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Abstract

During the period 2006-2009 in Lublin, a study was
conducted to determine the effect of five rootstocks: ‘Colt’,
‘F12/1°, sweet cherry (Prunus avium L.), ‘GiSelA 5’, and ‘Piast’,
on bud take in the cultivar ‘Regina’, the quality of budded trees
and the efficiency of a sweet cherry tree nursery. The highest
percentage of bud take in cherry trees cv. ‘Regina’ and the best
efficiency of the sweet cherry tree nursery were obtained for the
rootstocks ‘Piast’ and ‘Colt’. In two years during the three-year
study period, the rootstock was found to significantly affect the
efficiency of the sweet cherry tree nursery. When grafted on the
rootstocks ‘Colt’ and ‘Piast’, a significantly higher percentage of
trees met the requirements of the Polish Standard PN-R-67010
than on the clonal rootstock ‘GiSelA 5°. Under the tested con-
ditions, the quality of maiden sweet cherry trees cv. ‘Regina’
grafted on the dwarfing rootstock ‘GiSelA 5” was lowest.

Key words: Prunus avium L., vegetative rootstock, seedling,
maiden tree, quality

INTRODUCTION

An increased interest in sweet cherry has been
observed in Poland in recent years. As a result of high
prices of sweet cherry fruit and a high demand for it, fruit
growers are increasingly more willing to establish sweet
cherry orchards. According to the data of the State Plant
Health and Seed Inspection Service, in 2011 there were
about 463,600 sweet cherry trees in nurseries and in our
country this species now ranks second after apple trees in
nursery production. A major problem in the production
of sweet cherry trees is tree vigour [1,2] and the physio-
logical incompatibility of some rootstocks with particu-
lar cultivars [3-5]. The rootstock has a great influence
on the growth and quality of trees, accelerates the time
to reach the fruit-bearing stage [6,7] and improves com-
mercially important fruit traits [8,9]. We can observe a

slightly different effect of rootstock on the growth of
trees in an orchard than in the case of budded trees in a
nursery. This is associated with a short production cycle
and with the varying ability of rootstocks to overcome
stresses [10]. In Poland sweet cherry trees are produ-
ced mainly on high vigour rootstocks: Prunus avium L.,
‘F12/1°, and “Colt’. The proportion of low vigour root-
stocks is small, but it increases from year to year.

The aim of the present study was to determine
the effect of five rootstocks on bud take and nursery
efficiency for the sweet cherry cultivar ‘Regina’.

MATERIALS AND METHODS

The research was carried out at the Felin Expe-
rimental Farm, belonging to the University of Life
Sciences in Lublin, over the period 2005-2008. A field
experiment was established on grey-brown podzolic
soil, developed from marl-loess deposits and classified
as soil class II. Three types of vegetative rootstocks:
‘Colt’, ‘F12/1°, ‘GiSelA 5°, as well as sweet cherry
(Prunus avium L.) seedlings and a selective type of
‘Piast’” mahaleb cherry (Prunus mahaleb L.) were the
subject of the present study. Rootstocks were planted in
a nursery in early spring at a spacing of 90 cm x 25 cm
(44,400 rootstocks ~ha™). Bud grafting was performed
on 1 August; buds of sweet cherry (Prunus avium L.)
cv. ‘Regina’ were grafted onto the rootstocks 15 cm
above the ground using chip budding. During the study
period, the soil in the nursery was maintained as black
fallow. No irrigation was used in the nursery, fertiliza-
tion was applied based on soil analysis, whereas plant
protection was carried out in accordance with the cur-
rent recommendations resulting from the orchard crop
protection schedule.

The rootstocks ‘Colt’, ‘F12/1°’, and ‘Piast’ as
well as sweet cherry seedlings came from the “Grzywa”
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Nursery Farm in Karczmiska, whereas the clonal ro-
otstock ‘GiSelA 5 was purchased at the Fruit Experi-
ment Station in Brzezna.

The experiment was set up in a randomized
block design. It included 5 treatments in 5 replicates.
Rootstock types were the treatments, whereas plots in
which 100 plants were grown were replicates.

The study evaluated bud take expressed as the
ratio of successful bud takes in the spring of the second
year of nursery culture to the number of budded root-
stocks. Nursery efficiency is shown as the percentage
ratio of the number of maiden trees obtained in relation
to the number of planted and budded rootstocks. The
number of trees obtained per 1 ha (with a planting densi-
ty of 90 x 25 cm) is given as an approximation due to too
low a number of plants and a high error rate. The quality
of maiden trees is expressed as a percentage proportion
of trees that meet the requirements of the Polish Stan-
dard PN-R-67010 in the total number of trees obtained.
The results were statistically analysed using analysis of
variance and Tukey’s confidence intervals. The signifi-
cance of differences was determined at 0=0.05; p=0.95.

