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IEVADS

Plasak audzeta auglkoku suga Latvija vienmér bijusi abele
(Malus domestica Bork.). Darzos galvenokart tika izmantoti sp&cigi
augosi potcelmi (Skirnes ~Antonovka® s€klaudzi). Sadu darzu butiskakie
trikumi bija saméra vélas pirmas razas, sabiezinats un liela apjoma koka
vainags pilnraZas perioda, kas apgriitina kopSanas darbus un samazina
auglu kvalitati.

1990-tajos gados attistoties tirgus ekonomikai, ar1 auglkopibas
nozaré mainijas attieksme pret darzu ka raZoSanas objektu. Kopuma
abeldarzu platiba samazinajas, jo daudzi vecie darzi tika likvidéti vai
pamesti novarta, savukart jauno darzu platibas bija relativi nelielas. Ta
2001. gada péc lauksamniecibas skaitiSanas datiem abeldarzu (lielaki par
0.5 ha) platiba bija 5965 ha. Sada Iimeni abeldarzu platiba bija arT
2008. gada — 5 100 ha. Latvijas abolu tirgus apjoms naudas izteiksmé ir
10 Iidz 14 miljoni Ls gada, no kuriem 30 — 65% aiznem importetie aboli.
Par nozares attistibas iesp&jam norada gan importéto abolu daudzums (p&c
statistikas datiem 12 000 — 17 000 tonnas gada), kurus var aizstat ar
vietgjiem, gan abolu eksporta apjomu pieaugums pédejos gados (péc
statistikas datiem eksporta pieaugums 5 gadu laika ir 1 200 tonnas).

Lai iegiitu augstakas un kvalitativakas raZas, tika mekleti
uzlabojumi gan audz&Sanas tehnologijas, gan Skirpu un potcelmu
sortimenta. Jaunos abelu stadijumus saka ierikot, izmantojot vid€ja un
vaja auguma potcelmus, 1idz ar to stadijumu bieziba sasniedza 500 lidz
1500 koki ha”. Jaunie stadfjumi ar mazika auguma kokiem paatrinaja
pilnrazas perioda iestasanos, palielinaja kvalitativo auglu Tpatsvaru,
atviegloja razas novakSanu, tacu radija arT neskaidribas par piemérotako
stadiSanas attalumu un vainaga veida izv€li. Sabiezinatos stadijumos
samazinas auglu koku adaptacijas sp€jas apkartgjas vides apstakliem, 11dz
ar to vl nozimigaki kluva audz&$anas tehnologiju jautajumi.

Kaut ar aktivi tiek parpemta citu valstu darzkopju pieredze,
tomér ir virkne jautajumu, kuri japrecizg tiesi Latvijas apstaklos — daudzas
no misu komercskirném un potcelmiem netiek audzeti Rietumeiropa, sava
ietekme ir gan apgaismojuma un temperatliras reZImam vasarda, gan
ziemoSanas apstakliem ziema. Vairaki audzgSanas tehnologiju jautajumi
jaizlemj vel pirms auglu darza ierikoSanas — Skirnes un potcelma izvéle,
stadisanas shéma, planotais vainaga veids u.c. So jautdgjumu izlem3anai
nepiecieSami vietgjos apstaklos parbauditi fakti un likumsakaribas, jo Sie
lemumi biitiski ietekm&s turpmakos darba rezultatus.

Parmainu nepiecieS$amiba auglu koku audzgSanas tehnologijas
nosaka promocijas darba aktualitati — darba ir pétita dazadu stadiSanas
sheému, stadiSanas blivumu un vainaga tipu ietekme uz koku



produktivitati, ka art izvertéti divi maza auguma potcelmi, taja skaita
jaunais Pures Darzkopibas izméginajumu stacija selekciongtais potcelms

Pure 1.

[y

Darba hipotéze
Darza tips ietekmé koku vegetativo un generativo produktivitati.
Potcelms Pure 1 ir vairak piem@rots izmantoSanai intensivos
abeldarzos, salidzinot ar Iidz §im plasak lietoto B.9.

Darba merkis
Izdalit darza tipu, kas nodroSina sabalansétu vegetativo un
generativo  produktivitati ~ mainigos  agrometeorologiskajos
apstaklos.
Novertét potcelma Pure 1 ietekmi uz koku vegetativo un generativo
produktivitati.

Darba uzdevumi:

Noteikt darzu tipu ietekmi uz koku vegetativas produktivitates
parametriem:

stumbra Sk@rsgriezuma laukumu;

koka augstumu;

vainaga tilpumu;

vainaga projekcijas laukumu;

koka lapu virsmas kopgjo laukumu.
Noteikt darzu tipu ietekmi uz koku generativas produktivitates
parametriem:

ziedkopu skaitu koka;

zied€Sanas intensitati;

auglu skaitu koka;

razu no koka;

razu no darza platibas.
Salidzinat divu potcelmu ietekmi uz abelu vegetativo un generativo
produktivitati.

Latvija un Baltijas valstis ir veikti daudzi p&tfjumi par ekstensivu

darza tipu elementiem. Ir iegiita diezgan plaSa informacija par vaji un
vidgji augosu klona potcelmu piemérotibu viet€jiem apstakliem, tacu
sam@ra maz ir petjjumu par intensiviem darza tipiem ka sistému kopuma.
Darba novitate ir ilggadigu datu apkopojums par maza auguma abelém,
ietverot stadiSanas attalumus un vainagu veidus, ka ar1 pirmo reizi darza
apstaklos novertets jaunais potcelms Pure 1.



IZMEGINAJUMA APSTAKLI UN METODIKA

Izm&ginajums ierikots 1996. gada pavasari Piires Darzkopibas
izmégindgjumu stacija peéc starptautiskas izmé&ginajumu programmas
metodikas, kas izstradata profesora Dr. agr. A. S. Devjatova (Baltkrievija)
un profesora Dr. sc. A. Sadovska (Polija) vadiba. Programma piedalas
Latvijas, Lietuvas, Baltkrievijas un Polijas p&tnieciskas iestades.

Iekartots trTs faktoru izm&ginajums, kur:

1) faktors A ir abelu Skirne:
A;—"Spartan’;
A, - "Belorusskoje Malinovoje;
2) faktors B ir darza tips:
B, — vienrindas stadijjums 4x2 m, 1250 koki ha’l, telpiskais
vainags;
B, — vienrindas stadfjums 4x1.5 m, 1667 koki ha’l, slaidas
varpstas vainags;
B; — vienrindas stadfjums 4x1 m, 2500 koki ha’l, francu ass
vainags;
B, — divrindu Sahveida stadijjums (4+1)x2.4 m, 1667 koki ha,
plakanas varpstas vainags;
Bs — divrindu Sahveida stadijjums (4+1)x1.6 m, 2500 koki ha,
slaidas varpstas vainags;
B¢ — trisrindu stadijums (4+1.25+1.25)x1.5 m, 3075 koki ha,
Ziemelholandes varpstas vainags;
3) faktors C ir potcelms:
Cl - B9,
C,—Pure 1.

Saja darba ar jedzienu ,darza tips” tiek apziméts auglu darza
raksturojums, kas ietver stadiSanas shému un koku vainaga veidu.

Koku vainagu veidoSana izmé&ginajuma veikta péc S$adiem
principiem.

Telpiskais vainags. Sa tipa vainaga veidoSanai nav izvirziti
stingri likumi, galvenais, lai vainags nav sabiezinats, ir labi izgaismots un
raZza @rti novacama. Izveidota vainaga ir izteikta galotne ar 7 lidz
9 skeletzariem, vainaga forma ovali apala vai piramidala, koka garums ap
2.5 m. Galotne tika 1sinata, ja bija nepiecieSams veicinat sanzaru attistibu.
Sanzarus pirmajos gados neisindja, velak 1sindja lidz zarojuma vietai.
Galvenais veidoSanas panémiens bija apgrieSana pavasari, zaru atliekSanu
neizmantoja.

Slaida varpsta. Sim vainagam ir raksturiga konusveida forma,
izteikta centrala ass, 4 11dz 6 skeletzari vainaga pamatdala un labi attTstiti



klajzari pargja vainaga dala, koka augstums ap 2.5 m. Sanzarus pirmajos
gados neisina, vélak Tsina Iidz zarojuma vietai. Galotni 1Isina, ja
nepiecieSams veicinat sanzaru veidoSanos. P&c iestadiSanas sanzari tika
atliekti 60 — 90° lenkl un nostiprinati ar auklu vai atsvaru. Turpmak jaunos
sanzarus atlieca horizontali.

Plakana varpsta. ST vainaga veido$ana ir lidziga slaidajai varpstai,
tikai atSkiras ar to, ka vainaga pamatdala ir 5 1idz 7 skeletzari, kas virziti
rindas virziena (izmantojot apgrieSanu un atliekSanu), klajzari ir garaki ka
slaidajai varpstai, izveidotam vainagam ir saplacinata konusa forma.
Sanzaru atliekSanu un galotnes 1sinaSanu veica ka slaidajai varpstai.

Ziemelholandes varpsta. Vainags Ilidzigs slaidas varpstas
vainagam, bet ir mazaks skeletzaru skaits vainaga pamatdala un vainagu
pamatdalas diametrs ir mazaks. Vainagu veidoSana izmantota sanzaru
atliekSana.

Francu ass. Vainagam péc iestadiSanas sanzarus isina, atstdjot
3 Iidz 4 labi attistitus pumpurus, no kuriem vélak veido auglzaru grupu.
Ar1 turpmakos gados jaunie sanzari tika isinati atstajot 3 lidz 4 labi
attistitus pumpurus. Kokam ir izteikts vadzars un klajzari, vainaga nav
skeletzaru vai spécigi attistitu sanzaru. Raza pamata veidojas uz
divgadigiem auglzariem. Pirms pavasara veidoSanas katra klajzara ir triju
vecumu auglzari — viens trisgadigs, viens divgadigs un divi viengadigi.
Pavasar1, veidojot vainagu, izgriezts noraZojusSais trisgadigais zars,
divgadigajam dzinumam nogriezts viengadigais pieaugums, viens
viengadigais dzinums saisinats, atstajot divus labi attistitus pumpurus, otrs
atstats, lai no ta izveidotos auglzars. Galotne netiek Tsinata Iidz koks nav
sasniedzis apméram 2.5 — 3 m garumu.

Potcelmu B.9 izveidojis V.I. Budagovskis Micurinska (Krievija),
krustojot potcelmu M.8 ar 8kirni “Krasnij Standart’. Potcelmam raksturiga
ir lapu un koksnes sarkana krasa. Matesaugu plantacija tam vert&jums ir
labs. Saknu salcietiba vidgja (-10 Iidz -12 °C), saknes nav trauslas.
Potcelma B.9 ietekme uz koku vegetativo augumu tiek vértéta ka
lidzvertiga Eiropa plasi lietotajam potcelmam M.9. Potcelms B.9
rekomendets ka viens no piem@rotakajiem pundurpotcelmiem Latvijas
apstak]os.

Potcelmu Pure 1 izveidojis A. Bite Piires Darzkopibas
izméginajumu stacija ka B.9 brivas apputes s€klaudzi. No vecakauga B.9
ir saglabajies koksnes un lapu sarkanais krasojums. Matesaugu plantacija
saknu veidoSanas aprausumiem novérteta labaka ka B.9 un art no viena
matesauga ieglito potcelmu daudzums ir lielaks.

