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Seed genotypes for harvesting seeds in the production  
of generative rootstocks for peach cultivars
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Abstract

Szymajda M., Żurawicz E., 2014. Seed genotypes for harvesting seeds in the production of generative root-
stocks for peach cultivars. Hort. Sci. (Prague), 41: 160–166.

Six novel peach genotypes, designated BN-1, BN-3, BN-4, BN-7, BN-8 and BN-45, were assessed for usefulness as 
sources of seeds for production of generative rootstocks for peach cultivars. The genotypes BN-8 and BN-1 were the 
most intensely flowering, while the most abundantly and regularly fruiting genotype was BN-8, which also produced 
the smallest stones. The smallest fruits and the highest seed yields were produced by the genotypes BN-8 and BN-7. 
All of the genotypes under assessment produced seeds with higher germination capacities compared with the two 
control cultivars, Mandżurska and Siberian C, with the seeds of the genotypes BN-8, BN-4 and BN-3 exhibiting the 
most significantly elevated germination capacities. The most stones with two seeds were produced by the genotypes  
BN-45 and BN-3; however, produced a smaller fruit crop than did BN-8. Considering the characteristics assessed, the 
best as a seed source trees was genotype BN-8.

Keywords: breeding; Prunus persica; winter hardiness; stratification; germination capacity

Peach [Prunus persica (L.) Batsch] is the most 
important stone fruit species in the world. Ac-
cording to FAOSTAT (2013), the world production 
of peaches in recent years has reached 21.5 mil. 
tonnes. The cultivated varieties of peach require 
the use of rootstocks, which is a very important 
component of the fruit tree. The rootstocks com-
monly used for peach cultivars worldwide are gen-
erative rootstocks, usually peach seedlings (Room 
1983; Rubio-Cabetas 2012). The seedlings are 
produced from seeds that can be obtained (i) from 
local peach trees growing in the wild, such as the 
Vineyard peach that grows in most Balkan coun-
tries or the Tennessee Natural and Indian Peaches 
that grow in North America; (ii) cultivated varie-
ties, the fruit of which are typically processed by 
the food industry, such as the cvs Halford and 
Lovel that grow in Canada and the USA; and (iii) 

specifically selected peach seed genotypes, such as 
Montclar, which is grown in Europe, Siberian C and 
Harrow Blood, which are grown in Canada, and 
Rutgers Red Leaf and Nemared, which are grown 
in the USA (Room 1983, Layne 1987; Reighard, 
Loreti 2008; Nikolić et al. 2010).

To be considered a valuable seed source, peach 
trees should bear fruit regularly and abundantly; 
thus, they must produce large number of fruit an-
nually, from which stones (seeds) can be harvested 
for production of generative rootstocks. However, 
peach is a demanding species in terms of tempera-
ture. In Polish climatic conditions, the flower buds 
of peach trees are often damaged by low subzero 
temperatures in winter or by spring frosts (Szymaj- 
da et al. 2013a). As a result, after some winters, 
peach trees do not bear any fruit (seeds) or produce 
very poor yields. Therefore, in countries located 
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in seasonally colder zones with the temperate cli-
mates, peach seed orchards should be established 
with genotypes whose trees are sufficiently winter-
hardy to ensure annual fruit bearing and the conti-
nuity of seed supplies. The trees of such genotypes 
should be tolerant to the damage of their flower 
buds as caused by not only low subzero tempera-
tures during endodormancy but also by tempera-
ture fluctuations during ecodormancy. They should 
also be able to withstand spring frosts, which can 
damage flower buds and blooming flowers as well 
as young fruitlets. To address these issues, exten-
sive research is currently underway in Poland with 
the goal of obtaining seed genotypes for use as 
rootstock seed sources in the northernmost areas 
of peach cultivation, such as central Europe.

The aim of this study was to assess the usefulness 
of several peach genotypes selected in Poland as 
source trees for seeds and to evaluate these seeds.

MATERIAL AND METHODS

Experimental location and plant materials. The 
study was conducted at the Research Institute of 
Horticulture in Skierniewice (central Poland) from 
2008 to 2013. The plant material consisted of Pru-
nus persica seed trees (genotypes) denoted by the 
symbols BN-1, BN-3, BN-4, BN-7, BN-8 and BN-45,  
which were selected at this institute. The control 
cultivars were P. persica Mandżurska and P. persica 
Siberian C, which are widely used in Poland as seed 
trees for harvesting seeds in the production of gen-
erative rootstocks for peach cultivars. Short descrip-
tions of the control cultivars are provided by Layne 
(1987), Jakubowski (2000) and Czynczyk (2012).

