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NURSERY VALUE OF SOME DWARFING CHERRY ROOTSTOCKS IN  HUNGARY
ZEMA AUGUMA KIRSU POTCELMU V ERTEJUMS KOKAUDZ ETAV A UNGARIJA

Bujdos6 G.*and Hrotké K. 2
College of Karoly Rébert, Horticultural DepartmeB200 Gyongyds, Méatrai u. 36, Hungary.
“Corvinus University of Budapest, Faculty of Horticwal Sciences, 1118 Budapest, Villanyi u. 35-48ngary.

Kopsavilkums

Izmeginajuma tika saldzinati potcelmi GiSelA 5 un GiSelA 6 ar Cerasus mahdietmu
‘Cema’, kura tiek tradiciadli izmantota l& saldokirSu potcelms Undrija. SeSas jaunizveidotas saldo
kirSu irnes (‘Rita’, ‘Carmen’, ‘Péter’, ‘Vera’, ‘Aida’, Alex’) tika acotas uz Siem potcelmiem un
izvertetas kokaudzava no 2001. idz 2003. gadam. iBiskas atgirtbas acojumu pieaugud@rstarp
variantiem netika konstths. GiSelA potcelmu ietekme uz koka augumu bijaermama jau
kokaudztava — augu augstums bija par 29-55% aksnun stumbra diametrs par 4-45 % ahaszka
kontroles variantam.@u dzinumi neveidas uz kokiem, kuri acoti uz GiSelA potcelmiem, bet u
‘Cema’ - veidojis sasteigtie dzinumi.

Abstract

There is a keen interest in intensive sweet ch@@grasus aviuni. Monch.) growing in
Hungary. Smaller tree size is essential for thihit@logy; in an intensive orchard the pathogens and
pests can be better controlled, thus more effeeneenvironment safe plant protection can be done.
It is very easy to prune the orchard, the treesnbgiglding earlier, and the cost of picking is kemw
than in a traditional orchard. GiSelA 5 and GiSélAootstocks were chosen to compare their values
to Cerasus mahaleb ‘Cema’ which is the standardgheotstock in Hungary. Six newly bred sweet
cherry cultivars (‘Rita’, 111-42/114 (‘Carmen’), \6/5 (‘Péter’), ‘Vera’, IV-13/20 (‘Aida’ and ‘Alex)
from the Research Institute’s breeding programmewedded on them. Observations were made in a
nursery from 2001 till 2003. There were no sigrifitdifferences in bud take compared to the ‘Cema’
rootstock. The dwarfing effect of GiSelA rootstoakscurred already in the nursery stage, since the
height of the budded cultivars on GiSelA rootstosks 29-55 % and trunk diameter 4-45% smaller
than those by the control variant. No secondaryndiras were produced on the budded cultivars on
GiSelA rootstocks while the trees on ‘Cema’ seagfproduced feathers.

Key words: dwarfing cherry rootstocks, nursery value.

Introduction

In Hungary there is a keen interest, in plantingnsive orchards of sweet chergefasus
avium(L.) Monch.) similarly to other fruit species. Tkeeare a lot of advantages of the intensive fruit
growing due to smaller size of trees compared tadjtional” ones. In an intensive orchard the
growers can exploit biological and ecological ptitdrof the site to produce the highest possibédyi
and the best fruit quality (Papp, 199his technology can be realized by using dwarfimgtstocks.

The Research Institute for Fruitgrowing and Ornaimls of Budapest-Erd searches for
perspective foreign-bred dwarfing rootstocks tanibsel sweet cherry cultivars and hybrids. It isyve
important to test the new dwarfing rootstocks urldengarian climate conditions as they differ from
those in Western Europe. In Hungary soils are ncateareous and the climate is drier compared to
Western Europe, therefore why it is important towrlime- and drought-tolerance of the roots.

Worldwide most planted dwarfing rootstock is of f8iSelA series (Franken-Bembenek 2004,
Bujdos6 and Kallay 2004). Compared to F 12/1 tharfing effect of GiSelA 5 on the growth of
budded cultivars is 48-77 % higher and the buddstivars’ yield is 2-3 times higher. The growth of
cultivars grafted on GiSelA 6 is stronger than dtowf cultivars grafted on GiSelA 5. The sweet
cherry cultivars on GiSelA 6 have 10 % bigger trumkss sectional area than that of cultivars on
GiSelA 5. Both dwarfing rootstocks have very goodhpatibility (Franken-Bembenek, 1998, 2004).
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Materials and Methods

A rootstock trial was set up at the experimentahfaf the Research Institute for Fruitgrowing
and Ornamentals of Budapest-Erd in 2001 and 20@®atuate the GiSelA 5 and GiSelA 6 dwarfing
rootstocks. The control of the trial w&erasus mahaleh. ‘Cema’ (syn.: C 500) which is used in
70% of the Hungarian sweet cherry orchards.

After planting the rootstocks budded in August 602 and 2002 of 3 sweet cherry cultivars
(‘Rita’, ‘Vera’, ‘Axel’ (syn.: ‘Alex’)) and 3 sweetcherry hybrids (1l1-42/114 (‘Carmen’), IV-6/5
(‘Petrus’) (syn.: Péter), IV-13/20 (‘Aida’)), breat the Research institute, were.

In the year after budding (2002 and 2003 resp.) take (Table 1), height of trees (20
trees/rootstock/scion combination), trunk diameteBO cm over the graft (Table 2), and number of
lifted whips and feathered trees (Table 3) weress=d. Trees with at least 100 cm high trunk and at
least 3 laterals. Statistical differences betweme $tock/scion combinations were calculated by
Duncan’s Multiple Range Test.

Results and Discussion

According to data assessed in 2002 and 2003 ewdon ariety took well on ‘Cema’
mahaleb seedling rootstock, on GiSelA 5, and orefai$ (Table 1). The best bud take of ‘Rita’ and
IV-13/20 (‘Aida’) was on ‘Cema’ mahaleb stock, tludt'Vera’ ‘Axel’ and IlI-42/114 (‘Carmen’) - on
GiSelA 6, while IV-6/5 (‘Petrus’) showed the bessults on GiSelA 5. Calculating the average of the
take of the 6 scion varieties the best take (7989 on GiSelA 6, then follow ‘Cema’ (77 %) and
GiSelA 5 (71 %). These facts agree with the findin§Franken-Bembenek (1995).

The height of the trees on GiSelA 5 was by 29 td/bRss, and on GiSelA 6 by 32 to 55 %
less than on ‘Cema’ mahaleb stock (Table 2). Trdidkmeter data gave very similar results: the
measured data of the scion varieties were by 2Bt% and 4 to 35 % less than in the control (Table
3).

Table 1. Bud take of new cherry cultivars budded@ma’ mahaleb seedling and GiSelA 5 and
GiSelA 6 dwarfing rootstocks, % (Erd-Elvira majawerage of 2002-2003)

Bud take
Rootstocks of 'Rita’ Of, ”I'42/11,4 (?f IV_G/? of 'Vera’, % of ,IV_-13,/20 of 'Axel’
Carmen Petrus Aida
'‘Cema’ 81fa 7t a 872 a 83 a 74 a 76 a
GiSelA 5 70 b 68 b 86 b 80 a 56 b 67 b
GiSelA 6 75b 75 a 80 a 90b 65c 90 c

! Multiple range tesiz=0.05

Table 2. Height of one-year-old sweet cherry tieethe nursery, cm (Erd-Elvira major, average of
2002-2003)

Height
Rootstocks ‘Rita’ [”42/114} IV-6/5 ‘Petrus’ ‘Vera’ IY'.13/,20 ‘Axel’
Carmen Aida
'‘Cema’ 19t a 212 a 227 a 240 a 200 a 218 a
GiSelA 5 136 b 104 b 133 b 149 b 114 b 103 b
GiSelA 6 129 b 103 b 123 b 138 b 109 b 122 b

I Multiple range tesiz=0.05

Statistical examination of trunk diameter data skdwignificant difference. Every combination on
dwarfing rootstocks met the specifications of thenglarian nursery standards (Anonym. 2004). These
results also agree with those described by FraBleanbenek (1995), who the found a dwarfing effect
of 30 to 40 % compared to the control trees. Ingasing the young trees on dwarfing stocks GiSelA
5 and GiSelA 6 as a group they showed statisticaldgeneity, except IV-13/20 (‘Aida’) and ‘Axel’.
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Trunk diameter of these two season varieties diffesignificantly from that of the groups.

Table 3. Trunk diameter of one-year-old sweet ghteeres in the nursery, cm (Erd-Elvira major,
average of 2002-2003)

Trunk diameter

of 111-42/114  of IV-6/5 of 'Vera’,  of IV-13/20

Rootstocks of 'Rita Carmen’ Petrus’ % 'Aida’ of 'Axel
'Cema’ 17 a 19,4 a 19.4a 19.3a 19,7a 19.3a
GiSelA 5 12.8b 10,8 b 10,8 b 139b 12 b 12,1 b
GiSelA 6 16,4 a 154 b 15,4 b 159b 14,8 c 149c

! Multiple range testz=0.05

As to feathering of young trees, research resudieiess favourable. Most trees on ‘Cema’
mahaleb rootstock were well feathered, while thms&iSelA stocks had no laterals (Table 4). These
facts contrast with the experience of German rebeas (Vogel, 2001). GiSelA dwarfing rootstocks
proved rather profitable in the nursery: they canelasily propagated and show good compatibility
with a wide range of scion varieties. However, lie {bearing) orchard most estimation is not as
appreciative in Hungary. Under less favourable atam(less precipitation) than that of Western
Europe, unfavourable traits and symptoms come mairtBnce: early ageing, getting barren early, fruit
quality worsen year by year, weak regenerative agpéBujdosoet al, 2004). Thus planting nursery
trees on GiSelA 5 or GiSelA 6 is useful only at thest growing sites or possibly in irrigated
plantations.

Table 4. Ratio of the feathered trees in the nyr$ér(Erd-Elvira major, average of 2002-2003)

Ratio of feathered trees

Rootstocks of 'Rita’ Of, ”I'42/11,4 O,f IV'G/? of 'Vera’, % of ,IV.-13,/ 20 of 'Axel’
Carmen Petrus Aida
'Cema’ 60a 64 a 15 a 56 a 76 a 83 a
GiSelA 5 Ob Ob Ob Ob Ob Ob
GiSelA 6 Ob Ob Ob Ob Ob Ob

! Multiple range testz=0.05
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THE POLISH SYSTEM FOR THE PRODUCTION OF ELITE PLANT S OF POMOLOGICAL
MATERIAL s
AUGSTAKO KATEGORIJU AUG LAUGU STADU RAZOSANAS SISTEMA POLIJ A

Czynczyk A.
Research Institute of Pomology and Floriculture196 Skierniewice, ul. Pomologiczna 18, Poland.

Kopsavilkums

Galveras pratbas: augu mateils, kas pavairots tikai no elites vai sergéte materila, ir
bazes vai sertifiets pavairoSanas matals; materils, kas pavairots noimstestta materla, ir
virustestts pavairojamais matéis; augi tiek audai augsm®, kura bfva no Globoderaspp. un
Synchytrium endobioticunelites un sertifiets Prunus, Rubusun Fragaria ginSu matedls tiek
audzts noLongidorusspp. unXiphinemaspp. nemataam briva augsi. Kandicitaugi tiek ie@ti no
selekcijas vai izlases mat@ld, stditi konteineros, kas nav saskagsar nesteriliztu augsni, audgti
tiklu majas, bivi no EPPO sémas mirgtajiem kaitgajiem organismiem. Kokauetava obligati
jaievero telpiska izolacija, &irnes 1riba, ierobeZots izmantoSanas laiks, rekoragasdpavairoSanas
metodes un augu aizsarblas praghas.

Abstract

The general requirements concerning productioncaadity of nursery plant material of fruit
tree and small fruit species are the followinguitfplant material propagated exclusively fromeebir
certified components is regarded as basic orfiggrthursery material; fruit plant material propsed
from virus-tested components is regarded as vested nursery material; nursery plantations shall
be established on ground or in soil regarded a&sdf&lobodera sppandSynchytrium endobioticum;
nursery plantations of elite and certified mateoiathe generd&runus, RubusndFragaria should be
established on ground or in soil regarded as ffé®ogidorusspp. andXiphinemaspp. nematodes.

Reselected plants shall be divided from candiditetp of the same cultivars proven to be true
— to type. Candidate plants usually descent frdreading program or are selected trees from a group
of trees of one cultivar. Plants should be plamtedontainers without contact of their roots withl s
or in disinfected soil quarters protected by nett{carcasses). Plants should be indexed for the
organism listed in Annex 1 and Annex 2.

Indexing should be periodically repeated by onéhefmethods recommended by the European
and Mediterranean Organization for Plant ProtectiBRPO.

Most important requirements for all fruit nursenaterial are following: spatial isolation,
purity of species and variety (trueness to typepjtéd period of use, recommended method of
propagation, health status — List of harmful orgard which reduce the quality of nursery plant
material: pests, fungi, bacteria and viruses, Arherd Annex 2.

Key words: pomological plant material, methods of propagatispatial isolation, purity of
species and clones, health status

Propagation system of plant material

In order to meet the needs for the production lidé ewursery-propagated fruit-bearing plant
material, it is essential to select the candidéeatdrom a group of trees (plants) of the saméewar
The candidate plants can also come from a breed® obtained from foreign centres involved in the
production of elite nursery plant material. Thenpkaobtained are tested to determine if they are fr
from the organism listed in the annex to the Dixectoy the Ministry of Agriculture and Rural
Development (Dziennik Ustaw, 2004; Jelkman, 2004midth, 1986).

Virus-tested material which has been tested awdgrézed as free of viruses, and also the
material obtained directly from virus-tested matemvhich is produced or maintained within the
specified number of passages or multiplication €ychave to be kept under conditions that guarantee
absence of infection. To meet these requiremetastpshould be grown in containers without the
roots touching the soil, or in disinfected subssaand kept in rooms enclosed with wire netting
(carcasses).
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Testing shall be periodically repeated to checek gtate of plant health, by one of the methods
recommended by the European and Mediterranean Rag@m for Plant Protection (EPPO),
(Desvignes, 1999; Roy and Smith, 1994).

The general requirements concerning the produetnmhquality of nursery plant material of fruit teee

and s

In Po

mall fruit plants are as follows:

fruit plant material propagated from virus-test@mnponents is regarded as basic or certified
nursery material,

fruit plant material which is propagated from vitested components is regarded as virus
tested nursery material,

nursery plantations shall be established on thergtaor in the soil regarded as free from
Globoderaspp. andsynchytrium endobioticum;

Nursery plantations of elite and certified materdl genusPrunus, Rubusand Fragaria
should be established on the ground or in the regiarded as free dfongidorusspp. and
Xiphinemaspp. nematodes.
land specific requirements have been develéprethe nursery-propagated fruit-bearing plants,

for fruit tree production, mother orchards for seeahd scion wood production, and for small fruit
plantations, respectively:

plantations of vegetatively propagated rootstookdriiit trees;
nurseries of generative rootstocks for fruit trees;

mother orchards for seed plants;

mother orchards for scion wood production;

nurseries for fruit trees and plantations of buddexistocks;
mother plantations and runner plants of strawberry;

mother plantations and nurseries of currants and&uerry;
mother plantations and nursery plants of rasplkerd/blackberry;
mother plantations and nursery plants of bluebang cranberry.

Detailed requirements concerning the production guelity of nursery plant material of fruit plants
are as follows:

recommended method of propagation and propose@gfad certification;

spatial isolation;

health status - List of harmful organisms whichueal the quality of nursery plant material:
pests, fungi, bacteria and viruses;

purity of species and varieties;

age of mother orchards, mother plantations ancenyipgant material;

additional requirements;

number and time of inspection;

after observing irregularities which are corrigildates for additional inspection are proposed,;
each species, variety, rootstock and grade shédildedied.

Detailed requirements for plantations of vegetdgiyeopagated rootstocks for fruit trees
1. Spatial isolation:
a) stock plantations of plants which can be affecte®lum pox virus shall be situated no closer

than 500 m from wild plants or plantations of flo@aring plants of the same genus;

b) stock plantations of plants which cannot be afiédig Plum pox virus shall be situated no

c)
d)

closer than 10 meters from wild plants or plantaiof fruit bearing plants of the same genus;
virus-free stock plantations shall be situated tmser than 3 meters from other stock
plantations;

rootstocks of different clones shall be plantedeparate rows, which includes also rootstocks
of the same clone planted in different years.

2. Material for establishing basic nursery plaota shall be produced from pre-basic plants
produced by micropropagation, cuttings or stoolbe@eotstocks dedicated for establishing

m

other plantations of pome species shall be nordhden two years, for stone fruit species one-

year-old shall be used. Material for establishitwrls nursery plantations shall be derived from
basic plantation or rootstocks certified as elites
3. Purity of species and clones. For mother ptaomta complete clonal purity is required.
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4. Period of use:

a) basic plantations of pome species are mairddoreup to 8 years, those of stone fruit species —

only for up to 6 years;

b) certified plantations of pome trees are maimifor up to 12 years, while those of stone fruit

trees - for up to 10 years.

5. Health status
Material for mother plantations of vegetative stotks shall be:

a) free of organisms to be controlled;

b) on the basis of visual evaluation — in practice fof organism that could reduce its quality, in
particular organisms referred in Annex 1;

c) virus diseases and virus—like diseases: rootstreksof organisms referred in Annex 1 are
regarded as free of virus diseases and virus-ieades (Jones and Aldwinkle, 1997).

6. Additional requirements
a) once a year, the plantation is presented f@eictton — at the end of summer or at the beginning

of autumn;

b) after observing irregularities which are cotlgi dates for additional inspection can be
proposed;

c¢) each clone of rootstock shall be labelled atinginning of row quarters.

Very similar requirements were accepted for nueseoif generative rootstocks for fruit trees.

Mother orchards for scion wood production

1. Spatial isolation

a) orchards of plants which can be affected by Plum yious shall be situated no closer than
500 m from wild plants or orchards of fruit bearplgnts of the same genus;

b) orchards of plants which cannot be affected by Rdamvirus shall be situated no closer than
50 m from wild plants or orchards of fruit bearjpignts of the same genus;

c) orchards for scion wood production of differentigiies of the same species shall be planted
in separate rows, or in one row when spacing isloger than 2 m;

d) virus-free orchards for scion wood production shiaé situated in different quarters
maintaining an isolation distance of 50 m for treégpome species and 500 m for trees of
stone fruit species of the same species and gemusGAC category.

Purity of species and variety. Complete purityméces and variety are required.

Propagation — orchards for scion wood shoots $lekstablished from the elite trees dedicated

for mother orchards for scion wood production.

4. Usage
a) orchards for scion wood production of stone friées will be maintained up to 6 years, while

orchards of pome trees — up to 8 years;

b) with the exception of stone fruits mother treesai@ved to bear fruit.

5. Health status
a) free of organism covered by duty to fight againgtich are an Annex 1,

b) on the basis of visual evaluation — in practice foé organisms that could reduce its quality, in
particular organisms referred in Annex 1;

c) virus diseases and virus — like diseases: motlastand scion wood free of pathogens
referred in Annex 1 are regarded as free of viiaeases and virus — like diseases (Jones and
Aldwincle, 1997; Ogawat al, 1995).

6. Additional requirements sare the same as for végehapropagated rootstocks.

Nurseries for fruit trees and plantations of buddmmtstocks

1. Spatial isolation
a) nurseries of plants which can be affected by themPbox virus shall be situated no closer

than 500 m from wild plants or orchards of beafing plants of the same genus;

b) nurseries of plants which can not be affected lymPbox virus shall be situated no closer
than 10 m from wild plants or orchards of fruit bag plants of the same genus;

c) elite nurseries for trees and plantations of buddetstocks shall be situated no closer than 5
meters from certified mother plantations and CAC;

d) nurseries of virus-free trees shall be situatedlaser than 2 meters from other trees and the
plantations of budded rootstocks.

wnN
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2. Purity of species and variety. In nurseries foesrand plantations of budded rootstocks complete
purity of species and variety are required. Treedth whcompatibility symptoms (leaf drop,
yellowing of leaves and discoloring of bark) arstisiguished.

3. Propagation — nurseries shall be established floenelite or certified material dedicated for
nurseries.

4. Age. Elite trees shall be no older than 2 yearstifigel trees shall be no older than 4 years of age

5. Health status
a) free of organisms covered by duty to fight against;

b) in practice free of organisms that could reduceutality — organisms referred in Annex 1;
c) free of virus diseases and virus-like diseaseghopeans referred in to Annex 1,

6. Additional requirements are the same as for vegetgt propagated rootstocks. Mother
plantations and runner plants of strawberry:

1. Propagation. Material for the establishment of basirsery plantations shall be propagated from
pre-basic plants produced by micropropagation oneu plants. For strawberry four certification
grades are used:

a) super elite (SE) — pre basic material;

b) elite 1 and elite 2 (E1, E 2) — basic material;

c) original (O) certified material.

2. Spatial isolation

a) basic plantations shall be situated no closer #@hm from wild plants or plantations of
fruit bearing plants of the gen&isagaria spp— while certified plantations — no closer than
50 m;

b) distance between varieties, certification gradesaiegories in plantations shall be no
smaller than 3 m.

3. Purity of species and variety. Complete purity mécies and variety are required

4. Age. Plantations of strawberry may be maintainedoup year. On land dedicated for strawberry:
no strawberry, potato cucumber tomato, flax, curbarsh, gooseberry, raspberry or blackberry is
allowed to be planted for at least 4 years prigh®establishment of the plantation.

5. Health status — mother plants and runner planstrafvberry shall be:

a) free of organisms covered by duty to fight againstich are an Annex 2;

b) on the basis of visual evaluation — in practicee fo# organisms that could reduce its
quality, in particular organisms referred in Anngxand the following ones: viruses and
virus — like pathogens see Annex 2.

6. Additional requirements

a) once a year the plantation is inspected, whickeifopmed in summer or in autumn before
lifting the plants or before sale of potted plam#)er requirements in point b and ¢ are
similar as for vegetatively propagated rootstocks;

b) similar requirements are recommended for mothentateons of currants, gooseberry,
raspberry, blackberry, blueberry and cranberry.

Annex 1

List of harmful organisms which reduce the qualdy nursery — garden material -minimum

requirements for CAC nursery material.

Free of organism covered by duty to fight agaisdbelow:

Apple (MalusMill. ).

1) pests:
a) peach twig borer Anarsia lineatella)
b) Eriosoma lanigerum;
c) aspidiotuses (Quadraspidiotus perniciosus, Epidiaspis leperii, seBdaulacaspis
pentagonai);
2) bacterial diseases:
a) root nodosity Agrobacterium tumefaciens);
b) bacterial cancerRseudomonas syringae pv. syringae);
3) fungal diseases:
a) honey fungus Armillariella mellea);
b) Chondrostereum purpureum;
¢) cancer of fruit treesNectria galligena);
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d) ring rot of trunk baseRhytophthora cactorum);
e) white fusarial rot of roots Rosellinia necatrix);
f) scab YVenturiaspp);
g) verticillium wilt (Verticillium spp.).

4) virus diseases and virus-like diseases — all.

Such material shall be free of any viruses andswilke pathogens, in particular the following ones
and is labelled asf — virus-free
1) apple:
a) Apple chlorotic leafspot virus,
b) Apple mosaic virus,
c) Apple stem grooving virus,
d) Apple stem pitting virysausing spy epinasty and decline,
e) Apple proliferation phytoplasma,
f) Apple chat fruit,
g) Apple green crinkle,
h) Apple horseshoe wound,
i) Apple rough skin,
i) Apple star crack,
k) Apple ring spot,
[) Apple russetring,
m) Apple rubbery wood,
n) Apple flat limb,
0) Apple russet wart,
p) Platycarpa scaly bark;
q) Spy epinasty and decline
Annex 2
Health status - mother plants and runner planstrafvberry shall be:
Free of organisms covered by duty to fight agaassbelow:
List of organisms which reduce the quality of thesery — material minimum requirements CAC
Strawberry(Fragaria x ananass®uch).
1) pests:
a) nematodesAphelenchoidespp.),
b) potato stem eelwormDftylenchus dipsaci),
c) Tarsonemidae,
2) fungal diseases:
a) rot of strawberry crownRhytophthora cactorum),
b) verticillium wilt (Verticillium spp.)
3) virus diseases and virus - like diseasggawberry green petal phytoplasma ML@he the basis of
visual evaluation — in practice free of organisimat tcould reduce its quality, in particular orgams
referred in Annex 2 and the following ones:
- viruses and virus-like pathogens:
Arabis mosaic virus,
Raspberry ringspot virus,
Tomato black ring virus,
Strawberry crinkle virus,
Strawberry latent ringspot virus,
Strawberry mild yellow edge virus,
Strawberry mottle virus,
Strawberry vein banding virus
Strawberry green petal phytoplasma,
Aster yellows phytoplasma

and pathogens causing strawberry june yellows,

- diseases:
rot of strawberry crownRhytophthora cactorujn
verticillium wilt of strawberry Verticillium dahliag;

14



AGRONOMIJAS VESTIS (Latvian Journal of Agronomy), No. 9, LLU, 20

anthracnosé€Colletotrichumspp);

leaf — spot of strawberryycosphaerella fragarige

powdery mildew of strawberrysphaerotheca macularis ssp. fragajiae
red leaf — spot of strawberriplocarpon earliana).

- pests:

© N

Meloidogynespp.;

potato stem eelwornDftylenchus dipsag;j
chrysanthemum nematodéphelenchoides ritzemabsi
strawberry nematodé\phelenchoides fragariage
strawberry mite Rhytonemus pallidus ssp. Fragar)ae
aphids Aphididae);

leafhoppersJassidae);

thrips(Thripidae);

common red spiddiT etranychus urticae).
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POSSIBILITIES OF IMPROVING METHODS OF VEGETATIVE PR OPAGATION FOR
CURRANTS ) )
UPENU VEGETAT IVO PAVAIROSANAS METOZU UZLABOSANA

Dinkova H.%, Stoyanova T, Dragoyski K.}, Minkov P.}, Bozhanska T* and Kutinkova H.?
!Research Institute of Mountain Stockbreeding andoidiure, Troyan 5600, Bulgaria.
?|nstitute of Fruit Growing, 12 Ostromila Str., Ptiv 4004, Bulgaria.

Kopsavilkums

Laika posm no 2001.1dz 2004. gadam Badku kalnu centlaja dda, Trojanas ziatniskap
institata tika iefikotas sertifieta, no vrusbiva materila, matesaugu adijums %irném "Ometa’,
“Silvergieters Schwarze’, "Titania’, "Hedda’, 'LjsiBen Lomond’, '‘Ben Tirran’, ‘Ben Moor un
‘Ben Sarek’; &k afi Krievijas &irném Neosipajusijsja’ un "Bogatir’. Tika izmginati tris upewu
pavairoSanas veidi: lapainie spranidedalgji parkoksrejusies spraudg un koksnainie spraude
Labakie rezultti tika iediti upenes pavairojot ar koksnainajiem spraigi®. Lapaino spraude
apsakioSanai bija nepiecieSamsalg laika periods.

Abstract

The revived interest in curranRipeg species in Bulgaria has imposed the need of rafhge
cultivars enrichment as well as of mass productibplanting material. From 2001 to 2004, through
import of certified planting material from Germarbgsic stoolbeds were established in the Research
Institute at Troyan, located in the central regibithe Balkan Mountains, and experiments on rooting
of soft, semi-hardwood and hardwood cuttings wareied out. The stoolbeds contained initial virus
free (VF) imported plants of the following cultigablack currants — Ometa, Silvergieters Schwarze,
Titania, Hedda, Lisil, Ben Lomond, Ben Tirran, Beloor and Ben Sarek; as well as selected, virus
tested forms of Biryulevskaya, Neosipayushchiyasyal Bogatir black currantd=rom rooting
experiments the best results were obtained wittiviiaod cuttings. Rooting of soft cuttings was rather
long lasting and hence this method proved ineffecti

Key words: black currant, red currant, propagation, planstagk, cuttings, certificate.

Introduction

The region located in the Central Balkan Mountassuitable for growing of the small fruit
species. Thanks to their rich chemical compositi@y present a valuable food for humans. They also
possess distinct medicinal properties due to thetems of various vitamins, organic acids,
antioxidants, etc. (Georgieat al, 2005). Recently, in Europe as well as in Bulgatiare has been a
growing interest in dark coloured small fruit sgsgisuch as black chokeberArgnia melanocarpa
L.), black currantRibes nigrum L) and blueberry\Maccinium carymbosum)(Anon, 1996; Bielenin
et al, 2002; Misic and Nikolic, 2003). This has leadhe need of enriching the range of cultivars and
implementing mass scale production of planting niste

In 2001, through the Bulgarian-German project FAMADe Research Institute of Mountain

Stockbreeding and Agriculture in Troyan, importe& Ylants of 9 black currant and of two red
currant cultivars. They were used for establishneérthe demonstrative plantation as well as ofbasi
stoolbeds. The objective of this study was to eatgleffiency rooting of cuttings of currants, at
different levels of maturity.

Materials and methods

The experiments were conducted from 2001 to 20@desExperimental Field of the Research
Institute of Mountain Stockbreeding and Agricult@eTroyan, located in the central region of the
Balkan Mountains. The cuttings were procured frdva 0.1 ha demonstrative plantation of black
currant Ribes nigrunl.), cultivars Ometa, Hedda, Silvergieters Schwarml and Titania, and from
the 0,5 ha basic stoolbed plantation, including ¢bkivars Titania, Ben Lomond, Ben Moor, Ben
Sarek and Ben Tirran. Other black currant cultivaised were Biryulevskaya, Bogatir and
Neosipayushchiyasya, which are widely spread m réngjion.
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Rooting was conducted outdoors and in polyethyteneels, in a light soil substrate prepared in
advance from equal parts of sand, perlite, soil @eat moss of pH 4.5-5. Within two successive years
four series of rooting were carried out, usingiogt of different maturity.

Trial 1: In August 2002 semi-hardwood cuttings,gameed of current year shoots, were rooted. Their
preparation included cutting of only two buds (I8)@nd treatment with NAA (naphtalene acid) and

IBA (indole butyric acid) at 50 ppm over a 24-hipdrin both. Spacing was 10x10 cm.

Trial 2. Cuttings were prepared in November 20@2o0eding to a conventional technology; 20 cm

long, laid tilted in the soil substrate with onedtabove the surface. Spaced at 15x70 cm.

Trial 3. Rooting started in the second half of J@&O3, with cuttings prepared of juvenile (green)

shoots, 10 cm long. They were placed into the satestleaving two nods above the soil surface and
reducing blades of adjacent leaves to one third.

Trial 4. Rooting in November 2003, applying the satachnology as used for hardwood cuttings
autumn of 2002.

Cuttings taken from different parts of shoots (basaddle or terminal) were compared. The
following parameters were recorded: percentageafing, height of the plants obtained diameter of
the root collar, root length.

Results and Discussion
The results of summer rooting of semi-hardwoodigst were consistent and depended on the
used part of shoot (Fig. 1).

100%

80%

60% |

40%

20%

0% -

Silvergieters Titania Lisil Ometa Hedda
schwarze
(standart)

cultivar

W basal @Emiddle Otop
Figure 1. Percentage of rooted cuttings with orfgim different parts of the shoots

The percentage of rooting of four black currantieats varied within a wide range, from 52.6%
to 96.7%. The cultivar ‘Lisil’ showed the highesbting percentage — 96.7%, when tip cuttings were
used. The basal and middle parts were weaker ¥86érid 74.2%, respectively. ‘Titania’ and ‘Hedda’
performed well when cuttings originated from thedlgparts of the shoots. In the former cultivar the
differences between the separate fractions werdigitdg, within 2-3%, while in the latter they
reached 40% (when using tip cuttings).
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Only in cv. ‘Ometa’ the cuttings prepared from tinéddle parts of the shoots rooted better,

resulting about 11% higher than those made of phieabparts or about 16% higher than those made
of the basal parts (Table 1).

Table 1. Confidence level of differences k) between the percentages of rooting of the shoots
obtained from different parts of the shoot

Cultivars Basal/middle Basal/top Middle/top
Silvergieters Schwarze (standart) ++ +++ +
Lisil ns
Titania ns ns ns
Ometa -- ns --
Hedda +++ +++ ns
total ++ +++ ns
P<0.05 - + () P<0.001 - +++ (--)

P<0.01 - ++ (-) ns — not significant

The lack of any regularity concerning the use dfedént parts of semi-mature shoots for
preparation of cuttings leads to the conclusion tiia method can be successfully implementedlin al
cultivars, when necessary, but only for the cv.silithe rooting percentage was economically
justified. Results of the second trial demonstratet for the cuttings prepared during the dormant
season (November) of the same year, the rootingeptage exceeded 95%, and the planting material
obtained in late 2003 from the two rooting meth¢{smi-hardwood and hardwood cuttings) was of
similar size, both in the aerial part and the sy@tem. The advantage of rooting in August is ancba
of using shorter cuttings; hence nearly twice-semalumber of shoots is needed.

The initial diameter of cuttings influenced to agk extent the growth of plants and quality of
their root system.(Table 2).

Table 2. Effect of diameter of cutting and treatimesith growth regulators on the size of plants
obtained and the length of their root system in ekperiments for rooting of hardwood

cuttings

cv. Biryulevskaya cv. Bogatir cv.Neosipayushchiyasy

Treatment diaMEter .o lenghtof h', d? lenghtof h? d? lenght of

of cutting,

mm cm mm roots,cm cm mm roots,cm cm mm roots, cm

IBA <5 38 8.9 30-40 - - - 29 6.7 20-30

NAA <5 24 6.6 30-40 - - - 26 6.2 20-30
untreated <5 29 6.4 20-30 - - - 30 7.1 20-30
IBA 5-10 36 8.3 30-40 18 6.6 20-30 29 7.3 20-30
NAA 5-10 26 8.1 30-40 16 6.5 20-30 32 7.8 20-30

untreated 5-10 29 6.9 30-40 20 6.4 20-30 31 7.3 3@0-
IBA >10 29 8.9 30-40 16 7.6 20-30 41 8.7 30-40

NAA >10 21 6.9 20-30 - - - 48 8.9 30-40

untreated >10 29 8.0 20-30 21 8.3 30-40 26 6.7 @0-3
h—height of plants; d—diameter of plants, at radiac

In the three fractions (below 5 mm, 5-10 mm ancerod0 mm) of cuttings from cv.
Biryulevskaya not treated with growth regulatoidgnps of similar height (29 cm), were obtainedeTh
root system of the medium thickness fraction wathefbest quality. In cv. Neosipayushchiyasya, the
thickness of root collar was the greatest whentityacof 5 to 10 mm was used for preparation of
cuttings, followed by the of <5 mm and the lowest the fraction exceeding 10 mm. In this cultivar
the root system had nearly the same quality anel gizabout 20-30 cm, regardless of the fraction

used. The plants produced from the fraction thidkem 10 mm reached the greatest height and
diameter values.
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The effects of the growth regulators differed ie three cultivars used in the experiment. For
instance, the treatment of cv. Biryulevskaya wlA Iproduced better results than that with NAA,
while in cv. Neosipayushchiyasya, better perforneam@s noted with the NAA treatment of the
fractions 5 to 10 mm and over 10 mm. In the trigith rooting of soft cuttings the results obtained
were poor due to the extremely high temperaturdstaa failure to ensure optimal air humidity in the
tunnels. This method of rooting is not economicajstified, as the plants were ready to
transplantation only in the second year. It campplicable, though, in case of insufficient mother
plant stock, when from a small number of stock fdanittings may be collected many times.

Conclusions

The most appropriate method for rooting of blackrant, both in special facilities and
outdoors, with or without use of growth regulatasshe rooting of hardwood cuttings.

Plants with the best-developed root system areir@atavhen cuttings of the middle part of
the shoots are used, while the quality of cuttiings1 the other parts of the shoot may be improwed b
implementing growth regulators.

The diameter of a cutting exercises a marked impadhe quality of the planting material,
but if growth regulators are applied, the qualitplants obtained is uniform.
Rooting of soft cuttings is pointless without erisgrartificial mist and shading during kstimmer
days.

In case of extremely high demand for planting makexl the methods discussed above could
be implemented for full-scale utilisation of theadable basic stoolbeds.
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EXPERIENCE IN ESTABLISHING A SCIONWOOD ORCHARD IN T HE CENTRAL
BALKAN MOUNTAINS IN BULGARIA
POTZARU M ATESAUGU DARZA IER IKOSANA BALK ANU CENTRALAJA DALA
BULGARIJA

Dragoyski K. !, Dinkova H.*, Stoyanova T!, Minkov P.* and Kutinkova H. ?
! Research Institute of Mountain Stockbreeding andoidiure, Troyan 5600, Bulgaria.
2]nstitute of Fruit Growing, 12 Ostromila Str., Pthv 4004, Bulgaria.

Kopsavilkums

Trojanas instiita Bulgarija 15 gadu garumtiek veikti gtijjumi par vrusbiva plask audzto
audaugu sugu potzaruatesaugu adijuma ieftkoSanu un uzt@sanu. Pirmie iz@ginajumi tika veikti
ar piomju irnu matesadrza iefkoSanu. Tika izsdati nosagumi telpiskas izokcijas ieeroSanai,
vektoru kontrolei un teafanas sistnai. S&dijuma iegiti saimnieciski nounigi virusbivi plamju
Skirnu potcelmi. 2000. gadBulgarijas - Vacijas ziratniska projekta ietvaros tika igtots kopgs
izmeginajums septiu audaugu sugu, Wusbiiva potzaru ritesdirzu izveido3anai. Sisatzs nodrosina
potcelmu piepragimu Buldirijas zieméu ddas sidu audztavam. Raksi ir apkopota inforracija par
izmantotajim meto@m.

Abstract

Over a 15-year period a research team of the Rdsdastitute of Mountain Stockbreeding
and Agriculture (RIMSA — Troyan) has conducted eipents focused on possibilities of establishing
and maintaining virus free (vf) scionwood orcharcimnprising samples of the main fruit species of
our country. The first attempts were aimed at isgttip plum scionwood orchards. For that purpose
the main technological parameters were elaboragtated to space isolation, vector control and re-
testing systems. As a result, a scionwood orchaslegtablished and managed, providing vf scions of
plum cultivars of practical value. On the groundshese preliminary studies and in connection with
the need for introducing the European directived aartification schemes in the production of
planting material, in the year 2000 RIMSA — Troyaannched a large scale Bulgarian-German project
for establishing scionwood orchards for vf and eitoss of seven fruit tree species, regarded as
promising in our country. The orchard has beerisetll ever since and it has provided scions for
nursery owners in Northern Bulgaria. The paper sarimas the results concerning effectiveness of
the implemented technologies.

Key words. fruit trees, virus free, virus tested, plantingatarial, scionwood orchard,
certification.

Introduction

The Fruit-Growing Department at the Research umstitof Mountains Stockbreeding and
Agriculture (RIMSA) in Troyan has a 15-year longpexience in monitoring and control of the
sanitary status of fruit planting stock. From 1982001 a plum scionwood orchard was maintained
in the area called Draganovoto that provided ttstitlite and the nearby nurseries with scions of the
virus tested (vt) category (Dragoysiial, 2004).

In connection with implementing of certification &lit tree planting stock in Bulgaria, in
2000 a German-Bulgarian pilot project got under wayncluded the setting up of four scionwood
orchards for certified vf and vt scionwood at RIMSAroyan, in the Fruit Growing Institute —
Plovdiv, the Agricultural Institute in Kyustendénd in the Regional Centre of Peach Crop, Sliven.
Establishing of these orchards complied with theopean Directive and the applicable EPPO
recommendations for the production of vf and vtpagation material (Anon, 199ZPPO 1991,
1992a, 1992b, 1992c; Barba, 1998). In conformitthwhese documents the new Act for Seed and
Planting Material as well as all regulatory docutaéon related thereto were developed and enforced
(Anon, 2004). Throughout the period mentioned thgeatial technologies have been developed for
establishing, maintenance, inspection and contfadhe health status and production of fruit tree
planting material.
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Materials and Methods

For establishing of a scionwood orchard, a site wlassen, meeting the requirements of
Bulgarian legislation (Anon, 2004), isolated by@G@Q-m distance from existing orchards. The orchard
is located within an oak-tree forest complex, @ 80a.s.l., in the Central Balkan Mountains. Thié so
is light grey-brown podsolic, forest type, slighttyoded, developed on carbonate-free soil maternal
rock. Soil profile is about 150-170 cm deep, chedifferentiated. The soil is slightly to highlyid¢
with values of plc ranging from 3.7 to 5.2 along the profile deptheTitumus content is medium
(3.67%); the soil is well supplied with total niggen (0.22%) and total phosphorus (0.19%) and shows
rather low available K content (11.6 mg perl00Td)e annual average temperature is@,2thd the
average annual rainfall above 800 mm (MikhaylovE#®.

The preparation of the site for the new scionworhard started in 2000 with clearing of the
wildlife vegetation, of the genusé¥unus, Malus, @donia, Crataegusand others, hosting viral or
some hazardous fungal and bacterial diseases. @twirol was accomplished through uprooting and
herbicide application. Soil samples were analysedhfe presence of nematodes. Deep ploughing was
performed at the 0.1-ha site in autumn. In sprih¢he next year (2001) 30-cm deep trenches were
marked and open in rows spaced at 4 m. The trengbesfilled with well decomposed manure (35
kg per meter, at 50% moisture content) and combiiesitiser N:P:K - 15:15:15 (at a rate of 100 g pe
meter). After the trenches were closed, 1-m wide sirips were marked. The orchard has been
maintained without irrigation.

In order to avoid infections, the scionwood orchaess established through situ budding on
vf rootstocks imported from Germany.

The orchard floor in the 3 m wide alleyways werasged down, while along the rows strips, 1
m wide strips were maintained clean, by digging amadching with grass cut from the interrow
alleyways. These measures limited growth of bread¢d weeds — secondary hosts of migrating
aphid species, vectors of phytopathogenic virusasntensive chemical aphid-control was made.

The scionwood orchard has been inspected at laest times throughout every growing
season for any symptoms of viral or virus-like otfens (Dragoyski, 1999; Minev, 2004). ELISA
testing is carried out for any economically impattairal diseases: ACLSV (Apple chlorotic leaf spot
trichovirus), ApMV (Apple mosaic virus), PDV (Prumvarf virus), PNRSV Rrunus necrotic ring
spot virus) and PPV (Plum pox potty virus). A syst@as elaborated in order to ensure that each tree
has been tested once over a three-year periods The¢ manifested symptoms suspected of viral
infection were subjected to mandatory tests. Thected trees were uprooted. In order to prevent any
mechanical transfer of viral infection during progj the tools were disinfected with alcohol after
pruning of each tree.

Results and Discussion

The rootstocks were planted in early March 2001 wede inoculated on 10 August in the
same year with 20 apple, 7 pear, 11 plum, 3 apricgbeach, 7 sweet cherry and 5 sour cherry
cultivars.

T budding and chip-budding was applied, with twa$yut on each rootstock. In October
2001 a high percentage (94%) of bud take was redadiat all fruit species. Nevertheless, in sprifig o
the following year a considerable number of budsh&f thermophile species (peach, cherry and
apricot) were found dead, apparently damaged by temwperatures in the wintertime. These fruit
species were frost killed in the successive ydarspite of the numerous attempts to bud them again
in 2002, 2003 and 2004, scion shoots were notdsiddided by winter frosts. The following cultivars
proved relatively winter hardy: apricot — Luizetumgarian best and Tyrinthos; cherry — Van and
Sylvia; peach — Flavour crest. The low percentdgguocessful budding could be partially overcome
through planting of ready purchased trees. Thasds faoved that scionwood orchards with such fruit
species should be established in regions thatsymorel to their agrobiological requirements.

Formation of the scionwood trees lasted until thgifning of 2004. Initially, out of the two
sprouting scion shoots one was selected, that etsridleveloped and was trained as a stem. It was
then headed back when reached a height of 60-80lsenmore poorly developed (second) sprout was
pruned before that and utilised as scionwood.

In the third year, about four lateral shoots weszgwed per tree, while the basal 50-cm part of
the stem was left as a trunk. Pruning in the foygéar consisted in reducing the shoots to two buds
in case of shoots showing moderate or week growth 4-6 buds — in case of the more vigorous and
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straight. More moderate pruning of vigorous shatsecessary in order to prevent later development
of premature secondary (sylleptic) shoots, whiehumeless as scionwood.

The number of scionwood obtained per tree per yeaeased progressively and in 2004 it
reached 10 scions per tree, on an average (Table 1)

Table 1. Scionwood of different fruit species obtal in the years 2002-2005

Fruit species Number Number Scionwood obtained in successive years
of cultivars of trees 2002 2003 2004 2005
Apple 20 658 1000 2800 6000 6500
Pear 7 200 250 800 1600 2000
Plum 11 794 1000 3200 5000 7000
Peach 7 331 100 100 70 70
Sweet cherry 16 195 250 800 1000 800
Sour cherry 6 70 70 300 700 700

A key aspect for achieving balance in each tree deisrmining the optimal number of buds
left on the shoots, corresponding to the vigoueath tree and particular shoot. Whenever the $ree i
“loaded” with a low number of buds, too vigorougimature shoots will grow that are unsuitable for
propagation andice versa— leaving too many buds will result in weak shotttat produce poor
guality scionwood.

Another important point to consider is that yielglitoo high number of scions will exhaust
trees due to the sharp reduction of the assimjainface; then wood is incapable to reach a proper
maturity and thus remains susceptible to low terpee injury. Thus, following a large-scale yield o
scions in the summer of 2004, and the extremelytEwperatures in January and February of 2005,
a considerable winter killing was noted in the stdrnuit species (cherry, plum, apricot and peach).
Therefore, in order to prevent frost injury to thees, at summer pruning for collection of sciondioo
1-2 unpruned shoots should be left.

Based on our experience so far, two kinds of piinmthe scionwood orchards may be
distinguished:

- summer pruning for scionwood procuring;
- winter pruning, aimed at provoking growth of netoots and removal of the fruit buds; in the
scionwood orchards for vf scion material, flowerstypuld be eliminated, taking into account viral
diseases transmitted by pollen.
Scionwood was commercialised first in 2002. Thegnvas calculated on the basis of direct
costs per one bud and it amounted to € 0.1 initbeykar, in the second — € 0.08 and in the toird
—€0.06.

Conclusions

The regions located in the Central Balkan Moustaiat the altitude of 600-800 m and
guaranteed spatial isolation of 1000 m from exgstinchards are suitable for establishing of orchard
for production of certified scionwood. These coiwlis preclude the spread of viral infections, but
there bring risks of frost damage to thermophylittfspecies.

The high cost of the scionwood obtained in suathards is a limiting factor for formation of
attractive prices for nurserymen. That is why #ired of production should be subsidised by state or
trade branch organisations.

Production of certified scionwood requires progeperts and laboratory base. Therefore, it
should be carried out by state or private orgaimisatthat have properly prepared personnel.
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THE QUALITY OF ROOT SYSTEM OF DWARF ROOTSTOCK ‘PUMI SELECT’ FOR
PEACH TREES
PERSIKU SAKNU SISTEMAS KVALIT ATE UZ PUNDURPOTCELMA ‘PUMISELECT’

Gudarowska E. and Licznar- Matainczuk M.
Department of Horticulture, Agricultural Universitf Wroctaw, ul. Rozbrat 7, 53-334 Wroctaw, Poland.

Kopsavilkums

Pumisele® ir Pumiselect pumiladzimtas klona potcelms persikiem un aprikoz
Izmeginajuma no 2002 idz 2004 gadam tikagfitas § potcelma pavairoSanas i€fs, izmantojot
koksnainos spraudes. Rudentika nogriezti grkoksrejusies viengamjie dzinumi, 40 cm garuin
Tie tika kalibgti pec diametra digs gru@s: > 5 mm un <5 mm. Puse no katras diametra griies
apstadati ar apsako3anos veicino3o naftilggkabi (NES). Pavasaspraudeus skdija kokaudztava
20 cm dzZluma un vasal uzacoja Kirnes. Rudehsalgu sistmas kvaliite nowrtéta ka laba. Ne
spraudeu diametram, ne apsttei ar apsatoSanas stimulatoru nebija ndzigas ietekmes uz sak
masu. Tiegkajiem spraudgem, apstidatiem ar NES, bija &ojams mazk sakiu aizmetu un saknes
vairak bija atisfijusas spraudea lejasdi. Resmakajiem spraudgem bija sgcigaka virszemes da.

Abstract

Pumiseled is a clonalPumiselect pumilaootstock for peach and apricot. The aim of an
experiment conducted in 2002-2004 was to deterntirge ability of Pumiselect propagation by
hardwood cuttings. In autumn from one-year-old harad shoots 40 cm long sections were cut. The
hardwood cuttings were calibrated into 2 groupoating to the diameter: > 5 mm and <5 mm. In
each group of hardwood cuttings, 50% of them wezatéd with rooting stimulator with 0,5% NAA.
In the spring, hardwood cuttings were planted mrthrsery 20 cm deep. In the year of planting, the
rootstocks were budded. In the autumn, the quafitpot system was estimated.
The quality of the root system was very good. Biitmeter of cuttings and rooting stimulator didn’t
have an influence on the root mass. The hardwotithgs > 5 mm of diameter and treated with NAA
had the least number of places with outgrowing gcamd the least roots in the highest part of
rootstock. The thicker hardwood cuttings promotexidverhead part of rootstock.

Key words: peach, rootstock, Pumiselchardwood cuttings, root system

Introduction

The peach is a very attractive fruit for customdrge to high savory and dietetic value as well
as high worth for different fruit products. Polaptbduces 8-10 thousand tons of peaches. Home
products provide 10% general consumption of pe&;h kg per one person (Kubiak 2001).

The small production of peach in Poland resultenftbe lack of optimal climatic conditions
for the cultivation of this species. Peach can giowegions with average yearly temperature €8
and with the sum of active temperatures 28Q@luring the vegetative season. The principalofact
which limits the cultivation of peach, is the mirdhemperature in the winter and spring frostghin
winter thestem of the tree, its branches and sharetslestroyed in -2%C. Flower buds of peach are
frozen at -20°C temperature (Radajewska and Pisarska, 1994helsgring, 10-90% flower buds are
destroyed by spring frosts of -2 t0°@ temperature (Treder, 2001). Therefore the peaciaods are
planted above all in the southwestern part of Rblan

In Poland the fruit growers have also a problenmhwih intensification of peach cultivation,
due to the lack of dwarf rootstock for this speciHse peach trees are produced on seedling roksstoc
originating fromPersica vulgarigP. mandshurica, sibirica, Rakoniewicka seed)iagd were planted
at wide aplanting distance. For that reason, inyneauntries all over the world, the experimentshwit
dwarf rootstocks for peach trees are carried orseReh are conducted witrunus bessewand
Prunus pumila(Szewczuk, 2000)

Rootstock Pumiseletis a clonalPumiselect pumilaootstock for peach and apricot and was
selected by Prof. F. Jacob in Geisenheim Institile USA this rootstock is tested in many
experiments as ‘Rhenus 2'. The preliminary ressiiggest that Pumisel€dbelongs to dwarf or semi-
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dwarf rootstock. The vegetative growth of peachthosa rootstock is 65% smaller than those budded
on Nemaquard and apricot trees are 50% smaller tth@se on seedling rootstocks. The peach and
apricot trees on Pumisel&abotstock are characterized by early bearing Y24 after planting) and
about 50 % higher yield efficiency than those butlde Nemaquard. Another virtue of Pumisélect
rootstock is good cold endurance and resistanBdutm pox virusas well as good adaptation to heavy
soil and drought. However, the trees on Pumiseibould not be grown on wet soil. Pumisetect
rootstock propagates readily from hardwood or sofsvcuttings, stool beds or tissue culture (Okie,
2002).

The using of hardwood cuttings shortens the prédiictf peach trees in the nursery, because,
the rootstock can be budded in the year of plargingardwood cuttings. The one — year — old peach
trees were obtained in the second year after hardwattings planting (Szewczuk and Gudarowska,
2005).

The aim of this study was to estimate suitability lmrdwood cuttings to propagate
Pumiselect rootstock, depending on the diameter of cuttingstae use of the rooting stimulator

Materials and Methods

The experiment was conducted in 2002-2004 in theemies of the Fruit Experimental Station
—Samotwér, near Wroctaw (the south-western paRad&nd). The Station belongs to the Department
of Horticulture at the Agricultural University of kclaw.

In autumn one-year-old hardwood shoots were cutGncm long sections. The hardwood
cuttings were calibrated into 2 groups accordintheodiameter > 5 mm and < 5 mm. In each group of
hardwood cuttings, 50% of them were treated with thoting stimulator 0,5% NAA. During the
winter the hardwood cuttings were put in boxes with peat and were kept at a temperature®@.3

In the spring, hardwood cuttings were planted erthrsery 20 cm deep at the spacing of 1.5
x 0.3 m. In the year of planting, the rootstocksevbudded at the beginning of August by chip-
budding method with buds of ‘Redhaven’ and ‘Inkaltivars.

In the autumn 6 rootstocks from each treatment wegeout and the quality of root system
was estimated. The following data were recordeg:ntlass of roots with a diameter > 2mm and < 2
mm, the number of outgrowing roots, the mass of-yma and two-year-old rootstock stock, the
number of shoots and their total length.

The experiment was established in a randomizedkbtiesign with 6 replications. Each
experimental plot consisted of 10 hardwood cuttinfse results of the study were subject to the
analysis of variance. The significance of differenbetween means was tested by using Duncan’s
multiple range test at P = 0.05

Results and Discussion

The quality of the root system was very good inhegear of the study. On the 20 cm long
section of the hardwood cuttings, placed in thd, $be number of places with outgrowing roots
amounted to 11.3-14.4. Hardwood cuttings with di@me 5Smm and rooting stimulator, had less
number of places with outgrowing roots, than haroldvouttings with diameter < 5mm rooted without
stimulator (Tablel).

Table 1. Quality of the root system of Pumisel@ritstock depending on the diameter of hardwood
cuttings and a rooting stimulator, mean from 20024

Mass of roots, g

Diameter of Number of places
hardwood cuttings roots with diameter  roots with diameter with outgrowing roots
>2 mm <2 mm
<5mm 16.6 a* 59a 14.4Db
< 5 mm + rooting stimulator 210a 55a 1b9 a
>5mm 20.1a 6.0a 13.1 ab
> 5 mm + rooting stimulator 20.7 a 54a 11.3a

*Means followed by the same letters do not diffePa0.05 according to Duncan’s multiplate rangest-t
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Preliminary results showed that no factors (diamet&éardwood cuttings as well as the use of
a rooting stimulator) had an influence on the nadghick (> 2mm) and thin (< 2mm) roots (Table 1).
In the years 2002-2004, hardwood cuttings of Pued$eproduced more thick roots than small ones
with diameter < 2 mm (Table 1).

On the 20 cm long section of the hardwood cuttimiggced in the soil, most of roots (57.5-
69.5%) were grown at the base of rootstock 15-2(tben deepest part of rootstock). The use of the
rooting stimulator increased the number of placéth wutgrowing roots in the deepest part of
rootstock but the differences were not signifio@ratble 2). The diameter of hardwood cuttings ad wel
as the use the rooting stimulator did not influetieeprcentage of places with outgrowing rootdhim t
middle part of rootstock stock (9.5-15.3%), (TaBJeHowever, in the case of thick hardwood cutting,
the use of the rooting stimulator reduced the nunaffglaces with outgrowing roots in the highest
part of rootstock (0-5 cm below the level of sdiable 2).

Table 2. Percent of outgrowing roots at differemigth of rootstock, % (mean from 2002-2004)

Diameter of Percent of places with outgrowing roots at diffélenations of
hardwood cuttings the rootstock in the soil, %
0-5cm 5-10 cm 10-15 cm 15-20 cm
<5mm 13.0 ab* 11.2a 123 a 63.5a
<5 mm + rooting stimulator 11.2 ab 95a 612. 69.5a
>5mm 14.8b 125a 153 a 575a
> 5 mm + rooting stimulator 7.6a 10.7 a 146 a 5@6.

* Explanation- sees Table 1

The thicker hardwood cuttings promoted the growndbthe part of the rootstock (tab.3). The
mass of rootstock (one and two-year—old) and asnditer was higher in case of rootstocks originating
from hardwood cuttings with diameter > 5 mm. Aftere year of growing in the nursery the rootstock
produced from thicker hardwood cuttings had longleoots than those, obtained from hardwood
cuttings with smaller diameter (< 5 mm) (Tab.3).

Table 3. Quality of top part of Pumiselect root&taepending on the diameter of hardwood cuttings
and on the rooting stimulator (mean from 2002-2004)

Treatment Two-year -old part of rootstock One-year-old pdntamtstock
diameter of diameter mass of mass of number total
hardwood cuttings of rootstock, rootstock stock, rootstock of shoots  shoots
mm g stock, g length, cm

<5mm 8.7 a* 30.6 a 176 a 51a 160.5 ab
< 5 mm + rooting stimulator 9.2a 325a 21.3ab 55a 1549 a
>5mm 105b 38.4b 334c 5.6a 1@6.7
> 5 mm + rooting stimulator 10.2b 39.9b 2¢7b  53a 192.4 bc

* Explanation- see Table 1

The obtained results correspond to the opinio®@kie (2002) concerning the possibility of
propagating Pumiselétrootstock by using hardwood cuttings. In case ofmiBalect rootstock,
propagated by hardwood cuttings, the quality of i@t system did not depend on the diameter of
cuttings and a rooting stimulator. However, thelitpaf hardwood cutting affected the top growth of
the rootstock. According to Kiczorowski (1999),dase of apple rootstock, their growth in the first
year in the nursery depends more on the type a$tmek than on their diameter.

