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Kopsavilkums

Divas izngginajumu <rijas (2000-2001 un 2001-2002kie 'Sawa' tika péta uz M.9
EMLA. Klona potcelmi tika atdai no matesauga un peti daZdos laikos: (1) potcelmi atddl
novembr, uzglalati +1°C, po€ti mar, pieaugusi 12-15°C tempeified 15-20 dienas un izsfiti
kokaudztava; (2) potcelmi atdati decembr, un turpnakais ka (1); (3) potcelmi atdai marta beigs
— apfla skuma, poEti un uzreiz izstditi kokaudZtava. Otrap vegefacijas gad acohi tika galonoti
70 cm augstul) ataugusSais centra dzinums afddts ar Arbolin 36 SL un vainags veidots no
sasteigtajiem dzinumiem (,knip-koku” tehnika). la&khis sidu izrakums bija pielietojot (1) un (2)
metodes. Ofr izmegginajuma tris stumbru veidoSanas metodes tika izmantotas koo veidoSaa
gkirnem 'Shampion' uz M.9 T339 acotai 2002. gach 'Rubin’ uz P 59 acotai 2003. gaéPilniga
sanzaru izgrieSana, afigpt tikai jaunizveidoto cenfito dzinumu, praga mazk darbaspka
ieguldjuma neld sanzaru galajo3ana un &laka izgrieSana. stlu kvalitite neatgiras.

Abstract

In two experimental series (2000-2001 and 2001-p0Bawa’ was bench grafted on M.9
EMLA. Rootstocks were separated from mother plaitslifferent dates and grafts treated in a
different way: (1) rootstocks taken from stoolbéasNovember, stored at +1°C, grafted in March,
callused at 12-15°C for 15-20 days and then plaiethe nursery; (2) rootstocks separated in
December, then treated as (1); (3) rootstocks atgrhrat the end of March or beginning of April,
grafted and planted directly in the nursery. Indkeond year scion shoots were headed back at,70 cm
the renewed leader treated with Arbolin 36 SL dreddrown formed by sylleptic shoots (“knip-boom”
method). The higher output of nursery trees wasiobt from the treatments (1) and (2), when
rootstocks were separated in autumn or winter amdtsgcallused. In another experiment, three
methods of cleaning stems were compared in pramuadf ,knip-boom” trees developed from
budding, using 'Sampion’' on M.9 T339 in 2002 antIR on P 59 in 2003. The complete cleaning of
stems and leaving a single renewed leader at atpeéred less labour than successive cleaning with
or without pinching of additional sprouts, left teanarily on the stem. Quality of trees produced by
either method was similar.

Key words: apple, two-year-old trees, knip-boom trees, begchfting, callusing, stem
cleaning

Introduction

The use of two-year-old trees for establishingrieiee apple orchards results in early bearing
(Merezhko, 1985; Bootsma and Baart 1990; Wiodard884, Sadowskeét al, 2000, Bielickiet al,
2002, 2004). Two-year-old trees may be produced different ways (Sadowski and Gorski, 2003).
Nowadays, two-year olds with a renewed leader aathérs (sylleptic laterals), commonly named in
Dutch as “knip-boom”, are preferred (Bootsma, 19Blicki et al, 2004). Such trees not only
provide early and high production, but also theavgh in the orchard may be more easily controlled
(Balkhoven-Baaret al., 2000).

The production of “knip-boom” trees involves applion of various treatments in the nursery.
Bench grafting of scion cultivar on a rootstockhe wintertime provides an opportunity of shortgnin
the nursery cycle to two years (Sadowski and GP&03). In this study different timing of taking
rootstocks assigned for grafting and of differematment of grafts was evaluated. In the other
experiments different methods of stem cleaningthimm process of training of a new leader (after
heading back a scion shoot), were compared.
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Materials and Methods

