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Performance of Apple Cultivars in the
1999 NE-183 Regional Project Planting.

II. Fruit Quality Characteristics
S. MILLER, R. MCNEW, R. CRASSWELLER, D. GREENE, C. HAMPSON, A. AZARENKO,

L. BERKETT, W. COWGILL, E. GARCIA, T. LINDSTROM, M. STASIAK, J. CLINE,
B. FALLAHI, E. FALLAHI, AND G. GREENE II

Abstract
 The fruit quality performance of 23 apple (Malus x domestica Borkh.) cultivars and numbered selections on 
Malling 9 (M.9 T337) rootstock was evaluated over four growing seasons at 12 locations across North America as 
part of the NE-183 Regional Project, “Multidisciplinary Evaluation of New Apple Cultivars.” At each site, trees 
were planted in 1999 in five randomized blocks with single-tree plots. ‘Golden Delicious’ served as the standard 
cultivar for comparison. ‘Minnewashta’ (Zestar!®) was the earliest maturing cultivar being harvested an aver-
age of 43 days before ‘Golden Delicious’. ‘Cripp’s Pink’ was the latest cultivar to mature and was harvested an 
average of 29 days after ‘Golden Delicious’. The selection NY 79507-49 had the largest diameter fruit at 8.6 cm 
followed closely by ‘Runkel’, ‘Hampshire’ and ‘Co-op 29’ (‘Sundance™’). The British Columbia planting loca-
tion produced the largest fruit averaged across all cultivars. The highest length/diameter (L:D) ratio was recorded 
for ‘Delblush’ (‘Tentation™’). CQR10T17 had the firmest flesh at 10 of 11 reporting locations, but its average 
firmness of 11.1 kg at harvest would make it too firm for immediate fresh consumption. Average fruit soluble 
solids concentration (SSC) across all cultivars and locations was 14.5% indicating most cultivars in this test had 
excellent sugar levels. BC-8S-26-50 had the highest average SSC at 17.0% followed closely by ‘Delblush’ and 
then ‘Golden Delicious’. Utah recorded the highest mean SSC at 16.5 %. Cultivar mean surface color ratings for 
NJ 90, ‘Chinook’ and ‘Co-op 39’ (‘Crimson Crisp™’) were 88% to 90% surface red color. Skin russet generally 
affected about 10% to 15% of the surface of BC-8S-26-50, ‘Golden Delicious’, and ‘Co-op 29’ (‘Sundance™’). 
Results support the need for widespread testing of new apple cultivars. 

 Apple quality is a complex of both physical 
and visual characteristics as well as chemical 
composition (39). More than ever, consumers 
are seeking high quality apples that provide a 
pleasant eating experience (1,18). Growers 
know that high quality apples result in a high 
level of customer satisfaction (9) and produce 
the best returns (38). Developing and select-
ing high quality apple cultivars is a goal of 
breeders and nurserymen. Producing fruit of 
the highest quality is a universal goal among 
apple growers.
 Quality involves many attributes includ-
ing, but not limited to, such characteristics 
as appearance, size, flesh firmness, sugar and 
acid levels, freedom from defects, flavor, and 
texture. Large, well colored apples with firm 
flesh that exhibit a uniform characteristic 
shape and are free from defects are generally 
considered to be of “high quality”. Recent 
studies and consumer taste panels identify 

flavor, taste, and texture as highly important 
in consumer preference and buying habits for 
apples (15,17,32). Market surveys consistent-
ly show that consumers prefer apples that are 
crisp and juicy (16,27,36) with a good bal-
ance of acid and sugar (10). Large apples are 
preferred to medium or extra-large size fruit 
(37). Appearance is also an important factor 
in consumer buying habits for apples (33). 
Brightly colored apples have greater appeal 
than those with a dull color (35).
 Characteristics such as fruit size, flesh 
firmness, soluble solids concentration (SSC), 
and titratable acidity are objective measures 
that can be used to identify quality fruits. 
These characteristics all play significant 
roles in achieving a level of sensory qual-
ity (texture, flavor, crispness, juiciness, etc.) 
that meets consumer expectations for apples. 
Wills et al. (40) reported that changes in fla-
vor and texture were highly correlated with 
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the overall quality ratings for ‘Delicious’ 
apples by a taste panel. In their study, flesh 
firmness and titratable acidity declined when 
apples were stored at selected temperatures. 
As these quality attributes declined hedonic 
ratings for texture and flavor declined. The 
change in flavor and texture was correlated 
with a loss in overall taste panel rating and 
consumer acceptability (40). Studies with 
‘Golden Delicious’ showed a positive corre-
lation between taste panel flavor ratings and 
SSC, but a negative correlation with yield in 
four of the five seasons tested (8).
 Interest in new high quality apple cultivars 
with unique characteristics has increased in 
recent years (2,22,29). Successful introduc-
tion of new cultivars that will meet the needs 
of both growers and consumers requires de-
tailed systematic evaluation across a broad 
range of soil and climatic conditions. Until 
recently, such a system for evaluating the 
performance of new apple cultivars was lim-
ited. In 1994 Regional Project NE-183, titled 
“Multidisciplinary Evaluation of New Apple 
Cultivars,” was initiated with the goal of 
providing producers with information on the 
horticultural performance and pest suscepti-
bility of new apple cultivars and selections 

across a number of apple growing regions in 
North America. Description and background 
information on the NE-183 Regional Project 
has been published (11,12). The results of 
the evaluation from the 1995 NE-183 horti-
culture plantings have been summarized and 
published (4,5,11,14,23,24,25). The objec-
tive of this paper is to report the horticultural 
fruit quality performance for the 23 new ap-
ple cultivars and breeding selections in the 
1999 NE-183 horticulture planting.