The genotypes BN-1, BN-3, BN-4, BN-7 and 
BN-45 were selected from a population of seed-
lings produced from the seeds of cv. Mandżurska 
(Jakubowski 1991), whereas the genotype BN-8 
was selected from a population of seedlings ob-
tained from the seeds of cv. Rakoniewicka, which 
is a local seed peach cultivar. The selection work on 
the seed genotypes under assessment in this study 
was initiated in the late 1970s and early 1980s by 
Dr. Tadeusz Jakubowski. Detailed measurements 
and observations were performed on three trees 
of each seed genotype. All genotypes and control 
cultivars were grafted onto seedlings of the seed 
peach cv. Mandżurska and planted at the Experi-
mental Orchard in Dąbrowice (central Poland) in 
the spring of 2006. 

Parameters assessed:
Flowering time (full bloom) – the date at which 

approximately 50% of the flower buds on the tree 
had reached the open flower stage.

Fruit-ripening time – the date at which approxi-
mately 10% of the fruit had undergone skin colour 
changes from green to whitish or cream, which was 
accompanied by softening of the flesh and easy sepa-
ration of the fruit stalk from the fruit-bearing shoot.

Intensity of tree flowering and fruiting – assessed 
on a 1–9-point rating scale as follows: 1 – lack of 
flowering or fruiting, 3 – poor flowering or fruit-
ing, 5 – moderate flowering or fruiting, 7 – abun-
dant flowering or fruiting, and 9 – very abundant 
flowering or fruiting.

Mean fruit weight (g) – determined using 5 sam-
ples of 20 ripe fruit each. The samples were ran-
domly collected at fruit-ripening time from all 
trees being assessed from the outer portion of the 
crown at half of their heights. 

Mean weight of one dried stone (g) – determined 
using 5 samples of 20 stones each. For each geno-
type, the samples were obtained randomly from a 
batch of seeds prior to stratification.

Number of stones obtained from one tonne of fruit 
– calculated as the ratio of the weight of one tonne 
of fruit in grams (1,000,000 g) and the mean fruit 
weight (g).

Number of dried stones per kilogram – calculated 
by dividing the weight of one kilogram of dried stones 
(1,000 g) by the average weight of one dried stone (g).

Seed germination capacity – the percentage of 
seeds of a given genotype that germinated dur-
ing stratification in relation to the total number of 
stones undergoing the treatment. For each geno-
type (combination), a total of 500 stones were used 
in five replications. A replication was represented 
by a bag containing 100 stones.

Number of stones with two seeds – expressed 
as the percentage of stones with two seeds; these 
seeds were counted during the inspections and af-
ter the stratification treatment. To determine the 
number of stones with two seeds among the stones 
whose seeds had not germinated, the stones were 
cracked open with a table vice after stratification.

Weather history – during the winter months (De-
cember–March) and spring months (April–May) 
from 2008 to 2012, min. and average air tempera-
tures were recorded at a height of approximately 
1.8 m above the ground (Table 1). 

Statistical analysis. The analyses of the data 
that were obtained over the course of the study 
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were performed using a repeated measures model. 
The sphericity assumption was assessed with the 
Mauchly’s test. If sphericity was violated, adjust-
ments were performed with the Greenhouse-Geis-
ser correction. Multiple comparisons of the means 
were performed using the Duncan’s procedure at 
P ≤ 0.05. The analyses were performed with the 
Statistica software package vers. 10 (StatSoft, Inc., 
Tulsa, USA).

The stones for the study were collected succes-
sively from ripe fruit that had fallen to the ground 
and showed no signs of decay. The remains of the 
flesh were removed by washing the stones repeat-
edly under running water. Stones floating on the 
surface of the water (indicating poorly developed 
seeds) were discarded. Next, the stones were dried 
and stored in paper bags at ambient conditions at 
approximately +20°C. The stratification treatment 
began in mid-December of each year of the study. 
Before stratification, the stones were disinfected by 
soaking in a 0.5% solution of the fungicide Captan 
50 WP (Arysta LifeScience North America Co.,  
San Francisco, USA) (suspension, 50% captan) for 
24 hours. The disinfected stones were then mixed 
with a moist substrate at a volume ratio of 1:3 (one 
part stones to three parts substrate). The substrate 
for stratification was a mixture of peat and sand at a 
3:1 volume ratio (three parts peat to one part sand). 
To facilitate their access to air, the stones mixed 
with the substrate were packed in perforated plas-
tic bags and then placed in an incubator for seed 
stratification at approximately +4°C. The first four 
inspections of the stones (to allow fresh air to enter 
the bags and to assess the moisture content of the 
substrates) were conducted at 20, 40, 60 and 80 days 
from the beginning of stratification. Subsequent in-
spections were performed every 10 days, and the 
stones with germinating seeds were removed and 
counted each time. A seed was regarded as having 
germinated if a 5–10 mm long radicle could be ob-
served emerging from the cracked stone.

