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ABSTRACT

The experimental studies were conducted from 2015-2017 years in two cycles. The aim of the research was to
determine a better grafting time and a choice of an appropriate rootstock for the propagation of two cultivars
of mountain pine (Pinus mugo Turra). The influence of the grafted cultivar and rootstock used on the level of
chloroplast pigments in the needles was also checked. The studies concerned two cultivars of mountain pine
(Pinus mugo) ‘Grze$’ and ‘Zundert’, which were grafted on four different rootstocks: Pinus contorta (Dougl.
ex Loud.), Pinus nigra (Arn.), Pinus sylvestris (L.) and Pinus mugo subsp. uncinata (Ramond Domin) in two
dates: 20 January and 15 March. The highest percentage of graft success was obtained for the two cultivars
on Pinus uncinata and Pinus contorta rootstocks. A later term of grafting procedure affected bigger effec-
tiveness of grafting of the two studied cultivars, except for the graft success on Pinus sylvestris rootstock.
The highest increments of side shoots and lengths of main stems for ‘Grze$’ cultivar were obtained on Pinus
nigra, and for ‘Zundert’ the influence of the rootstock on the above mentioned parameters was not evident.
No significant differences in the number of increments in the first and second year of studies were observed.
The highest level of chlorophyll A and B was found in the needles of ‘Grzes$’ cultivar, independently from
the rootstock used. Among tested rootstocks, only Pinus nigra had a significant impact on a higher content of
chlorophyll B in the needles of the studied cultivars of mountain pine trees.
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INTRODUCTION

As many studies proved a rootstock which is used
influences graft success and the power of growth
of the grafted scions of conifer trees [Holzer 1970,
Copes 1980, Schmidtling 1983, Jayawickrama et al.
1991, Haines and Simpson 1994, Jayawickrama et al.
1997]. Also the quality of scions, and specially the
place they were taken from their scion plant [Frey et
al. 2011], the age of the scion plant [Almqvist 2013,
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Shu et al. 2013] and the storage life of the scions [Bar-
nett and Weatherhead 1989, Wen-Jun 2007] decide on
the graft success and a further growth of propagated
plants. Also a grafting method [De-li et al. 2007] and
the term of this procedure [Frey et al. 2010] has an
important influence of the effectiveness of graft suc-
cess and on the growth of the grafts of conifer plants.
Changes in weather conditions after grafting influence
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graft success and their further growth [Karadeniz 2005].
So far there are very few research results concerning the
usefulness of rootstocks for grafting various cultivars
and species of pine trees [Ahlgren and Wilderness 1972].

A very interesting Polish cultivar of Pinus mugo
is ‘Grze$’. In winter the needles of this cultivar dis-
colour into golden-yellow. ‘Zundert’ is also a dwarf
cultivar of Pinus mugo which has a shrubby form and
which needles change colour into yellow after first
frost [Welch and Haddow 1993].

For many years scientists have been interested in
the chloroplast pigments content in the needles of co-
nifer plants [Bolhar-Nordenkampf and Oquist 1993,
Adams and Demmig-Adams 1994, Ottander et al.
1995, Strand 1995, Grassi et al. 2000, Colom et al.
2003, Oquist and Huner 2003]. It was found that stress
usually causes a decrease in the content of chlorophyll
in leaves [Hendry and Brown 1987] and a rise in the
content of carotenoids [Pefiuelas and Filella 1998].
It is thought that a low concentration of chlorophyll
can directly restrict the potential of the photosynthesis
process [Curran et al. 1990, Filella et al. 1995, Ry-
bus-Zajac 2005, 2010].

Chlorophyll serves as an indicator of: photosyn-
thesis activity, growth, development, production and
biochemical aspects of different plant cultivars, pro-
viding a lot of important information on the physiolog-
ical condition of plants [Sims and Gamon 2002, Steele
et al. 2008]. Determination of the chlorophyll content
gives also, but indirectly, knowledge about the nutri-
ents content [Filella et al. 1995, Moran et al. 2000].