RESULTS

During the study period, there were large varia-
tions in weather conditions in particular years (Table
1). From January to September 2007, the mean monthly
air temperatures were lower than the long-term means.
The highest difference was recorded in January (6.5°C)
and in March (5.3°C). The lowest minimum air tempe-
rature (—13.6°C) was recorded in the last 10-day period
of February. In April ground frost occurred sporadi-
cally. Ground-level temperature decreases below 0°C
were observed for five days at the beginning of May.
In the months of February, April, August, October and
December the total precipitation was lower than the
long-term mean. Warm and humid weather during the
growing period promoted intensive plant growth.

In 2008 the mean monthly air temperatures
were higher than the long-term average, except for
May and September. The winter was warm and mild.
The lowest minimum air temperature was recorded in
the middle of February and it was —13.2°C, while at
ground level —15.9°C. Slight ground frost occurred at
the end of April. No subzero temperatures were recor-
ded in May. In 2008 the warmest month was August
with the average monthly air temperature of 19.8°C.
The amount of rainfall in particular months varied.
After a wet spring (in March, April and May the total
rainfall was higher than the long-term average), lower
rainfall levels were recorded in the summer months of
June, July and August (below the long-term average
for this period). September, October and December of
2008 were characterized by higher total precipitation
than the long-term mean for these months.

In the last year of the study, the mean monthly
air temperatures were much higher than the long-term
means. The mean monthly air temperatures were lower
than the long-term average only in October and De-
cember of 2009. The highest difference in temperature
was found in April (4°C) and in September (2.4°C). The
warmest month of the year was July (19.9°C), where-
as the coldest one January (-2.7°C). The lowest mini-
mum air temperature was recorded in January and it
was -19.3°C, while at ground level -22.0°C. Ground
frost occurred in the first and second 10-day periods
of April as well as in the second 10-day period of May.
As regards the amount of precipitation, the year of
2009 varied. In March and October the total rainfall
was more than twice higher than the long-term average
for these months. A large amount of rainfall was re-
corded in June (125.5 mm), nearly 58 mm more than
the long-term average for this month. The total rainfall
in April 2009 was only 2.9 mm and it was lower by
35.9 mm than the long-term mean. The amount of pre-
cipitation in January, July, August and September was
also lower than the long-term means.

Table 1
Mean monthly air temperatures and precipitation totals in 20072009 relative to the long-term means

Temperature (°C)

Total precipitation (mm)

Month Monthly mean L Monthly total L
2007 2008 2009 ong-lerm mean T, 2008 2009 ong-term mean
January 2.6 0.4 2.7 -3.9 51.5 36.2 20.2 254
February -1.6 2.2 -1.2 -3.1 22.3 17.8 36.9 24.7
March 6.2 34 1.4 0.9 30.2 64.8 69.6 25.0
April 8.7 9.3 11.4 7.4 17.4 55.8 2.9 38.8
May 15.1 12.8 13.6 13.0 80.5 101.6 71.1 58.5
June 18.1 17.7 16.4 16.4 87.5 25.9 125.5 67.9
July 19.2 18.3 19.9 17.7 87.0 77.1 57.1 77.8
August 184 19.8 19.0 17.1 37.6 45.0 54.7 73.7
September 13.0 12.6 15.3 12.9 129.8 102.2 21.0 46.4
October 7.3 10.1 6.9 8.0 17.7 55.5 103.6 39.5
November 1.0 4.8 5.5 2.7 31.3 33.1 43.1 39.9
December -1.2 0.9 -1.7 -1.3 14.9 43.8 37.8 34.5
© The Author(s) 2013 Published by Polish Botanical Society
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Table 2
Percentage of bud take in sweet cherry trees in relation to the total number of budded rootstocks depending on
the rootstock used in 2007-2009
. . LSD
Rootstock 2007 2008 2009 Mean Differences between production cycles 4=0.05
Colt 812a 88.1a 90.0 ab 86.4 ns ns ns ns
F12/1 74.1 ab 65.9b 87.4 ab 75.8 ns ns ns ns
Prunus avium L. 57.1b 653 b 653 b 62.6 ns ns ns ns
GiSelA 5 57.3b 58.3b 90.8 a 68.8 B B A 15.9
Piast 789 a 88.0a 96.7 a 87.8 ns ns ns ns
LSD 0=0.05 21.1 20.5 24.9 ns

Explanation: Means within the column followed by the same letter are not significantly different at a=0.05; significant differences
between production cycles at a=0.05 are marked with capital letters.