Izm&ginajuma atraSanas vieta péc aug$pu rajonu iedalijuma —
Kurzemes pauguraines un lidzenuma rajons, Dundagas pac€luma un
Vanemas  pauguraines  apakSrajons. Izméginajuma  vieta, ir
reliktkarbonatiska briinaugsne. Brivie karbonati ir dzilak par 70 cm. Péc



granulometriska sastava ta ir malsmilts augsne. Agrokimiskas
iekultiveéSanas pakape veérteta ka vidéja, pHkc 6.1 — 6.7, organiskas vielas
saturs 16 — 21 g kg'l, kalijs (K,0) 141 — 220 mg kg'l, fosfors (P,0s)
250 — 340 mg kg (agrokimiskas analizes veica Agrokimisko pétfjumu
centrs). [zméginajuma vieta vérojams neliels mikroreljefa pacélums lauka
vidusdala.

Atbilstosi  J. Karklina izstradatajam Latvija auglkopibas
zong&jumam, Piire atrodas Rietumu zona uz Ziemelkurzemes augstienes un
Ventas ieplakas apakSzonu robezas. Ziemelkurzemes augstienes
apakszona raksturojas ar labaku koku ziemcietibu, $ai zona ir zinama juras
ietekme uz klimatu un pauguru nogaz€s ir vietas, kas labi piemg@rotas
darzu ierikoSanai. Ventas ieplakas apakS$zona atrodas Ventas un Abavas
senleja, Seit ziemas biezak noverojams specigaks sals un pavasari salnas,
jo ielejas sapliist aukstas gaisa masas.

Izm&ginajuma perioda vairakos gados bija nelabveligi
meteorologiskie apstakli, kas negativi ietekm&ja gan koku vegetativo, gan
generativo produktivitati. Izméginajuma perioda maz nokriSnu vai Joti
nevienmérigs to sadalfjums ir bijis 1999., 2000., 2002., 2005. un
2006. gada. Ziemas perioda sala bojajumi ir bijusi 2004./2005. gada
ziema. Izm&ginajuma laika lielaki pavasara salnu bojajumi bija 2002. un
2004. gada, savukart nelieli pavasara salnu bojajumi bija 1998., 2001. un
2006. gada. 2003. gada junija bija loti sp&ciga krusa, kas bojaja praktiski
visus auglaizmetnus, no kuriem lielaka dala bojajumu dél nobira. Krusa
bojaja arT lapas un dzinumus. Bojajumu raditais stress negativi ietekméja
ar1 ziedpumpuru ierieSanos nakama gada raZai.

Augsnes ielaboSanai ka priekSaugs 1995. gada vasara audzetas
baltas sinepes, kas zied€Sanas laika ieartas ka za]lmé&slojums. 1996. gada
pavasarl lauks sagatavots 2 reizes kultivéjot. StadiSanas bedrés dots
kiidras — kutsmeslu komposts 12 Iidz 15 kg. Koku balstam izmatoti
impregnéti skuju koku mieti. P&c stadiSanas koki laistiti 2 reizes pavasarl
un 1 reizi augusta, viena laistiSanas reize izlietojot 15 Iidz 20 L didens uz
koku. Pirmaja gada visi ziedi izgriezti.

Nezalu ierobezoSanai pirmaja gada apdobes tika ravétas,
turpmakajos gados lietoti glifosatu grupas herbicidi 1 vai 2 reizes sezona.
Vienrindas stadijumos apdobes platums bija 1 m (0.5 m no koka uz abam
pusém), divrindas stadijuma 2 m (0.5 m no katras malg€jas rindas un 1 m
starp rindam) un 3.5 m trisrindu stadijuma (0.5 m no katras malgjas rindas
un 2x1.25 m starp rindam). Rindstarpas pirmos 2 gadus ar kultivéSanu un
diskoSanu uzturétas melnaja papuvé. 3. gada péc stadiSanas rindstarpas
ies€ts zalajs. Turpmakos gadus rindstarpas plautas 4 11dz 6 reizes sezona.

No slimibam galvena uzmaniba veltita kraupja (ieros. Venturia
inaequalis) ierobeZoSanai, no kait€kliem - abelu ziedu smecernieka
(Anthomus pomorum L.) un tinga (Carpocapsa pomonana L.)
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ierobeZoSanai. Pesticidi lietoti pec §adas shémas: 1. miglojums zala konusa
faze, varu saturos$s fungicids kombinacija ar insekticidu ar mérki ierobezZot
primaro kraupja infekciju un abelu ziedu smecernieka bojajumus; 2. Iidz
4. miglojuma pirms un péc zied€Sanas ar mérki ierobeZot kraupja primaro
infekciju un kaitekJus péc realas situacijas, lietoti gan sist€mas, gan
pieskares iedarbibas fungicidi, atkariba no konkré&tas situacijas.

Darza méslosanai norma noteikta vadoties p&c augsnes analiz€ém
un A. Grosa, I. Dimzas ieteikumiem. Fosfora saturs augsn€ bija pietiekosi
augsts, tacu, nemot v&ra augsnes neitralo reakciju, fosfora meslojums tika
dots nelielas devas. Kalija saturs augsné bija zemaks ka optimalais, tapec
kalija méslojums dots katru gadu 5 — 6 g m™” (tirvield). Pirmaja gada péc
stadiSanas dots slapekla papildméslojums 5 g m™. Otraja gada pirms
vegetacijas sakuma dots kalija hlorida un komplekso mineralméslu (NPK
10:10:20 un mikroelementi) méslojums, slapekla mé&slojums dots arT maija
beigas. Kopa 2. gada iedots N — 8 g m?, P,0s— 5 g m~, K,0 — 21 g m™.
Tre3aja un ceturtaja gada dots tikai slapekla un kalija m&slojums N — 5 g m™
un K,0 — 6 g m™. Turpmakajos gados méslojums dots visa darza platiba
N-5gm? P,0s-25gm? K,0-5gm™

Koku vegetativa produktivitates raksturo$anai izmantoti $adi

parametri:

- stumbra Skersgriezuma laukums — aprékinats no stumbra
diametra, kas merits 0.20 [idz 0.25 m virs acojuma vietas;

- koka garums — mérits no augsnes virskartas 11dz koka galotnei;

- vainaga tilpums — aprékinats ka konusam, izmantojot koka
garumu un vainaga diametru (mérits rindas virziena un
perpendikulari rindas virzienam);

- vainaga projekcijas laukums — aprékinats ka rinpka laukums
izmantojot abus vainaga diametra mérijumu;

- koka lapu virsmas kopgjais laukums — noteikts pirmajos piecos
gados. Lietota trafaretu metode.

Vegetativas produktivitates izmainu raksturo$anai pa gadiem,

aprekinati:

- ikgadgjais stumbra $kersgriezuma laukuma pieaugums;

- stumbra Ske@rsgriezuma relativais pieauguma temps;

- koka garuma ikgad€jas izmainas;

- vainaga tilpuma ikgadgjas izmainas.

Koku generativas produktivitates raksturo$anai izmantoti $adi

parametri:

- ziedkopu skaits koka — uzskaitits ziedeéSanas laika;

- ziedelanas intensitate — ziedkopu skaits uz 1 m’ vainaga
tilpuma;

- zied€Sanas intensitates periodiskums — aprékinats izmantojot
razoSanas periodiskuma indeksu;




- auglu skaits koka — lietots pirmajos razas gados, kad raza ir

neliela;

- razano koka — augli svérti atseviski katram uzskaites kokam;

- raZano darza platibas.

AugSanas apstaklu raksturo$anai izmantots vainaga relativais
izgaismojums.

Koku izdzivosana aprekinata ka dzivo koku procentuala attieciba
no iestadito koku skaita.

Lai novertétu meteorologisko apstaklu ietekmi uz koku vegetativo
augumu, tika parbaudita stumbra Sk€rsgriezuma laukuma absolita
pieauguma un relativa pieauguma tempa saisttba ar hidrotermisko
koeficientu $ados periodos: maijs; junijs; julijs; augusts; maijs — jilijs;
maijs — augusts; junijs — jilijs; jlinijs — augusts.

Datu matematiskajai apstradei izmantotas visparpienemtas
statistikas metodes — paraugkopas atbilstiba normalajam sadalifjumam
(Kolmogorova-Smirnova tests), dispersijas analize, korelacijas analize.
Dispersijas analize veikta ka trisfaktoru izmé&ginajumam, starpibu
bitiskuma novertésanai izmantots Tukey kritérijs. Koku vegetativas un
generativas produktivitates rezultatu veért€jumam izmantoti laucinu vidgjie
lielumi. Analiz&jot koku izdzivo$anu un stumbra Skersgriezuma laukuma
relativo pieaugumu, veikta datu transformacija. Datu apstradei izmantota
datorprogrammas MS Excel un Statistika.

PETIJUMA REZULTATI UN ANALIZE

Koku vegetativa produktivitate

Darza tipa un potcelma ietekme uz koku stumbra
Skérsgriezuma laukumu. Stumbra Skérsgriezuma laukums (S) ir
visbiezak lietotais parametrs, lai novértetu kada faktora ietekmi uz koku
vegetativo augumu. Tas raksturojas ar pozitivu ikgad€jo pieaugumu un to
tie§i neietekmé koka vainaga veidoSana. Darza tipu ietekme uz S bija
statistiski pieradama sakot no 4. gada péc stadiSanas. Vertgjot darzu tipu
ietekmi uz S visa izméginajuma laika, bija redzamas vairakas tendences.
Lidz 10. gadam visos vienrindu stadijumos S bija mazaks ka vairakrindu
stadijumos. Sakot ar 4. gadu mazakais S bija vienrindu stadijjuma ar
blivumu 2500 koki ha”', savukart lielakais S no 6. gada bija divrindu
stadfjuma ar blivumu 1667 koki ha’. Jaatzimé, ka darza tipa ar lielako
blivumu (trisrindu stadijums, 3075 koki ha™) Iidz pat 10. gadam bija viens
no lielakajiem S. Tas norada, ka izméginajuma Paré koku stumbra
Skersgriezuma laukumu ietekmgjis ne tikai koku stadiSanas blivums, bet
arT stadiSanas shéma. Statistiski pieradamas atskiribas starp S vienrindu un
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divrindu stadijjumiem ar vienadu stadiSanas blivumu bija tikai 4. un
6. gada péc izm&gindjuma iekartoSanas stadijumos ar stadiSanas blivumu
2500 koki ha™, tadu tendence, ka vienrindas stadijuma bija mazaks S ka
divrindu stadijuma ar tadu pasu stadiSanas blivumu, saglabajas katru gadu.
S tendence izskaidrojama gan ar to, ka vairakrindu stadijumos koki iegiist
lielaku augSanas telpu, gan ar to, ka vairakrindu stadijumos ir plataka
apdobe un Iidz ar to abelém ir mazaka konkurence ar rindstarpu zalaju
augsné esos$a mitruma un baribas vielu izmantoSana.

Analizgjot stumbra Skersgriezuma laukuma ikgad@jo absoliito
pieaugumu, konstatetas Iidzigas tendences ka S. Statistiski pieradamas
absolita pieauguma atSkiribas starp darza tipiem konstatétas 5 no
10 noveérojumu gadiem, kamér S tas bija 7 gados. Mazakais absoliitais
pieaugums, praktiski, visos gados bija vienrindas stadijuma ar blivumu
2500 koki ha”. Pirmos 6 gadus bija tendence, ka vienrindu stadijumos
absoliitais pieaugums bija mazaks ka vairakrindu stadijumos.

Potcelmu Pure 1 un B.9 ietekme uz koku stumbra Skérsgriezuma
laukumu pirmos 5 gados praktiski vienada (1. att.). No 6. gada péc
stadiSanas bija verojama vaji izteikta tendence kokiem uz Pure 1 veidot
nedaudz mazaku S ka uz B.9. Laika gaita 51 tendence kluva izteiktaka un
11. gada kokiem uz potcelma Pure 1 S bija statistiski ticami mazaks ka uz
B.9 (attiecigi 20.3 un 22.9 cm?).

