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Evaluations of Parthenocarpy in Vaccinium virgatum
Aiton (Rabbiteye) Blueberry Cultivars

Mark k. EhlEnfEldt1, and StEphEn J. StringEr

Additional index words: highbush, Vaccinium ashei, V. corymbosum

Abstract
 Under greenhouse conditions, several rabbiteye (V. virgatum Aiton) blueberry cultivars regularly set fruit that 
develop to maturity without pollination. Since self-fruitfulness (or lack of) is a critical issue for rabbiteye blue-
berry, we undertook a study of the propensity of 48 rabbiteye cultivars to set fruit under greenhouse conditions. 
For this we measured both fruit set and fruit size, and compiled ranking values across 2 years. A few cultivars 
stood out as having distinct expressions of parthenocarpy. Several cultivars, ‘Suwanee’, ‘Early May’, ‘Florida 
Rose’ and ‘Ira’ had extremely low or no fruit-set, either year, without pollination. Several cultivars had relatively 
large fruit at maturity (10-12 mm), but modest fruit-set overall, and ‘Chaucer’, a modern Florida cultivar, had 
extremely high fruit-set, but its mature fruit were relatively small, typically ~8 mm. Greenhouse rankings were 
compared to field evaluations (of 20 cultivars common to both studies) that evaluated fruit size and seed number, 
as indicators of parthenocarpic tendencies. No significant correlations were observed between any of the green-
house rankings of parthenocarpy (fruit set or fruit size) with any of the field values (fruit weight or seed/g fruit 
ratios) for either year. The cultivar ‘Premier’, however, was a superior performer in both studies, and thus may 
represent a desirable parent to enhance parthenocarpic tendencies and fruit size.

 Highbush blueberry (Vaccinium corymbo-
sum L.) cultivars are considered, in general, 
to be reasonably self-fruitful (Merrill, 1936); 
however, numerous studies have demonstrat-
ed the value of cross-pollination to improve 
fruit set, fruit size, development time, etc. 
(Coville, 1921; Ehlenfeldt, 2001; Meader 
and Darrow, 1947). In contrast, rabbiteye 
blueberry (V. virgatum Aiton; syn. V. ashei 
Reade) cultivars are considered generally 
self-incompatible (Brightwell et al., 1955; 
El-Agamy et al., 1981) and critically de-
pendent upon cross-pollination (Meader and 
Darrow, 1944), although some indications of 
self-fruitfulness in rabbiteye have been noted 
(Krewer and NeSmith, 2006), and several re-
cent North Carolina cultivars (‘Ira’, ‘Mont-
gomery’, ‘Yadkin’) are considered to be self-

fruitful (Ballington and Rooks, 1997). 
 Additionally, previous researchers have 
noted tendencies of some breeding selec-
tions to produce seedless fruit suggesting 
some level of parthenocarpic development, 
either with or without pollination (Austin and 
Bondari, 1993; Ehlenfeldt and Hall, 1996)
 Parthenocarpy is a valuable trait given 
the declines of pollinators. Even with only 
partial expression, parthenocarpy may al-
low cultivars to develop more fruit with less 
pollination. The essence of successful crop 
development in rabbiteye in the absence of 
cross-pollination, is the degree of self-fruit-
fulness/self-compatability and what may be 
referred to as parthenocarpic tendency (the 
ability to develop fruit either without pollina-
tion, or the ability to produce fruit with high 
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fruit weight to seed ratios (i.e. few seed being 
needed to produce acceptable-sized fruit).
 Under greenhouse conditions, several 
rabbiteye blueberry cultivars were noted to 
regularly set fruit that developed to maturity 
without pollination (Ehlenfeldt, personal ob-
servation). This is unlike highbush blueberry, 
where the occurrence of parthenocarpy under 
greenhouse conditions is, in our experience, 
very rare. Among the rabbiteye cultivars 
initially noted as exhibiting this behavior 
were ‘Baldwin’ and ‘Premier’. Since self-
fruitfulness (or lack of) is a critical issue for 
rabbiteye, and is also a potential concern for 
northern-adapted (mixed species) rabbiteye 
hybrids that we are developing, we under-
took a study of the propensity of 48 rabbiteye 
cultivars to set fruit under greenhouse condi-
tions. In this survey, meant to broadly evalu-
ate rabbiteye parthenocarpy, we rated culti-
vars for relative fruit set, and we measured 
size of developed fruit.
 A natural concern critical to this experi-
ment is whether such greenhouse observa-

tions correspond to field observations. To 
address this, we attempted to compare pa-
rameters of field-grown fruit (fruit weight, 
seed number, and seed/pulp ratios) to deter-
mine if cultivars with better parthenocarpic 
performance in the greenhouse also exhibited 
a lesser need for pollination (as measured by 
bigger fruit or fewer seed) to achieve ad-
equate fruit development under field condi-
tions. 

Materials and Methods
 Greenhouse evaluations (Study 1). Forty 
eight rabbiteye and mixed background rab-
biteye-derived hybrids were evaluated (Table 
1). All plant materials used in the screenings 
were named cultivars that are available ei-
ther through commercial nurseries or from 
the USDA-ARS National Clonal Germplasm 
Repository. All plants were five to six years 
old and were maintained in 2.84-L pots in 
a 1:1 mixture (v:v) of sand and peat. Plants 
were maintained in coldframes, pruned to the 
crown each winter, and allowed to re-grow 

Table 1. Ratings for fruit set for 48 rabbiteye blueberry cultivars evaluated under greenhouse conditions in 
2009 and 2010. Rating scale, 1 = most, 3 = least.z

Rating     Cultivars (Mean number of fruit set per plant, 2009/2010)

1 Chaucer (256/194)  Menditoo (99/26)  Pearl River (68/17)  Premier (75/36)
 Powderblue (113/28) Windy (156/46)

1.5 Alapaha (59/27)  Bluebelle (61/13)  Brightwell (105/11)  Callaway (217/5)  
 Centurion (107/10) Choice (81/6) Climax (63/21) Myers (140/5)        
 Ochlockonee (67/19) Rahi (99/2) Snowflake (69/7) Southland (64/14)        
 Woodard (30/22)

2 Aliceblue (31/9) Baldwin (0/25) Black Giant (36/4) Bluegem (60/11)         
 Clara (116/0) Coastal (195/2) Montgomery (16/18) Maru (19/53)               
 Onslow (54/7) Satilla (30/9) Tifblue (26/16) Walker (168/1)

2.5       Bonita (24/7) Briteblue (7/4) Ethel (36/0) Garden Blue (51/1)
 Hagood (40/0) Homebell (42/1) Owen (65/0) Pink Lemonade (18/2)  
 Yadkin (16/4)

3 Austin (30/1) Beckyblue (19/0) Columbus (14/2) Delite (10/0)
 Early May (1/0) Florida Rose (2/2) Ira (1/0) Suwanee (1/1) 
z Listings are alphabetical within classes.
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several times. Plants used in the study gen-
erally had one year of regrowth which pro-
duced a plant approximately 1m in height. 
Under New Jersey conditions these plants 
were fully deciduous. Detailed background 
and pedigree information on the cultivars 
used in this study may be obtained by request 
from the authors. Additional information on 
some cultivars is available in the Germplasm 
Resources Information Network (http://
www.ars-grin.gov/npgs) online database.
 Cultivars were laid out as five replicates 
in a 9.1 x 27.4m greenhouse with each cul-
tivar represented by one plant per replicate. 
Each replicate consisted of 3 adjacent 1.2 
x 3.7m tables with plants distributed in ap-
proximately equal numbers across tables (ap-
prox. 16 per table). Plants were randomized 
within each replicate. Occasionally, due to 
winter damage (and usually not visible un-
til floral bud development began), individual 
plants were replaced to maintain balanced 
replicates. The numbers of buds across plants 
was variable. Plants were generally selected 
which had at least 25 buds (typically with 
about 10 flowers per bud). Some plants how-
ever had many more buds. The experiment 
was initiated 13 Jan. 2009 and flowering 
commenced on 2 Feb. Flowering terminated 
for the latest replacements on 10 Apr. Fruit 
was harvested three times a week as it de-
veloped. Ripening continued for an extended 
period of time, ultimately being terminated 
on 10 Aug. As fruit was harvested, the di-
ameter of each fruit was measured across its 
equatorial dimension by ruler, and the fruit 
was cut open to verify that it was not the re-
sult of accidental pollination. The occasional 
seeded fruit was discarded. Similar protocols 
were followed in 2010, with the experiment 
beginning on 2 Feb., flowering commencing 
on 8 Feb., and terminating on 10 Mar. Fruit 
development and ripening continued for an 
extended period of time, ultimately being ter-
minated on 2 Sept. Fruit was collected and 
evaluated as in the previous year.
 Fruit size data were used to calculate a 
weighted-mean fruit size (mm diameter) for 

the fruit collected from each plant (replicate). 
Green fruit that dropped prematurely was 
disregarded. Unripe fruit that remained when 
the experiments were terminated in each year 
were tabulated similarly to ripe fruit. (If these 
were few, and similar in size to normally tab-
ulated fruit, they were added to the total for 
calculating a weighted mean, since they were 
representative of potential fruit-set. If unripe 
fruit were exceedingly numerous and/or ab-
normally small (undeveloped), they were 
noted separately, and not incorporated with 
the values contributing to the weighted mean 
fruit diameter.
 Field fruit harvest (Study 2). Field-grown 
fruit was collected from a planting at the 
USDA-ARS Thad Cochran Southern Hor-
ticultural Laboratory in Poplarville, MS in 
both 2009 and 2010 (Table 2). A sample of 
ripe, open-pollinated, field-grown fruit that 
weighed as near to 200 grams as possible 
was collected from each cultivar when it was 
approximately 30% ripe (typical range 25-
35%). Actual ripeness was estimated to the 
nearest 5% and a bulk weight of the sample 
to the nearest gram was recorded. The num-
ber of fruit in the sample was recorded. Fruit 
was frozen and shipped to New Jersey for 
seed extraction and seed counting.
 Seed counting (Study 2). Seed counting 
was done according to the process previously 
developed by Ehlenfeldt and Martin (2010). 
Fruit were then gently mashed in a beaker 
with 1ml of concentrated food-grade pec-
tinase (Pectinase Smash XXL, Novozymes 
North America, Franklinton, NC). Beakers 
were then covered with clear plastic wrap 
and incubated overnight at room tempera-
ture to optimize digestion. The next day, the 
pulp was given a final manual maceration to 
guarantee that as much seed as possible was 
freed from the pulp. Seed was then separated 
by dilution of the pulp with water, and sub-
sequent gentle decanting of the supernatant 
pulp. Seed remained at the bottom of the 
beaker, and was repeatedly washed until seed 
was clean and minimal debris remained. To 
optimize recovery of the seed, all of the su-
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pernatant pulp and water were collected and 
decanted two additional times and the resid-
ual seed from each subsequent decanting was 
collected. Ultimately, the seed from the ini-
tial decanting and the two additional cycles 
of decanting was combined. This seed was 
drained of excess water by filtering through 
coarse filter paper. After draining, the filter 
paper and seed were placed on aluminum 
pans, the seed spread shallowly on the filter 
paper, and air-dried for approximately 2 days 
before being transferred to vials for storage. 
Prior to counting, dry seed was sieved us-
ing a #26 mesh screen (0.63 mm). This sieve 
separated seed into two groups, one contain-
ing larger and well-developed seed, the other 
containing poorly developed and unviable 
seed. Seed counts were made in triplicate 
on the larger seed that did not pass through 
the sieve using a Count-a-pak seed totalizer 
(Seedburo Equipment Co., Chicago, Ill.).

Results and Discussion
Study 1 – Greenhouse evaluations. Respons-
es of cultivars across years and replicates 
were extremely variable. Within both years, 
for any given cultivar, some reps might have 
no fruit, or almost no fruit, while others had 
moderate levels. 
 In 2009, parthenocarpic fruit-set was rela-
tively high. The highest mean value for fruit-
set, averaged across replicates was 256.4 fruit 
per plant for ‘Chaucer’. The mean across all 
cultivars was 63.7. There were 10 cultivars 
with a mean value for fruit-set greater than 
100 fruit per plant (Table 1). Much lower set 
overall was observed in 2010, with the high-
est cultivar value having 194.8 fruit per plant 
(again ‘Chaucer’). Across both years, ‘Chau-
cer’ averaged 225 fruit/ plant/ year despite 
2010 being a relatively low set year. In 2010, 
no other cultivars set more than 100 fruit per 
plant, and the next lower value from ‘Chau-
cer’ was ‘Maru’ at 53.4. The mean across all 
cultivars in 2010, however, was only 14.4 
fruit, roughly ¼ of that observed in 2009.
 We elected ultimately to simply average 
across the replicates to derive a value for 

each cultivar, then categorize cultivars with 
respect to fruit set as low, medium, or high 
within any given year, since we were primar-
ily interested in which cultivars exhibited a 
stronger parthenocarpic response. Once cul-
tivars were ranked based upon these aver-
ages, we assigned a numerical value to each 
third of the cultivars in each given year as 1 
= highest set, 2 = intermediate set, 3 = low-
est set. We did this similarly with the data 
from 2010. We then averaged these rankings 
across both years to produce a composite 
ranking value reflective of the two years (Ta-
ble 1). Table 1 lists fruit set numbers for both 
years parenthetically. In examining this rank-
ing, it is worth recognizing that any cultivar 
in the Class 1 composite ranking group was 
in Class 1 both years. Similarly, any cultivar 
in the Class 3 composite ranking group was 
in Class 3 both years. Intermediate values, 
especially those just >1 or just <3, can be 
inferred as slightly variable, whereas, those 
in the mid-ranges may be either highly vari-
able (an average of low and high) or steadily 
mid-range.
 Overall, a few cultivars stood out as hav-
ing distinct manifestations of parthenocarpy 
when not pollinated. Several cultivars, ‘Su-
wanee’, ‘Early May’, ‘Florida Rose’ and 
‘Ira’ had extremely low or no fruit-set either 
year without pollination (i.e. 2 fruit or fewer) 
(Category 3). Several others were very low in 
2010, but somewhat higher in 2009 (remain-
der of Category 3). Among cultivars ranked 
as having higher fruit-set in both years, were 
‘Chaucer’ (previously noted), ‘Windy’, 
‘Menditoo’, ‘Powderblue’, ‘Premier’, and 
‘Pearl River’ (Category 1). There were sev-
eral additional cultivars that had notably high 
set (>100 fruit) in 2009, that ranked less high 
in 2010 (Table 1). 
 For fruit size, individual values ranged 
from 4 mm to 17 mm. Any fruit that set and 
subsequently failed to develop to more than 
4 mm, always dropped off, failing to com-
plete development. Thus, 4 mm seemed to 
be a threshold  for fruit development.  Fruit 
size was much more consistent from year 
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to year than was fruit set. The better rank-
ing cultivars for fruit size (2-yr. avg. in 
mm) were ‘Florida Rose’ (13.6), ‘Colum-
bus’ (13.3), ‘Ochlockonee’ (12.2), ‘Bonita’ 
(12.1), ‘Maru’ (11.7), ‘Pearl River’ (11.6), 
‘Briteblue’ (11.5), ‘Tifblue’ (11.4), ‘Rahi’ 
(11.3), ‘Austin’ (11.2), ‘Premier’ (11.1), and  
‘Powderblue’ (10.7) (Table 2). Among these 
cultivars, several have relatively large fruit 
at maturity (10-12 mm), but modest overall 
set. The lowest single 2-yr avg. value was 
‘Myers’ at 4.9 mm. ‘Chaucer’, the cultivar 
previously noted as having very high fruit-
set without pollination, had relatively small 
fruit, averaging 7.8 mm.
 Fruit size was evaluated using a method 
similar to that described for fruit set. After 
calculating weighted averages for fruit-size 
within each rep, we subsequently averaged 
these rep values. We then assigned a numeri-
cal ranking to each third of the cultivars in 
each year as 1 = large diameter, 2 = interme-
diate diameter, 3 = small diameter. We then 

averaged these rankings across both years 
to produce a 2-year fruit-size ranking (Table 
2). Table 2 lists actual fruit-size averages for 
both years parenthetically.
 To ultimately derive a rating that took 
both fruit-set and fruit-size components into 
consideration, we averaged the 2-year fruit-
set ratings with the 2-year fruit-size ratings. 
This averaged-value weighted both factors 
equally; and although it represents a useful 
comparison, it may not be reflective of which 
factor is of greater importance for any given 
cultivar. 
 For composite fruit-set/fruit-size value, 
the highest ranked cultivars were ‘Pearl Riv-
er’, ‘Premier’, and ‘Powderblue’ (Composite 
value 1), followed by ‘Ochlockonee’, ‘Rahi’, 
and ‘Woodard’ (Composite value 1.25) (Ta-
ble 3).
 Field-grown fruit. In Study 2, to compare 
greenhouse data with field performance, we 
evaluated parameters of field-grown fruit 
(fruit weight, seed number, seed/g ratios) 

Table 2. Ratings for fruit size for 48 rabbiteye blueberry cultivars evaluated under greenhouse conditions 
in 2009 and 2010. Rating scale, 1 = largest, 3 = smallest.z

Rating Cultivars (Mean fruit diam. in mm, 2009/2010)

1 Austin (10/12)            Bonita (12/12)            Briteblue (11/12)     Columbus (13/13) 
               Florida Rose (13/14)   Maru (12/12)            Ochlockonee (12/13)  Pearl River (11/12) 
               Powderblue (11/10)  Premier (11/11)         Rahi (12/10)              Tifblue (12/10) 
               Woodard (10/10)

1.5          Brightwell (9/11)

 2            Alapaha (9/12)            Aliceblue (9/9)           Beckyblue (11/6)       Centurion (9/9) 
               Choice (9/8)                Clara (8/12)                Coastal (9/9)              Hagood (10/-) 
               Southland (9/9)           Menditoo (9/8)           Montgomery (9/9)      Onslow (12/7) 
               Pink Lemonade (9/10) Suwanee (9/8)           Walker (9/8)               Yadkin (9/8)

2.5          Baldwin (-/10)             Bluegem (6/9)            Chaucer (9/7)             Homebell (8/8) 
               Ira (9/-)                        Satilla (9/7)                Snowflake (8/8)

 3            Black Giant (8/4)         Bluebelle (7/5)          Callaway (8/4)           Climax (9/7)
               Delite (8/-)                   Early May (7/-)y         Ethel (8/-)                  Garden Blue (7/6) 
               Myers (5/5)                  Owen (7/-)                Windy (8/8)
z Listings are alphabetical within classes.
y A “-” among the fruit size values indicates the cultivar set no fruit that year. 
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across 2 years to determine if cultivars with 
stronger parthenocarpic responses under 
greenhouse conditions also exhibited parthe-
nocarpic tendencies under field conditions 
(i.e. larger fruit size, less seed, lower seed/g 
ratios) (Table 4). These three parameters 
do not specifically measure parthenocarpy, 
but bear some relation to it, and thus may 
be considered proxies for parthenocarpy. 
These field evaluations differed from the 
greenhouse variables which evaluated the 
propensity to set parthenocarpic fruit in that 
the field-grown fruit had a pollination trigger 
and field-grown plants presumably set fruit 
to the fullest extent possible. Thus values of 
fruit size and seed number correspond to fruit 
development once triggered by pollination. 
Although these values may tell us something 
about parthenocarpic tendencies, they may 
not correspond to yield or relative fruit set.

Little commonality was observed between 
field-grown fruit in 2009 and 2010 (Table 
4). In 2009, the cultivars with the largest 
fruit were ‘Premier’ (2.31g), ‘Maru’ (2.17 g), 
‘Beckyblue’ (2.14 g), ‘Prince’ (2.09 g), and 
‘Bluebelle’ (2.06 g). In that year, the plants 
with larger fruit often had better (lower) 
seed/g of fruit ratios (r = 0.44, P=0.040). 
Among the larger fruited plants, ‘Prince’, 
‘Maru’, and ‘Beckyblue’ had the 5 highest 
ranked values (among the 22 cultivars) for 
both large fruit size and low seed number. 
In 2009, seed/g of fruit ranged from 10.6 
(‘Beckyblue’) to 55.8 (‘Climax’). Thus there 
was a greater than five-fold difference in 
seed/g values.
 In 2010, the cultivars with the largest fruit 
were: ‘Austin’ (2.44 g), ‘Brightwell’ (2.24 
g), ‘Ira’ (2.17 g), ‘Rahi’ (2.15 g), and ‘Yad-
kin’ (2.13 g). In 2010, however, fruit size and 

Table 3. Ratings for fruit set-fruit size composite value for 48 rabbiteye blueberry cultivars evaluated under 
greenhouse conditions in 2009 and 2010. Rating scale, 1 = most*largest, 3 = least*smallest.z

Composite
Ratings Cultivars

1 Pearl River Powderblue Premier

1.25 Ochlockonee Rahi Woodard

1.5 Brightwell Menditoo Maru  Tifblue

1.75 Alapaha Bonita Briteblue  Centurion
      Chaucer Choice Southland

2 Aliceblue Austin Clara  Coastal
 Columbus Florida Rose Montgomery  Onslow
 Snowflake Walker Windy

2.25       Baldwin Bluebelle Bluegem  Callaway
 Climax Myers Satilla  Hagood
 Pink Lemonade Yadkin

2.5  Beckyblue Black Giant Homebell  Suwanee

2.75  Ethel Garden Blue Ira  Owen

3  Early May Delite 
z Listings are alphabetical within classes.
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seed/g of fruit ratio were not significantly 
correlated (r = 0.109, P=0.678), and among 
the top 5 ranked cultivars for size, none had 
top values for low seed numbers as well. 
Seed/g of fruit ranged from 8.4 (‘Tifblue’) to 
47.9 (‘Briteblue’).
 Among the 21 cultivars common to the two 
studies, no significant correlations were ob-
served between any of the greenhouse rank-
ings of parthenocarpy (fruit set, fruit size, or 
composite value) with any of the field values 
(fruit weight or seed/g ratios) for either year. 
Despite this lack of relationship, a few culti-

vars are worth noting among the two studies. 
Also interesting to note is the commonality 
of certain parents among these selections.

Cultivars of interest were:
‘Premier’ – ‘Premier’ is a common denomi-
nator among the two studies. In the field 
study it held top rank for fruit size in 2009, 
and was among the best for low seed num-
bers in 2010. In the greenhouse study it had a 
composite value = 1. Its pedigree is ‘Tifblue’ 
× ‘Homebell’ (U.S.D.A. and N.C. Ag. Exp 
Sta., 1975). ‘Premier’ is a desirable cultivar 

Table 4. Fruit weight and seed number of 23 rabbiteye cultivars evaluated under field conditions in Pop-
larville, Mississippi in 2009 and 2010.

   2009    2010 
Cultivarz  Fruit wt. (g) Seed/g fruit Fruit wt. (g) Seed/g fruit

Premier 2.31 25.6 1.83 17.8
Maru 2.17 25.5 2.11 20.6
Beckyblue 2.14 10.6 1.79 10.7
Princey 2.09 11.3 - -
Bluebelle 2.06 25.9 - -
Vernony 2.06 28.6 - -
Yadkin 1.99 40.0 2.13 35.3
Rahi 1.97 36.9 2.15 27.0
Delite 1.93 20.8 2.08 19.9
Ira 1.89 36.3 2.17 30.7
Briteblue 1.83 43.3 1.51 47.9
Woodard 1.76 37.0 1.68 32.3
Austin 1.67 40.5 2.44 25.7
Montgomery 1.66 32.2 1.74 20.2
Brightwell 1.60 37.7 2.24 27.2
Tifblue 1.53 14.3 1.63 8.4
Columbus 1.46 37.3 - -
Baldwin 1.43 29.3 1.69 20.4
Homebell 1.38 35.3 1.48 22.8
Climax 1.34 55.8 1.86 24.8
Alapaha 1.24 32.9 - -
Gardenblue 1.19 33.9 - -
Powderblue - - 1.52 18.2
z Cultivars are ranked by fruit size in 2009. The 5 best values in each column are in boldface. A low seed/g 

ratio is considered desirable.  The best value in each column is enclosed in a box.
y Not in Greenhouse study (Study 1).
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in terms of fruit quality, fruit size, and flavor, 
as well as having plant hardiness, vigor, and 
low suckering. ‘Premier’ is an early ripening 
rabbiteye.

‘Maru’ – Among the best for fruit size in the 
field study, and also low in seed number in 
2009. In the greenhouse study it had a fruit-
size value = 1; however, it was not notable 
for fruit set. Interestingly, ‘Maru’ is an O.P. 
seedling of ‘Premier’ (Lyrene, 2002). 

‘Beckyblue’ – The best in field study for low 
seed number in 2009, and among best for low 
seed number in 2010. It was also among the 
best for fruit size in 2009. In the greenhouse 
study it had a fruit-size value = 2. 

‘Austin’ – The best for fruit size in the field 
study in 2010. In the greenhouse study, its 
fruit-size value = 1; however, it was not no-
table for fruit-set. The release notice of ‘Aus-
tin’ says it has fewer s/f than ‘Climax’, and a 
generally larger berry size (Hall and Draper, 
1997).

‘Tifblue’ – Among lowest for seed number in 
the field study in 2009, and lowest for seed 
number in 2010. In the greenhouse study, it 
had a fruit-size value = 1. In a previous study 
by one of the authors, it had parthenocarpic 
fruit (Ehlenfeldt. and Hall, 1996).

‘Bluebelle’ – Among the better cultivars for 
fruit size in the field study in 2009. In the 
greenhouse study its fruit-size value = 1.5. 
Its release notice describes its fruit as large 
(Brightwell and Draper, 1975). 

‘Prince’ – Among the best for both fruit size 
and low seed number in the field study in 
2009, but, not in the greenhouse study. The 
release notice for ‘Prince’ describes it as only 
medium-sized (U.S.D.A., 2008).

‘Powderblue’ – Only 1 year of data from the 
field study were available, and ‘Powderblue’ 
was not notable. However, in the greenhouse 

study ‘Powderblue’ had a composite value = 
1. ‘Powderblue’ is an offspring of ‘Tifblue’ 
× ‘Menditoo’. ‘Powderblue’ is noted for its 
light fruit color, mid-late ripening, and for 
not being too seedy. (U.S.D.A. and N.C. Ag. 
Exp Sta., 1975). 

‘Pearl River’ was not in the field study; how-
ever, in the greenhouse study it had a com-
posite value = 1.  ‘Pearl River’ arose from the 
cross G-136 × ‘Beckyblue’ (U.S.D.A., 1994), 
and thus is another offspring of ‘Beckyblue’. 
‘Pearl River’ is a pentaploid, and perhaps 
owes a measure of its success to its parthe-
nocarpic tendencies, a critical issue for pen-
taploids.

‘Chaucer’ – ‘Chaucer’ was not in the field 
study; however, in the greenhouse study 
it was truly remarkable for its fruit set, al-
though unremarkable for size. ‘Chaucer’ is 
an O.P. seedling of ‘Beckyblue’ (Lyrene, et 
al., 1985).