Two different nursery trials were carried out in M&w-Wilanow, Central Poland, each in two
series. Soil of the site was silty loam alluviathrin humus.
Trial 1. Sawa apple cultivar was grafted on M.9 EMiootstocks 9-11 mm in diameter, at 20 cm
above root collar. Rootstocks used were separated the mother plants at different dates and grafts
treated in a different way: (1) rootstocks sepatrdtem mother plants at the beginning of November,
stored in cold storage at +1°C, grafted in Marcibjected to callusing (heat pre-treatment) at 12215
for 15-20 days, followed by storage at 1°C for 8ags and then planted; (2) rootstocks separated in
the second half of December, then treated as 8))rootstocks separated at the end of March or
beginning of April, grafted and immediately planiadhe nursery. In the"2year of nursery (2001 or
2002) scion shoots were headed back at 70 cm, ghewed leader treated with Arbolin 36 SL
(branching promoter, BA + Ghand crown formed of sylleptic shoots (“knip-boométhod).

Both experimental series were set in a randomisaak lesign, with 6 replications and 30 plants
per plot. Before digging out the trees (in autur@@X2and 2002) stem diameter at 35 cm, tree height
and length of lateral shoots were recorded. Instbrées | tree height was also measured after the 1
year (in autumn 2000). The total output of treed amput of branched trees was also calculated.
Trial 2. Both experimental series of this trial eerarried out on trees produced in the three-year
nursery cycle, where scion shoot was developetdr?f year of nursery — from budding performed
in the £'year. In the "8 year, this scion shoot was headed back at 70 chitenrenewed leader was
treated with Arbolin 36SL, when it reached the kngf 25-35 cm above the cut, at the end of May.
All suckers bursting from the rootstock were rentbas they appeared.

Needless scion sprouts, appearing on the stemcaftiéng were eliminated in a different way: (1)
all sprouts (except for one, which was assignedfaanewed leader) were removed at once when they
had 3-5 leaves; (2) sprouts appearing at the bd®atm part of the stem and 2-3 upper sprouts,
competing with the leader, were removed at oncegreds the remaining ones (4-7) were left
temporarily for a period of ca 3 weeks and finatiynoved 2-3 days before the Arbolin treatment; (3)
the same as (2) + pinching of the tips of temposanputs._

The first series of this trial was carried out &arhpion' on M.9 T339 rootstock, with
experimental treatments performed in 2002, thersgeeries on 'Rubin’' on P 59, with treatments in
2003. Both series were set in a randomised bloslgdewith 5 replications and 21-24 trees per plot.
Stem diameter and length of lateral shoots weresuared before digging, as in the trial 1.
Additionally, the length of the renewed leader wasasured before treating it with Arbolin. Time
spent on cleaning of stems by different methodsal&s recorded.

Results of measurements of both trials were elaboray analysis of variance, separately for
each experimental series. Significance of diffeesnbetween treatment means was estimated using
the Newman-Keuls test, at=0.05. Data related to the output of trees anchéotime spent on the
cleaning of stems in the trial 2 were not subjettestatistical analysis.

Results
Trial 1. As expected, rootstocks taken from thelsteds in April had mature (brown) roots, while
rootstocks taken in November or even in December éndigh proportion of white, delicate roots,
which could be easily damaged while handling. Inesel the output of trees was high, irrespectife o
the date of taking rootstocks and the treatmergrafts (Table 1). In series Il a considerably lower
output of trees was obtained when rootstocks wakert in April, immediately grafted and planted
without callusing grafts. A low percentage of briaed trees was also noted in this treatment.

Table 1. Output of trees, 'Sawa' on M.9 EMLA, %étation to the grafts planted

Date of taking Date of Treatment Series | (2000-2001)  Series Il (2001-2002)
rootstocks grafting of grafts total branched total branched
November March callusing 93.0 88.9 86.4 79.5
December March callusing 97.2 92.8 85.7 72.6
April April planting atonce  97.2 94.4 78.6 52.6

In series |, after the®lyear, significantly lower trees were obtained, wigeafting was made on
rootstocks taken in April and non-callused (treattr®) than with grafting in March on rootstocks
taken in November or December and callused beflargtipg (treatment 1 or 2) — Table 2. After the
2" year these differences were effaced and no sigmifidifferences due to treatment were noted in
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this series in the final height or in the stem diten of two-year-olds. In series Il there were no
differences in the final tree height. However, srebtained from grafts made on rootstocks taken in
April and non-incubated were definitely thinnere&s coming from grafts made on rootstocks taken
in December were slightly thinner than made onstoaks taken in November.

