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Abstract
To develop classification criteria for major fruit traits of peaches and nectarines (P. persica [L.] Batsch.), 

fruits from more than 800 accessions and 700 cultivars were analyzed for several quantitative fruit traits. Each 
trait was then converted to five categories spanning the range observed for fruit development period, fruit mass, 
soluble solids content, soluble sugars, titratable acidity, Vitamin C content and the ratio of soluble solids to titratable 
acidity. Correlations among these traits were also evaluated. Fruit development period was correlated with fruit 
mass, concentration of soluble solids, soluble sugars, titratable acidity and Vitamin C content. Positive correlations 
were also found between fruit mass and Vitamin C, soluble solids content and soluble sugars, Vitamin C and the 
ratio of soluble solids to titratable acidity. These results, obtained from a large number of accessions with different 
characteristics, measured in multiple locations and multiple years, can effectively provide researchers with practi-
cal, universal, valuable information for breeding and cultivation of peaches and nectarines.

 Peaches and nectarines (P. persica [L.] 
Batsch.), native to China, have been cultivated 
for at least three to four thousand years (22). 
From its center of origin, cultivation has been 
extended into many other countries in temper-
ate and subtropical zones with commercial 
production between 30º and 45º North and 
South latitudes (14). In 2006, the total area 
and production of cultivars in P. persica in 
the world reached 1,435,909 ha and 17.1 mil-
lion MT, respectively. The top three countries 
ranked by area and production were China, 
Italy and Spain (7). More than 5000 cultivars 
exist (1), of which 1000 or so are in China (22) 
and about 700 are in the USA (20). 
 In China, germplasm preservation of peach-
es and nectarines is the task of three national 
repositories, with many smaller ones in local 
areas. Many fruit traits have been recorded for 
years, but acceptable scales to be used for clas-
sifying fruit criteria have not been established. 
The International Institute of Plant Genetic 
Resources (IPGRI) published an evaluation 
system for peach and nectarine germplasm 
in the 1980s (19), and “descriptive symbols 
of pomological germplasm”, including those 
for peaches and nectarines, were published in 

1990 in China (17). The former listed 3, 5, 7 
and 9 as classes but without giving any cor-
responding values for quantities, and the latter 
barely mentioned classification scales. Neither 
gave complete information about fruit traits of 
peaches and nectarines. Good criteria should 
cover different geographic areas and large 
numbers of accessions/cultivars to guarantee 
spanning the extensive range of quantitative 
fruit traits in peach.
 Correlations among fruit yield, total soluble 
solids, total acidity, and the mass of fruit, 
pit, and kernel were studied in apricot (2). In 
peach, studies have shown correlations be-
tween total acidity and malic, citric and quinic 
acid contents, and also glucose and fructose 
contents (5); sucrose, sorbitol and quinic acid 
contents (23); the concentrations of sucrose 
and malic acid with citric acid concentration, 
flesh firmness and the concentration of reduc-
ing sugars (10); soluble sugars and FM (fruit 
mass) (11); FDP (fruit development period) 
and date of ripening, fruit blush, soluble sugars 
and TA (titratable acidity) (21); soluble sugars, 
Vc (Vitamin C) and TA (12). Some important 
traits like SSC (soluble solids concentration), 
and the ratio of SSC to TA have not been stud-
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ied, and correlations amongst several of these 
traits have not yet been completely analyzed. 
Besides the above-mentioned factors, there are 
unresolved problems such as contradictions in 
the literature, and the number of genotypes 
used for past analyses was generally below 
200 accessions or 100 cultivars, except for 
Guo et al. (12) who studied 253 accessions. 
Moreover, all these experiments used data 
only from one site, so it is difficult to apply the 
results to numerous cultivars and geographic 
locations.
 In order to address these questions, we 
developed quantitative classification criteria 
by analyzing FDP, FM, SSC, soluble sugars, 
TA, Vc, and ratio of SSC to TA, and analyzed 
relationships among the traits using data from 
more than 800 accessions and 700 cultivars 
of peaches and nectarines from different 
geographical locations. The objective was to 
provide universal, practical criteria and cor-
relation analyses for guiding breeding and cul-
tivation of peaches and nectarines of numerous 
genotypes in diverse environments.

