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Abstract
This research paper presents the results of a field trial with managed nursery trees including two apple cultivars
Golden Reinders and Gala Galaxy on the rootstocks M9 and MM 106.
In April 2011, the saplings (bench grafted in March 2011) were planted in the distance 100 cm x 35 cm in
randomized block design in threecombinations of rootstock diameters (5-7 mm, 7-9 mm, 9-11 mm) with
threereplications (in total 60 saplings for each apple cultivar-rootstock and combinations) in Mirovica, Kosovo.
The following parameters were examined: growth, rootstock diameter, scion diameter, and stocks growth
dynamic. The experimental design was a ANOVAs one-way analysing two different factors cultivars, rootstocks
types and treatments (three combinations of rootstocks diameter). Significant differences were found in scion
thickness and sapling growth among the three different combinations of rootstock diameter, dimensions and
cultivars. Insignificant were differences were found within factors as cultivar, rootstock and their combinations
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1. Introduction
Among a series of factors that have great

impacton competitive arboriculture productions is
saplings quality, especially the production of healthy
and standardized planting material.Furthermore, the
arboriculture production depends very much on the
combination of rootstock, cultivars, location and the
cultivation method. Apple cultivars grafted under
some conditions and on different rootstocks during the
years develop different thicknesses. This difference is
of high importance in their lifespan (Sylanaj 2008). In
spring, bench grafts are planted into the nursery. The
planting distance is 90 x 33 cm (Berg 2003).The
rootstock diameter of 8-10 mm it’s an average
standard for bench grafting (Sylanaj 2010). Rootstock
have been found to affect different components of
scion shoot growth (Webmaster 2001) Rootstocks are
used to propagate scionsof preferred cultivars,
improve fruit tree tolerance to environmental stress,
and to control tree size (Webmaster 2003). Research
on rootstocks – scion interaction have demonstrated
that rootstock had more influence than scion on tree
weight and growth rate in young apples tree but scion
more strongly influencing during the growth (Vyvyan,
1955).The optimum rootstock diameter of budding
will be 7-9 mm whereas for bench grafting 9 -12mm
(Memic, 2010).

The main aim of our research was to investigate
impact quality of basic material for multiply on apple
saplings development.

2. Material and Methods

The plant material (benchgrafted saplings)was
imported from nursery “VocniRasadnik”, in
Srebrenik, Bosnia and Herzegovina.The company has
36 years experience and capacity of yearly production
is half millionof different fruit trees saplings.
The soil in which saplings were planted was of good
quality, up to 60 cm deep and in average contained:
humus 2.36 %, (moderate) N 0.13 % (moderate), P2O5

10.69 mg/100g (low), soil, K2O 43 mg/100g soil
(high), Ca101.73 mg/100g soil (moderate), Mg 47.14
mg/100g soil (moderate).pH value in water was 6.8
whereas in KCl 5.8(slightly acid)
Ploughing was made at40 cm depth, organic and
mineral fertilizer wasdistributed in advance: organic
5kg/m2 and mineral NPK 15:15:15 100g/m2.The plot
was tilled 5 times, plants were drip irrigated and have
received 3treatments with fungicides and insecticides.
Apple saplings under observation were from cultivars
Golden Reinders (GR) and Gala Galaxy (GG), bench
grafted on March 2011 on both M9 and MM106 apple
rootstocks. The latestwere well developed with a
length of around 50 cm, were temporary stored in a
container with sand and by the beginning of April
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were planted in open field with a distance of 100 x 35
cm.
The saplings were planted in a randomized block
design, with 20 saplings in each plot and three
replications, in total 60 plants per cultivar/rootstock
combination (2 cultivars, 2 rootstocks and 3 different
combinations of rootstocks thickness, in total 720
saplings)
During the vegetative period, the following
parameters were examined:
 Rootstock thickness measured 10 cm below the

grafting point before planting and classified in
three different combinations of thickness: 5 – 7
mm, 7 – 9 mm and 9 – 11 mm.

 Diameter of the grown scion, measured 10 cm
above the grafting point atthe end of the
vegetative period

 Highest growthof saplings above the grafting
point

 Dynamic of saplings growthfrom the beginning of
May up to the end of vegetative period

Results obtained were analyzed using “ANOVA” one-
way, JMP program and comparisons for all pairs
using Tukey-Kramer HSD 0,01

3. Results and discussions

Table 1 shows the effect of three different
combinations of rootstock’ thickness on the scion
thickness for each rootstock – scion combination.
Comparisons for each pairs using Student’s “t”. The
combination of rootstock thickness 9 – 11 mm had a
higher effect significantly influencing the scion
diameter thickness of cultivars Golden Reinders of
two rootstocks on M9 and MM 106 (10.31 and
10.16mm) and Gala Galaxy on rootstock M9
(10.31mm) compared with combinations of rootstock
thickness 5 – 7 m of Golden Reinders on rootstocks
M9 and MM 106 (8.93; 8.79 mm). Other factors, like
difference in cultivar, rootstock and their treatment
were not statistically significant.