On average for the period 2007-2009, the root-
stocks were not shown to have a significant effect on bud
take in sweet cherry trees cv. ‘Regina’ (Table 2). The hi-
ghest percentage of bud take was found for the rootstocks
‘Piast’ and ‘Colt’, whereas this percentage was lowest for
sweet cherry seedlings and the ‘GiSelA 5’ clone.

In 2007 the percentage of bud take on the root-
stocks ‘Piast’ and ‘Colt” was significantly higher than
on sweet cherry seedlings and ‘GiSelA 5°. In 2008 the

rootstocks ‘Piast’ and ‘Colt’ were found to show signi-
ficant differences compared to the other rootstocks. In
the last year of the study, the percentage of bud take on
sweet cherry seedlings was significantly lower than on
the rootstocks ‘Piast’ and ‘GiSelA 5’.

In case of the clonal rootstock ‘GiSelA 5°, si-
gnificant differences were shown between production
cycles. In 2009 the percentage of bud take was signifi-
cantly higher compared to the other years.

Table 3
The effect of rootstocks on the efficiency of a nursery of sweet cherry trees cv. ‘Regina’ in 2007-2009
Rootstock 2007 2008 2009 Mean D;iieéi‘clflfnbce;g:“ s
Percentage of maiden trees in relation to planted rootstocks
Colt 725a 72.9 ab 80.0 75.1 ns ns ns ns
F12/1 65.0 ab 56.6 be 81.8 67.8 AB B A 20.6
Prunus avium L. 53.0 ab 52.6 bc 58.5 54.7 ns ns ns ns
GiSelA 5 50.6 b 503 ¢ 82.6 61.2 B B A 18.0
Piast 71.6 ab 79.7 a 79.0 76.8 ns ns ns ns
LSD 0=0.05 21.1 20.5 ns ns
Percentage of maiden trees in relation to budded rootstocks
Colt 80.1a 78.1 ab 83.1 80.4 ns ns ns ns
F12/1 73.3 ab 61.4 bc 86.7 73.8 AB B A 21.3
Prunus avium L. 53.0¢c 56.8 ¢ 61.8 57.2 ns ns ns ns
GiSelA 5 54.0 be 545¢ 87.7 65.4 B B A 17.6
Piast 77.6a 82.5a 90.0 83.4 ns ns ns ns
LSD 0=0.05 19.7 20.9 ns ns
Number of maiden trees obtained per 1 ha

Colt 35600a 34656 ab 36 880 35700 ns ns ns ns
F12/1 32536ab  27250bc 38 486 32757 AB B A 9460
Prunus avium L. 23550 ¢ 25235¢ 27430 25 400 ns ns ns ns
GiSelA 5 24000bc  24179c¢ 38930 29 030 B B A 7840
Piast 34445 a 36 640 a 39 960 37020 ns ns ns ns
LSD =0.05 8753 9282 ns ns

Explanation: Means within the column followed by the same letter are not significantly different at a=0.05; significant differences
between production cycles at a=0.05 are marked with capital letters.
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On average for the three-year study period, the
rootstocks were not found to significantly affect the ef-
ficiency of the sweet cherry tree nursery (Table 3). The
highest number of cv. ‘Regina’ trees was obtained on
the "Piast’” and ‘Colt’ rootstocks. The lowest nursery ef-
ficiency was found in the case of sweet cherry seedlings.

In 2007 a significantly higher number of maiden
trees (by about 22%), as compared to the number of ro-
otstocks planted, was obtained on the ‘Colt’ clone com-
pared to ‘GiSelA 5°. In the second year of the study, a
significantly higher percentage of trees were obtained
on the ‘Piast’ rootstock than on sweet cherry seedlings
or the clonal rootstocks ‘F12/1” and ‘GiSelA 5’.

In the first year of the study, a significantly hi-
gher number of maiden trees were obtained from the

‘Colt’ and ‘Piast’ rootstocks compared to the number
of budded rootstocks and on a per hectare basis than
in the case of sweet cherry seedlings and ‘GiSelA 5’.
In 2008 the nursery efficiency for the ‘Piast’ rootstock
was significantly higher compared to the rootstocks
‘GiSelA 5°, sweet cherry, and ‘F12/1°.

In 2009 no differences in the investigated traits
were found between the rootstocks.