Materials and Methods
 General details regarding the identification 
and selection of the 23 cultivars for the 1999 
NE-183 planting, and propagation, planting, 
and cultural maintenance are provided by 
Greene et al. (12). ‘Golden Delicious’ was 
included in the planting as the commercial 
standard of comparison. Additional specific 
details concerning cultural maintenance pro-
cedures and protocols used in harvesting fruit 
and in data collection for the NE-183 plant-
ings can be found in earlier publications by 
Crassweller et al. (5), Hampson et al. (14), 
and Miller et al. (23,25). 
 Most cooperators removed all bloom that 
appeared in 1999 and 2000 to encourage tree 

Table 1.  Locations and cooperators in the 1999 NE-183 apple cultivar evaluation trial who supplied fruit 
quality data for their trees to this report.

    Location                         Test planting location                      
      code                                            city, state/province                                     Cooperator(s)

BC Summerland, B.C. C. Hampson
ID Parma, Id. E. Fallahi, B. Fallahi
MA Belchertown, Mass. D. Greene
NJ Pittstown, N.J. W. Cowgill
ON Simcoe, Ont. J. Cline 
OR Corvallis, Ore. A. Azarenko
PAB Biglerville, Pa. G. Greene
PAR Rock Springs, Pa. R. Crassweller
UT Kayesville, Ut. T. Lindstrom
VT Burlington, Vt. E. Garcia, L. Berkett
WI Sturgeon Bay, Wis. M. Stasiak
WV Kearneysville, W. Va. S. Miller 
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growth. Fruit quality data presented here rep-
resent apples harvested for the years 2001 
(third-leaf) through 2004. Cooperators at 12 
locations (Table 1) provided fruit quality data 
for this report. A standard protocol was devel-
oped for collecting fruit quality data. Quality 
variables were determined on a 10-fruit sam-
ple per replicate tree as previously described 
(23). Fruit were harvested when the average 
starch index (SI) rating fell within the range 
of 4 to 6 (considered optimum maturity) 
based on the Cornell Generic Starch-Iodine 
Index Chart (3). If the mean SI for a given 
cultivar-location-year was lower than 3.5 or 
higher than 6.5, the data were excluded from 
the statistical analysis. Objective data were 
collected on the following variables: fruit 
weight, length, and diameter, flesh firmness, 
soluble solids concentration (SSC), and ti-
tratable acidity (TA) as percent malic acid. 
Prior to destructive measurements, each fruit 
was subjectively rated for surface russet and 
percent red overcolor. A description and de-
tails of the methods used to measure quality 
variables has been provided by Miller et al. 
(23).
 Data from 2001 to 2004 inclusive were 
analyzed with the SAS statistical software 
package (release 8.2, SAS Institute, Cary 
NC), using a mixed linear model (MIXED 
procedure). The Satterthwaite option was 
used for determining the degrees of freedom, 
and estimates of the variance components 

for random effects were REML estimates. 
Location, cultivar and their interaction were 
deemed fixed effects. Block, replicate nested 
within cultivar, year, and all interaction terms 
that included year, were considered random 
effects. Generalized least squares means for 
cultivar within location were compared if the 
P-value of the F test for cultivar x location 
was less than 0.01. Pairwise comparisons 
were made with multiple t tests, each using 
a significance level of 0.05. No LSD can be 
given because all comparisons have different 
standard errors.

Results and Discussion
 Location effect was not significant for 
length/diameter ratio (L:D) and fruit russet 
rating, but cultivar and the cultivar (C) x lo-
cation (L) interaction were significant for L:
D ratio (Table 2). The C x L interaction for 
fruit russet was not significant. For all other 
response variables, both main effects and the 
interaction between C and L were significant. 
The data presented here will focus on results 
within a location and broad, general respons-
es. Tables 4 to 11 show two-way means, with 
mean separation within the indicated loca-
tion. Because of unbalanced data, mean sepa-
ration letters may not run continuously for 
some groupings.
 Apple maturity. The mean SI rating at 
the time of harvest and the mean number of 
days deviation from the mean harvest date 

Table 2.  P-values from the mixed-model analysis of variance for the main-factor effects and interac-
tions of cultivar and planting location on experimental response variables.