Conclusions
 Evaluation of rabbiteye parthenocarpy un-
der greenhouse conditions produced highly 
variable results. Thus, greenhouse evaluation 
without further refinements is not an adequate 
way to evaluate parthenocarpy. Unknown 
environmental influences appear to affect 
fruit-set. In contrast, the field study suggest-
ed a different set of cultivars that might be 
inclined towards parthenocarpy. Many fac-
tors affect fruit size and development under 
field conditions, including pollination levels, 
source/sink relationships, and environmental 
stresses. The lack of correlation between the 
two studies may be due to such factors and 
their interactions, and also due to the fact that 
the field evaluations represented an indirect 
measure of parthenocarpy. The greenhouse 
study broadly discerned which cultivars con-
sistently ranked better for fruit set across two 
years. The greenhouse evaluation particular-
ly highlighted the cultivar ‘Chaucer’ which 
exhibited a unique performance profile. 
‘Chaucer’s performance suggests that it may 
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have the propensity to set high quantities of 
fruit. How this might interact with fruit size/
development is unclear. This trait may how-
ever be of value when considering crosses 
for processing or high net antioxidant values 
(i.e. large amounts of pigmented skin). The 
behavior of the ‘Chaucer’ genotype is being 
further evaluated by crosses of ‘Chaucer’ 
with larger-fruited genotypes with partheno-
carpic tendencies. 
 In our studies, field performance of rabbit-
eye cultivars for fruit weight and seed/g fruit 
was evaluated, and cultivars were ranked 
for these traits which were considered to be 
proxy values for parthenocarpic tendency. 
Fruit size and seediness are important to un-
derstand, simply as potential improvements 
in organoleptic fruit quality. However, they 
may also translate into knowledge regarding 
which cultivars are more likely to set fruit 
with only limited pollination. These evalu-
ations calculated only an aggregate fruit 
weight and seed ratio, and did not examine 
the composition of individual fruit to evalu-
ate frequency of true parthenocarpy on an 
individual berry basis.
 What can be taken away from these stud-
ies? Fruit-set in greenhouse and our parthe-
nocarpic proxy values from the field were 
not correlated. Nonetheless, the cultivar ‘Pre-
mier’ ranked well in both studies. This sug-
gests it may be a desirable cultivar for use in 
new germplasm development, such that hy-
brid offspring may be more likely to set fruit 
and have desirable fruit size. The propensity 
for fruit set on ‘Premier’ may also encour-
age fruit set in difficult-to-achieve breeding 
hybridizations. 
 Greenhouse fruit-size and field fruit-size 
across cultivars also were not correlated. The 
greenhouse plants had a low fruit load and 
hence were not source-limited. These fruit 
were examined to assure they were seed-free, 
and thus their size depended only upon parthe-
nocarpic impetus. In contrast, the field-grown 
plants had a natural fruit load largely resulting 
from pollination, and may have had source/
sink factors at work in their development.

 Ultimately, our major success was iden-
tifying clones that distinguished themselves 
in either one study or the other. Hopefully, 
this will represent a starting point for fur-
ther evaluations of blueberry parthenocarpy. 
We continue to adhere to the belief that for 
practical purposes, parthenocarpy does not 
have to be a perfect all-or-nothing, system. 
Incremental improvements in fruit set and 
development may be of value to growers 
facing uncertain pollination conditions, and 
such improvements may partially compen-
sate for issues that may arise from pollinator 
declines. 
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Abstract
 Development of nitrogen (N) fertilization guidelines for Chinese chestnut trees in North America has been 
hampered by the paucity of research-based information. Thus, a study was conducted to determine the effect of 
selected annual N application rates (56, 84, 112, 140, or 168 kg·ha-1) on vegetative growth and fruiting of young 
‘Peach’ Chinese chestnut (Castanea mollissima Bl.) trees applied in four sequential years. Foliar N and other 
macro-and micro-nutrient levels were also determined to establish survey ranges for North American-grown 
Chinese chestnut. Cumulative nut yield, nut number, and trunk circumference increased linearly as the rate of 
N increased. Estimated net profitability during three years of nut production increased by 43% when annual N 
applications were increased from 56 to 168 kg·ha-1. Foliar N of chestnut trees producing the greatest cumulative 
nut yields during the early years of cropping ranged from 2.23 to 2.51%. The survey range was 0.09 to 0.16% for 
phosphorous (P) and 0.36 to 0.63% for potassium (K). Macro- and micronutrient survey ranges reported herein 
from leaves of ‘Peach’ Chinese chestnut trees provide baseline data for assessing their nutritional status.
 
 Nitrogen is an essential macronutrient for 
growth and is a constituent of chlorophyll, 
proteins, and enzymes in plants (Bryson et 
al., 2014). Because of its importance in plant 
growth and development, N management is a 
key factor in chestnut production in commer-
cial orchards (K.L. Hunt, unpublished data). 
In fruit and nut trees, inadequate N results 
in poor vegetative growth and restricts yield 
potential (Westwood, 1993).  Alternatively, 
application of excess N is expensive for pro-
ducers and can cause excessive vegetative 
growth and low crop yield due to shading in 
the tree canopy in subsequent years (Bryson 
et al., 2014). Nitrogen applied late in the 
growing season also prolongs vegetative 
growth, resulting in shoot dieback of chestnut 
trees following exposure to low temperatures 
during winter (Warmund, 2008). Addition-
ally, improper N management may result in 
an environmental hazard when excess nitrate 
from N fertilizer leaches into groundwater 
aquifers (Addiscott, 1996). 

 Since nutrient management is a critical as-
pect of crop production, nutrient recommen-
dations have been developed for several fruit 
and nut species.  Sufficiency or survey ranges 
for individual nutrients are routinely used by 
soil and plant testing facilities as a basis for 
providing fertilizer recommendations. The 
sufficiency range, used for foliar testing, 
indicates the values at which the tissue is at 
the optimal nutritional status, as determined 
by field testing (Bryson et al., 2014).  When 
published research data from fertilizer trials 
are unavailable, survey values are used for 
recommendations, using nutrient contents 
obtained from “normal-appearing” tissue or 
plants with acceptable yield. However, nei-
ther sufficiency nor survey ranges have been 
developed for several specialty crops grown 
in North America, including Chinese chest-
nut (Castanea mollissima). 
 Fertilizer recommendations for some 
nut trees, such as almond, English walnut, 
and pecan, are based on the strategy of 
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replacing nutrients removed from the 
soil in the harvested crop (Anderson et 
al., 2006; Doll and DeBuse, 2011; Smith 
et al., 2012). Additionally, the rate of N 
recommended is based on a target level of 
production or yield during alternate bearing 
cycles. However, annual nutrient removal 
information is lacking for several perennial 
nut crops, including Chinese chestnut grown 
in commercial orchards.
 Grafted Chinese chestnut trees generally 
produce a marketable nut crop three years 
after planting (Warmund, 2014). Thereafter, 
fruiting increases annually for at least four 
years with minimal pruning. Nut yields 
from mature chestnut trees grown in the 
United States range from 840 to 2241 kg·ha-1 
with a retail price of as much as $14/kg 
(Gold et al., 2006). Based on this range of 
yield, profitability of chestnut production 
can be increased by nearly 40% when nut 
yields are high. However, without proper 
N management, this increased cropping is 
unattainable. 
 Fertilizer recommendations for Chinese 
chestnut cultivars grown in North America 
are sparse, limited to a few nutrients, and/
or developed using data from other fruit 
or nut crops (Hunt et al., 2012; Michigan 
State University, 2015; Olsen, 2000). Thus, 
the objectives of this study were to: 1) 
determine the effect of selected application 
rates of N on the vegetative growth and nut 
yield of Chinese chestnut trees; 2) assay 
foliar N in fruiting and non-fruiting shoots; 
and 3) evaluate foliar P, K, calcium (Ca), 
magnesium (Mg), sulphur (S), iron (Fe), 
manganese (Mn), boron (B), copper (Cu), 
zinc (Zn), and molybdenum (Mo) contents to 
establish survey ranges for a fruiting orchard.

Materials and Methods
 Nuts were harvested in Sept. 2006 from 
‘AU-Cropper’ Chinese chestnut trees planted 
in a repository in 1996 at the Horticulture and 
Agroforestry Research Center (HARC), New 
Franklin, MO to produce seedling rootstocks.  
Immediately after harvest, chestnuts were 

sealed in polyethylene bags and placed in 
cold storage at 5 ºC.  On 15 Mar. 2007, these 
chestnuts were sown in 35 x 35 x 13-cm 
(depth) flats using an 8 pine bark: 4 perlite: 
2 sphagnum peat moss: 1 vermiculite: 1 sand 
(v/v) medium amended with 2 kg Osmocote 
13N-5.7P-10.8K, 1.5 kg Nitroform Blue Chip 
38N-0P-0K (AgrEvo, Wilmington, DE), and 
1.7 kg Micromax micronutrients (Scotts 
Co., Marysville, OH) per m3.  Seedlings 
were then transplanted on 1 May 2007 into 
11.4-L polyethylene containers (PF800; 
Nursery Supply, Chambersburg, PA) using 
the medium previously described.  Potted 
seedlings were grown outdoors under natural 
conditions in a nursery area at HARC under 
55% shade cloth (DeWitt Group, Sikeston, 
MO) with supplemental irrigation as needed.  
On 25 Nov. 2007, potted seedlings were 
covered with a polyethylene foam blanket 
for winter protection. 
 Before planting chestnut trees on 30 Mar. 
2009, a soil sample (10 cores, 0-15 cm-depth) 
representing the entire test site, was obtained 
and analyzed at the University of Missouri 
(MU) Soil and Plant Testing Laboratory 
using standard methods (Nathan et al., 2012).  
Another composite sample (9 cores, 0-15 
cm-depth) was obtained on 15 July 2015 at 
1.2 m from each ‘Peach’ chestnut tree trunk 
in plots where trees received 112  kg·ha-1 

N from 2012 to 2015. Soil samples were 
analyzed for soil organic matter by loss-on-
ignition; pH in salt solution; extractable P 
using the Bray-1 method; Ca, Mg and K by 
ammonium acetate extraction; Zn and Fe by 
diethylenetriamine-penta-acetic acid (DPTA) 
extraction; and B by hot water extraction as 
described by Nathan et al. (2012).
 On 23 March 2008, ‘Peach’ and ‘Qing’ 
(used as a pollinizer) Chinese chestnut sci-
ons were whip-and tongue grafted onto AU-
Cropper seedling rootstocks at 8 cm above 
the potting medium surface. Grafted tissue 
was tied with a rubber budding band, sealed 
with wrapping film (Parafilm M, Bemis 
North America, Oshkosh, WI), covered with 
aluminum foil, and placed in a greenhouse at 

chEStnut
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27 °C day/21 °C night on a 12 h cycle for 3 
weeks with natural lighting.  Aluminum foil 
and budding bands were removed and graft-
ed plants were placed in the field nursery and 
maintained until planting as described above. 
On 1 Apr. 2009, grafted chestnut trees were 
planted at HARC at a 4 x 8 m spacing with 
a ‘Qing’ pollinizer trees placed between no 
more than four ‘Peach’ trees in each row. 
This site is flat with a deep, upland Menfro 
silt loam (fine-silty, mixed, superactive, me-
sic typic hapludalfs) soil. The sod cover crop 
(75% turf-type fescue/25% Kentucky blue-
grass blend) was established in 2007. In April 
2009, 2010, and 2011, NH

4
NO

3
 was applied 

to the soil surface under the dripline of trees 
at 14.1, 28.2 and 42.3 kg·ha-1, respectively. 
In 2012, 2013, 2014, and 2015, split appli-
cations (50:50) of five different N rates (56, 
84, 112, 140, and 168 kg·ha-1 as annual rates), 
using NH

4
NO

3
, were applied to the soil sur-

face under trees on Apr. 1 and June 15. Nine, 
single-tree replications of each N treatment 
were applied to ‘Peach’ tree plots in a ran-
domized complete block design. ‘Qing’ trees 
used as pollinizers received 112 kg·ha-1 N an-
nually from 2012 to 2015. Trees were pruned 
minimally and grown without irrigation 
throughout this study.  Weed control and pest 
management followed local recommenda-
tions (Hunt et al., 2012). Mean trunk circum-
ference (measured at 15 cm above the graft 
union) of chestnut trees was 14.1 cm on 1 
Apr. 2012 when different rates of N were first 
applied. Thereafter, trunk circumference was 
evaluated annually in early Dec. Primary nut 
number and nut weight were also recorded 
annually in Sept.  Late-ripening, unmarket-
able secondary nuts were not harvested.
 Leaves were collected annually on 15 
July from 2013 to 2015 [i.e., optimum time 
of collection (Cao et al., 2009; Toprak and 
Seferoğlu, 2013)] from sun-exposed non-
fruiting shoots to assess foliar N, P, K, Ca, 
Mg, S, B, Fe, Cu, Mn, Mo, and Zn. Foliar 
samples were also collected similarly on 
15 July 2014 from fruiting shoots to as-
say macro- and micronutrients. For each 

tree, five, fully-expanded mid-shoot leaves 
from fruiting and non-fruiting shoots grow-
ing in full sun were collected. Leaves were 
washed in 1% (v/v) Liqui-Nox anionic de-
tergent (AlcoNox Inc., White Plains, NY), 
rinsed in distilled water, and oven-dried at 65 
°C. Dried tissues were then ground to pass 
through a 425-µm screen and submitted to 
the MU Soil and Plant Testing Laboratory. 
Tissues were analyzed for total N using an 
automated ion analyzer (QuickChem 8500; 
Lachat Instruments, Loveland, CO) and for 
other macro-and micronutrients using in-
ductively coupled plasma optical emission 
spectroscopy (Varian Vista MPX Simultane-
ous ICP-OES; Varian Inc., Palo Alto, CA) 
(Nathan and Sun, 2006). Annual terminal 
shoot growth of five fruiting shoots located 
equidistantly around each tree at 1.8 m above 
the soil surface was measured on 1 Nov. 
2015. Annual nut yield and cumulative nut 
data were subjected to analysis of variance 
(ANOVA) using the GLIMMIX procedure of 
SAS (version 9.4; SAS Institute, Cary, N.C.). 
Means were separated by Fisher’s protected 
least significant difference test at P ≤ 0.05. 
Trunk circumference, shoot growth, and cu-
mulative nut number and weight, and annual 
foliar nutrient content data (2012 to 2015) 
were also subjected to ANOVA.  Orthogonal 
contrasts were performed to evaluate linear 
and quadratic responses to varying N rates. 
Ranges of foliar nutrients are presented to in-
dicate the survey values for leaves sampled 
from non-fruiting shoots.

Results 
 Results from soil testing before plant-
ing (2009) indicated a 6.1 pH, 2.2% organic 
matter content, 10.5 meq/100 g cation ex-
change capacity, and most other elements at 
medium to high levels (Table 1). By 2015, 
pH and organic matter content was 6.0 and 
2.3%, respectively, in soil samples from plots 
receiving 112 kg·ha-1 N from 2012 to 2015. 
Phosphorus content decreased, K and Zn in-
creased, and other elements varied slightly 
during the study. 
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 Chestnut trees began bearing a few nuts 
in 2012 (≤ 0.5 kg/tree) and trees averaged ≤ 
1.3 kg nuts/tree in 2013, but yields did not 
differ among N treatments (data not shown).  
By 2014, trees receiving 140 or 168 kg·ha-1 

N had greater nut yields than those receiving 
56 or 84 kg·ha-1 N (Table 2). A similar 
increase in nut production occurred in 2015, 
although yields among N treatments differed 
statistically at P ≤ 0.067. Trees receiving 
either of the two highest rates of N had 
greater cumulative nut yield and higher nut 
numbers in 2015 than those treated with the 

two lower rates, indicating a linear response 
to the fertilizer (Table 2). Mean nut weights 
from 2012 to 2015 were similar among 
N treatments, ranging from 15.2 to 16.8 
g.  Terminal shoot growth was also similar 
among treatments, but trunk circumference 
increased linearly with increasing rates of N 
(Table 2). 
 When foliar analysis was conducted in 
2014, the only nutrient that varied by shoot 
type (fruiting vs. non-fruiting) was N (data 
not shown). Leaves from non-fruiting shoots 
had a higher N content (2.17%) than those 

Table 1. Nutrient contents of soil samples from the ‘Peach’ Chinese chestnut orchard site near New 
Franklin, MO in March 2009 and July 2015.z

 P K Ca Fe Mg   Bo Zn 

                 -----------------------(kg·ha-1)---------------------------                     ------------(mg·kg-1)---------

2009 81 461         2923 52 343   0.11 2.7 
 
2015 76 510         2936 50 345   0.11 3.0  
z Nutrient contents were determined using the methods described by Nathan and Stecker (1999). One composite sample was 

obtained for the entire site in 2009. One composite sample was obtained 1.2 m from the chestnut tree trunk in plots receiving 
annual applications of 112  kg·ha-1 N from 2012 to 2015.

Table 2. Reproductive and vegetative characteristics of ‘Peach’ Chinese chestnut trees following the 
application of selected rates of  N in an orchard planted near New Franklin, MO in 2009.z

                                                      
z  Only primary nuts were harvested. Values represent the mean of 9 replications of each treatment. 
y  Annual terminal shoot growth was recorded on non-fruiting shoots.
x  Mean increase in trunk circumference from April 2012 to December 2015.
w  P values for ANOVA.
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Table 2.  Reproductive and vegetative characteristics of ‘Peach’ Chinese chestnut trees following the application of selected rates of  

N in an orchard planted near New Franklin, MO in 2009.z                                                       

Annual                   2014                2015             Cumulative (2012-2015)                       2015 
 
    N                          Nut                  Nut     Nut             Total            Average                     Current             Increase                                                                                                                                                                                                                                                                    

rate                                 yield/tree     yield/tree    yield                 nut           nut                      season shoot         in trunk 
(kg ·ha-1)          (kg)                  (kg)                         (kg/tree)              no.               wt. (g)                   growth (cm)y       circ. (cm)x  
               
56                      1.1                    2.9             5.0              306         16.8                  26.3                   18.1             

84                                  1.2                    2.8         5.1              311         16.3                  27.4                  19.6                 

112                                        1.4                    3.8         6.0                  380         15.7                      27.0                  20.2         

140                                  1.6                    4.3                          7.3                  464         15.7                  26.9                  21.3  

168                            1.7                    4.4                  7.4              483         15.2                  26.5                  22.4                  

Significance levelw            0.0182            0.0668    0.0181             0.0173        0.5211                 0.5328               0.0202 

Rate linearv         0.0010            0.0058    0.0012            0.0010        0.4027                 0.5572   0.0009 

Rate quadraticv                     0.7268            0.9869                                   0.6694            0.7199         0.1873                 0.1972   0.9157      

z Only primary nuts were harvested. Values represent the mean of 9 replications of each treatment.  

y Annual terminal shoot growth was recorded on non-fruiting shoots. 

x Mean increase in trunk circumference from April 2012 to December 2015. 

w P values for ANOVA. 

v P values for orthogonal contrasts performed to test the linear and quadratic responses of different N rates. 
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from fruiting shoots (1.97%, P = 0.001). In 
2013, 2014, and 2015, non-fruiting shoots 
from trees receiving annual rates of 56 kg·ha-1 
N had lower N contents in leaves than those 
of trees receiving the three highest rates of 
soil-applied N (Table 3). Foliar N had a 
quadratic response to increasing rates of 
soil-applied N in 2013, changing to a linear 
response in 2014 and 2015.
 When other macro- and micronutrient 
contents of leaves from non-bearing shoots 
were subjected to ANOVA, there were no 
statistical differences among trees receiving 
selected rates of N in 2013, 2014, or 2015 
for any of the elements (data not shown).  
Ranges of foliar macro- and micronutrients 
from non-fruiting shoots receiving 140 or 
168 kg·ha-1 N are presented in Table 4.
     

Discussion
 After three years of applying selected rates 
of N, annual chestnut yields increased linearly 
when trees were treated with increasing 
rates of N and trees generally had a similar 
annual yield response in 2015 (Table 2). This 

delayed yield response to annual application 
rates of N may be attributed to the lack of 
precocity and low bearing potential of young 
chestnut trees. Results from this study were 
similar to an earlier one in which there were 
relatively low nut yields of Chinese chestnut 
trees until the sixth year after planting 
(Warmund, 2014). Average nut weights from 
2012 to 2015 among all N treatments were 
statistically similar, but were numerically 
lower when higher rates of N were applied, 
which was likely due to increased crop load. 
Like the nut yield response, trunk growth 
was greatest when trees were treated with N 
at 140 or 168 kg·ha-1.  
 A soil sample obtained before planting in 
2009 indicated that all elements tested were 
in the medium to high range of nutrients, 
according to recommendations used for 
other fruit crops in Missouri (in the absence 
of research-based information for chestnut) 
(Nathan and Stecker, 1999). By 2015, slight 
differences were noted in soil nutrients 
tested, but because only one soil sample was 
obtained from the orchard site in 2009 and 

Table 3. Percent N in foliage from non-fruiting shoots of ‘Peach’ Chinese chestnut trees annually treated 
with selected rates of N in 2013, 2014, and 2015.z
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Table 3. Percent N in foliage from non-fruiting shoots of ‘Peach’ Chinese 

chestnut trees annually treated with selected rates of N in 2013, 2014, and 2015.z 

     Annual N                     Foliar N content (% dry wt.) 

   rate (kg·ha-1)      2013            2014     2015           

       56    2.17         2.05   2.13                

       84    2.33                 2.11   2.29           

      112   2.44         2.17   2.33     

      140   2.47                       2.23   2.43   

      168   2.46         2.28   2.51  

  Significance levely  0.0462                           0.0011  0.0024 

    Rate linearx   0.1972       0.0010              <0.0001 

    Rate quadraticx             0.0240                  0.7268            0.6954 

z Values represent the mean of 9 replications of each treatment. .  
 
y P values for ANOVA. 
 
x P values for orthogonal contrasts performed to test the linear and quadratic responses 

  of different N rates. 

 
 

z  Values represent the mean of 9 replications of each treatment. . 
y  P values for ANOVA.
x  P values for orthogonal contrasts performed to test the linear and quadratic responses of different N rates.
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another one from plots receiving 112 kg·ha-1 N in 2015, 
these slight differences may be due to variability in 
sampling. However, use of NH

4
NO

3
 fertilizer is known 

to lower soil pH due to microbial activity (Bryson et al., 
2014). Glyphosate use also affects microbial diversity 
and activity when applied to agronomic crops, resulting 
in reduced plant availability of K, Fe, and Mn (Bryson 
et al., 2014). While glyphosate was applied three times 
per year in a 1.8 m band beneath chestnut trees in this 
study, the consequence of these herbicide treatments 
on soil and chestnut tree nutrition is unknown.
 Soil test results in 2015 also indicated that P content 
decreased during this study even though visible plant 
symptoms of a P deficiency were not apparent. This 
loss of soil P may be attributed to plant uptake during 
the study. Phosphorous loss from erosion was unlikely 
due to the perennial ground cover and flat terrain at 
this site. 
 Potassium content in the soil increased during 
the study, which might be attributed to soil moisture 
conditions at the time of sampling, differences in time 
and areas tested, or other unidentified conditions. 
Although interactions of K with N, Ca, and Mg have 
been documented on some crops, much less is known 
about the optimal ratio of these nutrients in soils or 
plant tissue for specialty crops (Bierman and Rosen, 
2013).  Soil tests results obtained in this study indicate 
that the nutrient status may have changed during 
the testing period, however, they do not reflect their 
availability to the trees. Soil testing is generally done 
before planting to estimate organic matter content, 
pH, cation exchange capacity, and nutrient toxicity or 
imbalances in orchards, but it has limited usefulness 
in diagnosing nutritional problems and predicting crop 
potential (Smith et al., 2012).
 Nutrient cycling in Castanea plantings has been 
reported, but results from high-yielding orchard systems 
with improved cultivars are limited (Rhoades, 2007; 
USDA, 2016; USDA, 2017). Nutrient concentrations 
of leaf litter collected from 20 to 65-year-old American 
chestnut [Castanea dentata (Marshall) Borkh.] trees, 
growing in a fine silt loam or a sandy loam soil were 
≈ 12 g·kg-1 N,15 to 16 g·kg-1 Ca,1 g·kg-1 P, 2 to 3 g·kg-1 
K, and 3 g·kg-1 Mg (Rhoades, 2007). Phosphorous, K, 
Ca, and Mg contents reported for nutritional labeling 
of Chinese chestnuts are 96, 447, 18, and 84 mg·100 
g-1, respectively, from Chinese chestnut trees (USDA, 
2016). Using the USDA NRCS crop nutrient tool 
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(USDA, 2017) and 2015 Chinese chestnut 
yield data at the annual N rate of 168 kg·ha-1, 
the annual loss of N, P, and K was 9.3, 1.3, 
and 6.2 kg·ha-1, respectively.
 Like other nut trees, annual N loss in a 
managed chestnut orchard likely occurs 
from harvested fruit (nuts and burs), leaf 
litter, pruning wood, aborted reproductive 
organs, and root turnover (Weinbaum and 
Van Kessel, 1998), respectively. Due to 
the difficulty of applying isotope-labeled 
fertilizer and analysis of annual and excavated 
tree biomass, information regarding uptake 
and internal cycling of nutrients in Chinese 
chestnut is limited. For English walnut, 
123 kg·ha-1 of N was removed from fruit, 
prunings, and leaves of mature trees annually 
in California (Weinbaum and Van Kessel, 
1998). Also, about 50% of the N within 
walnut trees was replaced annually and 
approximately 50% of the total N content of 
the perennial parts of the tree was available 
for recycling. Based on Weinbaum and Van 
Kessel’s (1998) findings, recommendations 
for annual N fertilizer on English walnut 
grown in California are 168 to 224 kg·ha-1 

(Beede, 2010), indicating that the highest N 
rate applied to six-year-old chestnut trees in 
this study may not be excessive.
 In the current study, foliar N was lower 
in fruiting shoots compared with non-
fruiting shoots. This is likely explained by 
the additional demand for this nutrient by 
developing nuts and burs. Although current 
season growth of both fruiting and non-
fruiting shoots was not evaluated in this 
study, those lacking fruit in sun-exposed 
areas of the tree canopy usually produce more 
growth than fruiting shoots (M.R. Warmund, 
unpublished data).  
 Chestnut trees averaged 2.38% and 
2.41% foliar N in 2013 to 2015 when an 
annual application of 140 or 168 kg·ha-1 

of soil-applied N was applied and a nut 
yield response was recorded (Table 3). The 
linear response of increased nut yield with 
increasing rates of N fertilizer may indicate 
that even higher yields may be achieved with 

higher rates of fertilizer (Table 2).  Based 
upon yields recorded in this study, 2.4% 
foliar N may be useful as a target value in 
maximizing nut yield in young Chinese 
chestnut orchards. 
 When 180 European chestnut (Castanea 
sativa Mill) trees were sampled in July from 
30 orchards in Turkey, average foliar N, P, 
K, Ca, and Mg contents were 2.81, 0.18, 
2.18, 0.30, and 0.48%, respectively (Toprak 
and Seferoğlu, 2013).  Phosphorous and Mg 
values reported for European chestnut were 
near those reported in the survey range for 
current study. However, the foliar content of 
K was higher than that found in Missouri.  
Guo et al. (2014) reported the survey ranges 
of various foliar nutrients for ‘Zaofeng’ 
Chinese chestnut trees growing in Hebei 
province, China listed in Table 4. Relative to 
survey ranges reported in Missouri, N and Bo 
were lower and Mg, Fe, and Cu ranges were 
higher in China (Table 4). Li et al. (2014) 
reported the need for increased Mg fertilizer 
to maintain nut yields for eight to 30 year-old 
‘Zaofeng’ trees. 
 Based on the foliar K content for European 
chestnut (2.1 to 2.2%) (Toprak and Seferoğlu, 
2013), and other nut trees, this nutrient may 
have been deficient in Missouri-grown 
trees (0.5 to 0.6%) since K was not applied 
annually during the study. Sufficient foliar 
K ranges are considered to be > 1.2% for 
English walnut (Beede, 2010), 1.0 to 2.5% 
for pecan (Smith et al., 2012), and 1.4 to 2% 
for almond (Doll and DeBuse, 2011). Foliar 
Ca in the present study was also higher than 
that reported in Turkey, but is not inconsistent 
with survey ranges for Chinese chestnut 
values from China (Guo et al. 2014), almond 
(Doll and DeBuse, 2011), or pecan (Smith et 
al., 2012). 
 In conclusion, this study demonstrated a 
Chinese chestnut yield response to increasing 
rates of N fertilization when applied to 
young trees.  Substantial gains in nut yield 
were found in six-year-old trees treated 
with a split application of N at 140 or 168 
kg·ha-1 annually for four years. Cumulative 
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net profit for trees receiving 56, 84, 112,140 
or 168 kg·ha-1 annually for four years with 
the cumulative yields recorded in this study 
were $14,920, $14,897, $17,514, $21,306, 
or $21,576/ ha, respectively, assuming a 
fertilizer cost of $313.98/t, $10/h labor cost 
using a manual harvest tool (Nut Wizard, 
Douglas GA), and a selling price of $10/kg 
for chestnuts (Warmund, et al., 2012). At the 
two highest N application rates, mean foliar 
N ranged from  2.23 to 2.51%. In the absence 
of established sufficiency ranges for Chinese 
chestnut obtained from multiple cultivars, 
survey ranges for macronutrients and several 
micronutrients presented here will provide 
baseline data for assessing the nutritional 
status of North American-grown Chinese 
chestnut in future studies.   
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ʻFargaʼ Olive
antònia ninot, Juan franciSco hErMoSo, aguStÍ roMEro and ignaSi BatllE

Additional index words: olive, Farga cultivar, genetic resources, sensorial profile

Abstract
 ‘Farga’ olive is an old and important cultivar grown in southeastern Spain for oil production (17,000 ha). Yet, 
scarce research has been conducted on its horticultural and oil characteristics. ‘Farga’ trees are vigorous and 
resilient, having an open growth habit and dense canopy. The cultivar shows late and alternate bearing. ‘Farga’ 
rooting by semi-hard wood cuttings is difficult. ‘Farga’ is hardy and tolerant to moderate winter frost and is sensi-
tive to peacock spot and olive fly, and resistant to bacterial tuberculosis. Due to high fruit removal force the tree 
is unsuited to harvest by shaking.  ‘Farga’ identification using 9 microsatellites gave a unique allelic DNA profile. 
‘Farga’ oil composition regarding fatty acid is highly monounsaturated (78% oleic acid) with low polyunsaturated 
content (7.5% linoleic acid). ‘Farga’ olive oil is highly stable and shows medium to high polyphenol content, rich 
in apigenin. Total sterols is medium-low, being β-sitosterol the most abundant. The EVOO profile of ‘Farga’ is 
mid to high fruited with green notes, with a tendency to produce oils with a large equilibrium. It is an EVOO 
highly interesting as a varietal or to produce blended oils.

