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The experiment was set up on a fertile alluvial soil, at the Warsaw-Wilanoéw
Experimental Station, Central Poland, in spring of 2000. Apple trees of cv. ‘Elise’ were
planted on 18 rootstocks of different origin and grew in V planting system. Different
rootstocks were classified into three groups, depending on expected tree vigour: semi-
dwarfing (P 14, P 60, B.396 and M.26), dwarfing (B.9, B.146, P 2, P 59 and seven subclones
of M.9 — EMLA, Burgmer 984 & 751, T339, Pajam 1, Pajam 2, RN29) and superdwarfing
(M.27, P 16, PB-4). Trees on rootstocks assumed as semi-dwarfing were spaced at a
distance of 3.8 x 1.0 m, on dwarfing — at a distance of 3.5 x 0.7 m and on superdwarfing —
at a distance of 3.2 x 0.5 m. The trunk cross-sectional area (TCSA) after 6 years on semi-
dwarfing rootstocks was the greatest on P 14; vigour of trees on other rootstocks was
similar. The cumulative yield per tree (2001-2005) was the lowest on M.26. Fruit size did
not depend on the rootstock. The cropping efficiency coefficient (CEC) was the highest
of trees on B.396 and the lowest — on P 14. On rootstocks considered as dwarfing, TCSA
after six years was the smallest on P 59 and the largest on M.9 EMLA; vigour of trees on
other subclones of M.9 was smaller and similar. The lowest cumulative yield per tree was
obtained on P 59 and the highest — on M.9 751, M.9 984 and M.9 EMLA. Fruit size was
similar and did not depend on rootstock. The CEC was the highest on P 59. On
superdwarfing rootstock trees on PB 4 were the smallest. The highest cumulative yield per
tree gave the trees on P 16, while on PB 4 — the lowest one. Fruit size did not depend on the
type of superdwarfing rootstock. In this group, CEC was the highest for trees on P 16.

Key words: apple, tree vigour, planting density, productivity, cumulative yield,
cropping efficiency, fruit size.

Introduction. For intensive planting system of apple fruit orchard, the ideal
tree is one that does not grow too vigorously, is early and regular bearing, and
produce high quality fruits (Wertheim, 1989; Vebster, 1992; Vercammen, 2004). M.9
EMLA is considered as standard and the most commonly used dwarfing rootstock
for high-density apple orchards. Its popularity is due to its moderate vigour, high
precocity of bearing, productivity of trees grown on it and good fruit size. Many
experiments with apple rootstocks have been carried out in different countries searching
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for rootstocks best adapted to local climatic and soil conditions (Ferree et al., 1995;
Riesen and Monney, 1996; Quamme et al., 1999; Czynczyk et al., 2001; Sadowski et
al., 2004).

The aim of our experiment was to assess eighteen rootstocks of different origin
and vigour for cultivar ‘Elise’ planted in the “V” system.

Material and methods. The experiment was set up on a fertile salty loam
alluvial soil, at the Warsaw-Wilanow Experimental Station, Central Poland, in spring
of 2000. Apple trees ‘Elise’ on 18 rootstocks of different origin and vigour were
planted and trained in the V planting system. Different rootstocks were classified
into three groups, depending on expected tree vigour: semi-dwarfing (P 14, P 60,
B.396 and M.26), dwarfing (B.9, B.146, P 2, P 59 and seven subclones of M.9 —
EMLA, Burgmer 984 & 751, T339, Pajam 1, Pajam 2, RN29) and superdwarfing
(M.27, P 16, PB-4). Trees on rootstocks assumed as semi-dwarfing were spaced at
a distance of 3.8 x 1.0 m (2631 trees/ha), on dwarfing at a distance of 3.5 x 0.7 m
(4082 trees/ha) and on superdwarfing at a distance of 3.2 x 0.5 m (6250 trees/ha).
Each rootstock was represented by 10 trees per plot, in four replications. Alleyways
were under sward and herbicide strips were maintained along tree rows.

