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IEVADS

Latvija attistoties integrétajai jeb vidi saudzgjosai auglkopibai, tiek
ierobezota mineralméslu lietoSana, ko reglamenteé uz ES Nitratu regulas
Nr. 91/676 EK un auglu un ogu integrétas audzeSanas vadliniju pamata
izstradatie MK noteikumi Nr. 531. un Nr. 406., kuru meérkis ir celt
mésloSanas efektivitati. Tadg&jadi uzsvars tiek likts uz tehnologiju pilnveidi,
precizaku méslojuma normu un devu noteikSanu, augu barosanas
monitoringu, lai iesp€jami samazinatu mésloSanas negativo ietekmi uz vidi.
Petfjumi, par augu baribas elementu iznesi auglu darzos, Latvija ir veikti
pagajusa gadsimta 60 — 70-tajos gados. Uz Siem pé&tijumiem balstas ari toreiz
izstradatie un vél joprojam literatiira esoSie mésloSanas ieteikumi.

Auglu darzos obligats agrotehniskais pasakums ir abelu vainaga
veidoSana. Lidz ar nogrieztam auga dalam no aprites tiek izpemti ari to
sastava esoSie augu baribas elementi. Lidzigi notiek ar lapam, kas nobirst
rudent. Arl ar razu no darza neatgriezeniski tiek iznesti baribas elementi.
Izstradajot pamatprincipus mésloSanas planosanai, ir nepiecieSams
noskaidrot, vai $ada veida augu baribas elementu translokacijas ir
saimnieciski nozimigas, vai to lielumi ir jaieklauj aprékinos, nosakot kartgja
gada mesloSanas devas, jeb arT tos var ignorét. Méslosanas jautajumi ir ciesi
saistiti ar citiem agrotehniskiem pasakumiem. P&dgjos gados periodiska
nokri$nu deficita dél auglkopji arvien biezak pielieto augsnes mitruma
uzturéSanas tehnologijas: mul¢é apdobes, ka arT ieriko dazadas laisti$anas
sistémas. Lidz ar to, arT §is ipatnibas ir janem v&ra planojot méslosanas
tehnologijas. Musdienas abeles komercialajos auglu darzos stada galvenokart
uz maza vai vidéja auguma vegetativi pavairojamiem potcelmiem, kam no
tradicionalajiem s€klaudzu potcelmiem ir morfologiski atSkiriga saknu
sisteéma, lidz ar to arT prasibas pret augSanas apstakliem. Nemot veéra ieprieks
minéto, svarigi noskaidrot, ka stadijumos telpiski izvietojas abelu saknu
sisteéma, tas struktiira, lai zinatu auga sp€jas uznemt baribas elementus un to
cik liela darza platiba biitu jaméslo. Lidz ar zalaugiem rindstarpas, darza
ekosistema ir ieviestas jaunas populacijas, kas var izmainit augu savstarpgjas
biocenotiskas attiecibas, 1idz ar to radot nopietnu zalaja un abelu konkurenci
par tdeni un baribas vielam. Ir nepiecieSsams novértéjums, ka sada
konkurence ietekmé augu baribas elementu pieejamibu abelém un vai to ir
nepiecieSams nemt véra méslosanas planosana.

Pétijumu veikSanai tika izv€leta viena, Latvija plasi izplatita abelu
Skirne "Melba’, ar izteiktu raZoSanas periodiskumu, un viens no Latvija
popularakajiem maza auguma potcelmiem B 9.

Pétijuma  hipotéze: apdobju mulc€Sana un pilienveida
aptidenosana, izmaina slapekla, fosfora un kalija iznesi, abelu saknu sist€émas
horizontalo un vertikalo izvietojumu. Rindstarpas audzgtie zalaugi rada
konkurenci abelém gan mitruma apgade, gan augu baribas elementu
uznemsSana.
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Pétljuma meérkis: teorctiskais pamatojums mésloSanas sist€émas
pilnveidei abelu skirnei 'Melba" uz maza auguma potcelma B9 Latvijas
agroklimatiskajos apstaklos.

Pétljumu uzdevumi:

1. noteikt abelu saknu masas horizontalo un vertikalo izvietojumu augsng;

2. noskaidrot slapekla, fosfora un kalija iznesi abelem:
= ar abelu vainaga pavasara veidoSana nogrieztajiem zariem;
= ar abelu vainaga vasaras veidoSana nogrieztajiem zariem un lapam;
= ar abolu razu;
= ar nobirusajam lapam;

3. noskaidrot iespg&jamo zalaugu un abelu saknu mijiedarbibu.

Darba novitate:

1. pirmo reizi Latvijas apstaklos veikti p&tijumi par abelu saknu horizontalo
un vertikalo izvietojumu, pielietojot daZzadus augsnes mitruma uzturéSanas
panémienus;

2. pirmo reizi Latvijas apstaklos pétitas baribas elementu iznesi abelém uz
augumu ierobeZojosa potcelma;

3. pirmo reizi Latvija veikti p&tfjumi par zalaugu un abelu mijiedarbibu un
iesp&jamo konkurenci idens un baribas elementu uznemsana.

Petfjuma rezultati apkopoti un atspoguloti 9 publikacijas latviesu,
anglu un krievu valoda, tai skaita starptautisko konferencu, simpoziju un
zinatnisko seminaru recenz€tos izdevumos. Zinatniska darba rezultati
prezentéti 8 mutiskos un 9 stenda zinojumos starptautiskas zinatniskas
konferencgs.

Promocijas darba apjoms 133 Ipp., ieklautas 18 tabulas un
50 attéli un 12 pielikumi, izmantoti 206 literatiiras avoti.

Pétijums veikts ar Eiropas Sociala Fonda apaksaktivitates ,,Atbalsts
doktora studiju programmu istenoSanai” projekta ,,Atbalsts LLU doktora
studiju TstenoSanai” merkfinans€juma (Nr. 2009/0180/1DP/1.1.2.1.2/09/
IPIA/VIAA/017) atbalstu.

PETIJUMA APSTAKLI UN METODIKA

Petijums veikts Latvijas Valsts Auglkopibas institita Dobelg.
Meteorologisko apstaklu raksturojumam tika izmantoti Latvijas Valsts
auglkopibas institita meteorologiskas stacijas dati par laika posmu
2007. — 2011. gadam. Augsnes mitrindjuma raksturoSanai tika izmantots
hidrotermiskais koeficients, kas ir attieciba starp desmitkartigu nokriSnu
daudzumu laika perioda, kad diennakts videja temperatira parsniedz 10 °C,
un temperattiras summa grados $aja pasa perioda.

P&tfjuma vieta atrodas Iidzena lauka, kam ir labi drenazas apstakli.
No austrumu un ziemelu puses ir ierikoti aizsargstadijumi (v&jlauzes).
Augsne — tipiska velénu karbonatu augsne,smilSmals, tas agrokimiskie
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raditdji: organiska viela vidgji 21 — 36 g kg augsnes (péc Tjurina metodes),
augsnes apmainas reakcija pH KCI 5.7 — 6.7, augiem izmantojamais P,0s
181 — 585 mg kg un K,0 146 — 268 mg kg augsnes (péc Egnera—Rima
metodes), apmainas magnijs 142 — 175 mg kg™

Pétljuma ierikoSana un agrotehnika. Pétijjums veikts uz
1997. gada pavasara abelu stadijjuma bazes. Visiem auglu kokiem apdobe
(stadijumu josla) 1 m platuma vegetacijas perioda sakuma tiek uzturcta
melnaja papuve. Petljumi izvietoti trijos atkartojumos. Viena atkartojuma —
10 koki. P&tfjuma izmantota abelu §kirne ‘Melba'. Abeles acotas uz potcelma
B 9 un stadiSanas attalumi ir 1.5 x 4 m. Rindstarpas joslas platums 3 m.
Tajas regulari (5 — 6 reizes sezona) tiek plauti zalaugi, kuri séti, iekartojot
izmégingjumu (ganibu airene (Lolium perenne) un plavu skarene
(Poa pratensis) attieciba 1:3). Laika gaita starprindas ieaugusas ari citas
sugas, galvenokart pienenes (Taraxacum officinale) un baltais abolins
(Trifolium repens). Izméginajuma pamatlaucinos izvietoti augsnes mitruma
uzturo$ie panémienu varianti: kontrole, zagu skaidu mul¢a un pilienveida
aptidenosana. Kontroles un mul¢as varianta mineralméslus izs€ja uz apdobes,
bet pilienveida apiidenosSanas varianta — iz8kidinaja Gdeni un pievadija
abelém kopa ar to.