Conclusions

The results obtained show that the use of hardwoaitings is a suitable method for
propagating Pumiseléttootstock.

The diameter > 5 mm of hardwood cuttings, posiyiadfected the top growth of the rootstock
in the first year in the nursery.
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The using of rooting stimulator did not improve theality of the root system, and even
reduced the number of outgrowing roots in the umaet of the hardwood cutting.
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GROWTH INTENSITY OF APPLE-TREES ON CLONAL ROOTSTOCK S BEFORE THE
5 BEGINNING OF FRUIT BEARING o
ABELU AUGSANAS INTENSITATE UZ KLONA POTCELMIEM PIRMS RAZOSANAS
SAKUMA

Haak E.
Polli Horticultural Research Centre of the Insttaff Agricultural and Environmental Sciences, E&on
University of Life Sciences, Karksi-Nuia 69104, @st.

Kopsavilkums

Cetru Baltijas valstu sadatins projekta ietvaros no 200id4 2004. gadam tikagpta dazdu
potcelmu piergrotiba audzSanai Igaunijas ap#tlos. Divas Eirnes "Belorusskoje Malinovoje’ un
"Auksis’ tika audztas uz 11 puspundura un pundura klona potcelmietcefns M 9 tika izmantots
ka kontrole. Koki tika stditi Polli Darzkopbas Instiita, Igaunijas dienvidrietumos 2001. gada
pavasar Raksi ir sniegts ieskats koku augSanas sparariguma rezulitos Igaunijas klimatiskajos
apstklos pirmajostetros gadosaiza. Pirmajos gados augiemesipgakais augums bija uz 'Bboga’,
M 26 un B146 potcelmiem.

Abstract

In the years 2001-2004, the trial was carried atthin the collaborative project of four
countries ,Baltic Fruit Rootstock Studies”, aimet the evaluation of the suitability of different
rootstocks for Estonian conditions. Performancewvof apple cultivars, “Belorusskoje Malinovoje’ and
"Auksis’, was compared on 11 dwarfing or semi-dimgrclonal rootstocks. M.9 served as control.
The trees were planted at the Polli Horticultunastitute, southwest Estonia, in the spring 2001.
Preliminary results, concerning initial tree vigoon different rootstocks and their resistance to
Estonian climatic conditions during the first foggars in the orchard, are given in this paperhin t
first years after planting apple trees showed thengest growth on the rootstocks 'Bulboga’, M.26
and B146.

Key words: apple tree, clonal rootstocks, growth, vigour, B&to

Introduction

Dwarfing and semi-dwarfing clonal rootstocks ar¢elia widely used in apple growing
worldwide, due to providing early and abundant lmgpas well as high fruit quality. These intensive
orchards are relatively less common in places witldler climates, like the Baltic region of Europe,
where clonal rootstocks, originated from a warmiénate, show insufficient winter hardiness. In
recent decades, many cold-resistant dwarfing and-dearfing apple clonal rootstocks have been
bred in Central-Russia, Poland, Germany and B&itites. Their suitability for the Baltic region is
still unclear, however. In 1998, a collaborative@jpct, called ,Baltic Fruit Rootstock Studies* was
initiated at Pure Research Station, Latvia, aimedha evaluation of various dwarfing or semi-
dwarfing rootstocks for apple, pear, plum and ghesimultaneously in Estonia, Latvia, Lithuania and
in the Brest oblast’ of Belorussia. Twelve typesiefarfing and semi-dwarfing apple rootstocks were
included in the project (Bitet al.,1999). The objective of the project was to assessesistance of
these rootstocks to the climate of the Baltic regis well as their effect on tree vigour, earlyrbvgn
yield and fruit quality.

Materials and Methods

The test material for all participants of the pobjevas gathered at the Pure Experimental
Station in the years 1998-2000. In Estonia, thdeapmtstock trial was established in the southerest
part of the country, at the Polli Horticultural Gexn In the Polli region the sum of temperaturesrov
5° C is 1800-1900° C, average minimal temperatarées in the range from -26 to -28° C. Average
yearly precipitation ranges from 600 to-700 mm. §b# of the experimental plots was sandy loam of
moderate fertility. The experiment area is situabednearly flat land, with a west and west-north
aspect, aside of valley. White mustard was growa gse-planting green manure on the experiment
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area. Farmyard manure, at the dose of 100 tonsigetare, as well as phosphorous-and potassium
fertilisers (500 kg FOs and 500 kg KO per ha) were also applied before planting. Ammonnitrate
was then applied in the orchard, at the rate &8N per ha every year.

One- and two-year-old trees of "Belorusskoje Maloje” on 8 different apple rootstocks and of
"Auksis” on 11 rootstocks, were planted in sprifROut of the studied rootstocks, two (M.9 and
M.26) were bred in East Malling, England; four (2896, B146 and B491) in Michurinsk, Central
Russia; two (P60 and P22) in Poland; one (Jorkn9érmany; one (e 1) in Latvia; and one
(Bulboga) in Moldova. The control rootstock was M2anting distance was 4 x 1.5 m. The trial was
established in a randomised block design, in feplications, with 3 trees per plot, Trees werentreli
as spindle-bush. The soil beneath the fruit treas treated with contact herbicides, and the grass
between alleys was frequently mown. In every autuhm trunk diameter (at 30 cm above the
ground), tree height and crown width were measuBaing on these measurements, trunk cross-
sectional area (TCSA) and canopy volume were catledlevery year. The results were elaborated by
the one-way analysis of variance. Significanceifiéences between treatment means was estimated
using the Student’s test at the probability of resre0.05.

Results and Discussion

Estonia is the one of the Baltic States, whichtisaged in the north and has a relatively severe
climate. The winters of 2001-2004 were characterfst this area — cold days alternated with pesiod
of thaw. The coldest was the winter 2002/2003, winedanuary the air temperature dropped to -29°
and -32€C. The studied trees were not greatly damaged;lbsé to the trial orchard, on a site, which
was approximately 1 m lower, apple trees on M.@&nfdd in 2002, were destroyed. From this
observation and from some earlier experiments (P@k2; Veidenberg, 1981) it can be concluded
that growing trees on M.9 is quite risky in Estani@onditions, due to poor winter hardiness of this
rootstock. Tatarinov (1984) stated that “althougbts of M.9 can survive only -1C, it still is well-
known dwarfing rootstock, which can grow well oryesoil and trees grafted on M.9 bear fruit early
and are productive with fruits of high quality”. ®certainly is one of the most popular apple clonal
rootstocks in the southern areas of apple growog,under Estonian, relatively, cold conditions it
suits well only as reference for estimation of wigof other dwarfing rootstocks.

Trunk diameter, tree height and canopy volume ef thung 4-year-old apple trees grown on
different rootstocks differed to a great extentr Both studied cultivars, the indices of tree simge
significantly larger on M.26, Bulboga and B146, epcfor canopy volume of “Auksis” on M.26 or on
B146 (Table 1).

Table 1. Trunk cross sectional area (TCSA), traghteand canopy volume of 4-year-old apple trees
on different rootstocks

‘Belorusskoje Malinovoje’ ‘Auksis’

Rootstock TCSA Height Canopy TCSA Height Canopy

cnt m volume, m cnt m volume, m
M.9 (control) 4.7 1.65 0.45 4.7 1.68 0.77
M.26 9.1* 2.00* 1.46* 7.7* 1.88* 0.77
B.146 10.0* 2.05* 1.40* 9.9* 1.85* 0.87
Pare 1 4.6 1.53 0.37 6.1 1.78 0.69
B.396 6.1 1.68 0.82 5.2 1.73 0.71
Jork 9 6.4 1.93* 1.07* 5.4 1.83* 0.71
P.60 5.0 1.63 0.70 4.5 1.63 0.70
Bulboga 9.3* 2.20* 1.52* 11.3* 2.18* 1.80*
B.9 - - - 4.7 1.58 0.41
B.491 - - - 5.7 1.83 0.73
p.22 - - - 4.2 1.68 0.47
LSD o5 2.2 0.24 0.49 1.6 0.18 0.42

* Values significantly different from the contrdl.9 rootstock
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The tree height of both cultivars and also the pgineolume of "Belorusskoe Malinovoe” were
relatively larger on Jork 9. The vigour of treesather rootstocks did not significantly differ fraimat
of trees on the control stock.

The annual increase of the trunk diameter desctimesnost objectively the rootstock effect on
tree growth. It was noted that trunk diameter eésrincreased in the year of planting only by 1A m
and was not affected by rootstock (Fig. 1).
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Figure 1. Increase of trunk diameter of apple tieeke years 2001-2004

In the next two years the trunk diameters incredseél-6 mm per year and on the fourth year after
planting it increased 4-9 mm. The effect of roatkton trunk diameter started to show already from
the second year after planting and was most ndtieea the fourth year. In 2004 the increase of the
trunk diameter of the cultivar "Belorusskoje Malofe” on the rootstocks M.26, B146 and Bulboga
was 3-4 mm larger and of cultivar “Auksis” 2-4 nargkr than on the M.9 rootstock. During the four-
year period, the trunk diameter of “BelorusskojdiMeoje” on the reference M.9 rootstock increased
14 mm, whereas on M.26, B146 and Bulboga 21, 19 Zndhnm, respectively. Trunk diameter of
"Auksis” on M.9 increased 11 mm and on M.26, B14é Bulboga 17, 18 and 23 mm. "Belorusskoe
Malinovoe” and “Auksis” showed the overall trun&rdeter increase 4 and 5 mm greater on B396 than
on M.9. In case of the cultivar "Auksis’, the inoent of trunk diameter was 4 mm larger on B491
than on M.9. Trunk diameter increase of the studietfivars on other rootstocks did not differ
significantly from that on .the control rootstock.

So, the rootstocks M.26, B146 and Bulboga may bsidered as semi-dwarfing, B396, B491
and Jork 9 intermediate between dwarfing and sewairihg, while M9, Rire 1, B9, P60 and P22 as
dwarfing — in Estonian conditions. Depending ore,sicion/rootstock combination or some other
factors, opinions about the vigour of any clonadtstock may be quite diverse. M.26, however, is
regarded as semi-dwarfing also elsewere, incluthegBaltic region. According to Tatarinov (1984),
during the first five years, it performs as semiadfing only when grown on a fertile soil; on a less
fertile soil it is dwarfing. Little information iswvailable about performance of the rootstocks Bydbo
and B146 in the Baltic region. In Latvia, Bulbogadonsidered as semi-dwarfing (Bite, 1999). In
Poland, trees on B146 showed even weaker growth titeees on M.9 (Sadowskit al, 1999). In
Lithuania, P60 and B396 have been considered asdseanfing (Kviklys, 2002) and in Latvia the
Pare 1, B9 and B396 have been classified as dwarbotstocks (Bite, 1999).dPe 1 should be more
vigorous than B9, but trees on these rootstocks Bawwn the same vigour (Lepsis, 1999; Lepsis and
Bite, 2000). In Belorussia, B396 is consideredwaarfing or semi-dwarfing rootstock (Kapichnikova,
1999) and it is in line with our results.

Conclusions

The vigour of apple trees on different clonal rtmtks depends not only on rootstock,
weather conditions or location, but also on thermstootstock combination. The complex analysis
based on the results of the international projeatried out simultaneously in four Baltic countries
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enables an objective evaluation of the rootstod&cefon tree vigour to be made. Out of 11 apple
rootstocks, studied during four years, M.26, B14@ &8ulboga can be regarded as semi-dwarfing;
M.9, Fare 1, B9, P60 and P22 as dwarfing and B396, B49l Jmk 9 as intermediate between
dwarfing and semi-dwarfing, in South Estonian ctiods.

10.
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TREE FRUIT NURSERY STOCK PRODUCTION IN HUNGARY
KOKAUGU ST ADAMA MATERI ALA AUGST AKO KATEGORIJU RAZOSANA
UNGARIJA

Hrotko K.
Corvinus University of Budapest, Department of Plogg, Hungary

Kopsavilkums

1970-tajos gados Uagja izveidota wrusbiva sidama materiila razoSanas,appaudes, izejas
materila razoSanas un likumdoSanasé&sis, kuru regdri atjauno. Tiesiskais pamats veidots uz ES
likumdoSanas EPPO rekomergu bazes. Rdejos desmit gados vigh audukoku sidu produkcija
sasniedz 5 milj. koku; viens miljons tika impgigt — galvenolrt tas kirnes, kuru stdus neaudga
Ungarija. 1990-to gadu akuma kokaudztavas tika privatigtas. Jaunizveidas kokaudztavas el
joprojam cieS no nepietieckama pamatkalgit un tehnisk nodroSinjuma. Bitisks ir moderno,
aizsargto &Xirnpu pavairoSanas licén trikums. Starpvalstu sadaba vagtu bit noZmiga
moderniZzSanas unidrnu sortimenta papla&iganas jorn

Abstract

In the 1970-is a modern scheme of virus-free prafiag system, indexing, nuclear stock was
development and the official regulation developedHungary, has been regularly been updated. The
recently accepted regulation considered both théegldlations and the EPPO recommendations.
The Hungarian tree fruit nursery production in ¢d990-is has endured a large recession caused by
political and economical changes in East-Europés frfarket situation caused a large recession én tre
fruit production, touching bottom in 1992-1993. &nthen fruit tree production has increased and
nurseries were developing until 2003. The demamgndtically reduced again in 2004. The average
nursery stock production over the last decade wasnd 5 million trees; one million were imported,
mainly from those fashionable and protected culivaot propagated by the Hungarian nurseries. In
the early 1990-is the nurseries were privatizede Tibwly established private nurseries still suffer
from the lack of capital, infrastructure (machinergld storage) and what is more, lack of propagati
rights or licences of fashionable protected cuiByavhich should represent a considerable part of
nurseries’ portfolio. International cooperation fhtidgpe useful, both in technology transfer and m th
modernization of cultivar assortment.

Key words: fruit tree nursery, tree production, land userslof species, certification system,
nuclear stock

Introduction

Over the last two decades the political and ecooahthanges in Hungary brought to the tree
fruit nursery industry many challenges. After thavatization numerous small nurseries were
established. The dramatic changes in the markelieelsin a large increase in demand and production.
The open market increased the competition fromaabrtn this small overview the development and
today’s situation of the Hungarian tree fruit nuise will be presented.
Market situation
Over the last two decades the Hungarian tree fiuisery industry two large recessions have been
endured caused by political and economical chanmgé&sast-Europe. During the communist era the
Hungarian fruit industry exported about one thifdt® products to the former Soviet Union and other
East-European countries. After 1990 this market Wa$ caused by first of all the instability of
payment. Due to this market loss the fruit productivas reduced about 40-50%. In early 90-is new
orchard planting was minimal. In addition to sonmeertainties in land ownership reduced more the
intentions to planting new orchards in the begignirf this decade. This market situation caused a
large recession in tree fruit production in numsgrtouching bottom in 1992-1993.
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Since then the fruit tree production was increagsmgseries are developing until 2002. Since in4200
Hungary joined the European Union the state sudpoftlanting of new orchard now is limited. This
caused a dramatic fall again in fruit tree produrciiFig. 1).
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Figure 1. Fruit tree production in the Hungariamseuies between 1978-2004 (by data of Betcal.,
1998 and OMMI, 2005)

In average of the last ten years the domestic ptamuof fruit trees reached 5.7 million pc (Bash

al., 1998 and OMMI, 2005). In addition, around 1.2-bMllion trees are imported from abroad,
mainly fashionable cultivar-rootstock combinatioffe demand of the home gardens represents the
most firm market share for the domestic productian be estimated around 1.2-1.5 million trees/year.
This demand, which represented the solid basithinursery production in the years of recess®n, i
covered first of all by small local nurseries, withl, well known cultivars. The demand of indudtria
orchards fluctuated extremely over the last twoades (Fig. 1). The new orchards are high density
planting, especially in pome fruits, thus the dedhan trees is larger. The fruit growers are keenly
interested in new cultivars and dwarfing rootstoaiich cannot be covered completely by national
production. This large fluctuation caused by thmaed of industrial orchards creates inconveniencies
in covering demands on rootstocks, nuclear stoak @ncourse tree production. In addition too,
because of this fluctuation the renewal demandhage¢ orchards planted between 2000 and 2002 will
come around 2020, thus a new peak in productiorbeagredicted.

The share of sold fruit tree species in the Hurganurseries can be seen in Fig. 2 (Beical, 1998

and OMMI, 2005).
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Figure 2. Share of fruit species in the Hungatiaa fruit production (by data of Baehal, 1998 and
OMMI, 2005)

33



AGRONOMIJAS VESTIS (Latvian Journal of Agronomy), No. 9, LLU, 20

The leading species is apple, but the share okdtit species is considerable. The demand on tart
cherries increased rapidly over the last decadausecof the good market position of this species fo
export to Germany. In the last couple of yearsaeaese occurred. The share of sweet cherries, plums
and prunes is slightly increasing; besides orchéwdgrocessing industry new intensive plantations
occured and that is why increase is expected ingpécies. The production of apricot and peacls tree
is slightly decreasing while increasing share caolserved in walnut.

Fruit tree nurseries in Hungary

During the first years of 90-is, to the same tinidaoge recession of fruit production, nurseriesave
privatized. This reorganization dramatical chantjed structure of nurseries, their size and land use
Today the nursery industry is completely privatened: The number of nurseries producing fruit trees
increased to 400 - 500 by the statistics (Bathl., 1998), fivefold in comparison to the number of
nurseries before changes (Fig. 3).
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Figure 3. Changes in number of nurseries in ugpeetsize groups during privatization (based on
data of Baclet al, 1998)

Thus the average size of nurseries rapidly reduced, it is less than one hectare. This huge size
reduction is partly virtual, caused by the largenber of nurseries created to share the production
between family members in order to reduce persimcaime tax payment. (There is no opportunity of
family income tax payment in Hungary.) The numbferegularly producing tree fruit nurseries can be
estimated to 150, and the 70 % of total produatimmes from nurseries larger than 1 ha.

Both small (under 1 ha) and medium sized nurséfiesn 1.1 to 5.0 ha) use 30 — 30 % of the total
nursery land respectively, while larger than 5 beseries uses 40% of total land (Fig. 4). Thisorai
land use seems to be stable, which means thaittla¢tian of larger nurseries is stabilized.

Many large nurseries are originated from a fornmtatesfarm or cooperative and now are
companies. Facilities, equipment is inherited fiti® old large scale farms, small investment is made
for the last decade. The largest inadequacy of mémrthe lack of propagation licences of new
fashionable cultivars and consequently the lackuaiear stock of those.

Certification and nuclear stock

In the 1970-is a modern scheme of virus-free prapag system, indexing, nuclear stock and the
official regulation developed in Hungary, which hagjularly been updated. Procedures of the up-to
date transposition and integration of new requirgsiento the national scheme need continuous
development. The recently accepted regulation emtttional registration of plant varieties, as well

the production, trade and certification of propagatmaterials considered both the EU legislations
and the EPPO recommendations (Bach anihygzgi, 1996). Development and introduction of the
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advanced molecular diagnostic methods have beeomgtished and their integration into the
certification system is planned.

Hungary is a member state of the UPQV, thus theeseamiety protection can be requested
and breeders are provided with the same righta ather member states. The Hungarian propagation
and certification system is harmonized with thattleé European countries. Virus-free and virus
indexed nuclear stock is planted in Erd, Reseanrstitlite of Fruit Growing and regularly inspected b
the National Institute of Agricultural Quality Ceot (OMMI) and the National Phytosanitary Service.
Nurseries are allowed to propagate only virus egndexed trees from the nuclear stock. If these
not enough plant material available, standard pyafien material is allowed (C.A.C.). Unfortunately
new fashionable protected cultivars are not avglabthis system.
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Figure 4. Changes in share of nursery land usedeetwifferent sized nurseries during the
privatisation (based on data Basthal, 1998)

Research
Research for tree fruit nursery industry is carr@d at the Department of Pomology, Corvinus
University of Budapest, and at Research Institéiferoit Growing Erd, and Cegléd.

Research activity at the Department of Fruit GrayviRaculty of Horticulture, Budapest is
focused more on principles in tree fruit propagatike principles of seed orchard pollination,
physiology of rootstock-scion relationship, butrthare some topics of applied research. Good sesult
are achieved in the field of plant bioregulator laggtion in the tree raising. The benzyadenine (BA)
and gibberellic acid (GA.;) treatment on apple, sweet cherry, and plums medigood feathering,
using the Hungarian products Paturyl 10 WSC (BAJ &hyl-Gold (GA4.7) (Hrotké et al, 1997,
1999; Magyar and Hrotkd, 2002). Advantages of ¢higding versus T-budding have been proved in
many trials on fruit and ornamental species, altiiiotine traditional T-budding is used in the majorit
of nurseries (Végvéri and Hrotkd, 1999). Technolégy hardwood cuttings of plum rootstocks has
been developed (Szecsko al, 2003) and technology for leafy cuttings has beeproved which
allows the vegetative propagation of some newlgatet rootstocks for stone fruits. Large series of
rootstock testing and propagation trials are cdroet in order to select appropriate rootstockslier
local ecological conditions which is chracterizgddontinental effects, drought, dry and cold winter
and dry and hot summers (Hrotled al, 1999; Hrotkd, 1999). Tree size reducing rootssoake
selected and created for sweet and tart cherBagyflany’, 'Magyar’, 'Prob”), which is basic element
of high density orchards, combined with approprieaing systems, like modified Brunner- spindle
and slender spindle (Hrotk6, 2004).
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Nursery research at the Research Institute of Bwing in Erd is focused on vegetative
propagated rootstocks for stone fruits (Bujdosé kindtké 2005), and their propagation by leafy
cuttings and micropropagation. Series of valuabl#stocks are selected or created at this institute
like 'Cadaman ® Avimag’, 'Peda’, 'Pema’ peach-alrddmybrids or some plum rootstocks for apricot.
Research Insitute of Fruit Growing in Cegléd foclifieeir activity of seed tree selection (mazzard,
mahaleb cherry, myrobalan, apricot, peach and pey planted a large virus free seed orchard with
all stone fruit species and now deliver their spextiucts to many European countries.

Table 1. Recommendations for BA and @Aapplications on nursery trees (Hro#ddal, 1997, 1999;
Magyar and Hrotkd, 2002)

Species, Cultivar Paturyl 10 WSC, 10% BA) Phyl-Gdlth GA4.7
Apple

Idared 0,3-0,4 % x3-4 4% x2-3
Jonagold 0,2% x3-4 4% x2-3
Golden Delicious 0,2% x3-4 4% x2-3
Mutsu 0,2% x3-4 4% x2-3
Gloster 0,2% x3-4 4% x2-3
Sweet cherry

Germersdorfi orias 0,5-0,6 % x4 4% x2-3
Van 0,3-0,4% x3 4% x2-3
Linda 0,506 % x4 4% x2-3
Bigarreau Burlat 0,4-0,5% x4 4% x2-3
Plum

Althann’s Gage 0,2-0,3% x3-4 4% x2-3
Bluefre 0,2% x3 4% x2-3
Stanley 0,2% x3 4% x2-3

Prospects

Despite of the recession tree fruit nursery indugtr Hungary has promising prospects. After the
shock caused by the joining to the EU the Hungafiait growing will represent a stable market,
which will demand excellent tree quality for highrtsity orchards in increasing quantity. The same
concerns the fruit industry of neighbour countireg€ast - Europe where the Hungarian nurserymen
have good connections. Although Hungarian nursenyare well educated specialist, there are some
inadequacies, which delay them in covering the etademands. It can be traced back to lack of
capital and modern mechanized technology, and yp#atllack of propagation licences of new
protected varieties. In filling these gaps inteiotadl cooperation might be useful, especially joint
ventures and cooperation in propagation of newidasible cultivars, which may contribute to
modernization of assortment. In return there ammeswaluable cultivars and rootstocks from the
Hungarian selection and breeding which might bdlestr the cooperation.
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SUPPRESSION OF SPININESS IN M.26 AND P.22 APPLE RODSTOCKS
DZELKS NAIN IBAS NOVERSANA M.26 UN P.22 POTCELMIEM

Jacyna T., Mazur S. and Zajc A.
Department of Pomology, University of Agriculturé, Leszczyiskiego 58, 20-058 Lublin, Poland.

Kopsavilkums

Izméginajums tika veikts fis eksperimentos, ighkujot potcelmu aprausumu rindas un
potcelmu sidijumus kokaud&ava pirms acoSanas M.26 un P.22 potcelmiem. LagErsiu dzelkgu
atstibu tika lietoti dinitroaniini (butrains, butrains + BFA un pendimefas). Skotrgjos
pétijumos \Els butratna vasaras miglojums 4000 mg koncenticija samazigja dzelk§airibu
matesaugiem dzelk&inajiem Malus robusta5 x M 9 hibidiem, bet izsauca painatu lapu
nobirSanu bez mizas Ejimiem. M.26 natesaugiem divregs miglojums 1500 mgikoncentcija
neietekngja dzelk$airibu. Potcelmu M.26 un P.22adfjuma kokaudztava divreizjs miglojums ar
jebkuru no migtajiem dinitroaniiniem 1000, 2000 vai 3000 m¢g koncenticija (butrainam un
BFA), un 1500, 2500 vai 3500 mg" I(pendimetaham) Hitiski samazigja dzelk§airibu
saidzimjuma ar neapsaidatiem augiem. Divreiga apstide ar rokm izradijas efekivaka par
kimisko apstadi.

Abstract

These studies were conducted in three separateimgoes including rootstock production
(mound layering) and rootstock liners (tree prouburctprior to budding) using M.26 and/or P.22
plant materials. To counteract spininess in exadchipgnts dinitroaniline compounds: butralin,
butralin + fatty alcohols (BFA), and pendimethakere applied. In a preliminary study late summer
sprays of butralin at 4000 mg teduced spininess in stool beds of excessive $pihyids ofMalus
robusta5 x M 9 but caused premature plant defoliation withbaok injury. In stool beds with M.26
plants two applications of 1500 migdid not affect spininess. In M.26 and P.22 roatstiners two
sprays of either butralin, BFA or pendimethalirl@00, 2000 or 3000 md Kfor butralin and BFA),
or 1500, 2500 or 3500 mg (for pendimethalin) significantly reduced spinises compared with
intact plants but no differences in this respecbmagnthe chemicals and rates were found. Two
manual operations were somewhat more efficienpinesremoval than chemical treatments but no
practical differences between them in the fieldenalnserved. There were no adverse residual effects
of chemical treatments on nursery tree performébaeyneet al, 2002).

Key words: butralin, dinitroaniline,Malus robusta5, mound layering, pendimethalin,
rootstock liner

Introduction

Spininess is a characteristic of maviglus species, especially in the juvenile phase of plant
growth (Cummins and Aldwinckle, 1983). However tie stool bed a mother plant may produce
both spiny (juvenile) and smooth (senile) shootsin&s are particularly pronounced withalus
robusta5 and its progeny, and some of the Malling serieststocks as M.2, M.9 or M.26
(Cummins, 1992). Rootstocks from Polish serieséPnawstly free of spines except P.22 (Czynczyk,
1998). This undesirable feature makes both rodtsiayering) and nursery tree production
(rootstock liners) costly and laborious. In botkasmspines are removed by hand.
Various chemical compounds have been examinedHhibiinspininess either in citrus rootstocks
(Rouse, 1994) or ornamental trees (Quinlan and ritela, 1984), and suckers in tobacco plants
(Mylonas and Panagos, 1978). Yet little research been done in deciduous fruit rootstocks and
nursery trees so far (Quinlan, 1978; Jacwtaal, 2000). Most commonly used chemicals to
counteract suckering (spininess) werse eitherrdimiiline compounds such as butralin or butralin
combined with fatty alcohols, or auxin derivativeAA-naphthaleneacetic acid (Quinlan, 1978;
Keever and Foster, 1990; Jacyataal, 2000). The basic for either spine removal or dkering is
by using of no translocable chemicals. Studies lasogption and translocation of dinitroaniline
compounds in many species indicated that little wasslocated from the site of uptake to other

38



AGRONOMIJAS VESTIS (Latvian Journal of Agronomy), No. 9, LLU, 0

parts of the plant treated (Ashtem al, 1976). NAA may also act either as growth promaior
inhibitor depending on the organ treated and thecenotration applied (Thimanim Westwood,
1978). NAA has shown to be very efficient in spgrewth inhibition in apple rootstocks Geneva 30
(Jacyneet al, 2000).

The objective of this research was to examine diffe dinitroaniline compounds to
counteract spininess both in stool beds and inntesery liners. This report was divided into three
parts comprising a preliminary study in apple ramtk stool beds (USA, 1995), apple rootstock
stool beds (Poland, 1999), apple rootstock linersursery rows (Poland, 2000).

Materials and Methods

The chemicals used in reported experiments wefellasvs: Tamex ® - containing 360 g |
of butralin (N-sec-butyl-4-tetra-butyl-2,6-dinitnoidine) marked in this text as butralin; Tamex AG®
- containing 75 g1 of butralin + 450 gt of fatty alcohols (§+ C,o) marked here as BFA; Stomp
330 EC® - containing 75 g'lof pendimethalin {N-(1-etylpropyl)-3,4-dimetyl-2dinitroaniline)
marked in the text as pendimethalin. During theseiss the following experiments were carried
out:
Experiment 1 (pilot trial-stool beds) Mother plaafsprogeny of apple rootstocks
Malus robusteb x Malling 9 (Cornell University Apple Rootstock Bidiag Program) in stool beds
established in 1990 were used. About 60-80 plartm feach of the following excessive spiny
hybrids: 74R5M9-760 (type 1), 74R5M9-707 (typed&)d 75R5M9BR-521 (type 3) were used. The
plants were sprayed with butralin either at 10000® or 4000 mg to run off. The sprays were
directed to the “future” budding zone located up3tbcm from the soil line. The control plants
remained intact (no spine removal). All measurememtre made within the zone of chemical
application and its equivalent in control plantkisTtrial was not replicated.
Experiment 2 (apple rootstocks-stool beds) MotHants of Malling 26 grown
in stool beds established in 1994 were used. Tatphere sprayed twice within the budding zone
with butralin either at 500, 1000 or 1500 my IFirst sprays started when the spines were
approximately 2-3 cm long, and the second sprayapadied 19 days later. After rootstock harvest
the following measurements were performed: rookstd@ameter at 5 cm above the soil line,
cumulative length of roots assessed accordinggsthale (1 <20, 2->20-<90, 3-> 90 < 200,
4°- > 200 -< 350, 3-> 350 cm), and total length of parent shoot. Thegeement was set up as
complete randomized block design with 10 replicgagiof 3 plants each. The data was subjected to
analysis of variance, and the means were sepavetbdLSD test at P<0.05. Mutual relations
between either rootstock diameter or length of piagboot, and either cumulative length of spines or
their total number were evaluated by Pearson’symochoment correlation at P<0.05.
Experiment 3 (liners of apple rootstocks M.26 and2R) It was carried out
using rootstock$.26 and P.22 planted in nursery rows (0.8 x 0.3nmrgeparate field sections. At
the time of planting the liners were free of spinEse plants were treated twice in biweekly intérva
with one of the following chemicals: butralin eithe&t 1000, 2000 or 3000, BFA at 1000, 2000 or
3000, and pendimethalin at 1500, 2500 or 3500 Tagrhe sprays were confined to the budding
zone, and started when ¢.40% of plants showed $pngth of 2-3 cm. The spines of control plants
were removed by hand twice depending on spine wagrdn order to examine the effect of tested
compounds on spine suppression a group of 36 stoicks22 were left intact. Rootstock (liner)
diameter was taken from each plant before and #igeiseason. Upon completion of the growing
season the following measurements were made witltenzone of chemical application and its
equivalent in control plants: number of spines dhdir length distribution, estimation of the
treatment phytotoxicity by annual increment of stotk cross-sectional area and weight of fresh
mass of shoots grown out above the treated ardayismal observations of bud take. The data from
M.26 and P.22 rootstocks were analyzed separaBxth experimental subsets were set up as
complete randomized block design with 18 replicgatiof 10 plants each. The significance of the
results was tested by analysis of variance and sneamparisons were made by Tukey's HSD at
P<0.05 (Statgraphics Software).
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Results and Discussion
The results obtained from our preliminary trial gekment 1) showed that application of
butralin, especially at 4000 mg inay decrease the number of spines (Table 1; Figuze3).

Table 1. Effect of butralin on spine suppressiodifferent progeny oMalusrobusta5 x Malling 9
apple rootstocks in stool bed, exp. 1 — pilot {ri#195

Treatment, Number of spines per plant
mg I* Hybrid
74R5M9-760 74R5M9-707 75R5M9BR-521
1000 5.0 5.8 4.4
2000 4.3 5.4 6.2
4000 2.9 3.3 3.9
o 6.2 6.5 6.7

Y untreated control ( no spine removal )

Type 1

0 ppm 4000 ppm

1000 ppm 2000 ppm

Figure 1. Effect of butralin application, in m§+ ppm, on suppression of lateral growth in hybrid
74R5M9-760. Blank spaces on parent shoot inditet@ipper limit of the compound application

%//\ 1 \
S

0 ppm

1000 ppm 2000 ppm 4000 ppm

Figure 2. Effect of butralin application, in mig+ ppm, on suppression of lateral growth in hybrid
74R5M9-707. Blank spaces on parent shoot inditet@ipper limit of the compound application
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l/

0 ppm
PP 1000 ppm 2000 ppm 4000 ppm

Figure 3. Effect of butralin application, sin my= ppm, on suppression of lateral growth in hybrid
75R5M9BR-521. Blank spaces on parent shoot inditeteipper limit of the compound application

Malus robusta5 and its progeny are known from excessive spasin€Cummins and
Aldwinckle, 1983). Despite applying the chemicalate summer, the reduction in spine number was
still satisfactory but the rate 4000 mg ¢taused premature defoliation although no barkrjnju
occurred. Visual observations showed that leafrieéguwere confined to the zone of spraying with
no translocation of these symptoms elsewhere.

Application of butralin in much lower concentratthan those used in experiment 1, did not
bring about any suppression in spine growth of Mrigiher plants in stool beds (Table 2).

Table 2. Effect of butralin on spine suppressioMi&6 apple rootstocks in stool bed (exp. 2, 1999)

Treatment, Number of spines per plant
mg I <5cm >5-<10cm >10 cm® Total”
500 x 2 7.0b 1.0 0.5 8.5
1000 x 2 5.6 ab 1.0 0.5 7.1
1500 x 2 5.5ab 1.0 0.6 7.1
0 49a 14 0.8 7.1

Means followed by the same letter do not signifigadiffer at P<0.05
Y untreated control ( no spine removd Means are not significantly different

There were no significant differences in spine nemiietween the control and chemically
treated plants. Consequently to the results shovilrable 2, no differences in quality charactersstic
among the treatments were found (Table 3).

Table 3. Effect of butralin on some quality chaeaistics of M.26 apple rootstocks in stool bed (exp
2, 1999)

Treatment, Rootstock Length of rootstock ~ Cumulative length of
mg I diameter, mrh parent shoot, cin roots, in scake’
500 x 2 8.1 88.0 2.9
1000 x 2 9.3 87.0 2.8
1500 x 2 8.8 87.3 3.1
0 9.3 92.4 2.9

* untreated control ( no spine removal )neans are not significantly different at P<0.05ee Materials and
Methods for scale explanation.
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It would indicate that butralin applied in givertea (Table 2) did not influence the growth of tesat
plants as expressed by rootstock diameter, lergthotstock parent shoot and development of root
system (Table 4). Comparison of adverse effectsathby single application of 4000 myHutralin
(experiment 1) with no such effects with two spragts 3000 mg 't butralin (experiment 3)
demonstrates different responses of treated ptigending on plant type or chemical rate. Quinlan
(1978) reported no detrimental effects in maideplaprees treated with 3000 mg butralin but
Knight (1979) found that the same rate of butrakwsed serious defoliation of Quince rootstocks.
The coefficients of correlation between basic rwafs quality parameters are given in Table 4.
Spine growth expressed by cumulative length ofespiand their number was positively correlated
with the diameter and the length of rootstock paséioot.

Table 4. Correlation coefficients for some quatibyaracteristics of M.26 apple rootstocks in stool
bed (exp. 2, 1999)

Correlation’ Coefficient of correlation, r P-value
axb 0.44 0.0000
axc 0.20 0.0030
dxb 0.51 0.0000
dxc 0.35 0.0000

¥ a — rootstock diameter, b — cumulative lengthphess, ¢ — total number of spines, d — length otstmck
parent shoot

The results obtained from application of other waa@niline compounds, i.e BFA and
pendimethalin indicated that both might be safetgdiin the desuckering of apple rootstocks
(experiment 3). Both compounds performed in simiay as butralin in reducing spininess when
compared with manual procedures (Table 5).

Table 5. Effect of dinitroaniline compounds on gpsuppression in M.26 and P.22 apple rootstock
liners (exp. 3, 2000)

Treatment, Number of spines per plant Total spine
mg I* >0.5-<1.0 cm >2.0 <2.5 cm >3.0 cm length/plant,
M.26 P.22 M.26 P.22 M.26 P.22 cnt

butralin:
1000 x 2 4.3b 0.1 0.7 0.1 0.8ab 0.5ab 6.1a
2000 x 2 3.0b 0.2 0.8 0.4 11b 0.5ab 6.2a
3000 x 2 5.4b 0.2 0.4 0.3 0.7ab 0.4ab 6.4 a
BFA:
1000 x 2 4.4b 0.1 0.3 0.4 1.0b 0.7b 6.5a
2000 x 2 3.7b 0.1 0.6 0.4 06ab 0.lab 39a
3000 x 2 35b 0.1 0.3 0.4 05ab 0.3ab 5.7a
pendimethalin:
1500 x 2 42b 0.0 0.5 0.3 14b 0.2ab 6.2a
2500 x 2 49b 0.1 0.5 0.3 0.8ab 0.4ab 4.8 a
3500 x 2 4.2b 0.1 0.5 0.2 0.5ab 0.7b 59a
hand removal 0.0a 0.0 0.0 0.0 0.0a 0.0a
intact” 53.6 b
P - value 0.0000 NS NS NS 0.0031  0.0230 0.0000

Means followed by the same letter do not signiftadiffer at P<0.05) spines were removed twice or more
depending on their regrowth; no spine removali additional experiment (36 replicates of singletstack
each); NS — not significant.

There were some significant differences in spimicion between chemical treatments and manual
deshooting depending on spine length. Double marambval was more effective than chemical
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treatment. Short and long spines were more difficusuppress than medium sized spines. This was
particularly evident in Malling 26, and to the les®xtent in P.22 rootstocks (Table 5). However,
from a nurseryman point of view, in most cases tluhemical deshooting was as effective as
double manual spine removal, being considerablg l@se consuming thus less expensive.
Comparison of spine reduction effectiveness amdrgy dhemical treatments with exclusion of
manual removal, showed no significant differenaeselation to chemicals and rates applied (data
not shown). Spine growth was significantly redudsdchemical treatments in comparison with
intact plants (Table 5). Table 6 shows two chargsttes of rootstock growth of which suppression
may be considered as phythotoxicity indicators. @Garnson of rootstock annual increment of cross-
sectional area and the weight of fresh mass oftshtaten from untreated part of rootstock itself
demonstrated no significant differences betweermatedly treated and untreated control plants
(Table 6). The results of the follow-up researcmgipreviously treated rootstocks have shown no
adverse residual effects on bud take and subseguewth of budded trees as expressed by the
number of feathers, diameter and height of treexcab-immune apple cultivars ‘Jonafree’, ‘Rajka’
and ‘Topaz’ (Jacynat al.,2002).

Table 6. Performance of rootstock liners treateth wlinitroaniline compounds for spine removal
assessed at the end of season (exp. 3, 2000).

Treatment, Annual increment of rootstock  Weight of fresh
mg a.i.l' cross-sectional area, (ryh mass of shoots, g
butralin:

1000 x 2 315 106.7

2000 x 2 37.2 125.0

3000 x 2 26.3 106.7

BFA:

1000 x 2 38.1 108.3

2000 x 2 39.7 116.7

3000 x 2 44.3 95.0
pendimethalin:

1500 x 2 35.0 115.8

2500 x 2 30.0 129.0

3500 x 2 34.7 106.7
hand removal 25.6 111.0

All values are not significantly different at P<B,3 double (triple) spine removal subject to spine oggh, *
mass of shoots taken from above the applicatioe.zon

Reduction in time and labor costs for spine remdgathe main advantage of chemical
deshooting of rootstocks. Results from this redeastipported by the others (Rouse, 1994 and
Jacynaet al., 2000), indicate that chemical treatment may bepsmiitive nursery technology with
manual spine removal. It seems that in Poland th&t suitable compound, which meets the criteria
for chemical deshooting, would be pendimethalimigt 33¢), having official registration for fruit
and vegetable production. However, more researcieésled, especially in layering technology, to
obtain precise protocols for various species.
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THE EFFECT OF DIFFERENT PROPAGATION METHODS ON THE  YIELD AND FRUIT
) ) MASS OF PLUMS )
DAZADU PAVAIROSANAS VEIDU IETEKME UZ PL TMJU RAZU UN AUG LU MASU

Klaas, L., Janes, H., Kahu, K. and Haak, E.
Institute of Agricultural and Environmental Scieaad the Estonian Agricultural University,
Polli Horticultural Research Centre, Kreurzwaldj 64014, Tartu, Estonia.

Kopsavilkums

Devinas ptimju &irnes (4 Rietumeiropas un 5 \8gs) tika pavairotagn vitro un acotas uz
Prunus cerasifereEhrh. gklaudZu potcelma. Izeginajums tika ietkots Polli dirzkopbas institita
1998. gad. No 2001. idz 2004. gadam veica uzskaiti. 2001. @atktika konstatas hitiskas
atXiribas starp pavairoSanas veidienmamiskirném. 2002. gaal koki, kuri bija pavairotin vitro deva
augsiku razu. Tau visa uzskaites periad butiskas atBiribas starp pavairoSanas veidu netika
konstagtas, nelielas ak&ibas ratha nowerotas starp l§rném. Augstikas razas iedktas no Eirném
‘Vilnor’ un ‘Méarjamaa’. Ari pec audgu masas netika nexotas hitiskas atgiribas.

Abstract

Nine plum cultivars (4 of West European origin &nldcal cultivars) were propagatedvitro
or budded on the vigorowRrunus cerasiferéEhrh. seedling rootstock. The scion plant matdaal
propagationin vitro and for budding was taken from the same, singltherdrees. The experiment
was established at the Polli Horticultural Insetum spring 1998. In the years 2001-2004 yield and
mean fruit mass were compared. In 2001 no sigmficifferences due to the propagation methods
were found in the average values of all cultivans2002in vitro propagated trees appeared more
productive than trees grown &h cerasiferaIn contrast, in 2003 and 2004 trees propaggtedtro
gave a higher yield. In the cumulative yield (ageraf all studied cultivars) no significant diffeces
between the propagation methods were noted. Thelatie yield of ‘Polli Munaploom’ was higher
from in vitro propagated trees, whereas ‘Queen Victoria’ andjatdaa’ were more productive when
grown on the vigorous, seedling rootstock. ‘Wilhlen Spath’, ‘Emma Leppermann’ and ‘Liivi
Kollane Munaploom’ gave insufficient yield. A highgield was obtained from cultivars ‘Vilnor’ and
‘Marjamaa’. No significant differences in mean froiass due to the propagation methods were found,
considering the average values of all cultivars.

Key words: plum,in vitro, budded, seedling rootstock, yield, fruit mass

Introduction

Under Estonian conditions, plums have been propdgatostly by means of budding on
seedlings of the vigorous cherry plufrgnus cerasiferaEhrh.) so far. Nowadays, in the case of
propagation of virus free fruit trees, the tissuéwre method has been more frequently used. As the
micro-propagated fruit trees are own-rooted, raatstis not needed for them any more. Rootstock
may influence productivity of a scion cultivar, itrgize and other quantitative traits. It is, hoegv
hard to predict how the fruit trees may behave mnraotstock in the orchard. The trees achieve thei
final size several years after planting. The olpjectof the present research was to assess the
performance oin vitro propagated trees of different plum cultivars ie trchard, in comparison with
the conventionally propagated trees, grown on tocks.

Materials and methods

The trial was established in 1998 at Polli Hortigrdl Institute, South Western Estonia. The
scion propagation material for budding and ifowitro propagation was taken from the same, single
mother trees. Seedlings of the vigorous cherry plgHrunus cerasiferaEhrh.) were used as
rootstocks. The own-rooted plant material was pgaped in the laboratory and then grown in a
greenhouse and nursery. The trial included 4 Wastean cultivars: ‘Emma Leppermann’, ‘Duke of
Edinburgh’, ‘Wilhelmine Spéth’ and ‘Queen Victoriahd 5 cultivars of local importance: ‘Vilnor’,
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‘Polli Munaploonr’, ‘Noarootsi Punane’, ‘Méarjamaanhd ‘Liivi Kollane Munaploom’. The trial was
established in 4 replications, with three trees pglication. The planting pattern was 3x5 m.
Permanent sward, frequently mown, was maintainedlé@yways. Soil along the rows was kept weed-
free by herbicides. In the years 2001-2004 thedypelr tree and mass of 100 fruits were recorded.

Weather conditions differed greatly during theltpariod. The greatest annual rainfall occurred
in 2001 — 906 mm, whereas the average annual lidiafdstonia has been 500-700 mm. In the years
1998, 2003 and 2004 the amount of precipitation shiahtly above 700mm, whereas the years 2000
and 2002 were poor in precipitation, 595 and 652 maspectively. The most unfavourable year for
plant growth was 2002 when only 47% of the avemg®ual precipitation occurred (305 mm).

In 2000 a frost of -5° C occurred in the bloom tiofeplums. The winter of 2001/2002 was
unfavourable for plum trees, as in December the&zature dropped to -27° C. The winter 2002/2003
was even more unfavourable, as the temperaturedstaglow -30° C for five days. On January 11 the
minimal temperature reached -32° C at 2 m above@hend and -37.6° C at snow level. Winter frost
damage was apparently aggravated by the fact tbas ntered winter weakened by the summer
drought of 2002. In May of 2004 the frost down 405° C occurred again at full bloom time of the
plum trees. Night frosts repeated until the eniaf.

Two-factorial analysis of variance was used forrtteghematical analysis of the trial data. For
assessment of significance of differences betwesatrhents the least significant difference (LSD)
was calculated at the 95% probability. The asteriék at the respective values in tables indicate
significant differences.

Results and Discussion

In 2000 all cultivars, except for ‘Emma Leppermarftdwered abundantly, however, a night
frost destroyed all flowers. The first crop wasvested in 2001. Yield per tree varied from 0.1 # 7
kg (Table 1). Considering yield per tree as theraye of all cultivars, the effect of the propagatio
method was insignificantn vitro propagated trees were more productive in the ohfige cultivars
‘Vilnor’ and ‘Noarootsi Punane’, whereas ‘Marjamaaid ‘Queen Victoria’ gave higher yields from
the budded trees. In 2002 the highest yields wetaireed in this trial: 3.7-19.3 kg per tree, depegd
on the cultivar. On the average of all cultivarsgren productive were budded trees. Considering
particular cultivars, ‘Marjamaa’ and ‘Queen Vict@rivere more productive as budded in that year. In
the case of the cultivar ‘Polli Munaploom’ the opjte trend was noted, &s vitro propagated trees
were more productive than budded ones. In 2008y aftsevere frost damage, the yield dropped to
0.7-12.6 kg. The average yield (of all cultivargsahigher fronin vitro propagated trees. Considering
particular cultivars, the method of propagatioreetiéd only ‘Duke of Edinburgh’; significantly highe
yield was obtained fronmn vitro propagated trees. In 2004 a night frost duringfineering season
damaged most of the flowers. The yield of cultivislli Munaploom’ and ‘Queen Victoria’ and the
average yield of all cultivars were higher in tlase ofin vitro propagated trees.

Table 1. Yield of plum cultivars depending on tliepgagation method, kg per tree

Cult 2001 2002 2003 2004
wvar B TC B TC B TC B TC
Vilnor 4.4 6.4* 14.9 14.0 3.0 3.2 15.6 15.3
Wilhelmine Spath 1.0 0.5 7.0 4.4 0.9 0.8 2.7 6 3.
Noarootsi Punane 1.8 4.7* 13.0 134 0.9 0.8 29 9 2
Polli Munaploom 0.6 2.0 12.3 17.2* 15 1.3 4.0 1%8.
Marjamaa 4.3 1.0* 19.3 12.0* 10.6 12.6 6.9 4.6

Liivi Kollane Munaploom 0.5 0.8 9.2 9.1 0.7 2.8 A1 1.8
Duke of Edinburgh 0.5 0.2 141 9.7 4.4 11.7* 4.7 0 6.
Queen Victoria 7.4 0.8* 17.7 4.4* 5.6 7.3 3.6 9.1*
Emma Leppermann 0.1 0.1 3.7 3.9 2.8 4.3 2.8 4.1
Average of nine cultivars 2.3 1.9 12.4 9.9* 3.4 5.0* 4.9 6.2*
LSD o5 cuttivar 1.6 4.5 4.0 3.3

LSD.OS propagation method 0.6 15 13 1.1

B — budded on seedling rootstock; TC — raised ftissue culture; * — significantly differant valufs TC trees
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No effect of the propagation method upon the ave@agnulative yield was noted (Table 2).
Considering particular cultivars, ‘Queen Victoraid ‘Méarjamaa’ produced higher yields in the case
of in vitro propagated trees. Basing on the four-year trillts, ‘Vilnor’ and ‘Marjamaa’ proved to be
the most productive cultivars. ‘Emma LeppermanniWilhelmine Spath’ and ‘Liivi Kollane

Munaploom’ gave rather moderate yields.

Table 2. Cumulative yield, kg per tree (for thernge2001-2004)

Average for both

Cultivar B TC )
propagation methods
Vilnor 37.8 38.9 38.4d
Wilhelmine Spéth 11.6 9.4 10.5a
Noarootsi Punane 18.6 21.8 20.2b
Polli Munaploom 18.4 28.6 23.5bc
Marjamaa 41.1 30.2 35.6d
Liivi Kollane Munaploom 11.6 145 13.1a
Duke of Edinburgh 23.7 27.6 25.6bc
Queen Victoria 34.3 21.7 28.0c
Emma Leppermann 9.4 12.3 10.9a
Average of nine cultivars 22.9 22.8
I—SD.OS cultivar 9-2
I—SD.O5 propagation method 3.1
I—SD.O5 cultivar average 6.5

For explanations — see Table 1

Mean values of all cultivars did not show any digant effect of the propagation method on the
mean fruit mass (Table 3). In 2001 fruits of budtieds of ‘Queen Victoria’ were larger than fruofs
in vitro propagated trees. In the case of the cultivardi‘Rinaploom’ the opposite occurred. In 2002
fruits of in vitro propagated trees were larger than the fruits dflbd trees of ‘Duke of Edinburgh’
and ‘Queen Victoria'. In 2004 this was true for thativar ‘Emma Leppermann’.

Table 3.Mean fruit mass of different plum cultivars depengon the propagation method, g

Cultivar 2001 2002 2003 2004

B TC B TC B TC B TC
Vilnor 24 22 24 23 25 28 24 23
Wilhelmine Spéth 21 20 23 22 19 19 19 20
Noarootsi Punane 20 19 21 19 17 16 21 21
Polli Munaploom 46 48* 42 39 45 46 45 a7
Marjamaa 25 24 27 26 28 26 27 26
Liivi Kollane Munaploom 33 32 27 27 27 29 31 28
Duke of Edinburgh 28 30 35 38* 28 29 34 32
Queen Victoria 36 33* 42 45% 36 36 40 38
Emma Leppermann 29 28 38 37 32 36* 32 36*
Average of nine cultivars 29 29 31 31 29 29 30 30
LSD o5 cuttivar 2.4 2.5 3.5 35
I—SD.O5 propagation method 0.8 0.8 12 1.2

*For explanations — see Table 1

The present trial was established in the northestmagion of fruit tree growing with medium

soil fertility. The productivity of trees was afted by low temperature damage to shoots and branche
in the winters. Of 2001/2002 and 2002/2003 andoanhight frosts in bloom time caused serious
damage to glowers and young leaves in spring 20@02804. No differences in the degree of frost
damage due to propagation methods were observegyvio.

a7



AGRONOMIJAS VESTIS (Latvian Journal of Agronomy), No. 9, LLU, 20

Despite the cost of equipment, necessary for misiitro-propagated plants, the method is being
used more and more for the quick propagation @fstréds a result own-rooted, virus-free material is
obtained. Certain cultivars are more sensitive iicrarpropagation conditions (Sansawvatial, 1990).
Experimentally different cultivars should be testethether micro-propagation is commercially
justified. It has been found out thiat vitro propagated plum trees start flowering and cropbier
(Zimmermann, 1988 and Cobiancéi al, 1992). A typical trait is that these trees havéoa
percentage of flowering trees and a low mean nurolbdlowers per tree during the first year of
flowering (Popov and Prodanova, 2002). Our triadved that propagation method did not influence
the initial bearing of plum trees. Depending oncéipe features of particular cultivars, they may be
more or less suited to growing as own-rooted togasees conventionally budded on rootstocks. This
fact has been reported from trial results obtarledwhere with different cultivars. Leehal. (1998),
studying two plum cultivars ‘Sweet Common Pruned agtanley’, found that yield and fruit mass of
in vitro propagated ‘Stanley’ trees was similar to thedyi@hd fruit size of trees budded on cherry
plum (Prunus cerasifereEhrh.); on the other hand, trees of ‘Sweet ComiAaime’ were by 50%
smaller and started cropping one year later thatdéd trees. Fabeat al (2002) compareéh vitro
propagated plum cultivars and those grafted on ‘Yéaheim’ seedling rootstock it was found out that
during the first two years of cropping more prodeetvere trees on rootstocks. While during thedthir
and fourth year -n vitro propagated trees; the cumulative yield of fourryemas similar. A similar
tendency was observed in our trial as well.

Fruit trees start bearing fruit several years affanting in the orchard. The question whether
micro-propagated trees are equal or even surpaddedutrees in productivity should be tested
separately for any cultivar. The initial differescenay be levelled with time. The most important
factors determining productivity of plum trees apparently climatic conditions and the growing.site
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SCIENTIFIC AND LEGAL INSURING OF FRUIT NURSERIES IN  RUSSIA
AUGLUKOKU KOKAUDZ ETAVU ZIN ATNISKAIS UN JURIDISKAIS NODROSIN AJUMS
KRIEVIJ A

Kuliksov I., Borisova A. and Orlova A.
All-Russian Institute of Breeding Technologies iorkiculture and Gardening, Moscow, Birulovo, 115598
Russia.

Kopsavilkums

Viskrievijas Darzkopibas selekcijas unatu audzSanas instilta tiek ieviestas ekonomiskas,
uz jaurikajiem ziritnes sasniegumiem batss autukoku sidama materila audzSanas metodes.
Tas ir balsttas uz zemstikla pladu, ipaSi paterstu metozu, ekolgiski droSu un fiziolgiski akivu
vielu izmantoSanu. Diendf potcelmu selekcija un izéginajumi Saf joma ir nepietiekami, bet
Rietumeiropas potcelmu klonus var izmantot tikaiaaKrievijas réionos. Tadi ssklaudZzu potcelmi
ka "Anis’, kurs ir izveidots RosoSanskas &jmajumu stacifi, un dazas bumbieriignes ir piengroti
Krievijas vidienes Kklimatiskajiem apdfiem atvespta sidama materila audzSanai. AT
Viskrievijas [arzkopbas selekcijas un @&tu audzSanas institta izveidoti dazi augstragi un
ziemcielgi bumbieru potcelmi ("Valesa™ u.c.)

Abstract

The All-Russian Institute of Breeding TechnologiesHorticulture and Gardening Nursery
which has guided the world scientific achievememtsd advanced experience of intensive
horticulture’s countries has elaborated energyeffit and resource-saving technologies of
horticultural plant material growing. It is based glass-house culture, special patent methods and
ecologically clean, physiologically active subsesmof new generation. Unfortunately today rootstock
selection and trials are insufficient for the Rasscientific level, and rootstocks grown in West
Europe can be used only in a few regions of vastRlussian territory. No doubt that seedling
rootstocks such as ‘Anis’ seedling and some peaeties selected at Rossoshan experimental station
in middle-cold climatic conditions of Middle Russiaill retain their importance and will be applied
sanitated plant material production of seed cufturéhe All-Russian Institute of Breeding
Technologies in Horticulture winter-hardy rich crppar cultivars as ‘Velesa’ and other have been
selected.

Key words: fruit nursery, insuring, patent methods

Introduction

The All-Russian Institute of Breeding TechnologiesHorticulture and Gardening Nursery
has guided the world is scientific achievements atddanced experience of intensive horticulture’s
countries has elaborated energy-efficient and resesaving technologies of horticultural plant
material growing. It is based on glasshouse cultspecial patent methods and ecologically clean,
physiologically active substances of new generdtialaptogens, nano-materials).