The relative level of chlorophyll undergoes changes
with abiotic factors, such as, for example light [Larch-
er 1995], so determination of their number can give
important information about connections between the
plants and their environment. Valladares et al. [2000]
say that the chlorophyll content is higher in leaves tak-
en from a shadowed part of the plant than in ones from
a sunny surface, the content of carotenoids, however,
increases with the exposure to sun. On the other hand,
Niinemets [1997] gives an opinion that the decrease in
solar radiation intensifies the synthesis of chlorophyll.
What is more, the content of chlorophyll and chloro-
phyll A to chlorophyll B ratio in some plants is depen-
dent on temperature [Ottander et al. 1995].

Differences in the content of chlorophyll among
different species of plants found so far, were connected
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with the stage of leaf’s development and its senescen
[Gamon and Surfus 1999, Carter and Knapp 2001].
It was also found that trees had a higher content of
chlorophyll than shrubs. The content of chlorophyll B
and carotenoids did not differ between various forms
of the plants’ growth [Uvalle Sauceda et al. 2008]. The
amount of photosynthesis pigments in trees changes
with their growth and development, also including
their age, location of stems in the crown, light condi-
tions and access to minerals and water [Merzlyak et al.
1999, Silkina and Vinokurova 2009].

The aim of the consider experiment was the deter-
mination of the usefulness of four rootstocks and two
dates of grafting procedure for the propagation of two
mountain pine cultivars. An attempt was also taken to
determine the influence of the rootstock and the culti-
var on the content of chloroplast pigments in needles,
which had not been studied before.

MATERIAL AND METHODS

The experiment was conducted twice in years
2015-2017 in Kobylin in the south region of Great
Poland in a private nursery of trees and ornamental
shrubs belonging Mr. and Mrs. Nowaczyk. The plant
material were scions of Pinus mugo of ‘Grze$’ and
‘Zundert’ cultivars and the rootstocks of Pinus nig-
ra, Pinus uncinata, Pinus contorta and Pinus sylves-
tris. The experiment consisted of 16 combinations
(4 rootstocks x 2 cultivars x 2 dates). Each combina-
tion consisted of 4 repetitions with 20 plants in each
one. Altogether the experiment included 1280 grafted
rootstocks.

One year before the experiment started the pur-
chased rootstocks had been planted into P9 pots filled
with a mixture of peat, bark and perlite in 10 : 1 : 1
ratio and added of slowly realized fertilizer Osmocote
Exact in the amount of 4g'1"'of the substrate. Grafting
procedure was conducted in two dates: on 20 January
and 15 March of 2015 and 2016 year. At the end of
November the rootstocks were placed in a foil tunnel,
where their selection took place. The ones with the di-
ameter of 6—7 mm were chosen and lateral shoots were
removed from the bottom. All scions were taken in the
period of the scion plant’s full dormancy.

The rootstocks were graft by the use of side graft-
ing method [Hrynkiewicz-Sudnik et al. 1999]. Next
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the scions were tied with a rubber band. All plants
from each combination were labeled and placed in
a heated foil tunnel in the temperature between 8§—12°C
during winter months. To ensure higher moisture all
grafts were covered with a low foil tunnel. After a peri-
od of six weeks from the day of grafting procedure, cold
hardening — by gradual airing — started. At the end of
April the plants were taken from the tunnel and planted
into C 21 pots filled with the mixture of peat, bark and
perlite in 10 : 1 : 1 ratio with the addition of Osmocote
Exact in the amount of 5 g'1"! of the substrate. In the
same time the rootstocks were pruned in the middle of
their height and the shoots growing in the direct vicinity
of the grafted cultivar were removed. After following six
weeks all rootstocks individually were cut just above the
growing cultivar. The measurements and observations
of the plants were conducted twice after the end of the
plants’ growth in the first and second year of their culti-
vation. They concerned the graft success, lengths of their
main stems as well as the number of lateral shoots.