Novérojumi, mérijumi un paraugu vakSana. Saknu izvietojuma
pétisanai pamata tika izvEleta augsnes atseguma jeb profila metode. No katra
varianta 3 atkartojumos perpendikulari stadijuma rindam tika izraktas 2.6 m
garas un 1.2 m dzilas transejas, kuru siena iet gar koka stumbru. Saknes
augsnes profila tika saskaititas un péc to $kérsgriezuma diametra sagrupétas
5 grupas: loti sikas (< 1 mm, sikas (1 — 2 mm), vidgji rupjas (2 — 5 mm),
rupjas (5 — 15 mm) un loti rupjas (> 15 mm). Par galveno saknu daudzumu
uzskatits 80% no kopé€ja (diametra mazakas par 2 mm) saknu TIpatsvara.

Baribas elementu iznese tika noteikta pavasara un vasaras abelu
veidoSanas laika, razas laika un lapkriti. Pavasara koku vainaga veidoSanas
laika visi nogrieztie zari tika savakti un sadaliti viengadigaja, divgadigaja un
daudzgadigaja koksné. Vasaras vainagu veidoSanas laika (jiilija vidus) tika
savakti visi nogrieztie zari un lapas, sagrupéti viengadigaja, divgadigaja un
daudzgadigaja koksné un lapas. No razas randomizéti tika panemti auglu
paraugi (pa 10 gab. no katra koka). Lapkri$a sakuma tika savaktas (norautas)
visas lapas no koka. Zalaugi plauti 3 reizes vegetacijas perioda. Zalaugu
saknes netika skaititas, bet izmé&rits horizontalais un vertikalais iestiepSanas
apdobé. Abelu vainaga radiuss tika mérits no koka stumbra viduspunkta
perpendikulari apdobes joslai, beidzoties vegetacijas periodam. Par atskaites
punktiem izmantoti talak no stumbra esoSie zaru gali horizontala plakné.
Vainaga augstums mérits no augsnes virsmas [1dz galotnei. Savukart stumbra
diametrs merits, beidzoties vegetacijas periodam, 20 cm augstuma virs
acojuma vietas.



Augsnes un augu paraugu analizé$anas metodika. Ievaktie abelu
vegetativo dalu paraugi istabas temperatira izzaveti gaissausi. Paraugi
smalcinati laboratorijas dzirnavas. Augu paraugu kimiskas analizes veiktas
LLU Agronomisko analizu zinatniskaja laboratorija, izmantojot Latvijas
Valsts noteiktas standartmetodes: sausnu noteica paraugu zavejot 105 °C
temperatiira Iidz nemainigai masai (ISO 6496), kopgjo slapekli péc Kjeldala
metodes (ISO 5983), fosfora, kalija un kalcija noteiksanai tika gatavots pelnu
izvilkums. Fosforu noteica kolorimetriski (ISO 6491), kalciju — titr&jot ar
trilonu B (ISO 6490/1), bet kaliju ar liesmas fotometru (LV ST ZM 82 — 97).
Saja darba visi rezultati fosforam un kalijam ir uzraditi oksida forma,
attiecigi ka P,Os un K,0.

Organisko vielu daudzums augsné tika noteikts, to oksid€jot ar
kalija dihromata (K,Cr,0,) (Tjurina metode; LVST ZM 80-97). Augsnes
reakcija (pH) noteikta potenciometriski 1M KCI suspensija, attieciba augsne
— 8kidums 1:5 (LVST ZM 81-97; LVS ISO 10390:2002). Augiem uznpemama
fosfora un kalija noteikSanai izmantota Egnera—Rima metode — Sie elementi
no augsnes ekstrahéti ar 0.04M kalcija laktata Skidumu, Fosfora
koncentraciju izvilkuma noteica fotoelektrokolorimetriski, kalija — ar liesmas
fotometru. (LVST ZM 82-97). Apmainas magnijs un kalcijs noteikts ar
atomu absorbcijas spektrofotometru (LVST ZM 83 — 97 LVST ZM 84 — 97).
Mineralo slapekli augsné noteica fotometriski (LVST ZM 90-97). Kustigo
manganu noteica ar atomabsorbcijas spektrometru (LVST ZM 88-97).
Kustigo cinku no augsnes ckstrah&ja ar amonija acetata buferskidumu
(LVST ZM 89-97), bora daudzumu augsné — ekstrahgjot ar karstu fideni un
péc tam kolorimetriski (LVST ZM 86-97).

PETIJUMA REZULTATI UN ANALIZE
Abelu saknu izvietojums augsné

Saknu vertikalais izvietojums. Kontroles varianta, kur apdobes
josla tiek ierobezota tikai nezalu augSana (pamata ar herbicidiem), 0 — 15 cm
dziluma augsné atradas tresdala no visa saknu daudzuma, bet 15 — 45 cm
dziluma izvietojusas 40% saknu. Sajos augsnes slanos izvietota saknu masa
butiski neatSkiras. Galvenais sakpu daudzums (diametra Iidz 2 mm)
izvietojas lidz 45 cm dzilumam augsné (1. att.). Atseviskas saknes augsné
bija sastopamas Iidz pat 90 cm dzilumam. Varianta ar mulcu abelu saknes
koncentrgjas tuvak augsnes virskartai. Jau 15 cm dziluma atradas vairak ka
puse no abelu sakném, bet 30 cm dzilu augsnes slani aiznéma galvenais
saknu daudzums. To var€tu izskaidrot ar to, ka, pielietojot mulcu ka mitruma
reguléSanas panémienu apdob&s, augsnes mitruma rezims augsnes Vvirsgja
0 — 15 cm slant tika saglabats optimala Itment, par ko liecina arT salidzinosi
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maza datu izkliede. 15 — 30 cm augsnes slant saknu izvietojuma izkliede bija
2 reizes lielaka, kas liecina par nevienmérigu mitruma sadalfjumu Saja
augsnes slani. Mulcas varianta pargjos augsnes slanos esosas saknes sastadija
niecigu dalu, atseviSkas saknes atrodamas lidz pat 60 — 75 cm dzilumam.

70 -
60 -
50 -
40 -
30 -
20 -
10 -

%

II
I
ii Bz =

0-15 15-30 30-45 45-60 60-75 75-90

dzilums augsné&/deep in soil, cm

1. att. Abelu saknu vertikalais izvietojums/
Fig. 1. Vertical distribution of apple tree roots

M kontrole / control B mulga/ mulch O pilienveida apidenosana / fertigation

Mit odrosinasanai izmantojot pilienveida laistiSanu, galvenais
saknu daudzums 1zvietojas Iidz 30 cm dzilumam. Bitiski vairak saknu (60%)
atradas jau Iidz 15 cm dziluma. Atseviskas abelu saknes, tapat ka varianta ar
muléesanu, tika konstat€tas I1idz 75 cm dzilumam. Saknu daudzuma izkliede
varianta ar pilienveida aptidenosanu bija salidzino$a zema, kas liecina par
vienmerigu mitruma rezimu $aja varianta.