Figure 1. Average results of apple saplings development – scion thickness (mm)

Table 1. Average results of apple saplings development – scion thickness (mm)

Level Mean (mm)
GG MM 106 9-11mm A 10.313333
GR M9 9-11mm A 10.313333
GR MM106 9-11mm A B 10.160000
GG M9 9-11mm A B C 10.006667
GR MM106 7-9mm A B C 9.733333
GG M9 7-9mm A B C 9.560000
GG MM 106 7-9mm A B C 9.560000
GG M9 5-7mm A B C 9.496667
GR M9 7-9mm A B C 9.436667
GG MM 106 5-7mm A B C 9.313333
GR M9 5-7mm B C 8.930000
GR MM106 5-7mm C 8.796667

Levels not connected by same letter are significantly different, t*2,063, Alpha 0.05,
GG (Cultivar Gala Galaxy on rootstocks M9 or MM106),
GR (Cultivar Golden Reinders on rootstocks M9 or MM 106)
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Figure 2. Average of apple saplings development – saplings highest growing (cm)

Table 2. Average of apple saplings development – saplings highest growing (cm)

Level Mean (cm)
GG M9 9-11mm A 121.94000
GG MM 106 9-11mm A 116.85000
GR M9 9-11mm A 115.13667
GR MM106 9-11mm A 114.45000
GG MM 106 7-9mm A B 108.82333
GG M9 7-9mm A B C 107.82333
GR MM106 7-9mm A B C 107.36333
GR M9 7-9mm A B C 103.27333
GG M9 5-7mm B C D 89.48000
GR MM106 5-7mm B C D 86.93333
GG MM 106 5-7mm C D 86.62000
GR M9 5-7mm D 80.58000

Levels not connected by same letter are significantly different, q*4.31702, Alpha 0.01,

GG (Cultivar Gala Galaxy on rootstocks M9 or MM106),

GR (Cultivar Golden Reinders on rootstocks M9 or MM 106)

The effect of three different combinations of
rootstocks thickness on the saplings height  are shown
using comparisons of all pairs with Tukey-Kramer
test.
The rootstocks with thickness 9 – 11 mm had the
highest effect on the saplings maximum growth in
cultivars Gala Galaxy on rootstocks M9 and MM 106
(121.94 and 116.85cm)compared to two other
different combinations of rootstock thickness 7 – 9
mm (17.82 and 108.82cm) and 5 – 7 m (89.48 and
86.62 cm). Similar results were found on Golden
Reinders on rootstocks M9 and MM 106 (115.13and
114.45) compared combinations of rootstock
thickness 7 – 9 mm (103.27 and 107.36 cm) and 5 – 7
mm (80.58and 86.93 cm).
Our findings are similar with those of Berg. (2003).In
the first year the shoot grow to a height of 120 to 150

cm depending on the variety. The diameter at that
height must be at least 10 mm.
According to Ristevski and Simovski (1978) and
Zajmi et al. (2002) (cit Sylanaj et al. 2010) the
thickest rootstocks with the best root system are
formed by most developed trees as they possessmore
than 340 vessels in mm2 through which passesgreat
amounts of water and minerals having a direct effect
on scion growth.
The growing dynamic of saplings length along all the
growing season was steady. The overall sapling length
was bigger in cultivar Gala Galaxy on M9 and
combination of rootstock diameter 9 – 11 mm (121.94
cm). It was also founded that the smallest scions
belonged to the cultivar Golden Reinders on M9 and
rootstock diameter combination 5 – 7 mm (80.58 cm).
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Table 3. Average growing dynamic of the sapling lengths (cm)

Cultivars Rootstocks Dates
Rootstocks diameter 10 cm below grafting point

5-7mm 7-9mm 9-11mm

Golden Reinders
M9

5.06 7.65 9.81 10.94

10.07 27.33 35.03 39.05

12.08 47.12 60.39 67.33

9.09 69.30 88.81 99.02

3.11 80.58 103.27 115.14

MM 106

5.06 7.98 9.85 10.29

10.07 29.56 36.50 38.12

12.08 50.11 61.86 64.61

9.09 74.79 92.33 96.43

3.11 86.93 107.36 114.45

Gala Galaxy
M9

5.06 7.46 8.99 10.02

10.07 29.83 35.94 40.09

12.08 52.33 63.05 70.33

9.09 76.95 92.73 103.43

3.11 89.48 107.82 121.94

M106

5.06 6.36 8.33 8.22

10.07 25.45 33.34 38.88

12.08 49.91 65.36 74.48

9.09 74.49 97.56 101.23

3.11 86.62 108.82 116.85

4. Conclusions

Based on the investigation of the influence of
rootstock diameter on the development of apples
saplingswas found out that:

 The rootstocks used for bench grafting with
different thickness diameter had an impact on
sapling growth.

 Among the different rootstocks diameter
thickness which were tested (5 – 7  mm; 7 – 9
mm; 9 – 11 mm), the highest effect on the
scion diameter thickness of cultivars were
found in combination 9 – 11 mm of cultivar
Golden Reinders on two rootstocks, M9 and
MM 106 (10.31 and 10.16 mm) and Gala
Galaxy on rootstock M9 (11.31 mm).

 High effect was shown also to the maximum
saplings growth were the combination of
rootstock diameter thickness 9 – 11 mm  to
cultivars Golden Reinders on two rootstocks,

M9 and MM 106 (115.13 and 114.45)  and
Gala Galaxy on rootstocks M9  and MM106
(121.94 and 116.85).

 At the end of the growing season the grown
scions showed a length between 80.58 cm (to
the cultivar Golden Reinders on M9 and
combination rootstock diameter 5 – 7) and
121.94 cm (to the cultivar Gala Galaxy on M9
and combination of rootstock diameter 9 – 11
mm)

 During the first vegetation period apple
saplings cultivated in two different cultivars
and rootstocks and three combinations of
rootstocks thickness were very well
developed according to the contemporary
standards for permanent planting, however to
get a final conclusion, second vegetation
period has to be assessed, too.
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