The needles used for the determination of the lev-
el of chloroplast pigments were collected in the first
week of September. The determination was carried
out according to Hiscox 1 Israelstam [1979], method,
which allows to extract pigments form the plant ma-
terial by means of dimethyl sulfoxide (DMSO) with-
out tissue maceration. Test portions of 0.05 g were
cut into 2-3 cm segments and they were treated with
5 ¢cm?® DMSO and incubated in water bath at 65°C for
60 min. The content of individual pigments in the ex-
tract was determined with a spectrophotometer at an
appropriate wavelength. For chlorophyll A the mea-
surement of the extract’s absorbance was carried out
at the wavelength of 665 nm, for chlorophyll B at
649 nm and for carotenoids at 480 nm. The content
of pigments was calculated according to modified Ar-
non’s formulae [1949].

Chlorophyll A= (12.19 x A, —3.45 X A,)) X
xV x (1000 W)! [mg-g! fresh mass]

Chlorophyll B = (21.99 x A —5.32x A ) x
XV x (1000 W) [mg g fresh mass]

SumA+B=(18.09 xA_ +7.05xA_ )X
XV x (1000 W) [mg g fresh mass]
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Carotenoids = 1000 x A, —2.14 chl. A~
—70.16 chl. B x 214" [mg'g™' fresh mass]

where: A — absorbance at a given wavelength, V — total
volume of extract (cm?®), W — mass of a sample (g).

To compare the obtained results two-factor variance
analysis (rootstocks and grafting dates for growth fea-
tures and grafts success, and the rootstocks and cultivars
for the content of chloroplast pigments) was applied.
The significance of differences among combinations
was evaluated on the basis of confidence intervals, us-
ing Duncan test for significance level a = 0.05. To cal-
culate percentage values Bliss transformation was used.

RESULTS

The results of the percentage of graft success for
‘Grze$’ cultivar were differentiated by the rootstock
used and the date of grafting procedure. In the earlier
date the best result was obtained on Pinus sylvestris,
and the worst on Pinus nigra. Another dependence of
the percentage of graft success on the rootstocks was
found in the second date of grafting. Here the best re-
sults were observed on the two rootstocks: Pinus unci-
nata and Pinus contorta (Tabs. 1, 2 and 3).

Analyzing the rootstocks use and date of grafting
the biggest increments of lateral shoots were obtained
on Pinus nigra in the first date of grafting procedure.
The smallest ones were observed on Pinus contorta
in both terms of grafting procedure, and also on
Pinus uncinata and Pinus sylvestris in the later term
(Tabs. 1, 2 and 3).

Significantly the biggest lengths of the main stem
for ‘Grze$’ cultivar were obtained in the first date of
grafting procedure for all combinations of rootstocks,
and in the second term only for Pinus nigra and Pinus
sylvestris rootstocks (Tabs. 1, 2 and 3).

The rootstocks and grafting procedure date used in
the experiment did not have any significant influence
on the number of increments of ‘Grze$’ cultivar in the
first and the second year of its growth (Tabs. 1, 2 and 3).

The best percent of graft success for ‘Zundert’ cul-
tivar in the first date of grafting was observed on Pinus
sylvestris and Pinus uncinata. In the second date, how-
ever, significantly better graft success was observed
for Pinus contorta and Pinus uncinata (Tab. 4).
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Table 1. The values of individual features for Pinus mugo ‘Grze$’ — interaction of factors