Table 2. Indices of tree size, 'Sawa' on M.9 EMLA

Date of Series | (2000-2001) Series 1l (2001-2002)
taking Datf(te' of Tfreatrfr:ent one-year-olds ht\{v%-yea(rj-_olds - ftwr?-year;quds
grafting of grafts , eight, diameter, height, ilameter,
rootstocks height, cm cm mm om mm
November March  callusing 117 b 166 a 148 a 166 a 142c
December March  callusing 115b 166 a 144 a 166 a 13.0b
April April planting at once 105 a 163 a 143 a 163 11.8a

! Mean values marked with the same letters (withinablumns) are not significantly at different ¢at0.05).

No significant differences in the number or lengtHateral (sylleptic) shoots were found in the
series | of this trial (Table 3). In series |l tlwavest number of lateral shoots and the smalldsal to
length of laterals was obtained with grafting omtstocks taken in April and non-callused grafts,
while the highest indices of branching were notathwgrafting in March on rootstocks taken in
November and grafts callused.

Table 3. Indices of lateral shoots, 'Sawa' on MMLE

g?(}ﬁ of Date of ~ Treatment Shoot number per tree Total shoot Mean shoot

e g Orafting  of grafts <20cm >20cm  total length, cm length, cm
Series | (2000-2001)

November March callusing 15a 4.2 a b7a 253a .2 46

December March callusing 1.3a 39a 52a 230a .9 a6

April April planting at oncel.4 a 40a 54a 234a 449 a
Series Il (2001-2002)

November March callusing 12a 43Db 55b 248 b 147

December March callusing l2a 35a 4.7 ab 203 ab45.2 a

April April planting at once0.9 a 3.2a 4.1 a 175a 453 a

Trial 2. Immediate removal of all additional speutom stems (treatment 1) was the least
laborious in both series of trials (Table 4).

Table 4. Time spent on cleaning of stems from &attid sprouts, per 100 trees

Date and time of cleaning

Treatment of temporary sprouts on the stem  first correction final total
cleaning cleaning
Series | — 'Sampion' on M.9 T 339 — 2002
08.05 20.05 24.05
Complete cleaning of all additional sprouts at on&®’ 30” 1'25” 2' 55" 23' 50"
Successive cleaning of additional sprouts 14’ 30" 7' 15" 20' 15" 38 40"
Successive cleaning with pinching of sprouts left 4’ 40” 715" 17 25" 49 20"

Series Il — 'Rubin' on P 59 — 2003
10.05 21.05 28.05

Complete cleaning of all additional sprouts at on&@’ 30” 5’ 30" 4 10" 22' 10"
Successive cleaning of additional sprouts 13' 50" 6’ 55" 5 35" 26’ 20"
Successive cleaning with pinching of sprouts left 4’ 20" 8 20" 5’ 30" 38 10"

The most laborious was successive cleaning of stemtts additional pinching of tips of the
temporarily left sprouts (treatment 3). Only iniserll the new leader, developed after heading lofck
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scion shoot (maiden tree) in th€ gear of nursery, was shorter when the completenag of stem
was applied at once (Table 5). However, this hasaffected the final quality of two-year-old “knip-
boom” trees (Table 5 and 6). A slightly smaller dfugmof lateral shoots, resulting from the treatment
2, was noted in the series Il (Table 6).