All modern elaborations of Fruit Nursery Departmenit The Institute of Breeding
Technologies are based on scientific system of, fruirsery, elaborated in cooperation with sciemtif
institutes of Russia, Belorussia and Latvia.

As by 2020 it is planned the areas of gardens ang Iplantations to be increased by 62,6%,
the Breeding Nursery staff has set the task toimbitee highly productive cultivarss of fruit andrbe
plant species with digenic and polygenic stabgifjainst negative effects that moreover offers adesse
fruit with high biological activity.

We are remainded of the colloquialism of the Russeientist and gardener V. Michurin
“the stock forms the basis of fruit tree”. Thatvidy investigations in the sphere of fruit species
rootstock quality improvement must be the prionityruit nursery.

According to our estimations for medical standairisurance, fruit consumption by the year
2020 will increase on such scale that Russia mutyze not 6 million, but 120 million plants for
intensive gardening.

49



AGRONOMIJAS VESTIS (Latvian Journal of Agronomy), No. 9, LLU, 20

That means that by this period it is necessarydagnore than 200 million rootstocks every
year.

In contrast to West Europe (Poland, Germany, Emfjlarhere 50% of apple-tree plantations
will soon be occupied by the stock M 9 (A. Mako$898), Russia situated in cold, moderate and even
sub-arctic climate, needs special stocks to raishe basis of transgressive adaptive selection.

Unfortunately today rootstock selection and triate insufficient for the Russia scientific
level, and rootstocks grown in West Europe can $dwnly in a few regions of the vast Russian
territory.

No doubt that seedling rootstocks such as ‘Anigdéiag and some pear varieties selected at
Rossoshan experimental station in middle-cold dierzonditions of Middle Russia, will retain threir
importance and will be applied in sanitated plaatenal production of seed cultures.

New generation element-organical substances agiplicat mother plantations for grafts
processing permits not only manage rhizogenesialbataffect stock growth.

More and more attention of horticulturists is atteal by pear cultivars. They not only obtain
perfect fruit medical and diet qualities but owittgless inclination for periodical fruit-bearingdn
flower damage annualy produce high crops.

In All-Russian Institute of Breeding TechnologiesHorticulture winter-hardy rich crop pear
cultivars have been selected (‘Velesa' and oth&t)the Kokinsky base station of the All-Russian
Institute of Breeding Technologies in Horticultwanter-hardy varietes of pear with fruit weight raor
than 250 g, kept up to February, were selectednpash |.V. Kazakov and A.A. Vysotsky
investigations data.

At the All-Russian Institute of Fruit Plants ande®ion by I.V. Michurin pear varietes with
complex stability against a number of diseases haen selected by S.P. Yakovlev with colleagues;
and afterwards it was improved on the basiBylus ussuriensiand its derivations. Such cultivars as
‘In memory of lakovlev’, ‘Autumn dream’ and sevemaher are valuable for of winter consumption
and bacterial fireblight stability - the most darmges and harmful pear disease.

The best pear cultivars have been worked out &c8eh Institute (Orel) and at Timiryazev
Agricultural Academy also.

New pear plantations laying out often fail not ofdy economical reasons, but for the lack of
rootstock. The problem of high quality pear seagltimotstock growing is a type of root.

The magnetic-discharge rootstock processing (A.foriddva, T.V. Beshnov, AA.
Fachrutdinov, 2005.) increases biometrical datthefoverground part and changes the architectonic
characteristics of root the system of seedlings arwbrdingly increases the skeleton roots number.
High-quality stock material outlet increases, assallt, by 32%.

The most unsafe for selection are Drupaceous (dtaitgspecies which can't be produced as
sanitated planting material because of the viridtion transmission with pollen. That is why along
with creation of sanitated plantations for seedistpup of the forms already tested there is al vita
necessity of selection work, aimed at the creabvbrfast-ripening forms, steady against virulent
deseases, well-compatible with promising perspectultivars, possessing a well developed root
system, that give vigorous seeds and permit produaiot stocks without additional growth.

Seeds sowing immediately after cropping avoids rabe stratification procedure.
Nevertheless it is necessary to work out sowingeguare regulations for sowing directly into soil
without pericarp removal.

In the sowing procedure of 2002 an average gerimmah our experiment was 22,6 %.
However, as to the studied cherry-pluBrynus cerasiferpforms, planted at the Department of Fruit
Nursery fields, there exists essential differemceged germination.

However, a long-period cherry-plum seedlings ingegtons permit us to state certain
process.

Materials and Methods
At the earliest possible date at these rootstoaksng plum plants of high quality and
promising varieties can be produced.
At the same time we compared 3 methodics:
e growing of plants by means of winter inoculatiortwelosed root system in heated glass
house conditions;

50



AGRONOMIJAS VESTIS (Latvian Journal of Agronomy), No. 9, LLU, 0

e growing of plants by means of inoculation on thenpenent site;
e standard technology of root-stocks growing in segdichool, digging out, planting in the
first fruit breeding nursery field and inoculation.

Results and Discussion

Plants growing in glass-houses enables us to getatad planting material of plum at the
earliest possible date. Period of plants growinidpwiis method constitutes only 388 days.

Standart technology with inoculation in the firstrsery field proved to be the most expensive.

Application of scientific system of cherry and sweherries nursery proved to be less
complicated. Rootstock ‘Ismailovsky’ can be sucfiggsapplied for seedlings stock production, as
the rootstock LC-52 — for sweet cherries productidowever, correct selection of variety- and root-
stock combination is still the most important itam nursery. Rooted grafts of cherry variety
‘Vladimirskaya’' can be successfully applied in girecess of cherry plant growing.

The greatest output is observed with the greengyadf'Viadimirskaya’ var., inoculated with
‘Pamiaty Enikeeva’ var. (33 thousand /hectare).

Variety "Vladimirskaya’ is popular with gardenerglglant-businessmen. That is why if the
output from square unit of grafts is 40%, all 1068plants can be of realized value.

Since sweet cherry acquires more and more impartimdiddle Russia horticulture, root
stock LC-52 is successfully adopted. It gives greasaplings output compared with cherry
‘Vladimirskaya’ clone.

Coming back to the scientifically based systenruit tultures nursery, we can record that the
system can easily be integrated into Europeanmsystelanting material production.

At present Russian Federation is working out a reswe of The Federal law that has been
adopted in 1997.

Complicated work that has been carried out by Rmns8icademy of Agricultural Science, by
Ministry of Agriculture, The State Seed Inspectioh Russia, leads to elaboration of the most
important document.

Conclusions
As a result the fruit culture nursery of Russiagm®es the following tasks: to work out and
sanitize forms for laying basic clone stock plaiota, basic seed and graft plantations; to laydbasi
clone rootstocks;to work out scientific-proved cnapations and technologies; to train qualified
staff and specialists of different ownership nueser

Solution of these tasks will make it possible teate basic nurseries that will supply regions,
producing the adoptive variety’s grafts, stock&igh quality and sprouts.

Planting material quality control will be much essias all the material is certified,
documented and attended by profile scientific intts.

Now the leading role of The All-Russian InstituteBreeding Technologies in Horticulture
becomes evident, as it not only presents itself eiborator of all scientific and standard
documentation, but also manages construction afsglauses, what is the most important for basic
material production for all regions of Russia.dtalso the leader in adaptogenetic and nano-miateria
technology elaboration, in connection with ener@yd resource- preserving technologies.
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FRUIT TREE NURSERIES IN LITHUANIA: PROPAGATION AND CERTIFICATION
SYSTEM
KOKAUDZ ETAVAS LIETUV A: AUDZESANAS UN SERTIFIKACIJAS SISTEMA

Kviklys D.
Lithuanian Institute of Horticulture, LT-54333 BahhtKauno distr., Lithuania.

Kopsavilkums

Sertificcta sidama materiila razoSanas si&ha Lietuva tika atjaunota 1995. gad Par
kvalitates kontroli un sertificijas sistmu atbild Valsts &lu un graudu serviss. 2002. - 2004. gados
tika saskaota juridiska baze ar ES likumdo3anu. 2005. gabija registrétas 45 sertifistu sdamo
materilu raZojoSas kokaudtavas. Ik gadus izaudzirs 500 000 augkoku s&du, virs 5 miljoniem
upeu un ap 700 000 zeme stdu. 211 kokaudstavas rgistrétas fitosaniraja registra un saem
augu pases. 2004.gacaugsiko kategoriju stdama materila centrs tika izveidots Lietuvas
Darzkopibas instifita. Sis centrs apgla kokaudztavas ar wusbivu potzaru un potcelmu matal
sertificgta sidu materila razoSanai.

Abstract

Certification of fruit plant propagating material Lithuania was renewed in 1995, when a tree
nursery quality program was initiated. State seed grain service (SSGS) is responsible for the
guality control of the planting material, maintenarof propagation steps and the certification syste
The legal base according EC directives was harradniduring 2002-2004. 43 nurseries were
registered at SSGS as suppliers of certified flanting material in 2005. The annual production of
certified fruit trees is more than 500 thousandsrants — more than 5 million, strawberries — atbun
700 thousand. The state plant protection serviedP§ is responsible for controlling of quarantine
pests and diseases in all propagation steps. 2k&nms are registered in the Phytosanitary ragite
SPPS and receive Plant passports for propagateeriatain 2004 Elite Plant Propagation Centre
(EPPC) was established at the Lithuanian Instivfitdorticulture in Babtai. EPPC is equipped with a
modern screenhouse, virus testing laboratory, to#renapy and propagation facilities. EPPC is
responsible for propagation and maintenance of gsieband basic propagation material of fruit
cultivars and rootstocks and is obligated to supg@ynmercial nurseries with virus free scion and
rootstock material for the propagation of certiffadt trees.

Key words: fruit plants, propagation, certification, quality

Introduction

Fruit and berry production takes an important plecéhe agriculture of the Lithuania. The
guality and health status of planting material targe extent determined the results in the culitva
Virus or virus like pathogens reduces the usefd@nelsthe propagating material. The European
Community introduced rules that guarantee the tuahd plant health of the fruit plant propagating
material (Council Directive 92/34/EEC, 1992) thealpy of fruit planting material is checked during
the official certification. Certification is cardeout by competent authorities during controls feldl
inspections.

All suppliers of fruit planting material are respdrie to fulfil certain conditions laid down in
the legislation. It is very important for each mamitate to harmonize legislation, to insure unifor
application of the standards and to insure fre&ketdor planting material across the Europe.

The aim of work is to describe and discuss théfation and propagation system of fruit
and berry plants in Lithuania.

Materials and Methods

The work was performed summarizing the experienw the accumulated knowledge on
propagation and certification system at the Lithaarinstitute of Horticulture, State Seed and Grain
Service, State Plant Protection Service. Nationdl Buropean Community legislation was analysed.
Analysis of fruit plant propagation was performgdam annual questionnaire of commercial nurseries.
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Results and Discussion

Legislation. Legal acts describing procedures, responsibilitiggality requirements of
planting material, propagation and certificationfrfit plants in Lithuania are harmonised according
EC directives. Implementation of EC legal requiramsvook place during 2002-2004. Themain legal
acts are following: Law on Seed cultivation (2008)andatory requirements for fruit and berry
propagating material (2004), Law on the ProtectibRlant Varieties (2001), Inspection rules fotdie
inspection of fruit plant propagating material (890Law on Phytosanitary (2003), Ministry order on
attestation of suppliers of plant propagating mat¢2002).

Harmonisation of the legislation creates a framéveard the conditions for the free marketing
of the plant material, meeting the requirementsidie the EU. However competition in the European
market is not on legislation, which is only a predition, but on the quality of the product. Onlghi
quality planting material: virus free, true-to-typed produced under independent official certifarat
could be competitive.

Certification. Certification of fruit planting matal in Lithuania was renewed in 1995 by
mutual initiative of the Lithuanian Institute of Hiwulture (LIH), the Lithuanian Association of
Commercial Orchards ‘Fruit and berries’ (ACON) aBthte Seed and Grain Service under the
Ministry of Agriculture (SSGS). At this time staieanced tree nursery quality program was initiated
Main nurseries of ACON received high quality (mgibhksic) rootstock material for the establishment
of rootstock propagation plantations and basicrsciaterial for the establishment of scion shoot
orchards from Netherlands, Germany, Poland and iRu$xootstocks were distributed to nine
nurseries all over the Lithuania and scion shochards were planted in three nurseries. At this
moment the main idea of certification was to digtiish planting material propagated in certified
nurseries and support growers who use certifiedtipig material for the establishment of commercial
orchards and berry plantations (Ministry order od &or certified planting material, 2005).
Certification of planting material was performed 88GS and scientists from LIH. Experts from LIH
were involved in the certification of fruit planirmaterial until 2002.

Nowadays SSGS controls propagating material segpé consumers in the domestic market
and its conformity with requirements establishedldyal acts, implements State quality control of
propagating material, implements management ofaidsers of certified plant propagating material,
controls the preparation of business entities fpluplant propagating material to the internal ke&r
controls conformity of plant propagating materialhnestablished requirements, is responsible fer th
maintenance of propagation steps and the certditatystem and the issue of quality certificates
(http://www.vsgt.lt).

SSGS is a government institution that was estaddish the middle of the year 2000 after the
re-organization of the State Seed Inspection aad®thte Grain Inspection. SSGS has a main office in
Vilnius and four branch offices in regions and eoygl 114 persons. 10 inspectors are specialised in
quality control and certification of fruit propagad material. Qualification of SSGS inspectors
especially rose during 2002-2004 when the LithuantaNetherlands project PSO01/LT/9/3 ‘The
creation and implementation of a monitoring sysfemthe quality of fruit propagating material in
Lithuania according to EU requirements’ was implated. From Lithuanian side partners of the
project were SSGS, LIH and ACON, from Netherlande s- Naktuinbouw and Vermeederingstuinen
Netherland. During the project not only legal basess harmonised, but also training courses and
practice for specialists and inspectors were osgahboth in Lithuania and Netherlands. At the same
time the improvement of laboratory of SSGS wasqeeréd. The laboratory was equipped by modern
virus testing PSR equipment.

Only registered nurseries at SSGS can certify mateal planting material. In order to be
included into the register nurseries have to fulfilecial requirements for nursery management,
persons responsible for propagation and documentafacilities, document keeping, origin of
propagating material, registration of all activétieletailed plan or production and etc.

Certification of planting material is performedfew steps:

e nursery information on the amount of propagatingemal, its category, field plans
and planting schemes;

e documentation control;

e one or two field inspection according to the typ@lanting material;

e labelling;
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e batch control;
e issue of certificates.

Planting material is certified if it derives fromotherstocks that are thoroughly checked for
their identity and virusstatus, is true-to-type dutfils all phytosanitary requirements. Therefore
certified nurseries must be registered at StatetPRrotection Service (SPPS) too (Law on
Phytosanitary, 2003; Rules for plant passport antepted zones, 2003). Certification of SSGS is not
performed if SPPS did not performed inspection vargntine pests and diseases and soil nematodes.
There are attempts to unite the information necgdsa plant passport and certification in one labe
The SSGS controls all steps of propagation and teraamce of necessary procedures and issues
quality certificates not only for certified planginrmaterial produced in commercial nurseries but als
for basic propagating material that is propagatateaElite Plant Propagation Centre (Centre).

Propagation systemCertified planting material must arrive from knovaources, to be
tracebile and controlled at all propagation stepserefore Lithuania has started to create the
infrastructure necessary for the production of higlality fruit planting material. The elite Plant
Propagation Centre is established at the Lithuaimatitute of Horticulture and is responsible for
propagation and maintenance of highest quality ggapng material and its supply for commercial
nurseries for further propagation of certified piag material. At this moment the EPPC is supported
by State (at propagation stages: candidate Plaabapic material, basic material) and partly by
nursery growers (at propagation stages: rootsttasc material and scion wood orchard). The
coordinating committee of the Elite Plant PropagatCentre rules the activities of Centre. There are
seven members of Coordinating committee: 2 reptatees from commercial nurseries, 2
representatives from commercial orchards, 2 reptatee from LIH and one from the Ministry of
Agriculture. The coordinating committee establisepscies and varieties for propagation, determines
guantities of material to be propagated, settles phice for scions and rootstocks needed for
propagation of certified plants in commercial nuies decides distribution of propagating matdnal
the case of shortages. During the project ‘Thetmmeand implementation of a monitoring system for
the quality of fruit propagating material in Lithua according to EU requirements’ implementation a
modern screen house for the maintenance of prebssgierial was build at the Lithuanian Institute of
Horticulture. The Centre uses the virus testingiatory, thermoterapy chambers and propagation
facilities of LIH.

In order to speed the implementation of the propiagaand certification system Centre had
the oportunity to receive prebasic planting matedéd apple, cherry, plum and pear from
Vermeederingstuinen Netherland. Scion shoot orcestablished with certified mother trees from the
same source supply all Lithuanian nurseries witbhnscneeded for propagation of certified planting
material (Table 1).

Table 1. Fruit plant propagation system in Lithaamictivities and institution involved

Propagation steps Activities Place Control
Candidate plant Full testing, testreports dfentre Annual auditing of the
individual plants laboratory by SSGS
Prebasic material Maintenance and Centre Auditing system, facility check,
propagation random viruschecks of
motherplants by SSGS
Basic material Maintenance, Centre Inspection, random viruschecks
propagation, pomological by SSGS and SPPS, issue of
control certificates
Certified scion wood Propagation Centre Field inspection, random
material viruschecks by SSGS and SPPS,
issue of certificates
Certified rootstock Propagation Centre and commercidtield inspection, random
material nurseries viruschecks by SSGS and SPPS,
issue of certificates
Certified plants Propagation Commercial nurseries Field inspection, random

viruschecks by SSGS and SPPS,
issue of certificates
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Basic rootstocks for the establishment of rootstoc propagation fields are distributed to
commercial nurseries, that propagate certifiedstooks. Rootstock nurseries propagate rootstoaks no
only for their own needs but also supply other aries with certified rootstocks for the productioin
certified trees.

Suppliers of uncertified fruit and berry plantingt@rial do not follow this propagation system
but there are attempts to involve them to a lamgéent. Already suppliers of uncertified fruit and
berry planting material must be registered at tR¥S in order to receive a plant passport. The
marketing of fruit planting material without a ptgmassport is restricted. In 2005 211 fruit andyper
nurseries were registered at Phytosanitary rediRigles for plant passport and protected zones3;200
http://www.vaat.lt). From 2005 they have also to tmegistered at SSGS and fulfil minimum
requirements for CAC quality material (Ministry erdon attestation of suppliers of plant propagating
material, 2002).

Propagation. During 1995 — 2005 the number of fiedtinurseries increased from 9 up to 43.
10 nurseries propagate all species of fruit andylj@ants, 33 nurseries are specialised in propagyat
of currants and/or strawberries. The main fruitpsron Lithuania are apples, black currants and
strawberries. Certified nurseries in most casd# faé demand of fruit planting material.

Total production of apple planting material havedency to annual increase (Fig 1).
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Figure 1. Total production and production of cétifapple planting material in Lithuania,
thousands
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Figure 2. Total production and production of cetifblack currant planting material in
Lithuania, thousands
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Production of certified apple planting material washer stable during the period of 1999-
2002 — around 300 thousands trees were producetnnA big rise in production was recorded in
the last two years. The situation was unclear mx&tate aid paid was paid commercial orchards that
use certified planting material for the establishtref new plantations. At the same time productbn
uncertified apple planting material declined duéots of demand from for amateurs gardeners.

The amateur market for black currants is less tqapies therefore mostly certified planting
material is produced (Fig.2). A big expansion aidid currants production lasted until 2001 when it
reached four and half million bushes but even umtilv it remained stable despiterm low prices of
black currants berries. In the near future a deerégapropagation of black currants is expected.

A different situation exists in propagation of @#tl strawberry planting material (Fig. 3).
Since State aid is relatively low for strawberrfganting material there was no stimulation to use
certified material. In such a situation most ohatberry nurseries are trying to avoid certificataord
the control of official institutions. Almost 3 niitins strawberries were propagated in 2004, but only
690 thousands were certified. At the same timeelangports of strawberry planting material exists
from Poland. Propagation of uncertified plantingtenal will decrease only whan growers will be
aware of the quality and health status of plantiragerial.
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Figure 3. Total production and production of cétifstrawberry planting material in
Lithuania, thousands
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Figure 4. Total production and production of cetifapple vegetative rootstocks in
Lithuania, thousands
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Conclusions
Legislation on the certification of fruit and beiianting material according EC directives has

been created in Lithuania. State seed and graiicearnder the Ministry of Agriculture is resporisib
for the maintenance of propagation steps and ttigication system.

43 certified nurseries produce annually 500 thodszartified fruit trees, 5 million currants

and 700 thousand strawberries and meet demandroheccial orchards.

The elite Plant Propagation Centre is establishetealithuanian Institute of Horticulture and

is responsible for the propagation and maintenarigarebasic and basic propagation material and
supplying the commercial nurseries of Lithuanishwiirus free propagating material.
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INDUCTION OF FEATHERING OF APPLE PLANTING MATERIAL
SASTEIGTO DZINUMU VEIDOSAN AS SEKMESANA ABEL.U STADIEM

Kviklys D.
Lithuanian Institute of Horticulture, LT-54333 BabtKauno distr., Lithuania.

Kopsavilkums

Lietuvas @rzkopbas institita 2001 -2003 gados tika veikti izginajumi, kuros farbaudja
sasteigto dzinumu veidoSanos vieriggemabelu sadiem. Tika @titas triju grupu Kirnes: ‘Jonagold’
un ‘Aldas’, kuras viegli veido sasteigtos dzinumugjksis’, ‘Rubin’ un ‘Alwa’, kuras parasti pirmaj
gadi neveido sasteigtos dzinumus; ‘Shampion’ un ‘Ligdduras vidji specigi veido sasteigtos
dzinumus. 8nu dzinumu veidoSanu stingjé pielietojot augSanas regulatoru Arbolin 36SL
(BA+GA;) un galvea dzinuma galatoSanu, vai lietoja abas metodes konabirVisu apstides veidu
lietoSana Kirnem, kuras viegli veidoandzinumus, Btiski palieliraja sedu kvalitati. ‘Shampion’ un
‘Ligol’ stadu kvalitate uzlabajs lietojot tikai augSanas regulatorus vai abas destokombigti.
Skirnem, kurasgergtiski vaji veido sindzinumus, jpielieto abu metozu komkinija.

Abstract

In 2001-2003 nursery trials were conducted atliiffeuanian Institute of Horticulture. The
aim of the trial was to test apple cultivars anffedént treatments in order to increase the lateral
branching of one year old trees at North Europdiamatic conditions. Three types of cultivars were
included: ‘Jonagold’ and ‘Aldas’ that one year oides easily form feathers; ‘Auksis’, ‘Rubin’ and
‘Alwa’ that do not form feathers during the firsear; ‘Sampion’ and ‘Ligol’ that belong to
intermediate type. Feathering was stimulated bwgraegulator Arbolin 36SL (BA+G4, pinching
of terminal leaves or combination of both factdfigiden trees were assessed for height, percenfage o
trees with laterals, number of laterals and spsieot length. All treatments for cultivars with gas
feathering habit stimulated production of high damaidens. Application of growth regulator or it
combination with pinching of terminal leaves wele tbest treatments for ‘Sampion’and ‘Ligol’,
while only pinching did not gave sufficient qualigvery year. In order to produce one-year-old
feathered trees of cultivars that do not form feeghnaturally, application of growth regulators
together with pinching of terminal leaves shouldapelied.

Key words: Malus x domesticanursery, lateral branches, quality, growth retquta

Introduction

Quality of planting material is key factor for aarky crop in the orchard and quick economic
returns. For intensive orchards feathered treepraferred (Bootsma and Baart, 1990; Poniedzietek
al., 1994). The most popular type of apple plantiragerial in West and Central European nurseries is
a two-year-old tree with a one-year-old crown (ktype tree) (Bielickiet al, 2002; Bielicki and
Czynczyk, 1999). In North Europe due to differencesegetation period, sum of temperatures and
cultivars choice, the quality of the knip type tigestill under discussions, so that is why traditilly
trained two-year-old tree is still prevailing there

Because of economical reasons, nurserymen prefgrol@ one-year-old trees. But not all
apple cultivars grown as one-year-olds are suitbdylehe establishment of intensive orchards, since
they do not produce lateral branches (Bootsma aaattB1990; Kviklys, 2004). Chemical agents or
other techniques could induce feathering of oner y@d maidens. 6-benzyladenine (BAnd
gibberellic acid (GA)re the most common plant growth regulators thatnpie formation of lateral
branches (Buban, 2002; Hrotks al.,, 2000; Jacyna 2001; Wertheim and Estabrooks,)19%&y are
successfully applied for different fruit crops (Yaa and Puchala, 2004; Magyar and Hrotko, 2005 and
Neri et al., 2004). Trials on concentration of regulators, trand the number of repetitions of
application were conducted in different countriggyar and Hrotko, 2002; Jacyna, 1996; Thexbn
al., 2000; Wertheim and Estabrooks, 1994). In Northhofean climate conditions, do not every
season apple maidens reach recommended heightdnedapplication of plant growth regulators,
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therefore other treatments as pinching of termieal’es should be tested. Until now there are no
publications presenting trials performed in climatonditions similar to Lithuania.

The aim of the trial is to test reaction of varicaygple cultivars to treatments that induce
feathering and to compare the efficiency of différieeatments.

Materials and Methods

Nursery trials were conducted at Lithuanian Ingtitaf Horticulture in 2001-2003. Maidens
of apple cultivars ‘Aldas’, ‘Alwa’, ‘Auksis’, ‘Jongold’, ‘Ligol’, ‘Rubin’, and ‘Sampion’ on rootstock
M9 were tested. Rootstocks were planted at 0.9x0dsstance and budded at the beginning of August
2001 and 2002. Treatments inducing formation afridtbranches were applied during the following
year at the end of June — beginning of July (206@ 2003). Plant growth regulator Arbolin 36SL
(BA+GA;) at concentration 25 mi'lwas sprayed once when the maidens reached 55-&ight.
Arbolin was applied at the top part of these masddPinching of terminal leaves leaving apical
growing point intact was started at the same time \&as repeated 4 times at weekly intervals. The
third treatment was a combination of Arbolin andagbiing of terminal leaves. Control trees were left
intact. All feathers appearing lower than 70 cmwabthe ground were removed immediately after
their emergence.

At the end of the vegetation, percentage of feath&ees was calculated, where maidens with
at least three feathers higher than 70 cm abovgrihend were considered as feathered. Tree height
and trunk diameter (at 30 cm) was measured. Thebauend length of feathers longer than 10 cm,
number and length of spurs below 10 cm, and tatatdl shoot length was calculated.

Vegetation conditions during the two years of tkpegiment were comparable. Temperature
was higher than the year’s average in April and Malyich promoted bud brake and fast growth of
maidens. The temperature of July exceeded the 'yasesage by 3 degrees and induced better
feathering. Higher temperatures stayed in Augué20ut were lower in August 2003. Precipitations
were more abundant in July and August 2003, whestebted to slightly better feathering. Since there
were no interactions between years and tendendidsathering were the same, the results are
presented as an average of two years.

The trial was set up in 4 replications with 30 &rgger replicate. Differences between
treatments and cultivars were estimated by two-aralysis of variance.

Results and Discussion

Combined treatment the pinching of terminal leaaed the application of Arbolin - was the
most effective in breaking the dormancy of summeasbof one-year-old apple nursery trees, though
there were no significant differences compareddatiment with Arbolin for cvs. ‘Sampion’, ‘Ligol’,
‘Jonagold’, and ‘Aldas’ (Table 1). Later two cultins had 100% of feathered trees when only pinching
was done.

Table 1. Effect of different treatments on the petage of feathered trees, %

Cultivar — __ Treatment :

pinching Arbolin pinching+Arbolin control
‘Auksis’ 0 82 100 0
‘Sampion’ 78 100 100 23
‘Jonagold’ 100 100 100 80
‘Aldas’ 100 100 100 78
‘Ligol’ 34 87 97 22
‘Alwa’ 3 63 97 0
‘Rubin’ 0 0 70 0

Cultivar LSDy o1 — 16.2; treatment LSf); — 12.6; cultivar x treatment L[, — 24.5

Naturally branched 80% of maidens of cvs. ‘Jonagaid ‘Aldas’, and only 22-23% of cvs.
‘Sampion’ and ‘Ligol’. Control and pinched treesa¥. ‘Auksis’ and ‘Rubin’ did not form laterals at
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all. Only 3% of cv. ‘Alwa’ maidens feathered wheinghing of terminal leaves was performed, but it
could be induced by occasional damage of apicatiggpoint.

Cv. ‘Rubin’ did not respond to branching inducimgatments and even in combined treatment
had a significantly lower percentage of featheredd than other cultivars.

Table 2. Effect of different treatments on numbestwots longer than 10 cm

Cultivar — . T'reatment .

pinching  Arbolin pinching+Arbolin control
‘Auksis’ 0 6.0 7.1 0
‘Sampion’ 34 8.6 9.2 0.4
‘Jonagold’ 8.4 10.2 9.7 4.5
‘Aldas’ 7.2 9.5 10.8 4.2
‘Ligol’ 1.3 3.1 5.0 1.0
‘Alwa’ 0.2 3.0 6.2 0
‘Rubin’ 0 0 3.4 0

Cultivar LSDy g1 — 1.85; treatment LS, — 1.31; cultivar x treatment L[, — 2.52

Treatments that determined higher percentage ¢idezd maidens increased the number of
laterals longer than 10 cm too. On average, thet mosierous laterals (7.2) were formed when
pinching and Arbolin were combined (Table 2). Astlreatment cv. ‘Alwa’, ‘Ligol’, and ‘Rubin’ had
the most significant increase of feathers compacedther treatments. ‘Jonagold’, ‘Aldas’, and
‘Sampion’ had more feathers than other cultivarterathe application of Arbolin and combined
treatment. ‘Sampion’ had significantly less feashéhan ‘Jonagold’ and ‘Aldas’ in control and
pinching treatment. There were no significant ddfeces between Arbolin and the combined
treatment for cvs. ‘Sampion’, ‘Jonagold’, ‘Aldashé ‘Auksis’. Cv. ‘Rubin’ had significantly less
sylleptic shoots than other cultivars includedha trial.

Effect of treatments on spurs formation was less@unced and no significant differences
occurred when cultivars or treatments were compa@edaverage, somewhat more spurs developed
when Arbolin or pinching+Arbolin were applied (Tab8). Though mainly these differences were
caused by cultivars that did not form feathers amtml and pinching treatments. Reaction of cv.
‘Sampion’, ‘Jonagold’, ‘Aldas’, and ‘Ligol’ to difrent treatments was not adequate.

Table 3. Effect of different treatments on the nemtf spurs

Cultivar — . Trea’;mer?t .

pinching Arbolin pinching+Arbolin control
‘Auksis’ 0 14 1.7 0
‘Sampion’ 1.7 0.4 2.5 1.0
‘Jonagold’ 0.4 1.6 1.4 1.3
‘Aldas’ 0.5 15 2.0 1.0
‘Ligol’ 0.6 1.6 11 0.9
‘Alwa’ 0.1 0.1 1.3 0
‘Rubin’ 0 0 0.3 0
Mean 0.5 1.0 14 0.6

Cultivar not significant (NS); treatment NS; cuétivx treatment NS

Total shoot length varied upon cultivar and coteslawith a number of feathers longer than
10 cm. ‘Jonagold’ and ‘Aldas’ had the biggest shgaiwth in all treatments (Table 4). Pinching
increased total shoot length for ‘Sampion’, ‘Jorddg@nd ‘Aldas’ compared to control, but it wastno
effective for other tested cultivars. ApplicatiohArbolin was superior to pinching treatment fol al
cultivars. The combination of pinching and Arbddiignificantly increased total shoot length for cvs.
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‘Sampion’, ‘Aldas’, ‘Ligol’, and ‘Alwa’. Total shob growth of cv. ‘Jonagold’ was better after
application of Arbolin.

Table 4. Effect of different treatments on totabehlength, cm

Cultivar Treatment

pinching Arbolin pinching+Arbolin control
‘Auksis’ 0 125.2 133.2 0
‘Sampion’ 78.7 176.3 243.5 14.5
‘Jonagold’ 205.7 314.0 299.0 93.7
‘Aldas’ 197.2 270.0 320.5 87.2
‘Ligol’ 27.3 55.5 112.3 21.3
‘Alwa’ 5.3 95.3 210.3 0
‘Rubin’ 0 0 76.3 0
Mean 73.5 149.2 198.2 31.0

Cultivar LSDy o1 15.62; treatment LS[Q; 12.75; cultivar x treatment LS, 31.24

Pinching of terminal leaves and Arbolin did notrease the mean shoot length of cv. ‘Ligol’
compared with control (Table 5). For other cultevall branching inducing treatments gave longer
sylleptic shoots than the control trees. For ‘Jatdigand ‘Aldas’ Arbolin and combined treatments
were superior to pinching. For cv.'Sampion’ pinchiand combined treatment resulted in longer
laterals. Arbolin and combined treatment bore &myilar results for other cultivars and no sigrafit
differences were recorded between them. Signifigaliinger laterals grew on maidens of cvs.
‘Sampion’, ‘Jonagold’, ‘Aldas’ and ‘Alwa’ comparealith other cultivars.

Table 5. Effect of different treatments on meanostilonger than 10 cm) length, cm

Cultivar — . Treaf[mer_n .

pinching  Arbolin pinching+Arbolin control
‘Auksis’ - 19.0 21.3 -
‘Sampion’ 24.2 20.6 26.7 12.3
‘Jonagold’ 24.2 30.8 30.8 18.1
‘Aldas’ 23.2 28.2 29.5 17.2
‘Ligol’ 15.4 17.4 21.8 13.6
‘Alwa’ - 32.6 34.2 -
‘Rubin’ - - 23.2 -
Mean 21.8 24.8 26.8 15.3

Cultivar LSDy g5— 6.56; treatment LS5 — 3.82; cultivar x treatment - n.s.

Between tested cultivars great differences exigesponse to applied treatments. For apple
cultivars with easy branching habits every treatm&as sufficient to increase the percentage of
feathered trees. Cultivars that normally do notdpoe lateral branches during the first year in the
nursery had different response to treatments. Arbalone was not an effective treatment to cv.
‘Rubin’. Similar results are reported by Sadowskd a&orski (2003) for cv. ‘Gloster’, that develops
few and short feathers in spite of treatment withahn. For such cultivars more application of glan
growth regulators might be needed to increase #dreeptage of feathered trees as is reported in
different trials (Hrotkoet.al, 1997; Jacyna, 2001; Magyar and Hrotko, 2005; tkiéém and
Estabrooks, 1994). Pinching of terminal leaves dat increase sufficiently the percentage of
feathered trees of cvs. ‘Rubin’, ‘Auksis’, ‘Alwa’nd ‘Ligol’. For these cultivars combination of
Arbolin and pinching of terminal leaves was thethesatment. Only 20% of cv. ‘Sampion’ and
‘Ligol’ feathered naturally though there is infortima on good branching habits of these cultivars.

The combination of Arbolin and pinching significhnincreased the number of laterals for all
tested cultivars that are very important for théalelishment of intensive orchards (Bielicki and
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Czynczyk, 1999; Bootsma and Baart, 1990; Sadoeshki., 2003). Cvs. ‘Alwa’, ‘Ligol’ and ‘Rubin’
had the highest response for this treatment. Qemagold’ and ‘Aldas’ had almost the same number
of laterals treated by Arbolin alone or when pimchivas applied. A surprisingly high efficiency of
Arbolin was recorded for cv. ‘Auksis’, which do nform feathers during the first year in the nursery
Six shoots obtained after one treatment with Arbalbuld be comparable with repeated sprays by
other plant growth regulators in some trials perfed with difficult to feather cultivars (Wertheima
Estabrooks, 1994). For cv. ‘Sampion’ Arbolin wascaiore effective compared with pinching.

Treatments inducing branching had no effect on dbeelopment of spurs. Short laterals
usually form flower buds on the top and are impurf®r first yields in the orchard (Bielicki and
Czynczyk, 1998). Application of Arbolin only onceerpseason and other treatments seems to be
insufficient for spur formation. Regular applicati@of plant growth hormones could increase the
number of laterals with flower buds, what is repdrfor apples (Buban, 2000) and cherries (Magyar
and Hrotko, 2005), though contradictary results @sgined too (Wertheim and Estabrooks, 1994).
Application of higher concentrations of BA, whictagvnot tested in our trial, also benefits to short
laterals formation (Magyar and Hrotko, 2002; Weirthand Estabrooks, 1994).

Total shoot length correlated with the number térals. Total shoot length more than 3 m of
cvs. ‘Jonagold’ and ‘Aldas’ that had the highesmber of laterals is less than reported in otheidri
(Wertheim and Estabrooks, 1994). These differecoed be caused by the length of the vegetation
season. On the other hand in our trial only lasetlaht emerged higher than 70 cm above the ground
were measured.

The average length of sylleptic shoots was incetdsemost cases when plant growth
regulator Arbolin 36SL was applied. Pinching alaiid not have such positive effect on average shoot
length. The length of laterals depended on the typro Cultivars with better branching habits formed
longer shoots. The exception was cv. ‘Alwa’ whiomfed few but long laterals.

Conclusions

Up to 100% of feathered one-year-old apple treesvsf ‘Jonagold’ and ‘Aldas’ could be
obtained in the nursery when plant growth regul&tdyolin 36SL or pinching of terminal leaves is
applied.

Pinching of terminal leaves four times in weeklyeiwvals is not an effective treatment to
obtain feathered trees of cvs. ‘Auksis’, ‘Rubimlwa’ and ‘Ligol’.

Application of Arbolin 36SL or a combination of Astin 36SL and pinching of terminal
leaves sufficiently induce feathering of apple neaigl of cvs. ‘Sampion’ and ‘Ligol'.

The combined application of the growth regulat@etber with pinching of terminal leaves is
needed for cvs ‘Auksis’, ‘Rubin’ and ‘Alwa’ in ordg¢o produce one-year-old planting material of
high quality.

On average for all apple cultivars combination agb@lin 36SL and pinching of terminal
leaves increased the number of sylleptic shootg@atishoot length.
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USING OF GROWTH STIMULATOR “AUSMA” IN STRAWBERRY PL  ANT
) PRODUCTION )
AUGSANAS STIMULATORA “AUSMA” LIETOSANA ZEME  NU STADU AUDZESANA

Laugale V., Lepse L' and Daugavietis M?
! Pare Horticultural Research Station, LV-3124 Tukuragns, Latvia’ Biolat Ltd, LV-2169 Salaspils, Latvia.

Kopsavilkums

Augu augSanas stimulators ,Ausma” tikarlpaudts 2003. un 2004. gad 2003. gad to
izmantoja tikai zemgu rozeSu apsakSanas akuma 0.2 % koncengcija &irném “Gerida’, "Jonsok
un "Annelise. Nogrotas hitiskas atRiribas starpldrném apsakoSans iz\ertejuma. 2004. gad divu
Skirnu augi ‘Kokinskaja Pozghja’ un ‘Jonsok’ augi tika apatfati ar augSanas stimulatoru “Ausma”
ik peéc 10 diemm 0.2 % koncenicija un abu Eirpu augi utiski labak apsakojas. 2004. gaal Sis
prepaéts tika izsmidziats af uz zemeu matesaugiem (Mo paaudze), lai rotétu prepaita ietekmi
uz augu atstibu un stgu veidoSanos divn &kirném “Kokinskaja Pozghja’™ un "Zefyr'. Ausmadtiski
palielingja lapu aug3anu,igu veidoSanos un &tibu tikai %irnei "Kokinskaja Pozghja.

Abstract

The plant growth stimulator “Ausma” was tested tasberries for two growing seasons: in
2003 and 2004. In 2003 it was applied on strawbeliagts at the beginning of rooting one time in 0.2
% concentration. Three different strawberry cultbwaere used - "Gerida’, "Jonsok™ and "Annelise". |
this year the growth stimulator did not signifidgninfluence strawberry plantlet rooting and
development, while there was significant differebetween the cultivars. In 2004 growth stimulator
“Ausma” was applied three times every 10 days i %. concentrations. Two strawberry cultivars
were used - "Kokinskaya Pozdnaya™ and "Jonsok'wtBrstimulators succeeded strawberry plantlet
rooting and development for both cultivars. Thewgto stimulator “Ausma” was applied also on
strawberry mother plants propagaiedvitro (Mo generation) in 2004, to evaluate the influence
plant growth and runnering. Two strawberry cults/avere used - "Kokinskaya Pozdnaya™ and
“Zefyr'. Significantly different reactions to theogvth stimulator were observed. “Ausma” did not
influence plant development and runnering of caltivZefyr', while it significantly succeeded leaf
growth, runnering and runner development for caltithe "Kokinskaya Pozdnaya’.

Key words: Fragaria x ananasssBuch., growth stimulator, runnering, rooting, glgnowth,
cultivar.

Introduction

Due to the activities for the reduction of envirgrta@ pollution and the increasing of human
health status the interest on using of new natyraducts in plant growing is increasing.
Investigations about chemical composition and ugingsibilities of pine and spruce needle water
extracts were started in 1988 in the Latvian FarReearch Institute. The first investigations shibwe
positive influence of the stimulator on the growilbwering and productivity of different plants. &h
Latvian enterprise Biolat Ltd was worked out a naltyplant growth stimulator “Ausma”. It is the
coniferous needles' water extract, which contaiat @f different phenols, albumins, organic acids,
carbohydrates, micro and macro elements, vitamiosTeests about needle extract activity on the
camomile, carnation, sweet peas, lettuce, cucuntdadbhage and barley was made in the Institute of
Biology and abroad (Webb, 2004 and Place, 20043. uge of extract showed stimulation activity on
the development of buds, flowers and root systémphytohormones of cytokinins group. The testing
of "Ausma’ on strawberries was started at tire Plorticultural Research Station in 2003, to eatdu
the influence of this product on plant developmeminering and rooting.

Materials and Methods

The plant growth stimulator “Ausma” was tested tasberries for two growing seasons: in
2003 and 2004 in theake Horticultural Research Station, Latvia. In 2@B8 experiment was carried
out from August 14 to September 15. Strawberryti#with the first root nodules visible and short
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runner (about 1.0 cm) attached were cut from ththerglants of Mo generation. Runner plants were
potted in plastic trays filled with peat and perlihixture. The plant growth stimulator “Ausma” was
applied on strawberry plants after potting one tim@.2 % concentration by watering. Plants were
grown in a plastic tunnel, regularly watered anchged by fungicide Euparen M (one time). Three
different strawberry cultivars were used: "Geriddgnsok™ and "Annelise’. The amount of rooted
plants and leaves per plant were counted and eogth, crown diameter, and total plant weight after
rooting were measured. Each plant was consideredpdisation, in total 20 plants per variant were
evaluated.

Another experiment was carried out in 2004. Theesaéype of runner plants and growing
media were used. “Ausma” was applied three timesyet0 days at the same concentration as in
2003. Two strawberry cultivars were used: "Kokigkd@ozdnaya™ and "Jonsok’. The amount of
rooted plants and plant development (amount ofdearoot length, crown diameter, total plant weight
before and after rooting) were evaluated. Eachtplas considered as replication, in total 20 plants
per variant were evaluated.

In 2004, the growth stimulator “Ausma” was also laggpon strawberry mother plants of Mo
generation, which were grown in plastic tunnel. Tsttawberry cultivars were used - "Kokinskaya
Pozdnaya™ and “Zefyr'. Plants were planted in M@ynlplastic boxes (14x17.5x78 cm) filled with
peat and perlite mixture — three plants per boxeBawvere placed in four rows on different height —
0.3, 0.6, 0.9 and 1.2 m. Growth stimulator “Ausmwds applied one time per month in 0.2 %
concentration by watering (250 ml of solution pédanp). Leave development and runnering was
evaluated. Amount of runner plants suitable fortirgp was counted. Each mother plant was
considered as replication, in total 12 plants @atant were evaluated.

The data of all experiments were subjected to Asislgf Variancey=0.05.).

Results

In the experiment of 2003, the amount of rooteahtslafter one month of potting varied from
100 to 90 % from total, depending on cultivar arghtment. The difference between treatments and
cultivars was not significant. Though in total, tm@wth stimulator “Ausma” slightly succeeded the
rooting of plants - in average 3 % more rooted fgléinan in control. Cultivar "Annelise” had thetbes
rooting, where all plants were rooted in both efitments, and cultivar “Gerida™ - the lowest raptin
(92.5 % of rooted plants from total). The growtimstlator did not influence significantly strawberry
runner plant development during rooting, but themes significant difference between cultivars.
Cultivar "Gerida™ had significantly lower leaf anmbuand root length than cultivars "Annelise” and
“Jonsok” (Table 1). Cultivar "Annelise’ had sigrafitly smaller crown diameter, than other cultivars
Cultivar "Jonsok™ had the highest total plant wiighot weight and crown diameter.

Table 1.Strawberry plant development after rooiing003

Leaves, Root Root Total plant Crown
Parameter number per I . : .
plant ength,cm weight, g  weight,g diameter, mm

Treatment "Ausma’ 3.33 9.57 1.45 3.54 6.03
Control 2.87 10.40 1.38 3.92 6.10

LSD ¢.05 0.68 1.47 0.40 0.80 0.84

Cultivar  Gerida 2.60 7.15 1.16 3.09 6.40
Jonsok 3.20 11.30 1.69 4.21 6.95

Annelise 3.50 11.50 1.39 3.09 4.85

LSD g5 0.83 1.80 0.49 0.98 1.03

In the experiment of 2004, cultivar "Jonsok™ hddoknts rooted in both treatments. Cultivar
"Kokinskaya Pozdnaya™ had all plants rooted intthatment with she growth stimulator “Ausma”,
but in control - 95 % from total. The growth stiratdr “Ausma” significantly succeeded the
increasing of plant total weight, crown diameted &af number for both of tested cultivars (Table 2
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Growth stimulator also succeeded the root developmiut not statistically significantly. The
difference between cultivars in plant developmeas wot significant.

Table 2.Strawberry plant development after rooimg004

Leaves, Root Root Total plant Crown
Parameter number per length, weight,g weight, g diameter,
plant mm mm

Treatment “Ausma” 4.05 115.0 3.29 7.63 8.30
Control 3.30 108.1 2.56 5.16 6.70

LSD g5 0.42 31.3 1.33 2.17 1.48

Cultivar ~ Kokinskaya  3.52 120.0 2.65 6.05 7.35

Pozdnaya

Jonsok 3.82 103.1 3.20 6.73 7.65

LSD g05 0.42 31.3 1.33 2.17 1.48

Significantly different reaction to the growth stifator was observed between cultivars after
applying of “Ausma” on mother plants. “Ausma” didtrinfluence leaf amount for cultivar “Zefyr’,
while it succeeded the leaf development for cuttikaokinskaya Pozdnaya™ (Figure 1).
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Figure 1. Influence of growth stimulator “Ausma” lmave development of strawberry mother plants
for two cultivars

After three month of growth cultivar “Zefyr™ hadgsificantly higher leaf amount than cultivar
"Kokinskaya Pozdnaya'.

Runnering intensity at the beginning of summer ifduintensive growth of mother plants)
increased and at the end of summer decreased €FR)urCultivar “Zefyr' had higher runnering
intensity than cultivar "Kokinskaya Pozdnaya™ & beginning of summer. Later runnering intensity
of the cultivar "Kokinskaya Pozdnaya’ increasegeemlly in the treatment with growth stimulator
“Ausma”. “Ausma” did not succeed the runnering ngtity for cultivar “Zefyr’, but had positive effect
on cultivar “"Kokinskaya Pozdnaya'.
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The difference between cultivars and treatmentstad amount of runners was not significant.
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Figure 2. Influence of growth stimulator “Ausma” amnering intensity of strawberry mother plants
for two cultivars

Cultivar “Zefyr® produced significantly higher ammiuof runner plantlets suitable for rooting than
"Kokinskaya Pozdnaya® (Figure 3). The highest arhofinunner plantlets was obtained from cultivar
“Zefyr® in the treatment without using of growtlinatlator. "Kokinskaya Pozdnaya™ had more runner
plantlets in the treatment with growth stimulatear in control.
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Figure 3. The total amount of runner plantletsatlé for rooting gotten from mother plants
Y0.05 (cultivar)=3-74;Y0.05 (treatment):3-74;yo.05 (separate mean5_75-29

In average of two cultivars significant differeniogotal amount of runner plantlets between usihg o
growth stimulator and control was not stated.

Discussion

Studies conducted in many countries have confirenpdsitive effect of growth regulators on
plant growth, yield, fruit set and the quality dafferent crops (Biseret al., 1991; Greenbergt al.,
1992; Malaka and Bondok, 1997 and Phoo&hal.,1991). There are several studies on strawberries
also. Different plant biochemical regulators iralgiin Norway positively affected plant vegetative
growth and vyield of different strawberry varietiggown in the field (Rohloffet al., 2002). Similar
results were obtained by Thaket al. (1991) and Masngt al. (2002). In our investigations natural
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growth stimulator "Ausma“ showed different resuititspending on the applying technique in trials
with runner plantlet rooting. It significantly didot influence strawberry plantlet rooting and

development when was applied after potting only time. However it succeeded plant development
and significantly increased plant total weight,venodiameter and leaf number, if it was applied gver

10 days. Any negative effect of growth stimulator glant externally was not observed. Cultivars
showed different intensity of plant developmentt dhid not show a significant difference in reaction

to the growth stimulator.

A significantly different reaction to the growthimrstilator “Ausma” was observed between
cultivars, when it was applied on mother plantstiid Mo generation. The different reaction of
strawberry cultivars to growth regulators is repdrby Masnyet al. (2002). In our trial applying of
“Ausma” did not influence plant development andrerng for the cultivar “Zefyr” and even reduced
the runnering intensity at the end of summer, witigignificantly increased leaf growth and runneyri
for the cultivar "Kokinskaya Pozdnaya'. Mother ptanf cultivar "Kokinskaya Pozdnaya’ looked
much healther in treatment with the use of growghgtimulator than in control.

Conclusions

The using of growth stimulator “Ausma” is perspeetior strawberry plantlet producing and
rooting. The application rate is one time everyddys in 0.2 % concentration with watering is
acceptable in strawberry plant rooting. More inigzdtons are necessary on the application rate and
the reaction of different cultivars in the use aiusma” for mother plants of Mo generation in runner
plantlet production.
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CERTIFICATION SCHEME FOR FRUIT TREES IN GERMANY
AUGLUKOKU SERTIFIK ACIJAS SISTEMA V ACIJA

Lenz F. and Lankes Chr.
Institut fir Gartenbauwissenschaft, Auf dem Hiiged®1.21 Bonn, Germany.

Kopsavilkums

Pec 2. pasaules karaa¥ija izveidoja atvedeta sidama materila audzSanas sismu. Tika
pieradits, ka vrusbivi stadi dos lalaku raZu, ir iztutgaki pret stresa apaitliem un @rstadiSanu
safdzinajuma ar inficgtiem. No 1978.gadairsusbiva sidama materila lietoSana bija noteiktaak
obligata. Kop3 1992.gada, a¢ijai piepemot Eiropas likumdoSanu, noteikumi tika atviegl®akst
sniegts \icijas kokaudztavu situdicijas raksturojums un atvdsta sidama materila audzSanas
sisemas izksts.

Abstract

After World War Il a programme was started in Gemgnfor the selection of healthy efficient
mother trees for the further propagation of roatkssoand scion cultivars. It was shown that viresfr
trees showed better compatibility, growth, yieldiitfquality than infected ones. Also they proved t
be more tolerant towards stress and replant prabl@erefore it was ensured that mother plants
became virus-free. From 1978 onwards the usagdro$-free planting material was compulsory.
However, this decree was softened by a new Europeaon order in 1992 giving the growers free
choice for certified plant material or material minor health status. For quick marketing of new
cultivars i.e. clonal material it allows to prop&galanting material from mother plants of whicle th
origin is known and which are true to cultivar, hiea and free of symptoms caused by pests and
diseases. Therefore only visual tests have to beepla With this procedure there is no guarantee for
freedom of latent infections by economically immrt virus and phytoplasma diseases. In the paper
statistics are given about number of nurseries thedannual fruit tree requirement of Germany.
Procedures of mother plant selection, of virus iglation and certification are described. Finallyada
are given about the advantage of using virus-ftaetipg material for sustaining yields and highitfru
quality.

Introduction

With the intensification of fruit production aft®/orld War 1l, nurserymen and fruit farmers
became aware that a main prerequisite for higtdgief quality fruit would be the planting of heaith
efficient fruit trees. Since then a programme staror the careful selection of healthy, efficient
mother trees for rootstock and scion cultivarsdpring high yields of quality fruit. Moreover, vseas
were eliminated by heat treatment and or meristiertiasue culture. From 1978 onwards the usage of
virus-free planting material was made compulsonyJuly 1992, the former, German legislation for
the establishment of virus-free planting materialsveoftened by a new European order giving the
growers free choice for certified plant material moaterial of poor health status. However, for
sustaining of competitive orchards only virus-fretified plants are recommended. The procedures
of mother plant selection, of virus elimination asfctertification are described in the paper.
Nurseries in Germany

In Germany nurseries for the propagation of roctstp fruit trees, ornamental shrubs and
forest trees had a total area of 21,413 ha in 2804bng others the area for rootstock propagation
amounted to 7,535 ha, for fruit tree propagatid®@,ha, ornamental shrubs 11,310 ha, forest trees
2,519 ha. There were 3,398 nurseries employing082pople. In 2004, 29,506,000 fruit trees were
produced indicating a slightly increasing trend fauit tree production as compared with previous
years. The imports of woody nursery plant matemmabunted to 140 million Euro and the export to 58
million Euro. The total production value for fraiees was 1,3 billion Euro in 2004.
Selection of mother plants

Fruit tree cultivars mutate relatively easy, patiacly in apple and pear, but also Rrunus

species. Over a period of time, this may resudi orecline of health yield efficiency and fruit gial
Similarly, this may also apply to rootstock cultisaTherefore in Germany, especially in viticulture

69



AGRONOMIJAS VESTIS (Latvian Journal of Agronomy), No. 9, LLU, 20

selection work within the main cultivars has beeacfised for more than 50 years to obtain high
guality mother plant material. So far the selectiwars bound to experimental plots, where records
about growth, yield and fruit quality charactegstiare taken regularly. An example is shown in
Figure 1 for the selection of mother plants for pinepagation of a vine cultivar.
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clone of clone (e.g. clone 110-18

Gm)

Mother plants of the

clones

A - clone
B - clone
C - clone

Propagation (e.g. clone 110
Gm)

A — clones of clone

B — clones of clone

C — clones of clone

Figure 1. Scheme of the Geisenheim clonal selecBetection of a clone out of a clone with proven
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For the evaluation of the selected plant matehalfollowing characteristic are considered for
the scion cultivars: growth parameters, yield andlity of fruits, health status, nutrient use ey,
resistance or tolerance against diseases, pestsoand

For the evaluation of the selected plant matehalfollowing characteristic are considered for
the scion cultivars: growth parameters, yield andlity of fruits, health status, nutrient use ey,
resistance or tolerance against diseases, pestsoand
For the evaluation of the selected plant matehal following characteristic are considered for the
scion cultivars: growth parameters, yield and quaif fruits, health status, nutrient use efficignc
resistance or tolerance against diseases, pestsoand
For the selection of mother plants for the vege¢atpropagation of rootstocks the following
characteristica are mainly considered: growth patams, rooting ability, compatibility, adaption to
the planting location.

Procedures of virus elimination

The selected so-called candidate scion or rootsheaterial is grafted on virus-free seedlings
grown in containers filled with a sterilized sulasé. For virus elimination, the candidate plants ar
kept in a growth chamber for about 6 weeks at teaipees of 38° C during the light and 36° C during
the dark period. The shoot tip of the heat trealadts is either grafted onto a virus-free rootstoc
propagated by tissue culture, the graft is protketith a plastic bag to maintain high humidity ret
surrounding atmosphere.

The plant is grown then in a Saran-House to avoidwarus transfers by aphids. To be certain
that the candidate mother plant is really freeinis; several HouseVirus tests are required dutieg
following years (Fig. 2). These are done with i plants or with the help of Immun-Assay-Test.
In addition also PCR-tests are used. The procaduget high quality certified mother plants maytlas
up to 5 — 12 years, depending on the number of teguired.

Preparation

Grafting of the candidate (scion or Cultivation of virus-free seedlings grown in
rootstock) on container- grown seedling containers filled with sterilized substrate

4 A 4

Heat treatment Forcing under controlled
conditions

,, /

Regeneration of nuclear stock material:
- tip grafting
- protected cultivation

A 4
Repeated indexing for a range of viruses

Figure 2. Procedure of virus elimination
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The viruses in pome and stone fruit are named, lwitiecome eliminated by the above
mentioned procedure, are named below:

- apple: Apple chlorotic leaf spot, Apple mosaigpte stem grooving, Apple stem pitting, spy
epinasty and decline, platycarpa scalybark, Applibery wood, Apple flat limb, Apple rough skin,
Apple star crack, Apple proliferation; Pear and ri@ei Apple chlorotic leaf spot, bark split, rough
bark, Bark necrosis, rubbery wood, Pear vein yeslosd mottle, stem pitting, Pear stony pit, Quince
sooty ringspot, Pear decline; Cherry: Apple chliorégaf spot, Apple mosaic, Prune dwarf, Prunus
necrotic ring spot, Cherry leafroll, Little cherdgaspberry ringspot, Rusty mottle, Cherry greeg rin
mottle;

- plum: Apple chlorotic leaf spot, Plum bark spiHyuopean plum line pattern, Apple mosaic,
Prune dwarf, Prunus necrotic ring spot, Plum pox.