Date of grafting procedure

Feature Rootstock Femp.
20 January 15 March
Pinus contorta 73.0b 87.0d
Pinus nigra 633a 73.0b o
Percentage of graft success Pinus sylvestris 20.0 c 731b 38.21
Pinus uncinata 73.0b 87.0d
Pinus contorta 4.35 ab 3.65a
The average of increments’ lengths Pinus nigra 5.18¢ 4.59 be 0.19
in the first year Pinus sylvestris 4.59 be 4.23 ab '
Pinus uncinata 4.46b 3.88 ab
Pinus contorta 5.40 be 5.00 ab
The average of the length of the main Pinus nigra 6.30c 6.00 ¢ 1.06
stem Pinus sylvestris 5.70 be 5.70 be
Pinus uncinata 5.50 be 4.50 a
Pinus contorta 3.60a 3.80a
The average of the number Pinus nigra 370 a 3.80a 0.09
of increments in the first year Pinus sylvestris 3.70 a 370 a '
Pinus uncinata 3.60a 3.80a
Pinus contorta 1420 a 14.70 a
The average of number of increments Pinus nigra 14.10 a 13.90 a 0.42
in the second year Pinus sylvestris 14.20 a 1330 a '
Pinus uncinata 14.50 a 15.60 a

Data marked with the same letters do not differ among each other for an individual feature at o = 0.05. ** means a very significant difference

Table 2. The values of individual features depended on used rootstocks for Pinus mugo ‘Grzes§’

Feature Rootstock Value of feature Femp.
Pinus contorta 80.0c
Pinus nigra 68.2a
Percentage of graft success Pinus sylvestris 765 b 47.74 **
Pinus uncinata 80.0c
Pinus contorta 4.00 a
The average of increments’ lengths Pinus nigra 4.89b 5 46 **
in the first year Pinus sylvestris 441 a '
Pinus uncinata 4.17 a
Pinus contorta 5.20 ab
The average of the length of the main Pinus nigra 6.15¢ 6.45 **
stem Pinus sylvestris 5.70 be
Pinus uncinata 5.00 a
Pinus contorta 3.70 a
The average of the number Pinus nigra 3.75a 0.03
of increments in the first year Pinus sylvestris 370a ’
Pinus uncinata 3.70 a
Pinus contorta 14.45 a
The average of number of increments Pinus nigra 14.00 a 0.73
in the second year Pinus sylvestris 13.75 a '
Pinus uncinata 15.05a

Data marked with the same letters do not differ among each other for an individual feature at o = 0.05. ** means a very significant difference
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Table 3. The values of individual features depended on date of grafting for Pinus mugo ‘Grzes$’

Date of grafting
Feature Femp.
20 January 15 March

Percentage of graft success 723 a 80.0b 90.04 **
Th fi ts” lengths i

e average of increments’ lengths in 4.65b 4092 11.36 #*
the first year
Thi f the length of th i

e average of the length of the main 573 b* 5304 436 *
stem
Th
. e averagf? of the number of 1.65a 378 a 0.63
increments in the first year
Th f ber of i t

e average of number of increments 1495 2 1438 2 0.03

in the second year

Data marked with the same letters do not differ among each other for an individual feature at o = 0.05. * means a significant difference, ** means
a very significant difference

Table 4. The values of individual features for Pinus mugo ‘Zundert’ — interaction of factors

Date of grafting
Feature Rootstock Femp.
20 January 15 March
Pinus contorta 67.0b 80.0d
Percentage of graft success Pl.nus erd ] 67.0 60.0a 145.38 **
Pinus sylvestris 73.1¢ 67.0b
Pinus uncinata 73.1¢ 80.0d
Pinus contorta 4.30 abc 4.70 be
The average of increments’ lengths in Pinus nigra 4.48 abc 4.24 abc 3.80%
the first year Pinus sylvestris 3.93 ab 4.80c
Pinus uncinata 4.53 abc 370 a
Pinus contorta 5.20 ab 6.20b
The average of the length of the main Pinus nigra 5.80 ab 5.40 ab 450
stem Pinus sylvestris 5.10 ab 6.00 ab
Pinus uncinata 6.10b 4.90 a
Pinus contorta 370 a 370 a
The average of the number of Pinus nigra 3.70 a 370 a 0.02
increments in the first year Pinus sylvestris 3.60a 3.60a
Pinus uncinata 3.60 a 370 a
Pinus contorta 14.50 a 14.10 a
The average of number of increments Pinus nigra 14.10 a 1520 a 039
in the second year Pinus sylvestris 1490 a 14.00 a
Pinus uncinata 1420 a 14.80 a