After six years, tree growth was estimated by the trunk cross-sectional area
(TCSA) derived from diameter measurements at 30 cm above the ground. The yield
was harvested every year and in this paper is presented as cumulative yield of five
years (2001-2005). Mean fruit mass was also determined. The cropping efficiency
coefficient (CEC) was calculated as a cumulative yield to the final TCSA ratio.

The results were elaborated by analysis of variance, separately for each group
of rootstocks. For evaluation of significance of differences between treatment means
the Newman-Keuls test was used, at 0=0.05.

Results. After six years in the orchard (spring of 2006) the TCSA on semi-
dwarfing rootstocks was the largest on P 14. The vigour of trees on other rootstocks
was similar (Table 1). The cumulative yield per tree (2001-2005) was the lowest on
M.26. Fruit size did not depend on the rootstock (Table 2). The cumulative cropping
efficiency coefficient (CEC) was the highest for trees on B.396 and the lowest on
P 14 (Table 5).

On rootstocks considered as dwarfing, TCSA after six years was the smallest
on P 59 and the largest on M.9 EMLA. No significant differences in vigour between
the different subclones of M.9 were noted (Table 1). The lowest cumulative yield
per tree was obtained on P 59 and the highest on M.9 751, M.9 984 and M.9 EMLA.
Fruit size was similar and did not depend on rootstock (Table 3). The CEC was the
highest on P 59 (Table 5).

On superdwarfing rootstocks the lowest TCSA had trees on PB 4, significantly
higher — on M.27 and the highest on P 16 (Table 1). The highest cumulative yield per
tree gave the trees on P 16, while on PB 4 — the lowest. Fruit size did not depend on
the type of superdwarfing rootstock (Table 4). In this group, CEC was the highest
for trees on P 16 (Table 5).
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Table

1 lenteleé.

1. Size of apple tree cv. ‘Elise’ six years after planting
(spring of 2006)

2006 m. pavasaris

‘Elise’ veislés obely dydis, praéjus SeSeriems metams po pasodinimo,

Trunk cross- Trunk cross- Trunk cross-
Semidwarfing | sectional area Dwarfin sectional area Superdwarfin sectional area
rootstock (TCSA) rootSOCE (TCSA) Frjootsiock ’ (TCSA)
| Pusau Kamieno Zemangiai Kamieno Nyk&ukinia Kamieno
Zemaigiai skerspjuvio oskieniai skerspjuvio poskiepiai skerspjtivio
poskiepiai plotas (KSP), poskiep plotas (KSP), & plotas (KSP),
cm cm cm
P14 36.0b M.9 EMLA 18.83d M.27 7.65b
P 60 20.16 a M.9 984 16.93 cd P 16 8.20b
B.396 18.60 a M.9 751 16.68 cd PB 4 5.69 a
M.26 22.15a M.9 T339 14.79 bc
M.9 Pajam 1 14.74 bc
M.9 Pajam 2 17.74 cd
M.9 RN29 14.66 bc
B.9 4.40 bc
B.146 12.11b
P2 15.95 cd
P59 7.23a

Table 2. The cumulative yield (2001-2005) and mean fruit mass of
apple tree cv. ‘Elise’ on semi-dwarfing rootstocks
‘Elise’ veislés obely su pusiau Zemaiigiais poskiepiais suminis
derlius (2001-2005 m.) ir vidutiné vaisiaus masé

2 lentelé.

Rootstock Yield (kg tree™?) Mean fruit mass
Poskiepis Derlius, kg medis* Vidutiné vaisiaus mase, g
P14 499b 220a
P 60 50.3b 225a
B.396 56.8 b 233a
M.26 42.1a 222 a
Table 3. The cumulative yield (2001-2005) and mean fruit mass of

apple tree cv. ‘Elise’ on dwarfing rootstocks
‘Elise’ veislés obely su Zemaiigiais poskiepiais suminis derlius
(2001-2005 m.) ir vidutiné vaisiaus masé

3 lenteleé.