25

o

20

S, cm
—_
S

Darza vecums, gadi/
Age of orchard, years

1. att. Potcelmu ietekme uz stumbra Sk&rsgriezuma laukumu:
Fig. 1. The influence of rootstocks on the trunk cross section area:
—>¢—BY9 - =X~ -Pure |
* starp lielumiem, kas apziméti ar dazadiem burtiem, ir statistiski pieradama
starpiba (Tukey kritérijs, p=0.05), lielumi salidzinami gada robezas /
values marked by different letters have significant difference (Tukey criteria,
p=0.05), values are comparable within the year.
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Tomer jaatzist, ka reali atSkiriba starp potcelmiem bija Joti
maza — starpiba stumbra diametra bija tikai 3 mm. Lidz ar to var uzskatit,
ka potcelma Pure 1 ietekme uz koku stumbra Skérsgriezuma laukumu bija
lidziga ka potcelmam B.9, kaut art sakotnéji tika prognozets, ka potcelms
Pure 1 biis spécigak augoss ka B.9.

Darza tipa un potcelma ietekme uz koku garumu. Darza tips
koku garumu vairak ietekm@ja pirmajos gados p&c stadiSanas. Statistiski
pieradamas atSkiribas starp darza tipiem bija 2., 3., 4., un 6. gada. Visos
Sajos gados garakie koki bija vienrindu stadijjuma ar koku blivumu
2500 koki ha’ un mazakie koki — vienrindu stadfjuma ar blivumu
1667 koki ha”. Koku augstumu bitiski ietekmé vainaga veidoanas
principi. Vienrindu stadfjuma ar blivamu 2500 koki ha™ tiek veidots
franCu ass tipa vainags — §im vainagam galotne netika isinata pirmos
3 gadus, kamér citiem vainaga tipiem galotnes tika Tsinatas, lai veicinatu
sanzaru veidoSanos. Sakot ar 7. gadu atskiribas koku augstuma starp darza
tipiem nav statistiski biitiskas, jo garakie koki jau parsniedz planoto koku
garumu un, veidojot vainagus, tiek veikta koku garuma ierobeZoSana.
Tomér trisrindu stadfjuma vajadz&tu parskatit planoto koku garumu un
palielinat to I1dz 2.5 m.

Koku garums starp potcelmiem statistiski ticami atSkiras 1. un
11. gada péc stadiSanas. 1. gada koku garumu v&l galvenokart noteica
koku lielums stadiSanas bridi. Vidg&jais koku garums 11. gada kokiem uz
potcelma Pure 1 bija 2.91 m, uz potcelma B.9 — 3.03 m. Ari citos
pétijumos konstatets, ka potcelms Pure 1 koku garumu ietekmé lidzigi ka
B.9, atseviskos gadijumos koki uz potcelma Pure 1 ir mazaki ka uz B.9.

Darza tipa un potcelma ietekme uz koku vainaga tilpumu.
Koku vainaga tilpuma atSkiribas dazados darza tipos vErojamas jau
2. gada péc stadiSanas. No 3. gada bija vérojama tendence, ka mazakie
vainagi bija vienrindas stadijuma ar blivumu 2500 koki ha™ (fran¢u ass
vainags). Savukart lielakie vainagi Iidz 5. gadam bija trisrindu stadijuma
ar blivumu 3075 koki ha' (Ziemelholandes varpstas vainags), bet no
6. gada divrindu stadjuma ar blivumu 1667 koki ha” (plakanas varpstas
vainags) un no 8. gada ari vienrindu stadijuma ar blivumu 1250 koki ha
(telpiskais vainags). P&€dgjos divos darzu tipos kokiem arT pec metodikas
bija planoti koku vainagi ar lielako tilpumu.

Salidzinot faktiska vainaga tilpuma novirzi no teorétiska lieluma,
bija konstatétas atskiribas starp darza tipiem. Teorétisko vainaga tilpumu
visatrak sasniedza koki trisrindu stadfjuma ar blivumu 3075 koki ha™' —
6. gada péc stadiSanas (2. att.). 7. gada teorétisko vainaga tilpumu
praktiski sasniedza arT koki vienrindu un divrindu stadijumos ar blivumu
2500 kokiha'. Visvélak teorétisko vainaga tilpumu sasniedza koki
vienrindu stadfjuma ar blivumu 1250 koki ha™ — 11. gada péc stadiSanas.
Salidzinot gadus, kad koku vainaga vidg€jais tilpums sasniedza teorétisko,
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ieziméjas tendence, ka galvena ietekme bija koku stadiSanas blivumam.
Faktiskais vainaga tilpums 11. gada péc stadiSanas visos darza tipos
parsniedza teoretisko lielumu, lielaka novirze bija trisrindu stadijums ar
blivumu 3075 koki ha™'.

Z

i
TS

o

ol

o

4 5 6 7
Darza vecums, gadi/
Age of orchard, years

2. att. Vainaga tilpuma novirze no teorétiska vainaga tilpuma:
Fig. 2. Deviation of crown volume form theoretically calculated:

O 1 rinda, 1250 koki ha/ 1 row, 1200 trees ha-! £ 1 rinda, 1667 koki ha/ 1 row, 1667 trees ha™!

B8 1 rinda, 2500 koki ha' 1 row, 2500 trees ha"! 2rindas, 1667 koki haV 2 rows, 1667 trees he{l

[ 2 rindas, 2500 koki hél/ 2 rows, 2500 trees ha'! B 3 rindas, 3075 koki ha¥ 3 rows, 3075 trees ha’l
* starp lielumiem, kas apzIméti ar dazadiem burtiem, ir statistiski pieradama
starpiba (Tukey kriterijs, p=0.05), lielumi salidzinami gada robezas /

values marked by different letters have significant difference (Tukey criteria,
p=0.05), values are comparable within the year.

Potcelmu ietekme uz koku vainagu tilpumu bija praktiski vienada
pirmos 5 gadus péc stadiSanas, bet no 6. gada lielaks vainaga tilpums bija
kokiem uz potcelma B.9. Kopuma var secinat, ka abi potcelmi vainaga
tilpumu ietekmé&ja lidzigi, tomeér, ar tendenci, ka vecakiem kokiem uz
potcelma Pure 1 vainaga tilpums bija mazaks ka uz B.9. Koki uz abiem
potcelmiem planoto vainaga tilpumu bija sasnieguSi 8. gada péc
stadiSanas.

Darza tipa un potcelma ietekme uz koku vainaga projekcijas
laukumu. Jau otraja gada peéc stadiSanas bija v€rojamas vainaga
projekcijas laukumu atSkiribas dazados darza tipos. Vismazakais vainaga
projekcijas laukums gandriz visos gados bija kokiem vienrindas stadijuma
ar blivumu 2500 koki ha'. Tas bija saistits ar frandu ass vainaga
veidoSanas Tpatnibam - sanzaru regulara Tisinasana. Pirmajos gados
lielakais vainaga projekcijas laukums bija trisrindu stadijuma ar blivumu
3075 koki ha” un divrindu stadijuma ar blivumu 2500 koki ha™. Sakot ar
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8. gadu vainaga projekcijas laukums trisrindu stadijuma ar blivumu
3075 koki ha™ biatiski neatikiras no vienrindas stadijuma ar blivumu
2500 koki ha. 11. gada teorétisko vainaga projekcijas laukumu sasniedza
arl vienrindas stadijums ar blivumu 1250 koki ha™, jasecina, ka &is
stadiSanas attalums dotajam Skirnes/potcelma kombinacijam pie esosajiem
agroekologiskajiem apstakliem bija parak liels.

Vienrindas stadijumos tika salidzinati koku vainaga diametra
starpiba rindas virziena un perpendikulari rindai. Statistiski pieradama
atikiriba konstatéta starp stadijumu ar blivumu 2500 koki ha” (vainaga
diametrs rindas virziena bija par 0.38 m mazaks ka perpendikulari rindai)
un stadfjumiem ar blivumu 1250 un 1667 koki ha” (attiecigi 0.00 un
0.04 m). Tas, ka vienrindas stadfjumos ar blivumu 1250 un 1667 koki ha™
vainaga diametrs abos virzienos praktiski neat$kiras, norada, ka $ajos
stadijumos kokiem bija pietiekoSa augSanas telpa.

Potcelmu ietekmei uz vainaga projekcijas laukumu bija lidziga
tendence ka vainaga tilpumam — pirmajos gados starpiba starp potcelmiem
nav statistiski ticama. Sakot no 6. gada statistiski pieradami lielaks
projekcijas laukums bija kokiem uz potcelma B.9.

Meteorologisko apstaklu ietekme uz koku vegetativo
produktivitati. Stumbra Sk&rsgriezuma laukuma ikgadgja absoliita
pieauguma novirzei no teorétiska pieauguma visciesaka sakariba bija ar
kritiski metrologiskie apstakli koku vegetativajai augSanai bijusi tie§i
julija ménesT un §im periodam japieveérS galvena uzmaniba planojot darza
laistiSanu. Lineara regresija bija statistiski ticama visiem darza tipiem, tas
korigetais determinacijas koeficients bija 0.52 — 0.63. Regresijas
koeficenti Hk ietekmei uz absoliita pieauguma novirzi no teorétiska starp
darza tipiem atskiras kltidu robezas (3. att.).

Meteorologiskie apstakli ietekmgja ari koku garuma ikgadgjo
pieaugumu. Tacu, atSkiriba no stumbra pieauguma, koku garuma ikgadgjo
pieaugumu saisttba ar jilija Hk nebija statistiski ticama, savukart
statistiski ticama sakariba koku garuma ikgad€jam pieaugumam bija ar
maija — jiinija Hk. Regresijas koeficentu starpibas starp darza tipiem bija
kltdu robezas.
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1 rinda, 1250 1 rinda, 1667 1 rinda, 2500 2 rindas, 1667 2 rindas, 2500 3 rindas, 3075
koki ha Y kokiha/  kokiha/  kokiha'/ kokiha'/  kokiha'/
1row, 1200 1row, 1667 1row,2500 2 rows, 1667 2rows,2500 3 rows, 3075
trees ha'! trees ha ! trees ha ™! trees ha ! trees ha'! trees ha ™!

Darza tips/ Orchard type

3. att. Hidrotermiska koeficienta ietekme uz stumbra Skersgriezuma
laukuma absoliita pieauguma novirzi, by.
Fig. 3. The influence of the hydrothermal coefficient on the deviation of
the absolute increase of the trunk cross section area by,.

Analiz€jot potcelmu ietekmei uz koku vegetativo augSanu
dazados meteorologiskajos apstak]os, starp potcelmiem netika konstat&tas
butiskas atskiribas.

Darza tipa ietekme uz koku vainagu izgaismojumu. Viens no
galvenajiem koku produktivitati ietekmgjoSajiem faktoriem ir
apgaismojums. Vainaga relativais izgaismojums (Lr) raksturo, cik daudz
gaismas iziet cauri koka vainagam. No vienas puses ta ir saules energija,
kas nav izmantota fotosint€zé, bet no otras puses, lai iegiitu labas
kvalitates auglus arT vainaga pamatdala, tur ir janonak pietiekoSam
gaismas daudzumam.