Data marked with the same letters do not differ among each other for an individual feature at o = 0.05. * means a significant difference, ** means
a very significant difference
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Table 5. The values of individual features depended on used rootstocks for Pinus mugo ‘Zundert’

Feature

Rootstock

Value of feature

Femp.

Percentage of graft success

Pinus contorta
Pinus nigra
Pinus sylvestris
Pinus uncinata

73.5¢
63.5a
70.0 b
76.5d

187.38 **

The average of increments’ lengths
in the first year

Pinus contorta
Pinus nigra
Pinus sylvestris
Pinus uncinata

4.50a
4.36a
436a
412 a

0.70

The average of the length of the main stem

Pinus contorta
Pinus nigra
Pinus sylvestris
Pinus uncinata

5.70 a
5.60 a
5.55a
5.50 a

0.12

The average of the number of increments
in the first year

Pinus contorta
Pinus nigra
Pinus sylvestris
Pinus uncinata

3.70 a
370 a
3.60 a
3.65a

0.08

The average of number of increments
in the second year

Pinus contorta
Pinus nigra
Pinus sylvestris
Pinus uncinata

1430 a
14.65a
14.45 a
14.50 a

0.04

Data marked with the same letters do not differ among each other for an individual feature at o = 0.05. ** means a very significant difference

Table 6. The values of individual features depended on date of grafting for Pinus mugo ‘Zundert’

Date of grafting
Feature Femp.
20 January 15 March

Percentage of graft success 70.0a 71.8b 18.38 **
The average of increments’ lengths in the first year 431a 436a 0.07
The average of the length of the main stem 555a 5.63a 0.09
The average of the number of increments in the first year 3.65a 3.68a 0.02
The average of number of increments in the second year 1443 a 14.53 a 0.02

Data marked with the same letters do not differ among each other for an individual feature at a = 0.05. ** means a very significant difference

The length of increments in the first grafting date
did not differ significantly. In the later term of the
procedure the highest value of this parameter was ob-
tained on Pinus sylvestris, which did not differ much
from the lowest value obtained on Pinus uncinata.

Significantly the biggest value of the main stem’s
length for ‘Zundert’ cultivar was obtained in the sec-
ond date of grafting procedure on Pinus contorta and

80

in the first one on Pinus uncinata. These results were
different only from those obtained for the later date
of grafting carried out on Pinus uncinata rootstock
(Tabs. 4, 5 and 6).

Rootstock combinations and dates of grafting pro-
cedure did not have any big impact on the number of
increments, independently from the year of measure-
ments (Tabs. 4, 5 and 6). Also the two grafting dates
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Table 7. Content of pigments in the needles depending on the combination

giﬁlit\)/i?rt(l)(:tlstock Chlorophyll A Chlorophyll B Carotene
Grze$ / Pinus nigra 0.5198 ¢ 0.1795 be 0.5330 c—¢
Grzes$ / Pinus sylvestris 0.5717 ¢ 0.2006 ¢ 0.5924 de
Grze$ / Pinus uncinata 0.5452 ¢ 0.1908 ¢ 0.5933 de
Grze$ / Pinus contorta 0.5552 ¢ 0.1944 ¢ 0.6197 ¢
Zundert / Pinus nigra 0.2630 b 0.1383 b 0.4804 b—d
Zundert / Pinus sylvestris 0.1991 b 0.0691 a 0.4367 abc
Zundert / Pinus uncinata 0.1604 ab 0.0547 a 0.3896 ab
Zundert / Pinus contorta 0.0712 a 0.0271 a 0.3575 a
Femp. 3.03 ° 7.51 ** 3.02°