Saknu horizontalais izvietojums. Kontroles varianta 0 — 15 c¢cm
attaluma no koka stumbra augsn€ atradas ceturta dala no visa saknu
daudzuma, bet lidz 30 cm attalumam bija izvietojusas 40% saknu. Lidz
45 cm attaluma no koka stumbra atradas puse no abelu saknu daudzuma, bet
Iidz 60 cm attalumam — 67%. Galvenais saknu daudzums augsné (80% saknu
diametra Iidz 2 mm) izvietojas lidz 75 cm attdlumam no koka stumbra.
Atseviskas saknes augsn€ bija sastopamas lidz 90 cm attalumam no koka
stumbra. Zem apdobes joslas bija koncentr&jusas ap 60 % no galvena saknu
daudzuma (2. att.). Mulcas varianta (apdobé izmantojot zagu skaidu mulcas
segumu apdobés) 0 — 15 cm attaluma no koka stumbra augsn€ atradas
treSdala no visa saknu daudzuma, bet 1idz 30 cm attalumam bija izvietojusas
44% saknu. Lidz 45 cm attaluma no koka stumbra atradas vairak ka puse
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(61%) no abelu saknu daudzuma, bet Iidz 60 cm attalumam — 73%.
Galvenais saknu daudzums augsné (80% saknu diametra lidz 2 mm)
izvietojas lidz 75 cm attalumam no koka stumbra. Atseviskas saknes augsné
bija sastopamas lidz 135 cm attaluma un talak no koka stumbra. Zem
apdobes joslas koncentrgjusas ap 70% no galvena saknu daudzuma.
Pilienveida aptidenoSanas varianta 0 — 15 cm attaluma no koka stumbra
augsné treSdala no visa saknu daudzuma, bet lidz 30 cm attalumam bija
izvietojusas puse no abelu sakném. Lidz 45 cm attaluma no koka stumbra
atradas 68% no abelu sakném, bet galvenais saknu daudzums izvietojas Iidz
60 cm attalumam no koka stumbra. Atseviskas saknes augsné bija
sastopamas lidz 75 cm attalumam no koka stumbra. Zem apdobes joslas bija
koncentrgjusas ap 85% no galvena saknu daudzuma.

35 4

AW AP

Q,\S \5,30 BQ’AS A,y@ 60;15 15,90 90_\05

attalums nokoka stumbra/ distance fromtree trunk,cm

2. att. Abe]u saknu horizontalais izvietojums/
Fig. 2. Horizontal distribution of apple tree roots

M kontrole / control B mul¢a/ mulch O piliﬁveil(izalapﬁder)0§ana/fertigation

t1 pétijuma vieta ir vidéji smaga granulometriska sastava
augsne, kas liecina par noturigu augsnes kapilaro sistému, kas pacel tideni
lidz saknu zonai arT beznokriSnu perioda, apiidenoSanas varianta virsgja
augsnes karta regulari varétu biit optimals vai paaugstinats mitrums, tap&c
saknes vairak koncentrgjas tie$i mitruma zona. Savukart mulcas ietekmé
biitiski samazinas mitruma iztvaiko$ana no augsnes, samazinas temperatiiras
svarstibas, uzlabojas aeracija un augsné palielinas triidvielu saturs, kas
pozitivi vargja ietekmét saknu zaro$anos un augSanu.
Nemot veéra pétijuma rezultatus, augsnes agrokimisko Tpasibu
noteikSanai augsnes paraugu npemsSanas ieteicamais dzilums kontroles
varianta varétu but 11dz 45 cm, mul€as un pilienveida apidenoSanas varianta
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lidz 30 cm dzilumam. Mg&slojama platiba, kur atrodas galvenais saknu
daudzums kontroles un mulcas varianta varétu but lidz 75 cm attaluma no
koka stumbra, bet pilienveida aplidenosanas varianta lidz 60 cm attaluma.

Baribas elementu iznese no auglu darza

Slapekla, fosfora un Kkalija koncentracija abelu vainaga
pavasara veido$ana nogrieztajas vegetativajas dalas. Zemaka slapekla
koncentracija pavasari nogriezto viengadigo zaru sausna bija 2008. un
2010. gados. 2009. gada slapekla koncentracija bija par 18 — 22% augstaka,
bet 2011. gada pat par 26 — 33% augstaka. Kopuma augstas tekosa gada
auglu razas gados slapekla koncentracija viengadigo zaru sausna bija par
25% augstaka neka zemas razas gados. PEtijuma netika konstatétas
korelativas sakaribas starp nokriSnu daudzumu vai aktivo temperatiiru
summu un slapekla koncentraciju pavasari nogriezto zaru sausna, tomér
atrasta bitiska pozitiva korelacija (r = 0.98; p < 0.05) starp slapekla
koncentraciju un razas lielumu. Jo liclaka tekos$a gada auglu raza, jo augstaka
slapekla koncentracija pavasarl nogriezto zaru sausna. Turklat minimalas
razas gados (2008. un 2010.) augstaka slapekla koncentracija bija mulcas
varianta, bet bagatas razas gados — kontroles varianta, kaut gan bitiskas
atSkiribas netika konstatetas (p < 0.05) (3. att.).

1.0

Y, sausnafin dray matter

3. att. Slapekla, fosfora un kalija koncentracija pavasara abelu vainaga
veido$ana nogrieztajas vegetativajas dalas/
Fig. 3. N, P,0O5 and K,O concentration in spring-trimmed parts of apple trees
B viengadiga koksne [0  divgadiga koksne [ daudzgadiga koksne
arjod eaﬁood 3E|1r d

K — kontrole / control; M — muléa / mulch; A — pilienveida apudenosana / fertigation

ArT pavasara vainaga veidoSana nogrieztas divgadigas koksnes
sausna veérojamas lidzigas tendences, ka bagatas tekosa gada auglu razas
gados Dbija paaugstinata slapekla koncentracija. Zemaka slapekla
koncentracija divgadigo zaru sausna konstatéta 2008. gada. 2009. gada
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slapekla koncentracija bija par 24 — 26%, 2010. gada par 11 — 15%, bet
2011. gada par 18 — 22% augstaka, lai gan starpiba matematiski bija butiska
tikai 2008. gada (p < 0.05). Pozitiva bitiska korelacija (r = 0.94; p < 0.05)
konstateta arT starp slapekla koncentraciju un razas lielumu. Augstas razas
gados slapek]a koncentracija divngadigo zaru sausna bija par 20% augstaka
neka zemas razas gados.

Lidzigi ka jaunaka vecuma koksng, ar1 daudzgadigaja verojama
lidzigas tendences, ka bagatas razas gados bija paaugstinata slapekla
koncentracija, tomér biitiskas atSkiribas konstatetas netika. Zemaka slapekla
koncentracija daudzgadigo zaru sausna konstatets 2010. gada, 2008. gada
slapekla koncentracija bija par 6 — 7%, 2010. gada par 8 — 12%, bet
2011. gada par 28 — 32% augstaka, lai gan starpiba matematiski batiska bija
tikai starp 2010. un 2011. gadu. Tas izskaidrojams ar lielo datu izkliedi, jo
daudzgadigaja koksné tika ieskaitita ta koksnes dala, kas ir vecaka par
2 gadiem. Konstatéta pozitiva biitiska korelacija (r = 0.76; p < 0.05) starp
slapekla koncentraciju un razas lielumu. Augstas razas gados slapekla
koncentracija daudzgadigo zaru sausna bija par 26% augstaka neka zemas
razas gados. Turklat slapekla koncentracija daudzgadigaja koksné bija
1.5 reizes zemaka neka divgadigaja un 1.6 reizes zemaka neka viengadigaja
koksneé.