Salidzinot Lr vainagam kopuma, konstateta bitiska darza tipu
ietekme. Augstakais Lr bija vienrindas stadijjuma ar stadiSanas blivumu
1250 koki ha™ (Lr=0.54). Zemakais Lr bija trisrindu stadfjuma ar blivumu
3075 koki ha™ (Lr=0.33). Galvena nozime bija stadiSanas blivumam, bet
stadiSanas shémai (vienrindas vai divrindu) bija mazaka ietekme.
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4. att. Koka vainaga relativais izgaismojums dazados darza tipos, Skirne
“Spartan™:
Fig 4. Relative light distribution in the crown in different orchard types,
cv. “Spartan’:
1 — vienrindas stadijums,1250 koki ha''/ one-row, 1250 trees ha™,
2 — vienrindas stadijums, 1667 koki ha''/ one-row, 1667 trees ha™';
3 — vienrindas stadijums, 2500 koki ha''/ one-row, 2500 trees ha'”;
4 — divrindu stadijums, 1667 koki ha''/ two-rows, 1667 trees ha™”;
5 — divrindu stadijums, 2500 koki ha™'/ two-rows, 2500 trees ha'';
6 — trisrindu stadijums3075 koki ha™'/ three-rows, 3075 trees ha'.

Apskatot Lr rezultatus pa vainaga sektoriem un attalumiem no
koka stumbra (4. att.), redzams, ka vienrindas stadijjumos bija labak
izgaismotas vainaga malas R un A virziena (rindu sani). Ari divrindu
stadijuma ar blivumu 1667 koki ha' vainagu sanu malas bija labi
izgaismotas, jo $aja stadijuma koku vainagi bija plakani. Visiem darza
tipiem zemaks Lr bija vainaga iekSpus€, kur bija lielaks no€nojums no
mérama koka vainaga un tas summgjas ar1 ar blakus esosa koka radito
nognojumu.

Koku izdzivosana

Viens no darzu tipa ilgtsp&jibas raditajiem ir koku izdzivoSana.
Lai nodroSinatu augstu raZas potencialu stadijuma ir jabtit maksimalajam
dzivotsp&jigo un razojoSo koku daudzumam. Vertgjot izdzivojuSo koku
skaitu izm&ginajuma, nemts veéra, ka dazados darza tipos ir iestadits
atskirtgs koku skaits, tapéc salidzinaja izdzivojuSo koku Ipatsvaru no
iestaditajiem, kas izteikts procentos. Skirnei ‘Belorusskoje Malinovoje’
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11 gadu laika boja gajuso koku ir maz — kopuma vidgji izdzivojusi 97%
no iestaditajiem. Sai kirnei abiem potcelmiem ir vienads izdzivojuso
koku ipatsvars. Zemakais izdzivoSanas raditdjs bija vairakrindu darza
tipos — 91 1idz 97% no iestaditajiem.

Skirnei “Spartan® koku izdzivoSanas raditdjs bija zemaks — darza
tipiem tas bija no 63 lidz 86%. Statistiski pieradamas atSkiribas starp
darza tipiem netika konstatetas, jo izdzivoSanas raditajam bija liela datu
izkliede. Lai precizak novertetu darzu tipu ietekmi uz koku izdzivoSanu,
dispersijas analize darzu tipiem tika veikta katram potcelmam atseviski
(5. att.). Iegiitie rezultati uzradija nedaudz augstaku ticamibas ITmeni,
tom@r atSkiribas starp darzu tipiem nebija statistiski pieradamas
(p=0.51 — 0.52). Kokiem ar potcelmu B.9 nedaudz labaka izdzivoSana bija
trisrindu stadfjumam ar blivamu 3075 koki ha™. Savukart uz potcelma
Pure 1 labaka izdzivoSana bija vienrindu stadijjumam ar blivumu
2500 koki ha' un visiem vairdkrindu stadfjumiem. Sadi rezultati
neapstiprina piep€mumu, ka sabiezinatos stadijumos sagaidama zemaka
koku izdzivoSana.

100% 2

80%

60% 1—

40%

IIIIIIIm
1

20% 1

N

B9 Pure 1

0%

5. att. Koku izdzivoSana 11. gada p&c stadiSanas, Skirne “Spartan™:

Fig. 5. Tree survival rate at the 11" year after planting for cv. “Spartan’:

O 1 rinda, 1250 koki ha 1 row, 1200 trees ha-! &1 1 rinda, 1667 koki ha'/ 1 row, 1667 trees ha-!

B 1 rinda, 2500 koki hal/ 1 row, 2500 trees ha-! 2rindas, 1667 koki hdl 2 rows, 1667 trees ha’1

@ 2 rindas, 2500 koki hal 2 rows, 2500 trees ha-! B 3 rindas, 3075 koki hal 3 rows, 3075 trees ha’1
* starp lielumiem, kas apziméti ar dazadiem burtiem, ir statistiski pieradama
starpiba (Tukey kriterijs, p=0.05), lielumi salidzinami potcelma robezas /

values marked by different letters have significant difference (Tukey criteria,
p=0.05), values are comparable within the rootstock.

Potcelmu ietekme uz koku izdzivoSanu Skirnei “Spartan® bija
statistiski pieradama. Labaka izdzivoSana bija uz potcelma Pure 1, kur ta
bija 82%, bet uz potcelma B.9 — 67% (p=0.022). Atskiriba starp potcelmiem
bija 15 procentpunkti, kas vértgjama ka saimnieciski nozimiga. Skirnei
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“Belorusskoje Malinovoje” potcelmu ietekmei $ada tendence nebija
vérojama — koku izdzivoSana uz abiem potcelmiem bija 97%.

Koku generativa produktivitate

Darza tipa un potcelma ietekme uz ziedu veidoSanos. Sakot ar
5. gadu ziedkopu skaits koka bitiski atSkiras starp darza tipiem. Mazakais
ziedkopu skaits $aja un turpmakajos gados bija vienrindas stadijuma ar
blivumu 2500 koki ha”. Visvairak ziedkopu no 6. gada bija kokiem
divrindu stadfjuma ar stadiSanas blivumu 1667 koki ha'. Otrs lielakais
ziedkopu skaits bija kokiem vienrindas stadfjuma ar blivumu 1250 koki ha™.
Apskatot ziedkopu skaitu koka kopuma, vérojama tendence, ka vairak ziedu
bija darza tipos ar lielaku vainagu. To apstiprinaja korelacijas analize starp
uzskaites gada ziedkopu skaitu un ieprieksS€ja gada rudent noteikto vainaga
tilpumu— visos gados konstateta cieSa, statistiski ticama korelacija
(R*=0.67 — 0.98).

Ziedgsanas intensitati darza tips ietekmégja tikai atseviskos gados
(kopuma faktora ietekmes TIpatsvars neparsniedza 3%). Zied&Sanas
intensitate maz mainijas darza vecuma ietekmé — vairuma gados ta bija ap
150 gab. m™ (6. att.). Zied&Sanas intensitates samazindjums bija vérojams
9. gada péc stadiSanas, kad p&c loti specigas krusas bojajumiem 8. gada
tika traucéta ziedpumpuru veidoSanas. Savukart augstaka zied@Sanas
intensitate bija 8. un 11. gada péc stadiSanas, kad bija Joti bagatiga
zied&Sana.

RazZoSanas periodiskuma veért€Sanai piemérots bija ziedeSanas
intensitate, jo So raditaju maz ietekme koku vecums. Darza tipu ietekme
uz razoSanas periodiskumu ir statistiski ticama — mazakais periodiskums
bija divrindu stadfjuma ar blivumu 1667 koki ha', bet lielakais vienrindu
stadijuma ar blivumu 2500 koki ha™'. Starpibas starp pargjiem darza tipiem
nebija statistiski biitiskas. Vienrindas stadijuma ar blivumu 2500 koki ha
razoSanas periodiskums izpaudas specigak, jo Saja darza tipa kokiem bija
mazaka augSanas telpa.

Razu no darza platibas darza tipam vajadz&tu vairak ietekmét
tiesi pirmajos gados p&c stadiSanas. Jo, kamér atskiribas koku auguma ir
nelielas, galvena nozime ir koku stidi$anas blivumam. Sis piengmums
dal&ji apstiprinas, analiz&jot ziedkopu skaitu no darza platibas. Ziedkopu
skaits koka 11dz 5. gadam péc stadiSanas biitiski neatSkiras, tacu ziedkopu
skaita no darza platibas bija statistiski pieradamas atskiribas. Lielakais
ziedkopu skaits no darza platibas Iidz 8. gadam péc stadiSanas bija
trisrindu stadfjuma ar koku blivumu 3075 koki ha"'. Mazakais ziedkopu
skaits bija vienrindas stadTjuma ar blivumu 1250 koki ha™.
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Darza vecums, gadi/
Age of orchard, years
6 att. Zied€Sanas intensitate:
Fig. 6. Intensity of flowering:
O 1 rinda, 1250 koki hél/ 1 row, 1200 trees ha'! 0O 1 rinda, 1667 koki hia{/ 1 row, 1667 trees h.af1
. - -1
B 1 rinda, 2500 koki hal/ 1 row, 2500 trees ha'! 2 rindas, 1667 koki hal/ 2 rows, 1667 trees ha
B i -1
Bl 2 rindas, 2500 koki hal/ 2 rows, 2500 trees ha’1 @ 3 rindas, 3075 koki hall 3 rows, 3075 trees ha
* starp lielumiem, kas apzIméti ar dazadiem burtiem, ir statistiski pieradama
starpiba (Tukey kritérijs, p=0.05), lielumi salidzinami gada robezas /
values marked by different letters have significant difference (Tukey criteria,
p=0.05), values are comparable within the year.

Piegemot, ka ziedkopu skaita un novakto abolu skaita attieciba
bija apméram no 3:1 lidz 4:1 (izm&ginajuma 4. gada 7 attieciba bija 2.2:1
Skirnei “Belorusskoje Malinovoje” un 4.4:1 Skirnei “Spartan’), var
aprekinat nepiecieSamo ziedkopu skaitu koka, lai sasniegtu razibu 20 lidz
25 t ha''. Ja augla vidgja masa biitu 125 g (3ada bija augla vid&ja masa
izméginagjuma kopuma), tad vajadzigais ziedkopu skaits koka bija
380 — 640 stadijuma ar blivumu 1250 koki ha™'; 290 — 480 stadijuma ar
blivumu 1667 koki ha™'; 190 — 320 stadijuma ar blivamu 2500 koki ha un
160 — 260 stadfjuma ar blivumu 3075 koki ha™. Apskatot izmggindjuma
rezultatus, redzams, ka nepiecieSamais ziedkopu daudzums 8. gada péc
stadiSanas bija vienrindas stadfjuma ar blivumu 2500 koki ha™, divrindu
stadijumos ar blivumu 1667 un 2500 koki ha™, ka arf trisrindu stadfjuma.
Vienrindu stadijumi ar blivumu 1250 un 1667 koki ha' teorétiski
nepiecieSamo ziedkopu skaitu sasniedza 10. gada p&c stadiSanas.

Analizgjot zied€Sanas intensitati, tika konstatets, ka So parametru
maz ietekm&a darza vecums un vainaga lielums. Tatad, izmantojot
aprékinato velamo ziedkopu skaitu koka un izm&gindjuma konstatéto
vidgjo ziedESanas intensitati, katram darza tipam var aprekinat
nepiecie$amo vainaga tilpumu, kas nodroinatu razibu 20 lidz 25 t ha.
Minimalais nepiecieSamais vainaga tilpums bija 1.1 — 2.2 m’, maksimalais
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nepiecie$amais vainaga tilpums bija 1.9 — 3.8 m’. Minimalo nepiecieSamo
vainaga tilpumu atrak sasniedza koki divrindu stadijuma ar blivumu
2500 koki ha™' un trisrindu stadijuma ar blivamu 3075 koki ha™ — 7. gada
péc stadiSanas. Nakama gada minimalo nepiecieSamo vainaga tilpumu
sasniedza vienrindu stadfjumi ar blivumu 1667 un 2500 koki ha un
divrindu stadijums ar blivumu 1667 koki ha'. Vienrindu stadijums ar
blivumu 1250 koki ha' minimalo nepiecieSsamo vainaga tilpumu
sasniedza tikai 9. gada p&c stadiSanas.
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7. att. Potcelmu ietekme uz zied€Sanas intensitati:
Fig. 7. Influence of rootstocks on the flowering intensity:
B B.9 B Pure 1

* starp lielumiem, kas apziméti ar dazadiem burtiem, ir statistiski pieradama
starpiba (Tukey krit@rijs, p=0.05), lielumi salidzinami gada robeZas /

values marked by different letters have significant difference (Tukey criteria,
p=0.05), values are comparable within the year.