 ‘Farga’ olive (Olea europaea L.) is a tra-
ditional Spanish cultivar producing high oil 
quality. During a survey of olive cultivars 
carried out between 1987 and 1998, ‘Farga’ 
cultivar was located by Research & Technol-
ogy Food & Agriculture (IRTA) in northeast-
ern Spain (Catalonia and Valencia Regions). 
It is considered one of the early domesticated 
olive cultivars growing in these regions. 
‘Farga’ is an old native cultivar of unknown 
parentage cultivated in the southern Tarra-
gona and northern Castelló provinces. It is 
considered that ‘Farga’ was already known 
by Arabs who lived in this area before the re-
conquest of Iberian Peninsula by Christians 
(Cavanilles, 1797). The cultivated area of 
‘Farga’ is estimated around 17,000 ha, be-
ing an important element of the landscape 
of its growing region (Tous, 1990; Tous and 
Romero-Aroca, 1993; Íñiguez et al., 2001; 
Ninot et al., 2015). In addition, ’Farga’ has 
been used to assemble the first olive draft ge-
nome reported worldwide (Cruz et al., 2016). 
The assembled draft genome of O. europaea 
provides a valuable resource for the study of 
the evolution and domestication process. 
 ‘Farga’ is a very resilient olive and has 
been cultivated in its original area for cen-
turies. There are many ‘Farga’ olive trees 

over 800 years old within traditional olive 
orchards (Arnan et al., 2012) and are the base 
of several olive conservation parks in this 
region used for recreation. Currently, Extra 
Virgin Olive Oil (EVOO) from these ancient 
trees is produced under audit schemes, mar-
keted under several brands and receives a 
premium price due to its exclusivity.
 Although partial information about this 
cultivar has been reported previously (Tous 
and Romero, 1993; Rallo et al. (2005); 
Íñiguez et al. (2001) and López-Cortés et al. 
(2013)), the increasing interest on it, jointly 
with new results from our group when study-
ing the monumental ‘Farga’ trees from south 
Catalonia justify a more detailed description 
of ‘Farga’ cultivar in its original area.
 Source of data. Data presented in this ar-
ticle comes mainly from the Catalan Olive 
Germplasm Bank sited at IRTA’s facilities in 
Mas de Bover (Cosntantí, Spain). This trial 
was planted in 1992 including 30 Catalan 
cultivars in a randomized block design with 
three replications and one tree per cultivar 
and block (Tous, Romero and Plana, 2005). 
Trees are spaced 7 x 5 m with drip irrigation. 
In the case of olive oil composition, some 
additional samples from other experimental 
orchards from IRTA were included, in order 
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to present values from a wider area (Tous et 
al., 2005).
 The vigor and crop data refers to the first 
fifteen years of the study (1992-2007). Fruit 
characteristics come from samples taken 
from trees, with similar maturity index (fruits 
between reddish to black) in the full bearing 
period (2001-2007). 
 The fruit removal force was measured 
during two years, in mature olive trees from 
conventional orchards in Tarragona, using a 
manual dynamometer and single fruits were 
weighed in the laboratory.
 The olive oil samples were obtained by 
the ABENCOR system in the laboratory of 
IRTA. The sensorial profile was developed 
from samples collected from 2008 to 2014. 
Sterol composition was studied in samples 
harvested from 2014-15 in adult trees from 
Tarragona, from three orchards having the 
three cultivars (two samples per orchard and 
cultivar). Polyphenol profiles were studied in 
2009-2010 from samples from trees planted 
in IRTA’s experimental trials in three differ-
ent growing areas of Tarragona (Constantí, 
Mora d’Ebre and Tivenys). Fatty acid com-
position, total polyphenol content and oil 
stability values were obtained from fruit har-
vested from  the Catalan collection in Con-
stantí (period 2000-2007), but ‘Farga’ values 
include additional samples from monumental 
olive trees in southern Tarragona where this 
cultivar is widespread.
 For our study ‘Arbequina’ and ‘Picual, two 
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Cultivar Cum. Yield (kg/ha) 
   Years 6-15        Years 1-15 

TCSA 
(cm2) 

Canopy 
volume 

(m3) 

Cum. yield 
/TCSA 

(kg/cm2) 

Cum. yield 
/volume 
(kg/m3) 

‘Farga’ 2259 ± 889  24267 ± 9363 698 ± 230 48.3 ± 11.0 0.12 ± 0.01 1.72 ± 0.29 

‘Arbequina’ 5453 ± 2226  63816 ± 22412 270 ± 115 25.2 ± 10.2 0.84 ± 0.09 9.02 ± 0.58 

‘Picual’ 5416 ± 887 59939 ± 12677 620 ± 44 30.9 ± 3.1 0.34 ± 0.05 6.87 ± 1.74 
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Table 2.  Fruit weight, Fruit removal force/fruit weight, Flesh/pit ratio and Oil content 168 

of three olive cultivars. 169 

Cultivar 

Fruit removal 
forcez/ 

Fruit weight 
(g/g) 

Fruit weighty 
(g) 

Flesh/Pity 
(g/g) 

Oil yieldy 
(% wet 
basis) 

Oil yieldy 
(% dry 
basis) 

‘Farga’ 216  2.00 ± 0.20  3.02 ± 0.21 13.4 ± 3.4 44.3 ± 4.9 

‘Arbequina’ 168  1.25 ± 0.32 2.92 ± 0.80 23.0 ± 1.92 49.5 ± 2.6 

‘Picual’ 130  2.91 ± 0.76 3.91 ± 0.76 23.1 ± 3.08 48.7 ± 3.7 

zData from two years with mature trees in the Tarragona area 170 

yMean values (2004-2006) from the IRTA’s Catalan collection 171 
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Table 1. Cumulative yield, yield efficiency, and tree size parameters of three olive cultivars after 15 years 
of growth at the Catalan Olive Germplasm Bank in Mas de Bover (Cosntantí, Spain). Table 3. Fatty acid 
composition, total polyphenol content and oil stability for three olive cultivars growing at the IRTA Mas 
de Bover Station from 10 years).

important and largely grown Spanish culti-
vars, were compared to ‘Farga’ with some 
reference cultivars (Barranco and Rallo, 
1993). Data from these cultivars come from 
the same trials.
 Description and Performance. ‘Farga’ 
trees are vigorous having an open growth 
habit and dense canopy (Fig. 1). Plants are 
difficult to propagate by rooting semi-hard 
wood cuttings. The cultivar is nonprecocious 
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and alternate bearing, resulting in low pro-
duction and yield efficiency when compared 
to the other two cultivars (Table 1). Leaves 
are elliptical in shape, short, and narrow. 
Full bloom occurs in mid-May at the IRTA 
olive collection in Constantí, Tarragona (112 
m above sea level, Latitude: 41.17130, Lon-
gitude: 1.16774), showing little variation in 
bloom date from year to year. ‘Farga’ is a 
male-sterile cultivar characterized by the rare 
E3.1 chlorotype (Mariotti et al., 2010). 
 The fruit ripens in early Oct. from the bas-
al to the apical zone (Fig. 1) and has a high 
fruit removal force to fruit weight ratio (FRF/
W=216 g/g) which makes it unsuitable for 

harvest by shaking. ‘Farga’ fruits are small 
in size with a mean fruit weight of 2.0 g., 
elongated in shape and slightly asymmetric 
(Fig. 2). The tip is rounded, the cross sec-
tion at maximum diameter is circular and the 
olive base is trunked. Oil content is medium 
(44.3% on dry weight basis), slightly lower 
than ‘Arbequina’ (Table 2).
 Stone size is medium, elongated, and 
asymmetric. The surface is slightly rough, 
with 7-10 uniformly distributed fibrovascu-
lar grooves. The tip and base of the stone is 
pointed and ends in a nipple. The flesh to 
pit ratio is 3.02, similar to ‘Arbequina’ but 
smaller than ‘Picual’.

Figure 2. Fruit of ‘Farga’
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 ‘Farga’ is hardy and tolerant to moder-
ate winter frost. It is sensitive to peacock 
spot (Spilocaea oleaginea Hughes), olive 
fly (Bactrocera oleae Gmelin), Verticillium, 
antracnose (Colletotrichum spp) and it is 
considered resistant to bacterial tuberculosis 
(Pseudomonas savastanoi). 
 Oil composition and oil sensory 
profile. Fatty acid composition is highly 
monounsaturated (78% oleic acid) with low 
polyunsaturated fatty acid (PUFA) content 
(7.5% linoleic acid). ‘Farga’ olive oil has a 
high stability and medium to high polyphenol 

content, rich in apigenin (Table 3 and 4). 
Total sterols is medium-low (1271 mg/kg), 
campesterol and stigmasterol are higher than 
in other cultivars and β-sitosterol is the most 
abundant (Table 5).
 ‘Farga’ is one of the three olive cultivars for 
which the oil has the Protected Designation 
of Origin (PDO) “Baix Ebre - Montsià” and 
the other two are ‘Morrut’ and ‘Sevillenca’. 
The EVOO profile of  ‘Farga’ is mid to high 
fruited with green notes (cut grass and notes 
of green banana or green walnuts, green 
tomato or artichoke leaves), with a tendency 

Table 3. Fatty acid composition, total polyphenol content and oil stability for three olive cultivars growing 
at the IRTA Mas de Bover Station from 10 years).
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cultivars growing at the IRTA Mas de Bover Station from 10 years). 174 

 ‘Farga’ ‘Arbequina’ ‘Picual’ 

C16:0 (%) 11.59 ± 3.35 15.20 ± 1.37 11.94 ± 1.08 

C16:1 (%) 1.23 ± 1.24 2.06 ± 0.54 1.18 ± 0.27 

C17:0 (%) 0.11 ± 0.01 0.13 ± 0.03 0.10 ± 0.04 

C17:1 (%) 0.10 ± 0.08 0.27 ± 0.04 0.14 ± 0.04 

C18:0 (%) 1.64 ± 0.23 1.71 ± 0.28 2.98 ± 0.26 

C18:1 (%) 73.33 ± 9.60 67.98 ± 2.77 76.81 ± 3.40 

C18:2 (%) 11.17 ± 4.72 11.46 ± 1.42 5.40 ± 2.43 

C18:3 (%) 0.57 ± 0.18 0.71 ± 0.11 0.91 ± 0.09 

C20:0 (%) 0.17 ± 0.07 0.36 ± 0.06 0.30 ± 0.04 

C20:1 (%) 0.13 ± 0.05 0.29 ± 0.04 0.21 ± 0.03 

SAT (%) 12.45 ± 4.97 17.15 ± 1.34 13.80 ±1.10 

INSAT (%) 87.55 ± 4.97 82.85 ± 1.34 86.20 ± 1.10 

MUFA (%) 69.43 ± 21.53 70.28 ± 2.40 70.80 ±1.02 

PUFA (%) 10.90 ± 5.62 12.17 ± 1.44 15.40 ± 2.46 

Total polyphenolsz (mg/kg) 201.7 ± 63.0 244.3 ± 85.4 413.8 ± 135.3 

Stabilityy (h 120ºC) 17.5 ± 1.1 9.0 ± 3.3 27.8 ± 1.1 

zBy Folin-Ciocalteau method 175 

yOil stability determined by Automated 617 Rancimat Method (Frank et al., 1982) 176 
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Table 4. Polyphenols profiles for three olive cultivars growing at the IRTA Mas de 178 

Bover Station (N=5). 179 

Polyphenol  

(mg/kg oil) 
‘Farga’ ‘Arbequina’ ‘Picual’ 

Hydroxytyrosol 0.17 ± 0.16 0.34 ± 0.39 1.46 ± 1.03 

Tyrosol 5.72 ± 5.89 1.96 ± 0.67 2.11 ± 0.74 

Vanillic 1.31 ± 0.49 1.19 ± 0.24 0.95 ± 0.39 

Vanillin 0.27 ± 0.13 0.26 ± 0.05 0.32 ± 0.06 

ρ-coumaric 1.60 ± 0.65 1.88 ± 0.19 2.51 ± 0.96 

3,4-DHPEA-AC 59.40 ±45.32  367.90 ± 136.08 67.78 ± 9.35 

Ferulic 0.19 ± 0.11 0.26 ± 0.04 0.20 ± 0.04 

3,4-DHPEA-EDA 64.35 ± 66.06 113.70 ± 85.61 496.00 ± 216.52 

Pinoresinol 5.47 ± 5.27 4.83 ± 2.02 3.18 ± 5.50 

ρ-HPEA-EDA 0.00 ± 0.01 6.82 ± 18.86 105.38 ± 61.48 

Lignan 224.30 ± 121.48 198.17 ± 42.53 37.98 ± 33.38 

ρ-HPEA-EA 60.45 ± 59.31 64.24 ± 15.61 298.82 ± 162.88 

3,4-DHPEA-EA 414.85 ± 250.15 236.84 ± 95.38 1000.37 ± 684.87 

Luteolin 3.34 ± 1.55 4.10 ± 1.15 3.25 ± 1.04 

Apigenin 2.04 ± 1.75 3.54 ± 1.07 0.69 ± 1.04 
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Table 5. Sterols profile and total sterols for three olive cultivars. 181 

Sterols ‘Farga’ ‘Arbequina’ ‘Picual’ 

Cholesterol (%) 0.13 ± 0.09 0.10 ± 0.01 0.10 ± 0.01 

Campesterol (%) 3.89 ± 0.31 3.47 ± 0.37 3.57 ± 0.21 

Stigmasterol (%) 1.14 ± 0.46 0.82 ± 0.35 0.82 ± 0.18 

Apparent β-sitosterol (%) 94.01 ± 0.39 94.67 ± 0.67 94.90 ± 0.15 

Δ7-Stigmastenol (%) 0.22 ± 0.06 0.12 ± 0.04 0.18 ± 0.04 

Δ7-Avenasterol (%) 0.40 ± 0.05 0.43 ± 0.08 0.30 ± 0.00 

Total sterols (mg/kg oil) 1271 ± 206 1464 ± 95 1601 ± 100 
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Figure 3. Sensory profile of ‘Farga’ olive oil, compared with ‘Arbequina’ and ‘Picual’. 202 
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Figure 3. Sensory profile of ‘Farga’ olive oil, compared with ‘Arbequina’ and ‘Picual’.
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to produce oils with a large equilibrium 
between sweet, bitter and pungent, including 
a final weak astringency (Fig. 3). It is an 
EVOO highly interesting as a varietal or to 
produce blended oils (“coupages”) and with 
a medium to long shelf life, mainly when an 
early olive harvest is made. 
  Cultivar  identification  by  molecular 
markers. The nine microsatellites used to 
identify ‘Farga’ within IRTA’s olive cultivar 
germplasm collection were DCA3, DCA4, 
DCA7, DCA8, DCA9, DCA10, DCA11, 
DCA16 and DCA18 (Sefc et al., 2000). Also 
using these polymorphic DNA loci it was 
possible to clearly distinguish this cultivar 

olivE

from the other locally cultivated in the region 
and as well as ‘Arbequina’ and ‘Picual’ 
(Table 6).
 Availability. Cuttings and trees are available 
from commercial olive nurseries in the south 
of Tarragona and Castelló (Spain). 
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Table 6. Allelic profile (in bp) of the 9 microsatellite markers used for three olive cultivars. 183 

Cultivar 
Molecular Makers (SSR) (bp) 

DCA03 DCA04 DCA07 DCA08 DCA09 DCA10 DCA11 DCA16 DCA18 

‘Farga’ 243:249 170:192 154:154 135:167 179:192 145:160 128:143 122:150 165:169 

‘Arbequina’ 236:247 136:166 137:150 143:143 190:211 168:168 143:143 122:146 167:177 

‘Picual’ 243:253 136:136 154:170 141:145 190:198 160:162 143:180 124:154 169:175 

 

Table 7. Sensorial profile for three olive cultivars grown at the IRTA Mas de Bover 184 

Station (N=10 years), (Official Extra Virgin Olive Oil Tasting Panel of Catalonia) 185 

 

‘Farga’ ‘Arbequina’ ‘Picual’ 

Fruity 5.32 ± 0.64Z 4.99 ± 0.61 6.00 ± 0.68 

Secondary aroma 2.83 ± 0.28 2.78 ± 0.27 3.29 ± 0.45 

Green 3.31 ± 0.33 2.66 ± 0.77 4.21 ± 0.81 

Bitter 3.05 ± 0.62 2.64 ± 0.58 4.71 ± 1.11 

Pungent 3.90 ± 0.51 3.46 ± 0.71 4.84 ± 0.82 

Astringent 1.17 ± 0.80 0.60 ± 0.72 2.84 ± 1.00 

Sweet 4.49 ± 0.34 5.06 ± 0.14 3.83 ± 0.62 

Ripe fruits 1.04 ± 0.81 0.70 ± 0.91 0.00 ± 0.00 

Apple 0.12 ± 0.37 0.00 ± 0.00 0.00 ± 0.00 

z Mean ± SD, intensities on a scale of 0 to 10, where 0 is absence of the attribute and 10 186 

is the maximum intensity 187 
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is the maximum intensity 187 

 188 

 189 

190 

z Values are means and standard deviations for intensity on a scale of 0 to 10; where 0 is absence of the attribute and 10 is the 
maximum intensity.
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‘Fraga’ olive tree, estimated to be 350 years old. 
‘Fraga’ is a traditional Spanish cultivar that produces 
high quality oil. 
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Abstract
 Paul Howe Shepard (1892-1961) is best known today both as a student athlete and longstanding Director of the 
Missouri State Fruit Experiment Station, where he pursued his passion for growing fruit.  As a fruit breeder, he 
introduced 39 fruit cultivars from 1935 to 1956 when drought and high temperature extremes were the norm.  His 
most enduring fruit cultivars are ‘Loring’ peach, ‘Bluefre’ and ‘Ozark Premier’ plums, and ‘Ozark Gold’ apple, al-
though he also released 12 grape hybrids and a black raspberry cultivar. During the lean years of the Great Depres-
sion, Dust Bowl, and post–World War II, Shepard provided economic opportunity for families who had suffered 
great losses by breeding locally-adapted fruit cultivars and developing orchard plans and cultural methods to grow 
them on small parcels of land. For more than 25 years, he influenced millions of fruit growers with his Country 
Gentleman magazine articles and weekly newspaper columns. In 1954, Shepard was the recipient of the Wilder 
Medal and served as President of the American Pomological Society (APS) for the following five years. In honor 
of his lifelong service, the P.H. Shepard Award is presented annually to the authors of the best paper published in 
the Journal of American Pomological Society.  A seminal plant breeder and horticulturalist, Paul Howe Shepard’s 
work was never done as he was always pursuing a superior fruit cultivar and a better production method. 

 Paul Howe Shepard is recognized today 
as a gifted student athlete and a prolific fruit 
breeder.  Each year, the Shepard award is 
presented to authors who publish the best 
research paper in the Journal of the Ameri-
can Pomological Society. This award was 
established in honor of P.H. Shepard in 1961 
to commemorate his contributions to the 
American Pomological Society.  To many, he 
was simply known as “Shep”, Director of the 
Missouri State Fruit Experiment Station, but 
more importantly, he was a man dedicated to 
fruit, service, and outdoor fun.
 Early years and education.  Shep was born 
in Kansas City, MO in 1892. He grew up on a 
farm in Kansas, and later moved to Chicago 
where he briefly attended Lake High School. 
However, his family returned to Kansas City 
where he completed his secondary education 
at Westport High School. There he served as 
President of his senior class and achieved 
high athletic honors for both basketball and 
track and field.  Shep played center position 

for his basketball team, and after winning 
their championship game in 1910, he repre-
sented his school on the all-interscholastic 
team (Fig.1) (Anonymous, 1910). In track 
and field, Shep competed in four events, in-
cluding pole vault and the other “jumps”, but 
was most outstanding as a hurdler.
 After high school, he enrolled at the Uni-
versity of Missouri, Columbia, MO (MU).  
He majored in Agriculture and also main-
tained his interest in sports, participating in 
football, basketball, and track. One of Shep’s 
greatest moments in sports was drop-kicking 
a 53-yard field goal in a game against MU’s 
fiercest rival, University of Kansas (KU) 
in 1912. Because MU-KU games were tra-
ditionally known as “border wars”, such a 
record-breaking kick against the KU Jay-
hawks ensured his hero status. For the next 
two years, he was named the All-Valley 
Conference fullback. As a freshman, he was 
considered the best all-around track athlete 
at MU (Anonymous, 1911). During his col-
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lege enrollment, Shep likely took classes at 
MU taught by the notable pomologist, Wil-
liam H. Chandler, as well as Victor R. Gar-
dener, Frederick C. Bradford, and Henry 
H.D. Hooker Jr., who later included much 
of their horticultural research in their clas-
sic textbook, Fundamentals of Fruit Pro-
duction published in 1922 (Hibbard, 1978).  
Because Shep’s greatest desire was to grow 
fruit, he traveled to Washington and spent 
part of 1915 working in Wenatchee and Ya-
kima orchards. In 1916, Shep completed his 
undergraduate studies and earned a degree in 
Agriculture from MU.
 The Missouri fruit-growing industry was 
at its zenith in the early 1900’s.  In 1910, 
there were almost eight million peach trees 
planted in Missouri (Martin, 1959).  Reports 
also indicate that there were 14,645 Missouri 
fruit growers with more than 7.3 million ap-
ple trees planted in 1913, including 23,424 
ha of ‘Ben Davis’ and ‘Gano’ (also known as 
‘Black Ben Davis’), 4225 ha of ‘Jonathan’, 

about 485 ha each of ‘Missouri Pippin’, 
‘York’, and ‘Ingram’, as well as 131 ha of 
‘Geneton’. Remarkably, 75% of the apple or-
chards were < 4 ha and only a few pesticides 
(lead arsenate, Bordeaux mixture, and lime 
sulfur) were sprayed on 13.5% of these plant-
ings (Faurot, 1913; Martin, 1959).  
 With such a thriving fruit industry, Shep 
and his partner leased two orchards and 
started one of their own in Jackson County, 
MO in 1916. However, not long thereafter, 
the United States entered World War I and 
Shep was called to duty. He served as a Sec-
ond Lieutenant of field artillery in England 
and France. After the war, Shep came home 
to Missouri where he grew apples, pears, 
grapes, and cherries in his orchards for 12 
years.  With great pride, he often mentioned 
his largest single largest crop for one year was 
42 (railroad) “cars” of apples and 2 “cars” of 
pears (P.H. Shepard, 1954). During this time, 
railroads, such as the Frisco and the Missouri 
Pacific, assisted growers in acquiring harvest 
labor, containers for shipment, and market-
ing the crop to distant buyers (Martin, 1959). 
In a 1924 address to Missouri fruit growers, 
Shep predicted that packing and shipping 
apples in bulk by barrels or railcars would 
become obsolete within the next decade in 
favor of graded fruit in another smaller type 
of container, much to the angst of coopers in 
attendance (Shepard, 1924).
 Move to Mountain Grove, MO.  In 1934, 
Shep dissolved his fruit-growing partnership 
and was appointed Director of the Missouri 
State Fruit Experiment Station, Mountain 
Grove, MO. This Experiment Station was 
established by a legislative act signed by 
Governor L.V. Stephens on 27 Apr. 1899 to 
develop fruit cultivars adapted to the Ozark 
region, improve their cultivation, and pro-
vide recommendations for pest control 
(USDA, 1901).  At the Experiment Station, 
Shep conducted research on pruning and 
thinning of peaches and cluster thinning on 
grapes, for which he received graduate credit 
from the University of Missouri (Murneek, 
1934). More importantly, Shep reinvigorated 

Fig. 1. Kansas City Star newspaper illustration of 
P.H. Shepard in recognition of his athletic prowess 
while attending Westport High School, Kansas City, 
Missouri.

 17 

 353 

 354 

Fig. 1.  Kansas City Star newspaper illustration of P.H. Shepard in recognition of his 355 

athletic prowess while attending Westport High School, Kansas City, Missouri. 356 
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the fruit breeding program as a major area of 
emphasis.  During his tenure at the Station, 
Shep introduced 39 fruit cultivars and made 
the initial cross for ‘Ozark Gold’, which was 
released posthumously in 1970 (Table 1).

 Shep used the popular apple cultivars of 
the day in his apple breeding program at the 
Fruit Station.  ‘Ben Davis’ was chosen as a 
parent at the Fruit Station for its fire blight  
[Erwinia amylovora (Burr.)] resistance and 

Table 1. Fruit cultivars introduced by P.H. Shepard. 
 Date of 
Cultivar Introduction Parentage                                   Attributes

Apple
 Conard 1935 Ben Davis x Jonathan  Similar in flavor and appearance to Jonathan, ripened 
   one week later and less  susceptible to apple scab

 Faurot  1935 Ben Davis x Jonathan Similar to Jonathan in fruit appearance; ripened with    
   Winesap with less premature fruit drop and  long  
   storage life

 Fyan 1935 Ben Davis x Jonathan Ripened about 2 weeks later than Jonathan and more   
   disease resistant than its parents 

 Grove 1935 Ben Davis x Jonathan Selected for its solid red skin color, bloomed 10 days   
   after Delicious, fruit ripened after Winesap, long  
   storage life     
 
 Whetstone 1935 Conard x Delicious Spur-bearing habit, fruit ripened ≈ 10 days after Winesap,   
   stored well until May, and a good baking apple 
 
 Wright 1942 Ben Davis x Jonathan More productive and less susceptible to apple scab and  
    fire blight than Jonathan; striped skin

 Delcon 1948 Conard x Delicious Spur-bearing fruit habit, ripened 10 days before 
   Delicious; dwarf tree size

 Jonagram 1956 Ingram x Jonathan Bloomed 12 days later and larger fruit size than Jonathan 

 Ozark Goldz 1970 Golden Delicious x Fruit similar to Golden Delicious but ripened two weeks
  (Conard x Delicious)  earlier; smooth, blemish-free skin

Crabapple    
 Kent  Unknown Large, edible, bright red fruit ripened in early September

Peach
 Missouri 1942 Frank x Hale Haven Freestone fruit ripened two weeks before Elberta

 Osage 1946 OP of Alton Cling with pink juice, ripened two weeks before Elberta;
    cold-hardy fruit buds

 Loring 1946 Frank x Hale Haven Freestone, large fruit size, ripened two weeks before   
   Elberta
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 Ozark 1946 Frank x Hale Haven Freestone, skin fully red, ripened 10 days before Elberta,  
   fruit buds and flowers resistant to low temperatures

 Poppy 1947 Frank x Hale Haven Freestone, ripened eight days before Elberta

 Romance 1947 Wilma x Hale Haven Freestone, ripened 16 days before Elberta, buds and   
   bloom tolerant

 Tulip 1947 OP of Sunbeam Semi-freestone, ripened six to seven weeks before Elberta 

Plum
 Bluebell 1947 Stanley x President Blue skinned, prune-type freestone plum ripened on 14  
   Sept.