Fosfora koncentraciju viengadigaja, gan ar1 divgadigaja un
daudzgadigaja zaru sausna biitiski neietekméja pielietotais augsnes mitruma
uzturé$anas panémiens. VEérojamas tendences — bagatas tekos$a gada razas
gados abelu dzinumos fosfora koncentracija bija augstaka, tomér butiska
razas slodzes ietekme konstatéta tikai uz fosfora koncentraciju daudzgadigo
dzinumu sausna.

Kalija koncentracija abelu pavasara vainaga veidoSanas laika
nogrieztaja viengadigaja koksne varigja apgriezti proporcionali slapeklim. Ja
slapekla koncentracija viengadigaja koksné bija augstaka bagatas tekos$as
auglu razas gados, tad kalija koncentracija pie lielas razas slodzes bija bitiski
zemaka (r = 0.97; p < 0.05). Sis atskiribas varétu izskaidrot ar to, ka bagatas
razas gados abelem pastiprinas vajadziba p&c slapekla aminoskabju,
olbaltumvielu, fermentu un citu biologiski aktivu veidoSanas procesos.
Savukart kalijs bagatas razas gados tika novirzits uz ziedpumpuru un
auglaizmetnu attistibu, tap&c viengadigaja koksng, iesp&jams, samazinajas ta
koncentracija. Zemaka kalija koncentracija viengadigo zaru koksn€ bija
2011. gada (p < 0.05), kad tas butiski atSkiras ar1 starp variantiem. Kontroles
un mulcas variantos §1 baribas elementa saturs bija pat 2 reizes zemaks neka
pargjos pétljuma gados, bet pilienveida aptdenoSanas varianta kalija
koncentracija bija lidziga. Sis atikiribas var izskaidrot ar to, ka 2011. gada
vegetacijas periods sakas salidzino$i agrak neka citos gados, aprili bija
augstaka gaisa vid&ja temperatira, [1dz ar to piespiedu miera periods abeleém
bija beidzies un kalijs aktivi tika iesaistits koka dzivibas procesu norisé. Arl
divgadigaja un daudzgadigaja koksné kalija koncentracija vari€ja apgriezti
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proporcionali slapeklim — pie liclas razas slodzes ta bija zemaka, tomér
butiskas atskiribas vérojamas tikai 2011. gada, kad auglu raza bija vislielaka.
Par 20% augstaka kalija koncentracija konstateta 2010. gada mulcas varianta.

Iznese ar pavasara abelu vainaga veidoSana nogrieztajam
vegetativajam dalam. Baribas elementu iznese ar abelu pavasara vainaga
veidoSana nogriezto viengadigo koksni batiski atSkiras starp gadiem.
AtSkiribas noteica nevis baribas elementu saturs zaru sausna, bet nogriezta
zaru biomasa, kas bagatas tekosa gada auglu razas gados bija biitiski lielaka.
To varétu izskaidrot ar pastiprinatu abelu vegetativo dalu augSanu nerazas
vai mazas razas gados. Auglu veido$anai vajadz&ja patérét maz energijas,
tapec Sajos gados pastiprinati auga koka dzinumi, bet pavasara vainaga
veidosanu veica jau nako$a vegetacijas perioda sakuma.

Vidgji visos petijuma gados lielaka slapekla, fosfora un kalija iznese
konstatétas mulCas varianta. Slapekla iznese par 20.09% parsniedza iznesi
pilienveida aplidenosanas varianta, bet par 9.7% kontroles varianta slapekla
iznesi. Fosfora iznese, salidzinot ar slapekli, bija nieciga un vidgji pa
variantiem neatSkiras. Kalija iznese mulCas un apidenosSanas variantos
butiski neatSkiras tacu ta bija par 9.5 — 23% augstaka neka kontroles
variantd. Kopuma ar 10 kg zaru biomasas pavasara abelu vainaga veidosanas
laika vidgji iznesa 48.1 g slapekla, 13.8 g fosfora un 22.7 g kalija, jeb no
hektara abeldarza iznesa 8.05 kg slapekla, 2.1 kg fosfora un 2.97 kg kalija.

Baribas elementu iznese ar abelu pavasara vainaga veido$ana
nogriezto divgadigo koksni butiski at$kiras starp gadiem, bet starp
variantiem at8kiribas netika konstatétas. Ar 10 kg divgadigo zaru biomasu
pavasara abelu vainaga veidoSanas laika vidg&ji iznesa 54.3 g slapekla, 11.9 g
fosfora un 26.2 g kalija. Teorétiski lielaka iznese izskaidrojamas ar to, ka
divgadigaja koksné ir zemaks mitruma, attiecigi augstaks sausnas saturs, tacu
janem vera, ka nogrieztas divgadigas koksnes biomasa bija bitiski zemaka,
neka viengadigas koksnes biomasa, Iidz ar to ar 10 kg viengadigas koksnes
reiz€ tiek nogriezts 2.8 kg divgadigas koksnes. Tadgjadi slapekla iznese ar
nogriezto divgadigo koksni bija 2.6 reizes zemakas neka ar viengadigo
koksni, fosfora 3 reizes, bet kalija iznese 2.2 reizes zemakas. Attiecigi ar
pavasara veidosana nogriezto divgadigo koksni no hektara abeldarza iznesa
3.4 kg slapekla, 0.69 kg fosfora un 1.38 kg kalija.

Baribas elementu iznese ar abelu pavasara vainaga veidoSana
nogriezto daudzgadigo koksni butiski neatSkiras ne starp augsnes mitruma
uzturgSanas pan€mieniem, ne starp gadiem, izgpemot 2008. gadu, kad no
abelém, veidojot vainagus, tika nogriezta butiski mazaka biomasa. Ar 10 kg
daudzgadigo zaru biomasu pavasara abelu vainaga veidoSanas laika vid&ji
iznesa 39.7 g slapekla, 6.7 g fosfora un 22.9 g kalija. Janem véra, ka
daudzgadigaja koksné bija biitiski augstaks sausnas saturs neka viengadigaja
un divgadigaja koksne, arT attiecigi nogriezta biomasa bija mazaka.
Daudzgadigo koksni nogrieza 2 reizes mazak, neka divgadigo un 5 reizes
mazak, neka viengadigo. Tas nozimé, ka nogrieztas koksnes biomasas
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attieciba pa koksnes vecumiem bija — viengadiga koksne: divgadiga koksne:
daudzgadiga koksne — 5:2:1. Tadgjadi slapekla iznese ar nogriezto
daudzgadigo koksni bija 6.4 reizes zemaka neka ar viengadigo un 2.5 reizes
zemaka, neka ar divgadigo koksni, fosfora iznese attiecigi 10.4 un 3.4, bet
kalija iznese 4.5 un 2.1 reizes zemaka. Ar pavasara veidoSana nogriezto
daudzgadigo koksni no hektara abeldarza iznesa 1.26 kg slapekla, 0.2 kg
fosfora un 0.6 kg kalija. Slapekla un kalija koncentraciju zaru sausna bitiski
ietekméja pasSreizéja gada auglu razas slodze, bagatas razas gados abeles
saturgja par 25% vairak slapekla, bet kalija koncentracija abelu zaros
paaugstinajas nelielas razas gados. Viengadigajos dzinumos slapekla
koncentracija bija pat 2 reizes augstaka neka vecaka koksngé. Augsnes
mitruma uzturéSanas panémieni butiski neietekméja baribas elementu iznesi
kopuma, taCu atseviski pa gadiem tas bija atSkirigas. Slapekla iznese ar
pavasara vainaga veidoSana nogrieztajiem zariem sastadija 21 — 24%, fosfora
15 — 18%, bet kalija iznese 6 — 7% no kopgjas izneses vegetacijas perioda.