RESULTS AND DISCUSSION

During each winter preceding our assessment, 
large drops in temperature occurred. The lowest 
recorded values were as follows: –23.0°C (January 
6, 2009), –28.1°C (January 26, 2010), –22.3°C (Feb-
ruary 22, 2011), and –23.3°C (February 3–4, 2012) 
(Table 1). Despite these severe winter frosts, all of 
the trees of the seed genotypes under assessment 
bloomed abundantly (Table 2). According to Szew- 
czuk et al. (2007, 2010), substantial damage to 
peach flower buds during winters in Poland occurs 
following a drop in temperature up to –24°C and 
–26°C. In addition to the flower buds, the peach 
trees themselves were also reported to suffer from 
damage during some Polish winters (Jakubowski 
1986). We have previously shown that in central 
Poland, severe freezing of peach flower buds oc-
curs when the temperatures fall to –23.0°C (Szy-
majda et al. 2013a). This indicates that the degree 
of damage to peach flower buds depends not only 
on sharp drops in temperature but also on temper-
ature fluctuations during the winter season, caus-
ing the trees to lose their cold-hardiness, and on 
the individual cultivars. In our study, a particularly 
dangerous drop in temperature occurred on Feb-
ruary 22, 2011 (–22.3°C). At that time, the flower 
buds may have completed endodormancy, which 
typically ends in December under the climatic 
conditions of central Poland (Jakubowski 1993). 
During the days in which temperatures rose above 
+4.4°C (Richardson 1974), the flower buds began 
accumulating heat units, which caused them to be-
come less resistant to frost. Abundant tree flower-
ing was indicative of the high winter hardiness of 
the genotypes tested.

In three out of the four years of the study, spring 
frosts also occurred just before the full blooms (Ta-
ble 1). These occurred on April 20, 2009 (–4.0°C), 
April 25, 2010 (–2.5°C), and April 20, 2011 (–1.5°C). 
In all three cases, at the time of the frost, many buds 

Table 1. Minimum and average monthly temperatures (°C) during winter and spring months (Dąbrowice 2008–2012)

Year
December January February March April May

min. avg. min. avg. min. avg. min. avg. min. avg. min. avg.

2008/2009 –8.6 1.1 –23.0 –3.1 –16.5 –1.2 –9.1 2.4 –4.0 10.0 6.7 12.5

2009/2010 –21.4 –1.3 –28.1 –8.3 –14.8 –2.2 –11.2 3.3 –2.5 8.8 2.8 12.4

2010/2011 –19.2 –6.1 –10.5 –0.6 –22.3 –4.3 –12.9 3.1 –1.5 10.1 –1.5 13.6

2011/2012 –9.8 2.4 –18.0 –1.2 –23.3 –6.5 –7.7 4.8 –4.9 9.0 –0.1 14.7
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were already at the open flower stage and were 
thus vulnerable to damage. In 2011, another frost 
(–1.5°C) occurred on  May 4, a few days after the 
full bloom. Despite the unfavourable weather con-
ditions, the trees of the tested genotypes produced 
abundant fruit crops, and the genotypes BN-8, 
BN-1 and BN-4 were the best fruit-bearers (Ta-
ble 2). The abundant fruiting of the trees of these 
genotypes indicates the tolerance of their flowers 
to spring frosts and their ability to set fruit under 
adverse temperature conditions.

Differences between the genotypes in relation 
to the characteristics under consideration varied 
throughout the years of the study (Table 3). The 
weather patterns in the individual years significant-
ly affected the values of the parameters analysed. 
In 2009 and 2011, the occurrences of winter frosts 
and spring frosts resulted in lower flowering and 
fruiting intensities compared with those in 2010 
and 2012 (Table 2). 

In addition to regular annual fruiting, peach seed 
trees are expected to produce abundant fruit crops 
and, consequently, seed-carrying stones. High 
yields of a large number of small fruits are prefer-
able. Over the four years of the study, the smallest 
fruits were produced by the genotypes BN-8 and 
BN-7 on average, for which the average weights 
were 47.7 g and 49.2 g, respectively (Table 4).