To speed up the establishment of virus-free mogihents soon after heat treatment, virus-free
rootstocks are already budded with material from gghe-basis mother plants. These are planted into
the field and become certified mother plants whehas been proved that they are virus free. The
location for the certified virus-free mother plastsould be free of nematodes and about 1 km away
from the next orchard to reduce the danger of eetidn with virus.

Certification

There are two categories of fruit tree plantingearat on the market, providing the so-called

“standard” as well as certified material.

CAC (Conformitas Agraria Communitatis) material

Standard material proved to be necessary for riassand farmers, who like to be quick on the market
with promising new cultivars and interesting muiati of special main cultivars and don't want to
wait for years until it is certain that mother paare virus-free.

Therefore, the European Union decree about theetiagkof fruit tree planting material was
less strict than the original German decree foreftablishment of high quality virus-free fruitdee It
allows the marketing of plant material derived framther trees of which the origin is well recorded.
The material has to be true to cultivar. It habedhealthy according to visual tests and apparérmety
of the main viruses and pathogenes. The fruit treagdy for the market are certified with a whitedh
indicating the country where produced, the spediaKivar, rootstock and the number of the plant
passport according to the EU regulation.

Certified virus free fruit trees

If it has been proven that the pre-basis mothartplare really virus-free, then the descendants
in the field can be certified if grown in soil fr@¢ nematodes and isolated about 1 km from the next
orchard to reduce the danger of virus reinfectidowever, these certified virus-free mother plants
should not be used for longer than 8 years forstiply of scion wood. At annual intervals mother
trees should be tested at random if they arefs@l of virus and other pathogens (Fig. 3).

If nurseries establish young fruit trees using stmtks and scions from certified virus-free
mother plants, then the young trees can be labfdleitie market as certified virus-free. The reokela
has a code, nhame of species, cultivar and rootsidoi label also serves as a plant passport when
treated within EG countries.

Apart from the fact that the nursery plants are tacultivar, healthy and virus-free they should
have a high standard in regard to growth, featheaimd root the system. General demands for nursery
plants:

e legal regulations (e.g. EU guidelines) have toliled;
e fruit trees propagated by vitro methods have to agree with the demands specified
for fruit trees propagated by conventional methods.
Demands for apple trees:
e apple bushes have to be grafted on rootstocks gabga vegetatively.
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Demands for knipp trees:
The one-year-old tree must have been cut backminenum height of 60 cm above soil level.

Minimum number of branches: 5, equally arrangedndgenous in size, minimum length: 20 cm.
Central leader with minimum length of 50 cm andimimm diameter of 9 mm.

Candidate Nuclear Stock (New
Genotype)

Indexin

healthy infected
|

Heat

Nuclear Stock (protected
against)

A

A 4

Pre-Basic Material
(protected against reinfection)

Basic Material

A\ 4
Certified Material

A\ 4
Certified Plants

Figuure 3. European Union certification scheme

The Department of Agriculture approves the apglicato multiply virus-free fruit tree material and
controls the nurseries.

Obligations of fruit tree nurseries

The fruit tree nurseries have to regularly conthel status of trees to investigate possible pest
and disease infections. They have to keep recdrdatahe type and numbers of trees grown and
traded and about infections and pests as well &g/ gpplications. The nursery producing certified
fruit trees has to be registered at the DivisiorPtaint Protection of the Department of Agriculture.

Nurseries propagating certified trees are inspeatedtervals by members of the Division of Plant
Protection.
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The advantage of virus free planting material

There are many examples, indicating that virus{ileating material even in comparison with
plants only free of main virus are better in growtathering, and rooting. They therefore morelgasi
overcome difficulties due to replanting problemsudjht and other stress factors (Tab. 1).

Table 1. An impact of health status on the perforcesof replanted ‘Cox Orange’ until th8 year

Parameter Virus-free Virus-tested Infected

Stem diameter (m) 5.6 5.5 4.3*

Accumulated yield (kg/tree) 64.6 44 .3* 29.2*

Fruit weight (g/fruit) 133 126 110*
*LSD, p=0.05

They produce more regular, increased yields of frgjh quality, may be also due to improved
water and nutrient use efficiency (Table 2).

Table 2.Interaction between health status and iplandensity as affecting yield and fruit size
replanted ‘Jonagold’ on M.9 until th& §ear

1700 trees/ha 2600 trees/ha
Parameter Virus-free Virus-tested Virus-free Vitasted
Accumulated yield (tha) 100.5 71.0 111.0 100.0
Fruit weight (kg/fruit) 205 188 197 176

Virus-free fruit trees are superior in: compatiiligrowth and branching; yield and fruit quality;
tolerance towards different stress factors inclgdimeplanting problems; sustaining production,
duration of the orchard.

However, it also has been reported that such esttifirus-free trees may show vigorous growth with
delay of crop production. If the mother plants eme back too strong for obtaining scions, thenatym
happen that from some buds of the new appearingt stewelop growth of juvenile character.

Conclusions

Careful selection within cultivars for health, higtelds of quality fruit and virus elimination
is prerequisite to obtain mother plants providifficent healthy and planting material for compisgt
new orchards. Unfortunately this is not always geiped and sometimes superficially practised. This
is so, because new European regulations allowngadith only visually controlled CAC plants. The
aim of all European countries should be that fixdge nurseries provide enough certified virus free
plants for all plantings to come.
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EVALUATION OF APPLE ROOTSTOCK PURE 1
ABELU POTCELMA PURE 1 1ZV ERTEJUMS

Lepsis J.
Pure Horticultural Research Center, Abavas iePLatvia.

Kopsavilkums

Sarkanlapainabedu klona potcelmu Pure 1 ir atigs A. Bite no B.9 bivas apputeségeniem
1971. gad Pures Darzkopibas izn@ginajumu stacij. Pure 1 ir idzgs potcelmam B.9, bet tam ir
augsiks pavairoSanas koeficients klona potcelnatesaugu adijuma. Raksi analiZti rezultti, kuri
ieqguti laika posm no 1997. 1dz 2004. gadam noarka, kurS gtdits 1996. gaal Izmeginajuma
ieklautas Kirnes “Spartan’, "Belorusskoje Mwvoje’, "Sinap Orlovskij un “Kovalenkovskoje'.
Vegetaiva auguma aditaji kokiem uz potcelma e 1 bija 1dzigi ka uz potcelmiem B.9 un M.9. Pure
1 pec potcelma ietekmes uz ziedpumpuru veidoSanosegkpitms pie augstragiem potcelmiem.
Pure 1 var rekomegtka viegli pavairojamu, un augstig#l pundurpotcelmu.

Abstract

A. Bite selects the redleaved apple clonal rookstBare 1 from the seedling of open
pollination of B.9 in 1971 at the Pure HorticultuResearch Station. Rootstock Pure 1 is similar to
B.9, nevertheless Purehas a higher rate of propagation in the mothertastation.

Data obtained during 1997 — 2004 years from thbards planted in 1996 and 2000 have been
analysed. Cultivars "Spartan’, ‘Belorusskoye Mafoye", "Sinap Orlovskiy" and "Kovalenkovskoye®
were used in the investigation. The Parameterseofitgetative growth of trees on Pure 1 were simila
to trees grown on B.9 and M.9. Rootstock Pureréfisrable to the group of high-yielding rootstocks
according to the influence of the rootstock ondbeelopment of floral buds.

Overall rootstock Pure 1 is recommended as eastpggated, dwarfing and high-yielding
rootstock.

Key words: clonal rootstock, horticulture, vegetative growth, geneemtdevelopment,
productivity

Introduction

The development of horticulture in Latvia has bieemeasing in recent years. Apples have the
biggest consumption demand of all fruits in Latvilae total acreage of apple commercial orchards is
about 4 300 ha. Dwarf trees (1200 to 1500 trees@eor semi dwarf trees (600 to 800 trees per ha)
are mostly used in the establishing of new plamati Selection of appropriate rootstock is onehef t
main questions during the establishment of an edchEhe rootstocks B.396, Pure 1, B.9, M.26 and
MM.106, B.118 currently are most often used in mantations.

Long-term investigations on clonal rootstocks hdeen carried on in Latvia. The first
investigation in the #e Horticultural Research Station was carried al937. A. Bite started the
investigations on the clonal rootstocks in 1960-f&@me selections are derived (Lepsis, 1999). Since
1996, the rootstock evaluations in intensive ordbare carried on at the Pure Horticultural Re$earc
Station. Selections of Michurinsk University (B igs) are predominant in these investigations.
Several international scientific projects on theearch of rootstock studies have been implemented
during the previous five years with the participatiof scientific institutions of Latvia, Lithuania,
Estonia, Byelorussia and Poland. The aim of thesgegs is to evaluate the rootstocks in different
climatic and soil conditions (Bitat al. 2004). In the frame of international projects éwaluation of
rootstocks of P series is started. In 1987 thestigations on apple clonal rootstocks was carried o
and started at the Dobele Horticultural Researah Breeding Station. Rootstocks of West Europe,
USA and Soviet Union origin were investigated (M\,26, MM.106, CG.65, Mark, C.6, CG.13,
CG.10, B.9, B.396, B.491, B.118, et.c.) (Leibu€98).
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Materials and Methods

Rootstock Pure 1 has been selected by A. Bite fitanseedlings of open pollination of the
Budagovskiy Paradise Apple (B.9) in 1971 (Bite, 999n comparison with B.9, rootstock Pure 1
showed better propagation rate and improved whnediness (Bite and Lepsis, 2004).

Rootstock Pure 1 along with other clonal rootstostes included in two investigations in the
orchard for evaluation (Tab. 1). In the investigatiestablished in1996 beside rootstocks different
planting systems with tree density from 1250 toS3G'@es per ha were evaluated. Trees were formed
in different crown forms: free growing spatial crovslender spindles, French axis, flattened spendle
and North-Holland spindles. In the investigatiotabkshed in 2000 a planting density of 4 x 1.5 m
(1665 tree per ha) was used, trees formed as slespiadles. Tree vegetative growth was
characterised by trunk cross section area (TCSAgiwivas calculated from the trunk diameter, tree
height and crown volume which was calculated far tlone figure by using tree height and crown
diameter in two directions. Generative developn{entiree productivity) was evaluated by the total
number of inflorescences per tree and the numbenflorescences per crown volume unit (crown
volume registered in the previous autumn). Botlesgtigations were established in four replications.
Analysis of variance and Duncan criteria were Usedtatistical analyse.

Table 1. Rootstock and cultivars used in the ingatibns

Planting years Rootstocks Varieties
1996 B.9 “Spartan’
Pare 1 "Belorusskoye Malinovoye®
2000 B.146, B.257, B.366 "Belorusskoye Malinovoye®
B.396, B.476, B.491 “Sinap Orlovskiy”
B.9, Bulboga "Kovalenkovskoye®
M.9, Rire 1

The trials were located at the Pure Horticulturat&rch Station (HRS). It is situated at 57°02"
N and 22°52" E, 50 m above sea level, the avegpdrature per year is +7.5 °C, precipitation sum
is 600 — 700 mm, precipitation in the vegetatiomique (May — October) is about 300 — 350 mm.
Unfavourable weather conditions have been obseduethg the last five years. It had a significant
influence on the apple yield. Severe spring frdstsng blossom time were observed in the years 2000
(-2...-3 °C), 2002 (-1.-3 °C) and 2004 (-6.-8 °C). The base of the floral bud significantlyfsved
in the winter of 2000/2001, when the minimal tenapere reached -28-30 °C at the beginning of
February and -12-14 °C at the end of March. Very severe hail dardggmctically all the yield in
June of 2003.

Results and Discussion

Vegetative growth.

In the investigation established in 1996, significdifferences in the tree vegetative growth
were not observed for the first five years. Statimith the & year smaller crown volume was
observed for cv. “Spartan™ on the rootstock PurStarting with the ¥ year also the trunk cross
section area (TCSA) oniRe 1 rootstock was significantly smaller than o@.B-or cv. "Belorusskoye
Malinovoye™ significant differences in tree vegatatgrowth between different rootstocks were not
stated (Tab. 2).

In the investigation established in 2000, at tHeyBar after planting TCSA, tree height and
crown volume for cv. "Belorusskoye Maovoye ™ were similar on rootstocks: Pure 1, B.R29H,
B.366, B.396, B.476, B.491, M.9. For cv. ‘SinapdWskiy" rootstock Pure 1 had similar influence as
B.9, B.257, B.366, B.476, B.491, M.9, but on thetstock B.396 TCSA was significantly greater than
on Pure 1. Tree vegetative growth of cv. "Kovalerskmye™ on rootstock Pure 1 was similar to trees
grafted on B.9, B.257, B.366, B.396, B.491, M.9eTrhost vigorous trees for all three cultivars were
observed on the rootstocks B.146 and Bulboga.

Rootstock Pure 1 was determined as semi-dwarfirtheabeginning of the investigation (Bite
1999), but obtained results show that it is dwagfigimilar to B.9 and M.9. Lithuanian colleagues
drew similar conclusions.
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They also group the Pure 1 rootstock in the saroamwith M.9, B.396, York 9, P.60, B.9 and P 2
(Bite et al. 2006).

Table 2. Vegetative growth, investigation planted 996, data of 2004

Rootstock Trunk cross section area?’ cifiree height, m  Crown volume,®m

“Spartan’

B.9 17618 2.7 22b
Puare 1 15.1a 2.6 1.8a

P value 0.033 0.346 0.025
"Belorusskoye Manovoye®

B.9 19.7 2.8 1.9
Pire 1 19.2 2.7 1.7

P value 0.727 0.588 0.311

U values marked by different letters have signiftaifference (criteria of Duncam;=0,05)

Generative development.

In the investigation established in 1996, the tatahber of inflorescences per tree and number
of inflorescence per crown volume determined tretemtial yield. Significant differences for these
parameters for cv. "Spartan’ and ‘Belorusskoye ndatlye’ on rootstocks B.9 and Pure 1 were
observed only in a few years. At th8 year after planting for cv. *Spartan” on rootstétke 1 there
was a significantly higher number of inflorescemmr crown volume unit (on Pure 1 it was 124
inflorescences per i but on B.9 it was 104). Cv. ‘Belorusskoye Maliape™ at the % year after
planting had higher amount of inflorescence pes tned per rthon rootstock B.9 (on Pure 1 it had 30
inflorescences per tree and 71 inflorescencéstmt on B.9 it had 39 inflorescences per tree Hl
inflorescences ). At the &" year after planting trees on rootstock B.9 hadHighest number of
inflorescences per tree (on Pure 1 it had 95 iefloences per tree, but on B.9 it had 106). Inytes
significant differences between trees on both tooks were not stated after number of inflorescence
per crown volume unit (Pure 1 had 238 inflorescemd® B.9 had 264).

Yield parameters were significantly influenced liverse weather conditions during last five
years. Cumulative yield from trees of cv. "Spartamrootstock B.9 from 1998 to 2004 was 3.9 kg per
tree and on rootstock Pure 1 it was 4.3 kg per. tF@@ cv. Beloeusskoye Malinovoye’ it was
correspondingly 8.9 and 8.7 kg per tree. Significdifferences were not stated for these cultivars
between both rootstocks. Obtained yield was vewy; ib did not characterise rootstocks in general,
just showed that influence of both rootstocks anttke yield is similar.

In the investigation established in 2000, the nunadfénflorescences of cv. "Kovalenkovskoye
per crown volume unit significantly did not difféxetween rootstocks at thd 4nd %' years after
planting (Fig.1).
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Figure 1. Number of flower button per tree crowhuwmee, cultivar "Kovalenkovskoye™ (planting year
2000)
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Significant influence of rootstock was observethaté" year after planting. There the least amount of
inflorescences per crown volume unit was observedhe rootstock Bulboga, significantly more
inflorescences were observed on treess grafted4#6BM.9 and Pure 1.

For cv. 'Belorusskoye Malinovoye™, the number dloirescences per crown volume unit was
showed significantly differences between invesgégabotstocks in the™year after planting (Fig. 2).
The least number was for trees on B.146, whichifsigmtly differed from B.9, Pure 1 and B.366. In
the 8" and &' year after planting significant differences weee stated.
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Figure 2. Number of flower button per tree crowtuwae, cultivar "Belorusskoye Malinovoye®
(planting year 2000)

Cv. ‘Sinap Orlovskiy® developed less floral budsart both other investigated cultivars.
Significant differences between rootstocks weréestanly at the B year after plating (Fig. 3). The
Least floral buds amount per crown volume was ofeskon Bulboga rootstock. Significantly more
floral buds were developed on the trees graftembotstocks M.9, B.476 and B.366.
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Figure 3. Number of flower button per tree crowtuwmee, cultivar “Sinap Orlovskiy™ (planting year
2000)

The potential yield from the trees grafted on rtmmtk Pure 1 was higher or significantly did not
differ from other rootstocks according to the réesof the investigations.

In the investigations of Lithuanian scientists @sanoted that trees on the rootstock Pure 1 yield
more, but it is connected with the smallest avenagmght of fruits. Also earlier ripening of fruiis
observed on the fruits grafted on Pure 1. (Kvidi@amd Kviklys, 2006). Decreasing of the fruit mass
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is observed also in other investigations for higalding rootstocks. Grafting of big sized fruit
cultivars is one of the solutions (Dziubatal., 2004).

In 2004, small amount of inflorescences developethe trees of all cultivars. It was caused by
very severe hail at the end of July of 2003 — haigp of floral bud differentiation, when tree faie
and trunk skin were damaged. The shock caused ibditranished floral bud differentiation. Yields
were too insignificant to evaluate rootstock infiae on the yield due to meteorological conditions.

Conclusions
The vegetative growth of trees grafted on Pureoistock is similar to trees grafted on B.9
and M.9.
According to the influence of rootstock on the fatman of inflorescence, rootstockife 1 is
referable to the group of high-yielding rootstocks.
In general rootstockiPe 1 is recommended for wide using as easily prajgay dwarfing, high-
yielding rootstock.

References

1. Bite A. (1999) Pure 1: A new semi dwarf apple remtk. In: Fruit growing today and tomorrow.
Collection of Scientific Articles. Dobele, 131- 135

2. Bite A., Kviklys D., Univer T. and Lukut T. (2004)he beginning of the project “Baltic fruit
rootstock studies” In: Moreno Sanchez M.A. and Web#a.D. (eds) Rootstocks for Deciduous
Fruit Tree Species// 1 international symposium @otBtocks for Deciduous Fruit Tree Species.
Acta Horticulturae, 658 (1), 437- 440.

3. Bite A. and Lepsis J. (2004) The results of extendigration testing of apple rootstocks in Latvia.
In: Janick J KvikliegN., Kviklys D. (2006) Rootstock effect on maturayd quality of ‘Auksis’
apples // Sodininkystir darzininkyst¢, 25(3) (in press)for Deciduous Fruit Tree Spechssta
Horticulturae, 658 (1), 115-118.

4. Bite A., Haak E., Kviklied N., Kviklys D., Lepsis J. and Lukut T. (2006). Balfruit rootstock
studies: evaluation of 12 rootstocks for appleicait‘Auksis’ // Sodininkyst ir darzininkysg,
25(3) (in press).

5. Dziuban R., Jablonski K. and Sadowski A. (2004)¥&hoand cropping of three apple cultivars on
different rootstoks over a 7-year period. In: MareBanchez M.A. and Webster A.D. (eds)
Rootstocks for Deciduous Fruit Tree Species// Eridtional symposium on Rootstocks for
Deciduous Fruit Tree Species. ActaHorticulturae 65, 437-440.

6. Kuvikliené N. and Kviklys D. (2006). Rootstock effect on nréyuand quality of ‘Auksis’ apples //
Sodininkyse ir darzininkysg¢, 25(3 (in press)

7. Lepsis J. (1999) History of the investigations @ple clonal rootstocks in Latvia. In: Fruit
growing today and tomorrow. Collection of Scentiiticles. Dobele. 136 -140.

8. Leibus M. (1998) Influence of different rootstocks the growing and development of cv.
"Auksis” in Latvia conditions. Conferene of doctostudents of LUA “Vide cilgkam, cilveks
videi”, Jelgava. 17.- 22.

79



AGRONOMIJAS VESTIS (Latvian Journal of Agronomy), No. 9, LLU, 20

GROWTH OF ROOTSTOCKS FOR PEARS AND PEAR CULTIVARS B UDDED ON
THEM —IN THE NURSERY
BUMBIERU POTCELMU UN S KIRNU AUGSANAS I1ZVERTEJUMS KOKAUDZ ETAV A

Lewko J.!, Sadowski A? and Scibisz K2
Department of Pomology and Basic Natural Scieneésarticulture Warsaw Agricultural University — SGG
Nowoursynowska 159, 02-776 Warszawa, Poland.

Kopsavilkums

2002. gada pavagawvarSav tika iefikots izneginajums ar seSiem potcelmiem: Kaiza
bumbieres &laudZi (Cps), OHxF 333, 'Pyrodwarf' ufsticidonijas - § MA un MC. Uz tiem acoja
&irnes ‘Conference’ un ‘Erika’. stlus kokaudztava audzja 3 gadus. Potcelmu augumu Bdgja
péc potcelma un potes diametra, dzinumu garuma unusatasas. Li@ka sakiu masa un stumbra
diametrs bija uz Cps un 'Pyrodwarf' potcelmiem.i&fis kokiem uz cidoniju potcelmiem bija n#ks
diametrs. &irnei 'Conference' bija vieli specigi koki gan uz OHxF 333, gan cidomij. irnei
'Erika’ sggcigaka auguma koki bija uz bumbieru potcelmiem, mek cidonigm. Kopuna &kirnes
'Erika’ kokiem bija gaki dzinumi, neld &irnei 'Conference’.

Abstract

In the spring at 2002 six rootstock types were tgldrin Warsaw-Wilanow, Central Poland:
three originated from pear — Caucasian pear sep@lips), OHxF 333, 'Pyrodwarf' and three quinces
— S, MA and MC. They were budded with ‘Conference’ aRdka’ pear cultivars. The trees were
grown in a 3-year nursery cycle. The vigour of stotks was assessed by the rootstock and scion
diameters shoot length and root mass. Root masgmeaser when Cps or 'Pyrodwarf' was used. The
most vigorous (as indicated by stem diameter) v@pe and 'Pyrodwarf', followed by OHxF 333; all
qguinces had smaller diameters. A similar growthtgpatwas noted in 'Conference' maidens, but no
difference was found between OHxF 333 and quinatka' maidens had larger diameter when
budded on pear rootstocks than when budded onelilAcor S. In two-year-old '‘Conference’, stem
diameter was larger on pear rootstocks than oncguthor MC. 'Erika’ two-year-old trees on Quince
MA had smaller stem diameter than on pear rootstotke largest total shoot length was in Cps and
in pears budded on it. The effect of 'Pyrodwarfsboot growth was similar to that of Cps. In gehera
‘Erika’ maidens had a larger total shoot length tGanference'.

Key words:. rootstock, pear, quince, maiden-trees, two-ydauti@es, knip-boom

Introduction

Pear is becoming an important fruit crop in PolaRge main factor limiting development of
intensive pear orchards in Central Europe has laetatk of winter hardy, low-vigour rootstocks.
Quince MC, the most suitable for intensive orchamsa maritime climate of Western Europe
(Wertheim, 1998), was found the least winter havdyen tested in Poland (lwaniszyniec and
Hotubowicz, 1995). In the last decades few new gtoocks fromPyrus genera were selected
(Lombard and Westwood, 1987; Jacob, 1998). Sombewh provide a low vigour (Jacob, 1998 and
Wertheim and Balkhoven-Baart, 1997). They can bea solution for pear rootstock problems in our
climatic conditions. A very important factor affext the success of intensive orchards is the guatid
the type of planting stock (Sadowskial, 2000 and Sadowset al, in print).

The objective (aim) of this study was to assesspirformance of widely used and new pear

rootstocks, in the traditional, two-year nursergleyas well as in the tree-year nursery cyclesdltiag
in the production of two-year-old trees with reneM&ader (Dutch knip-boom).

Materials and Methods

The trial was carried out at the Wilanow Experina¢i8tation of the Department of Pomology
and Basic Natural Sciences in Horticulture, Warsagricultural University, situated in Central
Poland, in the post-glacial valley of Vistula Riv&ix types of rootstocks, Caucasian pear seedlings
(Cps), OHxF 333, 'Pyrodwarf', Quince, ®uince MA and Quince MC, were planted on a ddgm
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alluvial soil in spring 2002. Rootstocks were p&hB0 cm in row and 75 cm between rows. The trial
was designed in randomised blocks, with 5 replicetiand 25 plants per each rootstock/cultivar
combination.

In August rootstocks were chip-budded with 'Confies2 and 'Erika’ pear cultivars, at the height
of 10 cm. After the second growing season the scidtivars were headed back at the height of 75 cm
and all laterals present below were removed). Atghd of May the renewed leaders were sprayed
with the branching promoter, Arbolin 36 SL (BA a@d\;), at the concentration of 25 &mum® and
the crowns were formed of sylleptic shoots (“kngmen” method).

After the first and second growing season rootsidiekneter was measured at 5 cm above the
ground. After the second and third growing seadun dtem diameter of the scion cultivar was
measured, at 10 cm above the union. The root nfasgoorandomly selected plants from each plot
was weighed after the first and second growingaeabhe length of leader and of all lateral shoots
was recorded after every growing season.

The data were analysed using analysis of varidhoe separation of means the Newman-Keuls
test was applied, at=0,05.

Results and Discussion

After the first and second growing season theelstrgstem diameters were recorded for
Caucasian pear seedlings (Cps) and 'Pyrodwarflé Tlgbwhereas OHxF 333 had intermediate and all
quinces the smallest diameters. No cultivar effattthe rootstock diameter after second growing
season was recorded. A growth pattern similar & of rootstocks was noted for scion diameter of
'‘Conference' maidens, no difference was found ervi@HxF 333 and quinces. 'Erika’ maidens had a
larger scion diameter when budded on any peartambtshan when budded on quince MA ar Bhe
stem diameter of two-year-old 'Conference' waselaan pear rootstocks than on quingeoSMC.
Two-year-old 'Erika’ trees on Quince MA had a saradtem diameter than on any pear rootstock.

Table 1. Diameter of different plant parts as iefluaed by rootstock, mm

Plant part and tree age or cultivar Cps OHxF 33@otvarf' Quince SQuince MA Quince MC
Rootstock after the®lgrowing season 16.8 ¢* 14.0 b 16.9c 12.7a 13.0a 12.1a
Rootstock after the"@growing season 24.4c 20.2b 24.3c 18.2a 18.4a 18.2a
1-year-old 'Conference' scion 17.1b 142a 16.1b 13.8a 146 a 13.2a

1 year old 'Erika’ scion 15.7 bc 14.8 bc 16.4c 8. 120a 14.4b

2 year old 'Conference' scion 229b 20.8b 208b 17.5a 19.1ab 176 a

2 year old 'Erika’ scion 21.1b 20.1b 215b ¥hl 17.0a 19.9b

*- values in one row followed by the same letteds)not differ significantly, at=0,05.

After the first growing season the root mass of @aian pear seedlings or of 'Pyrodwarf' was
greater than the root mass of OHxF 333 or of amyogu(Table 2). After the second growing season a
similar regularity was recorded, with an exceptibase trees on Cps had significantly heavier roots
than those on 'Pyrodwarf'.

Table 2. Root mass depending on rootstock, g

Time of record Cps OHxF 333 'Pyrodwapfiince $Quince MA Quince MC
after the 1 growing season49.4 b* 29.9 a 469 b 236a 236a 245a
after the & growing seaso63 c* 119 a 187 b 117 a 117 a 115a

*- values in one row followed by the same letteds)not differ significantly, at=0,05.
The highest vigour, as estimated by the total shemgth, was shown by Cps and by pears

budded on it (Table 3). The effect of 'Pyrodwarf' ghoot growth in the first and second growing
season was similar to that of Cps.
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In general, 'Erika’ maidens had a larger total slegth than ‘Conference'.

Table 3. Total shoot length depending on rootstook,

Kind of plant pps OHxF 333 'Pyrodwarf’ Quince@uince MA Quince MC
rootstock 771c* 36la 907 ¢ 477 ab 598 b 531 ab
maiden tree (mean of two scion cvs) 519¢ 362 b &05 243 a 258 a 268 a

2 year old 'Conference' scion 722c 629b 572ab 6a6 570ab 483 a

2 year old 'Erika’ scion 716 c 589 ab 632 bc 505 al85 a 602 b

*- values in one row followed by the same letteds)not differ significantly, at=0,05.

In the world pomological literature informationrigssing concerning theerformance of pear
rootstocks in the nursery, even in the traditidna-year nursery cycle.

In the Latvian trial (Lepsigt al, 2004) 'Suvenirs' pear on OHxF 333 was much migerous
(vigour expressed as TCSA) than on 'Pyrodwarf' roiQuince MA and MC. Our results show that
maidens of '‘Conference' on OHxF 333 were less oigo(vigour expressed as diameter of maidens)
than on 'Pyrodwarf' and similar to that on quingetstocks. Maidens of 'Erika’ were equal in vigour
on all rootstocks originated frofyrus generaand on OHxF 333 were similar to those on Quince
MC. In an older work at East Malling, England, B&i1981) showed that young pear trees on Quince
MC were growing in the orchard at a similar rateérese on Quince MA.

In general, pear maiden trees grown in Centralrféblaere taller than maidens grown in Baltic
countries (Kviklys, 2000; Lepsit al 2004).
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CHEMICAL SOIL PROPERTIES IN APPLE ROOTSTOCK STOOL-B EDS WITH SPECIAL
EMPHASIS TO THE CONTENT OF COPPER
AUGSNESKIMISK ASTIPASIBAS ABELU POTCELMU M ATESAUGU STADIJUMA IPASI
AKCENT EJOT VARU

Lipa T. and Lipecki J.
Department of Pomology, Agricultural University,dzezyiskiego 58, 20-068 Lublin, Poland.

Kopsavilkums

Abdu potcelmu ratesaugu ringls augsne satéja vairak organisiés vielas, fosfora, #ija,
magrezija un kogjo slapekli, nek blakus esasstarprindu augsne (kontroles variantsy &%iribas
tika konstattas augsnes virgkta un bija nozmigas tikai daZzos g&@dmos. Vaigk petito elementu
(iznemot magaziju) tika atrasti starprindu augsmatesaugu &adijuma neléd rindas. Vara satura
palielimjums saistms ar varu saturoSo defoliantu lietoSanu. Todis vara satura palielijums
matesaugu adijuma kopumni nav hitisks un tika konstats 0 — 25 cm dhiina. Batiski augsiiks tas ir
potcelmu mtesaugu rindu augsn

Abstract

Soil in apple rootstock stool-beds contained morganic matter, phosphorus, potassium,
magnesium and total nitrogen than that in the nebaoe land (control field). These differences were
evident mainly in the superficial soil layers andrev significant only in some cases. Similarly, more
of the examined elements (except for magnesiumg vigamnd in the soil between the rows of plants
within the stool-beds than in the rows of rootstckhe increase in total copper level in the ssddu
in stool-beds was observed over some consecutas s a result of the use of rootstock defoliation
compounds containing copper. Yet this Cu increaa® mot significant and it occurred in the soil laye
0 — 25 cm. deep. Significantly more copper was dbimthe soil taken from between the plant rows in
stool-bed than from the stool beds.

Key words: stool-bed, soil, chemical properties, copper

Introduction

The number of rooted layers in the apple rootstsidol-bed varies between 30000 and
320000 per ha yearly, depending on the age of pland type of rootstock (Rejman and Makosz,
1994). For effective rooting, shoots should haveénogd conditions concerning chemical and physical
soil properties. To improve these conditions anddatrol weed growth, sawdust is often used to
mound the low parts of shoots. The volume of sawchesy reach 3000 fiper hectare. Layers are
defoliated by hand and/or chemically and leavesarenm the plantation. We did not find in the
literature any data dealing with the effect of saestdon the chemical properties of the soil in stool
beds and on the impact of defoliants use (coppehate as Miedzian 50 WP and copper chelate as
Insol 240 SL) on the copper content in the soile Tdst problem is important because of the threat o
possible environment pollution.

Materials and Methods

These studies were carried out in two stool-bedh@bpple rootstock M.9 and M.26 situated in
the Lublin area, Poland, on Haplic Luvisol typesofl. The chemical analyses of the soil (pH, organi
matter, BOs, K,O, MgO, total N and total Cu) were done in 19990@@nd 2002 in soil from 0-25,
25-50, 50-75 and 75-100 cm level. Similar analyses2 done in summer 2002 using soil taken from
control plots situated close to the stool-beds,civiwas never used for nurseries or orchards. At the
same time, soil samples were taken from stool-bedrriows and rows of rootstocks and then
analysed. The following analytical methods for: pH1M KCI, organic matter by Tiurin, N by
Kjeldahl, K and P by Egner-Riehm, Mg by Schachtbelhaand Cu by ASA were used for all
examined samples. The soil samples were taken femdomly selected plots in three replications
separately from plant rows and interrows. The deda subjected to analysis of variance, and the
mean separation of Duncan’s multiple range tessugad at P 0.05. Similar tendencies were found in
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both stool-beds, so the results are presented amanir both of them. Since 2000 chemical
defoliation of layers was done every year accortinBasak’s (1999) recommendations.

The data were subjected to analysis of variancd, mean separation of Duncan’s multiple
range tests was used at P<0.05.

Results and Discussion

Organic matter. Soll in the total profile (O — 16@) in the stool-beds contained more
organic matter than in the control plots. This wa® only in two superficial layers, whereas in the
deeper ones (50 — 75 and 75 — 100 cm) more orgaaiter was found in the soil from the control
fields. The tendency towards the higher contenbigfanic matter in the soil in alleyways was
observed, especially in the layer 0 — 25 cm debps@ differences were, however, not significant.

PhosphorusThe content of this element was significantly higimethe whole soil profile in
stool-beds in comparison with control plots. Diffeces were significant also in the layer ®B- 2
cm. deep. Also, soil in two superficial layers Iretstool-bed interrows contained mo®©FPthan in
the rows (significantly in the level 25 — 50 cm)

PotassiumSaoil in the stool-beds contained more potassium thaontrol fields, especially
in the superficial levels. However, these diffeenaere not significant. There was more potassium i
the soil in the alleyways than in the rows of romt&s, with the exception for the layer 75 — 100 cm
deep.

Magnesium .Differences of magnesium between the soil in sbeals and control plots
were small and not significant, but somewhat prowed in stool-beds in both deep layers only (50 —
100 cm). In all soil layers there was a tendeneyatd a higher content of magnesium in the rows of
rootstocks than between them.

Total nitrogen . The level of nitrogen was higher in all levels bétsoil in stool-beds in
comparison with control plots, but these differeneeere not significant. In the soil in the alleyway
there was more nitrogen than in the rows, excaptayer 50 — 75 cm deep.

Soil pH. In all layers studied, soil in the stool-beds wasegally less acid than in control
fields. Soil in the rows and between them did niéfied significantly in this respect, although the
tendency towards more acid soil in the rows inldyers 25 — 100 cm could be seen when compared
with the soil from between the rows.

Total copper.The content of Cu steadily increased in all sojela in stool-beds in the
years 1999 — 2002, with the exception for the 1@k}l 50 cm. This phenomenon was observed also
when the whole soil profile was examined, i.e. tbatent of copper was 6.61; 7.10 and 7.49 my kg
of dry soil for the years 1999, 2000 and 2002, eespely. Clearly a higher level of copper was fdun
in two superficial layers of soil from alleyways g compared with the rows of rootstocks. However,
this was contrary to the situation in the deepgers. The layers of soil 0 — 25 and 75 — 100 cnpdee
in the stool-beds contained more copper than itrabsoil.

It is possible to point out tendencies in the clesngf chemical properties in the soil between
stool-beds and control fields as well as betweenstil in rows and between them, inside stool-beds.
However, significant differences were observed fava cases only, mostly in the superficial layefrs o
the soil (0 — 25 and 25 — 50 cm. deep). It coul@drecluded, that the soil in the stool-beds walseric
in macroelements and organic matter than thatmtrabplots, which has resulted from both fertitigi
and use of sawdust. As compared with the rowsaiktocks, the soil in the alleyways contained more
of almost all elements studied (except for magmesitHowever, this was mainly in the superficial
layers. In the layers deeper than 50 cm. all tlig$erences were small. This phenomenon could be
explained by the fact that the soil surface betwberrows is lower that that in the rows as a ¢ffdic
mounding the plants. So all the leaves as welkadlifers tended to accumulate between rows. This
would also explain the fact that more copper wasdbin the soil of the alleyways. The content of
copper in this layer increased steadily in conseeutears. The highest content of this element was
observed in two deep layers (50 — 100 cm.), butdtxentration was far less than considered byaSiut
(1995) as medium for Polish soils (15 mg) and régefound in the orchard soil near Szczecin
(Ostrowskeet al, 2004).
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Table 1. Some chemical properties of soil in stoadts and in control field

Chemical properties Position in stool-bed Stool-bed Control field
rows alleyways

Organic matter %

Whole profile 0.86 a 1.03a 0.95a 0.73 a

Soil layers: 0 — 25 1.74a 2.75a 2.25a 147 a
25-50 1.15a 0.83 a 0.99b 0.38 a
50 -75 0.37 a 0.19a 0.28 a 0.60 a
75 —-100 0.19a 0.35a 0.27 a 0.48 b

P,0smg - 100 g*

Whole profile 9.81a 12.47 a 11.14b 8.20 a

Soil layers: 0 — 25 16.55 a 23.10 a 19.82 b 8.55a
25-50 6.98 a 12.98 b 9.97 a 6.72 a
50-75 8.12 a 7.17 a 7.65 a 10.05a
75 -100 7.57 a 6.62 a 7.10 a 7.45 a

K,O mg- 100 g*

Whole profile 9.53 a 11.94 a 10.74 a 8.36 a

Soil layers: 0 — 25 14.25 a 21.00b 17.62 a 13.10a
25-50 9.67 a 13.25a 11.46 a 8.05a
50-75 7.42 a 8.20 a 7.8la 6.72 a
75 -100 6.75a 5.27 a 6.01 a 5,57 a

MgO mg - 100 ¢*

Whole profile 9.53 a 7.98 a 8.76 a 7.93 a

Soil layers: 0 — 25 7.35a 6.50 a 6.93a 6.78 a
25-50 7.68 a 6.60 a 714 a 7.10 a
50-75 11.28 a 9.80 a 10.54 a 8.95a
75 —100 11.80 a 9.02 a 10.41 a 8.95a

N — total %

Whole profile 0.061 a 0.070 a 0.066 a 0.058 a

Soil layers: 0 — 25 0.090 a 0.102 a 0.096 a 0.095 a
25-50 0.050 a 0.087 a 0.068 a 0.052 a
50-75 0.062 a 0.045 a 0.054 a 0.045 a
75 -100 0.042 a 0.045 a 0.044 a 0.040 a

pH

Whole profile 542 a 5.52a 547D 4.60 a

Soil layers: 0 — 25 58la 5.45a 5.63b 4.48 a
25-50 5.50 a 6.01 a 5.76 b 4.52 a
50 -75 5.33a 549 a 541b 473 a
75 -100 5.03 a 5.11a 5.07b 4.66 a

Copper total, mg kg*

Whole profile 6.51 a 7.49 a 7.00 a 7.43 a

Soil layers: 0 — 25 5.41a 8.24b 6.82a 6.16 a
25-50 441 a 5.58 a 499 a 6.82 a
50 -75 7.24 a 7.58 a 7.41a 9.74 a
75 -100 8.99 a 8.57 a 8.78 a 6.99 a

*in 2002
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Table 2. Details concerning the content of coppehé soil, mg kg dry soil

Soil layers Position in stool-bed Control field
rows Alleyways 2002
2002 1999 2000 2002
Whole profile 6.51 6.61 7.10 7.49 7.43
0-25 5.41 6.33 7.49 8.24 6.16
25-50 441 6.99 5.25 5.58 6.82
50-75 7.24 6.41 7.00 7.58 9.74
75 -100 8.99 6.71 8.66 8.57 6.99
Conclusions

Soil in stool-beds contained generally more maemeints and organic matter than in the
control fields and it was less acid.

The content of copper in soil increased with yelaws,in the superficial layer (0 — 25 cm. deep)
only. However it remained lower than quoted inlttexature.
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SEED DORMANCY AND ROOTSTOCK QUALITY OF SIX GENOTYPE S OF CAUCASIAN
PEARS
KAUK AZA BUMBIERU GENOTIPU I1ZV ERTEJUMS PEC SEKLU MIERA PERIODA UN
POTCELMU KVALIT ATES

Odziemkowski S., Pitera E. Scibisz K. and Molenda E.
Department of Pomology and Basic Natural Scieneésarticulture, Warsaw Agricultural University — &8V,
Nowoursynowska 159, 02-776 Warszawa, Poland.

Kopsavilkums

Izméginajuma noskaidrots seSu Kaaa bumbieru Ryrus communissar. caucasicaFed.)
genotipus: GK1, GK2, GK3, 'Elia’, 'Belia’ un 'Ddrs&klu miera perioda ilgums unigBanas spars
svaigim un izavetam sklam. Papildus tika iz&rtéta 'Elia’, 'Belia’ un 'Doria’ potcelmu kvalie. Sklu
miera perioda FrtraukSanai tika izmantotas divas metodes: svaiguzifivetu sklu stratifikacija
mitra sfagnu Kdra un parasti lietat sausu &lu stratifikacija. Apnlt scklas tika prvietotas uz
neapkuriamam pleves siltumicam un apkuridmam siltumricam. Visos veidos stratifgto <klu
sgjeni tika izshditi viena laika. Petitie genotipi atkiras pec miera perioda ilguma,igsanas spara un
kvalitaivo <jenu gala izmakuma. \elo genotipu 8klam bija isaks miera periods, nékag@ko
genotipu s8klam. Sjenu augstums un diametrsitiski neat&iras starp stratifikcijas veidiem. Torer
to Sjenu saku sisema, kuri iediti no mitra kadra stratificgtajam sklam, bija latakas kvalifites nek
tradiciorali lauka ssto jenu sakiu sisEma.

Abstract

The aim of this study was to assess the lengtheo&fter-ripening period and the germination
capacity of fresh and dried seeds of six Caucapeer Pyrus communis/ar. caucasicaFed.)
genotypes: GK1, GK2, GK3, 'Elia’, 'Belia' and 'ariAdditionally, important traits of rootstocks
obtained from 'Elia’, 'Belia' and 'Doria’ seedseveompared. Two methods of after-ripening of seeds
were applied: stratification of individual fresh dry seeds in trays filled with moist sphagnum peat
and conventional stratification of dry seeds. A¢ theginning of April, after stratification treatmsn
trays were transferred to an unheated plastic tlome a heated glasshouse. Finally, young segsllin
obtained in the unheated plastic tunnel, were pthim the same field where seedlings raised from
conventionally stratified and sown directly in tfield seeds, were grown. The studied genotypes
differed in length of dormancy, germination ratel éinal output of seedlings obtained. Seeds froen th
late-ripening genotypes had a shorter dormancygdthan seeds obtained from the early ripening
types. Height and diameter of rootstocks did nghificantly differ between treatments. However,
rootstocks raised in trays had a better root system those raised by sowing directly in the field.

Key words: pear genotypes, seed dormancy, stratificationhous, seed germination,
rootstock quality

Introduction

Common Caucasian ped&.(communis/ar. caucasicaFed.), a generative rootstock for pears,
replaced between the first and second world wavigusly used in Poland common ped&yfus
communisL.). The main advantage of the Caucasian peatsisesistance to leaf blight of pear
(Entomosporium maculatuieév.) and a more vigorous growth in the nursegntithat of common
pear (Wierszyttowski, 1936). Presently, seedlinfif€aucasian pear make up about 75% (1.5 million)
of the total annual production of pear rootstock®oland (Grzyb, 2005). The Institute of Pomology
and Floriculture of Skierniewice introduced thresdtigars of Caucasian pear, Elia, Belia and Doria,
which have been recommended as generative roosstockears since 1994 (Rejmetnal, 2002). At
the Department of Pomology, WAU, three other gepespf P. communivar.caucasica GK1, GK2
and GK3, have also been under evaluation (Odzierskiogt al, 2004). Fruits of Caucasian pear
genotypes ripen at different time. This may resuldifferences of the length of seed dormancy.
Information concerning nursery value of seeds drgkedlings oP. communivar. caucasicaand of
the recommended cultivars in particular is scafde aim of this study was to assess the length of
after-ripening periochecessary for overcoming dormancy of the fresh seedracted from fruits
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stored at 2-3 C till stratification, in comparison with the digeeds. Germination capacity of six
Caucasian pealP( communisvar. caucasicagenotypes was also compared. Additionally, impurta
traits of rootstocks obtained from three above-ioeed cultivars were evaluated.

Materials and Methods

General information. The fruits of 'Elia’, 'Bel@nd 'Doria’ were collected from clone
seed trees grown on seedling rootstocks. The seddra was located at Kknice (Kujawy region).
Trees of selections GK1, GK2 and GK3, were growroam roots at the Experimental Farm of the
Department of Pomology, Warsaw Agricultural UnivgrgWAU) in Warsaw-Wilanow, where the
experiment 1 was conducted. Fruits of 'Elia’ rigeabout one week earlier than 'Belia’, three weeks
earlier than GK1 and four weeks earlier than fraeitsDoria’, GK2 and GK3. Dry seeds of 'Elia’,
‘Belia’ and 'Doria’ for the experiment 1, and of IGKGK2 and GK3for the experiment 2 were
obtained in Warsaw after extracting them from maffauits and drying at room temperature at 20 +
2'C. Dry seeds of 'Elia’, 'Belia’ and 'Doria’ for téveperiment 2 were obtained from the nursery at
Kuznice, where they were dried for commercial use.yT¢mgginated from the crop of 2004. Average
moisture content of all dried seeds before steatifon treatments varied from 8.7% (‘Elia’) to 20.5
(GK3).
After-ripening methods. Two methods of after-ripgniof seeds were used: individual
stratification (IS) of fresh or dry seeds and cartianal stratification (CS) of dry seeds. Indivitlua
fresh seeds (F), extracted at different time fronit$ stored at 2-8 after harvest or dry stored seeds
(D) were sown 1.5 cm deeply into 70-ttrays, filled with a moist sphagnum peat suppleieemvith
mineral nutrients. Then they were placed in commohl storage at 2-@, for different periods
(depending on the treatment), and finally transf@mo an unheated plastic tunnel at the beginning o
April. Dry seeds were soaked in water for 24 hobefpre stratification treatment. CS of dry seeds
was conducted in 0.5-dpots filled with mixture of moist sphagnum peat aaohd (1:1). All after-
ripening treatments of seeds were carried outdoléstorage, at 2-G.

Experiment 1. Fruits of 'Elia’, 'Belia’ and 'Dorigére harvested on September 11, 2003, then
transferred to Warsaw-Wilanow. Most of them wererei at 2-3°C until extracting seeds for
stratification treatments of fresh seeds. On tloers@ day after picking, from another part of fruofs
'Elia’ and 'Belia' seeds were extracted, dried stoded in a refrigerator. The same procedure was
followed with a part of fruits of 'Doria’, but eattion of seeds from fruits was done two weekgs late
In this experiment nine after-ripening treatmemtsdach of three cultivars were applied, listedhie
Table 1. Six of them consisted of fresh seedsiB)three of dry seeds (D), as follows.
(1) ™" after-ripening of seeds in fruits during coldrage till April 8, 2004; then individual sowing
into trays (), filled with moist sphagnum peat;
(2)'"®> = individual stratification'Y) of fresh seeds for 34 days, from March 6 to ABr2004;
(3)'® Fto (6)'S F- like treatment &' F, differences were only in the length of fruits sgeand length
of the seed stratification treatment (49, 64, 794€days);
(7)'® P— individual stratification'?) of dry seeds for 114 days, from December 17, 20&pril 8,
2004;
(8) ©% P*L conventional stratification™Y) of dry seeds for 114 days, from December 17, 2003
April 8,2004, then individual sowing into trayy (illed with moist sphagnum peat.
(9) ©* "= conventional stratificatiort) of dry seeds®) for 119 days, from December 12, 2003 till
April 8, 2004, then sowing directly in the outdowrsery.

There were 4 replications, each consisting of 68dseOn April 9, 2004 all trays from the
treatments (1)-(8) were placed in the unheatediplasinel.

Additional samples of seeds (reference treatmeatgwsed for the germination test, which was
done after each after-ripening treatment. Thesekemmvere taken in 4 replications, each of 25 seeds
Seeds, which germinated in pots in the cold storagee recorded after stratification treatment and
discarded (Table 1, data in parenthesihie remaining seeds were germinated in the lahyratol 6-
24°C. Emergence of seedlings in the unheated plastinel or in the field was evaluated when
cotyledons emerged above the surface of sphagnanipepots or above the soil in the outdoor
nursery. Germinated seeds and emerged seedlings mgeorded daily. The emergence rate of
seedlings was expressed as an average number ©fetpyired for cotyledons to emerge above the
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surface of sphagnum peat in pots, according tonkarh et al. (1997). Trays in the plastic tunnelever
mist-irrigated. On May 26, 2004, young seedlingsrfrthe treatments from)(F™" to (8) “> ° *" were
planted in the nursery in a randomised design eplications, each consisting of 30 plants. In the
autumn, rootstocks were dug out and their heiglamdter, number of lateral roots and number of
seedlings infected by crown galldrobacterium tumefacier{Smith et Town) Conn.] were recorded.

Experiment 2. Mature fruits were harvested in 20B4a' and 'Belia’ on September 16, 'Doria’ on
October 6, GK1 on October 7, GK2 and GK3 on OctdbkerThe following after-ripening treatments
were applied (Table 2):
(1)'> to (3)'> T IS of fresh seeds for 38, 59 or 80 days, tilliAp4, 2005,
(4)'S P and (6) P- IS of dry seeds for 80 or 101days respectivélpiril 14, 2005,
(5) ©* P* conventional stratification of dry seeds for &¥sl from January 17 till April 14,2005;
then seeds were individually sowt) (nto trays () with moist sphagnum peat.

There were 6 replications, each consisting of 3@dse On April 15, 2005, trays of all
treatments were placed in a heated glasshousd)°@t £2. Emergence of seedlings in the heated
glasshouse was assessed when cotyledons emergerlthbcurface of sphagnum peat moss in pots.
The emerged seedlings were recorded daily. Thetsesere elaborated by analysis of variance
analysis, separately for each genotype. The stgmiie of differences between treatment means was
evaluated using the Tukey testpa0.05.

Results and Discussion

Experiment 1. Genotypes of 'Elia', '‘Belia' and Badiffered in seed germination and in
the output of seedlings (Table 1). The percentdggeoninated seeds of 'Doria’ was the highest (93-
100%) at any length of stratification (34, 64, ¥®d days), when IS fresh seeds (from fruits stémed
cold storage) were used (Table 1). A similar peiags germinated seeds was recorded in 'Beliat, afte
49, 64 and 94 days of stratification of IS fresbdse Seeds of 'Elia’ germinated in the lower priopor
than seeds of 'Belia' or 'Doria’. The highest patage of seeds (80%) of 'Elia’, which overcame
dormancy, was recorded in the treatment 3, whashfseeds were individually stratified (I1S) for 49
days. After IS of fresh seeds for 34 days, only G%eeds of 'Elia’ passed dormancy, in comparison
to 87% of such seeds of 'Belia’ and 95% of 'Doliatase of the IS of dry seeds, the same influefice
the genotype on percentage of germinated dry seagsioted. This suggests that seeds of 'Elia’ had a
longer dormancy period than 'Belia’, and longentB®ria’ in particular.

The percentage of seedlings obtained in the unthgddstic tunnel depended on the genotype and
on the after-ripening treatment (Table 1). The agerpercentage of seedlings obtained from all
treatments was the highest (77%) in case of 'Dand'the lowest (56%) for 'Elia’. With extending th
IS of fresh seeds from 34 to 49 days, the outpsieefllings was stable for 'Doria’ (90%) and slightl
increased in case of 'Elia' and 'Belia'. If theofSresh seeds was extended more — to 64, 79 and 94
days, the effect of this increase upon the outpeedlings was erratic, especially in case oR'Eli
Nevertheless it was the highest after the 94-dapfl8esh seeds for all examined genotypes. The
highest output of seedlings (80%) of 'Elia’ wasaoi@d from dry seeds,. conventionally stratified
(CS), for 119 days and then directly sown in thesery (treatment &> 9.

Height and diameter of rootstocks 'Elia’, 'Beliagria’ did not depend on stratification treatments
However, rootstocks raised in trays had a beti@r sgstem than those raised by sowing directiyén t
field. In 2004, the crown gallAgrobacterium tumefaciern®mith et Town) Conn.] infected roots of
majority (61-80%) of seedlings rootstocks produbgdraditional method. An unexpected reduction
of crown gall incidence (down to 2-23%) was obtdime treatments involving use of sphagnum peat
and this may present a special interest (Table 1).
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Table 1. The effect of after-ripening treatment sged germination, emerges of seedlings of the

common 'Caucasian’ ped&yfus communisar. caucasicaFed.) in the unheated plastic tunnel and on
the quality of rootstocks obtained in the nurs@g04)

_ Percent of seeds Mean Characteristics of rootstocks
Period of o rvifica number of Percent
TreNaément st(z)orgjge tion days for Diameter Height Number roo?sftock
and code  of fruits, at olz.';isc’ germinated emerged en(;?i)gr?ence mm cm ofrl(;a\(gttesral s with
days seedling crown
gall

‘ELIA®

17T 211 0 Oa 18 a 18.2 g 9.1a 45 a 57b 8a

2 F 177 34 64 (23) c 60 c 8.8d 9.0a 47 a 57b 10 a

3sF 162 49 80 (76) d 66 c 7.2¢ 9.6 a 50 a 59b 18 a
4's F 147 64 47 (47) b 42 b 5.6Db 89a 46 a 56b 4a
5'sF 132 79 64 (64) c 51 be 46b 9.1a 47 a 6.7b 4a
6'S F 117 94 72 (72) cd 68 cd 39a 9.4 a 49 a 6.1b 5a
7's0P 0 114 57 (0) bc 57 bc 106 e 9.0a 46 a 5.6 b 9a
gCs DT 0 114 50 (3) b 66 b 11.1e 9.4a 48 a 6.0b 3a
gesb 0 119 - 80d 16.0 f 8.8 a 50 a 1.3a 80b
Average of nine treatments 54 56 9.5 9.1 48 5.4 16
‘BELIA’
17T 211 0 2(0)a 15a 18.2 f 9.4 a 42a 5.6 bc 12 ab
2! F 177 34 87 (34) c 83c¢c 9.3d 8.7a 44a  6.0bc 2a
3sF 162 49 97 (87)d 85¢ 7.1d 93a 46a 5.6bc 21b
4'sF 147 64 92 (89) cd 67 bc 6.2b 9.1a 45a  6.0bc ahl9
5's:F 132 79 89 (84) ¢ 73 bc 4.8a 9.3a 45 a 6.3¢C 23b
6'S F 117 94 100 (100) e 82c 42a 91a 45a 50b abll

IS, D 0 114 71(8) b 61b 10.1 de 9.2a 45 a 6.3¢C 20 ab

,CS, DT 0 114 78 (8) bc 74 be 10.6 e 8.7a 46a 59bc b8a
9esP 0 119 - 77c¢ 17.7 f 8.9 a 58 b 12a 77¢
Average of nine treatments 77 69 9.8 9.1 46 5.3 1 2
‘DORIA’

FT 199 0 2(0)f 18 a 18.7 g 89a 33a 4.1b 4a
2! F 165 34 95(0)bc  90c 10.4d 8.6 a 40 b 53¢ 12 a
3’ F 150 49 93 (52) bc 90 ¢ 89c¢ 8.8a 40 b 56b 7a
4'sF 135 64 98(85) b  83bc 6.3b 88a 39ab 54c alo
5'sF 120 79 96 (92) bc 81 bc 59b 85a 40 b 56¢ 4a

IS, F 105 94 100 (100)a 86 bc 4.6a 85a 40b 49bc a 5

IS, D 0 114 92 (44)c  86hbc 9.2¢c 86a  43b 6.0c 4a
gCs DT 0 114 72 (6) d 77b 114 e 86a  40b 6.1c 10 a
gcsb 0 119 - 86 bc 16.3 8.1a 47 b 14a 61b
Average of nine treatments 81 77 10.2 8.6 40 49 3 1

*Total percentage of germinated seeds — in labgrégst at 16-24°C + seeds germinated in pots it stwrage
(data in parentheses)

Ffresh seeds? dried seedstrays; IS — individually stratified seeds; CS —wentionally stratified seeds.

Means followed by the same letter within the sanmeig of seeds do not differ at the 5% level of
significance.