 Bluefre 1947 Stanley x President Blue-skinned, fruit ripened 1 Sept., persisting on trees   
   for 30 days

 Radiance 1947 Stanley x President  Yellow-skinned, flavorful fruit ripened around 10 Sept.

 Bonnie 1947 OP of Americay Cold tolerant buds and flowers; red-skinned fruit
   ripened 1 July for shipping

 Twilite 1947 OP of Black Beauty Red-skinned, clingstone fruit ripened 10 Sept.

 Brilliant 1947 Burbank x Methley Red-skinned, very sweet flesh with clingstone ripened   
   17 July

 Marvel 1947 Burbank x Methley Dark red-skinned lacking gray scarf ripened 5 July

 Ox-Heart 1947 Burbank x Methley Very large fruit with red-skin and flesh ripened 10 July

 Ozark Premier 1946 Burbank x Methley Red-skinned, large fruit with clingstone ripened 1 Aug.

 Redbud  1947 Burbank x Methley Red-skinned medium edible fruit ripened late July;                         
   ornamental purple foliage and red flowers
Grape
 Beaver 1947 OP of Triumph Black grape with medium berry size, resisted fruit   
   cracking and shattering
 
 Piney 1947 OP of Merrimac Similar in appearance to Concord with same ripening   
   period but with larger berry and cluster size 

 Roubidoux 1947 OP of Prune de Cazouls Cold-tolerant vines, loose clusters of blue berries ripened
    with Catawba

 Bryant 1947 Muench x V. vinifera Terret   Black grape in large, loose clusters ripened four weeks   
   after Monstre Concord

 St. Francis 1947 Muench x V. vinifera Gros Black, ovoid-shaped berries in large, compact clusters, 
   Guillaume ripened two weeks after Concord

 Bokay 1947 Captain x Terret Monstre Cold-tolerant vines with yellow berries on very large,  
   compact clusters that can be cold-stored for two months
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long storage life in common cold storage 
and ‘Jonathan’ was used as a parent because 
it was considered a high quality apple with 
its pleasing flavor (Shepard, 1961). Other 
parents in the breeding program included  
‘Ingram’, ‘Delicious’, and ‘Conard’ apples, 
which ultimately resulted in the release of 
nine apple cultivars by Shep between 1935 
and 1956. These cultivars were introduced 
for various characteristics such as bloom 
delay (‘Grove’ 10 d after ‘Delicious’; ‘Jona-
gram’ 12 d after ‘Jonathan’), later ripening 
than ‘Jonathan’ (‘Conard’, ‘Fyan’) or ‘Wine-
sap’ (‘Grove’, ‘Whetstone’), better resistance 
to apple scab [Venturia inaequalis (Cke.) 
Wint.] (‘Conard’, ‘Fyan’, ‘Wright’) or fire 
blight (‘Faurot’), and long storage life (‘Fau-
rot’, ‘Whetstone’) (Shepard, 1948). ‘Delcon’ 
was selected for its spur-bearing habit with 
fruit ripening 10 d before ‘Delicious’, high 
fruit yield, and dwarf tree size. Also, ‘Kent’ 
crabapple was introduced for its flavorful 
fruit, brilliant red skin color, and large fruit 
size (≈5-cm-diameter).  
 The peach breeding program at the Fruit 

 Eleven Point 1947 Captain x Terret Monstre Black wine or dessert grape in very long cylindrical   
   clusters with no shoulder

 Gasconade 1947 Captain x Terret Monstre Medium-sized, black berries on large, compact clusters; 
   suitable for wine, juice, or fresh dessert

 North Folk 1947 Agawam x Early Daisy Large, black berries; fruit crack-resistant and shatter-  
   proof at harvest, ripened 10 days before Concord

 Ozark Prize 1947 Dr. Collier x Sheridan Black fruit larger than Concord and ripened 10 days   
   later

 Tetra 1947 Herbert x Worden Very large, round black berries, likely a tetraploid,
   ripened with Concord 

 Blue Eye 1947 Ellen Scott x America Black berries with high percentage V.  aestivalis Michx  
   var. lincecumii and V. rupestris, produced attractive red  
   juice
Black raspberry
 Somo 1956 Unknown Cold tolerant and vigorous plant, high productivity and  
   resistant to anthracnose
z Original cross made by P.H. Shepard and released posthumously in 1970.
y OP=open-pollinated seedling.

Station was initiated in 1937, with seven cul-
tivars released by Shep between 1942 and 
1947 (Table 1). His initial objective was to 
develop a cultivar better than the widely-
planted ‘Elberta’ peach, which was consid-
ered the highest quality late-ripening cultivar 
at the Station (Shepard, 1961). A second ob-
jective was to breed early-maturing peaches 
with the assumption that they would avoid 
injury from Oriental fruit moth [Grapholita 
molesta (Busck)], which was introduced into 
the U.S. around 1913.  ‘Hale Haven’ was of-
ten used as a parent in the breeding program.  
All of Shep’s introductions ripened earlier 
than ‘Elberta’ peach and were mostly free-
stone cultivars. ‘Tulip’ peach was exception-
ally early, ripening six to seven weeks before 
‘Elberta’ and was considered the best early-
ripening peach at the Fruit Station. ‘Loring’ 
is the most notable peach cultivar developed 
by Shep and is still grown today.  
 Shep was particularly interested in devel-
oping plums adapted to the Ozarks because 
little breeding had been done for this region 
before 1937 (Shepard, 1961).  Most of his 
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plum introductions were from crosses of 
‘Burbank’ x ‘Methley’, and ‘Stanley’ x ‘Pres-
ident’, even though many others were made. 
The four aforementioned cultivars were 
likely used for their fruit flavor, size, pro-
ductivity, and resistance to bacterial leaf spot 
{Xanthomonas arboricola pv. pruni (Smith)  
[Vauterin, Hoste, Kersters and Swings]} 
(with the exception of ‘Burbank’), but Shep 
especially favored ‘President’ because it 
commanded “top price” and had impressive 
fruit size (Shepard, 1942). Shep believed that 
the other two of his best crosses were ‘Ozark 
Premier’ and ‘Bluefre’ plums, which are still 
produced today (Shepard, 1961). 
 Thirteen grape cultivars were introduced 
by Shep in 1947, using mostly a cultivar of 
a native grape species as one parent crossed 
with a Vitis vinifera L. cultivar (Table 1). 
During his lifetime, the most widely planted 
cultivars in Missouri were ‘Beaver’, ‘Blue 
Eye’ (Fig. 2), and ‘Bokay’ (Shepard, 1961). 
Although none of his grape releases have 
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Fig. 2. ‘Blue Eye’ grape cluster introduced by P. H. Shepard in 1947. 359 
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Fig. 2. ‘Blue Eye’ grape cluster introduced by P. H. Shepard in 1947. 359 
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Fig. 2. ‘Blue Eye’ grape cluster introduced by P. H. 
Shepard in 1947.

survived the test of time, he developed some 
interesting cultivars (Shepard, 1948). ‘Elev-
en Point’ vines produced clusters of grapes 
often measuring > 30 cm-long.  ‘Bokay’ also 
produced extremely large clusters with yel-
low berries that could be cold-stored for two 
months. In the five years preceding his death, 
Shep made several thousand crosses, using a 
seedless grape cultivar and an American-type 
grape cultivar (Fig. 3). He most wanted to in-
troduce a red seedless grape adapted to the 
Midwestern region of the U.S. While Shep 
had produced several black, red, and white 
seedless grapes, he felt that their quality was 
not sufficient for release. 
 The only bramble cultivar that Shep ever 
introduced was ‘Somo’ (abbreviation for 
south Missouri) black raspberry (Fig. 4). 
Black raspberry production was perpetually 
plagued by hot, dry summer weather, win-
ter injury, and anthracnose [Elsinoe veneta 
(Burkh.) Jenkins].  After twelve years of ob-
servation, ‘Somo’ was introduced in 1956 as 

Fig. 3. P. H. Shepard examining a grapevine at the 
Missouri State Fruit Experiment Station.
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the most productive, vigorous-growing black 
raspberry grown at the Fruit Experiment Sta-
tion (Shepard, 1956).
 More than fruit breeding. In1954, Shep re-
ceived the Wilder Medal from the American 
Pomological Society. In the award notifica-
tion, H.B. Tukey wrote, “To Paul H. Shepard, 

who has devoted a life to fruit problems in 
the Ozark region, especially to the varietal 
problems and origination of improved sorts-
for fruit breeding and varietal studies in the 
Ozark region” (Tukey, 1954).  Beyond fruit 
breeding, Shep was concerned about the slow 
decline in fruit production in the region after 
the early 1900’s. Thus, he actively conducted 
research on the economics of fruit produc-
tion, use of grape rootstocks to enhance their 
production, and fruit pests and diseases, 
which culminated in the publication of sev-
eral bulletins and circulars (Tables 2 and 3). 
Shep also incorporated his research findings 
into the articles he wrote in 1939 and 1940 
for Country Gentleman magazine, which ad-
dressed agricultural topics and had a circu-
lation of more than 1.6 million. In 1956, he 
summarized his research on the effect of 23 
rootstocks on the productivity of ‘Concord’, 
‘Campbell’, ‘Moore’, and ‘Delaware’ grape-
vines in the American Fruit Grower (Shepa-
rd, 1956). Shep also wrote a weekly column 
for the Weekly Star Farmer which was pub-
lished by the Kansas City Star newspaper for 
more than 20 years (Shepard, 1960). In 1941, 
he received much notoriety for developing a 
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Fig. 4. ‘Somo’ black raspberry released by P.H. Shepard in 1956.368 

Fig. 3. ‘Somo’ black raspberry released by P. H. 
Shepard in 1956.

Table 2. Circulars authored by Paul H. Shepard at the State Fruit Experiment Station, Mountain Grove, MO.                   
    Publication          Circular                            .Title    date                  no.

Blooming and Ripening Dates with Yields of 360 Varieties of
Apples Grown at Mountain Grove, MO  1937  25
Spraying Apples for the Prevention of Fruit Set   1939    28 
Spraying the Home Orchard   1940    29
Tomato Experiments in the Ozarksz   1942   30
Pruning Young Apple Treesz    1945    31
Growing Fruit for Home Use   1947   32
Grape Spray Schedule and Description of Grape Pests  1952   33
New Crabapple Variety (Kent)   1956   34
A New Black Raspberry Variety   1956   35
A New Apple Variety. The Jonagram Apple  1956   36
A 12-Year Financial Report on a Sample Home Orchard  1959   37
Home Orchard Spray Schedule   1960    38
z Co-authored with G. Rook.
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plan for a 2 ha (five-acre) fruit farm where one 
could “make a good living”, presumably with-
out government assistance. Shep’s effort to as-
sist potential fruit growers also received high 
accolades in a letter to the editor published in 
the St. Louis Post-Dispatch newspaper, which 
was entitled, “A Poor Man’s Sabine Farm”.  
The title of this article, likely refers to the title 
of the poem, “The Sabine Farm”, written by 
Horace around 30 B.C. (Anonymous, 2015). 
After this letter was published, Alice Koken, a 
Missourian who was “very much necessitated 
to earn a living”, wrote to Shep and later vis-
ited the Fruit Station for additional assistance 
in developing her own small fruit farm. To ex-
press her gratitude, she dedicated the follow-
ing poem to Shep:

                  Fruit Farm

A dream! It comes to many
From Mountain Grove. And cheers
The haggard John Doe plenty 
To learn, and lose his fears.

A five acre fruit farm
Is enough for any fellow
He has a strong right arm
He’ll make the acres mellow.
Spring returns to John Doe
He need not grow so old
Take up the shovel, pick and hoe,
Wear overalls, be bold.

He’ll plan and work and dig
And choose his orchard trees
And sweat and smile and rig
More arbors. He will seize
The hours of day and more
To make lush meadows pay
And ease his real heart-sore
Driving that wolf away.

Apples, peaches, cherries,
To blossom in the spring
Pears, quince, raspberries,
The fruit in fall’s the thing.

A dream! To plant our land
Turn barren soil to parks,
Paul Shepard’s outstretched hand
From Mountain Grove, Ozarks.

 Shep also had a pivotal role in a cooperative 
grape project that was financially supported 
by the Sears-Roebuck Foundation. For this 
program, 2-ha vineyards were established by 
growers, with one-third planted with ‘Herbert’ 
and the remaining area planted with ‘Cataw-
ba’ grapevines (Martin, 1959).  Juice from this 
project was pressed at the Fruit Station and 
shipped to St. Louis, Ohio, New York, and 
California. Unfortunately, the production of 
‘Herbert’ grapes was not lucrative. However, 
‘Catawba’ juice was highly profitable and was 
prized for making “the highest quality wine 
and champagne” (Martin, 1959).    

Table 3. Bulletins authored by Paul H. Shepard at the State Fruit Experiment Station, Mountain Grove, MO.                   
    Publication          Circular
Title    date no.

Plums in Missouri    1936  29
Grafted Grapes in Missouri   1941  30
Growing Plums in Missouri   1942   31
Concord, Moore and Campbell Grown on Vigorous Rootstocks
in Missouri    1946   32
New Fruit Varieties Originated and Introduced by the MO State
Fruit Experiment Station, Mountain Grove, Missouri   1948              33
Pruning Young Grape Vines in Missouri  1950              34



37paul hoWE ShEpard

 Bad and good times. Shep certainly knew 
adversity and hardship as a fruit grower and 
breeder during the Great Depression, Dust 
Bowl, World War II, and thereafter.  The hot-
test Missouri summer on record occurred in 
1934 with little rainfall, followed by the dri-
est summer in 1936 with only 9.6 cm of pre-
cipitation in June, July, and August (Missouri 
Climate Center, 2016). Since 1901, 75 of 92 
summer daily maximum temperature records 
at Mountain Grove were broken in the 1930’s 
and 1950’s.  Like many other farmers, times 
were hard from 1935 to 1937 and Shep fell 
behind in his mortgage payments on his or-
chard, but there was more adversity to come. 
January 1940 was the coldest month recorded 
in Missouri, followed by the “Armistice Day 
freeze” (1940 Nov. 11) that killed many of 
the fruit trees in Kansas, Missouri, Nebras-
ka, and Iowa (after which the fruit industry 
never fully recovered) (Talbert, 1942).  The 
next decade was also severe with the driest 
year recorded for the state in 1953 followed 
by extreme summer heat in 1954.  During 
this time, there is no record of any type of 
irrigation at the Fruit Station and aluminum 
pipe for irrigation in orchards was not widely 
available until after World War II. By today’s 
standards, producing fruit under such condi-
tions would be inconceivable. Yet, Shep was 
busily introducing fruit cultivars that could 
withstand intense drought and heat, as well 
as the unprecedented low November freeze 
that occurred during the 1930’s to 1950’s. 
Labor was also in short supply during World 
War II. As  early as 1941, it was predicted 
that fruit growing  in Missouri “during the 
duration of the war is going to require both 
head work and muscle work of the hardest 
and most trying character” (Talbert, 1942).  
Also during these hard times, Shep was not 
always paid by the State of Missouri. Amaz-
ingly, Shep stayed in Missouri, working for 
a meager salary even though he was offered 
a much more lucrative grape position at the 
New York State Agricultural Experiment Sta-
tion’s laboratory in Fredonia. His love of the 
Ozark region and his passion for fruit breed-

ing undoubtedly kept him at the Missouri 
State Fruit Experiment Station. 
 Shep was also an ardent hunter and fish-
erman (which likely helped sustain his fam-
ily during the lean years).  When colleagues 
visited him at the Fruit Station, a float trip 
on a nearby river or a fishing trip was of-
ten included on the itinerary.  Seven of his 
grape cultivars were named for local rivers 
and streams he frequently floated or fished.  
In 1936, he caught the third largest muskie 
during a Canadian fishing contest and later 
reeled in another 13.6 kg muskie at Yoke 
Lake, Ontario.  Photographs of such pastimes 
were featured in local newspaper articles, 
including one entitled, “The ‘Champs’ of a 
Fishing Party” after one such trip. In a letter 
dated 24 April, 1961 he wrote to his cronies 
of an impending fishing trip in Missouri: 

The weather is clearin’
The time is nearin’
The fish are spawnin’
The water is warmin’
So let’s go fishin’.
My tackle is waitin’,
Fish are thru matin’,
The dogwood is bloomin’,
And I’m through groomin’,
So let’s get goin’. 

 Service to others. Shep was also an ad-
vocate for others, for which he was held in 
high esteem.  In 1944, Shep wrote a letter to 
President Franklin D. Roosevelt concerning 
his radio-broadcasted plea for 17-year olds 
to enlist in the Army Specialized Training 
Program (ASTP) in which young men could 
“obtain a college education at the expense of 
the government.”  In reality, this was a six-
week program offered at selected colleges 
to lure 17 year-old males into the armed ser-
vices.  Apparently, after six weeks, enrollees, 
regardless of whether they were offered an 
exam and passed or failed it, were sent im-
mediately to military training.  Shep’s lack 
of confidence in the ASTP was also earnestly 
expressed in an article published in the Kan-
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sas City Star newspaper on 9 Mar. 1944, for 
which Shep received great notoriety and 
commendations from those who had expe-
rienced this program. Unfortunately, conse-
quences of his actions are unknown.  As a 
religious man and community leader, Shep 
offered a helping hand to others and on at 
least one occasion sponsored a prison parolee 
at the Fruit Station. 
 Shep was a member of the Gamma Sigma 
Delta honorary agricultural society and the 
American Association for the Advancement 
of Science. From 1955 to 1960, he served as 
the President of the American Pomological 
Society.  On 26 Aug. 1961, Shep delivered 
his final presentation, “Fruit Breeding Work 
at the Missouri State Fruit Experiment Sta-
tion, Mountain Grove, MO” at an American 
Institute of Biology (AIB) meeting held in 
conjunction with the American Society for 
Horticultural Science Meeting at Purdue 
University. While at these meetings, Shep 
suffered a coronary occlusion and passed 
away. However, before his passing, Shep had 
industriously outlined his goals for 1961 to 
1963, including breeding more cold hardy 
seedless grapes and apricots, evaluating nec-
tarines at the Station, establishing the limits 
of cold-stored fruit, and investigating new 
mechanical fruit harvesters.  
 Epilogue. Perhaps Shep best summarized 
his pomological passion in his final AIB ad-
dress stating, “Fruit breeding in my opinion 
is the most interesting of all work connected 
with Horticulture. Our greatest job is not the 
crossing, but the eternal inspection, apprais-
al, and record keeping. There are many dis-
appointments and occasionally a thrill, when 
we first see the results of a cross. It took us 
years to restrain our enthusiasm for a new 
seedling until we knew all we could find out 
about it.” (Shepard, 1961). 
 In addition to the P.H. Shepard Award 
presented annually by the American Pomo-
logical Society, Shep was memorialized by 
the establishment of a University of Mis-
souri scholarship and a building named in 
his honor that houses administrative person-

nel offices and pomologists at the State Fruit 
Experiment Station, which is currently part 
of Missouri State University. Perhaps Shep’s 
spirit is best epitomized in an undated work 
in which he stated, “The undertaking (of 
growing fruit) challenges the imagination 
and perseverance of those American people 
with pioneering instincts. ….fruit growers as 
a group represent our finest type of American 
farmers. There is certain amount of gamble 
and romance in fruit growing that is appeal-
ing.” Today, pomologists and fruit grow-
ers alike are the beneficiaries of Paul Howe 
Shepard’s infinite pursuit of a better cultivar. 
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Abstract
 Antioxidant capacity and accumulation of bioactive compounds (total phenolics, flavonoids, and anthocya-
nins) were evaluated in 132 peach/nectarine cultivars, representing modern peach [Prunus persica (L.) Batsch] 
breeding germplasm available and/or produced in the U.S. market. Accumulation of bioactive compounds and 
antioxidant capacity was highly variable and influenced by flesh color, ripening season, release date, genotype, 
and environment. Peach germplasm accumulated on average 50.9 mg GAE/100 g FW of total phenolics (ranging 
from 22.9 – 110.7), 15.2 CE/ 100 g of FW flavonoids (ranging from 2.1 to 56), and 6 mg C3GE/ kg FW antho-
cyanins (ranging from 1.6 – 19) with an observed average antioxidant capacity of 652.6 µg TE/ g FW (ranging 
from 93.3 – 2,115.3). Ripening season influenced accumulation of bioactive compounds, with antioxidant capac-
ity and phytochemical content increasing as the season progressed. The highest antioxidant capacity (> 1000) 
and accumulation of bioactive compounds were measured in heirloom cultivars, such as yellow-fleshed ‘Elberta’ 
and ‘Jerseyqueen’, and white-fleshed ‘Belle of Georgia’.  Different climatic conditions during the years of study 
resulted in higher antioxidant capacity in 2013 than in 2012 and 2014. However, anthocyanin accumulation was 
significantly higher in 2012 than in the other two years, while accumulation of both total phenolics and flavonoids 
were higher in 2014.  Antioxidant capacity and accumulation of flavonoids and total phenolics (r = 0.838 and r = 
0.501, P < 0.01, respectively) were positively correlated. These results clearly show the high nutritional value of 
peaches available on the U.S. market and suggest that the peach breeding germplasm offers a valuable resource 
for increasing nutritional value in breeding programs. Additional knowledge of nutritional quality existing in 
modern peach germplasm will facilitate development of new peach cultivars with increased phytochemical com-
position, therefore providing tastier and healthier food choices for consumers. 

 Many fruits and vegetables are considered 
functional foods and have always been im-
portant in the human diet. Numerous studies 
showed that increased consumption of fruits 
and vegetables has a protective effect against 
chronic-degenerative diseases and improves 
antioxidant defenses of the human body (Cantín 
et al., 2009b; Prior and Cao, 2000; Vizzotto et 
al., 2007). These protective properties in fruits 
and vegetables are the results of antioxidative 
properties of phenolic compounds against the 
damaging effects of reactive oxygen species 
(ROS) and /or reactive nitrogen species (RNS) 
(Blokhina et al., 2003; Gill and Tuteja, 2010; 
Kaur and Kapoor, 2001). 

 The health benefits of the fruits and their 
role in the healthy daily diet have been the 
major focus in the mainstream media and 
governmental policies driven by the increase 
in unhealthy eating habits (Slavin and Lloyd, 
2012; www.choosemyplate.gov). Breeding 
for improvement of any trait requires under-
standing of the existing variation and quite 
often available information is restricted to a 
limited number of genotypes. Reports on ac-
cumulation of phenolic compounds and their 
antioxidant capacity in peach (P. persica) 
have often focused on breeding germplasm 
or cultivars important for a specific market 
(Cantín et al., 2009b; Ceccarelli et al., 2016; 
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Reig et al., 2013; Vizzotto et al., 2007; Zhao 
et al., 2015). On occasion when the broader 
germplasm was investigated the cultivars 
included were either inferior and no longer 
grown or relevant for only a narrow geo-
graphical region, e.g. Europe or China (Font 
i Forcada et al., 2014; Zhao et al., 2015). 
Beside analyzing accumulation levels in the 
peach germplasm, studies have also been di-
rected towards the effect of peach nutritional 
compounds on human body (Cevaloss-Casals 
et al., 2006; Dalla Valle et al., 2007; Noratto 
et al., 2009). Peach phenolic compounds ex-
hibited high antioxidant kinetics, indicating 
their potential for faster removal of free radi-
cals (Cevaloss-Casals et al., 2006), improved 
total radical-trapping potential of plasma in 
humans (Dalla Valle et al., 2007), and selec-
tively killed breast cancer cells (Noratto et 
al., 2009). 
 Bioactive compounds are excellent scav-
engers of free radicals and could be affected/
elicited by numerous abiotic environmental 
stresses, such as chilling, salinity, heavy met-
als, water deficiency, or UV-B irradiation 
(Agati et al., 2012). For example, UV light 
induced anthocyanin biosynthesis and ac-
cumulation in different peach and nectarine 
tissues (Ravaglia et al., 2013). In addition 
to environment, the genotype, horticultural 
practices, maturity date, pre-harvest applica-
tions, and post-harvest conditions, season, 
and plant organ also influence accumulation 
of phytochemicals and fruit quality traits 
(Brown et al., 2014; Eduardo et al., 2011; Gil 
et al., 2002; Lee and Kader, 2000; Martínez-
Espla et al., 2014; Sivaci and Duman, 2014; 
Zhang et al., 2012). Phenolic compounds 
are widely distributed within the peach fruit, 
with higher concentration in the exocarp 
(Cevallos- Casals et al., 2006; Zhang et al., 
2015). Even though the fruit skin (exocarp) 
has the higher concentration of phytochemi-
cal compounds, it only represents ~8% of 
the total fresh flesh weight, accumulating 
~30% of total phenolic compounds per fruit 
(Cevallos-Casals et al., 2006; Remorini et 
al., 2008). A recent study on the accumula-

tion of total phenolics and antioxidant capac-
ity between peach fruit flesh and skin (peel 
and flesh, separately and together) revealed 
no significant differences in the total pheno-
lic content among different tissues (based on 
concentration per fresh weight), suggesting 
that regardless of how peach fruit is con-
sumed, with or without peel, approximately 
the same amount of total phenolics is con-
sumed (Abdelghafar et al., 2015). 
 Breeding for fruit size and appearance has 
for a long time been one of the major foci of 
peach breeding programs (Byrne, 2005). In-
creased awareness of health benefits of bioac-
tive compounds in fruits and vegetables has 
intensified breeder’s efforts to enhance these 
compounds in newly developed cultivars. 
Consequently, there is growing interest in 
breeding programs to obtain information on 
phenolic compounds and antioxidant capacity 
of existing germplasm and its potential to pro-
vide enhanced health benefits to consumers 
(Brown et al., 2014; Cantín et al., 2009b; Font 
i Forcada et al., 2014; Vizzotto et al., 2007). 
Therefore, the goal of this study was to evalu-
ate different factors that affect antioxidant ca-
pacity and bioactive compound accumulation 
in peach breeding germplasm for its potential 
to provide sources for improvement of these 
compounds in a peach breeding program. In-
creased knowledge of nutritional quality of 
modern peach germplasm will facilitate the 
development of new peach cultivars with in-
creased bioactive compounds.

Materials and Methods
 Plant material: One hundred and thirty-
two peach and nectarine cultivars and one 
advanced selection, maintained within the 
Prunus collection at Clemson University, 
were included in this study (Table 1). Fruit 
quality and accumulation of phytochemical 
compounds were evaluated over two years 
(2013 and 2014). A subset of 21 peach and 
nectarine cultivars and one red-fleshed ad-
vanced selection were analyzed over three 
seasons (2012 - 2014) to facilitate evalua-
tion of genotype and yearly effects on phy-

pEach
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Table 1. Characteristics of peach breeding germplasm. Accessions are ordered by the ripening time.