An abundant crop of small fruit allows for the ac-
quisition of a large number of stones (seeds). One 
tonne of fruit from each of the genotypes BN-7 and 
BN-8 yielded the most stones on average over the four 
years of the study (Table 4). These results indicate that 
out of all of the genotypes tested, BN-7 and BN-8 pro-
duced the highest seed yields at the seed orchard. The 
numbers of seeds per tonnes of fruit varied each year. 
The larger crops of small fruit in 2010 and 2012 re-
sulted (to a large extent) in higher yields of stones per 
tonne of fruit in comparison with the yields in 2009 
and 2011. This indicates that the damage to flower 
buds caused by winter and spring frosts occurring in 
Poland reduces the fruiting intensities and increases 
the weights of the fruit produced. Consequently, low-
er seed yields are obtained from the fruit genotypes 
in the years of low fruiting intensity compared with 
those in the years of high fruiting intensity (Table 4).

The year in which stones were harvested as well 
as the genotype had a significant effect on the stone 
weights and their numbers per kilogram (Table 3). 
The more intense fruiting and the bearing of small-
er fruit by the tested genotypes in 2010 and 2012 
resulted in lower stone weights and numbers of Ta
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stones per kilogram compared with those observed 
in 2009 and 2011 (Tables 4 and 5). The dried stones 
of the genotype BN-8 possessed the lightest aver-
age weights over the four-year evaluation period. 
Small stones are advantageous because they allow 
for reductions in harvesting costs, storage, stratifi-
cation and sowing. On average over the course of 
the study, the highest number of stones per kilo-
gram was obtained from the genotype BN-8. 

In nurseries, the usefulness of seed genotypes is 
also determined by the germination capacities of 
the seeds harvested from their trees. A higher ger-
mination capacity indicates that a higher number 
of seedlings (rootstocks) will be obtained in relation 
to the number of seeds sown. In this evaluation, the 
germination capacity was significantly influenced by 
both the genotype of the seeds and the year in which 
they were harvested (Table 3). The greatest germi-
nation capacities for all genotypes were observed in 
2013 and 2011, and the lowest were detected in 2010 
and 2012 (Table 5). The weather conditions likely af-
fected these germination capacities. In the months of 
July and August of 2010 and 2012, higher tempera-
tures were recorded compared with those in 2009 
and 2011, which contributed to the fruit develop-
ment and seed maturation. Variations in germination 
capacities depending on the growing season were 
also reported in the sweet cherry (Suszka 1976), ap-
ple (Lewandowski, Żurawicz 2009), and apricot  
(Szymajda et al. 2013b). The results of our four-year 
study have shown that the seeds of the tested geno-
types have significantly higher germination capacities 
compared with those of the control cvs Mandżurska 
and Siberian C. Among the tested genotypes, the 
seeds with the highest germination capacities were 
produced by the trees of BN-3, BN-4 and BN-8. In 
addition, genotypes BN-3 and BN-45 produced the 
most stones containing two seeds, which may posi-
tively affect the numbers of rootstocks obtained in 
relation to the numbers of seeds sown (Table 5).

The seeds of the evaluated peach genotypes began 
to germinate after at least 90–100 days of stratifica-
tion, depending on the year and genotype. The largest 
number of them germinated between the 110th and 
130th day of stratification. Very few seeds germinated 
after that period. The germination of peach seeds af-
ter a similar period of stratification was also observed 
by Jakubowski (2000, 2004) and Czynczyk (2012). 
For nursery production, it is very useful to know the 
optimum duration of stratification for peach seeds 
because it aids in determination of the start date of 
the treatment in relation to the planned sowing date.Ta
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CONCLUSION

These results clearly show that selection may be 
used to obtain seed genotypes of P. persica that can 
regularly produce large quantities of seeds with 
high germination capacities The regular bearing of 
fruit by the genotypes BN-1, BN-4 and BN-8, de-
spite severe winter and spring frosts, suggests that 
they are very well suited for the establishment of 
seed orchards in central European countries. The 
genotypes included in this evaluation produced 
small fruit with small stones. All of the selections 
produced seeds with higher germination capacity 
compared with those of the control cvs Mandżurska 
and Siberian C. With respect to all the characteris-
tics evaluated, the genotype BN-8 is the best as a 
seed source trees. Studies are underway to assess 
the compatibilities of the obtained rootstocks with 
the peach cultivars grafted onto them and to as-
sess the effects of the rootstocks on the growth and 
fruiting of the trees of these cultivars.