Experiment 2. Out of three treatments of IS of iregeds the 38-day stratification appeared
sufficient for overcoming dormancy of treated freseds of six genotypes (Table 2). From these
seeds, in a heated glasshouse, a high or veryohitglut of seedlings was obtained from the genotypes
GK3, GK1 and GK2 (91-100%), as well as from thetigats Doria, Belia and Elia (84-89%).
Extending the duration of IS of fresh seeds fromt@80 days, resulted in a slight (not significant)
reduction of the percentage of seedlings obtaiddtbr the 80-day IS of dry seeds of the early
ripening genotypes 'Elia’ and 'Belia’, only 17 d4d6 seedlings was obtained, in comparison to 57,

88, 96 and 97% of seedlings obtained from seedbeofate-ripening genotypes (‘Doria’, GK3, GK2
and GK1), treated in the same way.
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Extending the duration of IS of dry seeds from @@®1 days, resulted in an increase of the output o
seedlings up to 64% ('Elia"), 68% (‘Belia’) and 9eria’).

Table 2 . The effect of the after-ripening treatir@mthe emergence of seedlings of the common
'‘Caucasian' peaP( communisar. caucasicain a glasshouse at 20°C £2, 2005

Period of cold Period of Percentage of Mean number of

Treatment storage stratification emerged days for emergence
No.and code of fruits, days at 2-3°C, days seedlings of one seedling
GK 1
1'SF 152 38 98 a 3.8b
2! F 131 59 95 a 23c
35 F 110 80 97 a 1.6 ¢
4's'b 0 80 97 a 3.7b
5CS DT 0 87 82b 48a
6P 0 101 98 a 2.1c
Average of six treatments 95 3.0
GK 2
1S F 145 38 100 a 41a
2'5F 124 59 99 ab 25b
3'SF 103 80 98 ab 1.7 ¢
4'sP 0 80 96 ab 27b
5CS:. DT 0 87 92 b 36a
6'S P 0 101 98 ab 1.7c
Average of six treatments 98 a 27c
GK 3
1'SF 145 38 91 a 4.0a
2! F 124 59 94 a 2.4b
3'SF 103 80 89 a 2.1b
4's'b 0 80 88 a 2.1b
5'SD 0 101 88 a 1.8b
6CS DT 0 87 86 a 35a
Average of six treatments 89 2.7
‘ELIA’
1S F 145 38 89 a 23c¢
25 F 124 59 78 a 1.5d
35 F 103 80 71 ab 1.6 d
4'sP 0 80 17 ¢ 7.3a
5CS: DT 0 87 55b 6.9a
6'S P 0 101 64 ab 59b
Average of six treatments 63 4.3
‘BELIA’
1'SF 173 38 87 a 29c
2! F 152 59 86 a 1.6d
35 F 131 80 8la 1.6d
4's'b 0 80 14 c 7.4a
5CS DT 0 87 59 b 6.9a
6P 0 101 68 ab 57b
Average of six treatments 67 4.3
‘DORIA’
1'sF 153 38 84 ab 36¢c
2'5F 132 59 86 ab 2.0d
3'SF 111 80 80 b 15d
4'sP 0 80 57 ¢ 7.2a
5CS. DT 0 87 66 bc 71a
6'S P 0 101 95a 44D

Average of six treatments 80 4.3

! For explanations see table
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Using two methods and different period of stratifion of fresh seeds (extracted from fruits
stored in cold storage at 263 and of dry seeds, a clear influence of genotyghédaucasian pear on
the length of seed dormancy was shown. Seeds daftyes, fruits of which ripened early (Elia,
'‘Belia’) had a longer length of dormancy and neex&mhger stratification period than those ripening
later (GK1, GK2, GK3, and 'Doria"). This phenomeneas observed earlier in the seeds of apple
cultivars by Daskalyulet al (1996).

Seeds from fruits stored at 2-3°C needed a shpeieod of stratification than dry seeds. It was
also found by various investigators in apple se@istlett, 1961; Grzyket al, 1969, Pitera and
Odziemkowski, 2003). Certainly, storage abilityeairly ripening fruits of 'Elia’ and 'Belia’ was rhuc
lower then those ripening late (especially GK1, GKX3). This should be considered in choosing
dry or fresh seeds, for stratification treatment.

In our experiments, 100 days of individual stratifion were sufficient to overcome the dormancy
of dry seeds of GK3, GK1 and GK2 but insufficieat firy seeds of 'Elia’ and 'Belia’. This suggests
that dry seeds of some pear genotypes, for completieoming of their dormancy, need a longer, ca
120-day, stratification period. This length of $fieation treatment of dry seeds is still under
evaluation.

The rootstocks raised in trays had a better rostiegy than those raised by sowing directly in the
field. In 2004 crown gallAgrobacterium tumefacien®mith et Town) Conn.] infected the roots of
the majority of seedling rootstocks produced bditranal method. An unexpected reduction of crown
gall incidence was obtained in treatments involvirsg of sphagnum peat and this may present a
special interest. This phenomenon is also undénduinvestigation.

Conclusions

Seed dormancy period differs between particularogges of Caucasian pears. Seeds of
genotypes, fruits of which ripen early, need a wnafter-ripening period than seeds of late-ripgnin
genotypes.

Dry seeds need a longer stratification period finesh seeds, extracted from fruits stored at 2-
3°C.

Seeds from fruits stored at 223and then individually stratified in trays for 80-days at 2-
3°C germinated at a high percentage.

Seedlings raised with in seed trays and then plantéhe field develop abundant lateral roots.

References

1. Bartlett C.E.C. (1961) The after-ripening of appéeds in the fruit during cold storage. Ann. Rep.
Agr. and Hort. Long Ashton. Res. Sta. Bristol, 66—

2. Daskalyuk A.P., Toma O.K., Yarotskaya L.V. and Mikil.I (1996) Seed germination and
polypeptide composition in early- and late-ripenaggple cultivars as related to stratification time.
Russian Journal of Plant Physiology, 43, 4, 504-509

3. Grzyb Z.S., Zagaja S.W. and Kaiski W. (1969) Przebieg posgtnego dojrzewania nasion w
przechowywanych owocach jabtoni. Prace Instytuto8anictwa w Skierniewicach, 13, 39-50.

4. Grzyb Z. (2005) Zapotrzebowanie na nasiona drzeacowych. Szkotkarstwo, 2, 60-62.

5. Hartmann, H.T., Kester, D.E., Fred, T., Davies,.Raid Geneve, R.L. (1997) Plant propagation:
Principles and practices. 6th ed. Prentice-Halh&fBSaddle River, New Jersey.

6. Odziemkowski S., Pitera E. asdibisz K. (2004) Wsfpna ocena przydatéa nowej technologii
produkciji podktadek generatywnych gruszy kaukaskegzyty Naukowe Instytutu Sadownictwa i
Kwiaciarstwa w Skierniewicach, 12, 251-256.

7. Pitera E. (2003) Przydaté® klonu U 211 w hodowli odporsoiowej jabtoni. Rozprawy
Naukowe i Monografie. Wydawnictwo SGGW, Warszaw@t.1

8. Pitera E., Odziemkowski S. andiiyowska B. (2004) Improvement of seed germinatioapple
breeding. Acta Hort., 663, 783-787.

9. Rejman A.,Scibisz K. and Czarnecki B. (2002) Szkoétkarstwdaliro sadowniczych. PWRIL,
Warszawa, 292.

10. Wierszyhowski J. (1936) Studia nad graskaukask jako podkladk. Roczniki Nauk
Ogrodniczych, 3, 263-268.

92



AGRONOMIJAS VESTIS (Latvian Journal of Agronomy), No. 9, LLU, 20

EFFECT OF LOCALITY ON THE GROWTH OF STRAWBERRIES GR OWN IN
RHIZOBOXES
AUGSANAS VIETAS IETEKME UZ ZEME NU AUGSANU, AUDZEJOT TAS
RIZOKONTEINEROS

Pacholak E. and Zydlik Z.
Department of Pomology, Agricultural UniversityRozna, ul. Dabrowskiego 159, Poland.

Kopasavilkums

"Senga Senganakifnes §jeni tika iestditi (2003. — 2004.) rizokonteineros, kuri s&jar
1.7 kg augsnes, kurgemta no 5 dadam vietam: abglu rindu vietas pc 20 gaduabgu aug3anas;
herbiadu apstiidatas apdobju vietas 20 gadus augabeddarza; augsne no starprindualija 20
gadu vea abeldarza; no biju% abeldarza vietas, kur 4 gadus augsne nav izmantota uan&ugo
lauksaimnietha izmantojamas plabas. Sjeni konteineros augais nmenesus. Btjjuma konstatts,
ka augSanas vietai ir ietekme uz lapu virsmasiamka afi sakau un saku kaklipu masu. Augs®
kura ilgsto8i auguSasbeles, zemgu augums parametri bijaitiski sliktaki. Zemenes var izmantot
ka augsnes noguruma indikatoraugus aplabi regé uz augsnes nogurumu.

Abstract
The objective of the presented study was the ewmn of the effect of diversified soil
localities on the growth and yield of strawberridgy were carried out in the vegetation period
2003 and 2004. Strawberry seedlings of Senga Sangahivar were planted in rhizoboxes
containing 1.7 kg of soil. Soils from 5 localitiggere used in the experiments with the following
combinations in three replications: 1- soil fronphgptree rows which were dug up after 20 years
of cultivation, 2-soil from herbicide fallow rowssed in apple orchards for 20 years, 3-soil from
grass belts in apple orchards cultivated for 20ge4 soil from apple orchards which was cleared
and thereafter was not used for four years, 5-eailwhich agricultural plants were grown.
Strawberry seedlings were grown for a period ofe¢hmonth using irrigation when it was
necessary. After the liquidation of the experimetite following measurements were carried out:
surface of leaf blades, diameter of root neck, mafseot neck, mass of roots. Results of our
investigations showed that:
- strawberries growing in rhizoboxes showed a diffeigted effect of the locality on their
growth measured by leaf blade surface area antéyniass of roots and root necks.
- apple-trees grown for many years in the same localgnificantly decreased strawberry
growth expressed by the total leaf blade surfaea and by the mass of root and root necks.
- strawberry reacts strongly to soil fatigue andande a good plant for testing fatigue
occurrence in the orchard because strawberriesrgimow new ground had the best
growth conditions.

Keywords: strawberry, replant soil, growth

Introduction

Success in strawberry growing depends to a highegegn the selection of locality. The
type of soil, the level of underground waters ahd tore crop are important factors. They are
particularly significant in case of a shortened duction period which requires replanting
(successive growing of the same species) resultingoil fatigue, which is a nuisance to the
producers all over the world (Hoestra, 1994; Ald6a8).

Many scientists have dealt with soil fatigue forcddes, but in spite of that, this
phenomenon has not been fully solved. Howevereftfexts are very well known like poor growth,
lower vyield, reduction of the leaf blade surfaceaaand even death of the whole plant (Constante
et a, 1991).

One of the methods limiting the negative effectoil fatigue on plants is the change of the
grown species or the application of a 4-year biegktant growing.
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The objective of the study conducted in the yea®9322004 was the evaluation of
diversified soil localities on the growth of strasvhes.

Materials and Methods

The stady was carried out in the Fruit Growing Dépant of Agricultural University in
Pozna in three cycles in the vegetation terms 2003-2004:

- cycle | - strawberries were grown in the period0oBs- 28.09 2003;
- cycle Il - strawberries were grown in the periodd28— 28.07 2004;
- cycle Il - strawberries were grown in the pera8 — 8.11 2004.

The object of the study was the soil of a replarapeple orchard with Topaz cultivar on M-
26 rootstocks established in spring 2000. Thelsamil been used as an apple orchard for 20 years
and it showed a differentiated degree of fatiguedmparison with an orchard established on a
new ground (where the soil was agriculturally ubetbre).

Strawberry ‘Senga Sengana’ cultivars was growniws flots as a test plant:

- locality 1: trees were planted in rows after themowal of apple trees which had
been grown there for 20 years;

- locality 2: trees were planted in belts of pestddilow used for 20 ears;

- locality 3: trees were planted in turf belts usedZ0 years;

- locality 4: trees were planted in a place wherelaprees had been grown for 16
years followed by a 4 -year break in the cultivatio

- locality 5: trees were planted in a fresh soll

Rhizoboxes (37x18x7 cm) of 1.7 kg capacity werdedil with soil taken from the
particular localities in the orchard.

In order to facilitate root growth in the directiohtransparent walls, the rhizoboxes with
plants were placed in such a way that the wall iwakned to the earth surface under an angle of
about 50-60° and the boxes were covered with Hieitkn order to limit light access.

After two months of strawberry cultivation, the eximment was liquidated and the plants
were subject to the following measurements:

- leaf blade surface - of all leaves from each p{anf);

- root neck diameter - of each plant (mm);

- root neck mass - of each plant (g);

- root mass - of each plant (g).

The obtained results were statistically analyzedAmpwa using Duncan criteria and
significant differences were determined at the i$icgmnce level of a=0.05.

Results and Discussion

One of the important determinants of plant grovatcording to Listowski (1970), are the
measurement changes, primarily in the growth, vaduamd weight which depend on the
environmental factors such as soil or climate. Bsidarried out in the vegetation seasons of 2003
and 2004 aimed at the determination of soil logatin the growth of strawberries grown in
rhizoboxes. On this basis, it was found that theality and particularly the way of the earlier
utilization of the given soil exerted an essengéifiect on the plant growth measured by the leaf
blade surface area. Independent of the growingecifod smallest mean leaf blade surface area
was found in strawberries grown in the soil of plaated orchard within the belts of herbicide
fallow and in the rows of old trees (Table 1). Ldd&des with the greatest surface areas were
found in strawberries grown in the soil from thepkgporchard established on a new ground, they
reached 87,8 cm(Table 1). This differentiation is particularlysible in the calculation of the
total leaf blade surface area varied between 588(9in soil taken from an orchard established
in the rows of old trees and 1004.4%im the soil from orchard established on a new grtbu
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Such great differentiation in the growth of the ebground plant parts confirms the thesis about

the fatigue of soil created by apple-trees growmnrf@ny years in monoculture (Hoestra, 1994;
Pacholak, 1997).

Table 1. Effect of locality on the growth of strasvbies (mean of years 2003-2004)

Locality Mean leaf blade Total leaf blade Root mass, g Root neck mass, g
surface, crh surface, crh
1 57.3 a* 535.9a 6.0a 40a
2 56.8 a 569.6 a 8.9 bc 56b
3 65.6 ab 678.7 a 11.2 cd 5.4 ab
4 68.4 b 589.9 a 7.1ab 41a
5 87.8¢c 1004.4 b 12.8d 57b
Cycle 1 815hb 932.9c 156 Db 7.3cC
Cycle 2 57.3a 397.7a 5.6a 23b
Cycle 3 62.7 a 696.5b 6.4 a 53b

*Means in the column marked by the same lettegsat significant at the=0.05

It must be stressed that an essential effect ontgjeowth was exerted by the climatic
conditions and the term of plantation (Tables 134)e highest total leaf blade surface area was
found in plants planted in 2003 (932.9 ¥mwhile in the vegetation season of 2004, it was
significantly smaller and, depending on the plaotatterm, it varied between 307.7 2rin
plants planted in spring) and 696.5%im plants planted in August).

Table 2. Effect of locality on the growth of strasvies in three cycles (in the vegetation terms3200

2004)
Planting cycle Combinatons/lean leaf blade Total leaf blade Root mass, Root neck mass,
surface, crh surface,crh g g
Cycle 1 1 80.77 d-f 575.9 b-e 4.99 b-d 9.27 b-d
2 61.08 bc 748.4 d-g 6.62 d-f 13.50 de
3 77.80 c-f 859.7 fg 8.25 ef 18.18 e
4 83.03 ef 832.5e-g 7.34 d-f 13.65 de
5 104.83 g 1647.7 h 9.10f 23.56 f
Mean 81.5b 9329c 7.3c¢C 156 Db
Cycle 2 1 35.43 a 2775 a 1.72a 34la
2 53.54 b 374.5 a-c 3.39 a-c 4.68 a-c
3 64.76 b-e 530.4 a-d 2.96 ab 9.54 cd
4 60.03 bc 340.7 ab 1.62a 3.93ab
5 72.66 b-f 465.2 a-c 2.06 a 6.48 a-c
Mean 57.3a 397.7 a 2.3a 5.6 a
Cycle 3 1 55.72 b 754.3 d-g 5.42 b-d 5.37 a-c
2 55.81b 585.9 b-e 6.88 d-f 8.52 a-d
3 54.11b 645.9 c-g 4.90 b-d 6.02 a-c
4 62.18 b-d 596.1 b-f 3.38 a-c 3.37a
5 85.84 f 900.2 g 5.88 c-e 8.50 a-d
Mean 62.7 a 696.5 b 5.30b 6.40 a

*Means in the column marked by the same lettezmat significant at the=0.05

The Ministry of Education and Science supportedetigerimenunder grant 3P06R07125

Literature data indicate that also the system df maintenance in the orchard exerts an
effect on the condition of soil environment andréi® on the plant growth which due to a higher
humus content, is better in the belts of turf tianhe belts of herbicide fallow (Akophyne and
Aretisyan, 1990; Dawal et al., 1993). In the here presentstudy, no significantistiaal
differences were found in the growth of the abokaugd strawberry plant parts grown in the soil
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from belts of herbicide fallow and in soil from fubelts. However, one can notice similar
tendencies to a growth improvement of plants plmtethe soil originating from old turf belts.
Also the application of a four-year break in apples growing had no significant effect on the
growth improvement of strawberries expressed byleiaé blade surface area. It agrees with the
earlier study-results of Pacholak and Zydlik (2004)

The basic task of the root system to supply thatphath water and mineral components
depends on the soil. The present studies haverawedi the significant effect of soil locality on
the growth of the root system expressed by its mdssh, independent of the growing cycle,
was the lowest in plants grown in the soil of achard established in rows of old trees and it
amounted to 6.0 g. The greatest root mass (12vBag)shown by strawberries grown in the soil
of an orchard established on a new ground (Tablgk 1t has to be stressed that strawberries
grown in soil from orchard established on beltwf in an old orchard had a significantly higher
mass of the root system in comparison with othealities after replantation. The application of a
4-year break in the culture did not increase sigaiitly the root mass. Rusell (1958) calls
attention to the fact that the growth rate of raasl their condition depend among others on the
amount of carbohydrates transferred to the rootesysby the aboveground plant parts. The
existence of such correlation has bean confirmsal lay our studies.

Next to the root mass, also the mass of the roakrie an important parameter of
strawberry growth. The root neck mass was the lowestrawberries grown in soil from the
orchard established in rows old trees and it ameditd 4.0 g: on the other hand, the highest root
neck mass was in the plants planted in the sodimating from orchard established on a new
ground and in soil from the belts of old herbicid#ow showing the values of 5.7 g and 5.6 g
respectively (Tables 1-2). Similar results wereaai¢d earlier by Pacholak and Zydlik (2004).
Similarly as in the case of the growth of abovegiyplant parts, significant differentiation was
found in the growth of the underground plant pagespending on the plantation term of
strawberries. The strongest growth expressed by mass and root neck mass was found in the
plants planted in spring 2003. In the vegetaticmssa 2004, independent of plantation term, the
plant growth was significantly poorer. The resufsstudies carried out in the vegetation seasons
2003 and 2004 confirm that the soil originatingnirdifferent localities of the replanted apple-
tree orchard exerted a significant effect on thewgh and development of strawberries.

Conclusions

Strawberry growing in rhizoboxes showed a differated effect of the locality on
their growth measured by leaf blade surface ardabgrthe masses of roots and root necks.

Apple-trees grown for many years in the same ldgakignificantly decreased
strawberry growth expressed by the total leaf biswidace area and by the mass of root and root
necks.

Strawberry reacts strongly to soil fatigue andahde a good plant for testing fatigue
occurrence in the orchard because strawberries myriowa new ground had the best growth
conditions.
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PERFORMANCE OF 'RUBIN' APPLE TREES ON NINETEEN ROOT STOCKS AFTER
FOUR YEARS
ABELU SKIRNES 'RUBIN' IZV ERTEJUMS UZ 19 POTCELMIEM CETRUS GADUS PEC
STADISANAS

Piestrzeniewicz C*, Sadowski A? and Dziuban R3

Department of Pomology and Basic Natural Scieneésarticulture Warsaw Agricultural University (SGQW
Nowoursynowska 159, 02-776 Warszawa, Poland.

Kopsavilkums

lzmeéginajums tika ietkots audigas aluvilas augsBs VarSad, 2001. gad Pec cetriem
gadiem izertgjot koku izneru, kurs izteikts stumbrak&rsgriezuma lauku® mazkais bija uz Nr.
629 un J-TE-G, tad sug pieaugos kartiba No 280, PB-4, M. 27, P 59, P 22, No. 387, P 683PP
65, Unima, P 16 un B 146. Lieli koki bija uz P 66 B 491, bet visligkie - uz Arm 18, P 62 un M.9
EMLA. Augstaka kumulaiva raza 2002. — 2004. gados bija uz P 63, P 65, P 86, B 491, Arm 18,
M.9 EMLA un P 22; kokiem uz P 62, P 59, Unima, 1887, B 146 un P 64 bija zemas razas; bet uz
PB-4, No. 280, M.27, J-TE-G and No. 629 bija visak#s raZas. Augskais razoSanas efektigtes
koeficients (kumulava raza / stumbrak&rsgriezuma laukums)ep 4. gada bija uz P 63, P 65, P 59,
P 22 un P 16, zeikais uz Arm 18, M.9 EMLA and P 62.

Abstract

The trial was established on a fertile alluviall sati Warsaw-Wilanéw, Central Poland, in
spring 2001. After four years, tree size, expressedCSA, was the smallest on No. 629 and J-TE-G,
and then, in increasing order, on No. 280, PB-2MP 59, P 22, No. 387, P 64, P 63, P 65, Unima, P
16 and B 146; still larger were trees on P 66 ardOB, whereas those on Arm 18, P 62 and M.9
EMLA were the largest. Cumulative yield per treetfee 2002-2004 period was highest on P 63, P 65,
P 16, P 66, B 491, Arm 18, M.9 EMLA and P 22; trees® 62, P 59, Unima, No. 387, B 146 and P 64
gave lower yields, while yields of those on PB-4, 880, M.27, J-TE-G and No. 629 were the lowest.
The cropping efficiency coefficient, calculatedaasatio of cumulative yield to the TCSA after tHe 4
year, was highest on P 63, P 65, P 59, P 22 argl Bntl lowest on Arm 18, M.9 EMLA and P 62.
The highest yield per ha was obtained from treeg 68, P 65, P 22 and P 16.

Keywords: apple, rootstock, tree vigour, yield, croppinfjc¢ncy, fruit size

Introduction

The Czech apple cultivar Rubin has gained someeisitén Poland due to the exceptionally
high dessert quality of its fruit (Krucégka, 2002). It is considered as one of the tastipptes in
Central Europe. Unfortunately its precocity, aslaslits yielding potential, were estimated aseath
low (Ugolik et al.,, 2001). Selecting appropriate rootstocks mayestitese problems.

Apple growing in Europe is dominated by the old uperb rootstock M.9 (Wertheim, 1998).
However, , when grown on very rich soils, treesvigiorous cultivars on M.9 develop too large
canopies. Searching for rootstocks inducing weakgour is thus necessary (Sadowski, 1999).
Testing new rootstocks, bred in different countrgiges an opportunity to select more valuable €ton
for specific cultivars and specific site conditiois general, a good rootstock should ensure sinegl
stature, thus allowing an efficient transformatadrsolar energy into fruit (Cummins and Aldwinckle,
1983). Other essential features of rootstocks arabdlity to induce early, high and regular crogpin
and create a positive influence on fruit qualitpgajaet al, 1989; Jakubowski, 2004). High winter
hardiness is also a desirable characteristic iarteblBefore a rootstock is officially recommendied,
should be carefully evaluated, in comparison to gtendard rootstocks, under orchard conditions
(Jadczuk and Wlosek-Stangret 1999, Czyneayil. 2001; Jakubowski, 2004).

For Polish climate and soils, native rootstocksthtmrse obtained in countries with similar
natural conditions may be the most suitable. Ofcigphanterest are rootstocks coming from the
breeding programme carried out at the Researchitutestof Pomology and Floriculture at
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Skierniewice (Zagajat al, 1988). Some interesting rootstocks have beem sddected in other
countries of Central and Eastern Europe (Sani996). They apparently need a more careful
evaluation.

The objective of this study is to test the suitpibf different rootstocks for the vigorous
apple cultivar Rubin, grown on a fertile soil, wiipecial reference to the new rootstocks bred in
Poland. Preliminary results have been presentéteipaper of Piestrzeniewicz and Sadowski (2005).

Materials and Methods

The trial was set up on a silty loam alluvial sailthe Experimental Orchard of the Warsaw
Agricultural University at Warsaw-Wilanéw, CentrRoland, in spring 2001. Nineteen rootstocks
were compared: the Armenian rootstock Arm 18, teRissian PB-4, the Czech J-TE-G and Unima,
Polish rootstocks P 16, P 22, P 59, P 62, P 63},;P&5, P 66, No. 280, No. 387, and No. 629, the
Russian B 146 and B 491 as well as the standartisBnmgotstocks M.9 EMLA and M.27.

Maiden trees of Rubieultivar were planted in rows spaced 3 m apart. ilh®w spacing
depended on expected tree vigour on a particulatstack. It was 1 m for trees classified as very
dwarf (on J-TE-G, M.27, P 22, P 59, P 63, P 64,5Paf6d PB-4), 1.2 m for those assumed as
intermediate between very dwarf and dwarf (on B,494. 280, No. 387 and No. 629, P 16 and
Unima), and 1.5 m for those considered as dwari{on 18, B 146, M.9 EMLA, P 62 and P 66).

The experiment was established in a randomisedkidesign with four replications and 5
trees per plot, with the exception of the No. 62Bich was represented by 3 trees per plot. Trees we
planted with the bud union at 5 cm above grounéllewnd trained as standard spindle, with trunks ca
70 cm high. Every year, from mid-May to the begimnibf June, all newly developing shoots were
successively cut back to about half of their lengilinen they reached ca 25 cm, to stimulate
branching. In 2001 all trees were deblossomed.0B222003 and 2004 fruitlets were hand thinned
after June drop. In 2004 chemical thinning with BaihR10 (NAA) was also applied.

In autumn 2004 trunk diameter at 30 cm was measamedrunk cross-sectional area (TCSA)
calculated. Yield data were recorded in succesg#aes (2002- 2004) and number of root suckers per
tree was counted in May 2005. Data were elabofaeghalysis of variance, with mean separation by
Newman-Keuls test, at=0.05.

Results

The TCSA in autumn 2004 served as a measure ofkizeeafter 4 years in the orchard and
reflected tree vigour induced by a rootstock. Tdest vigorous appeared trees on No. 629, followed
by those on J-TE-G (Table 1). Trees on the BeleansBB-4 and on Polish rootstocks No. 280, No.
387, P 59 presented vigour roughly comparable ¢sdhon the standard very dwarfing M.27. The
rootstock P 22 and the newest Polish clones, N6, B&4, P 63 and P 65, induced some more vigour.
The size of trees on Unima, P 16, B 146 and P @5quée similar, being somewhat smaller than that
of the standard dwarfing M.9 EMLA. Growth of treass B 491, Arm 18, P 62 and M.9 EMLA was
the most vigorous, as showen by the TCSA 4-5 tierggr than that of trees on No. 629.

In-row spacing, assigned for trees on a particrdatstock was not always right, as the real
size of trees sometimes appeared different fromeitpected. Trees on No. 629 and No. 280 were
planted at 1.2 m in row (2778 trees per ha), butais wrong, as they showed extremely low vigour
and have not filled the assigned space after fearsy In contrast, trees on new rootstocks P 63and
65 were planted too densely (at 1 m in row, 3388dmer ha). They grew more vigorously than it was
expected and after four years got overcrowded. S&dme was true for trees on B 491, which were
spaced at 1.2 m, but should rather have the 1.pauisy. Overcrowding was also observed in trees
on M.9 EMLA and P 62, though they were planted akimum planned spacing (1.5 m).

The highest yield in the fourth year after plant{@§04) was obtained from trees on Arm 18
and M.9 EMLA — ca. 20-21 kg trégand the lowest on No. 629, J-TE-G and PB-4 —tless 10 kg
per tree. The highest cumulative yield per treetfioee bearing years (2002-2004), exceeding 25 kg
per tree, was on P 63, P 65, P 16 and P 66. Treds 401, Arm 18, M.9 EMLA, P 22 and P 62
produced also rather high yields, ranging from 28.€0.2 kg treé. The lowest were cumulative
yields were from trees on No. 280, M.27, J-TE-G hiod 629 (12.8 to 8.6 kg trég

The yield calculated per ha was a function ofd/tr tree and of the number of trees per ha;
the latter depended, of course, on the in-row sadn 2004 most of the tested rootstocks induced
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yields higher than 40 t HaThe most productive were trees on P 65, P 63Ba#@l1, with yields over
50 t ha'. Cumulative yield per hectare was the highestriees on P 63 and P 65. A high cumulative
production (over 60 t i3 was also obtained from trees on P 22, P 16, Ba4®ilP 59. The lowest
yields for the three-year period of bearing wereawmted from small trees, grown on the rootstocks No
629 and J-TE-G, but also from trees on B 146.

Table 1. Indices of vigour and cropping of 'Rulbiaés on different rootstocks (listed from the top
the bottom in order of increasing TCSA in autumo40

Yield, kg treé Yield, t ha! Mean
TCSA Number CEC! fruit No. of

Rootstock  autumn of trees » mass suckers

2004, crA 2004 22%%31 perha 2004 22%%31 kg cm™ 20;4, per tree
No. 629 48f 55h 8.6i 2778 15.3f 23.8f 1.80a-d 217 0.0d
J-TE-G 6.2 ef 7.8gh 11.0hi 3333 26.0e 36.8e 1.77 a-d 239 0.1d
No. 280 8.4 def 11.6d-g 14.7 f-h 2778 32.1c-e 409e 1.76 a-d 265 2.8b
PB-4 8.5 def 9.2fh 15.3e-h 3333 30.5de 51.2ce 1.82a-d 238 0.2d
M.27 8.6 def 10.3e-h 12.8 g-i 3333 34.4c-e 42.8e 1.46 b-f 264 0.0d
P 59 9.2 cde 10.7e-h 189c-g 3333 35.7b-e 63.1b-e 2.06ab 255 0.7 cd
P22 11.0 cde 12.5¢c-g 22.0a-e 3333 41.7 a-e 73.2b 2.00 a-c 235 1.2 b-d
No. 387 11.3cde 139b-f 17.8d-g 2778 38.7a-e 49.6c-e 1.6lb-e 251 0.2d
P 64 11.4 cd 14.3b-f 17.1d-g 3333 47.7a-d 57.1b-f 1.50b-f 277 0.1d
P 63 12.2bcd 16.7a-e 275a 3333 55.5a 91.7 a 2.26 a 252 0.0d
P 65 12.7 bed 16.6 a-e 26.0 ab 3333 55.5a 86.5a 2.08ab 243 0.1d
Unima 13.6 bcd 15.1af 18.7c-g 2778 41.8a-e 519c-e 1.41b-f 271 0.5d
P 16 13.8bcd 17.6a-d 25.7 ab 2778 49.0 a-c 71.4b 2.00 a-c 260 1.5 b-d
B 146 14.1 bc 14.1b-f 17.3d-g 2778 31.3c-e 385e 1.23d-f 240 1.6 b-d
P 66 158b 19.2ab 25.3abc 2222 42.7a-e 56.3b-f 1.60b-e 268 0.1d
B 491 17.8 a 18.9abc 23.6a-d 2778 524ab 656bc 1.34cf 256 2.2bc
Arm 18 22.4 a 21.2a 228a-d 2222 472a-d 512c-e 1.04e-f 274 8.4a
P 62 23.7 a 18.7 abc 20.2 b-f 2222 41.6 a-e 44.9de 091f 271 0.4d
E/Ili/?l_ A 24.0a 19.8ab 22.6ad 2222 440ad gh3ce  003f 254 00d

‘' CEC expressed as a ratio of the yield of threesyf2002+2003+2004) to the TCSA in autumn 2004
2 Mean separation (within columns) by Newman-Keett tatx = 0.05

Cropping efficiency coefficient (CEC), calculated a ratio of total yield for the three-year
period (2002-2004) to the TCSA in autumn 2004 siilates productivity of trees in relation to their
final size. The highest CEC, over 2 kg ¢ras noted for trees on P 63, P 65, P 59, P XbPap?2.
The lowest relative productivity was demonstratgdtiees grown on the most vigorous rootstocks,
M.9 EMLA, P 62 and Arm 18; their CEC reached orthpat 1 kg crit.

Fruits of the 2004 crop were large, in general, @etk not markedly influenced by rootstock.
The smallest fruits were from trees on No. 62%ialiineir mean mass was also over 200 g.

Rootstocks No. 629, P 63, M.9 EMLA and M.27 did pobduce any suckers. Few suckers
were recorded in most of other rootstocks. Thestook Arm 18 suckered intensely, producing over
8 root sprouts per tree. A considerable suckeriag aso noted from P 16, B 146 and B 491.

Discussion

Most of the rootstocks tested with Rubin scion bited a lower vigour than that of the
standard M.9 EMLA. Some of them, like No. 629, skdwan extremely low vigour, and might be
classified as “ultra dwarf” (more dwarf than M.2@gcording to the terminology suggested by Zagaja
et al (1989) and Jakubowski (2004).

100



AGRONOMIJAS VESTIS (Latvian Journal of Agronomy), No. 9, LLU, 20

Previous results of the same experiment (Piesengécz and Sadowski 2004) have shown that
'Rubin’ was the most precocious in bearing whenagr@n the rootstocks P 63, P 22, P 65, P 59 or
P 16. The recent results have confirmed that tweséstocks induced high productivity. When
considering cropping efficiency coefficient (CE®@r fa period of three years of bearing, the most
productive were trees on rootstocks intermediateigour between very dwarfing and on typical
dwarfing, namely on P 63, P 65 and P 16, but atsB 69 and P 22, classified as very dwarfing.

The best indicator of rootstock suitability is “comarcial productivity” induced by it, i.e. yield
per unit area, expressed in tons per ha (JadcalMéomsek-Stangret, 1999). However, it is not easy t
assign o proper area for a tree, as tree vigonoti®asy to predict. Spacing applied for treesanes
rootstocks in this study was overestimated or wstanated. Too dense planting of trees on certain
rootstocks may cause a necessity of severe pramdghen of decline of productivity in the future.

A tendency of some rootstocks to reduce fruit sias reported by Zagag al. (1989). In our
study, ultra dwarfing No. 629 reduced mean fruissaut in the case of the large-fruited 'Rubin’ it
may have little importance, as in the case of 'Jolit (Jakubowski, 2004).

The ability of a rootstock to produce root suckensy influence its acceptability by
nurserymen and growers, and, to some extent, ieciased with low vigour (Cummins and
Aldwinckle, 1983 and Wertheim, 1998). In this exp@nt some tendency to suckering of P 16 as
well as of B 146 and B 491 was noted. This wagnia With the reports of Wertheim (1998) and of
Sadowskiet al (1999). Also an intense suckering of Arm 18 may donsidered as a serious
disadvantage of this rootstock.

Conclusions

The standard dwarfing rootstock M.9 is too vigoréaisvigorous cultivars grown on fertile
soils.

The apple cultivar Rubin may be precocious in epand highly productive when grown on
adequate rootstock of a relatively low vigour P P663, P 65, P 22 and P 59 may be promising
rootstocks for 'Rubin’ grown in a fertile soil.
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GROWTH AND BEARING OF 'JONAGOLD' APPLE TREES AS AFF ECTED BY
ROOTSTOCK AND TYPE OF NURSERY TREES USED FOsR PLANTING
'JONAGOLD' ABELU AUGUMA UN RAZ IBAS 1ZVERTEJUMS PEC POTCELMA UN
STADITA KOKA TIPA

Pietranek A. and Jadczuk E.
Department of Pomology and Basic Natural Sciencé$orticulture Warsaw Agricultural University — SG@G
Nowoursynowska 159, 02-776 Warsaw, Poland.

Kopsavilkums

lzmeginajums tika ietkots Polijas cengfaja dda, Vilanova. Desmit gados intengk koki
auga uz M.26 un zeika auguma koki bija uz P 22. Kumuhet raza no koka (1994-2001) bija
aptuveni proporciaiia koku augstumam, bet raza’haija atkafga no sidijuma biezbas. Augstka
razoSanas intenste bija kokiem uz P 22 un zeaka uz M.26 potcelma. Vismakie audi bija uz P
22. Koka tipa ietekme uz koka augumu bija ati@mo stdiSanas laika. Viengagi koki, kuri saditi
1991. gada pavasSasasniedza augéto augumu, betatla paSa tipa koki &iti gadu &lak bija
zemakie. Augstika raZa ie@ta no viengamyiem stdiem ar sasteigtajiem dzinumiem, kugdti 1991.
gada pavasawvai no divgathiem kokiem stditiem 1992. gada pavasaNetika konsta&tas kutiskas
at&iribas autpa mag un izskal starp stdito koku tipiem.

Abstract

The experiment was carried out in Warsaw-Wilanéent@al Poland. The growth of trees for
the ten-year period was the most intense on M.26the least on P 22. Cumulative yield per tree
(1994-2001) was roughly proportional to the sizetreks on used rootstocks and yield per ha was
related to the planting density. Cropping efficigmas the highest for trees on P 22 and the loamst
M.26. On the average, fruits were smallest fromredren P 22. The effect of tree type on vigour was
related to the time of planting in the orchard. @ear-old maidens planted in spring 1991 reached th
largest size, while trees of the same type plantedyear later — the smallest. Higher yield, bath p
tree and per area unit, was obtained from the e@ae-gld, feathered maidens, planted in spring 1991
or from two-year-old trees left for the 3rd yeartie nursery without heading back, and planted in
spring 1992 than from two-year-old trees trainedkagp-boom”, planted in 1992, or from one-year-
old maidens, planted in 1992. No significant diéfeces in mean fruit mass due to the tree type were
noted. Neither rootstock nor the tree type hadedfect on fruit firmness.

Key words: apple, rootstock, tree-type, growth, yield, frgitality

Introduction

Use of appropriate rootstock is the basic methadefificient and long-term control of
vigorously growing apple cultivars, like 'Jonagq8krzyaski and Poniedziatek, 1999). In an intensive
planting system, production of apple fruit orch&duccessful when dwarfing rootstocks have been
used (Crowe and Embree, 1987). Wertheim (1981) nlindd that trees on dwarfing rootstocks
provide early and regular bearing and high fruilgy. Jadczuk (1997 and 2000); Sadowskial
(2000) and Stowiski and Sadowski (2000) presented evidence thawtprintensity, easiness of
crown formation as well as early and high croppang affected by the type and quality of trees used
for planting. In this paper results of ten-yeaalton the effect of rootstock and of tree type ulsed
planting are presented

Materials and Methods

The experiment was carried out in the Wilanow Ekpental Orchard of the Warsaw
Agricultural University, located in the post-glacialley of Vistula river, in Central Poland. Theils
was a silty loam, slightly acid, alluvial soil, hién humus (ca 2-2.5%) and low in K. 'Jonagold:sre
on P 22, P 2 and M.26 were planted as four typgBsofe-year-old, feathered maidens, planted in
spring 1991; (2) two-year-old trees with a two-yelt crown — maidens left for thé*3ear in the
nursery without heading back (two-year-olds I),npéal in spring 1992; (3) two-year-old trees —
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headed back in thé®3/ear of nursery and trained as “knip-boom” (twasyelds II), planted in 1992
and (4) one-year-old maidens, planted in 1992. SmeP 2 and M.26 were spaced at 4x2.4 m and
those on P 22 at 4x1.2 m. Trees were trained asleslespindle. Herbicide strips (1 m) were
maintained along tree rows and permanent swardlegvaays. The trial was established in a split
block factorial randomised design with 6 replicaidnaving two (on M.26 and P 2) or four (on P 22)
trees per plot.

Trunk diameter was measured and the increment wfktrcross-sectional area (TCSA)
calculated. Yield from each plot was recorded dmhtcalculated per tree and per hectare. The crop
efficiency coefficient (CEC) was calculated as toraf yield to the TCSA. Mean fruit mass and
firmness was determined on representative sampl&3 fouits per plot. Data on tree growth and yield
were elaborated by analysis of variance. Mean aéiparwas performed using the Newman-Keuls
test, atn=0.05.

Results

The growth of trees was significantly affected bgtstock and tree type (Table 1). The initial
trunk cross sectional area (in spring 1992), seagedn indicator of tree vigour in the nurserywdts
the smallest on superdwarfing P 22 and signifigalsitger on semidwarfing P 2 or M.26. After ten
years in the orchard (1992-2001) tree vigour, esged by the increase of TCSA, was the smallest on
P 22, somewhat larger on P 2 and the largest o.MAthen trees on M.26 were considered as a
standard (100%), the relative vigour of trees d2Rvas 31% and on P 2 — 79%. In spring 1992 one-
year-old feathered maidens trees planted in thieaodcin spring 1991 had significantly higher TCSA
than trees, which stayed for the year 1991 in timsery and were just planted in the orchard. No
significant differences in the TCSA of differenpgs of trees planted in spring 1992 were noted. The
increment of TCSA over the whole period of studyswhe largest in trees planted as one-year-old
maidens in autumn 1991. When this was considersthaslard (100%), trees of the same type planted
one year later had only 67 % of it. The ten-yeadgthas not shown any significant differences in
vigour of two-year-old trees with a two-year oldwn, i.e. maidens left for thé®3/ear in the nursery
without heading back, and two-year-old trees hedstk in the 8 year of nursery and trained as
“knip-boom”, both planted in 1992.

Table 1. Initial trunk cross-sectional area (TCSMd its increment for three, five, seven and ten

years, cr
Initial Increment of TCSA for successive periods
Factor TCSA
spring 1992 1992-94 1992-96 1992-98 1992-2001
Effect of rootstock; mean of different tree types:
P22 1.410 65c 126c  153c 25.8 ¢C
P2 19a 114b 27.7D 36.4b 66.1Db
M.26 2.1a 136a 3l1.7a 42.5a 83.2a
Effect of tree type; mean of different rootstocks:
one-year-olds, planted in 1991 4.0 4 13.8a 299a 38.6 a 68.6 a
two-year-olds I, planted in 1992 1.1b 106b 245D 325b 61.7 ab
two-year-olds Il, planted in 1992 1.1Db 94bc 227b 29.5 bc 57.2b
one-year-olds, planted in 1992 10b 8.1c 18.8 c 25.0c 46.0 c

! Mean separation by Newman-Keuls testy=2.05.

The effect of rootstock and tree type on yield dediwas also noted (Table 2). 'Jonagold' trees
started to bear fruit in the third year after plagt(1994). The highest first yield (15.5 kg-theevas
obtained from trees on M.26, followed by yield modds on P 2 (12.8 kg), then by those on P 22 (9.5
kg). In the next years the yield (1996) was, inayah related to the size of trees on particular
rootstocks. In 1995, due to a weak bloom and uméde weather conditions in bloom time, yield
was, in general, very low and it has not been camed. Cumulative yield for seven years (1994-
2001) was the highest on P 2 and M.26 — on theageetwice as high as yield of trees on P 22. The
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highest yield per hectare was always noted froestan P 22, except for 1999 and 2000. The highest
commercial production, for the period of 7 yearbe#éring, was obtained from trees on P 22. Trees on
P 2 and M.26 showed a significantly lower produitfiv

Table 2. Annual yield per tree (kg tfBeand calculated per unit land area (f)ha successive years
and total for the whole period of study

Total yield
vears for 7 years

1994 1996 1997 1998 1999 2000 200(1994-2001)

Effect of rootstock; mean of different tree types:

Yield per tree

Factor

P22 95c¢ 14.4b 88b 154b 155b 23.4b 315b 118 b
P2 128b 205a 21.3a 316a 28.0a 408a 54.2a 209 a
M.26 155a 15.7b 21.7a 29.4a 271a 40.2a 55.2a 204 a
Yield per hectare

P22 20a 30a 18b 28b 27a 49a 65a 237 a
P2 13c 21b 22a 33a 29a 43a 56b 217 b
M.26 16b 16c 22a 3lab 28a 42a 57hb 212 b

Effect of tree type; mean of different rootstocks:

Yield per tree

one-year-olds, planted in 1991 1854 185a 19.0a 28.6a 23.4ab34.6a 49.8a 192 a
two-year-olds I, planted in 1992 13.6b 18.1a 17.3a 27.2a 26.8a 40.1a 52.7a 196 a
two-year-olds Il, planted in 1992 10.4c¢ 15.7a 17.0a 24.1ab22.2b 27.4b 43.7b 160 b
one-year-olds, planted in 1992 8.0d 15.2a 15.8a 22.0b 21.6b 37.0a 41.7b 161 b
Yield per hectare

one-year-olds, planted in 1991 24a 25a 23a 35a 27a 43bc 62a 239 a
two-year-olds I, planted in 1992 17b 25a 2la 33a 3l1a 52a 67a 246 a
two-year-olds Il, planted in 1992 14b 21b 2l1a 29ab 26a 36c¢c b56a 203 b
one-year-olds, plantedin 1992 11c¢ 20b 19a 27b 26a 47ab 54a 204 b

! For explanations see Table 1

Yield of different tree types, expressed eithekgnper tree or in tons per hectare, did not ditfery
much. In the first year of bearing the highestdietas harvested from trees planted one year etolier
the orchard. One-year-old maidens planted in 198% ghe lowest early yield. Nevertheless, in
successive years they gave similar or higher yieklswo-year-old “knip-boom” trees planted at the
same time. The cumulative yield (1994-2001) wasdigrom trees planted in 1991 as maidens or
from planted in 1992 as two-year-olds with a 2-y&ldrcrown (trained in the nursery without heading
back) than from planted in 1992 as two-year-oldgknmoom* trees or as one-year-old maidens.

The cropping efficiency coefficient depended omerxmental factors and obviously was
related to the tree vigour (Table 3).

Table 3. Cropping efficiency coefficient for thesti year of bearing, for the successive biennial
periods and for 7 years of bearing, kgTm

1994/ 1996-97/ 1998-99/ 2000-01/ 1994-2001/
TCSA 1994 TCSA 1996 TCSA 1998 TCSA 2000 TCSA 2001
Effect of rootstock; mean of different tree types:

Factor

P22 1114 1.63 a 1.76 a 211a 453 a
P2 0.93 a 1.46 a 159a 1.43b 3.22b
M.26 0.95 a 1.16 b 131b 1.16 c 2.56 ¢
Effect of tree type; mean of different rootstocks:

one-year-olds, planted in 1991 1.16 & 1.28b 131b 1.28¢c 298¢
two-year-olds I, planted in 1992  0.97 b 1.39 ab 1.60 ab 1.64b 3.47b
two-year-olds Il, planted in 1992 0.94 b 1.34b 146 b 131c 3.01c
one-year-olds, planted in 1992 091b 1.66 a 1.84a 2.02 a 4.25a

! For explanations see Table 1
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The CEC, expressed as kg of yield pef aftrunk cross-sectional area, calculated after te
growing seasons, was the highest for trees on dwpefing P 22, significantly lower on P 2 and the
lowest on M.26. Concerning tree type, the highds€CQvas noted for maiden trees planted in 1992.
The smallest values of CEC were found for one-yadrtrees planted in 1991and two-year-olds
trained as “knip-boom”, planted in 1992.

The highest mean fruit mass was recorded in 20@®Y2- g, on the average of different
rootstocks and tree types (Table 4). This was duéow yield caused by spring frost damage.
Rootstock significantly affected mean fruit massiriost years of studyonagoldfruits from trees on
P 22 were smaller than fruit from trees on M.26Pa2. Tree type significantly influenced fruit mass
only in the first years and differences were ratraall. Neither rootstock nor the tree type had any
effect on fruit firmness (Table 5).

Table 4. Mean fruit mass in successive years aachge for 7 years of the study, g

Years Average
Factor 1994 1996 1997 1998 1999 2000 200 1090%
Effect of rootstock; mean of different tree types:
P22 1400 186b 217b 190b 209b 36lc 226a 218 b
P2 150a 214a 233a 209a 236a 373ba 237a 236 a
M.26 151a 206a 237a 206a 236a 384a 247a 238 a

Effect of tree type; mean of different rootstocks:

one-year-olds, planted in 1991 1348 214a 24l1a 203a 228a 380a 232a 233 a
two-year-olds I, planted in 1992 150b 204b 223b 197a 232a 375a 240a 231l a
two-year-olds Il, planted in 1992 150a 195b 223 b 198a 229a 371a 238a 229 a
one-year-olds, planted in 1992 154a 195b 229ab 205a 219a 364a 238a 229 a

! For explanations see Table 1

Table 5. Fruit firmness at harvest time in suceesgears, %

Years
1994 1996 1997 1998 1999 2000 2001
Effect of rootstock; mean of different tree types:

Factor

P 22 6.18 6.9a 7.2a 6.5a 7.6a 7.6a 6,0 a
P2 6.3a 6.8 a 6.9b 6.la 74ab 75a 59a
M.26 59b 6.9 a 6.9b 6.3a 7.2b 7.6a 59a

Effect of tree type; mean of different rootstocks:

one-year-olds, planted in 1991 59a 6.8a 6.8b 6.2a 7.4 a 45a 59a
two-year-olds I, planted in 1992 6.1 a 6.8a 7.0a 6.5a 7.4 a 76a 6.1la
two-year-olds Il, planted in 1992 6.1a 6.9a 7.0a 6.2a 7.4 a 7.7a 59a
one-year-olds, planted in 1992 6.2a 6.9a 7.2a 6.2a 7.5a 7.6a 59a
! For explanations see Table 1

Discussion

The results of this study confirmed the opinion SKrzynski and Poniedziatek (1999);
Sadowskiet al. (1999) and Jadczuk (2000) that using a dwarfowistock for vigorous cultivar, like
Jonagold, is the most efficient method for obtaingarly and regular bearing as well for a long-term
control of tree vigour. According to Van Oosten &Y rootstock effect on growth in the orchard may
be different than in the nursery. In our study, thigial tree growth was also similar and the
differences in vigour increased with tree age. dJakl@and Bogdanowicz (1995) and Jadczuk (1997)
summarising the effects of rootstock on growth erapping of this cultivar trees in the first yeans
the orchard reported that trees on P 22 were lggsous but gave earlier and higher yieldbis
tendency was apparent during ten years of treetprolwees on this rootstock were the smallest and
hence gave the lowest yield per tree; however #iwyved the highest productivity; expressed as the
highest yield per hectare and the highest cropeffigency coefficient, compared to those on P & an
M.26. The same was reported by Skiski and Poniedzialek (1999); Jadczuk (2000) and
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Napiorkowskiet al (2002). The long-term study has shown that 'Joldhgpples from trees on P 22
were the smallest. This is in accordance with ghi@ion of Ystaas and Frgynes (1993); Jadczuk and
Wilosek Stangret (1999) and Pietramtlal. (2000).

The results obtained confirmed that along with uBe of dwarfing rootstock, quality of nursery
stock used for planting is a major factor deterngnéarly bearing and adequate tree growth (Jadczuk
and Bogdanowicz, 1995; Sadowsial, 1997; Jadczuk, 2000 and Sadowvakal., 2000). In general,
growth, yielding and fruit quality of ‘Jonagold'@e trees were affected by planting stock. Comgarin
one-year-old feathered maidens planted in sprir@l1®nd in spring 1992, it was found that trees
planted one year earlier were the largest and thst productive. The differences were also noted
between the trees planted in the same year (189®)e first years of in the orchard the two-yeklt-o
trees apparently surpass the one-year-old maigeospping (Jadczuk and Bogdanowicz, 1995 and
Jadczuk, 1997; Sadowsdd al, 2000). Later the differences due to the agdadftpd trees were not so
evident but differences due to the tree type weoeenaccentuated. Basing on the results of seven
years of bearing the two-year-old trees with a fiwar old crown (maidens left for th& $ear in the
nursery without heading back), planted in sprin@2,Qjave the highest yield per tree and per hectare
cropping of trees trained in th& $ear of nursery as “knip-boom” was only slightbyer. It is in line
with previous reports of Jadczuk (2000) and Namdkki et al. (2002). The used tree types have no
significantly effect on fruit quality, as it hasésereported by Oosten and Westerlaken (1981).

Conclusions

Rootstock and type of nursery trees used for tiplgnsignificantly affect the growth of
‘Jonagold' apple trees.

For intensive orchard and very vigorous cultivéike 'Jonagold’, planted on a fertile soil, P 22
may provide a for optimal tree vigour.

Planting one-year-old maidens one year earligr pravide a similar effect, in terms of tree
growth and cropping, as leaving the same tredseimtirsery and planting them one year later.

In general, two-year-old trees should be pretefic the establishment of intensive apple
orchards.
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IMPROVEMENT OF AFTER-RIPENING AND GERMINATION OF AP PLE AND PEAR
SEEDS
PECBRIEDES UN DIGTSPEJAS UZLABOSANA ABELU UN BUMBIERU SEKL AM

Pitera E. and Odziemkowski S.
Department of Pomology and Basic Natural Science$orticulture Warsaw Agricultural University — S®G
Nowoursynowska 159, 02-776 Warsaw, Poland.

Kopsavilkums

Petijuma nerkis bija noertét sjenu audzSanas jauno metodi, kura izveidota VarSavas
Lauksaimnietbas Universite. Sirnu 'Golden Delicious', 'Ligol' uhMelrosé krustojumuaboli tika
ievakti oktobr un glalati 2-3°C lidz febrarim. Tad sklas izdaitas noaboliem un iestas kasts ar
mitru sfagnu 8nu substtu, kurs bagtinats ar baibas vieim. Ss kastes novietotas 2-3°C temparat
uz 59 dieam un tad prvietotas uz neapkurdmu pkves seguma silturiicu. DigSanas spars igstets
ka vidgjais dienu skaits, kur$ nepiecieSanidg digllapu izdgSanai. kdzgi petijumi tika veikti af ar
bumbieriem, kuru &las tika ie@tas nocetriemPyrus communi&. un Pyrus pyrifoliaNakai &irnu
krustojumiemAbekm 86.7-97.1% &klu sadga vidji 2.5 - 4.2 diedis. Metode afita par pierarotu.

Abstract

The aim of this study was to assess the suitalufitg new method of after-ripening of apple
seeds, developed at the Warsaw Agricultural Unitxerfor raising seedlings in a breeding process.
Apples of 'Golden Delicious’, 'Ligol' andMelroseé, obtained from twelve different cross
combinations, were harvested in October and star@d3°C till February. Then seeds were removed
from fruits and sown individually in trays filledith moist sphagnum peat, enriched with nutrients.
Trays were placed in cold storage at 2-3°C for &9sdand then transferred to an unheated plastic
tunnel. Germination was recorded daily and gernonatate expressed as an average number of days
required for emergence of cotyledons. A similaatmeent was applied to pear seeds obtained from
four interspecific cross combinations, involvingltauars belonging toPyrus communid.. and to
Pyrus pyrifolia Nakai. In total, 2880 apple and 960 pear seed® werestigated. Percentage of
germinating apple and pear seeds was high (8612497 Seeds germinated very fast, within 2.5-4.2
days. The presented method is easy to apply, dotesequire drying of seeds and provides a high
output of seedlings in a short time after strasifion.

Keywords: apple cultivars, breeding, pear hybrids, aftpening, stratification, seed
germination

Introduction

Seeds of woody plants are often heterogeneousspece to the length of dormancy period
(Nielsen, 1988). Suszka (1989) found that for gaetion of undried seeds of crab applédalus
sylvestrisMill.) a 14-week stratification at 3°C was needeldile for dried seeds — 15 weeks. When
stratification at 3°C was continued, more than 3f#riminated within 6 weeks. Czynczgkal (1974)
showed that length of dormancy of 'Antonovka' sediflesred between years; from 70 to 86 days were
needed for the stratification of dry seeds fortstgrgermination. Considerable differences in the
length of the seed dormancy period present a prolite production of seedlings. Conventionally
stratified seeds sown outdoors do not overcome aocgncompletely. High temperature and dry soill
can induce the secondary dormancy of such seedwifkki and Zagaja, 1974). To prevent this
undesirable phenomenon, in some apple breedingrgroges seeds are inspected during
stratification. The germinating ones are sown agdrin a greenhouse (B&k, 2000). Modifications
of stratification treatment of seeds were alsoieg[Tylkowski, 1978; Lateuet al, 2000).

A new method of after-ripening of apple seeds, tathpo the production of seedlings in an
unheated plastic tunnel, has been developed aD#partment of Pomology and Basic Natural
Sciences of the WAU (Pitera, 2003; Pitexaal, 2004). The main advantage of this method, in
comparison to the conventional stratification hattpractically all the seeds overcome dormanag. It
very easy to apply, does not require the dryinthefseeds and allows to obtain a high percentage of

109



AGRONOMIJAS VESTIS (Latvian Journal of Agronomy), No. 9, LLU, 200

seedlings in a short time after stratification. Eim of the experiment, conducted in the years 2004
and 2005 was to assess the suitability of this agkfbr raising apple and pear seedlings in a bneedi
programme. Pear seeds obtained from interspecdgses of cultivard. communigindP. pyrifolia)
have never been investigated in Poland.