Data marked with the same letters do not differ among each other for an individual feature at a = 0.05. ** means a very significant difference,

° means a significant difference at a = 0.01

Table 8. Content of pigments in the needles depending on used rootstock

Rootstock Chlorophyll A Chlorophyll B Carotene
Pinus nigra 0.3914 a 0.1589b 0.5067 a
Pinus sylvestris 0.3854 a 0.1349 ab 0.5146 a
Pinus uncinata 0.3528 a 0.1227 a 0.4915 a
Pinus contorta 0.3132 a 0.1107 a 0.4886 a
Femp. 1.81 4.32 % 0.24

Data marked with the same letters do not differ among each other for an individual feature at o = 0.05. * means a significant difference

did not differentiate the results of this parameter ob-
tained in the two years of the observation of the growth
of ‘Zundert’ cultivar (Tabs. 4, 5 and 6).

Taking into consideration the influence of the root-
stock on the level of chloroplast pigments, a significant-
ly higher content of chlorophyll A and B and carotene
was obtained for ‘Grze$’ cultivar in all rootstock combi-
nations (Tabs. 7 and 8). From all the rootstocks used in
the experiment only Pinus nigra had a significant influ-
ence on a higher level of Chlorophyll B (Tab. 8).

DISCUSSION

The side grafting method, which was used in the
experiment is a method propagation suggested for
conifer plants [Bartels 1982, Macdonald 1986, Hart-
mann et al. 2011]. Taking into account a high percent-
age of graft success in the conducted experiment one

https://czasopisma.up.lublin.pl/index.php/asphc

can recommend this method for the propagation of the
cultivars of mountain pine trees.

A lot of authors [Kleinschmidt 1975, Bartels 1982,
Hrynkiewicz-Sudnik et al. 1999, Hartmann et al. 2011]
pay attention to the choice of appropriate rootstocks
for grafting procedure. For two-needled pines the rec-
ommended rootstocks are Pinus sylvestris and Pinus
contorta, for three-needled ones Pinus sylvestris and
also Pinus ponderosa and Pinus jeffreyi. For five-
-needled pines a recommended rootstock are Pinus
contorta and Pinus strobus — although the last one is
being withdrawn because of its vulnerability to white
pine blister rust. Also Bértels [1982] thinks that Pinus
contorta is one of the most universal rootstocks for
grafting pine trees. Among the studied rootstocks, an-
alyzing the number of taken scions only Pinus nigra
rootstock influenced the lowering of the effectiveness
of grafting procedure, especially in its earlier term.
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On the other hand, Pinus nigra affected the more in-
tensive growth of grafted pine tree cultivars. Howev-
er, it took place only in the first year of cultivation.
As far as the effectiveness of grafting procedure is
concerned, two rootstocks: Pinus uncinata and Pinus
contorta were outstanding, especially in the last term
of grafting procedure. Looking into the mutual influ-
ence of the rootstock and the cultivar grafted on it, it
is hard to explain existing differences in graft success.
It could be connected with the depth of dormancy of
individual rootstocks or with the intensity of their ra-
sin tapping after their acceleration directly before the
grafting procedure. Differentiation in the growth po-
tential at winter rest, depending on the cultivar was
confirmed by other researchers [Oribe and Kubo 1997,
Oribe et al. 2001, 2003]. On the basis of the conducted
experiment and the previous one [Nowaczyk 2014] it
can be concluded that Pinus uncinata is also a good
rootstock, which can be successfully used for the
propagation of slowly growing dwarf pine trees. Pinus
nigra and Pinus sylvestris, however, are recommend-
ed for fast growing pines, although the graft success in
smaller on them in comparison with other rootstocks.

success in a later grafting term (the middle of March)
compared with the January term. It is not confirmed,
however, by Barnett and Miller [1994] who recom-
mend an earlier grafting term for coniferous species.