Abu potcelmu ietekmei uz ziedkopu skaitu koka statistiski
butiskas atSkiribas netika konstatétas. Savukart zied€Sanas intensitatei
vairakos gados starp potcelmiem bija statistiski pieradamas atskiribas
(7. att.), kokiem uz potcelma Pure 1 zied€Sanas intensitate bija butiski
augstaka 7., 8. un 10. gada, kokiem uz B.9 — 11. gada. Zied&Sanas
intensitates raditaja summgéjas potcelmu ietekme uz ziedkopu skaitu koka
un koka vainaga tilpumu.

Darza tipa ietekme uz razu un razas periodiskumu. Dazadu
apstaklu de] iegiitas auglu razas bija mazas un pilniba neraksturo darzu
tipu iesp&jas. Tomer zinamas atskiribas starp darzu tipiem tika konstatgtas.

Raza no koka ir uzskaitita sakot ar 3. gadu p&c stadiSanas. Lidz
10. gadam statistiski ticamas atSkirtbas starp darzu tipiem netika
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konstatétas. NepietiekoSu raZu iemesls bija mitruma deficita periodi 4. un
5. gada péc stadiSanas, sala bojajumi 6. gada, salnas 7. gada, krusa 8. gada
(krusas raditais stress stipri samazinija ziedpumpuru veidoSanos ari
nakama gada razai). Labaka raZza bija 10. gada péc stadiSanas, kaut arl
ziemas beigas apsala ziedpumpuru pamatnes. Starpibas starp darza tipiem
nebija statistiski pieradamas. Statistiski pieradama darza tipu ietekme bija
11. gada pec stadiSanas, kad lielakas razas bija vienrindu un divrindu
stadfjumos ar blivumu 1667 koki ha' — 5.33 un 5.25 kg no koka, bet
mazaka raza trisrindu stadijuma ar blivamu 3075 koki ha' — 2.59 kg.

Raza no darza platibas dazados darza tipos at$kiras jau ar
pirmajam razam — 3. un 4. gada lielaka raZa no darza platibas bija trisrindu
stadijuma ar blivumu 3075 koki ha™'. Ari turpmakos gadus lidz 10. gadam
$ai stadijuma bija viena no augstakajam razam.

Darza tipu ietekme uz auglu kvalitati tika novertéta, analizgjot
augla vidéjo masu. Statistiski pieradama darza tipa ietekme konstatSta
tikai 4. gada. Apskatot augla vidéjo masu izm&ginajuma kopuma, bija
vérojama tendence, ka lielaka augla videja masa ir vairakrindu stadijumos.
4., 5., 7. un 11. gada to vargja pamatot ar platdku apdobju labveligu
ietekmi mitruma deficita apstaklos (Sais gados vasara bija periodi ar mazu
nokri$nu daudzumu). Tomer augla vid&jo masu ietekmgjusi arf citi faktori,
jo, pieméram, 5. gada mazaka augla vid&ja masa ir divrindu stadijuma ar
stadiSanas blivumu 2500 koki ha' un 6. gada divrindu stadfjuma ar
stadiSanas blivumu 1667 koki ha™'.

Lai novertetu augla vid€jas masas saistibu ar razas lielumu, tika
veikta korelacijas analize. Lai izslégtu Skirnes ietekmi, korelacijas analize
veikta katrai $kirnei atseviski.

Skirnei “Belorusskoje Malinovoje kopuma bija vérojama
tendence, ka gados ar nelielu raZu starp raZu un augla vidéjo masu bija
pozitiva korelacija, bet, ja vidgja raza no koka sasniedza 4 lidz 6 kg,
korelacija ar augla vidéjo masu bija negativa. Darza tipa ietekme

nepieradijas.
Skirnei “Spartan” korelacija starp razu un augla vidéjo masu bija
mazak izteikta ka Skirnei “Belorusskoje Malinovoje — statistiski

pieradama ta ir 6 gadijumos Skirnei “Spartan® un 22 gadijumos Skirnei
“Belorusskoje Malinovoje’.

Auglu raza no koka Iidz 10. gadam bija 0 — 3 kg, kas ir
nepietiekoSi, lai spriestu par potcelma ietekmi. Statistiski ticamas
atskiribas starp potcelmiem bija 5. un 7. gada, kad abos gados lielaka raza
bija kokiem uz potcelma Pure 1. Tomer raza Sajos gados bija loti zema
(0.2 Iidz 1.0 kg no koka) un vispargjus secinajumus par potcelmu ietekmi
izdarTt nevar.
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Potcelma ietekme uz auglu kvalitati novertéta, analiz€jot augla
vidéjo masu. Vairakos gados lielaka augla vidéja masa bija kokiem uz
potcelma B.9, bet statistiski pieradama starpiba konstatéta tikai 3. gada
pec stadisanas (8. att.), kad kokiem uz potcelma B.9 augla vidéja masa
bija par 13 g lielaka ka kokiem uz potcelma Pure 1. Turpmakajos gados
augla vidgjas masas atSkiribas starp potcelmiem neparsniedza 6 g un
nebija statistiski pieradamas. Kopuma no 7 raZas gadiem 5 gados augla
vid&ja masa bija lielaka kokiem uz potcelma B.9 un 2 gados kokiem uz
potcelma Pure 1.

E g

B

g

Augla masa, g
Fruit weight, g

3 4 5 6 7 10 11
Darza vecums, gadi/
Age of orchard, years

8. att. Augla vidgja masa:
Fig. 8. Average fruit weight:
@ B.9 OPure 1
* starp lielumiem, kas apziméti ar dazadiem burtiem, ir statistiski pieradama
starpiba (Tukey kriterijs, p=0.05), lielumi salidzinami gada robeZas /
values marked by different letters have significant difference (Tukey criteria,
p=0.05), values are comparable within the year.

Kopuma var secinat, ka potcelmi lidzigi ietekm& augla vidgjo

masu, tacu ar tendenci kokiem uz potcelma Pure 1 atseviskos gados veidot
nedaudz mazakus auglus.
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SECINAJUMI

Darza tips bitiski ietekmé koku vegetativo produktivitati. StadiSanas
blivuma palielinaSana koka stumbra Sk&rsgriezuma laukumu
ietekm&ja negativi, bet vairakrindu stadijumos koka stumbra
Skérsgriezuma laukums bija lielaks. Koku vainaga parametrus
galvenokart noteica stadiSanas shéma (augSanas telpa) un vainaga
veidoSana (zaru atliekSana, galotnes 1sinaSana). Gaismas
izmantojumu galvenokart ietekméja stadijuma blivums.

Izveletie stadiSanas attalumi un vainagu tipi bija savstarpgji atbilstosi
konkretajos augSanas apstak]os. Korekcijas ieteicamas stadijuma ar
stadiSanas blivamu 1250 koki ha™, kur attalumu starp kokiem var
samazinat, un trisrindu stadijuma, kur butu japaredz lielaks koku
garums — ap 2.5 m.

Meteorologiskie apstakli ietekmé koku vegetativo produktivitati.
Koku stumbra Skersgriezuma laukuma izmainas visvairak ietekméja
julija hidrotermiskais koeficients, bet koku garuma ikgadgjo
pieaugumu visvairak ietekm@&a maija — jlnija hidrotermiskais
koeficients. P& aprékiniem velamais hidrotermiska koeficenta

nepiecieSama 7 no 11 vegetacijas periodiem.

Darza tips bitiski ietekm& koku generativo produktivitati. Ziedkopu
daudzums koka bija tieSi saistits ar koka vainaga tilpumu.
Sabiezinats stadfjums un intensiva vainaga veidoSana (francu ass
vainags) veicindja zied&Sanas periodiskumu. Darza tips butiski
ietekm&ja potencialo razibu no darza platiba jauna darza, tacu
pilnrazas perioda Sis atSkiribas samazinajas. Darza tips maz
ietekméja auglu kvalitati.

Katram darza tipam aprékinats velamais koku vainaga tilpums, lai
nodrofinatu razibu 20 Iidz 25 t ha'. Visos darza tipos koki
nepiecieSamo vainaga tilpumu sasniedza parak vélu, tapéc jaunos
darzos svariga ir koku vegetativas produktivitates nodro§inasana.

Lidzvertigos augSanas apstak]os, komercialos stadijumos ieteicams

vienrindu stadijums ar stadiSanas blivamu 1667 koki ha™' un slaidas
varpstas vainagu.

Potcelma Pure 1 ietekme uz koku vegetativo produktivitati bija
Iidzvertiga ka potcelmam B.9 ar tendenci, ka Pure 1 vairak ierobezo
vegetativo produktivitati. Abiem potcelmiem konstatétas analogas
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sakaribas  starp  vegetativas  augSanas  parametriem  un
meteorologiskajiem apstakliem.

Koku izdzivosana Skirnei “Spartan™ uz potcelma Pure 1 bija labaka
ka uz potcelma B.9. Skirnei "Belorusskoje Malinovoje® potcelmi
Pure 1 un B.9 koku izdzivoSanu ietekmgja vienadi.

Potcelma Pure 1 ietekme uz koku generativo produktivitati bija
Iidziga ka potcelmam B.9. Potcelmi Pure 1 un B.9 vienadi ietekméja
ziedkopu skaitu koka, tacu atseviskos gados bija atSkiribas
zied&Sanas intensitate.

Potcelms Pure 1 ir rekomend€jams izmantoSanai komercdarzos,
izmantojot kombinacijas ar lielauglainam Skirném.



INTRODUCTION

Apple (Malus domestica Bork.) is the most broadly grown fruit
tree in Latvia ever. Mainly the vigorous rootstocks (seedlings of
“Antonovka®) have been used in Latvian orchards. The drawback of such
orchards is the late beginning of the period of yielding and a dense and big
volume crown during the period of maximum yielding. This encumbers
pruning and decreases the fruit quality.

In the 1990ies with the development of commercialisation in
Latvia, the attitude to the orchard as a production unit was changing. The
total area of apple orchards decreased due to the winding up of old
orchards, but areas of newly planted orchards were relatively small. In
2001 according to the agricultural data of the agricultural census the total
area of orchards exceeding 0.5 ha was 5 965 ha. Almost the same area was
also registered in 2008 — 5 100 ha. The market share of apples in Latvia is
around 10 — 14 million LVL per year, 30 — 65% of which consist of
imported apples. Amount of imported apples (12 000 — 17 000 tons per
year according to statistics) and increasing amounts of exported apples (a
yearly increase of 12000 tons during the last five years) indicates excellent
possibilities of development in the sector.

There was sought about improvement of growing technologies,
new assortment of cultivars and rootstocks for obtaining higher yields of
good quality were introduced. New plantations were established on
dwarfing and semi-dwarfing rootstocks. Therefore the planting density
reached 500 to 1500 trees ha'. New plantings with more dwarf trees
hastened the beginning of the yielding period, increased the amount of
high quality apples, facilitate harvesting, but at the same time raised
questions about the most appropriate planting density and crown type.
Technological questions became more and more urgent because the
adaptation abilities of trees to environmental conditions worsened in
plantings of increased tree density.