Rootstock Yield (kg tree™) Mean fruit mass
Poskiepis Derlius, kg medis* Viduting vaisiaus masé, g
M.9 EMLA 49.3b 23la
M.9 984 485hb 230a
M.9 751 50.1b 239a
M.9 T339 437 &b 230 a
M.9 Pajam 1 46.9 &b 237a
M.9 Pajam 2 46.0 &b 240 a
M.9 RN29 39.2ab 23la
B.9 432ab 226 a
B.146 38.9ab 230a
P2 37.4ab 230a
P59 31.3a 217a
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Table 4. The cumulative yield (2001-2005) and mean fruit mass of
apple tree cv. ‘Elise’ on superdwarfing rootstocks
4 lentelé. “Elise’ veislés obely su nykStukiniais poskiepiais suminis derlius
(2001-2005 m.) ir vidutiné vaisiaus masé

Rootstock Yield (kg tree™?) Mean fruit mass
Poskiepis Derlius, kg medis™* Vidutiné vaisiaus masé, g
M.27 219b 166 a
P16 295¢ 176 a
PB 4 16.6 a 162 a

Table 5. Cropping efficiency coefficient of apple tree cv. ‘Elise’
5 lentelé. ‘Elise’ veislés obely produktyvumas

Semidwarfing CEC Dwarfing CEC Superdwarfing CEC
rootsiock | proguktyvumas,| "OOSIOCK | proguktyvumas, | - FOOISIOCK | produktyvumes,

Pusiau Zemafigiai E Zemaiigiai g Nyk&ukiniai g
poskiepial kg cm® pokiepis kg em® poskicpia kg em®
P14 139a M.9 EMLA 2.63a M.27 2.88a
P60 251D M.9 984 2.88a P16 3.65b
B.396 312¢c  M.9751 300a PB 4 293a

M.26 190a M.9 T339 3.03a

M.9 Pgjam 1 322a

M.9 Pgjam 2 264a

M.9 RN29 2662

B.9 3.02a

B.146 319a

P2 2.36a

P59 4.34b

Discussion. Kurlus and Ugolik (1996), Sadowski et al. (1997) and Wlosek and
Jadczuk (1998) reported that trees on P 14 showed the highest vigour; branches of
trees spaced at 1 m in the row overlapped, and this indicated that this rootstock was
too vigorous in comparison with other rootstocks classified as semi-dwarfing and
dwarfing. Czynczyk et al. (2001) confirmed their opinion that trees on P 14 grew
too vigorously in the first years only. Later the growth of trees on P 14 is usually
much weaker. Results of above-mentioned authors partly confirmed our experiment.
The growth of trees on P 14 was stronger than M.26 and other rootstock, both at
the first years after planting and after six years. Fruit bud formation on P 14 was
delayed, and CEC was the lowest. Similar results were also obtained by Skrzynski
and Poniedziatek (2000) and Stowinski (2004).

In the present study none of the M.9 subclone had any consistent effect on the
trunk diameter of trees and yield in the orchard, however trees on M.9 EMLA showed
a slightly more vigorous growth and better yielding. Our report corresponded to the
results obtained by Loreti et al. (2001) and Webster et al. (2000), who pointed that
size of trees on M.9 subclones was similar; albeit some differences in vigour of trees
and yielding on some subclones and on M.9 EMLA had been noticed. Czynczyk et al.
(2001) pointed that trees on P 59 grew weakly, and yielded not very abundantly,
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what is in line with our study. Trees on P 59 were the smallest and gave the low
yield.