R e f e r e n c e s

Czynczk A., 2012. Szkółkarstwo sadownicze. [Propagation 
of Fruit Crops.] Warszawa, Powszechne Wydawnictwo 
Rolnicze i Leśne.

FAOSTAT, 2013. FAO Statistical Databases. Available at 
http://faostat.fao.org

Jakubowski T., 1986. Evaluation of frost injuries to peaches 
after a test winter of 1984–1985. Fruit Science Reports, 13: 
117–122.

Jakubowski T., 1991. Stratyfikacja nasion brzoskwini. 
[Stratification of Peach Seeds.] I Międzynarodowe Semi-
narium Szkółkarskie. Lublin, Poland.

Jakubowski T., 1993. Akumulacja chłodu przez pąki kwia-
towe brzoskwini. [Chilling accumulation by peach flower 
buds.] Prace ISK Seria A, 31: 79–85.

Jakubowski T., 2000. Uprawa brzoskwini i nektaryny. [Cultiva-
tion of Peach and Nectarine.] Warszawa, Hortpress Sp. Zo.o.

Jakubowski T., 2004. Comparison of two stratification meth-
ods of three peach rootstock clones. Acta Horticulturae 
(ISHS), 258: 637–639.

Layne R.E.C., 1987. Peach rootstock, In: Rom R.C., Carlson 
R.F. (eds.), Rootstocks for Fruit Crops. New York, Wiley: 
185–216.

Lewandowski M., Żurawicz, E., 2009. The influence of 
genotype on germination of apples seeds. Acta Horticul-
turae (ISHS), 814: 429–432.

Nikolić D., Raconiac V., Milatović D., Fotirić M., 2010. 
Multivariate analysis of Vineyard peach [Prunus persica 
(L.) Batsch] gerplasm collection. Euphytica, 171: 227–234.

Reighard G. L., Loreti F., D., 2008. Rootstocks development. 
In: Layne D.R., Bassi D. (eds.), The Peach: Botany, Produc-
tion and Uses. Wallingford, CAB International: 193–220.  

Richardson E.A., 1974. A model for estimating the comple-
tion of rest for Redhaven and Elberta peach trees. HortSci-
ence, 9: 331–332.

Room R.C., 1983. The peach rootstock situation: An inter-
national perspective. Fruit Varieties Journal, 37: 3–14.

Rubio-Cabetas M.J., 2012. Present and future trends in 
peach rootstock breeding worldwide. Acta Horticulturae 
(ISHS), 962: 81–90.

Suszka B., 1976. Variability of the germination capacity of 
Mazzard cherry (Prunus avium L.) seeds collected from 
10 trees in 5 different seasons. Arboretum Kórnickie, 21: 
273–278.

Szewczuk A., Gudarowska E., Deren E., 2007. The esti-
mation of frost damage of some peach and sweet cherry 
cultivars after winter 2005/2006. Journal of Fruit and Or-
namental Plant Research, 15: 55–63.

Szewczuk A., Jawoszek B., Gudarowska E., 2010. Forma 
korony a uszkodzenia mrozowe pędów i pąków kwiatow-
ych drzew brzoskwini. [Crown shape and frost damage to 
shoots and flower buds of peach trees.] Zeszyty Naukowe 
Instytutu Sadownictwa i Kwiaciarstwa im. Szczepana 
Pieniążka, 18: 39–49.

Szymajda M., Pruski K., Żurawicz E., Sitarek M., 2013a. 
Freezing injuries to flower buds and their influence on 
yield of apricot (Prunus armeniaca L.) and peach (Prunus 
persica L.). Canadian Journal of Plant Science, 93: 191–198. 

Szymajda M., Pruski K., Żurawicz E., Sitarek M., 2013b. 
Suitability of selected seed genotypes of Prunus arme- 
niaca L. for harvesting seeds for the production of genera-
tive rootstock for apricot cultivars. Journal of Agriculture 
Science, 5: 222–232. 

Received for publication March 3, 2014 
Accepted after corrections August 8, 2014

Corresponding author:

MSc., Marek Szymajda, Research Institute of Horticulture, Fruit Breeding Department,  
Konstytucji 3 Maja 1/3, 96-100 Skierniewice, Poland 
phone: + 48 46 834 5406, e-mail: Marek.Szymajda@inhort.pl

Vol. 41, 2014, No. 4: 160–166	 Hort. Sci. (Prague)