                                                                       Planting
Response variable            Cultivar (C)           location (L)            C x L

Fruit weight  <0.001  0.002 <0.001
Fruit diameter  <0.001  0.005 <0.001
Length:diameter ratio  <0.001  0.120  0.027
Flesh firmness  <0.001  0.002  0.001
Soluble solids  <0.001 <0.001 <0.001
Titratable acidity  <0.001  0.010 <0.001
Red overcolor  <0.001 <0.001 <0.001
Russet rating  <0.001  0.076  0.060
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for ‘Golden Delicious’ for all cultivars from 
across the 12 planting sites for the years 2001 
– 2004 are presented in Table 3. Cultivars 
harvested when the average SI rating indi-
cated the fruit were well below target matu-
rity (mean SI < 3.4) or above target maturity 
(mean SI > 6.6) were deleted from the statis-
tical analysis since fruit at these maturity lev-
els were not considered representative of the 
cultivar. For a cultivar to be dropped from an 
individual site, the average of all replicates 
at that site had to be outside the acceptable 
SI range. Among the 23 cultivar/selections 

evaluated, only one selection, CQR12T50, 
had an overall mean SI rating outside the 
target range. Using SI rating as the indicator 
of optimum maturity, ‘Pinova’ was almost al-
ways harvested at the proper stage. Similarly, 
cultivars ‘Delblush’ and ‘Chinook’ and selec-
tions NY 65707-19 and NY 79507-72 were 
generally harvested (about 85% of the time) 
at an acceptable stage of maturity (data not 
shown). In contrast, selection CQR12T50 
was seldom harvested (less than 30% of the 
time) at the proper stage of maturity and 
most locations harvested this selection when 

Table 3.  Mean starch index (SI) rating at the time of harvest for 23 apple cultivars on Malling 9 T337 
rootstock at 12 planting sites in North America in the NE-183 Apple Cultivar Evaluation Project for the 
years 2001 through 2004.

                                                                                                               Days deviation from
                                                                SI                                            harvest date for
Cultivar                                           ratingz                            ‘Golden  Delicious’

Ambrosia   5.0           -2y    
Autumn Gold  6.4  +9
BC 8S-26-50  4.7  +5
Chinook  4.7 +14
Co-op 29  4.8 +12 
Co-op 39    5.9  -12
CQR10T17  5.6   -5
CQR12T50  7.2x  -20
Cripp’s Pink  4.3 +29
Delblush  5.0  +8
Golden Delicious  5.4   0
Hampshire  4.9  +3
Jubilee Fuji  6.4   -7
McIntosh  6.4  -25
Minnewashta  4.3  -43
NJ 109  4.4  -24
NJ 90  4.5   -5
NY 65707-19  5.4  +2
NY 75907-49  4.8  -12
NY 75907-72  5.8  -18
Pinova  4.8   -4
Runkel  5.1   +1
Silken  4.4  -27 

Mean for all cultivars  5.1   -5

z Average SI rating for harvested fruit from all replicate trees within a site determined to fall within the range 3.5 to 6.5; 
SI 1 = fully immature, SI 8 = fully over-mature. 

y Calculated from mean harvest date for each cultivar across all sites; - indicates before ‘Golden Delicious’ and
 + indicates after ‘Golden Delicious’
x Mean SI fall outside the acceptable range; not included in the overall cultivar average
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SI was above the target level (SI 6.5) (data 
not shown). The reason why CQR12T50 was 
often harvested late is not readily apparent. 
Conversion of starch to sugar can be delayed 
in some cultivars followed by a sudden and 
rapid degradation as the fruit reach full ma-
turity (21). This may account for the late har-
vest of CQR12T50. Also, harvesting at an SI 
of 4 to 6 may not be the best time to harvest 
all cultivars at all locations (23,24,25). The 
cultivars ‘Autumn Gold’ and ‘Jubilee Fuji’ 
were only harvested about half of the time 
within the target range of SI rating (data not 
shown). When harvested outside the target 
range, these two cultivars were harvested 
above 6.5 on the SI rating scale. Excluding 
CQR12T50, ‘Jubilee Fuji’ was harvested at 
the highest mean SI while ‘Cripp’s Pink’ was 
harvested with the lowest mean SI within the 
target SI range. The late maturity of ‘Cripp’s 
Pink’ may have contributed to the lower SI 
rating at harvest, as some locations may have 
harvested on the early side to avoid the possi-
bility of fruit freezing on the tree before har-
vest. As in the previous study of apple culti-
var performance (23), this difference in mean 
SI at time of harvest is probably a reflection 
of inherent differences in the rate of starch 
hydrolysis among cultivars (21). 
 ‘Minnewashta’ matured 43 days before the 
mean maturity date for ‘Golden Delicious’ 
(Table 3) and was the earliest maturing culti-
var among the 23 evaluated. ‘Cripp’s Pink’, 
the latest maturing cultivar, matured a mean 
of 29 days after ‘Golden Delicious’. Thirteen 
of the 23 cultivars matured before ‘Golden 
Delicious’ and nine cultivars matured after 
‘Golden Delicious’ (Table 3). Nine of the 
cultivars matured within one week of ‘Gold-
en Delicious’.
 Fruit weight and size. No one cultivar 
was consistently the largest, in terms of fruit 
weight, across the 11 reporting locations (Ta-
ble 4). Based on the 10-apple sample select-
ed for quality measurements NY 79507-49, 
CQR10T17 and ‘Runkel’ were generally the 
largest cultivars, averaging about 250 g or 
more per fruit. ‘Co-op 29’ and ‘Hampshire’ 