Slapekla, fosfora un kalija koncentracija abelu vainaga vasaras
veidoSana nogrieztajas vegetativajas dalas. Slapekla koncentracija abelu
viengadigaja koksn€ un lapas pie tas butiski svarstijas pa gadiem, par 2 reizes
(4. att.).
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4. att. Slapekla, fosfora un kalija koncentracija vasaras abelu vainaga
veidoSana nogrieztajas vegetativajas dalas/
Fig. 4. N, P,Os and K5O concentration in summer-trimmed parts of apple trees
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K — kontrole / control; M — muléa / mulch; A — pilienveida aptidenosana / fertigation

Savukart dazadie augsnes mitruma reZima uzturéSanas panémieni
butiskas izmainas neradija, kaut gan vérojamas tendences, ka mul¢as varianta
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bija zemaka slapekla koncentracija, bet kontroles varianta augstaka
(p > 0.05). Petjuma tika atrasta bitiska pozitiva korelacija (r = 0.96;
p < 0.05) starp slapekla koncentraciju un razas lielumu. Jo lielaka raza, jo
augstaka slapekla koncentracija vasara nogriezto zaru un lapu sausna.
Zemaka slapekla koncentracija vasara nogriezto viengadigo zaru sausna bija
2008. gada, 2010. gada slapekla koncentracija bija par 20 — 25% augstaka,
bet 2009. un 2011. gada pat par 45 — 50% augstaka. Augstas tekosa gada
auglu razas gados slapekla koncentracija viengadigo zaru sausna bija par
40% augstaka neka zemas razas gados. Pétfjuma konstatetas ar1 butiskas
korelativas sakaribas (r = 0.86; p < 0.05) starp slapekla koncentraciju
viengadigaja koksn€ un temperatiiru un nokri$nu daudzumu, kas vargja
ietekmé&t ari slapekla apriti abel€s. 2008. gada julija, kad tika veikta abelu
vasaras vainaga veidosana, bija ilgsto$s sausums, bet pargjos pétijuma gados
hidrotermiskais koeficients bija augstaks par optimalo.

AT lapas pie viengadigas koksnes vasaras veidoSanas laika augstaka
slapekla koncentracija bija kontroles varianta, bet zemaka mulcas varianta,
kaut gan butiskas atSkiribas konstatetas netika (p > 0.05). Zemaka slapekla
koncentracija vasara nogriezto lapu sausna pie viengadigajiem zariem, lidzigi
ka viengadigajos dzinumos, bija 2008. gada. 2010. gada slapekla
koncentracija bija par 40 — 50% augstaka, 2009. gada 2 reizes, bet
2011. gada pat 2.8 reizes augstaka. Augstas razas gados slapekla
koncentracija viengadigo zaru sausna bija par 50% augstaka neka zemas
razas gados. Ari lapu sausna pie viengadigas koksnes konstatétas biitiskas
sakaribas (r = 0.94; p < 0.05) starp slapekla koncentraciju lapas un
temperatiiru un nokri$nu daudzumu. Lapu sausna pie viengadigas koksnes
bija vidgji 2 reizes augstaka slapekla koncentracija neka viengadigaja koksné
(p < 0.05), iznemot 2011. gadu, kad slapekla koncentracija lapas bija
2.5 reizes augstaka. Slapekla koncentracija vasaras vainaga veido$ana
nogrieztas divgadigas koksnes sausna vari€ja atkariba no auglu razas slodzes
konkrétaja gada, bet lapas pie divgadigas koksnes — gan no auglu razas
slodzes, gan no pielietota augsnes uzturéSanas panémiena (p < 0.05). Starp
razas slodzi un slapekla koncentraciju lapas pie divgadigas koksnes pozitiva
butiska sakariba (r = 0.86, p < 0.05) konstatéta tikai kontroles varianta.
Muléas un pilienveida apiidenoSanas varianta vérojamas tikai tendences
slapekla koncentracijai pieaugt, pieaugot auglu razai. Savukart divgadigaja
koksné biitiska korelacija (r = 0.84, p < 0.05) konstatéta visos variantos.
Slapekla koncentracija divgadigaja koksné kontroles varianta bija par 37%
zemaka neka viengadigaja koksn€, mulCas varianta par 25%, bet pilienveida
apudenosanas varianta par 35% zemaka. Savukart divgadigas koksnes lapas
kontroles varianta slapekla koncentracija bija par 44%, mulCas varianta par
38%, bet pilienveida apiideposanas varianta par 47% zemaka, neka
viengadigas koksnes lapas. Divgadigas koksnes sausna slapekla
koncentracija kontroles varianta bija par 45%, mulCas varianta par 40.1%,
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bet pilienveida apiidenosanas varianta par 43.4% zemaka neka lapas pie
divgadigas koksnes.

Slapekla koncentraciju vasaras vainaga veidoSana nogrieztas
daudzgadigas koksnes biomasa bitiski neietekm&ja augsnes mitruma
uzturéSanas varianti, kaut gan lidzigi ka viengadigaja un divgadigaja koksné,
ar1 daudzgadigaja veérojamas lidzigas tendences, ka bagatas auglu razas gados
slapekla koncentracija bija paaugstinata. Zemaka slapekla koncentracija
daudzgadigo zaru sausna konstateéta 2008. un 2010. gados, 2009. un 2010.
gados slapek]a koncentracija bija par 13 — 19% augstaka. Kopuma slapek]a
koncentracija daudzgadigaja koksné bija par 8% zemaka neka divgadigaja
koksn& un par 39% zemaka neka viengadigaja koksne. Petijumu rezultati
sakrit arT ar citu valstu zinatnieku secinajumiem, ka, jo jaunaka abelu koksne,
jo lielaks taja slapekla saturs.

Fosfora koncentraciju ne viengadigo zaru sausna, ne lapas pie
viengadigas koksnes bitiski neietekméja ne pielietotais augsnes mitruma
uzturéSanas panémiens, ne auglu raZas slodze, tomér vérojamas tendences, ka
bagatas razas gados abelu viengadigajos dzinumos un lapas fosfora
koncentracija bija augstaka. Zemaka fosfora koncentracija konstatéta
2008. gada vasaras vainaga veidoSana nogrieztaja viengadigas koksnes
sausna. Pargjos pétjuma gados fosfora koncentracija viengadigas koksnes
sausna bija par 25 — 35% augstaka. Lapu (pie viengadigas koksnes) sausna
zemaka fosfora koncentracija bija 2008. gada. Auglu raZas slodzes ietekme
uz fosfora koncentraciju lapas pie divgadigas koksnes konstatéta tikai mulcas
varianta (r = 0.82, p < 0.05). Kontroles varianta lapas pie divgadigas koksnes
zemaka fosfora koncentracija konstatéta 2010. gada, savukart pilienveida
aptuidenosSanas varianta tikai 2008. gada ta bija augstaka. Divgadigas koksnes
sausna butiskas atSkiribas starp variantiem bija 2008. gada, kad zemaka
fosfora koncentracija konstat€ta pilienveida apiidenoSana, bet augstaka
mulCas variantad. Pargjos pétijuma gados bitiskas atSkiribas starp fosfora
koncentraciju divgadigas koksnes sausna netika konstatétas. Fosfora
koncentraciju daudzgadigaja zaru sausna bitiski neietekm&ja pielietotais
augsnes mitruma uzturéSanas panémiens, iznemot 2008. gadu, kad butiski
zemaka fosfora koncentracija konstatéta pilienveida aptidenosanas varianta.
Konstatétas pozitivas, kaut nebiitiskas sakaribas starp teko$a gada auglu
razas lielumu un fosfora koncentraciju - jo lielaka raza, jo augstaka fosfora
koncentracija vasaras veidoSana nogrieztajos zaros. Kopuma fosfora
koncentracija daudzgadigas koksnes sausna bija par 30% zemaka neka
slapekla koncentracija, par 28% zemaka neka divgadigaja koksn& un par
tresdaju zemaka, neka viengadigaja koksné