In the case of two rootstocks, significant dif-
ferences were shown between production cycles. The
‘F12/1” clone differed between the years 2008 and
2009, whereas in the case of the ‘GiSelA 5’ rootstock
the first second and second production cycles differed
from the last one. The highest efficiency of the sweet
cherry tree nursery was achieved in 20009.

Table 4
Percentage of maiden sweet cherry trees cv. ‘Regina’ that meet the requirements of the Polish Standard PN-R-67010
in 2007-2009

Rootstock 2007 2008 2009 Mean Differences between production cycles al;ggs
Colt 952a 98.8 a 92.7 955a ns ns ns ns
F12/1 84.0 a 759 ¢ 70.1 76.6 abc ns ns ns ns
Prunus avium L. 52.6b 81.4 be 70.6 68.2 bc B A AB 19.1
GiSelA 5 443 b 52.5d 68.9 552¢ ns ns ns ns
Piast 93.7a 93.2 ab 89.1 92.0 ab ns ns ns ns
LSD a=0.05 22.9 16.4 ns 24.9

Explanation: Means within the column followed by the same letter are not significantly different at a=0.05; significant differences
between production cycles at 0=0.05 are marked with capital letters.

The percentage of sweet cherry trees that met
the requirements of the standard PN-R-67010 during
the study period was dependent on the type of root-
stock (Table 4). Significantly the highest number of
budded trees that met the requirements of the Polish
Standard PN-R-67010 was obtained on the ‘Colt’ ro-
otstock (more than 95%), whereas this number was lo-
west in the case of budding on the vegetative rootstock
‘GiSelA 5°.

In 2007 significantly more qualitatively good
budded trees were obtained on the rootstocks ‘Colt’,
‘Piast” and ‘F12/1” than on the clone ‘GiSelA 5’ and
sweet cherry seedlings. In the second year, the ‘Colt’
rootstock was found to produce significantly the hi-
ghest percentage of trees that met the requirements of
the standard PN-R-67010. In 2009 no significant diffe-
rences were found.

Differences between production cycles were
shown only for one rootstock. Significantly qualitati-
vely better maiden trees cv. ‘Regina’ grafted on swe-
et cherry seedlings were obtained in the second year
compared to the first year of the study.

© The Author(s) 2013

DISCUSSION

Rootstocks differ between each other in many
genetic traits which manifest themselves in various ef-
fects on the cultivar [11]. The mutual interactions of
particular components last throughout the lifetime of
trees and it is a complex process that has not been fully
elucidated.

One of more important factors determining
the usefulness of a particular rootstock is its effect on
the outcome of bud grafting [12]. In nursery studies,
Czech-bred dwarfing rootstocks ‘P-HL’ are evaluated
as good due to a high percentage of bud take [13—15].
In the present experiment, bud take in sweet cherry tre-
es was significantly dependent on the rootstock used.
A high percentage of bud take was obtained on the
‘Piast” and ‘Colt’ rootstocks. In 2009 the ‘GiSelA 5’
clone also produced a good result in bud grafting. In
the opinion of Grzyb [4], one of the advantages of
Polish types of mahaleb cherry selected at the Rese-
arch Institute of Pomology and Floriculture in Skier-
niewice is successful bud take in a nursery. This the-
sis was confirmed in this study. Mac¢kowiak [16]

Published by Polish Botanical Society
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obtained the best results when grafting sweet cherry
trees on the following rootstocks: ‘Colt’, ‘F12/1° and
‘SL-64. Successful bud grafting largely depends on
weather conditions [17]. The poorest bud take was ob-
tained on sweet cherry seedlings on which significant
bud freezing damage was observed. In their studies,
Kuzniecov [18] and Grzyb et al. [19] draw at-
tention to quite low resistance of sweet cherry. A low
percentage of bud take was obtained on the ‘GiSelA 5’
clone during two years, but no bud freezing damage
was found in the case of this rootstock. In the opinion
of Sitarek and Grzyb [20], one of the reasons for
poor bud take can be the physiological incompatibility
between the scion cultivar and the rootstock. In their
research, the above cited authors observed that the cul-
tivar ‘Heidegger’ grafted on the ‘GiSelA 5’ rootstock
showed some symptoms of physiological incompati-
bility. Studying the effect of 12 rootstock types on the
growth and fruiting of the cultivar ‘Lapins’, Godini
et al. [21] found a poor survival rate of trees on the
‘GiSelA 5’ rootstock; after 9 years it was barely 15%.