were also among the largest selections at sev-
eral locations which agrees with published 
descriptions for these cultivars (12,18). ‘Run-
kel’ was the largest cultivar at the OR, PAB, 
PAR, and VT planting locations. However, 
when fruit weight was averaged across all 
planting locations, NY 79507-49 had the larg-
est mean fruit weight among the 23 cultivars 
evaluated (Table 4). ‘Chinook’ was planted at 
10 of the 11 reporting locations and had the 
lowest fruit weight. The mean fruit weight of 
140 g for ‘Chinook’ was 36 g less than the 
next smallest cultivar, ‘Silken’ which had a 
mean weight of 176 g. ‘Chinook’ is described 
as a small to medium size apple with a re-
ported mean weight of 152 g to 184 g over 
two growing seasons when tested in BC (29). 
‘Silken’ is described as a medium size apple 
with a mean weight of 172 g to 204 g in two 
test seasons in BC (31).
 Average fruit weight for the 10-apple 
sample collected in this paper agrees closely 
with average fruit weight for whole tree sam-
ples reported by Crassweller et al. (6) for 17 
test locations in the 1999 NE-183 Regional 
Planting. In their report, NY 75907-49 had 
an average fruit weight of 254 g followed by 
‘Runkel’ at 241 g per fruit. The smallest fruits 
were ‘Chinook’ at 129 g followed by ‘Cripp’s 
Pink’ at 149 g per fruit (6). When fruit weight 
was averaged across all cultivars at a loca-
tion, apples growing at the BC location had 
the highest average fruit weight followed by 
the UT location. The MA and WV locations 
had the lowest average fruit weight across all 
cultivars.
 As might be expected, based on the results 
from fruit weight, NY 79507-49 and ‘Runkel’ 
also had the largest fruit diameters at several 
sites (VT, WI and WV and PAB and PAR re-
spectively) (Table 5). At the MA, OR and UT 
locations, ‘Hampshire’ had the largest fruit 
diameter while in BC and NJ the largest fruit 
diameter was recorded for ‘Co-op 29’. Across 
10 reporting locations, NY 79507-49 had the 
largest average fruit diameter (Table 5). At 
six of 10 reporting locations, ‘Chinook’ was 
the smallest diameter fruit. ‘Delblush’ was 
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the smallest diameter fruit at the MA loca-
tion and was the second smallest fruit at four 
other locations (Table 5). Averaged across all 
locations ‘Chinook’ had the smallest fruit di-
ameter followed by ‘Cripp’s Pink’ and ‘Del-
blush’. In the cultivar release, Cripps et al. 
(7) characterized ‘Cripp’s Pink’ as a medium 
to large apple which they indicated was 7.0 to 
7.5 cm. ‘Cripp’s Pink’ averaged 7.2 cm across 
seven planting locations in this study (Table 
5). When all cultivars were averaged at a lo-
cation, BC had the largest diameter fruit and 
WV and OR had the smallest diameter fruit. 
The tendency for smaller diameter fruit at the 
OR location is somewhat surprising since 
apples grown in the Pacific Northwest region 
are often larger than from other locations in 
the U.S. The OR planting site was west of 
the Cascades where spring can be cooler and 
this may explain the smaller fruit size. Fruit 
sizes of 7.5 cm represent a box size of at least 
125 count fruit and nearly 113 count (apple 
tray pack sizes, Durand-Wayland, LaGrange, 
GA), which would be commercially accept-
able.
 Fruit size (weight and diameter) is affect-
ed by crop load with fruit size generally de-
creasing as crop load increases. Crassweller 
et al. (6) reported ‘Chinook’ had the highest 
average crop load [6.1 fruit per cm-2 trunk 
cross-sectional area (TCSA)] among the 23 
cultivars evaluated across 17 locations in this 
study and an average fruit diameter of 6.8 cm 
(Table 5). ‘Golden Delicious’, the standard 
for comparison, had a crop load of 4.4 fruit/ 
cm-2 TCSA with an average fruit weight of 
183 g (5) and an average fruit diameter of 7.7 
cm (Table 5). In contrast, ‘Cripp’s Pink’ and 
‘Delblush’, two of the smaller cultivars in 
terms of diameter (both 7.2 cm) (Table 5) and 
fruit weight (Table 5) (6), had moderate to 
low crop loads (3.8 and 3.0 fruit/ cm-2 TCSA, 
respectively) (6). This suggests that ‘Cripp’s 
Pink’ and ‘Delblush’ may be inherently small 
and will require aggressive thinning and oth-
er cultural practices to obtain commercially 
acceptable fruit size.
 Fruit shape can be characterized by a fruit’s 