Some authors [Bértels 1982, Hrynkiewicz-Sudnik
et al. 1999] recommend beginning the grafting pro-
cedure of pine trees in December. In the conducted
experiment it was found that the earlier term did not
have any significant advantage over later ones, and in
early spring months even better results are obtained.
The advantage of the spring grafting is that such grafts
start their vegetation earlier and growing shoots are
characterized by bigger increments. On the basis of
the conducted studies it can be stated that there are
a lot of factors, which affect the percentage of graft
success and the pace of growth of the plants propa-
gated by grafting. Therefore it is worth to carry out
further studies in this field, as the available literature
is very limited.

Studies on the influence of the rootstock and the time
of grafting procedure for selected cultivars of mountain
pine which discolour in winter, did not give explicit re-
sults. However, some dependencies can be observed.

Table 9. Content of pigments in the needles depending on cultivar

Cultivar Chlorophyll A Chlorophyll B Carotene
Grze$ 0.5480 b 0.1913 b 0.5846 b
Zundert 0.1734 a 0.0723 a 04161 a
Femp. 196.54 ** 144.49 ** 43.62 **

Data marked with the same letters do not differ among each other for an individual feature at o= 0.05. ** means a very significant difference

Because of the observed influence of the time of
grafting procedure on the graft success and growth of
coniferous plants two grafting terms were chosen for
the experiment [Mergen 1955, Birtels 1982, Blazich
and Hinesely 1994, Hinesley and Frampton 2002].
The later grafting term in the middle of March turned
out to be better as far as the percentage of graft success
is concerned, and worse referring to the growth of the
plants in the first year of cultivation. In the previous
experiment [Nowaczyk 2014] it was also observed that
mountain pine cultivars with needles which discolour
into yellow in winter, have a bigger percentage of graft
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The biggest graft success for both cultivars of mountain
pine was observed on Pinus uncinata and Pinus contor-
ta rootstocks. The biggest increments for Pinus mugo
‘Grzes$’, however, were obtained on Pinus nigra for the
earlier grafting term. The smallest increments on Pinus
mugo ‘Grze$’ were obtained in both dates on Pinus con-
torta and on Pinus uncinata in the second one.

The highest level of chlorophyll A and chlorophyll
B in the needles of the studied cultivars was found in
‘Grze$’ cultivar independently from the rootstock used
(Tab. 9). One can draw a conclusion that it is the culti-
var with the most intensive growth. It does not confirm
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the opinion of Uvalle Sauceda et al. [2008] that the
content of chlorophyll B and carotenoids did not dif-
fer among growth forms. Among the tested rootstocks
only Pinus nigra had a significant influence on a high-
er level of chlorophyll B which confirms a stronger
growth of this rootstock in comparison with the other
ones used in the experiment. The influence of a root-
stock and cultivar on the content of chloroplast pig-
ments in leaves were not studied earlier. The opinion
of other authors that studies on the level of chloroplast
pigments can provide valuable information about the
physiological status of plants potential found its con-
firmation [Curran et al. 1990, Filella et al. 1995, Sims
and Gamon 2002, Steele et al. 2008].

CONCLUSIONS

1. The highest percentage of graft success in the
first date of propagation was obtained for ‘Grzes$’ cul-
tivar on Pinus sylvestris rootstock, and for ‘Zundert’ in
the second date on Pinus contorta, and Pinus uncinata
rootstocks. The highest percentage of graft success for
the studied cultivars was obtained in the second term
of grafting procedure.

2. The biggest increments for ‘Grze$’ were ob-
tained on Pinus nigra. For ‘Zundert’ cultivar no sig-
nificant influence of the rootstock used was observed.

3. Plants of ‘Grze$’ cultivar grew more intensively,
independently from the rootstock used. This cultivar
was characterized also by a higher level of chloroplast
pigments.

4. Of all studied rootstocks only Pinus nigra had a
significant influence on the increase of the chlorophyll
B content in needles.
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