There are a whole host of questions that need to be solved in
Latvia although experience exchange with other countries takes place.
Many of the commercial cultivars and rootstocks grown in West Europe
are not grown in Latvia and vice versa. Also there are differences in light
and temperature conditions, overwintering conditions are more severe.
Several technological questions have to be decided prior to orchard
planting — the right choice of cultivar and rootstock, the planting system,
crown type etc. These conditions have a significant influence on the
outcome of further work.

The necessity to change the technologies of fruit growing
determines the actuality of the Thesis. The influence of different planting
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schemes, tree density and crown type on the tree productivity is evaluated;
two dwarfing rootstocks are evaluated in orchard conditions, including
rootstock Pure 1, released by Piire Horticultural Research Station.

1.

2.

The hypothesis of the research
Orchard type has an influence on the vegetative and generative
productivity of apple trees.
Rootstock Pure 1 is more appropriate for growing in intensive
orchards than until now broadly used rootstock B.9.

The objective of the research
To find out an orchard type ensuring well balanced vegetative and
generative productivity of trees in changing agrometeorological
conditions.
To evaluate the influence of rootstock Pure 1 on the vegetative and
generative productivity of trees.

The tasks of the research

To detect the influence of the orchard type on the parameters of the
vegetative productivity of trees:

trunk cross section area;

tree height;

crown volume;

crown projection area;

total area of foliage surface.
To detect the influence of the orchard type on the parameters of the
generative productivity of trees:

number of inflorescences per tree;

flowering intensity;

the number of fruits per tree;

yield per tree;

yield per orchard area.
To compare the influence of two rootstocks on the vegetative and
generative productivity of the trees.

There have been many investigations carried out in Latvia and

the Baltic States on the elements of extensive orchards. Rather broad
information has been obtained about the suitability of dwarfing and semi
dwarfing rootstocks for growing in local conditions. Nevertheless there is
a lack of research on intensive orchards as system in general. The
summarization of long term results of the investigations on dwarf apple
tree growing, including increased density planting and different crown
types, and the evaluation data on new rootstock Pure 1 in orchard
conditions should be considered as a novelty of the research.
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MATERIALS AND METHODS

The investigation was established in 1996 at the Pare
Horticultural Research Station in the frame of the international
collaborative project lead by prof. Dr. A. Sadovsky (Poland) according to
methodologies elaborated by Dr. A. S. Devjatov (Belorussia).
Horticultural research institutions from Latvia, Lithuania, Belorussia and
Poland took part in the programme.

Three factorial investigation was established, where:

1) factor A is the apple cultivar:

A —"Spartan’;

A, - "Belorusskoje Malinovoje;
2) factor B is the orchard type:

B, — one-row planting at 4x2 m spacing, where 1250 trees ha’',

spatial crown;

B, — one-row planting at 4x1.5 m spacing, where 1667 trees ha,

slender spindle crown;
B; — one-row planting at 4x1 m spacing, where 2500 trees ha’',
French axis crown;

B, — two-rows chequered planting at (4+1)x2.4 m spacing, where
1667 trees ha'l, flattened spindle crown;

Bs— two-rows chequered planting at (4+1)x1.6 m spacing, where
2500 trees ha'l, slender spindle crown;

B¢ — three-row planting at (4+1.25+1.25)x1.5 m spacing, where
3075 trees ha™, North-Holland spindle crown;

3) factor C is rootstock:
Cl - B9,
C,—Pure 1.

The planting scheme and tree crown type are joined in the
concept “orchard type” in the current research.

Tree pruning in the investigation was performed according to
following principles:

Spatial crown. There are no strict rules for pruning. The main
point is to avoid a dense crown, but to have good light distribution in the
crown and easy access to the fruits in the crown. The marked top of the
crown consists of 7 — 9 carcass branches, the crown has oval — round or
pyramidal shape and tree height is around 2.5 m. The top of the tree was
shortened when the development of the side branches was necessary. Side
branches were not shortened during the first years of growing, later they
were shortened till the branching point. The main pruning was performed
in the spring by cutting. The bending of branches was not used.
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Slender spindle. A conical shape, a sharply expressed central
axis, 4 — 6 carcass branches at the base of crown and well developed
fruiting laterals at the upper part of the crown are characteristic for this
crown type. Tree height is 2.5 m. Side branches were not pruned during
the first years of growing, later they were shortened till the branching
point. The top of the tree was shortened when the development of side
branches was necessary. Side branches were bent in a 60 — 90° angle after
tree planting and fixed by cord or weight. In the following years young
side branches were bent horizontally.

Flattened spindle. The pruning of this crown type is the similar to
slender spindle. The difference is in the position of the 5 — 7 carcass
branches at the base of the crown — they are trained towards the row
direction by using pruning and bending; fruiting laterals are longer than
for slender spindle and the crown has a flattened conical shape. The
bending of side branches and the cutting of the tree top shoots was
performed as for slender spindle.

North-Holland spindle. The crown is similar to slender spindle,
but there are less carcass branches at the base of the crown and the
diameter of the base of the crown is smaller. Bending of side branches is
used for crown forming.

French axis. Side branches are cut until 3 — 4 well developed
buds from which a group of fruit twigs develops. Also over time young
side branches were shortened up to 3 — 4 well developed buds. Sharply
marked leader and fruiting laterals were developed in the crown. Carcass
branches and well developed side branches were absent in this type of
crown. The yield develops mostly on the two year old fruit twigs. There
are fruit twigs of three ages on the tree before spring pruning — one three
years old, one two years old and two one year old twigs. During the spring
pruning three year old shoots are cut down, one year offsprings are cut
from the two year old shoot, the one one-year shoot is shortened until two
well developed buds and a second one-year old shoot is left for the
development of fruit twigs. The top of the tree is not shortened until the
tree has reached 2.5 — 3 m height.

Rootstock B.9 is bred by V.I. Budagovskiy at Mitchurinsk
(Russia) by crossing rootstock M.8 with the cultivar “Krasniy Standart’.
The red colour of the leaves and wood is characteristic for this rootstock.
Its evaluation in rootstock stoolbeds is good. The roots winter hardiness is
average (-10 to -12 °C) and the roots are not easy breakable. The influence
of rootstock B.9 is assumed to be similar to M.9 which is a broadly used
rootstock in Europe. Rootstock B.9 is recommended as one of the most
suitable rootstocks in Latvian agroclimatical conditions.

Rootstock Pure 1 has been selected by A. Bite at the Pure
Horticultural Research Station as the seedling of free pollination from B.9.
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The red colouring of the leaves and wood is retained from the parent. The
rooting of shoots of Pure 1 in stoolbeds has been evaluated as better than
for B.9 and also the number of rootstocks per mother plant is higher than
for B.9.

According to the division of soils the investigation was established
at the highland and plain of Kurzeme and the sub region of the Dundaga
elevation and Vanema upland. Trial was established on brown soil with
residual carbonates. Free carbonates are located deeper than 0.7 m.
According to the granulometrical content the soil is sandy loam. The degree
of soil improvement was evaluated as moderate, pHgc 6.1 — 6.7, content of
organic matter 16 — 21 g kg, potassium (K,O) 141 — 220 mg kg,
phosphorus (P,0s) 250 — 340 mg kg (Agrochemical analyses were
performed by Centre of Agrochemical Investigations). An insignificant
uplift in the micro-relief was observed in the middle part of the orchard.

Piire is located at the Western zone, on the border of the highland
of North Kurzeme and the lowland of the Venta river in accordance with
the division of Latvia in horticultural zones created by J. KarklinS. The
highland of North Kurzeme is characterized by better tree wintering
conditions due to the influence of the Baltic sea and there are appropriate
places for orchard establishment on the slopes of the hills. The lowland of
the Venta river is located at the Venta and Abava valleys. Often severe
frosts are occurring in this zone during the winter and spring due to the
inflow of cold air into the valleys.

During the period of investigation several years of unfavourable
meteorological conditions were observed. This negatively influenced the
vegetative and generative productivity of the trees. An insufficient amount
of precipitation or an uneven division of precipitation within the season
was observed in 1999, 2000, 2002, 2005 and 2006. Frost damage on trees
was observed during the winter of 2004/2005. Severe spring frost damage
was observed in 2002 and 2004. Less severe spring damage was observed
in 1998, 2001 and 2006. During June of 2003 there was very severe hail.
It damaged almost all the fruit sets. The biggest part of damaged fruit sets
dropped down. Hail damaged the leaves and shoots also. Stress caused by
the hail also negatively influenced the setting of the flower buds of the
coming year.

White mustard was grown as a forecrop in the summer of 1995. It
was plugged in as green manure. Cultivation was done two times in the
spring of 1996. 12 — 15 kg of turf-organic manure compost was applied in
the planting beds. Impregnated conifer stakes were used for tree support.
Trees were irrigated after planting two times in the spring and one time in
August. 15 — 20 L of water per tree was used each irrigation time. All
flowers were eliminated during the 1* year of growing.

29



The strip under the trees was weeded during the 1% year.
Glifosate application was used in the following years 1 or 2 times per
vegetation season. The width of the herbicide strip under the trees in the
one row planting system was 1 m (0.5 m to both sides from the tree); in
two row planting it was 2 m (0.5 m from the trees in the direction of the
grass strip between the rows and 1 m between rows); 3.5 m in the three
row planting system (0.5 m from the side rows and 2x1.25 m between
rows). Strips between rows were kept in black fallow during the first two
years. Grassland was sown during the 3™ year. Grass was moved from
strips between rows 4 to 6 times per season.

Scab (Venturia inaequalis), apple blossom weevil (Anthonomus
pomorum L.) and codling moth (Carpocapsa pomonana L.) were the main
pests which were controlled by plant protection means. Pesticides were
applied according to the following scheme: the 1* spraying was applied at
the phase of green cone with a fungicide consisting of copper in
combination with insecticide to control primary infection of scab and
blossom weevil damages; the 2™ till 4™ sprayings were performed to
control scab and insects depending on the situation.

The fertilization rate was calculated according to the soil analyses
and the recommendations of A. Gross and I. Dimza. The content of
phosphorus was satisfactory high, but taking into account the neutral
reaction of the soil, phosphorus fertilization was applied in small amounts.
The content of potassium was lower than optimal therefore potassium
fertilizers were applied 5 — 6 g m™ (pure ingredient) every year. Nitrogen
fertilization was applied during the 1% year after planting at the rate of
5 g m™. Potassium chloride and complex fertilizer (NPK 10:10:20 and
microelements) were applied during the 2™ year before the vegetation
period. Nitrogen fertilizer was also used at the end of May of the 2™ year.
In total N — 8 g m?, P,0Os— 5 g m?, K,0 — 21 g m” were applied during
the 2" year. Only nitrogen and potassium fertilizers were applied during
the third and fourth year at the rate N — 5 g m™ and K,O — 6 g m™. In the
following years fertilization was applied in the whole orchard area at the
rate N—5 gm? P,Os—2.5gm?, K,0-5gm™

The following parameters were used for the characterisation of the

vegetative productivity of trees:

- trunk cross section area — calculated from the trunk diameter at
the 0.20 — 0.25 m level above the grafting place;

- tree height — measured from ground level to the tree top;

- crown volume — calculated as for the cone by using the tree
height and the crown diameter (measured in the row direction
and perpendicularly to the row);
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- crown projection area — calculated as area of the circle for both
directions of the crown;

- total area of tree leaves — calculated in the first 5 years. Stencil
method used.

For changes of vegetative productivity by years calculated:

- increase of the annual trunk cross section area;

- relative rate of the increase of the trunk cross section area;

- annual changes of the tree height;

- annual changes of the crown volume.