length/diameter (L:D) ratio. ‘Golden Deli-
cious’, characterized as a round-conic apple 
(26) had an L:D ratio of 0.93 when averaged 
across 10 locations (Table 6). True conic or 
oblong shaped apples would be expected to 
have an L:D ratio greater than ‘Golden De-
licious’. ‘Delblush’, ‘Cripp’s Pink’, NJ 109, 
and ‘Autumn Gold’ all had L:D ratios above 
0.93 (Table 6). Published descriptions for 
‘Cripp’s Pink’ and ‘Autumn Gold’ support 
our findings regarding fruit shape (7,13). At 
seven of 10 locations ‘Delblush’ had the high-
est L:D ratio. At two locations NJ 109 had the 
highest L:D ratio, while at the MA location 
‘Delblush’ and NJ 109 had equally high L:D 
ratios. Fruit with an L:D ratio of about 0.85 
or below could be characterized as oblate or 
flat. In the present study one selection, NY 
79507-72, had the lowest L:D ratio across all 
locations with an average L:D ratio of 0.77. 
Field observations of NY 79507-72 would 
support a description of flat for this selection. 
When averaged over all cultivars, the BC 
location produced fruit with the highest L:D 
ratio. The lowest L:D ratio averaged across 
all cultivars occurred at the WV and PAB lo-
cations. In the previous study of 19 different 
apple cultivars (23) the BC location had the 
highest L:D ratio and the WV location had 
the lowest L:D ratio. The WV planting was 
located at the most southern latitude among 
the 10 locations reporting L:D ratio while the 
BC location was the most northern latitude. 
Temperatures during early fruit development 
can affect fruit shape, and high temperatures 
during this period are known to reduce fruit 
elongation (34). While the previous evalu-
ation of apple cultivars (23) supports the 
premise that the most southern planting loca-
tions are likely to have fruit with a low L:D 
ratio, in the present study the lack of a loca-
tion main treatment effect and a significant C 
x L interaction (Table 2) indicates locations 
responded differently and the same conclu-
sion may not be justified.
 Flesh quality. Objective measures of flesh 
quality in this study included flesh firmness, 
SSC and TA. Mean flesh firmness for the 
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23 cultivars at 12 locations is presented in 
Table 7. CQR10T17 was the firmest cultivar 
at 10 of 11 locations that reported data for 
this selection. ‘Cripp’s Pink’ was the firmest 
cultivar at the WI location followed closely 
by CQR10T17. No data were reported for 
CQR10T17 at the ON location and ‘Cripp’s 
Pink’ was not planted at this location where 
‘Chinook’ had the firmest flesh. Averaged 
over all locations CQR10T17 had the highest 
flesh firmness among the 23 cultivars evalu-
ated followed by ‘Cripp’s Pink’, ‘Co-op 39’, 
and ‘Chinook’. Janick et al. (20) reported 
‘Co-op 39’ averaged 7 to 10 kg firmness. In 
our study, ‘Co-op 39’ averaged 9.6 kg flesh 
firmness. In the cultivar release paper, Cripps 
et al. (7) indicated ‘Cripp’s Pink’ had a flesh 
firmness of about 8.4 kg at harvest and gener-
ally about 0.3 kg greater than ‘Golden Deli-
cious’. Our results show ‘Cripp’s Pink’ with 
an average flesh firmness of 9.6 kg and about 
2.2 kg firmer than ‘Golden Delicious’. Small 
fruit size is often associated with higher flesh 
firmness readings. CQR10T17 was a large 
fruit, averaging 8.1 cm in diameter (Table 5) 
while ‘Chinook’ had smaller fruit (average 
6.8 cm diameter) as did ‘Cripp’s Pink’, but 
‘Co-op 39’, a rather dense flesh cultivar, av-
eraged almost 7.5 cm (about 3 inches) in di-
ameter, a 113 box size (apple tray pack sizes, 
Durand-Wayland, LaGrange, GA), not small 
by commercial standards. 
 ‘Minnewashta’ was the least firm cultivar 
at 6 of 11 locations. NJ 109 was the least firm 
at four locations and together with ‘Min-
newashta’, they were the least firm cultivars 
averaged over all locations. Early maturing 
cultivars can lack good flesh firmness. ‘Min-
newashta’ was the earliest maturing cultivar 
in this study maturing an average of 43 days 
before ‘Golden Delicious’ and NJ 109 av-
eraged 24 days before ‘Golden Delicious’. 
When averaged across all cultivars, the MA 
location produced the firmest fruit and the 
ID and OR sites produced fruit with the low-
est average flesh firmness (Table 7). Average 
flesh firmness does not appear to be closely 
related to fruit size in this study since the OR 