According to Lukué¢ (1994), trees on rootstock PB 4 have similar vigour to
M.9. Our experiment did not confirm this opinion. Tress on PB 4 were very dwarfing,
showing in the orchards weaker vigour than M.27 and P 16. This confirms the
observations of Sadowski et al. (2000, 2004), who described its vigour as lower
than on M.9 and even on P 22. Dwarfing effect of PB 4 as well P 22 has been
successively intensified; the contrast between trees on PB 4 and M.9 increased with
the age.

Conclusions. 1. Trees on semi dwarfing rootstock P 14 showed too vigorous
growth, delayed fruit bud formation and had the lower cropping efficiency coefficient.
On fertile soils in particular this rootstock is not acceptable for high-density plantings.

2. Dwarfing rootstock M.9 EMLA and other subclones of M.9 providing early
bearing and high productivity but not significant differences in vigour and yielding
between them were noted. This rootstock remains as universal rootstock for intensive
orchard.

3. For intensive orchard the most promising alternative rootstock for M.9 is
P 16. Trees on this rootstock had a relatively low vigour and high cropping efficiency
coefficient.

Gauta
2006 05 12

Parengta spausdinti
2006 07 13
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‘ELISE’ OBELU VEISLES SU 18 POSKIEPIU PALYGINIMAS V FORMOS
SODINIMO SISTEMOJE

D. Wrona, A. Sadowski

Santrauka

Bandymas pradétas derlingoje aliuvingje dirvoje VarSuvos-Vilanovo eksperimentingje
stotyje, Centrinéje Lenkijoje, 2000 mety pavasarj. ‘Elise’ veislés obelys buvo pasodintos
su 18 skirtingos kilmés poskiepiy ir augo V formos sodinimo sistemoje. Skirtingi poskiepiai
buvo suskirstyti | tris grupes, priklausomai nuo vaismedzio tikétino augumo: pusiau
zemaigiai (P 14, P 60, B.396 ir M.26), zemaigiai (B.9, B.146, P 2, P 59 ir septyni M.9
subklonai — EMLA, Burgmer 984 ir 751, T339, Pajam 1, Pajam 2, RN29) ir nykstukiniai
(M.27, P 16, PB-4). Vaismedziai su pusiau Zemaiigiams priskirtais poskiepiais buvo pasodinti
3,8 x 1,0 m, su zematigiais — 3,5 x 0,7 m ir su nykstukiniais — 3,2 x 0,5 m atstumais. Po 6 mety
pusiau Zematigiy poskiepiy grupéje didziausias buvo kamieno skerspjivio plotas (KSP)
vaismedziy su P 14 poskiepiu; vaismedziy augumas su kitais poskiepiais buvo panasus.
2001-2005 m. maziausias suminis derlius buvo vaismedzio su M.26 poskiepiu. Vaisiy dydis
nuo poskiepiy nepriklausé. Produktyviausi buvo vaismedziai su B.396, o maziausiai
produktyviis — su P 14 poskiepiu. I§ zematigiams priskirty poskiepiu grupés po Seseriy
mety maziausias KSP buvo vaismedziy su P 59, didziausias — su M.9 EMLA poskiepiu.
Vaismedziy augumas su kitais M.9 subklonais buvo mazesnis, bet panaSus. Maziausias
suminis derlius buvo vaismedzio su P 59, didziausias — su M.9 751, M.9 984 ir M.9 EMLA
poskiepiais. Vaisiy dydis buvo panasus ir nuo poskiepiy nepriklausé. Produktyviausi
vaismedziai buvo su P 59 poskiepiu. I nykstukiniy poskiepiy auguma labiausiai sumazino
PB-4. Didziausias suminis derlius buvo vaismedziy su P 16, maziausias — su PB-4 poskiepiu.
Vaisiy dydis nuo nykstukiniy poskiepiu riisies nepriklausé. Sioje grupéje produktyviausi
buvo vaismedziai su P 16 poskiepiu.

ReikSminiai ZodZiai: obelys, vaismedziy augumas, sodinimo tankumas, derlingumas,
suminis derlius, produktyvumas, vaisiy dydis.
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