Materials and Methods

Apples of '‘Golden Delicious’, 'Ligol' andMelrose, obtained from 12 different cross
combinations, were harvested on October 7, 2004stordd at 2°C till February 14, 2005 (Table 1).
Then the seeds were removed from the fruits andvichéally sown in trays filled with moist
sphagnum peat enriched with nutrients. Trays wéaeepl in cold storage at 263 for 59 days (till
April 14, 2005). A similar stratification treatmentas applied to pear seeds. It differed only in the
harvest date and length of fruit storage. Fruitsewabtained from 4 interspecific cross combinations
between 'ConferencePyrus communjsand 'Chojurq' 'Hosui' and 'Shinseiki' Asian pear®yrus
pyrifolia) — Table 2. Fruits were harvested on Septembef QHojurd), and September 22, 2004
(‘Conference’) Seeds were stratified for 59 days in the same veawpple seeds. The length of
stratification of seeds in cold storage was esthbli according to previous experiments (Pigtral.,
2004).

All trays with apple and pear seeds were trangfleore April 15 from cold storage to an unheated
plastic tunnel. The stratification treatment cotesisof 4 replications, each of 60 seeds. The 238D
seeds of apple and 960 pear seeds were investigéttedgermination of seeds was recorded when
cotyledons emerged above the substrate and theinggion rate were expressed as an average
number of days required for germination of a s@éuk germinating seeds were recorded daily. The
results were elaborated by analysis of variance Jignificance of differences between treatment
means was evaluated using the Newman-Keuls test0ad5.

Results and Discussion
The results, presented in Table 1 and 2, show la tnigvery high percentage of germinated
apple and pear seeds, ranging from 86.7% ('Melro%&ala") to 97.1% ('Ligol' x U 6407). Out of nine
pollinators used for 'Melrose', only 'Gala’ resdlte a significantly lower (by 9.3%) germination of
'‘Melrose' seeds, in comparison to the 'Melroselsebtained from pollination with 'Sawa'.
The cumulative germination percentage of pear seddained from four interspecific cross
combinations was high ranging from 90.7 to 93.1%0(€ 1).

Table 1. Percentage of apple seeds germinated umlagated plastic tunnel — after extraction from
fruits stored at 2 -3°@nd stratification in trays for 59 days at 2 -3°C

Seed Germinated seeds, Germination

Cross combinations Harvest date

number % rate, No. of days

Golden Delicious x U 6407 240 96.3b 42c¢ Oct. 7, 2004
Ligol x U 6407 240 97.1b 3.8 bc Oct. 7, 2004
Ligol x U 641 240 96.7b 40c Oct. 7, 2004
Melrose x Gala 240 86.7 a 40c Oct. 7, 2004
Melrose x Gala Must 240 87.9 ab 40c Oct. 7, 2004
Melrose x ldared 240 94.6 ab 2.7 a Oct. 7, 2004
Melrose x Mclintosh 240 90.0 ab 26a Oct. 7, 2004
Melrose x Rajka 240 87.9 ab 3.3Db Oct. 7, 2004
Melrose x Rubin 240 93.8 ab 3.2b Oct. 7, 2004
Melrose x Sawa 240 96.0b 3.3b Oct. 7, 2004
Melrose x U 641 240 93.8 ab 2.6a Oct. 7, 2004
Melrose x U 7156 240 90.7 ab 40c Oct. 7, 2004

! Mean separation by Newman-Keuls testy=0.05.

The percentage of germination of 'ConferenBe'dommunisseeds was not influenced by Asian
pear P. pyrifolid): cultivars 'Chojuro’, 'Hosui' and 'Shinseiki',edsas pollinators. Germination
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percentage of seeds of Asian pear 'Chojuro’ padloshy 'Conference’ was very similar to that ofdsee
of 'Conference' pollinated by Asian pear cultivars.

Table 2. Percentage of germinated pear seeds imlagated plastic tunnel — after extraction from
fruits stored at 2 -3°@nd stratification in trays for 59 days at 2-3°C

Seeds Germinated seeds Germination rate

Cross combinations number (%) (No. of days) Harvest date
Chojuro x Conference 240 91.3a 25a Sep. 14, 2004
Conference x Chojuro 240 91.8a 29ab Sep. 224 200
Conference x Shineseiki 174 90.7 a 2.7a Sep.(X 2
Conference x Hosui 240 93.1a 3.2b Sep. 22, 2004

! For explanations see table 1

Apple and pear seeds germinated fast after trarisfer cold storage to the unheated plastic
tunnel (Fig. 1 and 2). Average day & night temperes during first six days after sowing ranged from
14 to 18C. Germination rate was low (2.5-4.2 days) ancugriced by some pollinators (Table 1 and
2).

Cumulative,¥

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Days
—— Golden Delicious x U 6407 —7/— Melrose x Sawa
—&— Melrose x Rajka —X== Melrose x |dared
—@— Melrose x U 641 =—{J—Ligol x U 641

—¥— mean day and night temperature

Figure 1. Cumulative seed germination of selecpgaleaprogenies

The percentage of germination of seeds of 12 agpde4 pear progenies (from interspecific crosses)
was high and very high. The new method of afteeiipg has proved to be useful in conventional
apple and pear breeding. It can be also used iprbduction of rootstocks (Odziemkowsd al,
2004). The main advantage of this method, in corsparto the conventional one, is that practically
all seeds overcome dormancy. This was possibleusecseeds were stratified after individual sowing
in trays filled with moist sphagnum peat. The proeagth of stratification must ensure the breaking
of the dormancy of all seeds. In the course oftifitration at 2-3C, seeds with short dormancy
germinated in the tray below the surface of theiomad Tylkowski, 1978; Piterat al, 2004). In our
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experiment 59 days of stratification was enoughbi@aking the dormancy of most seeds, because
after transferring them to the plastic tunnel tiggyminated in a short time. The temperature in the
plastic tunnel was relatively high (Figure 1 and 2)
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Figure 2. Cumulative seed germination of pear pnaggefrom interspecific crosses

The shorter stratification than used by other beegdnay be explained by the treatment of seeds in
fruits during storage at 2-G. Seeds from fruits stored at that temperaturel meshorter period of
stratification than dry seeds (Bartlett, 1961; Grat al, 1969; Pitera and Odziemkowski, 2003).
Tylkowski (1978) used a similar method of strasiion for determining true germinability of dry
seeds. He showed that the highest percentage mirggion of 'Antonovka' seeds was obtained when
they were transferred to a temperature ofC1&fter 80 days at'@. Lateuret al (2000) stratified
individual apple seeds in humid peat pots for 9sda 3-4C; however, he used dry seeds.

Conclusions

A method of after-ripening of seeds presented im éRperiment is useful in the production of
apple and pear seedlings. It is easy to apply,doesquire the drying of seeds and ensures a high
output of seedlings in a short time after stragifion.
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REDUCTION OF THE TREE PRODUCTION CYCLE OF IN VITRO PROPAGATED
STANLEY PLUM CULTIVAR AND THE TREE BEHAVIOUR IN AN  ORCHARD.
1.GROWTH BEHAVIOUR
"STANLEY" PL UMJU PAVAIROSANAS CIKLA SA ISINASANA, IZMANTOJOT
PAVAIROSANU IN VITRO, UN KOKU I1ZV ERTEJUMS DARZA: 1. AUGUMA PARAMETRI

Popov S.K.
Fruitgrowing Institute, Ostromila 12, Plovdiv, Balga.

Kopsavilkums

Plamju &irnes "Stanley’ patsald stdi, kuri pavairotiin vitro tika audzti kokaudZtava
vienu un divus gadus&Bjuma nerkis - noteikt pierdrotako metodiatrakai s&du ieguvei satizinot ar
tradiciorali audztiem (acotiem) gdiem. Tika uzskaiti un \ertéti sekojoSi parametri: stumbra
skersgriezuma laukums, vainaga tilpums, vainaga poigk laukums un koka augstums. Zarojuma
strukfira tika noertéta ki ikgackjais procentalais pieaugums. Stumbre&&sgriezuma laukums
batiski neat&iras starp variantiem. Tradicial pavairotajiem kokiem bija maki vainagi. Audzarigu
skaits bija lieiks mikroklorali pavairotajiem stdiem ar sssinato audz3anas ciklu (viengadajiem).

Abstract

Own-rooted planting material growth and developnierdn orchard were studied. An object
of the experiment was the plum cv. Stanley producedtro and further grown in a nursery for one
and two years, respectively. The aim of the stu@g W evaluate the possibility of establishing a
plantation with micropropagated plants producedrdgucing the period of further growing in the
nursery. Their growth habits were compared to tpresluced traditionally by grafting and to own-
rooted trees produced vitro and further grown in a nursery for two years. Thkowing indices
were reported: the increase of the trunk crosseseetrea, the crown volume, its projection area and
the tree height. The structure of the shoots whslledied as a percentage of the total annual growth
Tree trunk thickening did not differ significantly the years of study for all the three variantse T
trees of the control variant had smaller crowns pamd to the two own-rooted variants. In the
structure of the fruiting wood, the number of theitfspurs was bigger in the micropropagated trees
produced by reducing the cycle.

Key words: micropropagation, own-root, fruit tree, growth, plubehavior.

Introduction

The production technology of plum cultivar plantimgterial by grafting is carried out by a
two-year production cycle preceded by the produactib seedling rootstocks in a seedling nursery.
The application of thdan vitro method in agriculture offers some advantages uit fspecies
propagation compared to the conventional technoldgye most significant thing in an economic
aspect is the possibility of reducing the produttoycle (Zimmerman, 1988). Propagation of own-
rooted fruit cultivars by thén vitro method combined with shortening of the technolalgaycle for
further growing of the adapted microplants offeesiropportunities for reducing the production
expenses and lowering the price of the plantingenadt The results of the experiments for reducing
the production cycle in obtaining planting mateoélcultivar Stanley produced by micropropagation
and further grown in a nursery only for a year, avgositive. The technology provided the opportunity
of reducing the production expenses of the ownewatees (in press). It was necessary to evalbate t
behavior of the planting material, produced by iy the cycle, in an orchard.

Materials and Methods

The study was carried out in the fields of the F@iiowing Institute — Plovdiv in the period
1993-2004. The object of the experiment was thengultivar Stanley. Own-rooted micropropagated
trees (produced without grafting), further grownamursery for only one vegetation period, were
studied. Trees further grown in a nursery for tveang and trees grafted on the seedling rootstock
Janka 4 Prunus cerasiferd&hrh.) obtained by the traditional technology doafted fruit tree planting
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material, were produced and planted on the expetmhelot for control. The explants and the
cuttings for grafting were collected from the samees planted and grown for that purpose. The trees
were planted at 6 m distance between the rows amddistance within the rows. The experimental
plot was grown under irrigation conditions; the @paetween the rows was periodically tilled.
Pruning was very slight — only in the first yearfortraining of free growing crown. Stem thickegjn
the crown size and height were measured duringtatge. The trunk cross-section area, the crown
volume and the projection area were calculated. grbesth size and its structure during the first two
years in the plantation were evaluated for the wiiaes, in the following years the information was
collected only from one skeleton branch. The molqgdioal characteristics were visually observed for
detecting any eventual changes caused by the mettgrdpagation.

Data were statistically analysed by using Anovingle factor and Duncan test.

Results and Discussion

Tree stem thickening did not differ significantlyrthg the years of the study for all the three
variants (Fig. 1). Stem thickening reflecting thewgth characteristics of the variants during the
different vegetation periods were insignificantt still, in favor of the control trees. The stem
thickening of the micropropagated trees, plantetth Wieir one-year old root system, was like those
further grown in the nursery for two years. At tbed of the investigation period the stem size
proportion between separate variants was the s#aeat the end of the first vegetation. The
differences in the tree stem size of all threeards were statistically insignificant.
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Figure 1. Stem diameter of micropropagated ownewdtees produced by reducing the cycle and of
grafted trees of cv. ‘Stanley’

The trees grown by reducing the production cycle adigger crown volume until the beginning of
fruiting and in the first two years of initial frung, in comparison to those variants where trees2w
further grown in the nursery for two years (Fig. 23 the period of study the crowns of
micropropagated trees were also bigger in comparisahe trees of the control variant, grafted on
Janka 4. Five years later the own-rooted treebdugrown in a nursery for two years were of a bigg
size compared to the trees of the other two vasjahe tendency was maintained till the end of the
investigation. Thus the trees of the control variaad smaller crowns than those of the two own-
rooted tree variants, what coincide to the opirebrraberet al. (2002). Concerning this parameter,
our results did not confirmed findings of Sansaenal (1990) about own-rooted trees of Obilnaya
cultivar. According to their studies the own-rootedes in the seventh year after planting in the
orchard had 40 % weaker growth in comparison tedhgrafted on Myrobalan.
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Figure 2. Grown volume of micropropagated own-rddtees produced by reducing the cycle and of
grafted trees of cv. ‘Stanley’

The biggest crown projection area was observethforyounger own-rooted trees (Fig. 3) in all years
of investigation, except the last year. It was ltesufrom the bigger values of the mean shoot lengt
and their number. The early beginning of fruitingoahad an effect on the crown projection area,
because the branches of those trees declined thredeseight of the fruits. The angle of bendinglud t

skeleton branches had also important influencey Mnere more obtuse in comparison to the angle
measured in the other own-rooted variant, as weltcathe angle measured in the control. That
contributed additionally to reaching higher valudsthe crown projection area in the trees further

grown following the reduced production cycle. Thadency was maintained until the last two years
of the tree recultivation.
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Figure 3. Crown projection area of micropropagated-rooted trees produced by reducing the cycle
and of grafted trees of cv. ‘Stanley’

During the first years the trees of the controliasatrgrew more vigorous in comparison with the own-

rooted trees of the two other variants. Concernimg characteristics, the year younger own-rooted
trees occupied an intermediate position. The ovatea plants grown further in a nursery for two
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years were of the less vigorous habit in the fliste years of cultivation later at the second bhthe
period of investigation they grew significantly fexs As a result of the most vigorous habit, thetr
crown volume in this variant was also bigger budid not affect the crown projection area. It shows
that the crown volume is more dependent on the lie2ght rather than on the tree spacing in and
between the rows. Similar to the results of anothgreriment (Popoet al., 2000) the own-rooted
micropropagated trees had more obtuse angles dfrigeof the skeleton branches at the lowest crown
layer. It was very obviously expressed in the trgr@svn in the nursery for a shorter period. Propabl
this tendency was additionally intensified by theitfweight in second vegetation after establishing
the experimental fields.

Both, the traditionally produced trees and the @aated ones grown for the one year in the
nursery, had twice vigorous growth of the shootsamparison to the trees grown in the nursery for
two years after micropropagation. During the secaegktation season the total length of the shoots i
the variant produced for a year surpassed signtificall the rest and the growth shoot length @ th
trees of the other own-rooted variant was the sasnef the grafted trees. The bigger total length of
the shoots of the own-rooted trees was causedéyeklielopment of significantly higher number of
shoots during the second vegetation. In the thirar yf field cultivation, the growth increase ireth
control trees was significantly higher in companido the trees of the reduced production cycle and
almost twice higher than in the other own-rootedard.

The intensive tree growth continuing in the secgedr of the fruiting was at the expense of their
shoots. In all the three variants the share oftiyyzd of shoots was the same and it formed twalshir
of the sum total of the annual growth (Fig. 4).tie control trees the initiation of the feathersswa
expressed stronger in comparison with the own-cbtrees.

in vitro 1 year old in vitro 2 years old

elongate
spurs
11%
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8%

On Pr. cerasifera
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5% 3% || 9%
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Figure 4. Structure of the annual growth of micoggargated own-rooted trees produced by reducing
the cycle and of grafted trees of cv. ‘Stanleytha first years of cultivation in an orchard

Conclusions

Tree stem thickening in all the three variants wiid differ significantly during the years of
study.

The own-rooted trees grown in a nursery for tworgdarmed more volume crowns than
those grafted on Janka Br( cerasiferd and trees produced by reducing the cycle. Thidegrcy was
maintained until the end of the investigation peridhe trees of the control variant produced by
grafting on a seedling rootstock had smaller croeompared to both own-rooted variants.

117



AGRONOMIJAS VESTIS (Latvian Journal of Agronomy), No. 9, LLU, 20

The skeleton branches of the own-rooted microprajealtrees spread into more obtuse
angles. That was more expressed in the trees damvenshorter period in the nursery.
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REDUCTION OF THE TREE PRODUCTION CYCLE OF IN VITRO PROPAGATED
STANLEY PLUM CULTIVAR AND THE TREE BEHAVIOUR IN AN  ORCHARD.
2. REPRODUCTIVE BEHAVIOR
STANLEY PL UMJU PAVAIROSANAS CIKLA SA ISINASANA, IZMANTOJOT
PAVAIROSANU IN VITRO UN KOKU 1ZV ERTEJUMS DARZA: 2.REPRODUKTIVIE
PARAMETRI

Popov S.K.
Fruitgrowing Institute, Ostromila 12, Plovdiv, Balga.

Kopsavilkums

Viengadgi un divgadgi mikroklorali pavairoti pimju &irnes "Stanley™ &t tika saldzinati
ar tradicionli pavairotiem sidiem, kuri acoti uz potcelma JankaR¥nus cerasifer&hrh.). Merkis -
nowertét razu un ekonomisko efektiatt darza. Tika iz\erteti sekojoSi parametri: razoSanaksms,
raza un razas efektigie izteikta k& razas un stumbr&&sgriezuma laukuma attidoa, K af razas un
vainaga projekcijas laukuma attiba. Sasinata stdu audzSanas cikl iegitie mikropavairotie gdi
saka raZot otraj gadi, tapat ka acotie, bet tiem bija mak audu un pirmad razas ga@ ziedpumpuri
bija izvietoti zaru galos. Patsak kokiem bija zerika raza, satizinot ar acotajiem. RaZas efektiv
augsika bija mikropavairotajiem aliem.

Abstract

The study was carried out on the reproductive biebawf own-rooted micropropagated trees
of ‘Stanley’ plum cultivar grown for only a year anursery. Traditionally produced trees grafted on
the seedling rootstock Janka RBrnus cerasifereEhrh.) as well aén vitro propagated trees of the
same cultivar, but grown in the nursery for two etegion periods, were planted for comparison. The
aim of the study was to establish the reproducivg economic qualities of the micropropagated own-
rooted planting material produced by reducing theecand to evaluate the possibility of establighin
fruit orchards from these plants. The following idweristics were observed: beginning of fruiting,
yield, biometric indices and fruit production eféocy expressed as yield to trunk cross-sectioa are
and to crown projection area ratios. The treesiodtaby reducing the production cycle began to bear
fruits during the second vegetation like graftexbs. They had less fruit buds per tree compardtkto
grafted ones and the buds were located in the lgpgcts of the shoots. Such juvenile behaviour was
observed only for the first year after the begignof fruiting. The own-rooted trees were less fetit
comparison to the grafted ones. However, there wmeraifferences in fruit quality and in the
biometric indices. The efficient productivity calated on the basis of the trunk cross-section angla
the crown projection area was higher than thahefttaditionally produced trees.

Keywaords: micropropagation, own-root, fruit tree, yieldupi, behavior.

Introduction

The efficiency of a plantation is determined by trveduction value and the price of the
planting material, as well as by the economic testd¢pending on the reproductive behaviour of the
trees used. Thia vitro method is a modern approach in the propagationaistocks and own-rooted
cultivars of species for which the traditional nmeadh proved to be difficult to apply or inapplicalalie
all. Reducing the nursery production cycle of miropagated own-rooted trees of Stanley cultivar is
a fact and the application of this technology iagtice enabled the establishment of orchards using
such planting material. Its behavior in orchard waknown. Therefore necessity of the studies ig thi
question was defined.
In the results of some investigations delayed begm of fruiting was reportedCpbianchiet al,
1988). The lower yields resulting from the pooreovgth were underlined as the problem of using
micropropagated own-rooted trees. Because of tharepogrowth of that type of trees their
productivity was higher in comparison with the g¢edf ones Cobianchiet al, 1993; Sansaviret al.,
1990). Fabeket al. (2002) reported that the productivity of the ttewmhally produced trees of Stanley
cultivar was higher. The differences in the repntesults as well as the use of planting material
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produced by the reduced cycle gave us the thealdtise for carrying out the presented study.itibs a
was to show the effect of reducing the productigole by a year on the reproductive behavior of
own-rooted micropropagated trees in comparison thightrees grown in the nursery for two years and
the traditionally obtained trees by grafting on seedling rootstocks.

Materials and Methods

The study was carried out in the fields of the F@iiowing Institute — Plovdiv in the period
1993-2004. The object of the experiment was thenpdu. Stanley. Own-rooted micropropagated trees
(produced without grafting), grown in a nursery fmly one vegetation period, were studied. Trees
grown in a nursery for two years and trees graftedthe seedling rootstock Janka Brynus
cerasiferaEhrh.) obtained by the traditional technology @pafted fruit tree planting material, were
produced and planted on the experimental plot émtrol. The explants and the cuttings for grafting
were collected from the same trees planted andrgfowthat purpose. The trees were planted at 6 m
distance between the rows and 4 m distance witi@raws. The experimental plot was grown under
irrigation conditions, the space between the roves weriodically tilled in accordance with the
technological requirements for fruit productionufing was very slight — only in the first yearsor f
training of free growing crown. Stem thickeninge torown size and height were measured during
vegetation. The following indices were reportedgibaing of fruiting, yield per tree and total yield
for the period, productivity on the basis of thenk cross-section area and the crown projectioa, are
as well as fruit quality expressed by fruit andhstdiometry. The morphological characteristics were
visually observed for detecting any eventual chamgsulting from the method of propagation.
Data were statistically processed by applying Anewingle factor and the Duncan test.

Results and Discussion

First flowering was reported during the second tatin after planting in the spring of 1993.
All the three variants had flower buds. In the mpmopagated variants the flowering trees were 66.7
68.8 % for those produced for one and those prabfaretwo years, respectively, while 93.3 % of all
the grafted trees had flowers. The own-rooted tfeared 4 to 5 times less flower buds than those
grafted on the seedling rootstock JankaPd ¢erasiferaEhrh). At the end of the vegetation single
fruits were also reported in 60 % of the graftezes and in 13.3 and 25 % of the own-roateditro
propagated trees, grown in a nursery for one anthfo years, respectively.
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Figurel. Fruit yield of micropropagated own-rootexbs of cv. ‘Stanley’produced by reducing the
nursery cycle
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The own-rooted trees had flowers located in theagart of the shoots, a fact typical of the juleen
seedling plants. That was observed only in the fiear of flowering. By the fertility index the own
rooted micropropagated trees of both variantskielind the traditionally produced ones. The bigger
number of flowers in the first years after the lo@gig of fruiting brought the higher yields perdrna

the variant with grafted trees. The tendency wasitai@ed until the end of the study period. Thesre
produced by reducing the nursery cycle were sigmibre fertile than the own-rooted ones grown for
two years in the nursery with the exception ofykar 1997. Maximal yields per tree were obtained -
72.2 kg, 67.8 kg and 61.4 kg, respectively, from ghafted trees, the own-rooted trees grown for one
and for two years in a nursery (Fig. 1).

The total yield per tree for the period of inveatign was the highest for the traditionally
produced - 272.8 kg versus 221.8 kg and 210.3 kthéotrees produced by reducing the nursery cycle
and for those grown for two years in the nurseegpectively. The yields calculated as a ratio & th
trunk cross-section area (Fig. 2) and to the crpvajection area (Fig. 3) showed that the traditiigna
produced trees had higher values of productiortieficy at the end of the period. The differences
were statistically insignificant.
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Figure 3. Productivity according to crown projeatiarea, kg M

121



AGRONOMIJAS VESTIS (Latvian Journal of Agronomy), No. 9, LLU, 20

The average fruit mass for three years varied mifsigintly between 2.99 to 32.6 g (Fig. 4).
The fruits of the micropropagated trees were digiigger in comparison to the traditionally
produced, probably due to the smaller number afsfiper tree and, respectively, to the lower yield.
The fruit size expressed in grams correlated tostbae weight. No big differences among the three
variants were detected in the sizes of the fruitd stones. They were statistically insignificart. |
confirmes the lack of any pomological changes tesplfrom the propagation method and the
application of the original technology developedhat Fruit Growing Institute — Plovdiv. Variations
of the fruit and stone sizes increased with tréagaghe value of the variation coefficient abolo t
length of the fruit peduncle being almost twicehgigat the end of the period.
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Figure 4. Average weight of fruits and stones afnaopropagated own-rooted trees of cv. ‘Stanley’
plum produced by reducing the nursery cycle.

It should be mentioned that our results definitebpnfirmed the opinion of Sansaviai al. (1990)
about the fact that fruit quality was not affectedthe method of propagation and production of the
planting material. The visual observations on therphological characteristics of leaves, shoots,
flowers, period of flowering, fruit ripening andelseparate phenophases during vegetation also did
not show any differences between the trees prodimedifferent methods. The technology of
reducing the production cycle of the own-rootedrojicopagated trees can be applied in practice due
to the lower product cost and lower price of thanfihg material. However, at the establishing of
orchards it should be taken into account that thkely and productivity are slightly lower.

Conclusions

The micropropagated own-rooted trees grown for & ye a nursery, began to fruit in the
second vegetation after planting in the orchamjlar to the trees grown in the nursery for tworgea
and the trees grafted on seedling rootstocks.

The total yield per tree for the period of studyswhe highest for the traditionally produced
trees of Stanley cultivar. The own-rooted plantzdpiced by reducing the nursery cycle were slightly
more fertile than the trees of the other variarihwiicropropagated trees.

In the period of full fruiting pomological changas a result of the micropropagation were not
observed concerning the fruits and stones, which alao confirmed by the comparatively slight
differences in the biometric sizes.

The establishment of fruit orchards with plantingterial producech vitro and further grown
in a nursery for only a year is possible and nskyriat all. It should be kept in mind that the lowe
yield in both variants with own-rooted trees isaatfand it should not be neglected when making the
final decision.
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THE EFFECT OF ATMOSPHERIC CARBON DIOXIDE ENRICHMENT ON THE
GROWTH OF BLUEBERRY SOFTWOOD CUTTINGS
ATMOSFERAS CO, BAGATIN ASANAS IETEKME UZ KR UMMELLE NU LAPOTO
SPRAUDENU AUGSANU
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Kopsavilkums

Skirnu ‘Earlyblue’, ‘Spartan’, ‘Blueray’, un ‘Bluecropaugstcelmu mellenes/accinium
corymbosurni.) un savvéas suga Oobasunok¥gccinium smallj 2002. gad no 16. filija Iidz 14.
novembrim tika spraustas natkadras subsita un audztas augSanas kanaenormala atmoséras
gazu sasiva un paaugstidta (1000 mg 1) CO, koncenticija. Izméginajums tika frtraukts 2003.
gada 8. apli, atd@ikoties dzinumu aug3anai. Kongtat ka paaugstitta CG koncentécija pozitvi
ietekngjusi spraudeu augSanu — sprauglelabak salaojuSies, vaiik izdzvojusi, agek veidops
saknes, saknes glas un spcigak zarops dzinumi.

Abstract

Softwood cuttings of ‘Earlyblue’, ‘Spartan’, ‘Blugy’, and ‘Bluecrop’ cultivars of highbush
blueberry Yaccinium corymbosurn.) and those of the wild species Oobasunddcinium smallii
were planted in a moisture peat moss medium and gremn in growth chambers at ambient (current
atmospheric concentration) or elevated (1000 my letels of carbon dioxide from July 16 to
November 14, 2002 (leaf fall). The experiment wasshed on April 8, 2003 (new growth of shoots).
Comparing the two chambers, we found that carboridi enrichment had a definite positive effect
on the growth of blueberry softwood cuttings. THieas were manifested in improved rooting and
surrival ratios, earlier root induction, longer t®oand increased branch growth. It was concludad t
carbon dioxide application is a feasible meansafdrieving faster and mor efficient propagation of
highbush blueberry softwood cuttings.

Key words: CO, enrichment, highbush blueberry, propagation, saftvcuttings.

Introduction

Rising atmospheric carbon dioxide concentration bexsome a global problem (Hsiao and
Jackson, 1999). In 1998, the concentration of gbfmexic carbon dioxide gas in the air reached the
level of 368 mg I-1 (Mearns, 2000). The effectstid increased carbon dioxide concentration on
growth of rice plants and other agronomic and fosggecies are well documented (Lawkdr al.,
1991, Kimballet al., 2002). Sionitet al. (1980) reported that semi-dwarf spring wheat ungett-
watered conditions showed a 43% increase in tleeafatiller production and significant increases in
grain yield, total dry matter, and number and $ife¢he grains in response to atmospheric carbon
dioxide enrichment. Sionit (1983) also reportedt time limiting effect of nutrient supply could be
partly overcome by an increase in the atmospheaiiban dioxide concentration, as was shown in the
case of soybeans. Young bean plants were foundotw faster in air enriched with carbon dioxide
than in ambient carbon dioxide (Porter and Grodijrk983). Also, the leaf area and dry weight of
the bean plants and the starch content in the $eand stems were significantly increased by carbon
dioxide enrichment. Leaf thickness also respondwsitipely to carbon dioxide enrichment (Radoglou
and Jarvis, 1992). Scheidegger and Ndsberger (18843 that elevated carbon dioxide concentration
positively influenced the dry weight and the staestd sugar accumulation of white clover plants.
Rogerset al (1983) reported that corn, soybeans, loblollyepind sweetgum species responded with
increased yield and wood volume. Water-stresseetgum and loblolly pine plants grown in air with
elevated carbon dioxide concentration were founkiaize greater total dry weight (Tolley and Strain,
1984). Tissueet al. (1993) found that photosynthetic rates were higbefoblolly pine plants grown
at elevated carbon dioxide only when they recesuguplemental nitrogen. Carbon dioxide enrichment
increased the total dry weight by an average of 38w increased the number, length, diameter and
specific weight of the needles of Monterey pinediiags in studies by Conrogt al. (1986, 1987).
Carbon dioxide enrichment was reported to enhdmeagytowth of white oak seedlings by 85%, with
the greatest enhancement being in the root sysaech,to increase the proliferation of fine roots
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(Norbyet al, 1986). Fariaet al. (1996) reported that the leaves of cork oak growa carbon dioxide-
enriched atmosphere were protected from the short-effects of high temperature and that plants
grown in an atmosphere with elevated carbon dioxilecentration had positive net carbon uptake
rates during a heat shock treatment. They alsortegbthat their recovery after heat shock treatment
was faster than that of plants grown in ambientd@@ns. Radoglou and Jarvis (1990 a, b) reported
that four poplar clones responded positively tovated carbon dioxide with increases in the number
of leaves, total length of the stems, total leebaoverall growth rate, and total leaf, stem ad dry
weights. On the other hand, Norby and O’Neill (1pffund that an increase in dry weight of yellow
poplar seedlings, resulting from elevated carbaxide, occurred only in root systems. The increase
in total dry weight of carbon dioxide-enriched stvelgestnut seedlings was reported to be the rekult
an increase in root dry weight (Mousseau and End6B9). Glenn and Welker (1997) found that
increased root carbon dioxide resulted in increasetigrowth without increase in the shoot growth o
peach trees in soil and hydroponic systems.

Highbush blueberryMaccinium corymbosuiin.) propagation using softwood cuttings is less
successful than that of rabbiteye bluebeNy &sheiReade) because of the rooting difficulty of
highbush blueberry (Gough, 1994). On the other hancluding the chilling period, hardwood
cuttings of highbush blueberry need a longer grgvime than that required for the softwood cuttings
(Gough, 1994). Therefore, the aims of this studyewte establish methods to improve the rooting
efficiency of softwood cuttings by elevated carlwboxide levels and to shorten the nursery time of
blueberry clones.

Materials and Methods

A preliminary experiment was carried out from JidyApril in 2002, and a similar experiment
was carried out from Julyl6 to April 8 in 2003. Tiweo experiments were conducted under similar
conditions. Five cultivars were used in both experits: ‘Earlyblue’, ‘Spartan’, ‘Collins’, ‘Blueray’
and ‘Patriot’ were used in the first experimentg aBarlyblue’, ‘Spartan’, ‘Blueray’, and ‘Bluecrop’
cultivars of highbush and OobasunoWa¢cinium smallj, a wild species blueberry growing near the
Field Science Center of Tohoku University in Narukeere used in the second experiment. Fifty
softwood cuttings of each cultivar and 30 softwamgtings of Oobasunoki were inserted into
moisture peat-moss media in rooting boxes, andtxes were placed in growth chambers under a
carbon dioxide-enriched or an ambient atmosphere.chrbon dioxide concentration in the enriched
atmosphere chamber was about three-times higher ttiet in the ambient one (1000 mg I-1 on
average). These conditions were maintained duhiegtimmer and autumn periods until the falling of
leaves. In the second experiment, the first sagp® of the 50 cuttings (10 of the 30 cuttings for
Oobasunoki), was done on November 14, 2002. Atfitlse sampling, both the number of rooted
cuttings and the numbers of living cuttings wereirted and the lengths of the roots were also
measured. The rooting ratio and the survival rafieach cultivar were calculated, and the ratios of
cultivars grown in the carbon dioxide-enriched chamand the ratios of those grown in the ambient
chamber were compared. The second sampling was aftarefinishing the experiment in April. At
this time all of the previous indexes were recordmad the growth rates of new branches were
measured. Only the data obtained in the secondiexgra are shown in this report because the results
of the two experiments were similar.

Results and Discussion

Number of rooted cuttings and rooting ratio

The softwood cuttings of blueberry treated at @éigcarbon dioxide concentration showed a
greater number of rooted cuttings (data not shaawma) also a higher rooting ratio than those of the
ambient samples as shown in Fig. 1. The highesingoatio was in ‘Bluecrop’ and the lowest ratio
was in the ‘Spartan’ cultivar grown in the carbdoxitle-enriched atmosphere. The ‘Spartan’ cultivar
also had the lowest rooting ratio in the ambiesattment, while the highest ratio was in ‘Blueray’.

Means within the same treatment and within the sautiévars were compared by Tukey's
HSD test at the 0.05 level of probability. ab, bhb, etc...: the first letter shows significanf&liénce
between the treatments, and the second and thietdeshow the significant differences between
cultivars.

The difference between rooting ratios of the carbimxide-treated and ambient plants, was
also observed among the cultivars. ‘Earlyblue’ éghrtan’ cuttings in the carbon dioxide treatment
group showed rooting ratios about 10-times highantthose in the ambient group, while ‘Blueray’
and Oobasunoki cuttings showed only 2- and 3-tihiglser rooting ratios, respectively, in the carbon
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dioxide-enriched atmosphere. ‘Bluecrop’ had a 4esnhigher rooting ratio in the carbon dioxide
treatment chamber than that in the ambient chamber.

100 +

h o

=20+ h h
A
0 Il Il Il _| | |

Spartan Blueray = Oobasunoki Earlyblue  Bluecrop

oElevated carbon dioxide treatmemfAmbient treatment

Figure 1. Rooting ratios of blueberry softwood itig$ at the second sampling

Number of living cuttings and survival ratio

There was little difference among the cultivarsiimber of living cuttings (data not shown)
and survival ratio in the carbon dioxide-enrichéd@sphere as shown in Fig. 2. The survival ratfos o
‘Blueray’ and ‘Bluecrop’ were the highest, whileathof ‘Spartan’ was the lowest. The survival ratio
of ‘Blueray’ cuttings grown in the ambient atmosphe/as the highest among the plants tested, while
the ratios of ‘Spartan’ and ‘Earlyblue’ cuttings neethe lowest. The survival ratios in the elevated
carbon dioxide atmosphere were about 11-times highéearlyblue’ cuttings, 10-times higher in
‘Spartan’ cuttings and about 4-times higher in ‘@ltop’ cuttings than those of cuttings in the ambie
atmosphere.
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Spartan Blueray = Oobasunoki Earlyblue Bluecrop
oElevated carbon dioxide treatmemfAimbient treatment
Figure 2. Surviving ratios of blueberry softwoodtimgs at the second sampling
Means within the same treatment and within the sautivars were compared by Tukey's

HSD test at the 0.05 level of probability: ab, bhb, etc...: the first letter shows significanfetiénce

between the treatments, and the second and thietdeshow the significant differences between
cultivars.
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Root growth

The lengths of roots were measured and recordettheatfirst sampling and the second
sampling (Fig.3.). A comparison of root lengthgte first and second samplings would clarify the
effect of elevated carbon dioxide on the growtte rat softwood cuttings. The cuttings of all the
cultivars grown in the elevated carbon dioxide atptere had longer roots than those grown in the
ambient atmosphere. Carbon dioxide treatment seeimelde the most effective for early root
induction of ‘Spartan’ and ‘Earlyblue’ cuttings cpared to the other cultivars. They had about 5-
times longer roots in the early stage in the eldatarbon dioxide atmosphere than those in the
ambient atmosphere. Among the cultivars grown ia d¢hevated carbon dioxide atmosphere, the
‘Bluecrop’ cultivar had the longest roots at bdtke first and second samplings, while the Oobasunoki
wild species had the shortest ones. In the casenbient treatment, the ‘Bluecrop’ had the longest
roots at the first sampling and ‘Blueray’ had tlmmdest roots at the second sampling, whereas
‘Spartan’ had the shortest roots at the first samgphnd Oobasunoki had the shortest roots at the
second sampling.

16 +

aa
aa

14 +
ba
L aa
12 + ab
bal
ab

10 +

length (cm)

bc

Spartan Blueray Oobasunoki Earlyblue Bluecrop

o Elevated carbon dioxide treatment at tiesdmplingm Ambient treatment at thé'sampling,
mElevated carbon dioxide treatment at tH8 £amplingmAmbient treatment at the"? sampling

Figure 3. Root lengths of blueberry softwood cugsitat the first and second sampling

Means within the same treatment and within the sauitévars were compared by Tukey's
HSD test at the 0.05 level of probability: ab, dab, etc...: see Fig. 1.

Growth of the new branches

The growth of new branches was only measured atdbend (spring) sampling, and the data
are shown in Fig. 4. Carbon dioxide treatment hatear effect on growth increment but the growth
of new branches was much more influenced by thivauleffect. Among the carbon dioxide-treated
cultivars, the ‘Bluecrop’ cultivar showed the losgenew branches and Oobasunoki showed the
shortest new branches. In the ambient cuttingslotigest branches were also found in the ‘Bluecrop’
cultivar and the shortest ones were found in tlaliblue’ cuttings.
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The greatest effect of the elevated carbon diokdel on new branch growth was found in the
‘Earlyblue’ cuttings, the branch growth being tvmés greater than that of ambient ones. The least
effect of carbon dioxide enrichment on new branawgh was observed in the Oobasunoki cuttings.
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457 aa
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ab ]
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L 304 ab
E —
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5 — a
§ b ]
£ 20+
1.5+ bc
1.0t
0.5+
0.0 t t t t
Spartan Blueray Oobasunoki Earlyblue Bluecrop

o Elevated carbon dioxide treatmafimbient treatment.
Fig. 4. Growth of new branches at the second sagpli

Means within the same treatment and within the seuitevars were compared by Tukey's HSD test at
the 0.05 level of probability: ab, bb, aab, etsee Fig. 1.

Conclusions

The results showed that, carbon dioxide enrichniextt a definite positive effect on the
growth of softwood cuttings of both blueberry cwdtis and the wild species. The effects were
manifested in improved rooting ratio and survivatio, earlier root induction, longer roots, and
increased growth. Although the responses of thévau to atmospheric carbon dioxide enrichment
were different, all of the cultivars responded mutiore strongly than did the wild species,
Oobasunoki. Finally, it can be concluded that carb@xide application is a feasible means for
achieving faster and efficient propagation of higgtio blueberry softwood cuttings.
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EVALUATION OF SOME NURSERY TECHNIQUES IN THE PRODUC TION OF “KNIP-
. BOOM” APPLE TREES
DAZADU ABELU ,KNIP-KOKU” VEIDOSANAS TEHNIKU 12V ERTEJUMS

Sadowski A, Lewko J? and Dziuban R.
Department of Pomology and Basic Natural Scieneésarticulture, Warsaw Agricultural University — &8V,
Nowoursynowska 159, 02-776 Warszawa, Poland.

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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THE PROPAGATION OF CURRANTS AND GOOSEBERRIES BY SOFTWOOD AND
COMBINED CUTTINGS
UPENU, JANOGU UN ERKSKOGU PAVAIROSANA IZMANTOJOT LAPAINOS UN
DALEJI KOKSNAINOS SPRAUDENUS
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Kopsavilkums

Lietuvas Dirzkopbas Institita (2002. - 2003.) tika veikta upe, sarkanoanogu, zeltagnpogu
un érk8kogu pavairoSana lietojot lapainos urgjlakoksnainos spraudes. Spraudgus apst@daja ar
B-indoliletikskabes (IES), IES ar askariskabi, un naftiletkskabes (NES) Eidumiem. Vislielikais
apsakojusos stdu izrekums bija upau (75.2 %) unerkskogu (72.9 %) lapainajiem spraugem,
pielietojot 20 stundu @mceSanu IES Eduma 50 mg 1* koncenticija. Sarkandm un zelta jnogam
tika iediti sliktaki apsako3aras rezuliti. Sarkano gnogu lapaino spraude apsakoSanis varkja
starp 33.3 - 50.0 %, bet zeltmpgas - 42.9 - 54.2 %. D& koksnaino spraude! apsakoSaas 3m
sugim bija 36.8 %. Lafikas kvaliates spraudg iegati izmantojot NES Kidumu.Ribesgints dazdu
sugu spraude apsakojas at&irigi.

Abstract

Rooting in artificial mist of blackK. nigrumL.), red K. rubrumL.), golden R. aureum
Pursh.) currant and gooseberf. ( uva-crispal.) softwood and combined cuttings, affected by
indoleacetic acid (IAA), mixture of IAA and ascotbiacid, and naphthaleneacetic acid (NAA)
solutions, were studied at the Lithuanian Institftélorticulture in 2002-2003. The biggest outpfit o
rooted plants was obtained from black currants godseberries. All applied growth stimulators
increased the rooting of black currants softwoottimgs, and the rooting of the same cuttings of
gooseberries was increased only by IAA. The besteme of rooted softwood cuttings of black
currants (75.2) and gooseberries (72.9) was olutaivieen before the rooting these cuttings for 20
hours were affected by IAA 50 mg water solution. The rooting of softwood cuttingsred and
golden currants was worse that this of goosebemis$ black currants. Depending on growth
stimulator, the rooting of softwood cuttings of redrrants on the average reached 33.3-50.0%, of
golden currants — 42.9-54.2%, and of combinedraygtof these cultivars — 36.8%. The best quality of
rooted cuttings was obtained using NAA solutione Thoting and quality of softwood and combined
cuttings mostly depended &ibescultivar.

Key words: currants, gooseberries, propagation, stimulatotsings

Introduction

Lithuanian agroclimatic conditions are favouralde lilack currant and gooseberries growing.
For the propagation of plants generative (by seets) vegetative (by root shoots, vertical and
horizontal layers, woody and softwood cuttings,figrand eyes) methods may be applied. In the
practice of horticulture black currant and goosgbsrare propagated by woody and softwood cuttings
(Czynczyk, 1998).

Many factors determine the rooting of plants, thestrimportant are as follow: biological
properties of plant variety, healthiness and emvitental conditions (Stanieret al., 2004). It was
showed that the intensivity of rooting is deterndiriy the chemical structure and concentration ef th
growth stimulator (Novickiene and Darginavicien®02; Novickieneet al., 2004; Turetskaja and
Polikarpova, 1968).

The aim of the investigation was to establish thiguénce of growth stimulators on the
rooting of softwood and combined cuttings of bla@ld, golden currants and gooseberries and on the
quality of rooted cuttings propagating these plamthe artificial mist.
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Materials and Methods

In 2002-2003 at the Institute of Lithuanian Hortiaue black currant cvs. ‘Joniniai’
(Lithuania), ‘Titania’ (Sweden) and ‘Minay Shmyrio{Belarus), red currant cvs. ‘Rondom’ (The
Netherlands) and ‘Werdavia’ (Germany), golden aurr&vs. ‘Corona’ (Germany), ‘Brekht’
(Germany) and selection number AuG-1 (Lithuania) gonoseberry cvs. ‘Nesluchovskyj’ (Ukraine),
‘Kirdeikiai’ (Lithuania) and ‘Kursu Dzintars’ (Latia) were investigated.

The shoots were taken from selection nursery alatedecade of June, while the plants were
actively growing. Softwood and combined (softwoo@.5+cm of last year wood) cuttings were
obtained from 2-3 internodes (9-14 cm long). Thuence of growth stimulators on softwood and
combined plants were investigated according follgrscheme: 1) control ¢8), 2) IAA (50 mg 1),

3) IAA +ascorbic acid (50 mg'k0.25 g 1), 4)NAA (25 mg 1).

32 softwood and combined cuttings were preparedewh variant. The bottom part of
cuttings (1 cm) was soaked for 20 hours in watesadations of growth stimulators. Then they were
planted in substrate (2 parts of peat and 1 pargaofl) of artificial mist at distances of 5x5 cm.
Cuttings of each variant were grown in four regimas by randomized block design. In the second
half of September the rooted cuttings were repthintean unheated greenhouse at distances of 20x20
cm. Before planting their quality was evaluatedoading to the original 5 scores scale (1 — thetleng
of the main roots up to 4 cm and 1 full leaf is a@émed, 2 — the length of the main roots 4-8 cm and
full leaves are remained, 3 — the length of thenmaots 8-12 cm and new shoots up to 1 cm in length
are grown, 4 — the length of the main roots 12+h6and new shoots up to 1-4 cm in length are grown,
5 — the length of the main roots more than 20 cchreaw shoots more than 4 cm in length are grown).

All data were subjected to analysis of variancee Slgnificance of differences between the
cultivars was estimated at a level of 0.05 (MathB94).

Results

Rooting of plants Softwood and combined cuttings of black, red, golderrants and
gooseberries affected by the growth stimulatoredah the artificial mist during 20-25 days. Black
currants rooted most quickly, and gooseberries Werdatest.

The percent of the rooted cuttings depended onctitigvar of cultivar Ribesand growth
stimulator (Table 1). The rooting of black curraaftwood cuttings affected by growth stimulator
reached 53.1-78.1%, and in control variant (soadely in water) — 44.4-62.5%. The percent of
combined cutting rooting was higher. Combined ogti of control variant cv. ‘Joniniai’ rooted best
of all.

The influence of growth stimulators on the bothtigals of red currants was insignificant.
The rooting of softwood cuttings reached up to 99 #nd the rooting of combined cuttings — up to
41.6%. The addition of ascorbic acid into IAA sabdat improved the rooting both of softwood and
combined cuttings. The rooting of combined cuttimjscv. ‘Rondom’ was better then this of cv.
‘Werdavia'. From 4 investigated variants, in 3 aats softwood cuttings of cv. ‘Rondom’ rooted
better than combined cuttings.

Growth stimulators differently affected the rooting cuttings of the investigated golden
currant cultivars. After the effect by the growtimaulator up to 28.5-71.9% of softwood cuttingskoo
roots. Combined cuttings rooted better (62.5%him ¢ontrol variant. In all cases, growth stimulator
improved the rooting of selection number AtGuttings. Growth stimulators almost didn't infhe
the cuttings of cv. ‘Breckt’, but they increased tiooting of cutting cultivar ‘Corona’.

Growth stimulators differently affected the rootiref gooseberry cuttings also. They
decreased the rooting of cutting cv. ‘Nesluchovskgnd the amount of rooted cutting cv. ‘Kursu
Dzintars’ significantly increased. The additionasicorbic acid into all solutions of growth stimolat
improved the rooting of combined cuttings of ingated cultivars. The rooting of combined cuttings
‘Kursu Dzintars’ affected by IAA solution enrichaslith ascorbic acid reached even 96.9%. The
comparison of the rooting of gooseberry softwood @ombined cuttings showed that combined
cuttings rooted significantly better.
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The quality of the rooted cuttings. Growth stimatatmost often improved
the quality of softwood cuttings, but worseneddhality of combined cuttings (Table 2).

Table 1. The influence of growth stimulators ontbeting of currant and gooseberry cuttings

The amount of rooted cuttings (%)

Cultivars Control (HO) IAA IAA + ascorbic acid NAA
SWC* CC** SWC CC sSwcC CC SWC CC
Blackcurrants ‘Joniniai’ 53.1 96.9 68.8 81.2 53.1 5.0 56.2 625
‘Titania’ 44.4 68.8 70.5 56.2 53.1 375 625 417
‘Minay 62.5 78.1 78.1 75.0 71.9 62.5 56.2 625
Shmyriov’
LSk 18.0 21.9 17.4 23.1 18.4 22.8 18.8 20.6
Red currants  ‘Rondom’ 41.7 40.6 33.3 37.5 41.6 40.6 50.0 31.2
‘Werdavia’ - 24.0 - 25.0 - 28.8 - 28.1
LS 15.5 12.1 10.1 8.0
Golden curran ‘Breckt’ 53.1 62.5 53.1 30.9 62.5 31.2 53.1 25.0
‘Corona’ 65.6 31.2 71.9 21.9 68.8 28.1 40.6 194
AuG-1 26.1 16.7 28.5 35.4 31.2 20.4 35.1 215
LS 20.7 12.4 17.9 13.2 17.4 10.6 158 16.2
Gooseberries  ‘Nesluchovsky]”  62.5 81.2 65.6 65.6 537 78.1 43.8 65.6
‘Kirdeikiai’ 71.9 84.4 75.0 68.8 56.2 90.6 56.2 .49
‘Kursu 75.0 84.4 71.1 93.8 78.1 96.9 78.1 875
Dzintars’
LSk 18.7 21.3 11.6 18.7 18.5 12.5 21.3 20.2

*- Softwood cuttings  ** - Combined cuttings

Table 2. The influence of growth stimulators on thelity of cuttings of currants and gooseberries
rooted in the artificial mist

The quality of rooted cuttings (scores)

Cultivars Control (HO) IAA IAA + ascorbic acid NAA
sSwC* CC*»* SWC CC sSwC CcC SWC CC
Blackcurrants ‘Joniniai’ 2.8 3.3 3.0 3.0 3.2 2.8 92. 2.7
‘Titania’ 3.3 3.4 35 3.2 2.8 3.1 3.3 3.1
‘Minay Shmyriov’ 3.0 3.2 3.4 3.1 2.8 3.0 3.9 3.0
LSl 0.8 1.1 0.5 0.7 0.4 0.5 0.9 0.6
Redcurrants ‘Rondom’ 1.0 1.2 1.0 1.0 1.5 1.1 1.2 5 1.
‘Werdavia’ - 1.0 - 1.0 - 1.0 - 1.0
LS 0.4 0.1 0.3 0.4
Golden currants  ‘Breckt’ 2.1 1.7 2.1 1.6 2.8 3.0 12. 20
‘Corona’ 3.1 1.5 3.2 1.4 2.9 1.9 3.5 3.5
AuG-1 2.6 1.1 2.9 1.4 2.6 1.8 2.0 1.6
LS 0.9 0.6 0.8 0.6 0.5 0.9 1.1 0.6
Gooseberries ‘Nesluchovskyj’ 2.6 3.2 3.2 3.0 3.4 0 3. 2.1 3.5
‘Kirdeikiai’ 2.2 2.9 4.0 4.1 25 3.3 3.5 3.6
‘Kursu Dzintars’ 2.7 2.8 35 4.3 2.8 35 2.6 35
LSy 0.8 0.8 0.6 1.1 0.8 0.5 0.8 0.6

*- Softwood cuttings  ** - Combined cuttings

Various growth stimulators differently affected tkeftwood cuttings of the investigated
cultivars. The best quality was of rooted softwandtings of cv. ‘Joniniai’ IAA +ascorbic acid (3.2
scores), cv. ‘Titania’ — IAA (3.5 scores), and Minay Shmyriov’ — NAA (3.9 scores) under the
effect of solutions. The best quality (3.2-3.4 ss)rof combined cuttings of all investigated black
currant cultivars was in the control variant.

137



AGRONOMIJAS VESTIS (Latvian Journal of Agronomy), No. 9, LLU, 200

Growth stimulators almost did not improve the qyatif both softwood and combined red
currant cuttings (1.0-1.5 scores). The best quafityoftwood cuttings (1.5 scores) was obtainedeund
the effect of IAA + ascorbic acid solutions.

All the investigated growth stimulators improvee tuality of rooted golden currant cuttings.
Both softwood and combined cuttings of cultivar f@ea’ were of best quality (3.5 scores) when
affected with NAA solution, and cuttings of cv. &ikt' — affected with solutions of IAA + ascorbic
acid (respectively 3.2-2.8 scores). The qualitycaftings of cvs. ‘Breckt’ and ‘Corona’ in most
investigated variant was better than the qualitgutfings of selection number AuG-1.

From all the investigated varieties BRibes growth stimulators significantly increased the
amount of the rooted gooseberry cuttings and theality. The rooted cuttings of cvs. ‘Kirdeikiaihd
‘Kursu Dzintars’ were of best quality (3.5-4.3 segy and significantly better than the cuttingsaf ¢
‘Nesluchovskyj’ (2.1-3.4 scores). The evaluationatlf rooted softwood and combined cuttings of
gooseberry cultivars showed that in most cases itmdlzuttings were of best quality.

Discussion

Many berry plantsRibes, Rubus, Vaccinium, Hippophaeay be propagated by softwood
cuttings (Abolinset al.,2003; Coorts, Hull, 1972; Czynczyk, 1998). Blacklaed currants most often
are propagated by woody cuttings, but the propagdily softwood cuttings is used also in order to
propagate new cultivars quickly. By this propagatioethodCecidophyopsis ribi$ree blackcurrant
material is obtained (Jermakov, 1981). This metisoithe most important in gooseberry propagation
(Czynczyk, 1998). The data of our investigationsvedd that combined cuttings of gooseberries
rooted best of all and this partly coincided witte tresults obtained in Russia (Sergejeva, 1989).
Nowadays the interest iR. aureumis increasing. They are used as rootstock in otireand
gooseberry growing and berry production. The irigasibns about the propagation of golden currants
by softwood cuttings are not abundant.

In our investigation all cuttings planted in unleghgreenhouse survived the winter and grew
on. The further growth of bushes mostly dependedoon the quality of the rooted cuttings. Growth
stimulators increased the rooting of black currsoftwood cuttings and decreased the rooting of
combined cuttings. It is best of all to propagatethe artificial mist red and golden currants by
softwood cuttings, gooseberries — by combined mgsti and black currants — both by softwood and
combined cuttings.

Conclusions

The biggest amount of rooted softwood cuttingslatk currants (75.2%) was obtained, when
they were affected by 50 mg, Ired currants (50.0%) - NAA (25 mg)| golden currants (54.2 %) and
gooseberries (72.9 %) - IAA + ascorbic acid (50 Ithg 0.25 g 1) solutions. Gooseberry combined
cuttings rooted best of all (70.8-88.5%), and tbenkined cuttings of currants rooted worse than
softwood cuttings.

The best quality of rooting of currant and goossbeuttings was obtained with the solution
NAA (25 mg ['). The rooting and quality of softwood and combirgedtings mostly depended on
Ribescultivar.
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INCOMPATIBILITY PROBLEMS IN SWEET CHERRY TREES OND WARFING
] ROOTSTOCKS
SALDO KIRSU NESADERIBA AR PUNDURPOTCELMIEM

Sitarek M.
Research Institute of Pomology and FloriculturepBlogiczna 18, 96-100 Skierniewice, Poland

Kopsavilkums

Potcelmu un potzaru nesathtex ir sen ziBma probéma dirzkopba. Dazm sugm @ ir
nopietna prol@ma. Parasti lietotajier@erasus mahalepotcelmiem nav probimu ar &irnpu sadeibu.
Sawdak ir, ja potcelms iPrunusgints hibids vai atgirigs noP. aviumsugas, & tas ir salddsirSu
pundurpotcelmiem. Sajgadjuma javeic potcelma unldrnes sad@bas @Etijumi pirms to ievieSanas
praks. Parskats par daZziemepjumiem Saj joma ir apkopots rakat Te ar minétas hipogzes, kas
skaidro sadebas ttikumu.

Abstract

The problem of incompatibility between rootstocldastion in horticulture has existed ever
since grafting and budding were first employed. 8ahthe fruit tree rootstocks produce a very good
junction with top varieties, but with some otheng effectiveness of budding is very low. Usually,
there are no problems with the growth or croppihgveeet cherry trees on the Mazzard rootstock. In
that case, “compatibility” between the two partnisrgood. However, this may be different when the
rootstock is a hybrid of therunusspecies or a selection of other tHanavium Prunuspecies. Most
of the dwarfing rootstocks for sweet cherry trees hybrids and because of the likelihood of
incompatibility, the introduction of them to pramishould be preceded by detailed investigations of
the compatibility between the two graft componeftherwise, neither the nurseryman nor the fruit
grower will be satisfied. A review of some publioats with the results of studies on the physiolabic
incompatibility between scions and the best knoWwerky dwarfing rootstocks, as well as hypotheses
that try to explain the lack of or reduced comphtypbetween joined components are presenteden th
article.