location, along with the WV location, pro-
duced the smallest fruit (Table 5). BC, which 
produced the largest size fruit on average, 
had a medium level flesh firmness. The aver-
age for flesh firmness across all cultivars and 
all locations was 8.2 kg (18.1 lb) at harvest 
suggesting good to excellent flesh firmness 
for many cultivars in this test. However, this 
average is skewed somewhat by the unusual-
ly high flesh firmness for CQR10T17 and the 
high firmness associated with many of the 
smaller sized cultivars. A flesh firmness read-
ing between 7.3 and 8.2 kg at harvest would 
be considered good for most cultivars. In our 
test, 10 of 23 cultivars fell within this range 
of flesh firmness, 8 cultivars averaged above 
this range in firmness and only four cultivars 
fell below this firmness range (Table 7).
 Results for mean SSC for the 23 cultivars 
at 12 locations are presented in Table 8. SSC 
ranged from a high of 19.3% for BC 8S-26-
50 at the PAR location to a low of 11.4% for 
CQR12T50 at the PAB location. ‘Delblush’ 
had the highest SSC at five locations and 
‘Delblush’ and/or BC 8S-26-50 produced 
the highest SSC at all but two of the 12 re-
porting locations (WI and ID). CQR10T17, 
CQR12T50, ‘Autumn Gold’, ‘Chinook’, ‘Ju-
bilee Fuji’ and NY 65707-19 were among the 
cultivars with the lowest SSC, but no single 
cultivar consistently produced the lowest 
SSC. CQR10T17 was the most often iden-
tified as having the lowest SSC (Table 8). 
When averaged across all locations BC 8S-
26-50 followed by ‘Delblush’ had the high-
est SSC and the two CQR selections had the 
lowest SSC. ‘McIntosh’ was among the cul-
tivars with a lower SSC (13.3%), but it was 
represented at only 2 locations in the study. 
SSC averaged across all cultivars and all lo-
cations was 14.5%, suggesting most of these 
cultivars have good to excellent sugar levels.
Only two locations, BC and WV, reported re-
sults for fruit TA (Table 9). TA for most culti-
vars was about twice as high at the BC loca-
tion compared to the same cultivar grown at 
the WV location. At both locations the culti-
vars producing the highest TA were ‘Cripp’s 
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Pink’ and ‘Delblush’ while ‘Ambrosia’, 
‘Autumn Gold’, and ‘Runkel’ produced fruit 
with the lowest TA. Compared to the stan-
dard, ‘Golden Delicious’, ‘Cripp’s Pink’ and 
‘Delblush’ had about 30% to 40% more acid 
and ‘Ambrosia’ and ‘Autumn Gold’ about 
36% less acid. TA reported by Cripps et al. 
(7) ranged between 0.71% and 0.90%. In 
our study TA averaged 1.16% as malic acid, 
however, this is an average from only two lo-
cations. The level of TA is often a good indi-
cator of the degree of tartness perceived in an 
apple’s taste. The cultivars in this study with 
the higher TA including ‘Cripp’s Pink’, ‘Del-

Table 9. Generalized least-squares means for titratable acidity (TA) among 22 apple cultivars grown at 
2 locations for the years 2001 through 2004.

                                                          Mean titratable acidity (% malic acid)                          Cultivar
Cultivar               BCz                                    WV                                    mean

Ambrosia 0.54 iy 0.22 ij 0.38
Autumn Gold 0.56 i 0.22 ij 0.39
BC 8S-26-50 npx 0.29 hi 0.29
Chinook np 0.40 defghj 0.40
Co-op 29 (Sundance™) 1.25 bc 0.59 abc 0.92
Co-op 39 (Crimson Crisp™) 1.16 cde 0.55 bcd 0.85
CQR10T17 0.94 fg 0.56 bcd 0.75
CQR12T50 1.35 bc     -w 1.35
Cripp’s Pink (Pink Lady®) 1.64 a 0.68 ab 1.16
Delblush 1.41 ab 0.74 a 1.07
Golden Delicious (Gibson) 1.02 ef 0.48 c-f 0.75
Hampshire 0.78 gh 0.46 c-g 0.62
Jubilee Fuji 0.73 h 0.40 e-h 0.56
Minnewashta (Zestar!®) 1.19 cd 0.48 b-h 0.84
NJ 90 1.10 c-f 0.40 efghj 0.75
NJ 109 1.01 def 0.56 a-e 0.78
NY 65707-19 0.96 f    np 0.96
NY 79507-49 0.67 hi 0.36 f-i 0.52
NY 79507-72 0.80 gh 0.58 abc 0.69
Pinova 1.17 cde    np 1.17
Runkel 0.55 i 0.32 ghi 0.43
Silken    np 0.41 c-i 0.41

Mean all cultivars 0.99 0.46

z Locations: See Table 1 for explanation of location codes
y Means within a location not sharing a common letter are significantly different by pairwise t tests from 
the analysis of the mixed model (p < 0.05)

x np = the cultivar was not planted at this location
w -= no data were taken, the cultivar was lost at this location, or the mean starch index rating fell outside 
the acceptable range of 3.5 to 6.5

blush’, ‘Pinova’, ‘Co-op 29’, CQR12T50, 
NY 65707-19, and ‘Minnewashta’ could be 
characterized as somewhat tart to fully tart 
apples. Cultivars with the lowest TA values 
exhibited a sweet taste. The mean TA for all 
cultivars across both locations was 0.73% 
as malic acid. Ten cultivars averaged below 
the overall mean and 12 cultivars averaged 
above the overall mean indicating a good 
mix of sweet, tart or sweet/tart tasting apples 
in this group.
 Red color and russet. Among the locations 
that reported red overcolor, only the WV and 
NJ planting sites were located in climatic re-