Materials and Methods
 The experiment used 837 accessions of 
peaches and nectarines obtained primarily 
from three national repositories and several 
other locations in China as recorded previ-
ously (8, 9). Of these, 546 accessions were 
originally from China and 291 were from 
other countries. The genotypes included: 1) 
various cultivar groups [crisp peach, honey 
peach, juicy peach, yellow peach, flat peach, 
nectarine]; 2) different ecological types of cul-
tivars originating in Northern China, Central 
China and Europe; and 3) types with different 
qualitative traits such as presence/absence 
of pubescence, skin and flesh color, melt-
ing/non-melting flesh, freestone/ clingstone 
pits and pollen viability. These data for the 
837 genotypes are available as supplementary 
information in an Excel file from the author 
upon request by e-mail (chenzp@rose.whiob.
ac.cn or chenzp2000@hotmail.com). 
 All accessions were managed according to 
local recommendations for the regions. FDP 
was recorded as the period from blossom to 

fruit maturity. FM was measured by weight, 
SSC by refractometer, soluble sugars by the 
Tollens reagent method (13), TA by titration 
(15) and Vc by the 2,6-dichloro-indophenol 
titration method (4). Ten to twenty representa-
tive fruits were randomly collected from 3 to 
4 trees to conduct analyses for each accession. 
The values reported for each variable are the 
averages of data measured in two or three 
years. The data were stored and processed 
using Microsoft Excel and edited into a data 
bank of P. persica germplasm (8, 9). FDP, FM 
and SSC were measured on 837 accessions, 
soluble sugars and TA on 826 accessions, and 
Vc on 821 accessions. The measured values 
were then divided into fifteen sections [except 
for TA (20 sections) and SSC to TA ratio (13 
sections)], with reference to Liu et al. (16). 
Classes were calculated from values between 
the maximum and minimum divided by the 
number of sections. Besides the six traits al-
ready mentioned, the ratio of SSC to TA was 
also analyzed. To obtain reliable classifying 
criteria for major fruit traits, we combined the 
middle sections (with enormous numbers of 
samples) to define the intermediate values for 
the categories. Exceptions were made for TA 
and ratio of SSC to TA due to a severely asym-
metrical distribution of data for these traits. 
Correlations among fruit traits were analyzed 
in Microsoft Excel, and significance was de-
termined by comparing calculated correlation 
coefficients with standard values (16). 

Results and Discussion
 Of the 837 accessions, 375 representing 
159 cultivars were grown in two or three lo-
cations. When comparing data for accessions 
of the same cultivar in different locations, we 
observed that qualitative traits such as shape, 
flesh color, melting/nonmelting flesh, adher-
ence of pit to flesh and pollen viability were 
consistent, but data for quantitative traits like 
FM, SSC, soluble sugars, TA, Vc displayed 
valuable variation (data available from author 
as a supplementary Excel file). These facts 
affirmed that our approach of using data from 
numerous accessions and various locations to 
make universal criteria is likely to eliminate 
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errors or bias introduced by using only a few 
accessions growing in a single location. 
 Values for FDP, FM and SSC of the 837 
accessions were divided into 15 individual 
sections, following which we determined 
the classifying criteria according to both the 
middle sections and the range observed for 
each trait. Five categories were designated to 
cover the 15 sections of the frequencies; each 
category contained three sections (Tables 1 
to 3). The three highest frequencies were 
considered as “intermediate” on the scale. 
For soluble sugars and Vc, the methodology 
was the same, but the number of accessions 
differed (Tables 4 and 5). 
 For FDP, the three highest frequencies, at 
15.29%, 13.38% and 13.02% of the 837 acces-
sions sampled, were in the sections of 101-110 
d, 111-120 d and 121-130 d, respectively (Fig. 
1), so the intermediate category was set as 101-
130 d, and the other four categories were set as 
noted in Table 1. Likewise, for FM, the three 
highest frequencies (at 16.23%, 22.43% and 
18.85%) were in the sections of 90.1-110.0 g, 
110.1-130.0 g and 130.1-150.0 g, respectively 
(Fig. 2), so the “intermediate” category was 
set as 90.1-150.0 g, and the others were estab-
lished as noted in Table 2. For SSC, the three 

highest frequencies, at 18.64%, 21.63% and 
15.05% of the accessions, were in the sections 
of 10.1-11.0%, 11.1-12.0% and 12.1-13.0%, 
respectively (Fig. 3). Hence, the “intermedi-
ate” category was 10.1% -13.0%, and the other 
four were set as shown in Table 3. 
 Although the data for soluble sugars were 
divided into fifteen sections, only 11 sections 
contained accessions, one of which had only 
a single accession. Therefore, the five scales 
were chosen with reference to ten sections, 
with each category containing two sections; 
the fifth category contained the extra section 
with only one accession in it. The two interme-
diate frequencies for soluble sugars, at 23.46% 
and 21.04% of the accessions, were found in 
the sections 8.1-9.0% and 9.1-10.0%, respec-
tively (Fig. 4), so the intermediate category 
was set at 8.1%-10.0%, and the other four as 
noted in Table 4. 
 For Vc, the three highest frequencies (at 
26.03%, 19.83% and 18.01% of accessions) 
contained 6.01-8.00 mg/100g, 8.01-10.00 
mg/100g and 10.01-12.00 mg/100g, respec-
tively (Fig. 5). “Intermediate” was set at 6.01 
mg/100g -10.00 mg/100g, and the other four 
categories as in Table 5. 
 The three highest frequencies for TA (at 