For changes of generative productivity by years calculated:

- the number of inflorescences per tree — calculated at the

blossoming;

- blossom intensity — number of inflorescences per 1 m® crown
volume;

- periodicity of blossoming — calculated by using index of
periodicity;

- the number of fruits per tree — during the first years of the

yielding when the yield is not high;

- yield from tree — fruits weighed for each recording tree;

- yield from orchard area.

Growing conditions characterised by using light distribution in the
crown.

Survival rate of trees calculated as the percentage of living trees
from the number of planted trees.

The relation of the trunk cross section area and the relative rate of
the increase of the trunk cross section area with the hydrothermal
coefficient was calculated to evaluate the influence of meteorological
conditions on the vegetative growth of the trees. It was calculated for the
following periods: May, June, July, August; May — July; May — August;
June — July; June — August.

Generally accepted statistical methods used for data analysis —
correspondence of the sampled population to the normal division
(Kolmogorov-Smirnov test), ANOVA and correlation. ANOVA was used
as for three factorial trials, Tukey's test used for the evaluation of the
significance of the differences. Mean values per plot were used for the
evaluation of the vegetative and generative productivity of the trees. Data
transforming was performed in the analysis of tree survival rate and
relative increase of trunk cross section. Data analysis was performed by
using MS Excel and Statistic.
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RESULTS AND ANALYSIS

Vegetative productivity of trees

Influence of the orchard type on the trunk cross section area.
The area of the trunk cross section (S) is the most broadly used parameter
to evaluate the influence of some of the factors on the vegetative growth
of trees. It is characterized with a positive annual increase and it is not
influenced by the type of crown pruning. The influence of the orchard
type on the S was statistically proved starting with the 4™ year after the
planting of the orchard. Several tendencies were observed when the
influence of the orchard type on S was analysed for all period of the
investigation. S was less for one row planting than for multi-row plantings
until the 10" year after planting. Starting with the 4™ year the less S was
observed in one-row planting with 2500 tree ha™. In its turn the biggest S
was in the two-row planting with a tree density of 1667 trees ha™ starting
from the 6™ year of the investigation. It should be stressed that in the
orchard type with the most dense planting (three-row planting with 3075
trees ha') the biggest S was observed until the 10" year of investigation.
This indicates that in Pire S was influenced not only by tree planting
density but also by the planting scheme. Statistically significant
differences between S in one-row and in double-row plantings with the
same tree density were observed only at the year 4" and 6™ after planting
in the density of 2500 trees ha'. Nevertheless every year there was an
observed tendency for a smaller S to exist in the one-row planting than in
double-row planting with the same tree density. This can be explained by
the fact that in multi-row planting trees have more space for growth and in
multi-row plantings trees have broader strips along the tree line and
therefore there is no competition with the grassland between the rows for
moisture and nutrition.

Analysis of the annual absolute increase of the trunk cross
section area shows similar tendencies as for S. Statistically shown
differences between orchard types in the annual absolute increasing of
trunk cross section areas are stated in 5 years out of 10, whereas for S they
are stated for 7 years. Less increase in practically all of the years of the
investigation was found for one-row planting type with a tree density
2500 trees ha'. There was an observed tendency during the first 6 years,
that an absolute increase in one-row plantings was less than in multi-row
plantings.

The influence of rootstocks Pure 1 and B.9 on the trunk cross
section area during the first 5 years was practically similar (Fig 1).
Starting from the 6" year after the planting of the orchard the tendency
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was observed for trees grafted on Pure 1 to have insignificantly smaller S
than for trees grafted on B.9. This tendency became more expressed with
the years and at the 11" year it reached a statistically significant
difference. S for trees on Pure 1 was 20.3 cm® and on B.9 it was 22.9 cm’.

Nevertheless it should be noted that actual differences between
rootstocks were insignificant — only a 3mm difference in trunk diameter.
Therefore it can be assumed that the influence of rootstock Pure 1 on the
trunk cross section area is similar to rootstock B.9, although it was
foreseen that trees on rootstock Pure 1 will have a more vigorous growth
than B.9.

Influence of orchard type and rootstock on the tree length.
Orchard type had an influence on the tree height mostly during the first
years after planting. Statistically provable differences between the orchard
types were registered only in the 2", 3, 4™ and 6" year. In all these years,
the highest trees were registered in one-row planting with a tree density of
2500 trees ha™ and the shortest trees were in one-row planting with a tree
density 1667 trees ha". The tree pruning type has a significant influence
on the tree height. In one-row planting with a tree density of 2500
trees ha the French axis crown is pruned — the top of the crown was not
cut for the first three years, whereas in other crown types the top of the
trees was cut with the aim to promote the development of side branches.
There were no statistically significant differences in tree height between
orchard types starting with the 7" year after planting because the highest
trees exceed the planned height and their tops are cut at the pruning. It was
found that the tree height in three-row planting should be revised and it is
suggested to enlarge it up to 2.5 m.

Statistically significant differences for tree length between trees
on different rootstocks were found during the 1% year and 11" after
planting. At the 1% year tree size at the planting moment determined tree
length. The average tree length during the 11" year after planting on the
rootstock Pure 1 was 2.91 m, but on B.9 — 3.03 m. Also in other
investigations it was noted that the influence of rootstock Pure 1 on the
tree height is similar to the rootstock B.9. In some cases trees on rootstock
Pure 1 are shorter than on B.9.

The influence of the orchard type and rootstock on the crown
volume. Differences in the crown volume between orchard types were
observed already during the 2" year after planting. Starting with the 3" year
a tendency was observed that shorter trees are in the one-row planting with
a tree density of 2500 trees ha” (French axis crown). The biggest crowns
were on trees in the three-row planting of North-Holland spindle crown
with a tree density of 3075 trees ha” until the 5" year after planting; but
starting with the 6™ year in the two-row planting of Flattened spindle crown
with a tree density of 1667 trees ha'; from the 8" year in the one-row
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planting of spatial crown with tree a density of 1250 trees ha'. It was
planned also according to the methodology to have the most volume crowns
for the two last orchard types.

Differences between orchard types were found if the deviation of
actual crown volume from the theoretical was compared. Trees in three-
row planting with a tree density of 3075 trees ha" reached the theoretical
crown volume in the shortest time period — already during the 6™ year
after planting (Fig.2). During the 7" year also trees planted in one-row
planting with a tree density of 2500 trees ha' reached the theoretical
crown volume. Trees of one-row planting with a tree density of
1250 trees ha' reached the theoretical crown volume only during the
11" year after planting. A comparison of the years, when the tree crown
reached the theoretically expected size, marks the clearly visible tendency
that the planting density has the main influence on this parameter. In fact
the tree crown volume during the 11™ year after planting reached the
theoretical size in all orchard types. The highest deviation was found for
the trees in the three-row plantings with 3075 trees ha™'.

The influence of both rootstocks on the tree crown volume was
similar during the first 5 years after planting, but bigger crown volume
was found for trees on B.9 starting from the 6™ year after planting. In
general, it can be stated that both rootstocks had a similar influence on the
crown volume. Nevertheless there was an observed tendency for a smaller
crown to develop on the rootstock Pure 1 than on B.9. Trees reached the
planned crown volume during the 8" year after planting on both
rootstocks.

The influence of the orchard type and rootstock on the
projection area of tree crown. Differences in the crown projection area
between different orchard types were observed already during the 2™ year
after tree planting. The least crown projection area almost in all the years
of the investigation was observed for trees planted in one-row planting
with a tree density of 2500 trees ha'. This is related with the
particularities of the pruning of the French axis crown — a regular
shortening of the side branches. The largest tree crown projection area
during the first years of investigation was found for trees planted in
three-rows planting with a tree density of 3075 trees ha” and two-rows
planting with a tree density of 2500 trees ha'. Starting with the 8" year
crown projection area in tree-rows planting with a tree density of
3075 trees ha”' does not significantly differ from one-row planting with
2500 trees ha. During the 11" year after planting the theoretical crown
projection area was reached in the one-row planting with 1250 trees ha™.
It can be concluded that this planting density was too sparse for particular
agroecological conditions and the rootstock/cultivar combination.
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The differences between tree crown diameters in the direction of
the row and perpendicularly to row direction were compared in one-row
plantings. Statistically provable differences were found for trees planted at
the density of 2500 trees ha™ (crown diameter in the direction of the row
was for 0.38 m less than perpendicularly) and for trees planted at the
density of 1250 and 1667 trees ha”' (correspondingly 0.00 and 0.04 m).
The fact that tree crown diameter does not differ in both directions for
trees in one-row planting at the density of 1250 and 1667 trees ha™ shows
that trees had sufficient growing space in these plantings.

The influence of the rootstocks on the crown projection area was
similar to the influence on crown volume — the difference between
rootstocks was not statistically provable during the first years after
planting. Starting with the 6™ year a statistically bigger projection area
was found for trees on rootstock B.9.

The influence of meteorological conditions on the vegetative
productivity of trees. The deviation of the actual increase of the annual
trunk cross section area from the theoretically calculated figures was
closely related with the hydrothermal coefficient (Hk) in July. This
indicates that the critical meteorological conditions for tree growth in the
investigation have been exactly in July and especial attention should be
paid to this period when the irrigation of the orchard is planned. Linear
regression is statistically reliable for all orchard types, its adjusted
coefficient of determination is 0.52 — 0.63.The coefficient of regression
for the influence of Hk on the deviation of absolute increase from
theoretical differed between the orchard types, but it fits within the
margins of error (Fig 3).

The meteorological conditions had an influence on the annual
growth of the trees. Nevertheless there was no statistically reliable relation
of Hk in July with the annual growth of trees in length, as it was found for
trunk cross section area. A statistically reliable relation was found
between the annual growth of trees in length and Hk in May — June. The
difference between coefficients of regression for all orchard types was
within the limits of error.

A significant influence of rootstocks on the vegetative growth of
trees in different meteorological conditions not found.

The influence of the orchard type on the light distribution in
the tree crow. One of the main factors influencing tree productivity is
light distribution in the crown. Relative light distribution in the crown (Lr)
determines the amount of light going through the tree crown. It is unused
solar energy for photosynthesis on the one hand, but sufficient light at the
base part of the crown is necessary for obtaining high quality fruits on the
other hand.
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The significant influence of the orchard type on the Lr was
found. The highest Lr was found in the trees of one-row planting with
1250 trees ha (Lr=0.54). The lowest Lr was found in three-rows planting
with 3075 trees ha' (Lr=0.33). The planting density had the most
significant influence on this parameter, but the planting scheme (one-row,
two-rows or three rows) had less influence.

It was observed that better illumination in one-row plantings was
for the sides of crown in the E and W parts (sides of row) if results
obtained from measurements in different sectors of crown are compared
(Fig 4). It was also found that in two-row planting with 1667 trees ha™
side-parts of the crown were better illuminated because the crowns in this
planting type were of a flattened shape. The central part of the crown was
less illuminated for all orchard types. This was caused by the shade from
the crown itself and also from the crown of neighbouring trees.

Tree survival rate

Tree survival is one of the parameters characterising the
sustainability of the orchard. There has to be a maximal amount of alive and
yielding trees in the orchard to ensure a high yield potential. Different
numbers of trees were planted in different orchard types and this was taken
into account when the survival rate was calculated. This was expressed as
the percentage of living trees per orchard type. A small amount of dead trees
were observed for the cv. “Belorusskoje Malinovoje™ — after 11 years 97%
of trees were survived. A similar amount of living trees was found for this
cultivar on both rootstocks. Less tree survival was observed in the orchard
types of multi-row plantings — 91 to 97%.