Name Fruit Flesh Ripening Ripening Release Origin
 type color timez season date

Rich May Peach Yellow 142 Early 1991 USA, CA
Crimson Ladyy Peach Yellow 149 Early 1992 USA, CA
Spring Snow Peach White 149 Early 1997 USA, CA
Carored Peach Yellow 153 Early 2005 USA, SC
‘NJ350’ Desiree® Peach Yellow 153 Early 2008 USA, NJ
Springold Peach Yellow 153 Early 1966 USA, GA
Westbrook Nectarine Yellow 153 Early 2002 USA, AR
Arctic Star Nectarine White 156 Early 1995 USA, CA
FA 101 Peach Yellow 156 Early 1972 USA, CA
Manon Peach White 156 Early 1988 France
PF 1 Peach Yellow 156 Early 1995 USA, MI
Arctic Glo Nectarine White 160 Early 1992 USA, CA
Candor Peach Yellow 160 Early 1965 USA, NC
Honey Blaze Nectarine Yellow 160 Early 1998 USA, CA
PF 5D Big Peach Yellow 160 Early 2007 USA, MI
Sugar May Peach White 160 Early 1991 USA, CA
Sweet Scarlet Peach Yellow 160 Early 1996 USA, CA
Country Sweet Peach Yellow 163 Early 1999 USA, CA
Early Red Free Peach Yellow 163 Early 1938 USA, CA
Garnet Beauty Peach Yellow 163 Early 1958 Canada
Glenglo Peach Yellow 163 Early 1996 USA, WV
Sentry Peach Yellow 163 Early 1980 USA, WV
7 Ball Peach Yellow 167 Early  USA, MI
Arctic Sweet Nectarine White 167 Early 1996 USA, CA
‘NJ354’ July RoseTM Peach White 167 Early 2013 USA, NJ
Easternglo Nectarine Yellow 167 Early 1992 USA, CA
Gala Peach Yellow 167 Early 1992 USA, LA
Jade™ Momee cv. Nectarine White 167 Early 1993 France
PF-7A Peach Yellow 167 Early 2006 USA, MI
FA 47 Peach Yellow 167 Early 1997 USA, MI
Snowbrite Peach White 167 Early 1993 USA, CA
Vulcan Peach Yellow 167 Early 1994 Canada
Galaxy Peach White 174 Early 1995 USA, CA
Karla Rose Nectarine White 174 Early 1975 USA, CA
PF 8 Ball  Peach Yellow 174 Early 2006 USA, MI
FA 12 Peach Yellow 177 Early 1998 USA, MI
Caroking Peach Yellow 177 Early 1987 USA, SC
PF 11 Peach Peach Yellow 177 Early 2006 USA, MI
Redhaven Peach Yellow 177 Early 1940 USA, MI
FA 11 Peach Yellow 177 Early 1998 USA, MI
Coronet Peach Yellow 181 Mid 1953 USA, GA
Klondike White Peach White 181 Mid 1999 USA, CA
PF 15A Peach Yellow 181 Mid 1994 USA, MI
FA 52 Peach Yellow 181 Mid 1997 USA, MI
Reliance Peach Yellow 181 Mid 1964 USA, NH
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Summer Beaut Nectarine Yellow 181 Mid 1979 USA, CA
White Lady Peach White 181 Mid 1986 USA, CA
Raritan Rose Peach White 184 Mid 1936 USA, NJ
Zin Dai Peach White 184 Mid  China
10 Ball Peach Yellow 188 Mid  USA, MI
11 Ball Peach Yellow 188 Mid  USA, MI
Burpeachfive Peach Yellow 188 Mid 2002 USA, CA
Carolina Belle Peach White 188 Mid 1987 USA, NC
FA 59 Peach Yellow 188 Mid 1998 USA, MI
Crimson Rocket Peach Yellow 188 Mid 2004 USA, WV
Ernie’s Choice Peach Yellow 188 Mid 1991 USA, NJ
Glohaven Peach Yellow 188 Mid 1963 USA, MI
Harrow Beauty Peach Yellow 188 Mid 1983 Canada
John Boy II Peach Yellow 188 Mid 2000 USA, PA
PF 17 Peach Yellow 188 Mid 1993 USA, MI
Sunhigh Peach Yellow 188 Mid 1938 USA, NJ
White County Peach Yellow 188 Mid 2007 USA, AR
Winblo Peach Yellow 188 Mid 1972 USA, NC
9 Ball Peach Yellow 191 Mid  USA, MI
FA 80 Peach Yellow 191 Mid 1997 USA, MI
Arctic Belle Nectarine White 191 Mid 1998 USA, CA
Arctic Jay Nectarine White 191 Mid 1991 USA, CA
Bounty Peach Yellow 191 Mid 1988 USA, WV
Flavortop Nectarine Yellow 191 Mid 1969 USA, CA
FlavrBurst Peach Yellow 191 Mid 2010 USA, WV
Intrepid Peach Yellow 191 Mid 2002 USA, NC   
Sweet Dream Peach Yellow 191 Mid 1998 USA, CA 
Beaumont Peach Yellow 195 Mid 2007 USA, MI 
Beekman Peach Yellow 195 Mid  USA, NJ 
Canadian Harmony Peach Yellow 195 Mid 1968 Canada 
Contender Peach Yellow 195 Mid 1987 USA, NC 
Early Loring Peach Yellow 195 Mid 1977 USA, PA 
Julyprince Peach Yellow 195 Mid 2004 USA, GA 
Late Large 23 Peach Yellow 195 Mid  USA, MI 
Loring Peach Yellow 195 Mid 1946 USA, MO 
Majestic Peach Yellow 195 Mid 1979 USA, LA 
PF-24-007 Peach Yellow 195 Mid 1997 USA, MI 
Redglobe Peach Yellow 195 Mid 1954 USA, MD 
Summer Gold Peach Yellow 195 Mid 1970 USA, GA 
Suncrest Peach Yellow 195 Mid 1959 USA, OR 
99p4388 Peach Red 198 Mid  USA, GA 
Diamond Princess Peach Yellow 198 Mid 1989 USA, CA 
Late 24-007 Peach Yellow 198 Mid 1997 USA, MI 
PF Lucky 24B Peach Yellow 198 Mid 2003 USA, MI 
Redrose Peach White 198 Mid 1940 USA, NJ 
Sweet Breeze Peach Yellow 198 Mid 2004 USA, PA 
Arctic Gold Nectarine White 202 Late 1995 USA, CA 
‘NJ351’ Gloria® Peach Yellow 202 Late 2007 USA, NJ 
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FA 17 Peach Yellow 202 Late 1997 USA, MI 
PF 2050 Peach Yellow 202 Late  USA, MI
Sweet N Up Peach Yellow 202 Late 2004 USA, WV 
Belle of Georgia Peach White 205 Late 1875 USA, GA 
FA 18 Peach Yellow 205 Late 1998 USA, MI 
China Pearl Peach White 205 Late 2001 USA, NC 
Cresthaven Peach Yellow 205 Late 1963 USA, MI 
Fantasia Nectarine Yellow 205 Late 1969 USA, CA 
‘NJ352’ Messina® Peach Yellow 205 Late 2007 USA, NJ 
Blake Peach Yellow 209 Late 1953 USA, NJ 
Carolina Gold Peach  Yellow 209 Late 2007 USA, NC  
Summer Fire Nectarine Yellow 209 Late 1991 USA, CA
SummerFest Peach Yellow 209 Late 2010 USA, WV 
Zephyr™ Monphir Nectarine White 209 Late 1992 France
Glacier Peach White 211 Late 2001 USA, CA
Madison Peach Yellow 211 Late 1963 USA, VA
PF 25 Peach Yellow 211 Late 1997 USA, MI
PF 28-007 Peach Yellow 211 Late 2004 USA, MI
Ambre™ Monam cv. Nectarine Yellow 216 Late  France
Elberta Peach Yellow 216 Late 1889 USA, GA
Jerseyqueen Peach Yellow 216 Late 1964 USA, NJ
Lady Nancy Peach White 216 Late 1989 USA, NJ
PF 27A Peach Yellow 216 Late 1997 USA, MI
Redskin Peach Yellow 216 Late 1944 USA, MD
Augustprince Peach Yellow 219 Late 2006 USA, GA
FA 42 Peach Yellow 219 Late 2003 USA, MI
Burpeachfour Peach Yellow 219 Late 2002 USA, CA
Flameprince Peach Yellow 219 Late 1993 USA, GA
PF 30-007 Peach Yellow 219 Late 2003 USA, MI
Snow Giant Peach White 219 Late 1993 USA, CA
Encore Peach Yellow 223 Late 1980 USA, NJ
Snow King Peach White 226 Late 1993 USA, CA
Laurol Peach Yellow 230 Late 1994 USA, NJ
Victoria Peach Yellow 230 Late 2007 USA, NJ
Autumn Red Peach Yellow 233 Late 1996 USA, CA
Caro Tiger Peach Yellow 237 Late 2012 USA, SC
September Snow Peach White 237 Late 1992 USA, CA
Snow Gem Peach White 237 Late 2000 USA, CA
Tra-Zee Peach Yellow 244 Late 1988 USA, CA
Autumn Flame Peach Yellow 251 Late 1996 USA, CA 
z Ripening time expressed in Julian date.
y Bold - accessions analyzed in three years (2012- 2014).

tochemical profiles. Analyzed material was 
comprised of 103 yellow and 29 white flesh 
peach and nectarine cultivars available and/
or grown in the U.S. market with addition 
of the red-flesh advanced selection. Breed-

ing germplasm consisted of 116 peach and 
17 nectarine accessions. The red-fleshed ad-
vanced selection was included to provide the 
variability in flesh colors and to allow assess-
ment of health benefits that red flesh might 
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bring to the market. The peach and nectar-
ine germplasm collection is maintained at 
the Musser Fruit Research Center, Seneca, 
SC (34.605202 latitude and -82.877995 
longitude) under a warm, humid temperate 
climate and standard commercial practices 
for irrigation, fertilization, and pest and dis-
ease control. The trees were at least 8-years-
old, grafted on Guardian® rootstock, grown 
in triplicate with a 2 × 6 m spacing and a 
perpendicular-V training system. The ma-
turity groups were based on average Julian 
ripening date recorded at the Musser Fruit 
Research Center over 6 years. Climatic data 
were collected using a WatchDog 2000 Se-
ries (Spectrun Technologies Inc., Aurora, IL) 
weather station.
 Fruit sampling: One half bushel (9 – 11 
kg) of fruits at commercial maturity stage 
were picked randomly from 3 trees for each 
accession. Index of Absorbance Difference 
(IAD), calculated as the difference between 
fruit absorbance at the wavelengths of 670 
and 720 nm (chlorophyll-a absorbance peak 
and background of the spectrum) (Ziosi et al., 
2008), was used to ensure uniform fruit ma-
turity for all accessions included in the study. 
Five fruits in the ripening stage equivalent to 
IAD = 0.6 were selected and analyzed for fruit 
quality and phytochemical content. 
 Fruit quality measurement: Fruit qual-
ity traits were measured according to Frett 
et al. (2012) phenotyping protocol.  A fruit 
texture analyzer (FTA) [GÜSS Manufactur-
ing (Pty) Ltd., South Africa], equipped with 
an electronic fruit size measurement (EFM) 
device and electronic scale, was used to 
measure fruit size (diameter in mm), fruit 
weight (g), and fruit firmness (kg). Soluble 
solids concentration (SSC) was determined 
using a digital refractometer (Atago 3810 
PAL-1). Titratable acidity (TA, Malic acid 
%) was measured by titration with NaOH 
0.1 N to pH 8.2 (862 Compact Titrosampler, 
Metrohm, Riverview, FL). Additionally, rip-
ening index (RI) was calculated as the sugar/
acid ratio (SSC/TA). 
 Phytochemical analyses: Two longitu-

dinal slices of mesocarp per individual fruit 
were excised from opposing cheeks to ensure 
consistent sampling for phytochemical anal-
yses. The exocarp and red tissue around the 
pit was removed and tissue sliced, individu-
ally packed, frozen in liquid nitrogen (LN2), 
and stored at -20 ºC until needed. To amelio-
rate high variability within fruit and between 
different fruits from the same tree and/or be-
tween the different trees of the same cultivar 
(Brown et al., 2014), a composite sample per 
accession was prepared by combining equiva-
lent amount of tissue from each of five fruits, 
and grinding in liquid nitrogen using Freezer/
Mill (SPEX® SamplePrep, Metuchen, NJ, 
USA). Ground tissue was stored at -80 ºC un-
til needed. One ml of 80% methanol was used 
to extract 500 mg of frozen composite powder 
in five replicates. The extract was incubated 
at 4 ºC overnight and then centrifuged for 10 
min at 4 ºC and 12,000 g to collect the super-
natant. The hydroalcoholic extract was stored 
at -80 ºC and used in subsequent analyses. 
The total phenolics, flavonoid content, 
anthocyanin, and antioxidant capacity were 
measured following the protocols described 
in Cantín et al. (2009b). The total phenolics, 
expressed in mg of gallic acid equivalents 
(GAE) per 100 g of fresh weight (FW), were 
determined according to the Folin−Ciocalteu 
method (Singleton and Rossi, 1965). The fla-
vonoid content was measured using Zhishen 
et al. (1999) protocol and the results were ex-
pressed as mg of catechin equivalents (CE) 
per 100g of FW. Total anthocyanin content of 
the hydroalcoholic extract was determined us-
ing the method of Fuleki and Francis (1968) 
adapted to peach tissue and quantified as mg 
of cyanidin-3-glucoside per kg of FW. The 
antioxidant capacity was measured using 
an 1,1-Diphenyl-2-picryl-hydrazyl (DPPH) 
method (Brand-Williams et al., 1995) and 
expressed as µg of Trolox (6-hydroxy-2, 5, 
7, 8-tetramethylchromane-2-carboxylic acid) 
Equivalent Antioxidant Capacity (TEAC) per 
g of FW.
 Statistical analysis. Data were expressed 
as means and standard deviations (± SD) 
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using yearly data as replicates. Data were 
analyzed for each year separately to take 
out variance between years for each of fruit 
type, flesh color, ripening season, release 
date, and environmental factors. The data for 
22 genotypes were averaged over 3 years to 
investigate the genotypic effect on the accu-
mulation of phytochemical compounds. The 
fresh peach market in the U.S. is almost ex-
clusively yellow and white flesh peach and 
nectarines; thus, the red flesh accession was 
included only in the flesh color analysis. For 
the purpose of statistical analysis, cultivars 
ripening from May to the end of June (< 180 
Julian days) were considered early, from July 
1 – 20 (181-201) mid-season, and after July 
21st (> 202) late maturing. Release date of 9 
cultivars could not be found; therefore, these 
cultivars were not included in the release date 
analysis. Analysis of variance was performed 
by season, and means were compared using 
the Student-Newman-Keuls’s test and t test 
(P < 0.05). A t test (P < 0.05) was used for 
comparing two different fruit types (peach 
vs. nectarine) or years (2013 vs. 2014).  The 
focus of this study are bioactive compounds; 
therefore, fruit quality traits were included 
only in Pearson’s correlation coefficients 
and principle component analysis to inves-
tigate the relationships between bioactive 
compounds and fruit quality traits. Pear-
son’s correlation coefficient at P < 0.01 was 
used to assess the correlation between ana-
lyzed traits. Principal Components Analysis 
(PCA) was performed to study the relation-
ship among the analyzed traits. All statistical 
analyses were performed in SPSS v. 24 (IBM 
SPSS Statistics for Windows, Version 24.0. 
Armonk, NY: IBM Corp).

Results and Discussion
 Variation in accumulation of phytochemi-
cal compounds was observed within the 
analyzed material and between experimen-
tal years. Data for each year separately, and 
mean of the two years, for each cultivar, are 
shown in tables 2 and 3. Accumulation of 
bioactive compounds and their antioxidant 

capacity was highly influenced by flesh color, 
ripening season, release date, genotype, and 
environmental conditions during the study 
years. 
 Total phenolics. Overall, accumulation of 
total phenolics across 2 years ranged from 
22.9 to 110.7 mg GAE per 100 g of FW with 
the most of the accessions accumulating < 70 
mg GAE per 100 g of FW (Tables 2 and 3). 
Total phenolics in the peach breeding germ-
plasm were within the range reported in the 
literature for peach, i.e. 12.7 to 111 mg GAE 
per 100 g of FW (Cantín et al., 2009b; Gil 
et al., 2002; Tavarini et al., 2008). Cantín et 
al. (2009b) reported similar total phenolic 
content in 218 peach genotypes from several 
breeding progenies, ~13 to 71 mg of GAE 
per 100 g of FW with an average accumula-
tion of 36.4 mg of GAE per 100 g of FW, as 
well as Tavarini et al. (2008), of 14 to 50 mg 
GAE per 100 g of FW, and Gil et al. (2002), 
21 to 111 mg GAE per 100 g of FW. It was 
to be expected that our data for accumulation 
of total phenolics in peach fruit encompassed 
those previously reported. Given peach’s nar-
row genetic base (Byrne, 1999; Scorza and 
Okie, 1990; Scorza et al., 1985), any fresh 
market peach breeding germplasm would in-
clude material closely related to those used 
in other studies. The observed differences are 
most likely due to the level of diversity in the 
evaluated material in each study.
 Accumulation of the total phenolics was 
associated with flesh color. The red-fleshed 
selection had the highest accumulation in 
2013 and 2014, 57.3 and 89.6 mg GAE per 
100g of FW, respectively (Tables 4 and 5), 
whereas white flesh cultivars accumulated on 
average less total phenolics (48.6 mg GAE 
per 100g of FW) than yellow flesh cultivars 
(53.1 mg GAE per 100g of FW). Interest-
ingly, white flesh cultivars included in the 
study had a wider range of accumulated total 
phenolics (29.3 to 110.7 mg GAE per 100g 
of FW) than yellow flesh cultivars (22.9 to 
98.3 mg GAE per 100g of FW) (Tables 2 and 
3). Among white flesh cultivars, ‘Sugar May’ 
had the lowest accumulation of total pheno-
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lics, whereas the ‘Belle of Georgia’ had the 
highest (Table 2). ‘Loring’ had the highest 
accumulation of total phenolics among yel-
low flesh cultivars, whereas ‘FA 12’ had the 
lowest (Table 3). Differences in accumula-
tion of total phenolics between white and 

yellow flesh peach cultivars were previously 
reported; however, higher accumulation was 
reported in white fleshed material than in yel-
low (Cantín et al., 2009b; Gil et al., 2002). 
Reported ranges for white flesh peach culti-
vars were very similar to our data (28 - 111 
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Supplemental Table 1. 	Total phenolics, flavonoids, anthocyanins and antioxidant concentrations 
in white flesh cultivars in different ripening seasons in two years (2013 and 2014). GAE, Gallic 
acid equivalents; CE, Catechin equivalents; C3GE, Cyanidin-3-glucoside equivalents; TE, 
Trolox equivalents. 
 

Genotype Year Total phenolics 
(mg GAE/100g) z  

Flavonoids  
(mg CE/100g)  

Anthocyanins 
(mg C3GE/k) 

Antioxidants 
(µg TE/g)  

Early season  

Arctic Glo 
2013 18.72 x 2.92 x 18.26 y 214.16 x 
2014 46.31 y 43.96 y 9.13 x 690.59 y 
Mean 32.52 a 23.44 d-g 13.70 e 452.37 b-f 

Arctic Star 
2013 14.99 x 6.07 y 2.62 y 501.96 y 
2014 60.69 y 4.99 x 1.14 x 32.52 x 
Mean 37.84 ab 5.53 ab 1.88 a 267.24 a-c 

Arctic Sweet 
2013 16.46 x 4.46 x 2.51 x 284.45 x 
2014 60.25 y 19.11 y 9.82 y 578.15 y 
Mean 38.35 ab 11.79 a-e 6.16 a-d 431.30 b-f 

Early Red Free 
2013 18.13 x 10.66 x 2.62 x 616.40 x 
2014 79.42 y 36.32 y 7.08 x 1070.98 y 
Mean 48.77 a-c 23.49 d-g 4.85 a-c 843.69 h-l 

Galaxy 
2013 26.99 x 5.22 x 1.71 x 449.00 x 
2014 77.66 y 26.08 y 3.77 y 689.72 y 
Mean 52.32 a-c 15.65 a-f 2.74 a-c 569.36 d-h 

Jade™ Momee 
cv. 

2013 32.49 x 22.03 x 7.88 y 811.99 y 
2014 31.49 x 40.49 y 4.91 x 738.78 x 
Mean 31.99 a 31.26 g 6.39 a-d 775.39 g-k 

Karla Rose 
2013 31.11 x 5.34 x 4.68 y 436.68 y 
2014 42.49 y 6.17 x 2.74 x 243.12 x 
Mean 36.80 ab 5.76 ab 3.71 a-c 339.90 a-e 

Manon 
2013 15.29 x 8.42 x 3.19 x 601.87 x 
2014 45.25 y 16.39 y 3.31 x 604.83 x 
Mean 30.27 a 12.40 a-e 3.25 a-c 603.35 e-i 

‘NJ354’ July 
RoseTM  

2013 40.47 x 8.80 x 12.79 y 668.40 y 
2014 49.71 y 11.68 y 3.42 x 521.52 x 
Mean 45.09 a-c 10.24 a-d 8.11 a-e 594.96 d-i 

Table 2. Total phenolics, flavonoids, anthocyanins and antioxidant concentrations in white flesh cultivars 
in different ripening seasons in two years (2013 and 2014). GAE, Gallic acid equivalents; CE, Catechin 
equivalents; C3GE, Cyanidin-3-glucoside equivalents; TE, Trolox equivalents.

TM
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Snowbrite 
2013 28.66 x 14.71 x 4.34 x 318.70 y 
2014 31.98 x 1.96 x 3.08 x 88.73 x 
Mean 30.32 a 8.34 a-d 3.71 a-c 203.72 ab 

Spring Snow 
2013 21.87 x 15.49 x 3.88 x 707.76 y 
2014 39.88 y 24.81 y 10.73 y 688.89 x 
Mean 30.88 a 20.15 b-g 7.31 a-e 698.32 f-j 

Sugar May 
2013 26.72 x 4.03 x 5.82 y 446.56 x 
2014 31.94 y 10.09 y 2.97 x 424.24 x 
Mean 29.33 a 7.06 a-c 4.40 a-c 435.40 b-f 

Mid-season 

Arctic Belle 
2013 27.93 x 7.36 x 2.39 x 454.74 x 
2014 56.28 y 15.35 y 5.25 y 800.52 y 
Mean 42.11 a-c 11.36 a-e 3.82 a-c 627.63 f-i 

Arctic Jay 
2013 39.27 x 16.01 y 8.22 y 967.14 y 
2014 64.78 y 12.79 x 3.65 x 547.81 x 
Mean 52.02 a-c 14.40 a-e 5.94 a-d 757.48 g-k 

Carolina Belle 
2013 50.51 x 9.69 x 4.45 x 747.36 x 
2014 89.22 y 23.00 y 11.87 x 910.11 y 
Mean 69.86 a-c 16.35 a-f 8.16 a-e 828.73 h-k 

Klondike White 
2013 14.30 x 13.09 x 2.96 x 701.64 x 
2014 50.53 y 15.58 y 4.34 x 682.22 x 
Mean 32.42 a 14.33 a-e 3.65 a-c 691.93 f-j 

Raritan Rose 
2013 25.70 x 6.28 x 1.94 x 427.27 x 
2014 42.32 y 21.98 y 5.25 y 883.87 y 
Mean 34.01 ab 14.13 a-e 3.60 a-c 655.57 f-j 

Redrose 
2013 23.80 x 4.07 x 4.34 x 299.96 x 
2014 110.36 y 27.99 y 19.86 y 338.58 x 
Mean 67.08 a-c 16.03 a-f 12.10 de 319.27 a-d 

White Lady 
2013 41.10 x 3.03 x 3.88 x 529.26 y 
2014 42.22 x 6.74 y 3.54 x 504.22 x 
Mean 41.66 a-c 4.89 ab 3.71 a-c 516.74 c-g 

Zin Dai 
2013 15.79 x 0.18 x 7.76 y 20.12 x 
2014 74.52 y 21.26 y 5.60 x 617.42 y 
Mean 45.16 a-c 10.72 a-e 6.68 a-d 318.77 a-d 
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Late season 

Arctic Gold 
2013 17.23 x 10.93 x 2.51 x 589.36 x 
2014 147.76 y 54.01 y 15.75 y 1248.90 y 
Mean 82.49 c 32.47 g 9.13 a-e 919.13 j-l 

Belle of 
Georgia 

2013 77.25 x 43.50 x 8.22 x 1646.95 x 
2014 144.08 y 56.60 y 18.49 y 1711.68 y 
Mean 110.67 d 50.05 h 13.36 e 1679.31 n 

China Pearl 
2013 29.12 x 14.33 x 5.02 x 929.70 x 
2014 126.27 y 30.48 y 6.62 x 1097.08 x 
Mean 77.69 bc 22.41 c-g 5.82 a-d 1013.39 kl 

Glacier  
2013 30.48 x 2.86 y 1.94 x 207.56 y 
2014 60.76 y 1.26 x 2.51 x 66.21 x 
Mean 45.62 a-c 2.06 a 2.22 a 136.89 a 

Lady Nancy 
2013 23.15 x 11.74 x 2.39 x 675.06 x 
2014 111.16 y 40.11 y 17.47 y 1502.28 y 
Mean 67.16 a-c 25.93 e-g 9.93 b-e 1088.67 l 

September 
Snow 

2013 36.72 x 11.66 x 3.88 x 1068.90 y 
2014 68.43 y 14.95 y 6.85 y 657.02 x 
Mean 52.57 a-c 13.30 a-e 5.37 a-d 862.96 i-l 

Snow Gem 
2013 18.85 x 3.75 x 2.51 x 465.01 x 
2014 44.17 y 11.55 y 2.51 x 756.96 y 
Mean 31.51 a 7.65 a-c 2.51 ab 610.98 e-i 

Snow Giant 
2013 54.70 x 19.50 x 5.02 x 1261.11 x 
2014 87.23 x 38.30 y 21.92 y 1680.05 y 
Mean 70.97 a-c 28.90 fg 13.47 e 1470.58 m 

Snow King 
2013 20.81 x 4.70 x 1.82 x 474.11 x 
2014 79.66 y 10.55 y 18.49 y 453.79 x 
Mean 50.23 a-c 7.62 a-c 10.16 c-e 463.95 b-f 

Zephyr™ 
Monphir  

2013 37.07 x 28.66 y 6.17 x 1306.00 y 
2014 41.81 x 14.47 x 6.39 x 692.39 x 
Mean 39.44 ab 21.56 c-g 6.28 a-d 999.20 kl 

zMeans within columns and harvest season followed by common letters do not differ at the 5% level by 
Student-Newman-Keuls’s test and t test. Different letters indicate significant differences at P < 0.05 
according to Student-Newman-Keuls’s test (a-n) for differences between cultivars, and t test (x, y) 
between years. 
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mg GAE/100g FW) even though a smaller 
sample was analyzed (e.g., 5 cultivars in each 
category of white flesh nectarines and peach-
es and yellow flesh nectarines and peaches), 
while yellow flesh peach cultivars had a 
smaller range than observed in our study (21 
- 61 mg GAE/100g FW) (Gil et al., 2002).
 Ripening season exhibited a positive influ-
ence on accumulation of total phenolics with 
increased accumulation in later season culti-
vars (Tables 4 and 5). Early ripening peach 
and nectarine cultivars accumulated on aver-
age 37.6 (±19.7) mg GAE per 100g of FW of 
total phenolics; mid-season cultivars 52.2 (± 
33.6) mg GAE per 100g of FW, and late sea-

son cultivars 65.8 (± 40.5) mg GAE per 100g 
of FW. Increasing accumulation of total phe-
nolics in peach and nectarine cultivars as the 
ripening season progressed was observed in 
both 2013 and 2014 (Tables 4 and 5). How-
ever, in other Prunus species, such as apricot, 
the lowest levels of gallic acid were mea-
sured in a late ripening cultivar (Gundogdu 
et al., 2013). This is the first observation on 
positive influence of ripening season on phe-
nolic compound accumulation in peach and 
nectarine. Peach germplasm evaluated in this 
study bloomed within 2 - 3 weeks but harvest 
season stretched over 3 months (May to Au-
gust). Therefore, the differences observed in 
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Late season 

Arctic Gold 
2013 17.23 x 10.93 x 2.51 x 589.36 x 
2014 147.76 y 54.01 y 15.75 y 1248.90 y 
Mean 82.49 c 32.47 g 9.13 a-e 919.13 j-l 

Belle of 
Georgia 

2013 77.25 x 43.50 x 8.22 x 1646.95 x 
2014 144.08 y 56.60 y 18.49 y 1711.68 y 
Mean 110.67 d 50.05 h 13.36 e 1679.31 n 

China Pearl 
2013 29.12 x 14.33 x 5.02 x 929.70 x 
2014 126.27 y 30.48 y 6.62 x 1097.08 x 
Mean 77.69 bc 22.41 c-g 5.82 a-d 1013.39 kl 

Glacier  
2013 30.48 x 2.86 y 1.94 x 207.56 y 
2014 60.76 y 1.26 x 2.51 x 66.21 x 
Mean 45.62 a-c 2.06 a 2.22 a 136.89 a 

Lady Nancy 
2013 23.15 x 11.74 x 2.39 x 675.06 x 
2014 111.16 y 40.11 y 17.47 y 1502.28 y 
Mean 67.16 a-c 25.93 e-g 9.93 b-e 1088.67 l 

September 
Snow 

2013 36.72 x 11.66 x 3.88 x 1068.90 y 
2014 68.43 y 14.95 y 6.85 y 657.02 x 
Mean 52.57 a-c 13.30 a-e 5.37 a-d 862.96 i-l 

Snow Gem 
2013 18.85 x 3.75 x 2.51 x 465.01 x 
2014 44.17 y 11.55 y 2.51 x 756.96 y 
Mean 31.51 a 7.65 a-c 2.51 ab 610.98 e-i 

Snow Giant 
2013 54.70 x 19.50 x 5.02 x 1261.11 x 
2014 87.23 x 38.30 y 21.92 y 1680.05 y 
Mean 70.97 a-c 28.90 fg 13.47 e 1470.58 m 

Snow King 
2013 20.81 x 4.70 x 1.82 x 474.11 x 
2014 79.66 y 10.55 y 18.49 y 453.79 x 
Mean 50.23 a-c 7.62 a-c 10.16 c-e 463.95 b-f 

Zephyr™ 
Monphir  

2013 37.07 x 28.66 y 6.17 x 1306.00 y 
2014 41.81 x 14.47 x 6.39 x 692.39 x 
Mean 39.44 ab 21.56 c-g 6.28 a-d 999.20 kl 

zMeans within columns and harvest season followed by common letters do not differ at the 5% level by 
Student-Newman-Keuls’s test and t test. Different letters indicate significant differences at P < 0.05 
according to Student-Newman-Keuls’s test (a-n) for differences between cultivars, and t test (x, y) 
between years. 
 