Table 1. Classification categories, the percentage frequency distribution among the 837 accessions, 
and description for fruit development period (FDP).

Category FDP (days) Frequency (%) Description

1 ≤ 70   4.78 Extremely short
2 71-100 32.98 Short
3 101-130 41.70 Intermediate
4 131-160 19.48 Long
5 > 160   1.20 Extremely long

Table 2. Classification categories, the percentage frequency distribution among the 837 accessions, 
and description for fruit mass.

Category Fruit mass (g) Frequency (%) Description

1 ≤ 30  0.11 Extremely small
2 30.1-90 14.08 Small
3 90.1-150 57.51 Intermediate
4 150.1-210 22.43 Large
5 > 210  5.85 Extremely large



113 CLASSIFYING CRITERIA FOR MAJOR FRUIT TRAITS

18.86%, 13.91% and 13.06% of accessions) 
were in the sections of 0.20-0.30%, 0.51-
0.60% and 0.61-0.70%, respectively (Fig 6). 
For this variable, the 826 accessions were 
divided into 20 sections. A severely asym-
metrical distribution of data was observed, 
which may be attributable to past selection of 
cultivars for sweet flavor (with less acidity) 
and canned peaches (with higher acidity), and 
perhaps preference differences between Asian 
and Western people. The two highest frequen-
cies, with 0.51%-0.70%, were considered as 
“intermediate” on the scale (Table 6).
 For the ratio of SSC to TA, 821 accessions 
were analyzed. The three highest frequencies 
at (17.52%, 34.55% and 13.99%) occurred 

in the sections 5.01-15.00, 15.01-25.00 and 
25.01-35.00, respectively (Fig. 7). These ac-
cessions were divided into 13 sections because 
of the biased distribution of TA. Values from 
35.1 to 55.0 were considered as “intermedi-
ate” (Table 7). Although the ratio of SSC to 
TA is associated with each individual factor, 
it is greatly affected by the biased distribu-
tion of TA. 
 It is quite valid to establish fruit classifi-
cation criteria based on data collected from 
more than 800 accessions and more than 700 
cultivars of peaches and nectarines from more 
than three places. The intermediate categories 
that we have determined for FDP, FM, SSC, 
soluble sugars and Vc contained 40-60% of 

Table 3. Classification categories, the percentage frequency distribution among the 837 accessions, 
and description for soluble solids content (SSC).

Category SSC (%) Frequency (%) Description

1 ≤ 7.0   0.36 Extremely low
2 7.1-10.0 21.98 Low
3 10.1-13.0 55.32 Intermediate
4 13.1-16.0 20.19 High
5 > 16.0   2.15 Extremely high

Table 4. Classification categories, the percentage frequency distribution among the 826 accessions, 
and description for soluble sugars.

 Soluble
Category sugars (%) Frequency (%) Description

1 ≤ 6.0   3.87 Extremely low
2 6.1-8.0 33.86 Low
3 8.1-10.0 44.50 Intermediate
4 10.1-12.0 15.36 High
5 > 12.0   2.42 Extremely high

Table 5. Classification categories, the percentage frequency distribution among the 821 accessions, 
and description for Vitamin C.

 Vitamin C
Category (mg/100 g) Frequency (%) Description

1 ≤ 2.0  0.12 Extremely low
2 2.01-6.00 14.96 Low
3 6.01-10.00 45.86 Intermediate
4 10.01-14.00 28.59 High
5 > 14.00 10.46 Extremely high
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the accessions analyzed.
 Correlation coefficients were calculated 
among FDP, FM, SSC, soluble sugars, TA, 
Vc, and the ratio of SSC to TA (Table 8). 
FDP was positively correlated with FM, SSC, 
soluble sugars, TA and Vc. These results are 
in agreement with previously reports, e.g. 
correlations between FDP and SSC (r = 0.62) 
and TA (r = 0.64) in 108 peach seedlings 
(21), and FDP with soluble sugars in sweet 
cherry (3). FM tended to correlate positively 
with SSC or negatively with soluble sugars, 
TA, Vc and SSC to TA ratio, respectively, but 
only the negative correlation of FM with Vc 
was statistically significant. Previous results 

Table 6. Classification categories, the percentage frequency distribution among the 826 accessions, 
and description for titratable acidity (TA).