The tree survival rates for cv. “Spartan™ was less — from 63 to 86%
in different orchard types. A statistically reliable difference between the
orchard types was not found due to high dispersion of data. An analysis of
variation was performed for each rootstock separately to evaluate the
influence of the orchard type on tree survival for this cultivar (Fig 5). The
obtained results had a slight higher level of reliability, but the differences
were not statistically significant (p=0.51 — 0.52). A better survival rate
was found for trees on B.9 rootstock in three-rows planting with
3075 trees ha. The best survival rate on the rootstock Pure 1 was
observed in one-row planting with 2500 trees ha™' and in all multi-row
plantings. These results do not confirm the assumption that there is a
lower tree survival rate for trees in more dense plantings.

The influence of rootstocks on the tree survival rate for cv.
“Spartan® was statistically reliable. A better survival was observed for
trees on Pure 1, where it was 82%, but on B.9 it was 67% (p=0.022).
Difference between the rootstocks was 15 present points. This fact has to

36



be evaluated as being economically important. For cv. “Belorusskoje
Malinovoje” such a strong influence of the rootstock was not observed —
the tree survival rate for both rootstocks was 97%.

Generative productivity of trees

The influence of the orchard type and rootstock on flower
development. Starting with the 5™ year after planting, a significant
difference in the amount of inflorescences per tree was observed in the
different orchard types. A lesser number of inflorescences was observed
on the trees of one-row planting with a tree density of 2500 trees ha™'. The
highest number of inflorescences was observed on the trees in two-row
plantings with 1667 trees ha™' starting from the 6 year after the planting.
The second biggest amount of inflorescences per tree was observed in the
one-row planting with 1250 trees ha. More inflorescences were observed
on the trees in the orchard types with bigger tree crowns. This was
confirmed by the analysis of the correlation between the inflorescences
number of the current year and crown volume detected during the
previous autumn. A close, statistically reliable correlation was found for
all the years of the investigation (R’=0.67 — 0.98).

The influence of orchard type on the flowering intensity was
observed only for some years (the total factorial impact did not exceed
3%). The flowering intensity was not influenced by the age of the orchard
— mostly it was around 150 pieces m> (Fig 6). Flowering intensity
decreased during the 9" year after orchard planting when flower bud
development was negatively influenced by hail damage during the 8"
year. The most intense blossoming was observed in the 8" and 11" years
after the planting.

The flowering intensity was a suitable parameter for the
evaluation of yielding periodicity because this parameter is not influenced
by tree age. The influence of the orchard type on the yielding periodicity
was statistically reliable — the less marked periodicity was observed in the
two-row planting with 1667 trees ha', but the most marked — on the trees
of one-row planting with 2500 trees ha”. Differences between the other
orchard types were not significant. Yielding periodicity was sharply
expressed in one row planting with a tree density of 2500 trees ha due to
less growing space for trees in this orchard type.

The orchard type influence on the yield should be more
expressed at the first years after planting because the tree density has the
biggest role on the yield while the differences in tree size are not big. This
assumption partly was vindicated according to the inflorescences number
per orchard area. The number of inflorescences per tree does not
significantly differ until the 5" year after planting, but there are
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statistically reliable differences between orchard types in the number of
inflorescences per orchard area. The highest amount of inflorescences per
orchard area until the 8" year after planting were in the three-rows
planting with 3075 trees ha''. The least number of inflorescences was
observed on the trees of one-row planting with 1250 trees ha™'.

It is possible to count the necessary number of inflorescences per
tree to reach the yield of 20 — 25 t ha by taking into account that the ratio
between inflorescences and harvested apples is 3:1 to 4:1 (at the 4™ year
of the investigation this ratio was 2.2:1 for cv. “Belorusskoje Malinovoje
and 4.4:1 for cv. “Spartan™). The necessary number of inflorescences with
a planting density of 1250 trees ha™ is 380 — 640; with 1667 trees ha™' —
290 — 480; with 2500 trees ha! — 190 — 320; and with density of
3075 trees ha” — 160 — 260 inflorescences, if the average fruit weight is
125 g (this is the average fruit weight in the investigation in total). The
necessary number of inflorescences per tree in the 8" year was reached in
one-row planting with the density of 2500 trees ha™'; two-row planting
with the density of 1667 and 2500 trees ha, and in three-row planting.
Trees of one-row planting with a density of 1250 and 1667 trees ha” had a
theoretically necessary number of inflorescences for a good yield reached
only in the 10" year after planting.

It was stated that the flowering intensity is weakly influenced by
the orchard age and crown size. Therefore it is possible to calculate
necessary crown volume for each orchard type to obtain the yield
20 — 25 t ha™' by using necessary number of inflorescences per tree and
average registered flowering intensity. The minimal necessary crown
volume was calculated as 1.1 — 2.2 m’, the maximal necessary crown
volume was calculated as 1.9 — 3.8 m’. The minimal necessary crown
volume was reached first by the trees in the two-row planting with
2500 trees ha' and by trees in three-row planting with 3075 trees ha’
during the 7™ year after planting. During the next year the minimal
necessary crown volume was reached by the trees in the one-row plantings
with 1667 and 2500 trees ha"' and two-row planting with the density of
1667 trees ha'. The one-row planting with a tree density of 1250 trees ha™
the minimal crown volume was reached in the 9" year after planting.

Statistically reliable differences were not found for the number of
inflorescences per tree between trees on different rootstocks. Statistically
significant differences were found for flowering intensity during several
years of the investigation (Fig 7). Trees on rootstock Pure 1 had
significantly intense flowering in 7", 8" and 10" years, but for trees on
rootstock B.9 — in the 11" year. The influence of rootstock on the
inflorescences number per tree and crown volume can be seen in the
intensity of the flowering.
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The influence of the orchard type on the periodicity of the
yielding. Due to different reasons yields obtained during the investigation
period were low and do not properly characterize the potential of the
orchard type. Nevertheless some differences between orchard types were
found.

The yield was counted starting with the 3" year after planting.
Until the 10" year statistically significant differences in yield were not
found between orchard types. The reasons for unsatisfactory yields were
moisture deficiency in the 4™ and 5" years, winter frost damage in the
6" year, spring frost damage in 7" year and hail in the 8" year (stress
caused by hail had an influence on the yield also in the 9" year). The
highest yield was obtained in the 10" year after planting, although at the
end of the winter frost damaged the flower bud bases. The differences
between the orchard types were not significant. A statistically reliable
influence of the orchard type was observed during the 11" year after
planting when the highest yields were obtained in the one-row and two-
row plantings with a tree density of 1667 trees ha™' — 5.33 and 5.25 kg per
tree correspondingly, but the lowest yield was in the tree-row planting
with 3075 trees ha™' — 2.59 kg per tree. It should be stressed that the yield
was significantly decreased by drought periods in July and August.

The yield from the orchard area in different orchard types
differed from the beginning of the yielding. Already in the 3™ and
4™ years the highest yield was harvested from three-row planting with a
tree density of 3075 trees ha™'. Also during the following years until the
10" year the highest yields from the orchard area were harvested in this
orchard type.

The influence of the orchard type on the fruit quality was
evaluated by analysis of the average fruit weight. A statistically significant
influence was observed only during the 4™ year after planting. A tendency
was observed that the highest average fruit weight was for fruits harvested
from the multi-row plantings. This can be explained by the influence of
the broader lines below the trees in conditions of limited moisture during
the 4™, 5™, 7™ and 11" years caused by insufficient precipitation. However
the average fruit weight is influenced also by other factors because during
the 5" year the lowest fruit weight was observed for fruits from two-row
planting with 2500 trees ha” and in the 6" year from two-row planting
with 1667 trees ha''.

The correlation was calculated to evaluate the relation of the fruit
weight with the yield. It was performed for each cultivar separately to
exclude the impact of the cultivar.

There was an observed tendency for cv. “Belorusskoje
Malinovoje® during the years of low yields to have a positive correlation
between the yield and the average fruit weight. In the cases when the
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average fruit yield from a tree reached 4 — 6 kg the correlation was
negative. Orchard type influence was not found.

For cv. “Spartan” the correlation between the yield and average
fruit weight was less than for cv. “Belorusskoje Malinovoje™ — it was
statistically reliable only in 6 cases for cv. "Spartan™ and in 22 cases for
cv. "Belorusskoje Malinovoje®.

The fruit yield from tree until the 10™ year was 0 — 3 kg. This is
unsatisfactory for the evaluation of the rootstock influence on the
parameter. Statistically reliable differences between rootstocks were
obtained in the 5™ and 7™ years when the highest yield was obtained from
trees on rootstock Pure 1. Nevertheless the yield was too low (0.2 — 1.0 kg
per tree) and a general conclusion about the influence of the rootstock on
the yield can not be made.

The influence of the rootstocks on the fruit quality was evaluated
by an analysis of the average fruit weight. For several years the highest
fruit weight was observed for fruits harvested from trees grafted on B.9,
but statistically provable differences were found only in the 3" year after
planting (Fig 8) when the fruit weight from the trees on B.9 exceeded the
fruit weight from the trees on Pure 1 for 13 g. During the following years
the fruit weight difference did not exceed 6 g and was not statistically
significant. In total it was observed that in 5 years of the 7 the fruit weight
was higher from trees on B.9 and in 2 years for fruits from trees on Pure 1.

It can be stated in general that the rootstocks have a similar
influence on the average fruit weight. Nevertheless the tendency for the
development of slightly smaller fruits on rootstock Pure 1 should be
noted.
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CONCLUSIONS

The orchard type has a significant influence on the vegetative
productivity of the tree. The increase of the planting density had a
negative influence on the tree cross section area, but the trunk cross
section area in multi-row plantings was found to be bigger than in
one-row plantings. Crown parameters were mostly influenced by the
orchard planting scheme (growing space) and crown pruning
(bending and shortening of shoots). The planting density determined
the light utilisation by the trees.

The chosen planting distances and crown types were mutually
consistent to particular growing conditions. There can be some
corrections performed in the planting with density of 1250 trees ha™',
where the distance between the trees can be diminished, and in three-
row planting the tree height can be increased up to 2.5 m.

Meteorological conditions have an influence on tree productivity.
The hydrothermal coefficient in July had the most significant
influence on the tree cross section area, but the annual increase of the
vegetative growth for trees was mostly influenced by the
hydrothermal coefficient of May — June. According to calculations,
the desirable hydrothermal coefficient in June should be 1.7 — 2.0.
Irrigation in 7 from 11 vegetation periods would ensure such a
coefficient.

Generative productivity of the trees is influenced mostly by the
orchard type. The number of inflorescences per tree was closely
related with the crown volume. Dense planting and intensively
pruned crown (French axis) promoted the periodicity of flowering.
The orchard type had a significant influence on the potential yield
from orchard area in a newly planted orchard, but this influence
diminished with the age of the orchard. Fruit quality was slightly
influenced by the orchard type.

The desirable crown volume was calculated for each orchard type to
ensure the yield 20 — 25 t ha™. In all orchard types trees reached the
desirable crown volume too late, therefore the ensuring of tree
vegetative productivity is essential in new orchards.

One-row planting with a density of 1667 trees ha' and Slender
spindle crown type is the advisable orchard system for commercial
production in particular conditions.
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The influence of the rootstock Pure 1 on the vegetative productivity
of trees was similar to B.9, with a tendency to have more restricted
vegetative growth for trees on Pure 1. Analogue connections are
stated for both rootstocks regarding the parameters of vegetative
growth and meteorological conditions.

The tree survival rate for the trees of cv. “Spartan® on rootstock
Pure 1 was better than on B.9. A similar survival rate for the trees of
cv. "Belorusskoje Malinovoje™ was found for both rootstocks Pure 1
and B.9.

A similar influence on the generative productivity of the trees was
found for both rootstocks Pure 1 and B.9. Both rootstocks had a
similar influence on the number of inflorescences per tree, but a
difference in the flowering intensity was found in some years.

Rootstock Pure 1 is recommended for commercial orchards in
combination with cultivars producing large fruits.
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