Lidzigi ka koksné pavasari, ar1 vasara kalija koncentracija
viengadigas koksnes un lapu sausna bija apgriezti proporcionala slapekla
koncentracijai. Zemas razas gados ST elementa koncentracija koksné bija par
30 — 35%, bet lapas par 25 — 30% augstaka, neka bagatas razas gados
(p < 0.05). Kalija koncentracija vasaras vainaga veidoSana nogrieztas
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divgadigas koksnes sausna un lapas vari€ja atkariba gan no auglu razas
slodzes, gan no pielietota augsnes uzturéSanas panémiena (p < 0.05). Starp
auglu razas slodzi un kalija koncentraciju divgadigaja koksng un lapas pie tas
konstatéta biitiska negativa sakariba (r = 0.88, p < 0.05), ka, picaugot razas
lielumam, butiski samazinas kalija koncentracija gan lapas, gan koksné.
Kalija koncentracija divgadigaja koksné kontroles varianta bija par 16%
zemaka neka viengadigaja koksn€, mulcas varianta par 18%, bet pilienveida
apudenoSanas varianta par 17% zemaka. Savukart divgadigas koksnes lapas
kontroles varianta kalija koncentracija bija par 28%, mulcas varianta par
30%, bet pilienveida aptideposSanas varianta par 28% zemaka, neka
viengadigas koksnes lapas. Kopuma divgadigas koksnes sausna kalija
koncentracija kontroles varianta bija par 55%, mulCas varianta par 54.6%,
bet pilienveida aptidenoSanas varianta par 58.4% zemaka neka lapas pie
divgadigas koksnes. Lidzigi ka kalija koncentracija abelu pavasara vainaga
veidoSanas laika nogrieztaja viengadigaja un divgadigaja, ari daudzgadigaja
koksng varigja apgriezti proporcionali slapeklim, kalija koncentracija pie
lieclas auglu razas slodzes bija zemaka, tomer bitiskas atSkiribas
daudzgadigas koksnes sausna netika konstat&tas.

Iznese ar vasaras abelu vainaga veidoSana nogrieztajam
vegetativajam dalam. Slapekla iznesi ar vasaras vainaga veidoSana
nogriezto viengadigo koksni un lapam bitiski ietekm&a gan augsnes
mitruma uzturéSanas variants, gan pasreizéja gada auglu razas slodze.
Kontroles varianta zemas auglu razas gados slapekla iznese bija zemaka,
mulcas varianta ta bija par 23%, bet aptidenosanas varianta par 6% lielaka.
Bagatas razas gados slapekla iznese kontroles varianta bija par 25%, mulcas
varianta tas sasniedza par 8%, bet aptidenosanas varianta par 11% augstaka.
Slapekla iznesi ar vasaras vainaga veido$ana nogriezto daudzgadigo koksni
un lapam butiski ietekm&ja augsnes mitruma uzturéSanas variants, razas
slodze. Bitiskas atSkiribas noteica ne tikai slapekla koncentracija abelu
vegetativajas dalas, bet arT sausnas saturs tajas, ka arl nogriezta biomasa.
Butiski augstaks sausnas saturs divgadigaja abelu koksné un lapas konstatéts
2008. gada. Tas wvar€tu bt izskaidrojams ar atskirigo mitruma
vasaras vainagu veidoSana, bija ilgstoSs sausums. Tas varétu liecinat, ka
pilienveida apiidepoSanas varianta abelém, iesp&jams, bija piemerotaki
mitruma un lidz ar to augsSanas apstakli, tomer nogriezta divgadigas koksnes
biomasa 2008. gada augstaka bija mulCas varianta, kas par treSdalu
parsniedza pilienveida apiidenoSanas un kontroles varianta nogriezto
biomasu. Kopuma slapekla iznese ar vasaras veidoSana nogriezto divgadigo
koksni un lapam zemaka bija mulCas varianta, tacu bitiskas atSkiribas starp
variantiem konstateétas netika. Kontroles un pilienveida aptidenosanas
variantos lielaka slapekla iznese bija bagatas razas gados, kas par 23%
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parsniedza slapek]a iznesi nelielas razas gados, bet mulcas varianta nelielas
razas gados iznesa par 21.8% vairak slapekla neka bagatas razas gados.

Baribas elementu iznese ar abelu vasaras vainaga veidoSana
nogriezto daudzgadigo koksni butiski neatSkiras starp augsnes mitruma
uzturéSanas pag€mieniem, iznemot 2008. gadu, kad kontroles varianta bija
zemakas slapekla iznese. Slapekla iznesai pastav arT bitiskas atSkiribas starp
bagatas un nelielas razas gadiem. Kontroles varianta bagatas razas gados
slapekla iznese bija par 1.5% augstaka, mul€as un pilienveida aptidenoSanas
variantos attiecigi 20% un 19.3%.

Fosfora iznesi ar vasaras abelu vainaga veido$ana nogriezto koksni
un lapam bitiski neietekm&ja ne augsnes mitruma uzturéSanas variants, ne
arT razas slodze lielas datu izkliedes un izneses mazo veértibu dél, tomér
zemaka iznese konstatétas kontroles varianta, pilienveida aptudenosanas
varianta tas bija par 11%, bet mulcas varianta par 20% lielaka.

Kalija iznesi biitiski ietekm&ja gan razas slodze, gan ari pielictotais
augsnes mitruma uztur€Sanas panémiens. Bagatas tekosa gada auglu razas
gados no vienas abeles ar vasaras veidosana nogriezto viengadigo koksni un
lapam no kontroles varianta iznesa 3.06 g kalija, mulCas varianta iznese bija
par 30%, bet aplidenoSanas varianta par 24% lielaka. Zemas razas gados
kalija iznese bija butiski lielaka un aptuveni 2 reizes parsniedza kalija iznesi
bagatas razas gados. Kontroles varianta iznesa 4.62 g no koka, mulcas
varianta 1.9 reizes vairak, bet aplidenosanas varianta 1.6 reizes vairak neka
kontrolé. Konstatéta biitiska negativa korelacija starp slapekla un kalija
koncentraciju (r = -0.93; p < 0.05), jo vairak slapekla satur viengadigas
koksnes un lapu sausna, jo taja zemaka kalija koncentracija. Sis atkiribas
varétu izskaidrot ar to, ka starp slapekli un kaliju pastav antagonisms — jo
augi vairak uzgem slapekli, jo tiek traucgta kalija aprite, kas pieradijas ar1
Saja pétjjuma. Kopuma ar 10 kg viengadigo zaru un lapu biomasu vasaras
abelu vainaga veidoSanas laika vidgji iznesa 39.00 g slapekla, 9.00 g fosfora
un 27.30 g kalija, jeb no hektara abeldarza iznesa 15.36 kg slapekla, 3.47 kg
fosfora un 9.15 kg kalija. Kalija iznesi ar vasaras vainaga veidoSana
nogriezto divgadigo koksni un lapam bitiski ietekm€ja gan razas slodze, gan
ar pielietotais augsnes mitruma uzturé$anas panémiens. Bagatas razas gados
no vienas abeles ar divgadigo koksni un lapam kontroles varianta iznesa
1.04 g kalija, bet nelielas razas gados par 28% vairak. MulCas varianta
nelielas razas gados iznesa pat uz pusi mazak kalija, bet pilienveida
apudenosSanas varianta par treSdalu mazak kalija, neka bagatas auglu razas
gados. Kopuma ar 10 kg divgadigo zaru un lapu biomasu pavasara abelu
vainaga veidoSanas laika vidgji iznesa 26.00 g slapekla, 8.15 g fosfora un
23.20 g kalija, jeb no hektara abeldarza iznes 3.50 kg slapekla, 1.30 kg
fosfora un 2.30 kg kalija. Ar 10 kg daudzgadigo zaru biomasu pavasara abeju
vainaga veidoSanas laika vidgji iznesa 22 g slapekla, 6.60 g fosfora un
12.60 g kalija, jeb no hektara abe]darza iznesa 0.95 kg slapekla, 0.25 kg
fosfora un 0.49 kg kalija.
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Baribas elementu iznese ar vasaras vainaga veidoSana nogrieztajam
vegetativajam dalam bija batiski atkariga no teko$a gada auglu razas slodzes
un nogrieztas zaru un lapu biomasas. Bagatas razas gados abeles uznéma pat
2 reizes vairak slapekla, bet augstaka kalija koncentracija abelu zaros
konstatéta nelielas razas gados. Baribas elementu koncentracija visaugstaka
bija viengadigajos zaros un lapas, tapec ar vasaras acoSanai grieztajiem
potzariem no darza var iznest ievérojamu daudzumu baribas elementu. Ja
zarus atstdj darza un sasmalcina, tad $o iznesi mésloSanas plana neietver, bet,
ja zarus no darza iznes, tad jarekinas, ka slapekla iznese ar vasaras vainaga
veidoSana nogrieztajiem zariem sastada 35 — 37%, fosfora iznese sastada
26 —33%, bet kalija 16 — 22% no kopgjas izneses vegetacijas perioda.