Keywords: Sweet cherry, rootstock, cultivar, scion-rootstoatompatibility

Introduction

Rootstocks have been used as a means of propgadatihtrees for at least two thousand
years. The history of seedling rootstocks is lontpan that of clonal, i.e. vegetatively propagated
rootstocks. Among the dwarfing rootstocks the ficsbe discovered were rootstocks for apple trees.
Dwarfing rootstocks for sweet cherry trees haves@domuch more difficult to breed and it is only in
the last years that they have been introduced nonarcial orchards (Webster, 2004). At the Fruit
Research Station in East Malling, England, theectibn of cherry rootstocks started in 1914 with th
aim of eliminating the variability through vegetatipropagation and to study the effects of clonal
rootstocks on scion performance. This work resultetthe release of Mazzard rootstock ‘F 12/ (
avium) that could be propagated vegetatively. ‘F 12/&rfprmed as very vigorous rootstock.
According to the Report of East Malling Researcitisn, ‘Colt’ (P. aviumx P. pseudocerasysbred
in 1958, had for many years been regarded and teallc@mmercially as the first rootstock for the
sweet cherry, providing some control of tree vig¢liydeman and Garner, 1966; Webster, 1996).
However, numerous experiments, some of them alsduwsted in Poland, have not confirmed that
‘Colt’ gives smaller trees in comparison with thenal or seedling Mazzard rootstocks - trees on
‘Colt’ were similar in size or even more vigorousrgyb et al, 1998; Sitarelet al, 1999). The first
results on really dwarfing rootstocks for sweetrohdrees were published in 1970s. At this time
breeding programs on new sweet cherry rootstock® weing realized in Europe and the USA
(Wertheim, 1998). New dwarfing and semi-dwarfingtstocks, presently evaluated in many countries
and already used in practice, may change sweetycherduction. Fruit trees of small sizes are gasie
and cheaper to manage, crop more precociously apdugtively and often bear fruits of higher
guality than the traditional large trees. In adufifidwarf trees would also allow the use of plasiafs
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to protect fruits from rain-induced cracking as mad nets covering the trees to protect them from
damage caused by birds (Balmer, 1998; Meland ajeh&lkeim, 1998; Sitarekt al, 1999; Webster,
1998). However, most of the dwarfing rootstocks dateet cherry trees are hybrids of sdfranus
species, anérunusis a very large genus that comprises many spédiebster and Schmidt, 1996;
Wertheim, 1998). Sweet cherry cultivars graftedaristocks of different genetic origins may lead to
incompatibility problems (Facteat al, 1996; Stehr, 1998; Sitarek and Grzyb, 1998; Wabahd
Schmidt, 1996; Wertheirat al, 1998).

The aim of this paper is to describe, briefly,ompatibility problems in sweet cherry trees
grafted on dwarfing rootstocks. This short artid@éiews some publications with the results of stadi
on physiological incompatibility between scions ahé best known cherry dwarfing rootstocks as
well as hypotheses that try to explain the lackrafeduced compatibility between joined components.
The best known dwarfing rootstocks for sweet chenrges
The GiSelA series
In the period 1965-1971, an elaborate crossing rarome was carried out at the University in
Giessen, Germany, involving four differditunusspecies P. avium, P. fruticosa, P. canescens and
P. cerasus After more than 20 years of evaluation in manpesiments with numerous GiSelA
clones, the most promising among them seems toGiBelA 3, ‘GiSelA 5 and ‘GiSelA 6’
(Azarenko and McCluskey, 1998; Franken-Bembene88Ehd 2004).

The P-HL series

These are rootstocks that originated at Holovongiié Czech Republic in 1963 and likely are hybrids
of P. aviumandP. cerasusAfter a preliminary selection, six P-HL clonesreehosen for detailed
evaluation. Outside the Czech Republic, P-HL raaotst have been tested in Poland since 1988. The
results of those experiments show that the begblish growing conditions is clone ‘P-HL A'. In
comparison to ‘F 12/1’, the ‘P-HL A’ rootstock imgres tree productivity and enables planting of
intensive sweet cherry orchards (Gratkal, 1998; Sitarelet al, 1999).

The Weiroot selections

Collection of P. cerasusclones began in 1960, and selection took placE9Bb at the Institute for
Fruitgrowing in Weihenstephan, Munich, Germany. TBeclones that had been selected had different
vigour. Clones 10, 11 and 13 showed good charatiteyiin orchard trials. However, the latest
experiments have revealed big incompatibility peofi with the first Weiroot rootstocks. Therefore, a
new series was raised from seeds of ‘Weiroot Iid, the new clones, numbered 53, 72 and 158, seem
to be much better than the previous ones (Ste88)19

The M x M rootstocks

The M x M series originated in Oregon, USA, froncrass betweeP. aviumandP. mahalebThe
most known in the M x M series are clones numbek42,39, 60 and 97. Of these, only ‘M x M 14
and ‘M x M 97’ are semi-dwarfing (Azarenko and Ma€key, 1998).

The Gembloux rootstocks

At a research station in Gembloux, Belgium, thie&stocks - ‘Inmil’ (GM 9), ‘Damil’ (GM 61) and
‘Camil’ (GM 79), were selected. ‘Inmil’ K. incisa x P. serulatd is considered too weak for
commercial use. ‘Damil’ F. dawyckens)s and ‘Camil’ . canescens are promising, but
incompatibility may be a problem in practice (Weith et al, 1998). In recent years new breeding
programmes relevant to the dwarfism of sweet chigegs have been initiated among the progeny of
‘Damil’ (Druart, 1998).

Graft incompatibility facts

Many authors (Chang, 1937; Tietierjew, 1964; Weband Schmidt, 1996) are of the opinion
that the rootstock determines the success of bgd&ome of the fruit tree rootstocks produce a very
good junction with top varieties, but with some eth the effectiveness of budding is very low.
Usually, there are no problems with the growth pping of sweet cherry trees on the Mazzard
rootstock. In that case, “compatibility” betweere ttwo partners is good. However, this may be
different when the rootstock is a hybrid of tReunusspecies or a selection of other tHRanavium
Prunusspecies. So, we can expect incompatibility prollemt only in the case of hybrid rootstocks
of a different genetic origin. For example, the bamation of sweet cherry cultivars with cerasus
rootstocks (Weiroot series) is not always safeeei(fVertheim, 1998). It means tHat aviumandP.
cerasusdiffer very much, both in visible characteristiasd in metabolism. The symptoms of
incompatibility vary. Incompatibility may manifegself already in the nursery as a low percentédge o
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buds and grafts taken, weak growth of maidens, emsicoreaking in the graft zone during strong
winds or yellowish leaves. In many cases, it issult of a poor junction between scion and rookstoc
Three forms of discontinuity of wood and bark alserved, namely: bark continuous, but wood
discontinuous; bark discontinuous, but wood comtira] both bark and wood discontinuous (Chang,
1937). Such obvious symptoms of incompatibility &demonstrated in ‘Hedelfingen’ trees on ‘P-HL
A’ in an experiment conducted in Poland by Sitagid Grzyb (1998). One-year-old trees of
‘Hedelfingen’ on ‘P-HL A’ reached only 52.2% of tlmeight of the trees on Mazzard seedlings, but
some other cultivars budded on this rootstock veattg 3.5 to 20.0% smaller. ‘Hedelfingen’ maidens
on ‘P-HL A’ showed typical symptoms of incompatityi] expressed in total growth inhibition in the
middle of the growing season and precocious ledbwiang and abscission. Those trees produced
apical buds as early as July and tree growth waestad. During the first year in the orchard, the
mortality rate of the trees was extremely highspite of clear symptoms of incompatibility, the bud
take rate of ‘Hedelfingen’ on ‘P-HL A’ was similén other combinations. Microscopic examination
of the graft union of ‘Hedelfingen’ sweet cherrgds with the ‘P-HL A’ rootstock revealed a weak
junction between the two components. An isolatiaget that makes proper diffusion of water and
nourishing elements difficult was clearly visibBoth bark and wood were discontinuous.

In the second experiment, ‘Summit’, ‘Techlovary\&a’, ‘Regina’, ‘Lapins’ and ‘Heidegger’
were chip-budded with the dwarfing rootstocks ‘P-KL, ‘P-HL B’ and ‘GiSelA 5. The same
cultivars budded on ‘F 12/1' were used as the obnithe effectiveness of budding varied from 74 to
97% depending on the rootstock/cultivar combinatiddowever, the rootstocks had no significant
influence on the number of the budded trees pratludd the cultivars tested on ‘F 12/1' grew
significantly more vigorously than those grafted‘BAHL A’, ‘P-HL B’ and ‘GiSelA 5’ rootstocks.
One-year-old trees of ‘Heidegger’ on the dwarfingtstocks ‘P-HL A’, ‘P-HL B’ and ‘GiSelA 5’
reached only 45 to 59% of the height of the contreks, but other cultivars included in the
experiment and grafted on the same rootstocks amke9 to 28% smaller than the control. In terms
of trunk diameter a similar tendency was obser@my on ‘F 12/1’ ‘Heidegger’ grow normally, and
on ‘P-HL A’, ‘P-HL B’ and ‘GiSelA 5’ rootstocks ishowed typical symptoms of incompatibility,
expressed in total growth inhibition in the middfethe growing season and precocious leaf yellowing
and abscission. During the first year in the ordhtie mortality rate of those trees was extremely
high. However, in contrast to the previous trialcmmscopic examination of the graft union between
‘Heidegger’ and the dwarfing rootstocks did notwhany clear isolating layer between xylem and
phloem tissues of the scions and rootstocks. A&llsthreet cherry trees budded on ‘P-HL A’, ‘P-HL B’
and ‘GiSelA 5" were smaller than those on ‘F 12/This weak growth does not mean a lack of
compatibility between the joined components; they @xception was the cultivar ‘Heidegger’. The
small size of a grafted tree is an indication af tlwarfing effect of the rootstock, but it does not
reveal anything about physiological incompatibilifgitarek and Grzyb, 2005). Examples of
incompatible rootstock/scion combinations citiedha literature are listed in Table 1.

Table 1. Examples of incompatible scion/rootstomfbinations

Cultivar Rootstock

‘Sam’ ‘Colt’, ‘Weiroot 158’
‘Hedelfinska’ ‘Colt’, ‘Weiroot 13, ‘P-HL A’, ‘Damil’, ‘P-HL C'*
‘Burlat’ ‘Colt’*, ‘MxM 97’,

‘Ambrune’ ‘Colt’

‘Van’ ‘Colt’

‘Bianka’ ‘Damil’

‘Techlovicka’ 'P-HL A’, ‘P-HL C’
‘Heidegger’ ‘P-HL A’, ‘P-HL B’, ‘GiSelA 5’
‘Kordia’ ‘P-HL C’

‘Karesova’ ‘P-HL C’

‘Napoleona’ ‘P-HL C’

‘Buttner’'s Red’ ‘GiSelA 5'*

'Summit’ ‘Camil’, ‘Colt’*

‘Stella’ ‘Inmil’

'Schneiders’ ‘Inmil’

Explanation: *Incompatibility may be caused by gitinfection.
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The early symptoms of incompatibility are a sesidvandicap to the nurseryman. However,
from the point of view of the commercial fruit grew it is a disadvantage when big trees, on regchin
bearing age, suddenly break off at the union. & delayed incompatibility. In that case, trees |
longer, looking normal in the beginning and evendp to 8 or 10 years, but after that they show
many signs of poor health, such as small or yebwieaves, stunted growth, premature autumn
discolouration and drop of leaves, abundant flolugils formation and suckering. Sometimes, trees
with incompatibility symptoms are similar to tregi®wn in stressful conditions such as too wet or to
dry soil. For successful dwarfing rootstocks, itperhaps necessary to have a sort of ‘partial
incompatibility’, which allows adequate growth camf but also ensures good health and a long life
span of the tree (Webster and Schmidt, 1996). &udnd ‘Hedelfingen’ cultivars grafted on ‘Colt’
are good examples of delayed incompatibility in eweherry cultivation. In these cases,
incompatibility symptoms were not so evident, btitel by little the trees declined. In the sixthaye
after planting in the orchard, there were only 3 ofi the 12 ‘Burlat’ trees planted and no
‘Hedelfingen’ trees left (Grzyket al, 1998). Problems with early tree losses affectimg variety
‘Hedelfingen’ have also been experienced with thatstocks ‘Damil’ and ‘GiSelA 10’ in Germany
(Stehr, 1998).

Hypotheses that try to explain the lack of or reccdccompatibility

Since the end of the nineteenth century many aterhave been made to explain the
problems of incompatibility. Early investigationdtrdbouted incompatibility chiefly to structural
weakness and abnormal deposits at the union, andiffierences in the anatomy of the rootstock and
scion as well as the difference in the power of gh&toplasmic reaction between the rootstock and
scion, resulting in a higher or lower concentratmfnthe cell sap. Older conceptions regarded the
botanical relationship as a fair guide to the caiibfly of the rootstock and scion. It meant that
plants belonging to the same botanical group mightsuccessfully grafted. Later reports have
revealed that the cause is of a biochemical oriBeduced compatibility of heterogenetic grafts in
sweet cherry trees is reflected by the varying amteowf polyphenols and sometimes by an
accumulation of phenolic compounds above the u(litsenik and Stampar, 2001). The rootstocks ‘F
12/1’, ‘GiSelA 4', ‘GiSelA 5, ‘GiSelA 12', ‘PiKu 4, ‘Edabriz’, ‘Weiroot 13’, ‘Weiroot 72’, ‘Weiroot
158’ were found to cause different concentratiohgayphenols in the phloem of ‘Lapins’ sweet
cherry trees. Homogenetic grafts often show sintdaels of polyphenols along the union (Gebhardt
and Feucht, 1982). Therefore, rootstock clonesanfous cherry species can influence symptoms of
incompatibility faster tha®. avium

Research work in the USA (Larg al, 1997) has shown that scions on several of thel@iS
rootstocks are very sensitive to infections withrpldwarf virus (PDV) and/or prune necrotic ringspot
virus (PNRSV). This was particularly evident witBisela 1’ and ‘GiSelA 10’, but was also recorded
with ‘GiSelA 7" and ‘GiSelA 8'. In these tests ‘G 5" and ‘GiSelA 6’, which are currently two of
the most promising in the GiSelA series, fortunatow tolerance to infection by the two viruses.
However, in a Polish trial, ‘@tner's Red’ sweet cherry trees grafted on ‘GiS&lAlid not grow well
after PDV infection. A high number of declining fler buds was observed and a greater reduction in
growth from one year to the next resulting in awstiecline of all the trees.

Table 2. Examples of good compatibility betweenetwadherry cultivars and two dwarfing rootstocks
the basis of the results of Polish trials

Rootstock Cultivar

‘P-HL A’ ‘Rivan’, ‘Burlat’, ‘Merton Premier’, ‘Karesova’, Bittner's Red’,
‘Kordia’, ‘Vanda’, ‘Techlovan’, ‘Regina’, ‘Summit’, ‘Lapins’,
‘Sylvia’

Gisela 5 ‘Burlat’, ‘Vega’, ‘New York 980.1", ‘Kordi’, ‘Regina’, ‘Techlovan’,

‘Summit’, ‘Lapins’, ‘Sylvia’, ‘Karina’

Conclusions
The causes of incompatibility show that it is resasey to test as many cultivars on promising
new rootstocks as possible to prevent surpriseqieds rootstocks and cultivars are regularly being

143



AGRONOMIJAS VESTIS (Latvian Journal of Agronomy), No. 9, LLU, 200

introduced, such testing requires constant attentithe introduction of dwarfing rootstocks to
practice should be preceded by detailed investigatiof the compatibility between the two graft
components. Otherwise, neither the nurserymanheofrtiit grower will be satisfied.

Incompatibility between the rootstock and scionyrba influenced by many factors. Early
screening of new sweet cherry rootstocks for coibitig with the main cultivars recommended for
cultivation is an important step in characterizingtstock suitability for commercial production.

On the basis of the results of Polish trials, adfscultivars compatible with two dwarfing rootsks
used in practice has been prepared (Table 2). Tomwegs who will set up intensive sweet cherry
orchards with such trees can be assured of success.
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INTERNAL QUALITY OF APPLES DURING STORAGE
ABOLU IEKS EJAS STRUKTURAS KVALIT ATE GLAB ASANAS LAIK A

Soska A. and Tomala K.
Department of Pomology and Basic Natural Scieneésarticulture, Warsaw Agricultural University — &8V,
Nowoursynowska 159, 02-776 Warszawa, Poland

Kopsavilkums

Petfjumi veikti divas sezonas (2003./2004. un 2004.22PR@9abolu &kirnem no seSgadiem
kokiem, kas pati uz M.9. Aboli tika vakti, kad to cietes indekss bija no 82 8. Aboli glakiti 4
menesus +2°C tempei@ti. Abolu nikstuma bivums, tit€jamo skibju saturs, sto$ sausna tika
noteikti razu nogcot, un B¢ 2 un 4 mneSiem. Bc 4 neneSu glabSanas stingriboli bija &irném
‘Fuji’, ‘Fiesta’, ‘Pinova’, ‘Topaz’, ‘Alwa’, ‘Gorjaczkowski Seedling’ un ‘XIX-133-D2'. Augsts
Skisto&is sausnas saturs (>15°Brix) bijaréém 'Redgold’ un ‘Golden Delicious', bet augstsj#tno
skabju saturs (>0.6%) - 'Topaz' un 'Gorjaczkowski $iegd Scistodis sausnas un aju attiegba
palielinajas glalaSanas laik. Pec 4 neneSu glabSanas augaka attiedba bija &irném 'Fuji', 'Gala’ un
'Redgold' (>60) sadzinoSi zema (<30)kirneém 'Gorjaczkowski Seedling', 'Sawa’, 'Topaz' un od/it

Abstract

The investigations were carried out in two suceagsseasons (2003/2004 and 2004/2005) on
29 apple cultivars obtained from trees on the tooks M.9, which at the beginning of the
investigation were six years old. The apples wecken when their starch index reached the values
from 6 to 8. Fruit samples were stored for 4 moiirthes common cold storage at +2°C. At harvest and
after 2, and 4 months of storage, firmness, tiblataacidity and soluble solids were determined.
Apples of the evaluated cultivars significantlyfeied in firmness and organic components content,
shaping their internal quality. After 4 months trage high firmness, independently of the season o
determination, was characteristic for ‘Fuji’, ‘Fie@s ‘Pinova’, ‘Topaz’, ‘Alwa’, ‘Gorjaczkowski
Seedling’ and ‘XIX-133-D2’ apples. A high solublelisls content (>15°Brix) was recorded in
'Redgold' and 'Golden Delicious' and a high titsetaacidity (>0.6%) in "Topaz' and 'Gorjaczkowski
Seedling'apples. The ratio of soluble solids to organic sdittreased with storage timafter 4-
month of storage a very high value of that raticc i@aund in 'Fuji', '‘Gala’ and 'Redgold’ (>60) and
comparatively low (<30) in 'Gorjaczkowski Seedlin§awa', 'Topaz' and 'Witos'.

Key words: apples, firmness, soluble solids content, titrataloidity

Introduction

According to currently binding standards fruits a&waluated on the basis of their external
appearance, however, new standards include regemtsnctoncerning their internal quality traits.
Apart from firmness, an important role is played tne soluble solids content and acidity, i.e.
parameters affecting the fruit taste. The resulthe investigations show that the internal quéiia
traits of apples depend significantly on the caltifSzklarz and Pacholak, 2000; Skizki et al,
2004) and on the time of storage (Btaszczyk, 19B8nopacka and Ptocharski (2002) point to the
importance of the flesh firmness. They also repiwat the firmness of apples after storage is cjosel
correlated with their firmness at the time of hatvé\n important role is also played by organiaaci
which are substrates in fruit energetic reactiomsckvis connected with systematic the decrease of
acidity in stored apples (Ben, 1996).

The work aimed at comparing the firmness, the delgblids content and the acidity of various

apple cultivars during storage. The results of #nsluation may be useful for, among others,
choosing progenous forms in breeding work.

Materials and Methods

The experiment was performed in two storage seaép®33/2004 and 2004/2005). The
investigations included 29 apple cultivars. In fingt season the apple trees on the rootstock M@ w
six years old. They belonged to the cultivar cditat of the Department of Pomology and Basic
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Natural Sciences in Horticulture in Warsaw-Wilandvine harvest time was set on the basis of starch
test. Apples were picked when their starch indexhed the values from 6 to 8. Fre@gmples (about
50 apples of each cultivar per sample) were storedcommon cold storage at +2° C and relative air
humidity of about 95%. The experiment was set me¢hreplications. At harvest and after 2, and 4
months of storage, the firmness, titratable aciditg soluble solids were determin&irmness was
measured using an Instron penetrometer (type 554R)g standard piercing mandrel with the
diameter of 11.3 mm. Soluble solids content wasrdahed using Abbe refractometer. Juice acidity
was determined by titration with 0.1 M solution sddium hydroxide up to pH 8.1. Results were
converted into the malic acid content. The data ussl to calculate quantitative proportions between
the soluble solids content and acidity. Resultsewamalyzed statistically using one-factor variance
analysis. Newman-Keuls test was used to evaluasesitimificance of differences between means at
the significance level af = 0.05.

Results and Discussion
Apples of the evaluated cultivars showed significaariation in respect to all the examined
traits.

Table 1. Apple firmness as influenced by cultivad atorage period

Firmness (N)

Cultivar 2003/2004 2004/2005

after 2 after 4 after 2 after 4

at harvest at harvest

months months months months
Alwa 82.8 gh* 70.0 jj 64.6 ij 79.7 efg 48.7 fg 45.0 de
Arlet 84.3 ghi 67.0 i 49.9¢ 76.0defg  61.3ijk 50.5 ef
Cortland 60.1 bcde 46.6 bcde 39.6 cde 65.2 abcd 40.3 cd 34.7 bc
Elstar 65.7 bcde 48.5 cdef  39.0 cde 63.9 abc 43.0 de 36.1 bc
Fiesta 83.3 gh 80.0 k 64.9 ij 69.2 bcde 60.2j 57.3¢g
Freedom 63.6 bcde 50.8 def 38.7 cde 65.5abcd 30.2a 27.2 a
Fuiji 78.0 fg 725] 64.4 ij 82.5 fg 69.2 m 64.1 h
Gala 89.5 hi 68.3 ij 63.8 i 86.79g 60.5 jj 51.2 ef
Gloster 87.3 ghi 68.2 ij 61.3 hi 96.5h 51.9 gh 45.7 de
Golden Delicious 69.0 def 50.5 def 40.3 cde 71.8 cdef  45.8 ef 46.5 de
Gorjaczkowski Seedling  98.0 j 90.6 | 64.5 ij 102.5h 63.3 jk 53.9 fg
Jonamac 49.6 a 43.8bcd 43.6defg 54.8a 37.1bc -
Laxton's Superb 69.0 def 52.2 def 46.7 efg 55.1a 49.8 fgh 48.7 def
Ligol 58.5 abcd 56.0 fg 48.7 fg 58.2 ab 53.5h 46.1 de
Melodie 54.1 ab 49.6 cdef 37.5cd 58.2 ab 33.2ab -
Melrose 66.0 bcde 49.3 cdef 33.9 bc 76.7 efg 45.9 ef 425d
Mutsu 82.6 gh 63.4 hi 46.2 efg 79.9 efg 49.0 fg 47.3 de
Odra 69.6 def 55.4 efg 41.6 cdef 77.9 efg 39.8 cd 35.9 bc
Pinova 66.8 cde 67.7ij 56.8 h 86.3¢g 64.8 ki 58.4 ¢
Rajka 65.0 bcde 47.1 bcdef 39.3 cde 55.5a 32.7 ab 29.8 ab
Redgold 93.5]j 75.3 jk 56.2 h 86.3¢g 48.6 fg 48.6 def
Rubin 64.1 bcde 60.1 gh 46.8 efg 62.3 abc 39.7 cd 34.4 bc
Rubinette 61.6 bcde 40.0b 34.6 bc 58.7 ab 35.6 bc 35.3 bc
Sawa 58.9 abcd 40.2b 235a 79.9 efg 32.9ab 27.8a
Selena 60.7 bcde 55.0 efg 34.4 bc 62.3 abc 37.5bc 35.2 bc
Spartan 71.6 ef 71.2jj 58.6 hi 71.2 cde 50.3 fgh 37.7c
Topaz 82.3 gh 81.7k 70.6 | 71.8cdef 58.0i 50.5 ef
Witos 55.2 abc 324a 296 b 559a 32.7 ab 30.3 ab
X1X-133-D2 65.5 bcde 69.0 ij 64.4 ij 69.6 cde 6b 5799

*Mean separation, within the columns, by Newman [Keest, atr=0.05
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One of the most important quality factors, from tha@nt of view of the consumer, is the flesh
firmness. Out of all the evaluated cultivars a hifghmness at harvest was characteristic for
‘Gorjaczkowski Seedling’ (98.0 and 102.5 N, respedy in the successive seasons), ‘Redgold’ (93.5
and 86.3 N), 'Gala’ (89.5 and 86.7 N) and ‘Glosté87.3 and 96.5 N) apples. Additionally high
firmness after harvest in the second year of thestigation was observed in the ‘Pinova’ cultivar
(86.3 N). Fruit harvested in 2004 became soft qerickuring storage than the fruits harvested in the
previous year. After 4 months of storage in thessra2003/2004 the significantly highest firmness
was characteristic for ‘Topaz’ apples (70.6 N).tA@ same time high firmness was also observed in
the fruit of ‘Fiesta’ (64.9 N) and ‘Alwa’ (64.6 Njultivars. In the season 2004/2005 after 4 months o
storage the most firm were ‘Fuji’, ‘Pinova’, ‘XIX3B-D2' and ‘Fiesta’ apples. Regardless of the
season of determination, the least firm applesaatdst were ‘Jonamac’ apples while ‘Witos’ and
‘Sawa’ apples became soft most quickly during gferand after 4 months were clearly less firm than
apples of the remaining cultivars (Table 1).

Generally, apples picked in the season 2004 weaeacterized by a lower content of soluble
solids and lower acidity as compared to those nbthin the year 2003. Lower soluble solids content
and acidity most probably resulted from a cool s@mim 2004.

Table 2. Apple soluble solids content as influencgdultivar and storage period

Soluble solids content (°Brix)

Cultivar 2003/2004 2004/2005

at harvest after 2 after 4 at harvest after 2 after 4

months months months months

Alwa 14.5 cdef* 14.6 cdefghi  14.4 cdef  12.4abcd  .71%d 12.9 bcde
Arlet 14.7 def 15.7 ijk 15.0 def 13.1 abcdef  13ctéf 13.5 cdefg
Cortland 14.3 bedef 14.9 defghij 14.2 bcdef 13.8dad 13.4 cdefg 13.0 bcde
Elstar 14.6 cdef 15.3 ghij 156 f 13.5 bcdef 13i8fgh 15.1 ij
Fiesta 14.0 abcde 15.5 hij 14.8 def 12.8 abcdef 1 tedef 12.6 abc
Freedom 13.1ab 13.3ab 14.3 cdef  12.5 abcde tiefgc 12.3ab
Fuiji 15.8 ghi 15.9 jk 14.8 def 13.9 efg 14.3fgh  .9Bcde
Gala 14.9 efg 14.9 defghij  14.9 def 120a 13.3gdel2.7 abcd
Gloster 15.0 efg 15.1 fghij 14.8 def 12.6 abcde 3%gh 13.9 efgh
Golden Delicious 16.0 hi 16.6 k 15.7 f 15.3h 14h5 14.8 hij
Gorjaczkowski Seedling  15.3 fgh 14.6 cdefghi  14cddd 13.7 def 14.3 fgh 13.8 defg
Jonamac 13.8 abcde 13.7 abc 14.8 def 13.6 cdef btd® -
Laxton's Superb 16.6i 16.7 k 14.9 def 17.41i j6.8 17.0k
Ligol 14.3 bedef 13.7 abc 13.8 abcde 13.4 abcdef .6 ke 12.7 abcd
Melodie 14.0 abcde 13.5 abc 12.8 ab 12.8 abcdef 6 diefg -
Melrose 12.7a 13.1a 13.0 abc 12.9 abcdef  13fgcdé3.1 bedef
Mutsu 14.5 cdef 15.0 defghij 13.7 abcd  12.9 abcdef4.0 defgh 14.0 fgh
Odra 13.6 abcd 13.6 abc 13.1 abc 13.6 cdef 131§ cdé4.3 ghi
Pinova 13.8 abcde 14.4 bcdefgh 13.6 abcd 14.9 gh 9 H4 15.5]
Rajka 14.7 def 15.3 ghij 15.3 ef 13.0 abcdef 18&c 119a
Redgold 16.1 hi 16.5k 16.8 g 15.7 h 16.0i 15.3j
Rubin 14.6 cdef 15.2 fghij 14.9 def 12.7 abcde Itdef 13.7 defg
Rubinette 16.5i 16.6 k 14.8 def 14.9 gh 14.1 efgi4.4 ghi
Sawa 12.8a 15.1 efghij 13.4abcd 12.1ab 12.0 ab 3.0 Hcde
Selena 13.0a 13.9 abcde 12.9 abc 12.2 abc 11.7a 24 at
Spartan 13.4 abc 14.7 cdefghij 14.6 def 12.4 abcd 4.1 éfgh  13.7 defg
Topaz 14.6 cdef 14.7 cdefghij 14.6 def 13.1 abcdef3.6 cdefg 13.7 defg
Witos 13.2 ab 13.8 abcd 12.7a 12.2 abc 12.7 bed .1 dQlef
XIX-133-D2 13.9 abcde 14.1 abcdefg 13.5abcd 14.1f 129 bcde 16.8k

* Mean separation, within the columns, by Newmanlkd¢est, ati=0.05
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A high soluble solids content directly after hatvesl6° Brix in the year 2003 and >15° Brix
in 2004) was characteristic for ‘Laxton’s SupefBedgold’ and ‘Golden Delicious’ apples (Table 2).

In the case of most apple cultivars, after two memf storage an increase of the soluble
solids content was noted while after successive nwaths the value of this indicator decreased. In
the season 2003/2004 after 4 months of storagditgiest value of the soluble solids content was
observed in ‘Redgold’ apples. In that season, d Mligntent was also characteristic for ‘Golden
Delicious’ and ‘Elstar’ fruits. On the other hardy soluble solids content was noted, independently
of the time of determination, in ‘Melrose’, ‘Sawand ‘Selena’ apples (usually from 12 to 13° Brix).
In the season 2004/2005 high soluble solids coraftaet 4 months of storage was noted in ‘Laxton’s
Superb’, ‘XIX-133-D2’, ‘Pinova’ and ‘Redgold’ ape

The effect of cultivar on the apple titrd&ahcidity was proved at all times of analyses (& &).

Table 3. Apple titratable acidity as influenceddmtivar and storage period

Titratable acidity (% malic acid)

Cultivar 2003/2004 2004/2005

at harvest after 2 after 4 at harvest after 2 after 4

months months months months

Alwa 0.90Im*  0.67 hi 0.52 kl 0.44 abcd  0.39 bcdefg0.34 ef
Arlet 0.71 gij 0.76 ij 0.41 defghijk 0.48 abcde B.dfgh 0.35 ef
Cortland 0.63 cdefgi0.53 defg  0.34 defghi  0.60 efgh ~ 0.45 efgh 0.43 ghi
Elstar 0.67 efgij  0.63 gh 0.41 efghijk  0.63 fgh Wiy 0.54 |
Fiesta 0.80 jkI 0.86 ] 0.55Im 0.48 bcde  0.36 afigde0.34 ef
Freedom 0.64 defgij 0.53 defg  0.42 ghijkl 0.52 cdef0.38 bcdefgh 0.27 bede
Fuji 0.61 cdefgi 0.30 ab 0.15a 0.32a 0.23a 0.20 ab
Gala 0.34 a 0.27 a 0.19 ab 0.32a 0.28 abc 0.20 ab
Gloster 0.52 bcdef 0.54 efg 0.46 hijkl 0.44 abcd 35(abcdef  0.37 efg
Golden Delicious 0.66 efgij 0.49 cdef  0.38 defghij0.69 ghi 0.40 bcdefgh  0.32 def
Gorjaczkowski Seedling 1.17n 0.79j 0.63 mn k87 0.76 0.64 k
Jonamac 0.40 ab 0.26 a 0.21 abc 0.47 abcde 0.828 abc-
Laxton's Superb 0.73 gijjk  0.61 fgh 0.36 defghi  (Ode6y  0.42 cdefgh  0.24 abcd
Ligol 0.54 bedef 0.35 abc 0.31 cdefgh  0.43 abcd 0@i3xd 0.27 bcde
Melodie 0.87 kim 0.64 gh 0.43 ghijkl 0.80 ijk 0.58 -
Melrose 0.47 bc 0.43 bcde  0.42 fghijk 0.39 abc @B6defg 0.33 ef
Mutsu 0.78 ijkl 0.47 cdef  0.33 cdefghi  0.46 abcde.330abcde 0.32 def
Odra 0.64 defgij 0.48 cdef  0.43 ghijkl 0.78 ijk R.6 0.45 hi
Pinova 0.52 bcdef 0.39 abcd  0.27 bed 0.63 fgh Befgh 0.34 ef
Rajka 0.59 cdefg 0.52defg  0.39 defghijk 0.42 abc®.33 abcde 0.22 abc
Redgold 0.51 bcde 0.32ab 0.28 bcdef 0.33ab ®m26a 0.18a
Rubin 0.62 cdefgi 0.48 cdef  0.38 defghij 0.44 abcd  0.34 abcde 0.29 cd
Rubinette 0.94m 0.68 hi 0.46 ijkl 0.63 fgh 0.48fg 0.40 fgh
Sawa 0.60 cdefg 0.68 hi 0.52 jki 0.83 jk 0.51h oagj4
Selena 0.69 fgij 0.51defg 0.37 defghi  0.51 cdef 42@efgh 0.32 def
Spartan 0.53 bcdef 0.41 bcde 0.27 bede 0.42 abcd35 abecdef  0.28 bede
Topaz 0.99m 0.83] 0.65n 0.80 ijk 0.63 i 0.49jj
Witos 0.77 ijkl 0.69 hi 0.45 hijkl 0.71 hij 0.63 i 0.43 ghi
XIX-133-D2 0.48 bcd 0.36 abc 0.29 bcdefg  0.47 abcde42 cdefgh  0.33 ef

* Mean separation, within the columns, by NewmanlKé¢est, ati=0.05

Both in the year 2003 and 2004 directly after hariewas noted that ‘Gorjaczkowski Seedling’
apples were characterized by a significantly higleglity which converted into the content of malic
acid in the successive years amounted to 1.17%0&8%6, respectively. Also ‘Topaz’ apples were
characterized by high acidity independently of ylear of investigations. On the other hand, ‘Gala’
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apples showed the lowest acidity (0.34% and 0.328spectively in the successive years of
investigations). After 2 and 4 months of storagatistically the highest acidity was observed in
‘Topaz’ and ‘Gorjaczkowski Seedling’ apples and kbwest in ‘Fuji’ and ‘Gala’. The rate of acidity
decrease during storage depended to a high degréee @ultivar. The greatest decrease of that index
in the season 2003/2004 was observed in ‘Fuji'i@dtwhile in the successive season in ‘Laxton’s
Superb’. On the other hand, in the case of ‘Melrag#ples the decrease of acidity was slight
amounting to about 10% in both seasons.

The proportion of the soluble solids content tadagiaffects the taste of fruits. Apples in which
the value of this proportion is too high may beleated by consumers as too sweet, while if the
proportion of sugars to acids is too low, the &ute sour. ‘Redgold’, ‘Fuji’ and ‘Gala’ apples wer
always characterized by a high quantitative propoerof soluble solids content to acidity which
mostly resulted of their low acidity. The lowestiue of this proportion was noted in ‘Gorjaczkowski
Seedling’ apples (Table 4).

Table 4. Proportion of the soluble solids conteradidity as influenced by cultivar and storageqzer

2003/2004 2004/2005

Cultivar at harvest after 2 after 4 at harvest after 2 after 4

months months months months
Alwa 16.4 abcd* 22.0 abc 27.8 ab 28.3 defgh 32@lab 37.7 cdef
Arlet 21.0 bcdefg 20.7 ab 37.0 abcde 27.7 defgh 29.2 abcd  39.5 def
Cortland 22.7 cdefgh28.5 cdefg 41.5 bcdef  22.1 bede 30.3abcd 30.3 abcd
Elstar 22.1 cdefg 24.3 abcde 38.3abcde 21.8bcd .3&0 28.1 abc
Fiesta 17.6 abcde 18.2a 26.9 ab 26.7 defgh 3@.0 cd 38.6 def
Freedom 20.6 bcdef@5.0 abcdef 34.3 abcd  24.2 cdefg 36.4 cde 45.3 efg
Fuji 25.8 gh 53.0 k 99.4 | 43.0] 65.0 f 64.2 h
Gala 44.6 k 55.9 k 80.3 h 38.5i 48.1 e 64.1 h
Gloster 29.0 hi 27.8 bcdefg 32.0abcd 29.3 defgh .5d#& 38.1 def
Golden Delicious 24.2 fgh 34.9 ghij 41.3 bcdef  22cBlef 36.6 cde 46.6 efg
Gorjaczkowski Seedling 13.1a 185a 23.0a 15.7ab 189a 21.7a
Jonamac 35.9] 52.3k 69.4 ¢ 28.8 defgh 39.4 de -
Laxton's Superb 229 defgh 27.5 bcdefg 41.8 bcdet.5 gh 40.7 de 72.6i
Ligol 26.7 ghi 39.2 44.4 cdef  31.2 gh 42.2 de 74669
Melodie 16.1 abc 21.3 abc 299abcd 16.2ab 2%8 ab -
Melrose 27.3 ghi 30.4 defgh 31l.4abcd 33.6h 38.1d 40.8 def
Mutsu 18.9 abcdef32.3 fghi 41.8 bcdef 28.1 defgh 42.0 de 44.1 efg
Odra 21.4 cdefg 28.7 cdefg 30.7abcd 17.5abc a1.8 32.3bcd
Pinova 26.8 ghi 37.21jj 51.5 ef 23.7 cdefg 34.3ébcd 46.2 efg
Rajka 25.0 fgh 29.2 cdefg 39.3 bcdef 30.6 gh 48.7d 5419
Redgold 31.8i 52.2 k 66.5¢g 48.2 k 62.6 f 85.6]
Rubin 23.8 efgh  32.0 efghi 38.8 abcde 28.6 defgh .2 d@ 46.6 efg
Rubinette 17.5 abcde 24.4 abcde 32.6 abcd 23.gcdef29.2 abcd  36.6 cde
Sawa 21.5 cdefg 22.7 abcd 26.6 ab 145a 23.5 abc6.6 ab
Selena 19.1 abcdeR7.4 bcdefg 35.3 abcd  23.8 cdefg 27.7abcd  39.0 def
Spartan 25.6 fgh 36.0 hij 53.6f 29.5 efgh 41.1 de 48.7 fg
Topaz 14.7 ab 178 a 226 a 16.5 ab 21.4 ab 28.0ab
Witos 17.2 abcde 20.1 ab 28.4 abc 17.5 abc 20.2a 0.3 d@cd
X1X-133-D2 29.0 hi 39.2j 46.1 def 29.9 fgh 30.%db 51.4¢g

* Mean separation, within the columns, by Newmanlkg¢est, ati=0.05
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Conclusions

The sinvestigated apple cultivars were charaadrizy a great differentiation of the flesh
firmness. The highest firmness after storage insgson 2003/2004 was characteristic for ‘Topaz’
apples while in the season 2004/2005 significathiéymost firm were ‘Fuji’ apples.

High soluble solids content (over 15°Brix) weresetved in ‘Redgold’ and ‘Golden
Delicious’ apples while high acidity (over 0.6%) sveharacteristic for ‘Topaz’ and ‘Gorjaczkowski
Seedling’ apples.

With storage time a mutual quantitative proportainthe soluble solids content to acidity
increased. The highest values of that proportiorevsaown by ‘Fuji’ and ‘Gala’ apples. It may affect
the length of their storage period and also deteerttieir evaluation by consumers.
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THE INFLUENCE OF MAIDEN TREE QUALITY ON GROWTH AND CROPPING OF
TWO PEAR CULTIVARS IN THE ORCHARD
STADU KVALIT ATES IETEKME UZ DIVU BUMBIERU S KIRNU AUGUMU UN
RAZOSANU DARZA

Sosna |. and Szewczuk A.
Department of Horticulture, Agricultural Universiof Wroctaw, Rozbrat 7, 50-334 Wroctaw, Poland

Kopsavilkums

Izméginajums tika ietkots Audkopibas Izngginajumu stacifi pie Vroclavas (Polijas
dienvidrietumos) 2001.-2004. gadlzmeginajuma tika petita viengatu un divgathu daZdas
kvalitates sazarotu @lu ietekme uz koku augumu un #aZ divam bumbieru Birném ‘Carola’ un
‘Dicolor’, kas pottas uz cidonijas Sun saditas 2001. gada pavasaKoki s@éditi 1.2 x 3.5 m
attilumos (2381 koki hd). Visiem kokiem veidots arpstveida vainagsé&s V-Giittingen sistmas.
Lidz ceturtajam augSanas gadam koku augums uibaretiras atkatba no stidu kvalites.
Viengadgi acoti sidi deva labko pieaugumu @za, bet viengati potti auga krietni @jak, ipaSi
‘Carola’. Divgadgu stdu stdiSana nedevailisku razas palieli&gumu. Sikotrgjie petijuma rezullti
rada, ka viengai acoti sidi dod auggikas razas. Maikie pogtie koki deva maaku raZzu un bija ar
zenuko razas efektivittes indeksu.

Abstract

The experiment was conducted at the Fruit Experiai&tation near Wroctaw (south-western
part of Poland) in 2001-2004. Wroctaw area beldiogthe warmest regions in Poland. The influence
of maiden trees quality on growth and cropping giear cvs. was estimated. The experiment was
carried out on ‘Carola’ and ‘Dicolor’ trees buddewd quince $rootstock and planted in spring 2001
in a randomised block design in 4 replications v@ttrees per plot. Trees were spaced in rows at 1.2
m whereas the distance between rows equalled 23&1 trees per hectare). The maiden trees varied
in age from 2-year-old (the oldest) to 1-year-otdfged trees (the youngest). All pear tree canopies
were formed as a spindle and were trained in a YWH@en system. Until the fourth year after
planting, growth and yield were significantly affed by maiden trees quality. One-year-old budded
trees were characterised by the strongest vigothrarorchard, while one-year-old grafted trees grew
rather weak (especially with ‘Carola’). Planting/@ar-old maidens didn't have positive influence on
tree cropping in the orchard. Preliminary resultgshe study proved that 1-year-old budded trees,
irrespective of cultivar, gave the highest yieldheTsmallest grafted trees cropped less and had the
lowest crop efficiency index. Maiden trees quabfyboth cultivars had no clear influence on mean
fruit weight.

Key words: pear, maiden trees quality, growth, cropping

Introduction

In the recent years, more and more interest in pehivation is observed in Poland. Until
recently, it has been less profitable than appliévetion and much more risky in terms of produntio
In comparison to apple trees, pear trees startrigeéater and yield worse. Pear trees have higher
climate-soil requirements and their fruits show seostorage ability. The number of cultivars and
rootstocks suitable for pear orchards is limited, tMika, 1995).

Early and high productivity of pear trees firstatif depends on cultivar, rootstock and maiden
tree quality. According to Deckers and Schoofs (30fr pear trees planted in high density planting
systems the quality of the planting material shdagchigh. It should be a 2-year-old tree with @to
laterals obtained by pruning back the 1-year-odgdrin the fruit tree nursery. There is an impdrtan
difference in productivity between a 1-year-oldtfeged tree and a 2-year-old feathered tree during
the first year after planting. When a 1-year-oldpMs planted, the productivity will be delayed ay
period of 2 years during which the frame of thethas to be developed. For intensive high density
pear plantings only 2-year-old trees are recommenBeathered 2-year —old trees for modern apple
orchards are the best, because they give high arg gields (Oosten, 1978; Czynczyk, 1989;
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Sadowski, 2005). Such trees cannot be pruned pféaiting (Mika, 2001. High quality nursery
material is essential for a successful productigstesn, with the goal of early production (Green,
1991). In Jacyna (2004) study, branching was betith dwarf Quince MA rootstock than on
standard ‘Bartlett’ seedling rootstock, probablydese maiden pear trees have a limited branching
capacity in comparison with the tress of othertfagiecies, such as apples or sour cherries. Rjantin
material is produced in the nursery for 2 (1-yelaricees) or for 3 years (2-year-old trees). Bytetin
grafting the three-year-cycle of production coull shortened to two years. This method might be
cheaper than traditional ones and may reduce tessstonnected with older trees transplanting
(Ferree, 1976). To decrease the harmful influerfcamsplanting on tree growth, more often (for
example in Holland or Norway), maiden trees aradpeed in plastic containers. These trees without
their root system damaged, grow much better aféating in the orchard (Czynczyk, 1989).

The aim of this study was to compare the growtbldyand fruit quality of 2 pear cultivars
depending on maiden tree quality in the Lower &ilesgion SW Poland.

Materials and Methods

The experiment was conducted at the Fruit ExperialeBtation-Samotwoér near Wroctaw
(south-western part of Poland) in 2001-2004. Thedéw area belongs to the warmest regions in
Poland. The influence of maiden tree quality onwgho and cropping of 2 pear cultivars was
estimated. The experiment was carried out with 0Garand ‘Dicolor’ trees budded on quince S
rootstock, planted in spring 2001 in a randomisledkbdesign in 4 replications with 6 trees per plot
Trees were spaced in rows at 1.2 m whereas thendestoetween rows equalled 3.5 m (2381 trees per
hectare). The maidens varied in age from 2-yeatrelels (the oldest — their production took 3 years)
1-year-old budded trees (production — 2 years)}yedr-old grafted trees (the youngest — production
took 1 year). The youngest trees were whip graftgthg wintertime and dug out from the nursery in
autumn of the same year. Irrespective of maidegés all trees were without feathers. Pear tree
canopies were formed as a spindle with minimum imgmfter blooming time and shoots bended
down by using concrete weights. The trees wereimigiated and were trained in a V-Gittingen
system. Since the first year, there was a herbitddlew in the rows and sward between them.
Chemical protection was carried out according te tlurrent recommendations of the Orchard
Protection Programme.

The following data were recorded: growth of tregsnk cross-sectional area, number and
length of annual shoots), yield and fruit qualitynean fruit weight. The circumference of the trafik
each tree (up to third year — diameter) was medsatrthe height of 30 cm above the level of sdile T
obtained results were analysed statistically, usineganalysis of variance. Significant differene¢s
P=0.05 were calculated using Duncan’s multiple eairtgst.

Results and Discussion

Till the 4" year after planting, growth and yield were sigafitly affected by cultivar and
mainly by maiden tree quality. One-year-old budttegs were characterised by the strong vigour of
the orchard, while one-year-old grafted trees grativer weak (especially with ‘Carola’) — Tab. 1.

Table 1. Vegetative growth of 2 pear cultivars dedieg on maiden tree quality

Treatment Trunk cross-sectional area ,tm  Total number of Total shoot
Spring 2001 Autumn  Annual shoots per tree, length, cm tre@,
2004 increment 2001-2003 2001-2003

Carola

2-year-old maidens 1.8 d* 151b 4.8 ab 60.2c 015

1-year-old budded maidens 1.4 c 18.4 bc 5.8 bc &@2.7 1801 c

1-year-old grafted maidens 0.6 a 114 a 3.8a 85.7 936 a
Dicolor

2-year-old maidens 10b 14.8 ab 5.7 bc 376a HB08

1-year-old budded maidens 1.2 b 206 ¢ 70c 56.4 b 1828 c

1-year-old grafted maidens 0.5a 16.7b 6.5c¢C b0.0 1558 bc

* Means followed by the same letters do not diffeP=0.05 according to Duncan’s multiple rangest-te
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In comparison with trees planted as 1-year-old ledddnhips, older ‘Dicolor’ trees grew
significantly weaker. In autumn 2004, even graftBicolor' trees were more vigorous. These
observations are not consistent with those repdstedther scientists (Deckers and Schoofs, 2001;
Mika, 2001; Sadowski, 2005). Probably because efgqiality of 2-year-old maidens which were not
very high (without feathers, rather thin — ‘Dicdorirrespective of age, all planted trees had no
laterals. This corresponds with Jacyna’s (2004iiopi that such is the result of a limited branghin
capacity of some pear cultivars. Moreover, the system of older trees could be more damaged and
maiden's had bigger stress connected with transpiarDuring the first four years of this research,
trees planted as 1-year-old budded whips grew géroas compared with 1-year-old grafted whips.
Similar data (trunk cross-sectional area) are prteseby Gudarowska and Szewczuk (2003).

In this experiment, pear trees, irrespective ofiealls, started to bear in the third year after
planting and higher yields were obtained than enBlaszczyk (2005) experiment (Tab. 2).

Table 2. Cropping of 2 pear cultivars dependingraiden tree quality

Treatment Yield, kg treé' Cumulative yield,
2002 2003 2004 kg tree*

Carola

2-year-old maidens 0.1 3.0b 4.4 ab 75b

1-year-old budded maidens 0.0 53¢ 56D 10.9 cd

1-year-old grafted maidens 0.0 1.3 ab 22a 35a
Dicolor

2-year-old maidens 0.1 19ab 6.1b 8.1 bc

1-year-old budded maidens 0.0 29b 94c 12.3d

1-year-old grafted maidens 0.0 0.8a 6.9 bc 7.7 bc

* Explanation — see Table 1

High productivity of trees on dwarf Quince rootdteds confirmed by other authors (Kosina, 1997;
Iwaniszyniec and Hotubowicz, 1998; Castro and Ry, 2002). On the contrary, according to
Loreti et al (2002), yielding of ‘Conference’ cultivar on Qua# rootstocks up to sixth year after
planting was low. Planting 2-year-old maidens dididve positive influence on tree cropping in the
orchard. Preliminary results of the study proveat thyear-old budded trees, irrespective of culya
gave the highest yield. The smallest grafted tngekled less and had the lowest crop efficiency
indices (Tab. 3).

Table 3. Mean fruit weight and crop efficiency iRd€EC) of 2 pear cvs. depending on maiden tree
quality

Treatment Mean fruit weight, g CEC, kg cnf,
2003 2004 2003-2004  2002-2004

Carola

2-year-old maidens 258 b 207 b 233 ¢ 0.50b

1-year-old budded maidens 210 a 200 b 205 b 0.59b

1-year-old grafted maidens 286 b 195 b 241 c 0.31a
Dicolor

2-year-old maidens 189 a 163 a 176 a 0.55b

1-year-old budded maidens 188 a 152 a 170 a 0.60b

1-year-old grafted maidens 203 a 160 a 182 ab 10.46

* Explanation — see Table 1

Different results were obtained by Gudarowska arelvgzuk (2003). In their experiment, the grafted
apple trees, irrespective of rootstock, gave higiteps as compared with the budded ones. Pear
cultivars estimated in the experiment differed gigantly between each other in mean fruit weight
(Tab. 3). Considerably larger fruit were pickednfréCarola’ trees but “Dicolor’ fruit were not small
either, but equalled about 180 g. In contrast, Blagk (2005) reported that ‘Dicolor’ fruit weighted
only 108 g. On the other hand, in Czech experinfeaprstein and Bouma, 1999), ‘Dicolor’ had a
fruit weight of just 146 g but, due to the full rbtlish, it belongs to the most attractive pearivans.
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Maiden tree quality of both cultivars had no cledluence on mean fruit weight. Only trees planted
as 1-year-old budded whips had significantly thaltst fruit due to high productivity in 2003 (ttir
year after planting).

Conclusions

Preliminary results of the four year study proviealt testimated new pear cultivars are suitable
for commercial production. ‘Carola’ and ‘Dicolorage high and early yields as well as good quality
fruit.

Maiden tree quality had significant influence ormapree growth and cropping in the orchard.
Till the 4" year after planting, one-year-old budded whipsvgs&rongly and gave the highest yields.
Planting two-year-old maidens did not have a pasitifluence on tree cropping.

Maiden tree quality of both pear cultivars had leacinfluence on mean fruit weight.
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PHYSIOLOGICAL FACTORS INFLUENCING THE ROOTING OF PL UM ROOTSTOCKS’
HARDWOOD CUTTINGS
PLUMJU KOKSNAINO SPRAUDE NU APSAKNOSANOS IETEKM EJOSIE
FIZIOLO GISKIE FAKTORI
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Kopsavilkums

lzmgginajuma tika petita daZdu tehnolgisko, fiziologisko un bidimisko faktoru ietekme uz
triju veidu koksnaino spraude apsako3anos. Tehnofiskie faktori — spraudai grieSanas laiks, un
ISS optinala koncenticija. Augstika apsako3aras nowErota galvenokrt miera sezonasakunma vai
iSi pirms &s grieztiem spraudém, pielietojot 2000 ppm ISS. Apkejas vides ietekme — vigla
temperaira, aukstuma viabas, kas ietekija apsakoSanos netieSi. Konsttd \aja apsakoSans
sakatba ar fiziolgiskajiem faktoriem (lapu nokriSana un plaukSana@ndfu savienojumu ietekme
lapu birSanas lak un peroksidzes aktiviites palieliaSaras lapu plaukSanas laikkorek ar
apsakosars intensiiti. Polifenolu oksidzes aktiviiite neietekrgja spraudeu apsakosanos.

Abstract

Rooting is a complex process that is determinethbyrelation of many factors. Rooting rate
is highly influenced by the time of cutting collext, which includes the state of the mother plart a
the environmental factors on that day.

In our experiment three rootstocks’ rooting abilias examined, in relation to the different
technological, physiological and biochemical fastofhe technological factors were the time of
cutting collection, and the optimal dose of IBA. \§&ned the higher rooting rates mostly in the firs
half of the dormant season, or before, with apgha000 ppm IBA. The environmental circumstances
that we examined (daily mean temperatures, Coldsiyimfluenced rooting indirectly. We found a
relatively loose connection between rooting and phgsiological factors, leaf fall and sprouting.
From the state of leaf fall the values of the plieaathat has close correlation to rooting can be
suggested, also the peroxidase enzyme activity prauting. The third biochemical factor that we
examined, the polyphenol oxidase activity did raivg any correlation with rooting.

Keywords: rooting, leaf fall, sprouting, water content, {smature

Introduction

Vegetative propagation by hardwood cuttings is mpt and cheap method of the
multiplication of plum rootstocks, which has noebeused with great success in Hungary so far. The
reason for that can be found partially in our clieyand in the Hungarian nurseries’ practice. Thoug
applying it to cultivars with more than 50 % rogtirate can be economical (Hartmagtral, 1997).

An improvement in propagation technology is needdtere the investigations on environmental
factors and some biochemical features of mothentplat the time of cutting collection could
contribute to progress.

According to literature data, the three rootstdukt twe examined can root in relatively high
percentages, the establishment of ‘Sainte Julier6®&3#2’ Prunus insititiaJusL.) can be around 70-
80 % (Kracikova, 1996; Uzunov, 1987), and ‘Marian@& 8-1' Prunus munsoniandVIGHT &
HEDRICK x Prunus cerasiferaEHRH.) can give almost 100% rooting according to thacfice in
France (Demol, 2001). The growth reducing apricattstock, 'Fehér beszterceP(unus domestica
L.) is a Hungarian selection, a softwood cuttingdsised for its propagation; no satisfying resatts
known when using hardwood cuttings.

In the 1980s, the many studies concerning rootilsp &cused on almost each of the
determining factors of rooting. Besides the envmental and technological factors, however several
works studied the roles of the internal processsglé the mother plant, which can be even more
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determining. The phenological state and biochenfealures of the mother plant influence rooting
(Bassuk and Howard, 1981, Loretial., 1985, Guret al, 1988, Guskoet al.,1988). It is known that
certain materials forming in the plant are relatdooting, but their exact chemical comparisony wa
of action, and the relation among them have not loézarly defined yet.

Our aim was to examine the phenological state ef niother plant, the environmental
conditions on the collecting day, and the differeiochemical parameters of the cuttings and bunds, i
relation to rooting.

Materials and Methods

The open field experiments were carried out in Eerimental Station of Corvinus
University of Budapest at Soroksér, where the iklightly humic and sandy. The laboratory
experiments were performed at the Applied ChemiBiepartment of the Food Science Faculty of
Corvinus University of Budapest. Hardwood cuttimgere collected from three rootstocks: ‘Marianna
GF 8-1’, ‘Sainte Julien GF 655/2’, and ‘Fehér beszti’, from September to March during four
dormant seasons, then prepared to the length an25from the basal part of shoots 7-8 mm in
diameter. After collection the cuttings were dipgedungicide solution, and put to cold storage for
one day. Hormone treatment was applied, dippindots®e of the cuttings to 50 % alcoholic solution
of indole-butyric acid for 5 seconds, using 200@npgose. After the treatment the cuttings were put
into wet perlite and stored at 2°C, until planteepen field the next spring.

We examined the ratio of leaf fall, with countitgtieaves on marked shoots every week until
total leaf fall. For the examination of sproutingttihgs were put to room temperature on each
collection date. For measuring the free water aunwé the cuttings at collection, cuttings wereedri
at 120C for three days. The daily maximum and minimumgenrature data were used for calculating
the daily mean temperatures and cold units, thex laas counted by the method of Richardsbal.
(1974), starting from 23 September. The samplesherbiochemical assays were prepared from the
cuttings and from the buds of shoots used for tieparation of cuttings. The activity of peroxidase
enzyme (POD) was measured by the method of Srixagi83), that of polyphenol oxidase (PPO)
by the method of Bassudt al. (1981), the determination of the protein conteaswaccomplished by
the spectrophotometric way of Bradford (1976). Témults are given in U protein. The phenolics
were assayed by the method described by SinglemiRassi (1965), the results are givemgnequal
to gallic acid™ fresh sample. Open field experiments were cawigcetween 1997-2002 during four
dormant seasons, while the biochemical investigatetween 2000-2003 during three dormant
seasons. The results were analysed with one- andlaistor analysis of variance, regression analysis
and partial correlation analysis.