APPLE CULTIVARS II. FRUIT QUALITY CHARACTERISTICS
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gions where red color development can be a 
problem based on grower and research expe-
rience. The data support this supposition as 
WV had the lowest percent surface red color 
averaged over all red skin cultivars followed 
closely by NJ (Table 10). The highest percent 
red overcolor on red skin cultivars averaged 
across all cultivars was recorded at the ON 
location followed by the OR, PAR, WI loca-
tions, all of which had 82% red surface color 
or better. Among the 17 red skin cultivars, 13 
averaged 75% surface red color or greater. 
No single cultivar was identified as consis-
tently having the most surface red color and 
the cultivar with the highest percent surface 
red color varied from one location to another. 
NJ 90 had the most surface red color at two 
locations, MA and WV, and was the sec-
ond best cultivar in terms of red skin color 
at three other locations, OR, PAR, and VT. 
‘Minnewashta’ stood out among the red skin 
cultivars as having the least amount of red 
color. ‘Minnewashta’ is described as having 
50% to 85% red stripe (28). In our evaluation 
at eight locations, ‘Minnewashta’ averaged 
55% red color and four of those locations re-
corded less than 50% red color averaged over 
four harvest seasons (Table 10). WI and ON 
recorded the most red (or pink) blush on the 
yellow skin cultivars (Table 10). WI was one 
of the most northern planting locations in this 
study and could be expected to produce good 
red color. ‘Co-op 29’ and ‘Delblush’ had the 
most red blush among the yellow skin culti-
vars. Janick et al. (19) described ‘Co-op 29’ 
as occasionally having a mottled orange-red 
blush. In this study ‘Co-op 29’ had a mean 
of 24% surface blush averaged across 8 lo-
cations. ‘Golden Delicious’ produced 9% red 
blush. In the previous study, ‘Golden Deli-
cious’ produced 8% red blush averaged over 
14 planting locations (23).
 The interaction of C x L for russet was 
not significant (Table 2), however, because 
the P–value was so close to the 5% level we 
have chosen to present the results for russet 
within each location (Table 11). Russet for-
mation on the skin of some apple cultivars 

detracts from the apple’s appearance and 
can reduce sales. The condition occurs with 
greater frequency in humid environments. 
Four locations, NJ, VT, WI, and WV, report-
ed russet ratings for the 23 cultivars in this 
study (Table 11), a good contrast of humid 
and less humid environments. BC 8S-26-
50 received the highest russet rating across 
all reporting locations followed by ‘Golden 
Delicious’ and ‘Co-op 29’. An average rus-
set rating of 3.5 for BC 8S-26-50 indicates 
this cultivar had about 12.5% of the surface 
covered by russet. ‘Golden Delicious’ rating 
was 2.9 indicating that about 10% of the sur-
face on this cultivar was affected by russet. 
In the previous study ‘Golden Delicious’ re-
ceived an average rating of 1.3, but the result 
was a mean of 9 planting locations. ‘Co-op 
29’, with a russet rating of 2.7, was charac-
terized by Janick et al. (19) as having russet 
in the basin that could extend to the side of 
the fruit. Observations in this study support 
their description. Several cultivars showed 
little tendency to form russet including NY 
65707-19, NY 79507-72, ‘Cripp’s Pink’, NJ 
90, CQR10T17, ‘Co-op 39’, and ‘Ambrosia’. 
The NJ and WV locations recorded the high-
est incidence of russeting averaged across all 
cultivars while the WI location reported the 
least amount of russet formation. The mean 
russet rating for all cultivars across all loca-
tions was 1.1 which was the identical overall 
mean russet rating for the 19 cultivars evalu-
ated in the previous NE-183 study (23). This 
suggests that russet may be a problem for 
a few cultivars at specific locations, but in 
general, most of the cultivars evaluated have 
little tendency toward russet formation.

Conclusions
 No one cultivar in the 1999 planting ex-
hibited superior quality across all or a ma-
jority of locations. These findings are similar 
to the findings in the 1995 NE-183 planting 
(23). Likewise, no one cultivar was consis-
tently superior in all or most of the quality 
attributes measured in this study. If large fruit 
size is an important characteristic for market-
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Table 11. Generalized least-squares means for russet rating among 23 apple cultivars grown at four 
locations for the years 2001 through 2004.