Slapekla, fosfora un Kkalija koncentracija auglos. Slapekla
koncentraciju auglos bitiski ietekm&ja pielietotie augsnes mitruma
uzturé$anas panémieni (p < 0.05). Visos pétijuma gados konstatéts, ka,
mul¢&jot apdobes, abolos slapekla koncentracija bija zemaka (par aptuveni
24% salidzinajuma ar kontroles variantu un par 11% salidzinajuma ar
pilienveida aptidenosanas variantu), turklat $T starpiba bija batiska (p < 0.05)
(5. att.).
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5. att. Slapekla, fosfora un kalija koncentracija auglos/
Fig. 5. N, P,Os and K,O concentration in apple yield

[ kontrole/control [E1 mul¢a/mulch [ pilienveida apiidenosana / fertigation

Fosfora koncentraciju abolu sausna bitiski neietekméja pielietotie
augsnes mitruma uzturéSanas panémieni. Kalija koncentracija abolu sausna
nemainijas atkariba no pielietota augsnes mitruma uzturéSanas panémiena,
bet bija butiski atkariga no tekosa gada auglu razas slodzes. Jo zemaka raza,
jo augstaka kalija koncentracija abolos (r = 0.87). ST pétijuma rezultati sakrit
arT ar citu valstu zinatnieku atzinumiem, ka mazas razas gados abolos ir
augstaka kalija, bet zemaka slapekla koncentracija, Iidz ar to tajos krasi
samazinas kalcija un kalija attiectba un palielinas risks paradities
korkplankumanibas simptomiem, kas boja augliem tirgus izskatu un garsu.
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Iznese ar augliem. Bagatas razas gados, kadi bija 2009. un
2011. gads, slapekla iznesi pielietotie augsnes mitruma uzturéSanas
panémieni butiski neietekmé&ja — bitiski augstaka slapekla iznese ar razu
konstateta kontroles varianta tikai 2011. gada. Savukart nelielas razas gados
augstaka slapekla iznese bija mulGas varianta. Sis starpibas var izskaidrot ar
atSkirigo auglu biomasu. Mazas razas gados, kads bija 2008. un 2010. gads,
mulcas varianta bija biitiski augstaka razas biomasa, pat 3 reizes augstaka,
neka kontroles un pilienveida aptidenoSanas variantos. Arl bagatas razas
gados biomasa mulcas varianta bija par 10 — 18% augstaka neka kontroles
variantd un par 3 — 13% augstaka neka pilienveida apiidenoSanas varianta,
taCu starpiba starp variantiem nebija butiska. Slapekla iznesi noteica arl
sausnas saturs abolos. Augstakais sausnas saturs abolos bija kontroles
varianta (vidgji 13.07%), mulcas varianta tas bija par 3%, bet pilienveida
aptidenos8anas varianta par 3.5% zemaks.

Ar 1 tonnu abolu bagatas razas gados kontroles varianta iznesa
0.63 kg slapekla, nelielas razas gados slapekla iznese bija par 12.6% zemaka,
apdobju muléeSana samazinaja slapekla iznesi aptuveni par picktdalu.
Mulcéas varianta bagatas razas gados ar 1 tonnu auglu iznesa 0.49 kg
slapekla, nelielas razas gados iznese bija par 14% zemakas. Pilienveida
apiidenosSanas varianta ar 1 tonnu abolu bagatas razos gados iznesa 0.54 kg
slapekla, bet nelielas razas gados ST elementa iznese bija par 15% zemaka.
Tatad neliclas razas gados, nepielietojot augsnes mitruma uzturéSanas
pasakumus, vidgji gada no hektara (1666 koki) tiek iznests 0.92 kg slapekla,
mulas varianta 3.45 kg, bet pilienveida aptidenosana 1.29 kg slapekla.
Bagatas razas gados izneses sastada attiecigi 28.98 kg, 26.61 kg un 26.89 kg
slapekla.

Tapat ka slapekla, arT fosfora iznese stipri vari€ja pa gadiem. Batiski
augstaka fosfora iznese konstatéta mulCas varianta, bet kontroles un
pilienveida apiidenosanas variantos ta bija par 20 — 22% zemaka. Ar 1 tonnu
abolu bagatas razas gados kontroles varianta iznesa 0.24 kg fosfora, nelielas
razas gados fosfora iznese bija par 8.3% augstaka. Mulcas varianta bagatas
razas gados ar 1 tonnu auglu iznesa 0.22 kg fosfora, nelielas razas gados
iznese bija par 4.3% augstaka. Pilienveida aptudenosanas varianta ar 1 tonnu
abolu bagatas razos gados iznesa 0.21 kg fosfora, bet nelielas razas gados §1
elementa iznese bija par 12.5% augstaka. Nelielas razas gados, nepielietojot
augsnes mitruma uzturéSanas pasakumus, vidgji gada no hektara kontroles
varianta tiek iznests 0.43 kg fosfora, mulCas varianta 1.86 kg, bet pilienveida
apudenosana 0.69 kg fosfora. Bagatas razas gados iznese sastada attiecigi
10.84 kg, 12.49 kg un 10.44 kg fosfora.

Tapat ka slapekla un fosfora, arT kalija iznese krasi atskiras pa
gadiem abelu periodiskas razoSanas dél. Ar 1 tonnu abolu bagatas razas
gados kontroles varianta iznesa 1.38 kg kalija, nelielas razas gados kalija
iznese bija par 13.23% augstaka. Apdobju mulc¢éSana neietekméja kalija
iznesi. Mulc€as varianta bagatas razas gados ar 1 tonnu auglu iznesa 1.33 kg
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kalija, nelielas razas gados iznese bija par 16% augstaka. Pilienveida
aptudenosanas varianta ar 1 tonnu abolu bagatas razos gados iznesa 1.34 kg
kalija, bet nelielas razas gados $1 elementa iznese bija par 15.5% augstaka.
Tatad nelielas razas gados, nepielietojot augsnes mitruma uzturéSanas
pasakumus, vidgji gada no hektara kontroles varianta tiek iznests 1.0 kg
kalija, mulcas varianta 13.1 kg, bet pilienveida apiidenoSana 4.6 kg kalija.
Bagatas razas gados iznese sastadija attiecigi 61.6 kg, 72 kg un 66.4 kg
kalija.