 

z  Means within columns and harvest season followed by common letters do not differ at the 5% level by Student-Newman-Keul's' 
test and t test. Different letters indicate significant differences at P < 0.05 according to Student-Newman-Keul's' test (a-n) for 
differences between cultivars, and t test (x, y) between years.
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accumulation of total phenolics in fruit might 
be explained by the fruit development peri-
od, e.g. days after full bloom, and the influ-
ence of the various environmental factors the 
tree was exposed to which could be reflected 
in the fruit. 
 In both years, older and / or heirloom cul-
tivars (release date prior to 1960) accumu-
lated more phenolics [37.2 (± 20.5) and 86.0 
(± 38.7) in 2013 and 2014, respectively] in 
comparison with those recently released (Ta-
bles 4 and 5), indicating tendencies to select 
for lower accumulations of total phenolics in 
newly released material. Fresh market peach 
breeding germplasm, although variable in its 
potential to accumulate total phenolics, had 
lower levels in these compounds than its an-
cestors (Tables 4 and 5). Breeding for fruit 
quality, size, appearance and productivity 
may have inadvertently decreased the phenol-
ic value of modern peach cultivars. 
 Flavonoids. Peach breeding germplasm 
had a wide range of flavonoid accumulation 
from 2.1 to 56 mg of CE per 100 g of FW 
with an average accumulation of 15.1 mg of 
CE per 100 g of FW.  Interestingly, the av-
erage flavonoid accumulation (15.1 mg CE/ 
100 g FW) observed in 132 peach and nectar-
ine accessions in this study was higher than 
previously reported for peach. For example, 
Cantín et al. (2009b) reported an average of 
only 8.8 mg CE per 100 g of FW, ranging 
from 1.8 to 30.9 mg of CE per 100 g of FW, 
in 218 progeny derived from 15 controlled 
bi-parental crosses. Similar observations 
were reported by Abidi et al. (2011) with 
an average 12.5 mg CE per 100 g of FW re-
ported in an F1 nectarine population (‘Venus’ 
× ‘Big Top’). These discrepancies reveal the 
potential within breeding germplasm for en-
hancing flavonoid accumulation in peach to 
much higher levels than previously thought. 
Accumulation of flavonoids in white- and 
yellow-fleshed genotypes did not differ 
(Tables 4 and 5). However, the red flesh se-
lection had on average twice the level of fla-
vonoids (33.1 mg CE/100g FW) detected in 
white and yellow flesh material. There was 

a large variation in the accumulation of fla-
vonoids in both white and yellow cultivars 
regardless of ripening season (Tables 2 and 
3). White flesh cultivars accumulated on av-
erage from 2.1 – 50 mg of CE per 100g of 
FW, with ‘Glacier’ exhibiting the minimum 
and ‘Belle of Georgia’ the maximum values 
(Table 2). Similarly, yellow flesh cultivars 
differed significantly for accumulation of 
flavonoids with the highest accumulation de-
tected in ‘Jerseyqueen’ (56 mg of CE/100g 
FW) and lowest in ‘Country Sweet’ (2.5 mg 
of CE/100g FW) (Table 3). Genotype effect 
on the accumulation of flavonoids observed 
in our study was previously reported for 
peach, nectarine and plum (Tomás-Barberán 
et al., 2001). 
 Similar to total phenolics, influence of rip-
ening season on accumulation of flavonoids 
was evident (Tables 4 and 5), with flavonoid 
content increasing as the season progressed. 
On average, early- and mid-season peach and 
nectarine cultivars had the lowest accumula-
tion of flavonoids (10.8 – 12.4 mg CE/100g 
FW) while late-season cultivars had the high-
est; with a 2-fold increase (21.0 mg CE/100g 
FW). Opposite effect of the ripening season 
on accumulation of individual flavonoid 
compounds was recently reported for apri-
cot (Gundogdu et al. 2013). Interestingly, the 
highest levels of the flavonoids catechin and 
epicatechin were observed for mid-season 
cultivars, and the lowest for the late-season 
cultivars. Apricot cultivars had wide variabil-
ity in levels of catechin and epicatechin ac-
cumulation, despite a small sample size. The 
decrease in accumulation of flavonoids and 
other compounds was attributed to the cooler 
temperatures in fall and reduced exposure to 
sunlight leading to the decrease in respiration 
rate and O2 concentration (Gundogdu et al., 
2013).
 As with total phenolics, flavonoid accumu-
lation was lower in newly released cultivars, 
8.1 (± 7.0) mg of CE per 100g of FW in 2013 
and 18.6 (± 12.7) mg of CE per 100g of FW 
in 2014, compared to older cultivars, 13.7 (± 
12.2) and 29.2 (± 16.2) in 2013 and 2014, re-
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spectively (Tables 4 and 5).
 Anthocyanins. Cyanidin is the main pig-
ment responsible for red coloration in peach 
and nectarine, and cyanidin 3- glucoside 
(C3GE) is the main anthocyanin reported in 
peach (Tomás-Barberán et al., 2001; Wu and 
Prior, 2005). As previously observed for total 
phenolics and flavonoids, anthocyanin accu-
mulation, measured as cyanidin-3-glucoside, 
was highly influenced by genotype (Figures 
2 and 3). No significant difference in the an-
thocyanin accumulation between white and 
yellow flesh cultivars was observed (Tables 
4 and 5); however, wide ranges within flesh 
colors were evident. White flesh cultivars 

ranged from 1.9 mg of C3GE per kg of FW 
in ‘Arctic Star’ to > 13 mg of C3GE per kg of 
FW in ‘Arctic Glo’, ‘Snow Giant’ and ‘Belle 
of Georgia’ (Table 2). Overall, the lowest 
and highest accumulation of anthocyanins 
developed in yellow-fleshed cultivars with 
1.6 mg C3GE/kg FW for ‘Candor’, ‘Crimson 
Lady’, and ‘Vulcan’ and 19 mg C3GE/kg FW 
for ‘Ernie’s Choice’ (Table 3). Although the 
average anthocyanin accumulation in white 
and yellow flesh peach and nectarine culti-
vars was similar to those previously reported, 
1.5 - 5 mg C3GE/100g FW in peach and 1.2 
- 9.5 mg C3GE/kg FW in nectarine (Abidi 
et al., 2011; Vizzotto et al., 2007), the range 

Table 3. Total phenolics, flavonoids, anthocyanins and antioxidant concentrations in yellow flesh cultivars 
in different ripening seasons in two years (2013 and 2014). GAE, Gallic acid equivalents; CE, Catechin 
equivalents; C3GE, Cyanidin-3-glucoside equivalents; TE, Trolox equivalents.
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Supplemental Table 2. Total phenolics, flavonoids, anthocyanins and antioxidant concentrations 
in yellow flesh cultivars in different ripening seasons in two years (2013 and 2014). GAE, Gallic 
acid equivalents; CE, Catechin equivalents; C3GE, Cyanidin-3-glucoside equivalents; TE, 
Trolox equivalents. 
 

Genotype Year Total phenolics 
(mg GAE/100g) z  

Flavonoids  
(mg CE/100g)  

Anthocyanins 
(mg C3GE/k) 

Antioxidants 
(µg TE/g)  

Early season 

7 Ball 
2013 23.97 x 5.60 x 8.90 x 453.78 x 
2014 54.66 y 15.17 y 5.71 x 564.22 y 

Mean 39.32 a-c 10.39 a-g 7.31 f 509.00 e-i 

Candor 
2013 26.37 x 5.42 x 2.05 x 415.46 y 
2014 37.75 y 8.44 y 1.14 x 327.27 x 

Mean 32.06 a-c 6.93 a-d 1.60 a 371.37 b-g 

Caroking 
2013 28.72 x 6.63 x 2.74 y 445.60 y 
2014 68.79 y 9.41 y 1.37 x 211.06 x 

Mean 48.75 a-d 8.02 a-e 2.05 a-c 328.33 b-f 

Carored 
2013 29.24 x 2.74 x 1.94 x 280.39 x 
2014 55.67 y 5.24 y 3.77 y 345.20 y 

Mean 42.46 a-c 3.99 a-c 2.85 a-c 312.79 b-e 

Country Sweet 
2013 16.01 x 1.53 x 3.54 x 138.02 x 
2014 43.19 y 3.56 y 2.74 x 174.75 x 

Mean 29.60 ab 2.54 a 3.14 a-c 156.39 ab 

Crimson Lady 
2013 17.59 x 1.98 x 1.25 x 173.30 y 
2014 56.81 y 5.57 y 1.94 x 13.39 x 

Mean 37.20 a-c 3.78 ab 1.60 a 93.34 a 

Easternglo 
2013 8.06 x 2.52 x 7.99 y 279.49 x 
2014 75.90 y 5.79 y 5.14 x 337.53 y 

Mean 41.98 a-c 4.15 a-c 6.57 d-f 308.51 b-e 

FA 11 
2013 36.42 x 9.56 y 1.48 x 507.51 y 
2014 67.80 y 7.00 x 5.25 y 108.09 x 

Mean 52.11 a-d 8.28 a-f 3.37 a-c 307.80 b-e 

FA 12 
2013 9.66 x 1.65 x 2.05 x 181.94 x 
2014 36.23 y 5.60 y 1.71 x 308.04 y  

Mean 22.95 a 3.63 ab 1.88 a-c 244.99 a-c 

Sherrie Altizer 12/20/2017 3:22 PM
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Supplemental Table 2. Total phenolics, flavonoids, anthocyanins and antioxidant concentrations 
in yellow flesh cultivars in different ripening seasons in two years (2013 and 2014). GAE, Gallic 
acid equivalents; CE, Catechin equivalents; C3GE, Cyanidin-3-glucoside equivalents; TE, 
Trolox equivalents. 
 

Genotype Year Total phenolics 
(mg GAE/100g) z  

Flavonoids  
(mg CE/100g)  

Anthocyanins 
(mg C3GE/k) 

Antioxidants 
(µg TE/g)  

Early season 

7 Ball 
2013 23.97 x 5.60 x 8.90 x 453.78 x 
2014 54.66 y 15.17 y 5.71 x 564.22 y 

Mean 39.32 a-c 10.39 a-g 7.31 f 509.00 e-i 

Candor 
2013 26.37 x 5.42 x 2.05 x 415.46 y 
2014 37.75 y 8.44 y 1.14 x 327.27 x 

Mean 32.06 a-c 6.93 a-d 1.60 a 371.37 b-g 

Caroking 
2013 28.72 x 6.63 x 2.74 y 445.60 y 
2014 68.79 y 9.41 y 1.37 x 211.06 x 

Mean 48.75 a-d 8.02 a-e 2.05 a-c 328.33 b-f 

Carored 
2013 29.24 x 2.74 x 1.94 x 280.39 x 
2014 55.67 y 5.24 y 3.77 y 345.20 y 

Mean 42.46 a-c 3.99 a-c 2.85 a-c 312.79 b-e 

Country Sweet 
2013 16.01 x 1.53 x 3.54 x 138.02 x 
2014 43.19 y 3.56 y 2.74 x 174.75 x 

Mean 29.60 ab 2.54 a 3.14 a-c 156.39 ab 

Crimson Lady 
2013 17.59 x 1.98 x 1.25 x 173.30 y 
2014 56.81 y 5.57 y 1.94 x 13.39 x 

Mean 37.20 a-c 3.78 ab 1.60 a 93.34 a 

Easternglo 
2013 8.06 x 2.52 x 7.99 y 279.49 x 
2014 75.90 y 5.79 y 5.14 x 337.53 y 

Mean 41.98 a-c 4.15 a-c 6.57 d-f 308.51 b-e 

FA 11 
2013 36.42 x 9.56 y 1.48 x 507.51 y 
2014 67.80 y 7.00 x 5.25 y 108.09 x 

Mean 52.11 a-d 8.28 a-f 3.37 a-c 307.80 b-e 

FA 12 
2013 9.66 x 1.65 x 2.05 x 181.94 x 
2014 36.23 y 5.60 y 1.71 x 308.04 y  

Mean 22.95 a 3.63 ab 1.88 a-c 244.99 a-c 
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FA 47 
2013 33.78 x 1.60 x 8.10 x 278.39 x 
2014 48.54 y 5.81 y 1.82 x 406.61 y 

Mean 41.16 a-c 3.70 ab 4.96 c-e 342.50 b-f 

FA 101 
2013 35.06 x 10.97 x 1.82 x 591.09 x 
2014 52.91 y 20.18 y 2.51 x 611.64 x 

Mean 43.99 a-c 15.57 e-h 2.17 a-c 601.36 h-j 

GaLa 
2013 34.87 x 5.15 x 2.17 x 464.93 x 
2014 82.57 y 18.65 y 4.34 y 889.04 y 

Mean 58.72 cd 11.90 b-g 3.25 a-c 676.98 i-k 

Garent Beauty 
2013 22.23 x 6.31 x 1.82 x 497.37 y 
2014 40.80 y 14.02 y 2.62 x 477.58 x 

Mean 31.52 a-c 10.16 a-g 2.22 a-c 487.48 d-i 
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2013 27.86 x 11.73 x 3.19 x 886.12 y 
2014 61.81 y 23.22 y 6.39 y 701.73 x  

Mean 44.83 a-d 17.48 gh 4.79 b-e 793.92 k 

Honey Blaze 
2013 25.68 x 7.26 x 1.82 x 462.61 x 
2014 43.29 y 24.97 y 3.65 y 716.36 y 

Mean 34.49 a-c 16.12 f-h 2.74 a-c 589.48 h-j 

‘NJ350’ 
Desiree® 

2013 23.97 x 2.40 x 1.71 x 246.09 x 
2014 32.05 y 7.48 y 2.51 y 288.55 x 

Mean 28.01 ab 4.94 a-c 2.11 a-c 267.32 a-d 
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2013 16.47 x 4.46 x 1.60 x 395.61 x 
2014 50.02 y 14.45 y 2.71 x 426.57 x 

Mean 33.25 a-c 9.46 a-f 2.15 a-c 411.09 c-h 
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2013 22.55 x 3.95 x 6.74 y 252.57 x 
2014 33.19 y 8.55 y 1.83 x 409.82 y 

Mean 27.87 ab 6.25 a-d 4.28 a-d 331.20 b-f 

PF 8 Ball 
2013 12.44 x 0.83 x 9.47 y 81.26 x 
2014 42.39 y 20.03 y 4.34 x 598.77 y 

Mean 27.42 ab 10.43 a-g 6.91 ef 340.01 b-f 
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Redhaven 
2013 35.40 x 5.68 x 3.65 x 378.35 x 
2014 100.47 y 36.12 y 2.97 x 744.93 y 

Mean 67.93 d 20.90 h 3.31 a-c 561.64 g-j 

Rich May 
2013 15.78 x 16.19 y 7.31 y 748.47 y 
2014 41.04 y 12.70 x 1.94 x 348.83 x 

Mean 28.41 ab 14.45 d-h 4.62 a-e 548.65 f-j 

Sentry 
2013 28.93 x 14.50 x 3.88 x 908.94 y 
2014 41.90 y 20.68 y 3.20 x 554.74 x 

Mean 35.42 a-c 17.59 gh 3.54 a-c 731.84 j-k 

Springold 
2013 39.19 x 19.07 y 2.51 x 1059.00 y 
2014 43.46 x 5.77 x 6.22 x 182.36 x 

Mean 41.33 a-c 12.42 c-g 4.37 a-d 620.68 h-k 

Sweet Scarlet 
2013 16.45 x 5.02 x 2.39 x 493.01 y 
2014 39.59 y 9.52 y 2.17 x 456.97 x 

Mean 28.02 ab 7.27 a-d 2.28 a-c 474.99 c-i 

Vulcan 
2013 26.09 x 5.42 x 1.48 x 374.96 y 
2014 82.16 y 6.36 x 1.62 x 347.83 x 

Mean 54.12 b-d 5.89 a-c 1.55 a 361.40 b-g 

Westbrook 
2013 11.75 x 2.14 x 2.74 x 321.56 x 
2014 35.52 y 10.87 y 1.60 x 415.15 y 

Mean 23.63 a 6.51 a-d 2.17 a-c 368.35 b-g 

Genotype Year Total phenolics 
(mg GAE/100g)  

Flavonoids  
(mg CE/100g)  

Anthocyanins 
(mg C3GE/k)  

Antioxidants 
(µg TE/g)  

Mid-season 

10 Ball 
2013 30.25 x 3.99 x 2.28 x 423.10 y 
2014 61.11 y 5.30 x 7.65 y 273.79 x 

Mean 47.39 a-d 4.72 a-c 5.26 a-c 340.15 ab 

11 Ball 
2013 14.96 x 1.59 x 2.28 x 257.92 x 
2014 31.61 y 5.80 y 1.82 x 305.26 y 

Mean 23.29 a 3.70 ab 2.05 ab 281.59 ab 

9 Ball 
2013 15.78 x 4.19 y 1.82 x 396.30 y 
2014 51.36 y 1.24 x 2.85 x 235.40 x 

Mean 33.57 ab 2.72 a 2.34 ab 315.85 ab 

Beaumont 
2013 22.28 x 5.08 x 1.71 x 400.84 x 
2014 168.88 y 14.03 y 15.75 y 281.53 x 

Mean 95.58 d 9.55 a-h 8.73 a-c 341.18 ab 
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Beekman 
2013 39.61 x 17.40 x 3.65 x 818.84 x 
2014 114.67 y 28.05 y 17.35 y 775.69 x 

Mean 77.14 a-d 22.73 hi 10.50 a-c 797.27 e-i 

Bounty 
2013 36.31 x 11.24 x 2.05 x 676.63 x 
2014 58.76 y 17.83 y 1.71 x 736.71 x 

Mean 47.53 a-d 14.54 a-i 1.88 ab 706.67 c-g 

Burpeachfive 
2013 41.06 x 4.35 x 5.71 x 367.79 y 
2014 56.91 y 8.30 y 6.85 x 193.18 x 

Mean 48.98 a-d 6.32 a-e 6.28 a-c 280.48 ab 

Canadian 
Harmony 

2013 28.68 x 4.92 x 4.45 x 400.09 x 
2014 54.90 y 10.96 y 10.27 y 377.36 x 

Mean 41.79 a-c 7.94 a-f 7.36 a-c 388.73 a-c 

Contender 
2013 29.17 x 3.99 x 1.94 x 279.84 x 
2014 69.65 y 19.58 y 4.56 x 992.37 y 

Mean 49.41 a-d 11.78 a-h 3.25 ab 636.10 b-g 

Coronet 
2013 71.65 y 16.56 y 4.11 y 876.37 y 
2014 39.18 x 6.42 x 2.74 x 368.40 x 

Mean 55.42 a-d 11.49 a-h 3.42 ab 622.39 b-g 

Crimson 
Rocket 

2013 15.58 x 5.55 x 2.17 x 446.53 x 
2014 61.34 y 18.73 y 2.40 x 650.26 y 

Mean 38.46 ab 12.14 a-h 2.28 ab 548.39 a-f 

Diamond 
Princess 

2013 36.33 x 3.11 x 9.25 y 284.47 x 
2014 76.00 y 5.66 y 2.85 x 274.27 x 

Mean 56.16 a-d 4.39 a-c 6.05 a-c 279.37 ab 

Early Loring 
2013 32.16 x 2.15 x 3.08 x 409.13 x 
2014 94.31 y 18.35 y 13.24 x 709.13 y 

Mean 63.24 a-d 10.25 a-h 8.16 a-c 559.13 a-f 

Ernie's Choice 
2013 20.81 x 5.98 x 4.80 x 550.73 x 
2014 113.88 y 32.16 y 33.22 y 1121.79 y 

Mean 67.35 a-d 19.07 e-i 19.01 e 836.26 f-i 

FA 52 
2013 24.62 x 3.12 x 1.94 x 266.43 x 
2014 42.05 y 8.39 y 2.05 x 472.87 y 

Mean 33.34 ab 5.75 a-e 2.00 ab 369.65 a-c 

FA 59 
2013 17.82 x 5.07 x 3.31 x 388.82 x 
2014 62.48 y 29.50 y 5.71 y 590.01 y 

Mean 40.15 ab 17.28 b-i 4.51 ab 489.42 a-e 
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Mean 47.39 a-d 4.72 a-c 5.26 a-c 340.15 ab 

11 Ball 
2013 14.96 x 1.59 x 2.28 x 257.92 x 
2014 31.61 y 5.80 y 1.82 x 305.26 y 

Mean 23.29 a 3.70 ab 2.05 ab 281.59 ab 

9 Ball 
2013 15.78 x 4.19 y 1.82 x 396.30 y 
2014 51.36 y 1.24 x 2.85 x 235.40 x 

Mean 33.57 ab 2.72 a 2.34 ab 315.85 ab 
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Mean 95.58 d 9.55 a-h 8.73 a-c 341.18 ab 
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FA 80 
2013 18.06 x 5.42 x 2.51 x 440.76 x 
2014 54.24 y 8.75 y 4.23 y 544.57 y 

Mean 36.15 ab 7.09 a-e 3.37 ab 492.67 a-e 

Flavortop 
2013 15.21 x 8.18 x 4.68 x 426.11 x 
2014 59.49 y 35.49 y 6.62 y 1271.01 y 

Mean 37.35 ab 21.83 g-i 5.65 a-c 848.56 f-i 

FlavrBurst 
2013 20.02 x 4.39 x 4.91 y 516.59 x 
2014 48.71 y 6.24 y 3.88 x 525.51 x 

Mean 34.37 ab 5.32 a-d 4.40 ab 521.05 a-f 

Glohaven 
2013 25.31 x 9.54 x 2.05 x 551.05 x 
2014 80.44 y 25.57 y 5.25 y 1064.69 y 

Mean 52.87 a-d 17.55 c-i 3.65 ab 807.87 e-i 

Harrow 
Beauty 

2013 36.77 x 2.32 x 1.82 x 181.99 x 
2014 150.82 y 10.32 y 17.81 y 241.09 x 

Mean 93.80 cd 6.32 a-e 9.82 a-c 211.54 a 

Intrepid 
2013 37.66 x 19.84 x 3.65 x 1011.32 x 
2014 99.38 y 23.67 x 6.17 y 1210.76 y 

Mean 68.52 a-d 21.76 g-i 4.91 a-c 1111.04 i 

John Boy II 
2013 35.12 x 4.98 x 3.42 x 381.89 y 
2014 56.32 y 7.17 y 8.45 y 225.37 x 

Mean 45.72 a-d 6.08 a-e 5.93 a-c 303.63 ab 

Julyprince 
2013 42.78 x 7.34 x 7.53 y 760.40 y 
2014 78.06 y 5.44 x 2.17 x 270.99 x 

Mean 60.42 a-d 6.39 a-e 4.85 a-c 515.70 a-f 

Late 24-007 
2013 12.93 x 0.64 x 4.91 x 124.15 x 
2014 63.70 y 19.42 y 6.62 y 558.31 y 

Mean 38.32 ab 10.03 a-h 5.77 a-c 341.23 ab 

Late Large 23 
2013 43.71 x 3.75 x 2.96 y 253.65 x 
2014 55.77 y 9.17 y 1.25 x 345.30 y 

Mean 49.74 a-d 6.46 a-e 2.11 ab 299.48 ab 

Loring 
2013 30.29 x 8.23 x 3.77 x 467.01 x 
2014 166.34 y 28.73 y 8.90 y 1322.60 y 

Mean 98.32 d 18.48 d-i 6.34 a-c 894.80 g-i 

Majestic 
2013 22.10 x 1.71 x 2.74 x 323.89 x 
2014 36.32 y 8.60 y 7.76 x 515.48 y 

Mean 29.21 a 5.15 a-d 5.25 a-c 419.68 a-d 
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PF 15A 
2013 26.73 x 3.77 x 4.80 x 308.69 y 
2014 65.66 y 7.45 y 8.10 y 184.77 x 

Mean 46.20 a-d 5.61 a-e 6.45 a-c 246.73 a 

PF 17 
2013 19.10 x 6.22 x 2.17 x 412.18 x 
2014 105.13 y 19.67 y 15.07 y 512.14 y 

Mean 62.12 a-d 12.95 a-h 8.62 a-c 462.16 a-d 

PF 24-007 
2013 32.14 x 5.97 x 3.99 x 470.06 x 
2014 92.13 y 29.03 y 18.26 y 1021.65 y 

Mean 62.14 a-d 17.50 c-i 11.13 bc 745.86 d-h 

PF Lucky 24B 
2013 41.62 x 3.59 x 2.74 x 304.38 x 
2014 96.11 y 18.66 y 4.34 x 366.00 y 

Mean 68.86 a-d 11.13 a-h 3.54 ab 335.19 ab 

Redglobe 
2013 16.03 x 14.36 x 4.34 x 1029.40 x 
2014 69.29 y 26.85 y 6.62 x 1049.47 x 

Mean 42.66 a-c 20.61 f-i 5.48 a-c 1039.44 hi 

Reliance 
2013 40.04 x 4.49 x 2.39 y 286.49 x 
2014 68.15 y 15.50 y 1.03 x 299.43 x 

Mean 54.09 a-d 10.00 a-h 1.71 a 292.96 ab 

Summerbeaut 
2013 35.35 x 5.93 x 6.74 y 457.63  y 
2014 56.63 y 14.15 y 4.00 x 335.22 x 

Mean 45.99 a-d 10.04 a-h 5.37 a-c 396.42 a-c  

Summergold 
2013 26.83 x 26.18 y 8.56 x 1236.83 y 
2014 69.82 y 16.02 x 18.04 y 610.33 x 

Mean 48.33 a-d 21.10 g-i 13.30 cd 923.58 g-i 

Suncrest 
2013 40.00 x 17.33 x 5.48 x 1134.75 x 
2014 134.45 y 50.23 y 29.11 y 1614.24 y 

Mean 87.22 b-d 33.78 j 17.30 de 1374.49 j 

Sunhigh 
2013 20.98 x 3.51 x 1.71 x 331.20 x 
2014 61.27 y 10.96 y 3.42 x 509.23 y 

Mean 41.12 a-c 7.24 a-e 2.57 ab 420.21 a-d 

Sweet Breeze 
2013 32.07 x 5.72 x 2.05 x 384.43 x 
2014 78.70 y 17.89 y 11.64 y 709.13 y 

Mean 55.38 a-d 11.80 a-h 6.85 a-c 546.78 a-f 

Sweet Dream 
2013 30.20 x 8.83 x 3.08 x 798.65   y 
2014 42.59 y 9.40 x 2.74 x 673.45 x 

Mean 36.40 ab 9.11 a-g 2.91 ab 736.05 d-h 
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Suncrest 
2013 40.00 x 17.33 x 5.48 x 1134.75 x 
2014 134.45 y 50.23 y 29.11 y 1614.24 y 
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2014 61.27 y 10.96 y 3.42 x 509.23 y 

Mean 41.12 a-c 7.24 a-e 2.57 ab 420.21 a-d 

Sweet Breeze 
2013 32.07 x 5.72 x 2.05 x 384.43 x 
2014 78.70 y 17.89 y 11.64 y 709.13 y 

Mean 55.38 a-d 11.80 a-h 6.85 a-c 546.78 a-f 

Sweet Dream 
2013 30.20 x 8.83 x 3.08 x 798.65   y 
2014 42.59 y 9.40 x 2.74 x 673.45 x 