Table 5. Length of the renewed leademd indices of the final tree size

Length of new Tree height, Stem

Treatment of temporary sprouts on the stem leadert, cm cm diameter, cm
Series | — 'Sampion' on M.9 T 339 — 2002
Complete cleaning of all additional sprouts ateonc 26.0 a 168 a 146 a
Successive cleaning of additional sprouts 26.6 a 66 al 14.7 a
Successive cleaning with pinching of sprouts left 27.2 a 167 a 149a
Series Il - 'Rubin’ on P 59 — 2003
Complete cleaning of all additional sprouts at once23.7 a 171a 16.2a
Successive cleaning of additional sprouts 28.3b 5d7 159a
Successive cleaning with pinching of sprouts left 8.2 173 a 158 a

I pefore treatment with Arbolin 36SL

Table 6. Indices of lateral shoots

Shoot number per tree Mean
Total shoot shoot

Treatment of temporary sprouts on the stem <20 2>20 total length, cm length,
cm cm cm

Series | — 'Sampion' on M.9 T 339 — 2002

Complete cleaning of all additional sprouts atoncé.5a 59a 124a 309a 254 a

Successive cleaning of additional sprouts 5.0a a6.31.3a 312a 26.9a

Successive cleaning with pinching of sproutsleft .7& 6.0a 11.7a 332a 27.7 a
Series Il = 'Rubin’ on P 59 — 2003

Complete cleaning of all additional sprouts atonc.1a 3.4a 85b 16la 18.8a

Successive cleaning of additional sprouts 47a a2875a 135a 178 a

Successive cleaning with pinching of sproutsleft .1& 3.4a 85b 164a 18.6 a

Discussion

Under the weather conditions of Central Polandgetegiive rootstocks may be taken from the
stoolbeds either in late autumn or in spring, atheawintertime the ground is usually frozen. Only
during occasional periods of thawing it is possibléake rootstocks from stoolbeds in mid-winter, a
happened in the trial 1 in December 1999 and 200@. roots of rootstocks taken in autumn are
immature, white and delicate, and may be easilyadgmu while handling, in contrast to the roots of
rootstocks taken in spring. Hence, it was assurhatitaking rootstocks in spring might result in a
better survival and growth of trees. On the ottard) in the process of production of trees fronchen
grafting, a heat pre-treatment of grafts for a qebief 2-3 weeks is usually recommended, in order to
stimulate formation of thecallus and in consequence a better take of grafts; tiatrhent is
commonly named “callusing”. For callusing, graftingist be performed at the beginning of March
and for this purpose rootstocks should be takeautmmn and cold stored. Callusing is impossible
when rootstocks are taken from stoolbeds in spisgthen it is too late for the heat pre-treatment,
grafts must be planted immediately. The resultthefexperiments carried out within our trial 1 did
not confirm the original hypothesis. Although rdotks taken in spring had mature roots, grafts made
on them resulted in the same or lower output ana similar or lower final tree quality. Apparently
callusing of grafts was a decisive factor for sgscef bench grafting, as indicated in the study of
Wiodarczyk and Grzywaczewski (1994).

It is worth noting that, in general, satisfactoegults were obtained with bench grafting. Thisis i
line with the results of Sadowski and Gérski (20@@o have shown that “knip-boom” two-year-old
apple trees produced in a 2-year nursery cyclemoape inferior to “knip-boom” trees produced from
budding — in a 3-year cycle.
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The techniques of cleaning stems in the procegsrofation of a new leader for a “knip-boom”
tree has not been referred in the special litegaticcording to the common opinion of nurserymen,
immediate complete cleaning of stems of the nesddgsouts is not desirable, as some leaves are
needed to feed the stem with assimilates untinthe leader develops an adequate number of leaves.
The results of the trial 2 have shown that thiaas necessary. Although in series Il of this ttlz
renewed leader was slightly weaker when the compmliglaning of stem was applied at once, this had
not any significant effect on the final tree qualiRpparently, considering a slightly weaker iritia
growth of the renewed leader, application of a binarg promoter (Arbolin) should be delayed by few
days when the method of immediate complete clearfirsgems is applied. On the other hand, a lower
labour expense is an important advantage of thitade

Conclusions

Vegetative apple rootstocks assigned for benclitiggashould be taken from stoolbeds in
autumn, because then they can be grafted in Mardisabjected to callusing before planting. Planting
of non-callused grafts may result in inferior reésul

In the process of formation of the new leaderkafig-boom” trees, temporary leaving additional
sprouts on the stem is not needed. Immediate coenpleaning of stems is less laborious and results
in the same tree quality.
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