                                                                  Russet rating (scale, 1-5)z                                                               Cultivar                     
Cultivar NJy VT          WI WV              mean

Ambrosia -x 0.6 fgw 0.3 cd 1.0 b 0.6
Autumn Gold -   npv 0.7 bcd 1.0 b 0.9
BC 8S-26-50 5.0 a 2.6 abc - 3.0 a 3.5
Chinook 3.6 b 0.7 efg 0.4 cd 0.8 b 1.4
Co-op 29 (Sundance™) 2.8 bcd 2.8 ab 1.7 b 3.6 a 2.7
Co-op 39 (Crimson Crisp™) - 0.6 fg 0.4 bcd 0.9 b 0.6
CQR10T17 - 0.2 g 0.3 bcd 1.0 b 0.5
CQR12T50 - 0.8 d-g   np - 0.8
Cripp’s Pink (Pink Lady®)   np   np 0.1 cd 0.4 b 0.3
Delblush 1.4 cde 1.7 b-e 1.2 bcd 2.8 a 1.8
Golden Delicious (Gibson) 2.2 b-e 3.0 a 3.1 a 3.2 a 2.9
Hampshire 0.8 e 0.4 fg 0.6 bcd 0.7 b 0.6
Jubilee Fuji - 0.5 efg 0.9 bcd 0.7 b 0.7
Minnewashta (Zestar!®) 1.4 de 0.4 efg 0.4 cd 0.7 b 0.7
NJ 90 0.9 e 0.1 fg 0.3 cd 0.4 b 0.4
NJ 109 1.1 e 0.9 d-g 1.1 bcd 1.0 b 1.0
NY 65707-19 - 0.1 g 0.1 cd   np 0.1
NY 79507-49 3.0 bc 0.3 efg 0.4 cd 0.8 b 1.1
NY 79507-72 1.2 de 0.0 g 0.1 d 0.1 d 0.4
Pinova   np 2.2 a-d   np   np 2.2
Runkel - 0.7 efg 0.7 bcd 0.8 b 0.7
Silken 1.6 cde 1.5 c-f 1.2 bcd 1.2 b 1.4

   Mean all cultivars 2.0 1.0 0.8 1.3

z Russet rating, as percent surface covered: 0 = no russet, 1 = 0.1 to 5.0%, 2 = 5.1% to 10.0%, 3= 10.1% to 15.0%,
 4 = 15.1% to 20.0% and 5 = over 20%
y Locations: See Table 1 for explanation of location codes
x - = no data were taken, the cultivar was lost at this location, or the mean starch index rating fell outside the accept 
able range of 3.5 to 6.5

w Means within a location not sharing a common letter are significantly different by pairwise t tests from the analysis  
of the mixed model (p < 0.05).

v  np = cultivar not planted at this location

ing (37), NY 79507-49, ‘Runkel’, and ‘Co-op 
29’ were among the largest cultivars evaluat-
ed. Among these three, ‘Co-op 29’ performed 
near the top in more quality variables than 
either NY 79507-49 or ‘Runkel’. Results pre-
sented by Crassweller et al. (6), however, did 
show that ‘Co-op 29’ had a strong tendency 
toward biennial bearing and our results in-
dicate russet could be a problem with this 
cultivar. NY 79507-49 may be a good can-
didate for processing based on its fruit size, 
flesh firmness, SSC, and time of maturity, 
but its release as a fresh market cultivar is 
uncertain (S. Brown, pers. communication). 

‘Hampshire’ was also a large fruit with ex-
cellent color and a good SSC with very little 
russet. Its one quality weakness may be low 
flesh firmness. ‘Chinook’ was one of the 
poorer performing cultivars overall in terms 
of quality attributes. It is unfortunate that this 
cultivar was not included in the BC plant-
ing, since it originated at this location and 
probably would have performed much better 
under BC growing conditions. The same can 
be said for BC 8S-26-50 and Silken, neither 
of which was included in the BC planting. 
Considering all the quality factors evaluated 
in this study, several cultivars, in addition to 
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‘Co-op 29’, do appear to have above aver-
age potential over a fairly broad growing re-
gion, specifically ‘Ambrosia’, ‘Cripp’s Pink’, 
and ‘Pinova’. ‘Ambrosia’ had above average 
fruit weight, L:D ratio, and red surface color, 
average flesh firmness, and a low rating for 
surface russet compared to all other cultivars 
evaluated. ‘Pinova’ exhibited above average 
L:D ratio, SSC, and TA, average fruit diam-
eter and red color and an acceptable level of 
flesh firmness. ‘Pinova’ was not planted in 
the three most southern locations, WV, PAB, 
and NJ, so performance in these areas is un-
known. One negative exhibited by ‘Pinova’ 
was a high russet rating. Unfortunately, ‘Am-
brosia’ and ‘Pinova’ (now named ‘Piñata’™) 
have become “managed varieties” and there-
fore will have limited distribution especially 
among smaller size growing operations that 
focus on local retail sales. The other cultivar 
that ranked high, ‘Cripp’s Pink’, had excel-
lent flesh firmness, high SSC and TA, above 
average red surface color, and a very low rus-
set rating. ‘Cripp’s Pink’s’ one negative was 
small fruit size.
 The results confirm our use of ‘Golden 
Delicious’ as the standard of comparison, as 
noted by Crassweller et al. (6) in their results 
on growth and yield of the 1999 NE-183 
planting. Results for quality variables in the 
1995 planting were very similar to those in 
this study except in the present study SSC, 
TA, and skin russet were higher. These re-
sults reaffirm the need for widespread sys-
tematic testing of new apple cultivars across 
many sites in order to determine performance 
under different soil and climatic conditions.
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