Mean 36.40 ab 9.11 a-g 2.91 ab 736.05 d-h 

48	
	

	

White County 
2013 23.00 x 4.88 x 1.82 x 599.51 x 
2014 87.84 y 47.75 y 14.61 y 1533.00 y 

Mean 55.42 a-d 26.32 i 8.22 a-c 1066.25 i 

Winblo 
2013 44.52 x 34.66 y 6.85 y 1630.07 y 
2014 72.53 y 8.61 x 1.25 x 462.24 x 

Mean 58.53 a-d 21.64 g-i 4.05 ab 1046.15 hi 

Genotype Year Total phenolics 
(mg GAE/100g)   

Flavonoids  
(mg CE/100g)  

Anthocyanins 
(mg C3GE/k) 

Antioxidants 
(µg TE/g)  

  
Late season 

Ambre™ 
Monam  

2013 17.35 x 16.23 x 2.62 x 696.63 x 
2014 101.74 y 40.31 y 8.22 y 1423.70 y 

Mean 59.55 28.27 b-d 5.42 ab 1060.16 e-g 

Augustprince 
2013 33.44 x 8.96 x 3.19 x 755.50 y 
2014 134.79 y 29.55 y 24.32 y 118.60 x 

Mean 84.12 19.26 a-c 13.75 cd 437.05 ab 

Autumn 
Flame 

2013 23.14 x 6.19 x 5.14 x 428.96 x 
2014 78.10 y 20.18 y 4.79 x 760.00 y 

Mean 50.62 13.18 ab 4.97 ab 594.48 a-d 

Autumn Red 
2013 49.25 x 45.71 x 4.80 x 1282.59 x 
2014 63.41 x 43.50 x 4.80 x 1227.88 x 

Mean 56.33 44.60 ef 4.80 ab 1255.24 gh 

Blake 
2013 21.81 x 7.94 x 2.97 x 562.55 x 
2014 56.53y 31.26 y 6.85 y 1189.14 y 

Mean 39.17 19.60 a-c 4.91 ab 875.85 c-f 

Burpeachfour 
2013 41.12 x 7.20 x 7.99 x 711.55 x 
2014 117.84 y 27.30 y 7.53 x 1252.48 y 

Mean 79.48 17.25 a-c 7.76 a-c 982.02 d-g 

Carolina Gold 
2013 65.24 x 21.29 y 4.34 x 1264.29 y 
2014 91.51 y 13.73 x 16.44 y 624.91 x 

Mean 78.37 17.51 a-c 10.39 a-c 944.60 d-g 

CaroTiger 
2013 61.92 x 13.67 x 8.90 x 1439.36 y 
2014 73.80 x 30.43 y 9.93 x 1319.62 x 

Mean 67.86 22.05 a-c 9.42 a-c 1379.49 h 

Cresthaven 
2013 29.482 x 7.4307 x 3.078 x 465.036 x 
2014 40.79 y 34.40 y 12.79 y 1168.33 y 
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Mean 35.14 20.92 a-c 7.93 a-c 816.68 b-e 

Elberta 
2013 46.19 x 38.29 x 7.88 x 1882.39 x 
2014 89.94 y 65.59 y 19.18 y 1855.51 x 

Mean 68.07 51.94 fg 13.53 cd 1868.95 i 

Encore 
2013 40.54 x 27.19 x 3.42 x 1251.80 x 
2014 139.26 y 53.48 y 14.04 y 1603.06 y 

Mean 89.9 40.34 de 8.73 a-c 1427.43 h 

FA 17 
2013 41.45 x 6.34 x 1.60 x 400.12 y 
2014 52.81 y 8.54 y 3.88 x 229.11 x 

Mean 47.13 7.44 a 2.74 a 314.62 a 

FA 18 
2013 22.33 x 5.45 x 2.05 x 446.70 x 
2014 82.48 y 20.14 y 21.69 y 725.69 y 

Mean 52.4 12.80 ab 11.87 b-d 586.20 a-d 

FA 42 
2013 33.27 x 14.71 x 3.19 x 935.99 x 
2014 130.40 y 47.16 y 9.42 y 1497.20 y 

Mean 81.83 30.94 cd 6.31 a-c 1216.59 f-h 

Fantasia 
2013 33.53 x 10.17 x 7.65 y 645.00 x 
2014 67.07 y 16.01 y 3.08 x 635.01 x 

Mean 50.3 13.09 ab 5.37 ab 640.01 a-e 

Flameprince 
2013 31.00 x 9.20 x 2.62 x 708.63 x 
2014 71.75 y 15.32 y 5.48 x 720.76 x 

Mean 51.37 12.26 ab 4.05 ab 714.69 a-e 

Jerseyqueen 
2013 51.87 x 35.58 x 5.94 x 1790.90 x 
2014 113.73 y 76.40 y 13.02 y 2439.68 y 

Mean 82.8 55.99 g 9.48 a-c 2115.29 j 

Laurol 
2013 47.13 x 18.56 x 6.62 x 1139.39 x 
2014 127.36 y 44.38 y 12.67 y 1664.24 y 

Mean 87.25 31.47 cd 9.65 a-c 1401.82 h 

Madison 
2013 42.56 x 9.64 x 2.39 x 604.89 x 
2014 80.95 y 20.87 y 3.54 y 741.13 y 

Mean 61.76 15.26 a-c 2.97 a 673.01 a-e 

‘NJ351’ 
Gloria® 

2013 21.13 x 3.57 x 1.71 x 404.01 x 
2014 124.32 y 21.39 y 3.65 x 906.57 y 

Mean 72.73 12.48 ab 2.68 a 655.29 a-e 
‘NJ352’ 
Messina® 

2013 35.14 x 6.34 x 3.42 y 416.79 x 
2014 69.24 y 12.59 y 1.82 x 515.90 y 
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White County 
2013 23.00 x 4.88 x 1.82 x 599.51 x 
2014 87.84 y 47.75 y 14.61 y 1533.00 y 

Mean 55.42 a-d 26.32 i 8.22 a-c 1066.25 i 

Winblo 
2013 44.52 x 34.66 y 6.85 y 1630.07 y 
2014 72.53 y 8.61 x 1.25 x 462.24 x 

Mean 58.53 a-d 21.64 g-i 4.05 ab 1046.15 hi 

Genotype Year Total phenolics 
(mg GAE/100g)   

Flavonoids  
(mg CE/100g)  

Anthocyanins 
(mg C3GE/k) 

Antioxidants 
(µg TE/g)  

  
Late season 

Ambre™ 
Monam  

2013 17.35 x 16.23 x 2.62 x 696.63 x 
2014 101.74 y 40.31 y 8.22 y 1423.70 y 

Mean 59.55 28.27 b-d 5.42 ab 1060.16 e-g 

Augustprince 
2013 33.44 x 8.96 x 3.19 x 755.50 y 
2014 134.79 y 29.55 y 24.32 y 118.60 x 

Mean 84.12 19.26 a-c 13.75 cd 437.05 ab 

Autumn 
Flame 

2013 23.14 x 6.19 x 5.14 x 428.96 x 
2014 78.10 y 20.18 y 4.79 x 760.00 y 

Mean 50.62 13.18 ab 4.97 ab 594.48 a-d 

Autumn Red 
2013 49.25 x 45.71 x 4.80 x 1282.59 x 
2014 63.41 x 43.50 x 4.80 x 1227.88 x 

Mean 56.33 44.60 ef 4.80 ab 1255.24 gh 

Blake 
2013 21.81 x 7.94 x 2.97 x 562.55 x 
2014 56.53y 31.26 y 6.85 y 1189.14 y 

Mean 39.17 19.60 a-c 4.91 ab 875.85 c-f 

Burpeachfour 
2013 41.12 x 7.20 x 7.99 x 711.55 x 
2014 117.84 y 27.30 y 7.53 x 1252.48 y 

Mean 79.48 17.25 a-c 7.76 a-c 982.02 d-g 

Carolina Gold 
2013 65.24 x 21.29 y 4.34 x 1264.29 y 
2014 91.51 y 13.73 x 16.44 y 624.91 x 

Mean 78.37 17.51 a-c 10.39 a-c 944.60 d-g 

CaroTiger 
2013 61.92 x 13.67 x 8.90 x 1439.36 y 
2014 73.80 x 30.43 y 9.93 x 1319.62 x 

Mean 67.86 22.05 a-c 9.42 a-c 1379.49 h 

Cresthaven 
2013 29.482 x 7.4307 x 3.078 x 465.036 x 
2014 40.79 y 34.40 y 12.79 y 1168.33 y 
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Mean 35.14 20.92 a-c 7.93 a-c 816.68 b-e 

Elberta 
2013 46.19 x 38.29 x 7.88 x 1882.39 x 
2014 89.94 y 65.59 y 19.18 y 1855.51 x 

Mean 68.07 51.94 fg 13.53 cd 1868.95 i 

Encore 
2013 40.54 x 27.19 x 3.42 x 1251.80 x 
2014 139.26 y 53.48 y 14.04 y 1603.06 y 

Mean 89.9 40.34 de 8.73 a-c 1427.43 h 

FA 17 
2013 41.45 x 6.34 x 1.60 x 400.12 y 
2014 52.81 y 8.54 y 3.88 x 229.11 x 

Mean 47.13 7.44 a 2.74 a 314.62 a 

FA 18 
2013 22.33 x 5.45 x 2.05 x 446.70 x 
2014 82.48 y 20.14 y 21.69 y 725.69 y 

Mean 52.4 12.80 ab 11.87 b-d 586.20 a-d 

FA 42 
2013 33.27 x 14.71 x 3.19 x 935.99 x 
2014 130.40 y 47.16 y 9.42 y 1497.20 y 

Mean 81.83 30.94 cd 6.31 a-c 1216.59 f-h 

Fantasia 
2013 33.53 x 10.17 x 7.65 y 645.00 x 
2014 67.07 y 16.01 y 3.08 x 635.01 x 

Mean 50.3 13.09 ab 5.37 ab 640.01 a-e 

Flameprince 
2013 31.00 x 9.20 x 2.62 x 708.63 x 
2014 71.75 y 15.32 y 5.48 x 720.76 x 

Mean 51.37 12.26 ab 4.05 ab 714.69 a-e 

Jerseyqueen 
2013 51.87 x 35.58 x 5.94 x 1790.90 x 
2014 113.73 y 76.40 y 13.02 y 2439.68 y 

Mean 82.8 55.99 g 9.48 a-c 2115.29 j 

Laurol 
2013 47.13 x 18.56 x 6.62 x 1139.39 x 
2014 127.36 y 44.38 y 12.67 y 1664.24 y 

Mean 87.25 31.47 cd 9.65 a-c 1401.82 h 

Madison 
2013 42.56 x 9.64 x 2.39 x 604.89 x 
2014 80.95 y 20.87 y 3.54 y 741.13 y 

Mean 61.76 15.26 a-c 2.97 a 673.01 a-e 

‘NJ351’ 
Gloria® 

2013 21.13 x 3.57 x 1.71 x 404.01 x 
2014 124.32 y 21.39 y 3.65 x 906.57 y 

Mean 72.73 12.48 ab 2.68 a 655.29 a-e 
‘NJ352’ 
Messina® 

2013 35.14 x 6.34 x 3.42 y 416.79 x 
2014 69.24 y 12.59 y 1.82 x 515.90 y 
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Mean 52.19 9.46 a 2.62 a 466.35 a-c 

PF 2050 
2013 35.19 x 6.44 x 3.77 x 484.56 x 
2014 140.20 y 17.62 y 4.34 x 864.69 y 

Mean 87.7 12.03 ab 4.05 ab 674.62 a-e 

PF 25 
2013 22.09 x 4.74 x 2.39 x 450.32 x 
2014 85.30 y 35.72 y 5.94 y 1459.45 y 

Mean 53.7 20.23 a-c 4.17 ab 954.89 d-g 

PF 27A 
2013 30.18 x 9.51 x 2.51 x 527.76 x 
2014 96.14 y 27.06 y 7.76 y 1027.97 y 

Mean 63.16 18.29 a-c 5.14 ab 777.87 b-e 

PF 28-007 
2013 35.92 x 3.98 x 2.62 x 306.23 x 
2014 95.29 y 23.55 y 6.62 y 1053.31 y 

Mean 65.6 13.76 ab 4.62 ab 679.77 a-e 

PF 30-007 
2013 12.84 x 6.38 x 2.17 x 385.99 x 
2014 138.71 y 15.80 y 13.24 y 419.30 x 

Mean 75.78 11.09 ab 7.70 a-c 402.64 ab 

Redskin 
2013 59.66 x 14.00 x 4.57 x 828.53 x 
2014 88.06 y 24.16 y 13.01 x 903.61 x 

Mean 73.86 19.08 a-c 8.79 a-c 866.07 c-f 

Summer Fire 
2013 11.63 x 1.94 x 2.62 x 283.50 x 
2014 109.32 y 13.76 y 14.61 y 547.73 y 

Mean 60.48 7.85 a 8.62 a-c 415.61 ab 

SummerFest 
2013 17.28 x 4.72 x 1.60 x 395.24 x 
2014 149.89 y 29.44 y 7.53 y 1167.24 y 

Mean 83.58 17.08 a-c 4.57 ab 781.24 b-e 

Sweet N Up 
2013 14.26 x 12.26 x 2.85 x 581.80 x 
2014 120.90 y 26.58 y 3.88 x 1027.00 y 

Mean 67.58 19.42 a-c 3.37 ab 804.40 b-e 

Tra-Zee 
2013 50.69 x 6.96 x 22.94 x 1078.21 y 
2014 95.64 y 26.44 y 11.30 x 74.60 x 

Mean 73.17 16.70 a-c 17.12 d 576.41 a-d 

Victoria 
2013 51.94 x 12.35 x 3.65 x 959.57 x 
2014 116.29 y 21.87 y 7.08 x 1005.01 x 

Mean 84.11 17.11 a-c 5.37 ab 982.29 d-g 
zMeans within columns and harvest season followed by common letters do not differ at the 5% level of 
significance by Student-Newman-Keuls’s test and t test. Letters (a-k) represent significant differences 
between cultivars across two years according to Student-Newman-Keuls’s test, while letters (x, y) 
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was much wider in our study, which could be 
explained by differences in the analyzed ma-
terial. As expected, the highest accumulation 
of anthocyanin (16.9 and 42.8 mg C3GE/
kg FW in 2013 and 2014, respectively) was 
observed in the red flesh advanced selec-
tion, which was 5-fold higher than in white 
(4.9 and 8.1 mg C3GE/kg FW in 2013 and 
2014, respectively) and yellow (3.9 and 7.2 
mg C3GE/kg FW in 2013 and 2014, respec-
tively) cultivars (Tables 4 and 5). Vizzotto et 
al. (2007) reported no significant differences 
in accumulation of anthocyanins between 
white and yellow flesh peaches and a 9 to 
50-fold increase in anthocyanin accumula-
tion in red-fleshed peaches (~ 45 – 266 mg 
C3GE/100g fresh tissue). Although Viz-
zotto et al. (2007) measured accumulation of 
phenolic compounds in samples comprised 
from both flesh and skin, accumulation in 
white and yellow flesh material was similar 
to those reported in this study regardless of 
the level of skin blush. Our results suggest 
that red-fleshed germplasm should be used to 
significantly increase the anthocyanin levels 

within the breeding program. Currently, there 
is no substantial red-fleshed peach market in 
the United States, and it is questionable if the 
increased health benefits of red-fleshed culti-
vars would be sufficient to overcome the lack 
of acceptance in today’s market. 
 No significant differences in anthocyanin 
accumulation were observed between differ-
ent ripening seasons in 2013 (Table 4). How-
ever, ripening season gradually affected the 
accumulation of anthocyanins as indicated 
by the statistically significant differences 
between different ripening seasons in 2014 
(Table 5). The lowest accumulation [3.6 (± 
2.3) mg C3GE per kg of FW] was observed 
in early ripening and the highest [10.1 (± 6.1) 
mg C3GE per kg of FW] in late ripening 
peach and nectarine cultivars with mid-sea-
son peaches and nectarines accumulating on 
average 8.2 (± 7.1) mg C3GE per kg of FW 
(Table 3). Increases in the level of anthocya-
nins as the ripening season progresses could 
be explained in the context of increased sug-
ar concentration in fruit of late ripening cul-
tivars. The link between anthocyanin levels 

50	
	

	

Mean 52.19 9.46 a 2.62 a 466.35 a-c 

PF 2050 
2013 35.19 x 6.44 x 3.77 x 484.56 x 
2014 140.20 y 17.62 y 4.34 x 864.69 y 

Mean 87.7 12.03 ab 4.05 ab 674.62 a-e 

PF 25 
2013 22.09 x 4.74 x 2.39 x 450.32 x 
2014 85.30 y 35.72 y 5.94 y 1459.45 y 

Mean 53.7 20.23 a-c 4.17 ab 954.89 d-g 

PF 27A 
2013 30.18 x 9.51 x 2.51 x 527.76 x 
2014 96.14 y 27.06 y 7.76 y 1027.97 y 

Mean 63.16 18.29 a-c 5.14 ab 777.87 b-e 

PF 28-007 
2013 35.92 x 3.98 x 2.62 x 306.23 x 
2014 95.29 y 23.55 y 6.62 y 1053.31 y 

Mean 65.6 13.76 ab 4.62 ab 679.77 a-e 

PF 30-007 
2013 12.84 x 6.38 x 2.17 x 385.99 x 
2014 138.71 y 15.80 y 13.24 y 419.30 x 

Mean 75.78 11.09 ab 7.70 a-c 402.64 ab 

Redskin 
2013 59.66 x 14.00 x 4.57 x 828.53 x 
2014 88.06 y 24.16 y 13.01 x 903.61 x 

Mean 73.86 19.08 a-c 8.79 a-c 866.07 c-f 

Summer Fire 
2013 11.63 x 1.94 x 2.62 x 283.50 x 
2014 109.32 y 13.76 y 14.61 y 547.73 y 

Mean 60.48 7.85 a 8.62 a-c 415.61 ab 

SummerFest 
2013 17.28 x 4.72 x 1.60 x 395.24 x 
2014 149.89 y 29.44 y 7.53 y 1167.24 y 

Mean 83.58 17.08 a-c 4.57 ab 781.24 b-e 

Sweet N Up 
2013 14.26 x 12.26 x 2.85 x 581.80 x 
2014 120.90 y 26.58 y 3.88 x 1027.00 y 

Mean 67.58 19.42 a-c 3.37 ab 804.40 b-e 

Tra-Zee 
2013 50.69 x 6.96 x 22.94 x 1078.21 y 
2014 95.64 y 26.44 y 11.30 x 74.60 x 

Mean 73.17 16.70 a-c 17.12 d 576.41 a-d 

Victoria 
2013 51.94 x 12.35 x 3.65 x 959.57 x 
2014 116.29 y 21.87 y 7.08 x 1005.01 x 

Mean 84.11 17.11 a-c 5.37 ab 982.29 d-g 
zMeans within columns and harvest season followed by common letters do not differ at the 5% level of 
significance by Student-Newman-Keuls’s test and t test. Letters (a-k) represent significant differences 
between cultivars across two years according to Student-Newman-Keuls’s test, while letters (x, y) 

z  Means within columns and harvest season followed by common letters do not differ at the 5% level of significance, by Student-
Newman-Keuls's and t test. Letters (a-k) represent significant differences between cultivars across two years according to 
Student-Newman-Keuls's test, while letters (x, y) represent significant differences between years according to t test.
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Table 2. Comparison of phytochemical compounds and antioxidant capacity among peaches and 
nectarines, flesh colors, ripening groups and cultivar release date in 2013. No., number of 
observations; GAE, Gallic acid equivalents; CE, Catechin equivalents; C3GE, Cyanidin-3-
glucoside equivalents; TE, Trolox equivalents.   

 

 No. z Total phenolics 
(mg GAE/100g) 

Flavonoids 
(mg CE/100g)  

Anthocyanins 
(mg C3GE/kg)  

Antioxidant 
capacity (µg TE/g)  

Fruit type 
Peach 115 30.6 ± 13.0 by 9.2 ± 8.5 a 3.9 ± 2.8 a 596.7 ± 366.4 a 
Nectarine   17 23.2 ± 10.1 a 9.3 ± 7.5 a 5.4 ± 4.1 a 537.6 ± 282.7 a 

Flesh color 
White 29 29.6 ± 13.9 a 10.6 ± 9.1 a 4.9 ± 3.6 a 628.0 ± 361.1 a 
Yellow 103 29.6 ± 12.7 a 8.8 ± 8.1 a 3.9 ± 2.8 a 578.1 ± 356.0 a 
Red

x

  1 57.3 b 31.1 b 16.9 b 1689.5 b 
Ripening season 

Early 40 23.7 ± 8.5 a 7.0 ± 5.2 a 4.2 ± 3.5 a 460.2 ± 224.3 a 
Mid 50 29.7 ± 11.5 b 7.6 ± 6.6 a 3.8 ± 1.9 a 524.3 ± 306.3 a 
Late 42 35.1 ± 15.5 c 13.2 ± 10.9 b 4.3 ± 3.6 a 789.0 ± 428.4 b 

Release date 
<1960 14 37.2 ± 20.5 b 13.7 ± 12.2 a 4.1 ± 2.1 a 771.7 ± 483.7 a 
1960 - 1990 28 33.9 ± 9.5 ab 10.9 ± 9.3 a 4.7 ± 4.1 a 677.7 ± 406.7 a 
>1990 81 27.2 ± 11.7 a 8.1 ± 7.0  a 4.1 ± 2.8 a 545.4 ± 307.9 a 
zData indicates mean ± standard deviation.  
yMeans within column and fruit characteristic followed by common letters do not differ at the 5% level of 
significance, by Student-Newman- Keuls’s and t test. 
xData obtained for red flesh accession used only in flesh color comparisons. 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	 	

Table 4. Comparison of phytochemical compounds and antioxidant capacity among peaches and nectarines, 
flesh colors, ripening groups and cultivar realease date in 2013. No., number of observations; GAE, Gallic acid 
equivalents; CE, Catechin equivalents; C3GE, Cyanidin-3-glucoside equivalents; TE, Trolox equivalents.

z  Data indicates mean ± standard deviation.
y Means within column and fruit characteristic followed by common letters do not differ at the 5% level of significance, by 

Student-Newman-Keuls's and t test.
x Data obtained for red flesh accession used only in flesh color comparisons.
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Table 3. Comparison of phytochemical compounds and antioxidant capacity among peaches and 
nectarines, flesh colors, ripening groups and cultivar release date in 2014. No., number of 
observations; GAE, Gallic acid equivalents; CE, Catechin equivalents; C3GE, Cyanidin-3-
glucoside equivalents; TE, Trolox equivalents. 

 

 No.z Total phenolics 
(mg GAE/100g) 

Flavonoids 
(mg CE/100g)  

Anthocyanins 
(mg C3GE/kg)  

Antioxidant 
capacity (µg 

TE/g)  

Fruit type 
Peach 115 76.1 ± 33.2 ay 19.7 ± 13.9 a 7.6 ± 6.4 a 698.9 ± 455.9 a 
Nectarine 17 64.8 ± 29.9 a 21.9 ± 15.1 a 6.2 ± 4.2 a 662.0 ± 371.1 a 

Flesh color 
White 29 67.6 ± 32.8 a 21.5 ± 15.8 a 8.1 ± 6.2 a 705.2 ± 422.7 a 
Yellow 103 76.6 ± 32.8 a 19.6 ± 13.8 a 7.2 ± 6.2 a 691.0 ± 452.8 a 
Red

x

 1 89.6 b   35.1 b   42.8 b   819.9 b   
Ripening season 

Early 40 51.4 ± 16.9 a 14.5 ± 10.7 a 3.6 ± 2.3 a 449.3 ± 237.3a 
Mid 50 74.7 ± 31.6 b 17.1 ± 10.6 a 8.2 ± 7.1 b 632.4 ± 358.6 b 
Late 42 96.5 ± 31.3 c 28.7 ± 16.2 b 10.1 ± 6.1 b 1000.8 ± 515.3 c 

Release date 
<1960 14 86.0 ± 38.7 a 29.2 ± 16.2 b 8.9 ± 6.2 a 959.3 ± 464.1 b 
1960 - 1990 28 72.2 ± 29.3 a 20.8 ± 15.7 a 7.3 ± 5.5 a 709.8 ± 522.4 a 
>1990 81 73.3 ± 33.0 a 18.6 ± 12.7 a 7.3 ± 6.6 a 653.3 ± 408.9 a 
zData indicates mean ± standard deviation.  
yMeans within column and fruit characteristic followed by common letters do not differ at the 5% level of 
significance, by Student-Newman- Keuls’s and t test. 
xData obtained for red flesh accession used only in flesh color comparisons. 
 
Table 4. Accumulation of total phenolics, flavonoids, anthocyanin, and antioxidants observed in 
22 accessions across three seasons. GAE, Gallic acid equivalents; CE, Catechin equivalents; 
C3GE, Cyanidin-3-glucoside equivalents; TE, Trolox equivalents. 
 
	

Year Total phenolics 
(mg GAE/100g)z 

 

Flavonoids  
(mg CE/100g) 

 

Anthocyanin  
(mg C3GE/kg) 

 

Antioxidants  
(µg TE/g) 

 

2012 6.4 ± 3.5 ay
 8.1 ± 7.7 a 24.6 ± 19.9 b 220.8 ± 153.5 a 

2013 34.9 ± 13.5 b 14.6 ± 12.6 b 5.2 ± 3.7 a 819.1 ± 509 c 
2014 69.1 ± 28.4 c 22.2 ± 17.1 c 8.1 ± 6.7 a 708.9 ± 479.9 b 

zData indicates means ± standard deviation.  
yMeans within columns followed by common letters do not differ at the 5% level of significance, by 
Student-Newman- Keuls’s test. 

Table 5. Comparison of phytochemical compounds and antioxidant capacity among peaches and nectarines, 
flesh colors, ripening groups and cultivar realease date in 2014. No., number of observations; GAE, Gallic acid 
equivalents; CE, Catechin equivalents; C3GE, Cyanidin-3-glucoside equivalents; TE, Trolox equivalents.

z  Data indicates mean ± standard deviation.
y Means within column and fruit characteristic followed by common letters do not differ at the 5% level of significance, by 

Student-Newman-Keuls's and t test.
x Data obtained for red flesh accession used only in flesh color comparisons.
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Table 2. Comparison of phytochemical compounds and antioxidant capacity among peaches and 
nectarines, flesh colors, ripening groups and cultivar release date in 2013. No., number of 
observations; GAE, Gallic acid equivalents; CE, Catechin equivalents; C3GE, Cyanidin-3-
glucoside equivalents; TE, Trolox equivalents.   

 

 No. z Total phenolics 
(mg GAE/100g) 

Flavonoids 
(mg CE/100g)  

Anthocyanins 
(mg C3GE/kg)  

Antioxidant 
capacity (µg TE/g)  

Fruit type 
Peach 115 30.6 ± 13.0 by 9.2 ± 8.5 a 3.9 ± 2.8 a 596.7 ± 366.4 a 
Nectarine   17 23.2 ± 10.1 a 9.3 ± 7.5 a 5.4 ± 4.1 a 537.6 ± 282.7 a 

Flesh color 
White 29 29.6 ± 13.9 a 10.6 ± 9.1 a 4.9 ± 3.6 a 628.0 ± 361.1 a 
Yellow 103 29.6 ± 12.7 a 8.8 ± 8.1 a 3.9 ± 2.8 a 578.1 ± 356.0 a 
Red

x

  1 57.3 b 31.1 b 16.9 b 1689.5 b 
Ripening season 

Early 40 23.7 ± 8.5 a 7.0 ± 5.2 a 4.2 ± 3.5 a 460.2 ± 224.3 a 
Mid 50 29.7 ± 11.5 b 7.6 ± 6.6 a 3.8 ± 1.9 a 524.3 ± 306.3 a 
Late 42 35.1 ± 15.5 c 13.2 ± 10.9 b 4.3 ± 3.6 a 789.0 ± 428.4 b 

Release date 
<1960 14 37.2 ± 20.5 b 13.7 ± 12.2 a 4.1 ± 2.1 a 771.7 ± 483.7 a 
1960 - 1990 28 33.9 ± 9.5 ab 10.9 ± 9.3 a 4.7 ± 4.1 a 677.7 ± 406.7 a 
>1990 81 27.2 ± 11.7 a 8.1 ± 7.0  a 4.1 ± 2.8 a 545.4 ± 307.9 a 
zData indicates mean ± standard deviation.  
yMeans within column and fruit characteristic followed by common letters do not differ at the 5% level of 
significance, by Student-Newman- Keuls’s and t test. 
xData obtained for red flesh accession used only in flesh color comparisons. 
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Table 3. Comparison of phytochemical compounds and antioxidant capacity among peaches and 
nectarines, flesh colors, ripening groups and cultivar release date in 2014. No., number of 
observations; GAE, Gallic acid equivalents; CE, Catechin equivalents; C3GE, Cyanidin-3-
glucoside equivalents; TE, Trolox equivalents. 