Results and Discussion

The comparison of the rooting ability of hardwoadtings collected on different dates shows
a strong effect of timing, which differs among rstotks. Based on our results, the optimal hardwood
cutting collecting period for ‘Fehér beszterceiotstock is the end of October, but in some years
cuttings collected in the middle of December cawve gsatisfactory results as well. The hardwood
cuttings of ‘Sainte Julien GF 655/2’ give the besstults if collected in the middle of October. Hoe
easily-rooting rootstock ‘Marianna GF 8-1' the opdl period for propagation with this method is
from the beginning of October until December, hus tperiod can be longer, in some years cuttings
collected in January also can root in high peragagdFigure 1.).

The cuttings collected in fall rooted better, thésiod can be described also with the extent df lea

fall. The quadratic figure fitted on five data (zaat all the three rootstocks reaches its pealk-804%
leaf fall. Rooting is supposedly influenced by tieather, the temperature of the collecting dayher
period before, through influencing leaf fall. Byropoint of view, the materials formed in the
separating zone of the leaves during leaf falkst ©f all phenolics and polyphenol oxidase enzyme
can have an effect on rooting. We could not firghclcorrelations between the PPO activity measured
in the rootstocks’ buds and cuttings, but the phesaontent of the buds had square regression
relation to rooting in all of the rootstocks. Férehér besztercei’ the phenol content in buds oGer 1
ug/mg, for the Sainte Julien between 10489™9, and for the Marianna 10-40g™ resulted a
relatively good rooting. In the literature the lawghenol content of the mother plants is said to be
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favourable (Haissig, 1986), but on the contrary tb&l phenolics values measured by us were
favourable in relatively wide intervals but it igu¢, that near the measured maximum the rooting
dropped (Figure 2.-3.).

¢ Fehér
besztercei

m Sainte Julien|
GF 655/2
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- - - .Polinom.
(Marianna)

1. 1. 1. 1. 1. 1. 1.

Date of cutting collection — — Polinom.
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Figure 1. Rooting of plum hardwood cuttings onealiféint dates during four dormant seasons (1997-

2002)
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Figure 2. The correlation between leaf fall of nastplants and rooting of plum hardwood cuttings

Marianna GF 8-1
100

Rooting (%)
(2]
o
Il

40 -
e y = -0,0989% + 5,4075x + 3,1685 ¢
20 R°=0,5436
L 2
0 T T T T
0 10 20 30 40 50
& Rooting Phenol content of buds (?g/mg)

e P0linom. (Rooting)

Figure 3. The correlation between phenol contetth@buds and rooting of Marianna GF 8-1
hardwood cuttings

158



AGRONOMIJAS VESTIS (Latvian Journal of Agronomy), No. 9, LLU, 20

According to our results, the water content atemibn influences rooting. Though the strength
and features of the relation was varying in theyelaased on three years’ data, higher water cbnten
showed to be favourable in all of the three roaisto The higher (above 50 %) rooting percentages
usually reached when the water content of thergsgtiwvas over 50 %, though lower establishment
rates occurred as well. The 50 % water contentadleation probably is a limit that under it high
rooting cannot be expected.

Statistical analysis did not show significant riglatbetween the rooting of hardwood cuttings and
the daily mean temperature at the day of collectiorany of the rootstocks. Among the years
differences can be seen in the relation betweetingpband the cold units (CU) accumulated until the
day of collection. The figure fitted to all of thi&arianna GF 8-1’ rootstock’s data pairs can bensee
that CU under 250 is the best for cutting collectiduring this period rooting was over 50%. The
material collected later can give good results afi,wut the establishment of the cuttings is less
certain. The strength of the relation was differimgears for the two other rootstocks, the effddahe
year was strong so we cannot use CU data for camtfidetermination of the optimal collecting period
(Figure 4.).

90 A
80 A A
70 |2 A A =
60 LA A
A
S50 B AT e ¢
= 40 e g A $ -
S 30 == R
S 20 | o 4 e >—_* 1
m —
10 « ¢ ¢ § T = =
O T % \.’ T . T ’\ \3 T
-250 0 250 500 750 1000 1250 1500 1750 2¢00
Cold Units (CU)
& Fehér besztercei ¢ Sainte Julien GF 655/3
A Marianna GF 8-1 Linear (FB)
- == Linear (Sainte J.) = = = :Linear (Marianna)

Figure 4. The correlation between Cold Units arating of plum hardwood cuttings
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Figure 5. The correlation between the rooting dednumber of weeks needed for reaching maximal
bud sprouting in ‘Fehér besztercei’ hardwood cgtin

The dormant state of the mother plants can be itbescwith the capacity of sprouting of their
buds. We kept the cuttings for nine weeks at roempierature after collection, recording every week
the rate of sprouting buds. The number of weeksleaéor reaching maximal sprouting was in linear
connection with rooting rate, while the maximalkraf sprouting showed a varying relation. From the
correlations analysed we suggested that the erfesprouting is less important concerning rooting
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than the time required for sprouting. So the deteghesdormant state of the buds is, the higherahte
rooting can be expected. In the case of ‘Fehértbesi’ if sprouting reached its maximal extent in
more than five weeks (including when sprouting was$ significantly different from 0 after nine
weeks), than rooting could be expected above 20n%very season examined this need of time
decreased less than six weeks in January, the donpesiod of European plums ends at this time
(Figure 5.).

We found significant correlation between the rogtof all the three rootstocks and the POD
enzyme activity measured in one of the organs.|@Wwer activity values were favourable, for ‘Fehér
besztercei’ and ‘Sainte Julien GF 655/2' this waslar 4 U™ protein, while for the Marianna
rootstock it meant activity under 3"8 protein. We have found similar results in therétere, when
the cuttings of cultivars with lower 1AA-oxidasetaty (which is mostly due to peroxidases) rooted
better (Guskoet al. 1988). But example for the contrary can be fousd éRyugo and Breen 1974).
As the POD activity and sprouting had strong catieh, we suggest that POD is one of the
biochemical factors that take part in processadtieg sprouting (Figure 6.).
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Figure 6. Correlation between POD activity and irmptn Marianna GF 8-1 plum hardwood cuttings
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Figure 7. The possible relations between the faatdluencing rooting of plum hardwood cuttings
(Bold arrows show strong correlations)

Conclusions

Rooting is a complex process that is determinethbyrelation of many factors. Emphasizing
only one factor can be misleading. That is why lie tletermination of optimal cutting date is
complicated, many factors should be consideredttamdorrelation of factors is variable year byryea
The physiological factors have an important role rooting, but are determined through the
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biochemical parameters. Rooting rate is highlyueficed by the time of cutting collection, which
includes the state of the mother plant and therenmiental factors on that day. From the statistical
analyses among the different parameters measuredfollowing complex relation system can be
suggested, influencing rooting (Figure 7.):

The daily mean temperature and Cold Units derivednfit have an effect on almost all

examined parameters. Leaf fall is correlated tdimgo but strongly related to phenolics and PPO-
activity. These three factors have big influenagetber on rooting. Water content has only a lingitin
role, but related to this PPO-phenolics systemo@prg is a determining parameter, supposedly
acting through POD enzyme activity.

10.

11.

12.

13.

14.

15.
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THE EFFECT OF ROOTSTOCK ON THE PHYSIOLOGICAL STATUS AND THE
STORAGE ABILITY OF 'ELISE' APPLES
POTCELMA IETEKME UZ 'ELISE' S KIRNES ABOLU FIZIOLO GISKAJIEM PROCESIEM
UN GLAB ASANOS

Tomala K. and Stowinska I.
Department of Pomology and Basic Natural Scieneésarticulture, Warsaw Agricultural University — &8V,
Nowoursynowska 159, 02-776 Warszawa, Poland

Kopsavilkums

Piecpadsmit dailu potcelmu (P 2, P 14, P 16, P 22, NR 47, P 580,/ 9, B 146, B 396,
PB-4, M.9 EMLA, M.26, M.27 un M.7) ietekme uxkifhes ‘Elise’ glaaSanos tika §tita cetras
sezonas - no 1999idk 2002. gadam. RaZu rmmot tika noteikta vidia audu masa, nkstuma
blivums, cietes indeksskiSto& sausna un endda etilena koncenticija. Svara zudums, alg
blivumsa, Eisto& sausna un masas zudumu Fmeek bojjumu cE] tika noteikta athrtoti pec 6
meéneSiem. \érojama tendence, ka #g saglala blivumu audi uz sarkanlapainajiem potcelmiem (B 9,
P 60, B 396, P 59). Auigno kokiem uz P2 uzdija lielaku endogna etilena saturu, bet uz M.27 Sis
raditajs bija zenakais. B 9, P 59 un M.27 walija augsiku Streifa indeksu, kas nosak@aku audu
nobrieSanu. Maikie audi bija uz PB-4, P 22 M.27 un P 59 potcelmiem ak& — uz P 14, M.7 un P
2. Mikstuma hbivums, etiéna klimak€rija fazes sasniegSana, gatzas indeksi un adg kvalitate
atXiras pa sezam.

Abstract

The effect of fifteen rootstocks (P 2, P 14, PR&2, NR 47, P 59, P 60, B 9, B 146, B 396,
PB-4, M.9 EMLA, M.26, M.27 AND M.7) on the storaityl of 'Elise' apples was studied in the 1999-
2002 seasons. Measurements during harvest inclmeéed fruit weight, flesh firmness, starch index,
soluble solids and internal ethylene concentratiditer six months of cold storage, weight loss,
firmness, soluble solids and incidence of storaigerders were determined. Trends showing higher
firmness values for fruits from trees on red-leavedtstocks (B 9, P 60, B 396, P 59) were noted.
Fruits from trees on p 2 resulted in higher thamrage internal ethylene content, although values
obtained for M.27 were lower than average. b 99@i&d m.27 resulted in higher values of the streif
index that corresponded with later ripening. Thealsest fruits were noted for super dwarfing
rootstocks PB-4, P 22 M.27 AND P 59, while the legigwere ON P 14, M.7 and P 2. A low
percentage of physiological disorders of fruits wased for B 9, B 396, P 59 AND NR 47. A high
seasonal variation was observed for firmness, cliemec ethylene production, and maturity indices
and fruit quality after storage.

Key words: Malus x domestica internal ethylene, firmness, soluble solids, phiggical
disorders, starch, Streif index, weight loss

Introduction

There is no doubt that the rootstock may have tioeandirect influences on tree growth
behaviour (Wertheim, 1998). One of the most impurtabjectives of growers is to control fruit
quality using rootstocks. The classic paper of éfaftl935) showed that fruits from trees on the dwar
rootstock No. 9 (later named M.9) were bigger vi#iter red blush. The rootstock effect on visual
guality parameters, such as mean fruit mass, $hape and coloration has been shown in many trials
performed at different locations (Barrét al, 1997; Callesen, 1997; Hirst al.,2001; Loreti, 2001).
The internal fruit quality parameters such as fiess) soluble solids content, and acidity are also
affected by the rootstock (Fallabt al, 1985; Autioet al, 1991; Drakeet al, 1991; Ben, 1999;
Slowinska and Tomala, 2001). Apple fruit minerainpmsition also depends on the rootstock (Drake
et al., 1991; Ben, 1995) and it is well known tlaaple storage ability strongly depends on their
mineral element content (Fallahi, 1988; Tomala, 7299 herefore, fruit internal quality is closely
related to apple storability and may influence tfrmiaturation (Barden, 1988; Barden and Marini,
1992; Autioet al.,1996).
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The objective of this study was to examine the ctffif rootstocks of different vigour and

origin on fruit internal quality and storability ing fruits of the cultivar ‘Elise’ during the 199802
periods.

Materials and Methods

‘Elise’ apple fruits from trees on fifteen rootskscof different vigour and different origin
were examined. The trees were budded on P 2, P 18, P 22, Nr 47, P 59, P 60, B 9, B 146, B 396,
PB 4, M.7, M.9 EMLA, M.26, and M.27 rootstocks.

The orchard trial was set up in four replicatiowgh 5 — 7 trees per plot and planted in the
spring of 1997. The harvest date was estimateddbasethe induced ethylene method. At harvest
time, flesh firmness was measured using the Ingb@metrometer, soluble solid concentration was
determined using a refractrometer, and the dedgretarch breakdown (starch index, on a 1-10 scale)
was assessed. The Streif maturity index was aldulaéed based on these values. The internal
ethylene concentration was determined with a Héwlatkard gas chromatograph Model 5890 II. All
measurements were performed on the random sampl&S fsuits per plot. Mean fruit mass was
assessed, based on a sample of 100 apples fronpleach

One box (ca 16 kg) of fruits from each plot wagedticat 1°C for 6 months for each of three
storage seasons: 1999/2000, 2000/2001, 2001/2002202{2003. The flesh firmness, weight loss,
soluble solids and percentage of sound fruits,agmrdiseases and physiological disorders were
determined at the end of each storage season.

Data were subjected to an analysis of covariatime one-factor model separately for three
seasons. The two-factor model was used to compaan malues for three years and determine
significance. The confounding effect of the meantfmass on the firmness was removed using an
analysis of covariance. The data on percentageuit$ fwith physiological disorders, storage dissase

and sound apples were transformed using the Blethad (arcsin\/;).

Results and Discussion

The mean fruit mass was a significant covariatettierfruit firmness at harvest in all years.
Adjusted means of firmness (Table 1) showed thatstock affects this parameter; however, there
was no persistent tendency for higher firmnessciatsa with any particular rootstock.

Table 1. Rootstock effect on firmness of "Eliseplap at harvest and after storage

Firmness (N; 1 kG = 9.81 N)

Rootstock at harvest after storage

1999 2000 2001 2002 1999 2000 2001 2002
PB 4 94.6 - 84.1 81.6 58.6 - 50.2 53.1
P22 91.7 - 82.1 77.9 55.6 - 52.4 52.3
M.27 925 106.7 84.0 86.8 59.3 65.0 52.5 56.9
P 59 91.9 109.8 81.7 93.7 55.2 66.2 52.1 51.5
P 16 91.0 98.0 80.8 91.1 59.7 63.2 51.4 54.5
P2 90.4 102.6 84.2 88.6 55.9 63.0 53.7 495
M.9 EMLA 947 1116 828 90.6 59.0 66.6 53.0 51.2
B9 94.2 109.3 84.6 94.7 60.9 68.1 51.2 541
B 396 89.3 110.0 83.7 97.9 60.5 63.5 54.7 50.1
P 60 94.4 112.1 85.5 102.4 60.7 68.1 54.2 50.9
B 146 89.8 108.4 83.5 86.1 57.8 62.2 51.6 54.1
M.7 94.3 - 85.5 93.7 58.4 - 52.4 48.0
M.26 91.1 110.6 84.8 96.1 57.6 64.6 50.3 50.4
Nr 47 94.2 108.7 82.0 94.0 57.3 65.1 52.4 48.5
P14 90.2 1056 834 86,9 57.0 65.0 53.2 49.1
p-VaIué 0.095 0.102 0.840 0.019 0.136 0.535 0.640 0.273

! Rootstocks are listed in increasing TCSA value ° p-Value is equal to F probability
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High variation was observed between seasons, aslsadound in research by Falladti al. (1985)
and Autio et al. (1996). Trends for higher firmness values for thuirom trees on red-leaved
rootstocks (B 9, P 60, B 396, P 59) were noteds Tdit could be related to higher Ca content iiidru
from trees on these rootstocks (Tometdal, 1999; Slowinska and Tomala, 2001; Clatral.,2002).
The firmness after storage was significantly relgata not shown) to firmness at harvest but & wa
not possible to detect any strong rootstock eftatthis. There was no evidence of a relationship
between fruit firmness and rootstock vigour as tbima previous paper by Autat al. (1996).

The percentage of soluble solids content (Table/&y affected by rootstock. In this case, a
high seasonal variation was also observed. There ne higher values of these indices recorded for
more dwarfing rootstocks, as reported by Awgtoal (1991). It is worth mentioning that in certain
specific years the percentage of soluble solids atbrage was higher for some red leaved rootsfock
as was also pointed out for the case of fruit fiess

Table 2. Rootstock effect on soluble solids ofS&liapples at harvest and after storage

Soluble solids, %

Rootstock at harvest after storage

1999 2000 2001 2002 1999 2000 2001 2002
PB4 14.8 - 12.6 14,6 16.1 - 12.1 14.2
P22 15.0 - 12.6 14,4 15.5 - 11.6 14.3
M.27 14.6 16.4 11.8 14,5 16.1 16.7 11.7 14.4
P 59 14.6 16.3 11.9 13,6 15.5 17.3 10.9 13.9
P 16 14.7 15.9 12.4 14,4 15.4 16.2 11.2 13.9
P2 15.0 16.6 12,5 14,4 15.7 16.7 12.3 13.9
M.9 EMLA 14.6 16.7 12.2 13,3 15.3 16.8 11.8 13.9
B9 15.2 16.0 12.2 12,9 15.3 17.8 11.1 14.1
B 396 14.9 16.9 12.7 13,7 15.6 16.4 12.7 13.7
P 60 15.0 16.5 12.9 13,8 15.8 17.1 12.4 13.6
B 146 14.6 16.6 12.1 13,3 15.4 17.1 11.9 14.0
M.7 14.0 - 12.8 14,2 14.8 - 11.6 13.1
M.26 14.6 15.3 11.8 14,6 15.0 16.7 12.0 13.7
Nr 47 14.9 16.7 12.9 13,8 15.6 17.1 12.2 13.5
P14 14.0 15.5 11.9 13,2 14.3 16.5 11.8 134
p-Valug 0.1774 0.0402 0.4244 0.0941 0.0020 0.1937 0.0022 0470.

1235ee table 1

The Streif index (Table 3) associates all maturitlices, and could be used as a more secure
indicator of the fruit ripening process. Rootstaffect varied from year to year, but some rootstock
were consistent in their effect. Specifically, BF959 and M.27 resulted in higher values of theein
and this corresponds with later ripening. Delaynaturity on trees on M.27 was also found by Barden
(1988).

Mean fruit mass was affected by rootstock (TableaB) a trend towards bigger fruits on
more vigorous rootstocks was observed. The smdfigit$ were noted for super dwarfing rootstocks
PB-4, P 22 M.27 and P 59, while the biggest wer® dd, M.7 and P 2.

The rootstock effect on physiological disordershf€ad) and percentage of sound fruits was
significant. The presence of physiological disosdeas very high in the first year of the experiment
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The low percentage of physiological disorders afitér noted for B 9, B 396, P 59 and Nr 47
rootstocks was associated with a high Ca and lo@akKratio, as presented in a previous paper for
these rootstocks (Slowinska and Tomala, 2001). &hia line with data reported by many authors
(Fallahi et al., 1988; Tomala, 1997). There was no evidence ofranystock effect on weight loss
caused by respiration and transpiration.

Table 3. Rootstock effect on Streif index and migait mass of “"Elise” apples at harvest

Rootstock Streif index Mean fruit mass, g

1999 2000 2001 2002 1999 2000 2001 2002
PB 4 0.11 - 0.11 0,227 161 - 173 200
P22 0.09 - 0.13 0,244 160 - 189 220
M.27 0.12 0.16 0.17 0,212 175 144 181 205
P 59 0.10 0.19 0.12 0,189 177 148 172 206
P 16 0.10 0.11 0.10 0,298 173 160 192 207
P2 0.09 0.12 0.14 0,332 188 169 205 219
M.9 EMLA 0.11 0.15 0.14 0,189 170 147 207 221
B9 0.11 0.20 0.14 0,201 162 138 210 217
B 396 0.09 0.17 0.11 0,274 195 150 206 211
P 60 0.11 0.13 0.12 0,256 170 152 215 217
B 146 0.09 0.14 0.11 0,295 182 160 201 222
M.7 0.13 - 0.14 0,272 163 - 228 231
M.26 0.10 0.17 0.12 0,260 180 153 212 223
Nr 47 0.10 0.16 0.11 0,216 196 160 199 217
P 14 0.10 0.11 0.11 0,242 185 168 232 252
p-Valug 0.0310 0.0054  0.0023 0.0043 0.0885 0.1106 0.0010 0664.

123ee table 1

Table 4. Rootstock effect on the percentage of iplogical disorders and weight loss of "Elise”
apples after storage

Rootstock Physiological disorders, % Weight loss, %

1999 2000 2001 2002 1999 2000 2001 2002
PB4 17.3 - 15 15.1 3.2 - 3.3 3,9
P22 18.7 - 0.9 6.4 3.1 - 3.2 3,5
M.27 9.8 6.8 0.3 11.6 3.2 4.9 3.1 3,5
P 59 7.3 6.8 2.7 4.5 3.1 4.4 3.4 3,7
P 16 10.2 13.1 2.0 7.5 3.2 3.8 3.2 3,5
P2 34.4 19.9 14 12.6 3.2 4.4 3.0 4,3
M.9 EMLA 9.0 5.7 1.2 4.2 3.3 4.8 3.7 4,2
B9 8.6 4.7 0.7 3.0 3.0 4.8 3.1 3,8
B 396 18.3 9.0 1.6 5.2 2.9 4.4 2.5 3,7
P 60 14.5 4.4 0.7 4.1 3.3 4.4 3.3 3,6
B 146 16.7 6.8 0.4 9.8 3.2 5.1 3.2 4,0
M.7 14.1 - 10.5 7.1 3.6 - 3.3 4,0
M.26 19.3 6.6 6.8 4.5 3.7 4.6 3.1 3,8
Nr 47 16.3 5.0 3.4 5.4 3.4 4.6 3.3 3,9
P14 11.1 11.2 5.0 9.1 3.3 4.1 3.6 4,1
p-Valug 0.011 0.160 0.064 0.041 0.051 0.305 0.497 0.283

1Z25ee table 1
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EFFECT OF ROOTSTOCK ON GROWTH AND EARLY BEARING OF FIVE-
APPLE CULTIVARS IN ESTONIA
POTCELMA IETEKME UZ AUGSANU UN RAZAS S AKUMU PIEC AM ABELU
SKIRNEM IGAUNIJ A

Univer N., Tiirmaa K. and Univer T.
Estonian Agricultural University Institute of Agtttural and Environmental Sciences Polli, Karksiidyu
Viljandimaa 69104, Estonia.

Kopsavilkums

Izméginajums tika ietkots Polli Darzkopibas instiita, Dienvidigaunii, smilSnala augsa,
2001. gad, izstdot viengatgus sidus. Sv&irnes ‘Alro’, ‘Cortland’, ‘Meelis’, ‘Sinap Orlovski un
‘Talvenauding’, kuras pétas uz B9, B396, B545, M26 un E75 potcelmiem.dgimajuma uzskaitts
koku augstums, stumbra diametrs, ziedkopu skaitkoka un raza no koka. Visagihes ziedja
pirmaja gad pec iestidiSanas. Nelaldligu laika apgiklu c&] pirmajos divos izm@ginajuma gados
razas nebijaiitiskas. Torar sakotrgjie rezultti lauj spriest, ka B9, B396, un B545 potcelmi sekm
agnlaku razoSanu. Arskirnes ‘Sinap Orlovskij’ un ‘Meelis’ &k agiak razot.

Abstract

The experiment was carried out on a loamy ctdlyag the Polli Horticultural Research Centre
in South-Estonia. Apple cultivars ‘Alro’, ‘CortlahdMeelis’, ‘Sinap Orlovski’ and ‘Talvenauding’
were tested on B9, B396, B545, M.26 and E75 rockstoThe trial was established in spring 2001,
with 1-year-old whips. Tree height, trunk diametemmber of inflorescences per tree and yield per
tree were determined in the experiment. All cultvlloomed in the first year after planting. The
yield, however, remained negligible in the firsotyears, because of unfavourable weather conditions
at the bloom time. Nevertheless, preliminary resiticate that B9, B396, and B545 induce early
bearing and that ‘Sinap Orlovskand ‘Meelis’ are precocious cultivars.

Key words: apple, clonal rootstock, cultivar, tree vigour,leaield

Introduction

Apple trees in Estonian orchards are mostly nioba@ 20-year-old and primarily on seedling
rootstocks. In the countries where horticulturenisre developed, apple trees grafted on clonal
rootstocks are used. In the last years, apple treaggorous or semi-vigorous clonal rootstocksehav
been more frequently planted in Estonian orchards leome gardens. Rootstocks A2, MM106 and
B118 have been recommended and propagated in oseries. Orchards with dwarfing and semi-
dwarfing clonal rootstocks are of interest to tretoBian farmers as well. During the past 20 years,
different elements of orchard technique intendedafuple trees on vigorous clonal rootstocks have
been studied in Estonia. Yet high-density appldards are still in a development stage. Currently,
there are few trials with apple cultivars on dwagficlonal rootstocks and the area of commercial
intensive apple orchards is very small. Most agptavers have limited financial resources and they
cannot afford to invest into renovation of theicloards. The establishment of intensive apple odshar
has been also delayed due to the missing informatomcerning suitability of particular dwarfing
rootstocks suitable for Estonian conditions.

Apple rootstock breeding programme in Estonia wasted in 1954. Jakob Palk selected 87
clones, and 3 of them were included in the listrafommended rootstocks: E56 and E63 (both
vigorous) and E20 (semi-vigorous). Palk bred omaigkvarfing rootstock E75, but it has not been
sufficiently investigated (Veidenberg, 1985). Thwstfrootstock testing trials were establishedhat t
Polli Horticultural Research Centre in 1987. In finst one, E20, E26, E53, E56, E75 (all Estonias)
well as B233, B490, B545, B118, B396, B9 and MM1a&e budded with four apple cultivars. In the
second trial the rootstocks E37, E39, E63, B257@8491, M7 and MM106 were budded with two
cultivars. It was concluded that rootstocks B9, 838476, B491 and E75 produced dwarf trees and
that trees grown on B545 and E75 were productivaaii2003).
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The aim of the present study was to compare theeedf dwarfing rootstocks (M.26, E75, B9,
B545 and B396) on tree vigour and early bearindeappltivars ‘Alro’, ‘Cortland’, ‘Meelis’, ‘Sinap
Orlovskii’ and ‘Talvenauding'.

Materials and Methods
The experiment was established on a loamy clayasdiie Polli Horticultural Research Centre
in South-Estonia. One-year-old whips were plantethe spring of 2001. Trees were spaced 4.0 x 2.0
m (1250 trees per ha). Apple cultivars ‘Alro’, ‘@and’, ‘Meelis’, ‘Sinap Orlovski and
‘Talvenauding’ were tested on B9, B396, B545, Ma2@l E75 rootstocks. There were 4 trees per plot
in 5 replications. Apple tree canopies were forraedspindle, with moderate pruning and bending of
shoots by use of concrete weights made of concAdteng the rows weeds were controlled by
herbicides and sward in alleyways was regularly mow
The number of inflorescences present on each tesecounted, and yield per tree was recorded.
Trunk diameter, at a height of 30 cm, was measevedy yearThe results were evaluated statistically
using the analysis of variance.
The weather conditions in 2002 and 2003 were unfialde for cropping of apple trees. The
summer 2002 was extremely hot and dry; the toiafath for the period from the "7 of July till the
31% of August reached only 28,9 mm. The spring of 2@8@3 colder than usual and a frost of -1.3°C
occured in the first decade of June. In 2004, d w@ather in spring was followed by a short heat
wave and, at the bloom time, frosts occurred on W&y4.5° C), 14 (-3.0° C) and 17 (-1.0° C).

Results and Discussion

The number of blossoms per tree depends on thegidall characteristics of a cultivar and the
rootstock used. In this trial, all cultivars bloodna the first year after planting. There were some
blossoms present in nearly all rootstock/cultivambinations. In spring 2002, the most abundant
flowering was recorded on Meelis’, while ‘Alro’ antCortland’ bloomed poorly. Rootstocks
significantly affected the intensity of blooming.oké inflorescences were found on trees grown on B9
and B545 whereas few blossoms were noted (Figurenljhose grown on E75 and M.26 rootstocks
(Figure 1).

O Alro B CortlandO Sinap Orlovskiza Meelis B Talvenauding

inflorescences per tree

cultivar | rootstock

LSD05 =3,1 . LSD05 =1.4

Figure 1. The effect of rootstock and cultivar dodoning in 2002

Trees started to bear fruit in second year aft@ntplg. However, the yields of all cultivars on all
rootstocks were low. In the first year of bearimgerage yields ranged between 0.1 kg per tree
(‘Alro’) and 0.7 kg per tree (‘Meelis’). The mostgzocious cultivar was ‘Meelis’. The early yields
were the highest on B9 and the lowest on M.26 artsl [Eigure 2). A relatively high early yield per
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tree was noted in the following rootstock/cultivabmbinations: ‘Meelis’/B545, ‘Meelis’/B9,
‘Meelis’/B396 and ‘Talvenauding'/B9.

O Alro B CortlandO Sinap Orlovskia Meelis @ Talvenauding

cultivar | rootstock

LSD95%=0.3 LSDys =0.1

Figure 2. The effect of rootstock and cultivar anlgyield in 2002

In 2003, trees of cultivar ‘Sinap Orlovakibloomed more abundantly than trees of other vaits
(Figure 3). Blossoming of cultivars ‘Alro’, ‘Corttel’ and ‘Talvenauding’ was poor. Trees on the
rootstock B396 showed a more intense bloom thasetibm B9 or E75. The most abundant bloom was
recorded on the following combinations: ‘Sinap @sgkii’/B396, ‘Sinap Orlovski’'/B545, ‘Sinap
Orlovski’/M.26 and ‘Meelis’/B396.

O Alro B CortlandO Sinap Orlovski@ Meelis @ Talvenauding
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Figure 3. The effect of rootstock and cultivar dodming in 2003

In the third year after planting in the orcharées produced a very low yield because the spring
frosts reduced the yielding potential. The treesSafap Orlovski' gave a significantly higher yield
per tree, compared with the cultivars ‘Meelis’ a@drtland’ (Figure 4). Trees, which were budded on
the E75 rootstock, cropped poorly. A higher yiek free was obtained from ‘Sinap Orlovskan
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B396 and from ‘Alro’ trees on B545 or on M.26. Incardance with the results of Sadowskial
(1999), vield per tree was similar on the rootstokk26, B9 and B396.

O Alro B CortlandO Sinap Orlovskia Meelis @ Talvenauding
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Figure 4. The effect of rootstock and cultivar eelgin 2003

Trunk diameter was used as a measure of tree vigp@003 the mean trunk diameter was 18
mm. Trees budded on B545 always showed the greagestr (Figure 5).

O Alro B CortlandO Sinap Orlovskiza Meelis @ Talvenauding

trunk diameter, m

Effect of Effect of
cultivar | rootstock

LSD05 =1.2

Figure 5. Effect of rootstock on tree vigour in 8exond year after planting

Trees on B9 were relatively smaller, compared wlitise on other rootstocks. The trees of ‘Sinap
Orlovskii’ were significantly larger than the trees of otleettivars. ‘Sinap OrlovsKi and ‘Alro’ on
B545 and E75 were the most vigorous. After the ségear of the trial, no considerable differences
in tree size were found between trees budded o6 E&h@ B396. Similar trends have been reported by
Hulko and Hulko (1999), Kurlus and Ugolik (1999)adawskiet al (1999), and Stouiski and
Sadowski (1999).

Conclusions

Under conditions of South Estonia, apple treeshenB545 rootstock are the most vigorous
and those on B9 the least vigorous.
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Rootstocks B9, B396, and B545 induce early bedfmgap Orlovski' and ‘Meelis’ may be
classified as precocious cultivars
For more precise evaluation, further studies assled.
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THE EFFECT OF CLIMATIC AND SOIL CONDITIONS ON THE M INERAL
COMPOSITION IN THE LEAVES OF APPLE TREE CULTIVARS D EPENDING ON THE
TERM OF THEIR FRUIT RIPENING
KLIMATA UN AUGSNES APST AKLU IETEKME UZ ABELU LAPU MINER ALO
SASTAVU ATKAR IBA NO ABOLU IEN AKSANAS LAIKA

Zydlik Z. and Pacholak E.
Department of Pomology, Agricultural UniversityRPwozna, Poland

Kopsavilkums

Tika testtas vasaraskirnes "Jersymac’, "Discovery’, ‘Geneva Early’, 5€lp Katia'; rudens
gkirnes "Delikates’, ‘Lobo’, 'Novamac’, "PaulareWijtds’; ziemasI§rnes "Cox's Orange "Pippin’,
“Ligol’, "MclIntosh’, "Redcroft’, "Shampion’;glas ziemas I8rnes "Golden Delicious’, “Gloster’,
“Elstar’, "Jonagold Rubin’, visi uz M.26 potcelrifaki tika s&diti 1992. gada pavagar3.5x1.5 m
atalumos. Augsikais mineédlvielu saturs tika konstatis vasarasidrnu lagas, bet zerkais — \Elo
ziemas Eirpu lagms.

Abstract

The objects of the study included apple trees @f fibllowing cultivars: summer cvs.:
Jersymac, Discovery, Geneva Early, Close, Katityran cvs.: Delikates, Lobo, Novamac, Paulared,
Witos, Winter cvs.: Cox's Orange Pippin, Ligol, Mtish, Redcroft, Sampion; late winter cvs.:
Golden Delicious, Gloster, Elstar, Jonagold RuBithtrees were planted in spring 1992 on M.26, in
3.5x1.5 m spacing.

The highest content of mineral components was fonrhke leaves of summer cultivars while
the lowest content was found in the leaves of e Winter cultivar group.

Key words: apple cultivars, leaf chemical concentrations

Introduction

Fertilization is one of the most frequently apgliagrotechnical treatments in orchards,
however, the determination of fertilization needsorchard plants is very difficult. Fruit trees and
shrubs are perennial plants with comparatively fewilization requirements which are additionally
modified by the method of soil use (Neilsenal. 1986, Horning and @eman, 1993). Numerous
studies have shown the effect of rootstock on tireeral composition of plants as well (Sharma and
Chauchan 1991; Tagliaviet al, 1992; Churet al, 2001). However, there are no data referringhen t
effect of cultivars on the mineral composition bé tplant. One should believe that the knowledge of
these relations might have a significant importancethe determination of the fertilization
requirements of orchard trees.

The aim of the studies carried out in the expenii@eorchard of the Pomological Department
on the area of the Agricultural and Pomological &xpental Farm in Przybroda was to investigate
the effect of climatic and soil factors on the @mtof mineral components in apple tree leaves with
different terms of fruit ripening

Materials and Methods
The estimation of the mineral component contenthm leaves of apple tree cultivars was
carried out in the years 2000-2002 in the expertatlarchard. The object of the study included apple
trees of the following cultivars:
- summer cv.: ‘Jerseymac’, ‘Discovery’, ‘Geneva Earl\Close’, ‘Katia’;
- autumn cv.: ‘Delikates’, ‘Lobo’, ‘Novamac’, ‘Paukd’, ‘Witos’;
- winter cv.: ‘Cox’s Orange Pippin’, ‘Ligol’, ‘Mclintsh’, ‘Redcroft’, ‘Sampion’;
- late winter cv.: ‘Golden Delicious’, ‘Gloster’, ‘Efar’, ‘Jonagold’, ‘Rubin’.
All trees were planted in spring 1992 on M.26 rtmtk, in 3.5 x 1.5 m spacing. The trees
were grown on proper grey-brown podzolic soil acedabf medium sand lying on light boulder clay.
Thee humus content was about 1.45% and the sotidres did about 23%. The content of available

172



AGRONOMIJAS VESTIS (Latvian Journal of Agronomy), No. 9, LLU, 20

mineral nutrients in year 2000, was high in refeeeto phosphorus and magnesium as compared to
soil nutrient standards in topsoil and subsoil tayésadowskiet.al, 1990). For potassium, it was
optimal in the topsoil layer and high in the subsayer with a correct K:Mg ratio and acid soil
reaction (Table 1).

Table 1. Content of mineral compounds in soil iB@§ear, mg per 100gsoil

Solil level pH P K Mg K:Mg
0-20 cm 5.4 5.8 10.5 7.8 13
21-40 cm 51 8.3 8.2 6.9 1.2

All agrotechnical practices including mineral feration were carried out as recommended
for the commercial orchards.

Leaf sampling was done every year between the Hswththe 20-th of July in 4 replications
from 5 trees, separately for each cultivar (tot&@y trees for each cultivar). Leaves were collected
from the middle part of long shoots growing in temtral part of the crown. After drying at°@) the
leaves were ground, wet burnt and the followingnelets were identified:

- phosphorus - colorimetrically with the use of malgbum-vanadium mixture

- magnesium and potassium - according to atomic pbearmethod

- calcium - by atomic absorption in the presencenfianum in 1% concentration.

In order to define a correlation between the canéémnmineral components in leaves and in
soil, samples of soil were taken at the same tiskea samples, separately for the layers of OftD a
21-40 cm.

All obtained results were statistically analysedl dne significance of differences between the
combinations was evaluated on the basis of theidmmée interval calculated by Duncan’s test for
significance level p=0.05. Additionally, linear celation coefficients were calculated between the
climatic conditions and the mineral compositionsofl on the one hand and the mineral component
content in apple tree leaves on the other handjulsSTATISTICA program.

Results and Discussion

Climatic conditions are regarded as natural factengch have a significant effect on tree
growth and yielding (Pacholak, Rutkowski 1999). Beblogical data (Table 2) indicate that weather
conditions during the experiment (1999-2002) weremdified. It is noteworthy that in comparison
with the mean annual temperature, the annual nexapedrature as well as the mean temperatures of
the vegetation period was higher by°C4nd 2.2C, respectively. Similarly to temperatures, als® th
precipitations were different between particulaange In comparison to the mean value of many years
the precipitations were lower compared to mean ahprecipitation. According to the accepted
standards, 3 years (1999, 2000 and 2002) wereahrsyand one year (2001) was a moderately moist
year.

Table 2. Mean temperatures and precipitation suni®999-2002 according to Meteorological station
in Przybroda

Mean Sum of .
Mean . . Sum of rainfalls

temperature in  temperatures in Annual ) X

Years yearly growing period growing period  precipitation I growing

temperature IV-IX IV-IX period IV-I1X

°C mm

Mean of 1956-1992 8.1 14.2 2627.0 529.1 326.6
1999 10.2 17.0 3114.0 487.4 262.5
2000 10.6 16.6 3028.6 526.6 295.0
2001 9.1 15.6 2854.8 487.4 317.8
2002 9.9 17.1 3129.3 516.1 229.7

Mean of 1999-2002 9.95 16.6 2806.7 504.4 276.3
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The content of mineral components in the leave20hpple tree cultivars was different. This
according to Wojcik (1996) may depend on the catty yielding and the weather conditions.
Therefore, the interpretation of results was cagrgid with the analysis of the mineral compositibn o
the leaves of the examined summer, autumn, wimkiate winter cultivars.

Nitrogen content in leaves, depending on the gafuqultivars, was diversified and it ranged from
1.94% DM (dry matter) in the group of late wintedtivars to 2.14% DM in the leaves of summer
cultivars. Between the groups of autumn and wigtétivars, no significant differences were found
(Table 3). In comparison to standard values, nénogontent in leaves was low in autumn, winter and
late-winter cultivars while in the group of sumnuoetitivars nitrogen content was optimal. Regardless
of the cultivars group, significant differencesnitrogen content were also found between the years
2001 - 2002 ranging from 1.93% to 2.10% DM, respett. Linear correlation coefficients did not
show any significant correlation between the niérogontent in leaves as dependent on climatic
conditions or the content of nutritive componentshe soil (Table 4). This statement agrees wigh th
earlier results obtained by Pacholak and zZydIlilO@0

Table 3. Content of mineral compounds in leaveppi@tree cultivars depending on the term of their
fruit ripening in % DM (mean in years 2000-2002)

Groups of cultivars N P K Mg Ca
Summer 2.14 c* 0.18 c 1.58 ab 0.35¢ 1.36b
Autumn 2.00b 0.16 b 1.54 ab 0.32b 1.26 b
Winter 2.04 b 0.16 b 1.62b 0.29 a 1.14 a
Late winter 1.94a 0.15a 151a 0.35¢ 159c
Mean of years:

2000 2.03 ab 0.15a 1.28 a 0.33b 1.41b
2001 197 a 0.17b 1.71b 0.37c 0.96 a
2002 2.10b 0.17 b 1.70 b 0.28 a 1.63c

* Mean marked with by the same letters are notii@mt at then=0.05

Table 4. Correlation coefficients between climatonditions and the content of mineral components
in the soil and the chemical composition of leaves

Analised factor N P K Mg Ca
Temperature - - - -0.5347 ** 0.6634 **
Rainfall - - - 0.5308 ** -0.5765 **
pH topsoll - -0.2897 * -0.5631** -0.2676 * 0.4624
pH subsoil - -0.3052 * -0.5822 ** - 0.4217 **
P topsoil - -0.2897 * -0.5631** -0.2676 * 0.4624 *
P subsoill - -0.3508 * -0.6153 ** - -

K topsoil - -0.2897 * -0.5631** -0.2676 * 0.4624 *
K subsoil - -0.2897 * -0.5631** -0.2676 * 0.4624 *
Mg topsoil - -0.2854 * -0.5575**  -0.2778 * 0.4725*
Mg subsoil - -0.2897 * -0.5631** -0.2676 * 0.462%
K/Mg topsoll - -0.2854 * -0.5575**  -0.2778 * 0.4%2*
K/Mg subsoil - -0.2897 * -0.5631** -0.2676 * 0.462*

N content in leaves
P content in leaves
K content in leaves
Mg content in leaves
Ca content in leaves

-0.3200 *

* Significant difference at=0.05

*** Significant difference at=0.01

The content of phosphorus depending on the groeplatars changed between 0.15% DM in the
late winter group of cultivars and 0.18% DM in fleaves of summer group of cultivars (Table 3).
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Worthy of attention is the fact that in comparidorboundary values the phosphorus content in leaves
of the summer cultivars was a low. The phosphoament of the leaves showed lowest concentration
in 2000 on the average 0.15% DM. In the succedsigeyears, there was no difference. A negative
linear correlation was identified between phospbhaontent in leaves and the mineral composition of
soil and its pH (Table 4). The course of climatimnditions had no effect on the concentration of thi
component in the leaves of apple trees.

Potassium content in leaves ranged from 1.51% DNht@ winter cultivars to 1.62% DM in
winter cultivars (Table 3). In comparison with bdany values, independent of the cultivar group,
potassium content was at a high level. The analyisigotassium content in the particular years of
studies showed a significantly lower K contentéaves in 2000 and the mean value was 1.29% DM
The linear correlation coefficients indicated thxéstence of a negative correlation between potassiu
content in leaves and the mineral composition df &od its pH, and a positive correlation with
phosphorus concentration in apple tree leaves €Tdhl Similarly as in the case of phosphorus,
climatic conditions had no effect on the potassaamtent in leaves.

Magnesium content in leaves of the analysed gro@igsiltivars changed between 0.29% DM in
winter cultivars, and 0.35% DM in either summerlate winter cultivars. Similarly, as in case of
nitrogen, the content of magnesium in the leavesuoimer and late winter cultivars in comparison
with boundary values, was high, whereas in therantand winter cultivars, its content was optimal.
The lowest mean magnesium content in leaves waslfou2002 while the highest content occurred
in 2001. A negative correlation between magnesiwomcentration and the content of mineral
components in the soil and its reaction was foudell (Table 3). An essential negative dependence
was revealed between magnesium in leaves and thgetature in the vegetation period, while a
positive dependence was found between magnesileaves and the amount of precipitation.

Calcium content ranged from 1.11% DM in leaveshd winter cultivars to 1.54% DM in the
leaves of late winter cultivars (Table 3). The rammgy groups of cultivars did not differ significidy
The lowest content of calcium was found in 2001 dradhighest one in 2002. The linear correlation
coefficients indicated a positive dependence onntiveeral composition of the soil and its reaction
(Table 4). The course of climatic conditions hadedfect on the Ca content in apple tree leaves
showing a positive dependence on temperature aedative dependence on precipitation.

The effect of climatic conditions on the contentnadignesium and calcium in leaves was found
earlier by Pacholakt al.(1998) and by Pacholak and Zydlik (2003).

Conclusions

The obtained results permit to state the signiticififierences in the mineral content of leaves
depending on the analysed component and on thep grbultivars. Noteworthy is the fact that
independent of the cultivars, the highest contérmimeral components was found in the leaves of
summer cultivars while the lowest content was foumtthe leaves of late winter cultivar group.

Linear correlation coefficients between climatiaditions (temperature and precipitations in
the vegetation period) and the content of minepatmonents in the soil and the chemical composition
of leaves showed that of climatic conditions influed and the content of magnesium and calcium in
the leaves. Also the content of mineral componémtthe soil was significantly correlated to the
chemical composition of the leaves. Only in casaiwbgen, no effect of climatic and soil conditson
on the content of mineral components in leavesfaasd.
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PESTICIDE RESIDUE IN SELECTED FRUITS PRODUCED IN PO LAND
PESTICIDU ATLIEKAS POLIJ A RAZOTOS AUGL.OS

Zydlik P. and Sobkowiak J.
Cieszkowski Agricultural Academy in Poznaul. Dabrowskiego 159, 60-594 Pozndoland

Kopsavilkums

Valsts vides piggnojuma monitoringa ietvaros 8 706 zame upeawu, aveiu, abolu, kirSu un
plamju paraugos tika anatitas pestitdu atliekas. Pestidi tika atrasti aptuveni 30 % no anati&jiem
paraugiem. Pestidu atliekas virs pigujand [imepa tika konstatas tikai 0.57 % paraugu. Neatigir
no Etijumu gada pestidu atlieku normas netikaasniegtas avesm un ptimém. Reti s normas tika
parsniegtas upeam (1.7 % no upgu paraugiem) uikirSiem (1.2 %). Divos @gjos gados pestidu
atliekas, kurasgrsniedz pigaujamis normas, netika atrastas.

Abstract

On the basis of studies conducted within the fraorkwof the State Environmental Pollution
Monitoring levels of residues of pesticides weralgred in 8 706 fruit samples (strawberries, black
currants, raspberries, apples, cherries and pluPesyticides were found in approximately 30% of the
collected samples. Crop protection chemicals inatheunts exceeding their admissible residue levels
were detected in only 0.57% of the samples of Bpécies. Irrespective of the year of the studysuc
irregularities were not observed in raspberry aehgruits. Pesticide contents exceeding admissible
values were most frequently found in black currrnits (1.7 % total number of samples of this
species) and cherries (1.2%). In the last two yehithe investigations pesticide residues exceeding
their admissible levels were not found in any feamples.

Key words: fruit samples, pesticides, admissible residueliev

Introduction

Pesticides constitute a group of chemical compowsés primarily in agriculture to prevent
the development of or to control undesirable pkamd animal organisms. Their applications bring
obvious benefits. However, due to their possibleuawlation in the tissues of consumers some
pesticides are considered to cause diseases afetiteal nervous system or mutagenic changes in
cells.

Intensive cultivation of orchard plants requiregginent application of chemical plant
protection. In such a case fruits, apart from theessary constituens, may contain pesticide residue
in the amounts creating a potential hazard forhtbalth of consumers. Poland was one of the first
European countries, in which at the beginning ef2870’s a monitoring system for pesticide residues
in agricultural produce was organized. At presechsstudies are carried out within the framework of
the State Environmental Pollution Monitoring, cteapt Monitoring of Soil, Plants, Agricultural
Produce and Foodstuffs. Sample collection and aealgare being carried out at the Institute of Plant
Protection based in Pozhand in its several regional laboratories.

The aim of the study was to list and analyse tselte of the studies conducted so far on the
incidence of pesticide residues in fruits produicedoland.

Materials and Methods

This study has utilized publications summing up itheestigations within the framework of
the State Environmental Pollution Monitoring on tpede residue in orchard production gy owski
et al, 1996, 2003; Nowackat al. 2001; Michna and Szteke, 2001, 2002). Results naflyaes
concerned pesticide residues in berry fruits -vabearies, currants and raspberries, pome fruits —
apples and stone fruits — plums and cherries duhiagyears 1991-2002. The number of samples of
the investigated fruit species, showing pesticidsidues taking into consideration the highest
admissible residue defined in the binding Polighutations (Rozpormzenie ... 2004) is presented in
the form of lists and tables. A list was preparddiologically active substances which in fruits
exceeded the highest admissible residue levelstiiegwith the classification into groups in terofis

177



AGRONOMIJAS VESTIS (Latvian Journal of Agronomy), No. 9, LLU, 20

the field of action and toxicity degree. For thisrpose an annually updated list was used including
plant protection chemicals admitted for sale inalRdI(Register ... 2005).

Results

In the years 1991-2002 a total of 8 706 fruit sawpdf the analysed species were collected
throughout Poland (ibrowski et al., 1996, 2003). In at least 30% samples pesticidielues were
detected (Table 1). Pesticides were most frequetgtgcted in berry fruits and least frequently — in
stone fruits. In the second period of the study, in the years 1996-2002 in comparison to theyearl
1990’s the mean percentage of fruit samples cantairesidues of plant protectants decreased slightl
to 29.7% (Table 1). The number of such samples fiagples and black currants decreased
significantly. Both in the first and the seconddstyeriod fungicide residues were detected most
frequently in fruits. The percentage of insecticidsidues founds was much loweraflbowski et al.
1996, 2003).

Table 1 Percentage of fruit samples with pestigidsidues in the years 1991-2002 (based on
Dabrowskiet al, 1996, 2003; Nowacket al.,2000, 2001)

Lp. Species Years of investigation Average for

1991-1995 1996-2000 1991-2002
1 Apple 32,0 20,0 26,0
2 Raspberry 40,0 45,0 42,5
3 Black currant 43,0 35,0 39,0
5 Plum 17,0 21,0 19,0
6 Strawberry 45,0 39,0 42,0
7 Cherry 14,0 18,0 16,0

Average 31,8 29,7 30,8

The mere presence of plant protection chemicalfuits does not mean that these fruits
constitute a hazard for the health of consumerss Tay happen when the content of pesticides
exceeds a certain threshold value — i.e. the highdiaissible residue. In the years 1991-2002 out of
over 8 thousand analysed fruit samples only in%.%7 them plant protection chemicals occurred in
amounts exceeding the highest admissible residissd 2). Raspberries and plums turned out to be
safest for consumers. Pesticide residues in amdugier than their highest admissible residues were
not found in any samples from these species. Sesidues were detected most frequently in cherry
and black currant fruits. However, the numbersashgles with exceeded highest admissible residues
constituted not more than 1.7% of the total nundfesamples analysed in these species (Table 2).

Table 2 Percentage of fruit samples with pesticiglidues in the amounts exceeding the highest
admissible residues in the years 1991-2002 (basdohbrowskiet al, 1996, 2003; Nowackat al,
2000, 2001)

Lp. Species Years of investigation Average for
1991-1995 1996-2002 1991-2002
1 Apple 0,2 0,6 0,4
2 Raspberry 0 0 0
3  Black currant 1,3 2,1 1,7
4  Plum 0 0 0
5  Strawberry 0,3 0 0,2
6 Cherry 15 0,8 1,2
Average 0,55 0,58 0,57

In the second period of the study in comparisoinéoyears 1991-1995 the number of samples
from strawberries and black currants containingnpfaotection chemicals in the amounts exceeding
the highest admissible residues increased notigégly. 1).
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In contrast, the quality of apples and cherriesrowed significantly. In the last two years of thedy,
i.e. 2001 and 2002, irrespective of the fruit specin no samples the highest admissible pesticide
residues were exceeded.
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Figure 1. The trend in percentages of fruit sampliéls pesticide contents in the amounts exceeding
the highest admissible residues in the years 1992-2based on &browskiet al, 1996, 2003;
Nowackaet al.,2000, 2001)

Table 3 contains a list of biologically active st#mees found in fruits in amounts exceeding
the highest admissible residues. It results frois tist that in fruits (especially in apples) most
frequently insecticides exceeded their highest aslitnlie residues.

Table 3 Biologically active substances detecteftuits in the amounts exceeding highest admissible
residues in the years 1991-2002 (based shir@vskiet al, 1996, 2003; Nowacket al.,2000, 2001)

Lp. Species Biologically active  Number of Kind of Class of toxicity
substances samples preparatioh

1 Apple Dichlorfos 2 insecticide Il toxic
Fenwalerat 2 insecticide [l harmtul
Alfametryna 2 insecticide [\ residual

2  Black currant Bromopropylat 4 insecticide - -
Ditiokarbaminiany 17 fungicide \% residual
Endolsulfan 1 insecticide Il toxic
Permetryna 2 insecticide v residual
Lenacyl 1 herbicide v residual

3  Strawberry Dichlofluanid 1 fungicide Y residual
Ditiokarbaminiany 7 fungicide \% residual
Alfametryna 1 insecticide \Y% residual
Symazyna 1 herbicide \% residual
Chlorotalonil 1 fungicide \% residual

4 Cherry Ditiokarbaminiany 1 fungicide Y, residual
Kaptan 2 fungicide v residual
Metydation 4 fungicide \Y% residual

1 — according to Rejestr ... 2005; 2 — accordingstawa ... 2003;
3 - according to Ustawa z dnia 12.07.1995 rokutratie rdélin uprawnych (Dz. U nr 90, poz. 446)

According to the classification introduced by tieeaoked Act of 12 July 1995 on crop plant protection
they are compounds of toxicity class Il or Ill,amcording to the toxicity classification of the @ntly
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binding Act of 18 December 2003 on crop plant prtom (Act of ... 2003) — they are included in the
group of toxic and harmful compounds. However, thlk fungicides found in fruits (especially
cherries) are included in a not very toxic clasoithe group of “other compounds”. The same group
of toxicity includes also two biologically activellsstances of the herbicide group detected in arsount
exceeding the highest admissible residues in seawlffruits.

Discussion

Plant protection measures are taken with spectehsity on crop plants in orchards and
plantations of berry fruits. Considering the natiboonsumption of plant protection chemicals in
agriculture amounting to 0.5-0.75 kg active ingeadha®, in apple orchards this amount increases to
15.8-38.3 kg active substania®. Similarly on plantations of berry-bearing plafspecially black
currants) the amounts of applied pesticides exc&dkg active ingradiartia® (llnicki, 2004).
However, these fruits are not included in the gro@iplants accumulating the highest amounts of
plant protectants. According to the results of $t@e Environmental Pollution Monitoring, among the
several dozen tested agricultural products the dsgtadmissible residues were exceeded most
frequently in vegetables, especially those produgeder cove (Michna and Szteke, 2001, 2002;
lInicki, 2004). In spite of the fact that in theays 1991-2002 residues of plant protection chemical
were found in approx. 30% analysed fruit sampleabl@ 1), only in 0.57% samples the highest
admissible residues were exceeded (Table 2). Iibsfaf some species no exceed of the highest
admissible residues were detected at all. Raspisearid plums may serve as examples here (Table 2).
In the years 1991-2002 instances of such highuesigdvere most frequently detected in fruits of lblac
currant (especially in the late 1990’s) and ché€FRig. 1). However, it needs to be stressed here tha
the numbers of both cherry and black currant fesimples which exceeded highest admissible
residues of pesticides constituted not more thant@¥ quantity of analysed fruit samples within
these species and most of the detected plant fimtechemicals consisted of relatively unstable
fungicides included in toxicity class IV (the groap“other compounds”) (Table 3).

The share of cherries and black currants in theispestructure of Polish fruit production is
definitely smaller than that of apples. Apples ¢ibate 60 t070% Polish fruit crops (Zaaki, 2000).
Their quality in terms of the exceeded admissilblietents of plant protectants is gradually improving
While in the years 1991-1995 in fruits of this lempspecies, the highest admissible residues were
exceeded primarily by stable insecticides classifa harmful and toxic (Table 3), in the second
period of the study exceeded admissible pesticatgents were not detected in any apple sample
(Figure 1).

Especially in the last two years of the study, 2801 and 2002, the quality of pomiculture
production in Poland in terms of pesticide residdeginctly improved. Due to the increasingly
frequent application of Good Agricultural Practeed promotion of Integrated Fruit Production such
a situation is to be expected.

The very small number of samples of berry, stond pame fruits exhibiting pesticide
contents in the amounts exceeding their highesisailote residues (Table 2) and a distinct decrgasin
trend in the number of such samples (Fig. 1) magessible to conclude that consumption of fruits
produced in Poland poses only a slight threatedalth of consumers.

Conclusions

In the years 1991-2002 in approx. 30% fruit sampésgdues of plant protectants were found.
They were detected most frequently in berry fraitd least frequently in stone fruits.

In terms of pesticide contents the quality of syitroduced in Poland has to be considered as
good. Pesticide residues in the amounts exceeleighighest admissible values were found in less
than 1% of the analysed samples.

Among the six analysed fruit species no exceshahtghest admissible residues of pesticides
were found in raspberry and plum fruits.

Insecticides are the most frequent biologicallyivactsubstances detected in fruits in the
amounts exceeding their highest admissible residdéshe detected fungicides belonged to the not
very toxic class IV.

In the last two years of the study a distinct inygtment was observed in terms of pesticide
residues in fruits.
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