The main factor determining the efficiency
is plant density in the nursery [22]. In the opinion of
Stehr [23], the rootstock can also have a large in-
fluence on the number of trees obtained. In the present
study, on average the highest efficiency of the sweet
cherry tree nursery was obtained for the ‘Piast’ and
‘Colt’ rootstocks, whereas in the case of sweet cher-
ry seedlings this efficiency was the lowest, not more
than 60%. Nursery efficiency was significantly depen-
dent on the rootstock used only in two years during
the 3-year study period. When grafting sweet cherry
on the ‘Colt’ rootstock, Stachowiak and Swier-
czynski [24] obtained 75% of maiden trees. In the
study in question, on average 80.4% of trees were ob-
tained in relation to the number of budded rootstocks.
Stehr [23] achieved very good results for the ‘Gi-
SelA 5° rootstock, notably 90% of cv. ‘Regina’ tre-
es. In this study, a similar value was obtained only in
2009 (87.7%). Comparing the effect of two rootstocks
on the growth and productivity of budded trees of the
sweet cherry cultivars ‘Jahana’, ‘Kordia’ and ‘Regina’,
Stachowiak and Swierczyﬁski [25] achie-
ved a slightly higher percentage for cv. ‘Regina’ trees
on ‘F12/1° than on the ‘Colt’ rootstock. Under the te-
sted conditions, the nursery efficiency was lower for
‘F12/1’ compared to the ‘Colt’ rootstock.

An appropriately selected rootstock and scion
variety affect tree quality [26]. As shown by the study
of Bielicki and Czynczyk [27], one of the fac-
tors determining the quality of budded trees in a nurse-
ry is rootstock vigour. The rootstocks compared over
the study period 2007-2008 significantly affected the
quality of cv. ‘Regina’ trees. The highest percentage
of budded trees that met the requirements of the Polish

© The Author(s) 2013

Standard PN-R-67010 was obtained on the ‘Colt’ clone
(95.5%), whereas this percentage was lowest for ‘Gi-
SelA 5’ (55.2%) and sweet cherry seedlings (68.2%).
In the study of Stachowiak and Swierczyii-
ski [28], respectively 99.2% and 98.8% of good qu-
ality sweet cherry trees were produced on the root-
stocks ‘Colt’ and Prunus avium L. In the opinion of
Robinson [29] as well as Bujdoso and Hrotké
[30], ‘GiSelA 5’ is considered to be one of the most
valuable rootstocks useful in the production of sweet
cherry trees. In the present study, on average for the
three-year study period, the least satisfactory results
were achieved on the dwarfing rootstock ‘GiSelA 5°.
High quality sweet cherry trees were produced on the
selected Polish type of mahaleb cherry ‘Piast’.

CONCLUSIONS

1. The present study showed a significant effect of
rootstock on bud take in sweet cherry trees cv.
‘Regina’. On average, the highest percentage of
bud take was found for the rootstocks ‘Piast’ and
‘Colt’, while this percentage was lowest in the case
of sweet cherry seedlings and ‘GiSelA 5°.

2. In two years during the three-year study period, the
rootstock used was found to significantly affect the
efficiency of the sweet cherry tree nursery.

3. Under the tested conditions, the average percentage
of maiden sweet cherry trees cv. ‘Regina’ that met
the requirements of the standard PN-R-67010 was
significantly lower on the dwarfing rootstock ‘Gi-
SelA 5’ than on the rootstocks ‘Colt’ and ‘Piast’.
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Wplyw podkladek na wydajnosé
szkolki czeres$ni (Prunus avium L.)
odmiany ‘Regina’

Streszczenie

W latach 2006-2009 w Lublinie przeprowa-

dzono badania majgce na celu ocen¢ wptywu pieciu
podktadek: ‘Colt’, ‘F12/1°, czeresnia ptasia (Prunus
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avium L.), ‘GiSelA 5’ 1 ‘Piast’ na przyje¢cia oczek od-
miany ‘Regina’, jakos¢ okulantéw oraz wydajnos¢
szkotki czeresni. Najwigkszy procent przyjetych oczek
odmiany ‘Regina’ oraz najlepszg wydajnos¢ szkotki
czeresni otrzymano na podktadkach ‘Piast’ i ‘Colt’.
W dwdéch z trzech lat badai stwierdzono istotny

wplyw zastosowanej podktadki na wydajnos¢ szkotki
czeresni. Na podktadce ‘Colt’ 1 ‘Piast’ istotnie wigkszy
procent drzewek spetnialo wymagania Polskiej Normy
PN-R-67010 niz na klonie ‘GiSelA 5°. W badanych
warunkach jakos¢ okulantéw czeresni odmiany ‘Regi-
na’ na skarlajacej podktadce ‘GiSelA 5’ byta najnizsza.
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