp’s Pink’ was the latest. Thirteen culti-
vars matured before ‘Golden Delicious’ and 
nine matured after. While ‘Cripp’s Pink’ was 
planted in some of the more northern regions 
of the country it is doubtful that this cultivar 
can be matured to an acceptable consumer 
quality in some of those regions since it re-
quired on average about 183 days to properly 
mature. ‘Ambrosia’, ‘Runkel’, NY65707-19 
and ‘Hampshire’ were harvested in the same 
time frame as ‘Golden Delicious’ at around 
150-155 days after full bloom.
 The range of days from bloom to harvest 
varied by site (Table 7). ‘Golden Delicious’ 
had the smallest range in dates. Idaho and 
Oregon had sixteen cultivars with the longest 
time to fruit maturity in comparison to the 
other sites. Wisconsin had fifteen cultivars 
with the fewest days from bloom to harvest. 
It is interesting to note that in both this plant-
ing and the previous one (2) warmer regions 
consistently required more days from bloom 
to harvest than the more northern sites. Possi-
bly in these cooler regions, maturity is accel-
erated by early stimulation of ethylene syn-
thesis with cold temperatures, a phenomenon 
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reported to occur in Australia with ‘Fuji’ and 
other late maturing cultivars (6). In com-
parison to the previous study (2) the average 
days from full bloom for ‘Golden Delicious’ 
increased in nine out of ten sites that had both 
the 1995 and 1999 plantings.
 It is clear that no one cultivar was out-
standing in all the parameters measured. The 
ultimate determinant for the success of a new 
cultivar lies largely with the acceptance by 
the consuming public (3) as well as the abil-
ity to mature the fruit to a level that is ac-
ceptable in the market place. However, there 
were some cultivars that performed better 
than others. NY 75907-72 had the lowest 
cumulative yield, number of fruit per tree 
and a low mean crop load. Individual fruit 
weight of this cultivar was in the middle of 
the rankings. ‘Pinova’ on the other hand, had 
the highest yield efficiency, good cumula-
tive yield and average number of fruit, a low 
biennial bearing index and low pre-harvest 
drop. Fruit size, although in the middle of the 
group, was still acceptable about 113 count. 
‘Chinook’ had a high yield efficiency but 
fruit size was so low that this cultivar prob-
ably can only be grown with early and heavy 
fruit thinning to increase fruit size.
 There were fewer outstanding cultivars in 
this planting than in the previous planting. 
However, some of the cultivars are slowly 
gaining a commercial reputation often under 
a different trademarked name or exclusive 
marketing agreement including ‘Ambrosia’, 
‘Cripp’s Pink’ (Pink Lady®), ‘Delblush’ (Ten-
tation™) and ‘Pinova’ (Piñata™). Other cul-
tivars with regional or local appeal include 
‘Hampshire’, ‘Silken’ and ‘Minnewashta’ 
(Zestar!™). Of the disease resistant cultivars 
in the planting, only two have been released 
to the public, ‘Co-op 29’ (Sundance™) and 
‘Co-op 39’ (Crimson Crisp™). They were 
about equal in horticultural performance, al-
though ‘Co-op 29’ did exhibit a strong ten-
dency toward biennial bearing.
 The use of ‘Golden Delicious’ as a stan-
dard was primarily based on its universality 

of planting, being the third most important 
cultivar in the world. However, ‘Golden De-
licious’ had significant stability variances for 
CY, CYE, BI, NF, FW, %DF and CL and may 
not be an ideal cultivar to utilize.
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