Category TA (%) Frequency (%) Description

1 ≤ 0.30 31.32 Extremely low
2 0.31-0.50 22.01 Low
3 0.51-0.70 26.97 Intermediate
4 0.71-0.90 11.73 High
5 > 0.90  7.98 Extremely high

Table 7. Classification categories, the percentage frequency distribution among the 821 accessions, 
and description for ratio of soluble solids content (SSC) to titratable acidity (TA).

Category SSC:TA ratio Frequency (%) Description

1 ≤ 15.0 17.52 Extremely low
2 15.1-35.0 48.54 Low
3 35.1-55.0 19.22 Intermediate
4 55.1-75.0  8.15 High
5 > 75.0  6.57 Extremely high

Table 8. Correlation matrix for fruit traits in this study.

Character FMz SSCz SSz TAz Vitamin C SSC:TA ratio

FDPz 0.18**y 0.52**  0.45**  0.17**  0.19** -0.06
FM  0.01 -0.04 -0.02 -0.10* y -0.02
SSC    0.58** -0.02  0.17**  0.30**
SS    -0.06  0.43**  0.20**
TA      0.23** -0.78**
Vitamin C      -0.24**
zFM: fruit mass; SSC: soluble solids content; SS: soluble sugars; TA: titratable acidity; FDP: fruit development period
y*, **: significant at 5% and 1% respectively

for similar analyses showed some differences 
from our results. Giovannini et al. (11) pointed 
out that FM and soluble sugars were associated 
positively in 54 peach and nectarine cultivars, 
but it is not true that the larger the fruit, the 
sweeter it tastes. Schroder et al. (18) found no 
correlation between FM and Vc in tests of 156 
accessions and 8 cultivars. SSC was positively 
correlated with soluble sugars, Vc and SSC 
to TA ratio, confirming the good correlation 
between soluble sugars and SSC reported 
previously in apricot (r = 0.83) by Fabrizio 
(6). Here soluble sugars were significantly cor-
related with Vc or SSC to TA ratio, but not TA. 
These results agree with correlations between 
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soluble sugars and Vc in Guo et al. (12), but 
disagree with the correlations between soluble 
sugars and TA, and soluble sugars and Vc in 
42 cultivars studied by Valdomiro et al. (21), 
or 253 accessions studied by Guo et al. (12). 
TA had a significant negative correlation with 
the ratio of SSC to TA, but was positively cor-
related with Vc content; the latter finding was 
slightly different from Guo et al.’s observation 
of a non-significant trend for positive correla-
tion between TA and Vc (12). Vc was nega-
tively correlated with SSC to TA, although it 
was positively correlated with SSC and TA 
separately, implying that Vc was more affected 

Figure 1. Frequency distribution of fruit development period (FDP, in days) of 837 Prunus persica ac-
cessions grown in China.
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Figure 2. Frequency distribution of fruit mass (FM, in grams) of 837 Prunus persica accessions grown 
in China.

by TA. This is logical since Vc is an acid. The 
other above-mentioned discrepancies between 
our results and others may be attributable to 
the limited sample of cultivars or accessions 
in other studies. In addition, their data were 
from only one location, and the traits in ques-
tion interact with environment. 
 In summary, we conducted assessments 
of fruit traits on a large number of genotypes 
originating from inside and outside of China, 
comprising different cultivar groups, different 
ecological types, different biological traits and 
more than three locations, and determined 
the correlations among the various measured 
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Figure 3. Frequency distribution of soluble solids content (SSC) of 837 Prunus persica accessions 
grown in China.
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Figure 4. Frequency distribution of soluble sugars (SS) of 826 Prunus persica accessions grown in 
China.

traits. The results are certainly representative, 
universal and valuable, and will provide some 
guidance for screening breeding resources and 
improving fruit quality. Correlations among 
some fruit traits can be used as additional 
information for breeding. Although some of 
these results contradict previous reports, we 
think that our results should be more reliable 
and accurate than studies with fewer acces-
sions and data from only one site. 
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Figure 6. Frequency distribution of titratable acidity (TA) of 826 Prunus persica accessions grown in 
China.
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Figure 7. Frequency distribution of the ratio of soluble solids content to titratable acidity (SSC to TA) of 
821 Prunus persica accessions grown in China.
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