 

 No.z Total phenolics 
(mg GAE/100g) 

Flavonoids 
(mg CE/100g)  

Anthocyanins 
(mg C3GE/kg)  

Antioxidant 
capacity (µg 

TE/g)  

Fruit type 
Peach 115 76.1 ± 33.2 ay 19.7 ± 13.9 a 7.6 ± 6.4 a 698.9 ± 455.9 a 
Nectarine 17 64.8 ± 29.9 a 21.9 ± 15.1 a 6.2 ± 4.2 a 662.0 ± 371.1 a 

Flesh color 
White 29 67.6 ± 32.8 a 21.5 ± 15.8 a 8.1 ± 6.2 a 705.2 ± 422.7 a 
Yellow 103 76.6 ± 32.8 a 19.6 ± 13.8 a 7.2 ± 6.2 a 691.0 ± 452.8 a 
Red

x

 1 89.6 b   35.1 b   42.8 b   819.9 b   
Ripening season 

Early 40 51.4 ± 16.9 a 14.5 ± 10.7 a 3.6 ± 2.3 a 449.3 ± 237.3a 
Mid 50 74.7 ± 31.6 b 17.1 ± 10.6 a 8.2 ± 7.1 b 632.4 ± 358.6 b 
Late 42 96.5 ± 31.3 c 28.7 ± 16.2 b 10.1 ± 6.1 b 1000.8 ± 515.3 c 

Release date 
<1960 14 86.0 ± 38.7 a 29.2 ± 16.2 b 8.9 ± 6.2 a 959.3 ± 464.1 b 
1960 - 1990 28 72.2 ± 29.3 a 20.8 ± 15.7 a 7.3 ± 5.5 a 709.8 ± 522.4 a 
>1990 81 73.3 ± 33.0 a 18.6 ± 12.7 a 7.3 ± 6.6 a 653.3 ± 408.9 a 
zData indicates mean ± standard deviation.  
yMeans within column and fruit characteristic followed by common letters do not differ at the 5% level of 
significance, by Student-Newman- Keuls’s and t test. 
xData obtained for red flesh accession used only in flesh color comparisons. 
 
Table 4. Accumulation of total phenolics, flavonoids, anthocyanin, and antioxidants observed in 
22 accessions across three seasons. GAE, Gallic acid equivalents; CE, Catechin equivalents; 
C3GE, Cyanidin-3-glucoside equivalents; TE, Trolox equivalents. 
 
	

Year Total phenolics 
(mg GAE/100g)z 

 

Flavonoids  
(mg CE/100g) 

 

Anthocyanin  
(mg C3GE/kg) 

 

Antioxidants  
(µg TE/g) 

 

2012 6.4 ± 3.5 ay
 8.1 ± 7.7 a 24.6 ± 19.9 b 220.8 ± 153.5 a 

2013 34.9 ± 13.5 b 14.6 ± 12.6 b 5.2 ± 3.7 a 819.1 ± 509 c 
2014 69.1 ± 28.4 c 22.2 ± 17.1 c 8.1 ± 6.7 a 708.9 ± 479.9 b 

zData indicates means ± standard deviation.  
yMeans within columns followed by common letters do not differ at the 5% level of significance, by 
Student-Newman- Keuls’s test. 
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and levels of monosaccharides (glucose, ga-
lactose, rhamnose, and arabinose), di, or tri- 
saccharides in the tissue has been proposed 
(Bureau et al., 2009). 
 Antioxidant capacity. No significant 
differences were observed for antioxidant 
capacity between peach and nectarine, nor 
white and yellow flesh (Tables 4 and 5). 
The red flesh selection had a 2-fold higher 
antioxidant capacity on average (1,254.7 
µg Trolox/g FW) than white and yellow 
flesh peach or nectarine cultivars (~600 µg 
Trolox/g FW). White flesh cultivars ranged 
from 136 to 1,679.3 µg Trolox per g of FW 
for ‘Glacier’ and ‘Belle of Georgia’, respec-
tively (Table 2). Yellow flesh cultivars had 
a wider range in antioxidant capacity than 
white, with the overall lowest and high-
est values observed in ‘Crimson Lady’ and 
‘Jerseyqueen’ (93.3 and 2,115.3 µg Trolox 
per g of FW, respectively) (Table 3). Higher 
antioxidant capacity in red flesh peaches 
(Vizzotto et al., 2007) with no significant 
differences in antioxidant capacity of white 
and yellow, peach and nectarine cultivars is 
in agreement with previous reports (Tomás-
Barberán et al., 2001; Vizzotto et al., 2007). 
The average antioxidant capacity measured 
in yellow and white flesh peach germplasm 
in this study was comparable to the values 
reported in peach breeding germplasm by 
Vizzotto et al. (2007) and higher than those 
reported for Spanish peach cultivars (Reig, 
et al., 2013) and peach (Cantín et al., 2009b) 
and nectarine (Abidi et al., 2011) progeny 
from Spanish breeding programs. This is to 
be expected, since variability represented in 
previously analyzed material was lower than 
that in peach breeding germplasm analyzed 
here. 
 Ripening season significantly influenced 
antioxidant capacity, with the late ripen-
ing peach and nectarine cultivars exhibiting 
the highest antioxidant capacity (789 and 
1000.8 µg Trolox/ g FW) in 2013 and 2014, 
respectively (Tables 4 and 5). Early ripening 
peaches and nectarines averaged 454.7 (± 
230.4) µg Trolox per g of FW, while mid-

season cultivars   averaged 578.2 (± 337.7) 
µg Trolox per g of FW (Tables 4 and 5). 
This trend was true regardless of fruit type, 
peach or nectarine, and flesh color, white or 
yellow; antioxidant capacity in late ripen-
ing cultivars was significantly higher than 
in early and mid-season ones (Tables 4 and 
5). However, the opposite was observed in 
apricot where significantly higher levels of 
antioxidants, such as epigallocatechin and 
vitamins (A, E, b-carotene, and lycopene), 
were found in early-ripening cultivars (Gun-
dogdu et al., 2013). The high antioxidant ca-
pacity in late-maturing peach cultivars could 
be due to a high SSC. A positive correlation 
between maturity date and SSC in peach was 
previously reported (Eduardo et al., 2011). In 
addition, significant and positive correlations 
between SSC and antioxidant capacity, phe-
nolics, and flavonoids were reported in sev-
eral studies with peach and nectarine (Abidi 
et al., 2011; Cantín et al., 2009b; Font i For-
cada et al., 2014) supporting the essential 
role of sugars in the regulation of synthesis 
of phenolic compounds (DeJong, 1999; Font 
i Forcada et al., 2014).
 Interestingly, the highest antioxidant ca-
pacity, on average, was observed in heirloom 
cultivars (with release date < 1960), such 
as ‘Jerseyqueen’, ‘Elberta’ and ‘Belle of 
Georgia’, (2,115.3, 1,868.9 and 1,679.3 µg 
Trolox/ g FW, respectively) (Tables 2 and 3), 
while newer cultivars had the lowest capac-
ity (Table 5) to sequester/ scavenge reactive 
oxygen species (ROS). The high antioxidant 
capacity observed in heirloom cultivars sug-
gests that breeding for improved fruit quality 
and increased bioactive compounds is pos-
sible and that breeders could consider using 
heirloom cultivars to achieve that goal. The 
significant accumulation of non-enzymatic 
antioxidants (total phenolics, flavonoids and 
their subclass anthocyanins) in peach and 
nectarine cultivars supports the importance 
of these fruits for human health. 
 Genotype effects. The effect of genotype 
was studied on 21 cultivars and 1 advanced 
selection across three years (2012 – 2014). 
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No significant differences were observed 
within the genotypes for their total phenolics 
accumulation and antioxidant capacity, with 
‘Elberta’, ‘99P4388’, and ‘Belle of Georgia’ 
exhibiting the highest accumulation of to-
tal phenolics (≥ 50 mg GAE/100g FW) and 
the highest antioxidant capacity (> 1000 µg 
Trolox/g FW) (Figure 1). Lack of statistical 
differences might suggest stable accumula-

tion of total phenolics and thus antioxidant 
capacity in these genotypes across differ-
ent seasons, or might be an artifact from the 
small number of replicates (three/ genotype). 
When comparing mean values, a wide range 
of genetic variability among genotypes was 
observed showing the potential of this mate-
rial for breeders to improve levels of phyto-
chemical compounds. 
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Fig. 1. Total phenolics and antioxidant capacity evaluated among 22 peach and nectarine 
accessions over 3 years.  

 

 

 

 

Fig. 1. Total phenolics and antioxidant capacity evaluated among 22 peach and nectarine accessions over 3 
years.
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 Wide variability was also observed among 
22 genotypes for their flavonoids and antho-
cyanins accumulation (Figure 2). The lowest 
accumulation of flavonoids was observed 
in ‘Crimson Lady’ (3.9 mg CE/100g FW) 
across the three years, while the highest ac-
cumulation (> 30) was observed in advanced 
selection 99P4388, ‘Elberta’, and ‘Belle of 
Georgia’ (34.1, 40.3, and 40.5 mg CE/100g 
FW, respectively). Anthocyanins averaged 

significantly higher in red- fleshed advanced 
selection (84.3 mg C3GE/kg FW) than in 
yellow and white genotypes (3 – 16.5 mg 
C3GE/kg FW) across three years, which is 
expected given high level of anthocyanin 
pigments in red-fleshed peaches.  
 Environment effects. Different environ-
mental conditions over the three experimen-
tal years affected the accumulation of bioac-
tive compounds and their relative antioxidant 
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Fig. 2. Flavonoids and anthocyanins evaluated among 22 peach and nectarine accessions over 3 
years. Different letters indicate significant differences at P < 0.05 according to Student-Newman-
Keuls’s test. 

Fig. 2. Flavonoids and anthocyanins evaluated among 22 peach and nectarine accessions over 3 years. 
Different letters indicate significant differences at P < 0.05 according to Student-Newman-Keuls's test.
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capacity (Table 6) resulting in a large devia-
tion from the mean. During the entire ripen-
ing season (May through August), there were 
25 days exceeding a maximum daily tem-
perature of 35 ºC in 2012 compared to one 
day in 2013 and zero days in 2014 (Figure 3). 
Total rainfall from May through August was 
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Table 3. Comparison of phytochemical compounds and antioxidant capacity among peaches and 
nectarines, flesh colors, ripening groups and cultivar release date in 2014. No., number of 
observations; GAE, Gallic acid equivalents; CE, Catechin equivalents; C3GE, Cyanidin-3-
glucoside equivalents; TE, Trolox equivalents. 

 

 No.z Total phenolics 
(mg GAE/100g) 

Flavonoids 
(mg CE/100g)  

Anthocyanins 
(mg C3GE/kg)  

Antioxidant 
capacity (µg 

TE/g)  

Fruit type 
Peach 115 76.1 ± 33.2 ay 19.7 ± 13.9 a 7.6 ± 6.4 a 698.9 ± 455.9 a 
Nectarine 17 64.8 ± 29.9 a 21.9 ± 15.1 a 6.2 ± 4.2 a 662.0 ± 371.1 a 

Flesh color 
White 29 67.6 ± 32.8 a 21.5 ± 15.8 a 8.1 ± 6.2 a 705.2 ± 422.7 a 
Yellow 103 76.6 ± 32.8 a 19.6 ± 13.8 a 7.2 ± 6.2 a 691.0 ± 452.8 a 
Red

x

 1 89.6 b   35.1 b   42.8 b   819.9 b   
Ripening season 

Early 40 51.4 ± 16.9 a 14.5 ± 10.7 a 3.6 ± 2.3 a 449.3 ± 237.3a 
Mid 50 74.7 ± 31.6 b 17.1 ± 10.6 a 8.2 ± 7.1 b 632.4 ± 358.6 b 
Late 42 96.5 ± 31.3 c 28.7 ± 16.2 b 10.1 ± 6.1 b 1000.8 ± 515.3 c 

Release date 
<1960 14 86.0 ± 38.7 a 29.2 ± 16.2 b 8.9 ± 6.2 a 959.3 ± 464.1 b 
1960 - 1990 28 72.2 ± 29.3 a 20.8 ± 15.7 a 7.3 ± 5.5 a 709.8 ± 522.4 a 
>1990 81 73.3 ± 33.0 a 18.6 ± 12.7 a 7.3 ± 6.6 a 653.3 ± 408.9 a 
zData indicates mean ± standard deviation.  
yMeans within column and fruit characteristic followed by common letters do not differ at the 5% level of 
significance, by Student-Newman- Keuls’s and t test. 
xData obtained for red flesh accession used only in flesh color comparisons. 
 
Table 4. Accumulation of total phenolics, flavonoids, anthocyanin, and antioxidants observed in 
22 accessions across three seasons. GAE, Gallic acid equivalents; CE, Catechin equivalents; 
C3GE, Cyanidin-3-glucoside equivalents; TE, Trolox equivalents. 
 
	

Year Total phenolics 
(mg GAE/100g)z 

 

Flavonoids  
(mg CE/100g) 

 

Anthocyanin  
(mg C3GE/kg) 

 

Antioxidants  
(µg TE/g) 

 

2012 6.4 ± 3.5 ay
 8.1 ± 7.7 a 24.6 ± 19.9 b 220.8 ± 153.5 a 

2013 34.9 ± 13.5 b 14.6 ± 12.6 b 5.2 ± 3.7 a 819.1 ± 509 c 
2014 69.1 ± 28.4 c 22.2 ± 17.1 c 8.1 ± 6.7 a 708.9 ± 479.9 b 

zData indicates means ± standard deviation.  
yMeans within columns followed by common letters do not differ at the 5% level of significance, by 
Student-Newman- Keuls’s test. 

z  Data indicates means ± standard deviations.
y Means within columns followed by common letters do not differ at the 5% level of significance, by Student-Newman-Keul's 

test.

Table 6. Accumulation of total phenolics, flavonoids, anthocyanin, and antioxidants observed in 22 accessions 
across three seasons. GAE, Gallic acid equivalents; CE, Catechin equivalents; C3GE, Cyanidin-3-glucoside 
equivalents; TE, Trolox equivalents.

51.3, 102.3 and 35.7 cm in 2012, 2013, and 
2014, respectively. Furthermore, daily rain-
fall at the experimental location exceeded 3 
cm 14 times during 2013 season, while only 
5 times during each of the 2012 and 2014 
seasons. Average antioxidant capacity (in µg 
Trolox / g FW) was significantly higher in 

Figure 3. Weather conditions during the ripening season. Daily air temperature (°C) and rainfall (mm) at the 
Musser Fruit Research Center, Seneca, SC over three years [2012 (A), 2013 (B), and 2014 (C)].
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represent significant differences between years according to t test. 
 
 
 

 
Supplemental Figure 1. Weather conditions during the ripening season. Daily air temperature (ºC) 
and rainfall (mm) at the Musser Fruit Research Center, Seneca, SC over three years [2012 (A), 
2013 (B), and 2014 (C)]. 
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2013 (819.1) than in 2012 (222.8) and 2014 
(708.9). At the same time, accumulation of 
total phenolics (mg GAE/100 g FW) and 
flavonoids (mg CE/100g FW) were signifi-�
cantly higher in 2014 (69.1 and 22.2, respec-
tively) when compared to 2012 (6 and 8.2, 
respectively) and 2013 (34.9 and 14.6, re-
spectively). There was an opposite trend for 
the anthocyanin accumulation, with the high-
est average value in 2012 (24.6 mg C3GE/kg 
FW) and the lowest in 2013 (5.2 mg C3GE/
kg FW) (Table 7). Wet conditions in 2013 
might have contributed to the overproduction 
of ROS under anaerobic soil conditions caus-
ing the highest antioxidant capacity (Agati et 
al., 2012; Gill and Tuteja, 2010; Kassim et al., 
2009). The toxic effects of ROS are counter-
acted by enzymatic (superoxide dismutase, 
catalase, and glutathione peroxidase) as well 
as non-enzymatic (tocopherol, ascorbic acid, 
glutathione, carotenoids, and phenolic com-
pounds) antioxidative systems (Ahmad et al., 
2010; Blokhina et al., 2003; Gill and Tuteja, 
2010). Phenolics are diverse secondary me-
tabolites that include simple phenols (total 
phenolics) and polyphenols (flavonoids and 
their subgroup anthocyanins) (Goleniowski 
et al., 2013). Phenolic compounds are ideally 
structured for free radical scavenging activ-
ity (Goleniowski et al., 2013), therefore their 
depletion is an effect of increased antioxi-
dant productivity in protecting plants against 
oxidative stress damages. High anthocyanin 
accumulation in 2012 could be explained 
by the daily average temperatures of 25 ºC, 
which was 10 ºC warmer than in 2013. Fur-
thermore, solar radiation (837.6 W/m²) re-
corded in 2012 was very high compared to 
2013 and 2014 (data not shown). Influence 

of solar radiation, UV-B radiation in particu-
lar, on expression of genes such as bHLH3, 
WD40, and MYBPA1 that control anthocy-
anin biosynthesis in peach peel and flesh was 
previously reported (Ravaglia et al., 2013). 
However, Yang et al. (2013) documented 
inhibition of accumulation of anthocyanins 
under both high radiation and high precipita-
tion experimental years in red currant (Ribes 
sp.). The reduced accumulation of anthocya-
nins during a wet cloudy season (2013) in our 
study was similar to the negative effect of 
high precipitation on anthocyanin accumula-
tion in red currant (Yang et al., 2013). 
 Correlation analysis. Significant positive 
linear correlations were observed between 
different phenolic compounds across years of 
the study (Table 7). Antioxidant capacity was 
positively correlated with all other bioactive 
compounds. There was a positive correlation 
between flavonoids and total phenolics with 
the highest r-values in 2013 (r = 0.544, P < 
0.01, data not shown). Antioxidant capacity 
was positively correlated with total pheno-
lics in both years (2013 and 2014) (r = 0.615 
and 0.484, P < 0.01, respectively). A simi-
lar correlation between antioxidant capacity 
and total phenolics was previously reported 
in peach and nectarine (Abidi et al., 2011; 
Cantín et al., 2009b) and in sweet cherry 
(Serrano et al., 2005). Overall, the highest 
positive correlation coefficient (> 0.80) was 
observed in 2013 between antioxidant ca-
pacity and flavonoids (r = 0.898). However, 
the lowest correlation was between antioxi-
dant capacity and anthocyanins in 2013 (r = 
0.292, P < 0.01). This could be attributed to 
low accumulation of anthocyanin observed 
in peaches and nectarines in this study. Fur-

Table 7. Pearson's correlation coefficients between antioxidant capacity and different phytochemical 
compounds in 132 peach and nectarine cultivars. GAE, Gallic acid equivalents; CE, Catechin equivalents; 
C3GE, Cyanidin-3-glucoside equivalents; TE, Trolox equivalents.

** Significant correlation at P < 0.01.
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Table 5. Pearson’s correlation coefficients between antioxidant capacity and different 
phytochemical compounds in 132 peach and nectarine cultivars. GAE, Gallic acid equivalents; 
CE, Catechin equivalents; C3GE, Cyanidin-3- glucoside equivalents. 

Year Total phenolics 
(mg GAE/100g)	

Flavonoids 
(mg CE/100g)	

Anthocyanin 
(mg C3GE/kg) 

2013 0.615** 0.898** 292**  
2014 0.484** 0.875** 431** 
** = Significant correlation at P < 0.01.  
	
	
	
	
Table 6. Pearson’s correlation coefficients between phytochemicals and fruit quality traits 
observed in the 132 peach and nectarine cultivars. TE, Trolox equivalents; GAE, Gallic acid 
equivalents; CE, Catechin equivalents; C3GE, Cyanidin-3-glucoside equivalents; FS, Fruit size; 
FW, Fruit weight; FF, Fruit firmness; SSC, Soluble solids concentration; TA, Titratable acidity; 
RI, Ripening index. 
 
Trait FSz   FW   FF   SSC   TA   RI   
Antioxidant capacity 
(µg TE/g) 

 
 nsy

 ns 
	

     ns 0.416**
 

	

ns 
	

ns 

Total phenolics  
(mg GAE/100g)  

	

 ns 
	

-0.314**
 

	

 0.425**
 

	

0.404**
 

	
ns 

	
ns 

Flavonoids  
(mg CE/100g)   
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0.425**
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Anthocyanin  
(mg C3GE/kg)  
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-ns 
	

  ns 
	

0.374**
 

	

 ns 
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Z Data represents average of 2 years (2013 and 2014). 
y**= Significant correlation at P < 0.01; ns = not significant  
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thermore, antioxidant capacity was linearly 
and positively correlated with both flavo-
noids and total phenolics. The highest cor-
relation coefficients (r = 0.90 and 0.86) were 
between antioxidant capacity and flavonoids 
in 2013 and 2014, respectively (3), indicat-
ing an important role flavonoids play as non-
enzymatic antioxidants in protecting against 
free radicals and enhancing the importance 
of phenolic compounds in the antioxidant 
property of plant extracts. Correlation analy-
sis between phytochemicals and fruit quality 
traits revealed total phenolics were signifi-
cantly positively correlated with fruit firm-
ness (FF; r = 0.425) and SSC (r = 0.404), but 
negatively correlated with fruit weight (FW; 
r = - 0.314) (Table 8). Flavonoids and antho-
cyanins were positively correlated with SSC 
(r = 0.425 and 0.374, respectively). Antioxi-
dant capacity also exhibited a positive cor-
relation with SSC (r = 0.416). SSC had the 
highest positive correlation (P < 0.01) with 
all phytochemical compounds reflecting the 
role that sugars play in complex metabolic 
processes, such as phenolics and flavonoids 
biosynthesis (DeJong, 1999; Font i Forcada 
et al., 2014). The positive correlation be-
tween SSC and phytochemical compounds 
reported in our study is in agreement with 
previous reports for peach (Font i Forcada 
et al., 2014; Abidi et al., 2011; Cantín et al., 
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CE, Catechin equivalents; C3GE, Cyanidin-3- glucoside equivalents. 
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Table 8. Pearson's correlation coefficients between phytochemicals and fruit quality traits observed in 
132 peach and nectarine cultivars. TE, Trolox equivalents; GAE, Gallic acid equivalents; CE, Catechin 
equivalents; C3GE, Cyanidin-3-glucoside equivalents; FS, Fruit size; FW, Fruit weight, FF, Fruit firmness; 
SSC, Soluble solids concentration; TA, Titratable acidity; RI, Ripening index.

z   Data represents average of 2 years (2013 and 2014)
y** Significant correlation at P < 0.01; ns = non significant

2009 a, b).
 Principal components analysis (PCA). 
The PCA of 132 individuals showed that 
53 % of the observed variance could be ex-
plained by the first two components (PC1 
and 2). PC1 includes phytochemical com-
pounds and some fruit quality parameters, 
such as SSC, FF and index of absorbance 
difference (IAD; IAD), while PC2 represents 
FS, FW and RI (Figure 5). The PC1 and PC2 
axes explained 31.7 % and 21.3 % of total 
variability, respectively. The PCA results 
confirmed a close relationship between bio-
active compounds and SSC as observed with 
the Pearson correlation, supporting the hy-
pothesis that sweeter fruit tend to have higher 
levels of bioactive compounds and the role 
of SSC in the upregulation of plant second-
ary metabolites (Font i Forcada et al., 2014; 
DeJong, 1999). In addition, FF and IAD 
grouped together as they significantly and 
positively associated with each other (Figure 
5). High correlations between fruit maturity, 
IAD, and flesh firmness were previously re-
ported in stone fruits particularly in peach 
and nectarine (Gasic et al., 2016; Infante, 
2012) indicating more mature fruit being less 
firm and that firmness is a good indicator for 
determining the optimal maturity. However, 
IAD is highly genotype dependent (Gasic et 
al., 2016; Ziosi et al., 2008).  In standard soft-
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Fig. 3. Relationship between antioxidant capacity and flavonoid accumulation in the 132 peach 
and nectarine cultivars. Slopes are significant at the 1% level.	
	 	

Fig 4. Relationship between antioxidant capacity and flavonoid accumulation in the 132 peach and nectarine 
cultivars. Slopes are signficant at the 1% level.

Fig. 5. Principal component analysis of the  phytochemical compounds (black diamonds) and fruit quality 
(white circles) evaluated on 132 peach and nectarine cultivars across 2 years (2013 and 2014). Fruit quality 
abbreviations: FS, Fruit size; FW, Fruit weight; FF, Fruit firmness; SSC, Soluble solids concentration; TA, 
Titratable acidity; SSC/TA, Ripening index (RI); IAD, Index of Absorbance Difference (IAD).
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Fig. 4. Principal component analysis of the phytochemical compounds (black diamonds) and fruit 
quality (white circles) evaluated on 132 peach and nectarine cultivars across 2 years (2013 and 
2014). Fruit quality abbreviations: FS, Fruit size; FW, Fruit weight; FF, Fruit firmness; SSC, 
Soluble solids concentration; TA, Titratable acidity; SSC/TA, Ripening index (RI); IAD, Index 
of Absorbance Difference (IAD). 
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ening, melting, freestone peach and nectarine 
cultivars, FF and IAD are highly correlated, 
while in slow-softening type cultivars, such 
as ‘Sweet Dream’, FF at the time of harvest 
is high but the IAD value is low (less or no 
chlorophyll). The distribution of traits in PC2 
is likely due to a strong correlation between 
the traits. Indeed, the high positive correla-
tion observed between FW and FS in this 
study is in agreement with previous studies 
in peach (Yamaguchi et al., 2002) and other 
fruits (Bohner and Bangerth, 1988; Ho, 1996) 
supporting the hypothesis that final fruit size 
and weight are determined by cell division 
and expansion beside carbohydrate dilution 
within cells. In addition, grouping TA and RI 
separately in PC2 (negative side and positive 
side, respectively) could be interpreted by the 
negative correlation between these two traits 
(data not shown), where the RI was deter-
mined as the SSC/TA ratio  given that more 
mature fruit have less acidity and better taste 
for some consumers.

Conclusion
 Variability in the antioxidant capacity and 
accumulation of bioactive compounds within 
peach breeding germplasm could provide ge-
netic opportunities for breeding programs to 
continue enhancement of these healthy traits 
in newly developed cultivars while main-
taining other fruit qualities. It also portrays 
peach as a valuable source of health promot-
ing compounds for human consumption and 
provides valuable marketing tools to grow-
ers and retailers for delivering healthier food 
choices to consumers. Significant variation 
in the antioxidant capacity and bioactive 
compounds was observed in peach germ-
plasm with different flesh color, ripening sea-
son, release date, and across different years. 
In general, results indicated that late ripen-
ing peach cultivars such as white flesh ‘Belle 
of Georgia’ and yellow flesh ‘Jerseyqueen’ 
and ‘Elberta’ have the highest accumulation 
of phenolic compounds and antioxidant ca-
pacity. Both ‘Belle of Georgia’ and ‘Elberta’ 
are heirloom cultivars and ancestors of the 

modern U.S. peach germplasm that played 
an essential role in the development of the 
U.S. peach industry. In addition, inclusion 
of the red flesh advanced selection 99p4388 
in the study confirmed the potential of red 
flesh material for introducing variability in 
the fresh peach market and offering different 
healthy choices to consumers. Improvement 
of phytochemical compounds in newly de-
veloped cultivars is one of the objectives in 
many breeding programs besides improving 
fruit quality traits. Further study regarding 
analyzing individual phenolic compounds is 
needed to account for different health effects 
that individual phenolic compounds have on 
the human body.
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