Ar razu baribas elementi no darza tiek iznesti neatgriezeniski.
Nelielas razas gados baribas elementu iznese sastadija tikai ap 10% no
kopgjam izneseém, bet bagatas razas gados pat vairak neka 50%. Nelielas
razas gados abolos tika uznemts vairak kalija, bet mazak slapekla. Augsnes
mitruma uzturéSanas panémienu izmantosana butiski ietekmé&ja abelu razu,
lidz ar to arT baribas elementu iznesi.

Slapekla, fosfora un Kkalija koncentracija nobirusajas lapas.
Augsnes mitruma uzturéSanas panémieni bitiski neietekmgja (p > 0.05)
kopgja slapekla koncentraciju nobiruso lapu sausna (6. att.).
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6. att. Slapekla, fosfora un kalija koncentracija nobirusajas lapas

Fig. 6. N, P,Os and K,O concentration in fallen leaves
[ kontrole/control [E4 mul¢a/mulch Kl pilienveida apiidenosana / fertigation

Konstatgta pozitiva, kaut nebiitiska sakariba (r = 0.55) starp tekosa
gada auglu razas lielumu un slapekla koncentraciju nobiruso lapu sausna — jo
lielaka raza, jo lielaka slapekla koncentracija. Zemaka slapekla koncentracija
nobiruso lapu sausna konstateta 2008. un 2010. p&tfjumu gados, kad bija
zemaka raza. Fosfora koncentraciju abelu nobiruSo lapu sausna visos
petijuma gados bitiski palielinaja apiidenoSanas izmanto$ana. KonstatSta
pozitiva, kaut nebiitiska korelacija (r = 0.38) starp fosfora koncentraciju
nobirusajas lapas un razu. Kaut arT ne augsnes mitruma uzturéSanas
panémiena pielietoSana, ne auglu razas slodze neietekm&ja kalija
koncentraciju abelu lapu sausna, §1 elementa Ipatsvars 2 reizes parsniedza
slapekla un 3 reizes fosfora saturu abelu lapu sausna.
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Iznese lapkriti. Slapekla atSkiriga iznese starp variantiem balstijas
uz butiski atskirigo lapu biomasu, kas visos pétijuma gados, iznemot 2011.,
bija butiski liclaka mulas un pilienveida apiidenoSanas varianta, ka ari
sausnas saturu lapas. Slapekla iznese mulCas un pilienveida aptidenosSanas
variantos butiski parsniedza §1 elementa iznesi kontroles varianta. Pie zemas
razas kontroles varianta iznesa par 40% mazak slapekla, neka bagatas razas
gados, mulcas varianta iznese bagatas razas gados bija pat 2 reizes lielaka,
bet pilienveida apiidenoSanas varianta par 30% lielakas. No ha nelielas razas
gada ar nobirusajam lapam no kontroles varianta vidgji iznesa 3.83 kg
slapekla, mulcas varianta 5.44 kg, bet pilienveida apiidenosana 7.35 kg
slapekla. Bagatas razas gados iznese sastadija attiecigi 6.54 kg, 10.56 kg un
9.76 kg slapekla.

Visos petijumu gados zemaka fosfora iznese konstatéta kontroles
varianta, bet augstaka pileienveida apiidenosanas ictekmé. Fosfora iznese ar
nobirus$ajam lapam razas slodzes ietekmé butiski at$kiras kontroles un
mulcas variantos, kur ta bagatas razas gados konstatéta par 30% lielaka neka
mazas razas gados. Ar | tonnu nobiruSo lapu bagatas razas gados kontroles
varianta iznesa 1.30 kg fosfora, neliclas razas gados 0.87 kg, mulCas varianta
attiecigi 1.07 kg un 0.78 kg, bet pilienveida apiidenosanas varianta 1.44 un
1.18 kg fosfora. Mazas razas gada ar nobirusajam lapam kontroles varianta
vidgji iznesa 2.59 kg fosfora, mulcas varianta 3.79 kg, bet pilienveida
aptidenosana 5.74 kg slapekla. Bagatas razas gados fosfora iznese sastada
attiecigi 3.81 kg, 5.17 kg un 6.02 kg fosfora.

Kalija iznese ar nobirusajam lapam vidgji visos pétijjuma gados
mulcas un pilienveida aptidenosanas variantos bija par 30 — 36% lielaka neka
kontroles varianta. Ar 1 tonnu nobiruso lapu bagatas razas gados kontroles
varianta iznesa 4.26 kg kalija, nelielas razas gados 3.92 kg, mulcas varianta
attiecigi 3.80 kg un 3.69 kg, bet pilienveida apiidenosanas varianta 3.62 un
4.13 kg kalija. Razas slodze biitiski neietekmé&ja kalija iznesi ne kontroles
variantd (11.31 — 12.45 kg ha), ne mul&as varianta (18.29 — 18.49 kg ha™).
Pilienveida aplidenosanas varianta nelielas razas gados no hektara iznesa
15.05 kg, bet bagatas razas gados par 25% vairak kalija.

Pielietojot Sos pétjjuma rezultatus méslosanas plana sastadisana,
janem véra, ka ne visas lapas tiek iznestas no darza — respektivi, ne visas
aizpus vgjs. P&c citu valstu zinatnieku pétijjumiem, v&j$ no darza aizpus no
30% lidz 80% lapu. Pargjas lapas paliek darza, un slapeklis nonak atpakal
aprite.

Pielietotie augsnes mitruma uztur€Sanas pan€mieni bitiski
ietekm&ja baribas elementu iznesi lapkritt. Lai arT slapekla iznese ar
nobirusajam lapam sastada 10 — 15%, fosfora iznese sastada 17 — 29%, bet
kalija 18 — 25% no kopgjas izneses vegetacijas perioda, janem véra, ka
aptuveni 30-50% lapu no darza aizpii§ vEjs, pargjas paliek darza un baribas
elementi atgriezas apritg.

21



Abelu un darza rindstarpas audzéto zalaugu mijiedarbiba

Zalaugu saknu horizontalais izvietojums. Kontroles varianta
zalaugu saknes apdobé horizontala virziena iestiepas apméram 9 cm talu
apdobg, kamér varianta ar mulu gandriz 3 reizes talak, bet pilienveida
aptidenoSanas varianta pat 5 reizes talak, neka kontroles varianta, turklat
starpiba bija buitiska (Fr,. > Fyi) (7. att.).
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7. att. Zalaugu saknu horizontala augSana apdobgs /
Fig. 7. Horizontal growth of grass in tree strips

Sis starpibas varétu izskaidrot ar atskirigajiem mineralas barosanas
apstakliem starp augsnes mitruma uzturéSanas variantiem, un to, ka zalaugu
saknes ir agresivas un tiecas koncentréties vietas, kur labaki augSanas
apstakli.

Zalaugu saknu vertikalais izvietojums. Zalaugu saknu vertikala
augsSana apdobg biitiski atSkiras no horizontala zalaugu saknu izvietojuma.
Kontroles varianta zalaugu saknes apdob€ sniedzas 2 reizes dzilak (pat lidz
40 cm dzilumam) neka mulCas un pilienveida aptidenosanas variantos, kur
zalaugu saknes no apdobes malas iestiepas videji 15 cm dziluma (8. att.).
Muléas un pilienveida aptidenoSanas variantos zalaugu saknu dzilums
apdobés butiski neatSkiras, kaut arT mulcéSanas ietekmé zalaugu, lidzigi ka
abelu saknes, bija koncentréjusas vairak augsnes virsgja slani. Sis atikiribas
varétu blit saistitas ar mainigajiem mitruma apstakliem, ka arl zinamu
mitruma deficitu kontroles varianta.
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8. att. Zalaugu saknu vertikala augSana apdobg&s /
Fig. 8. Vertical growth of grass in tree strips

Mulcas un pilienveida aptidenoSanas variantos mitruma saturs, Tpasi
augsnes virsgja slani, iesp€jams, bija augstaks, tapéc ne tikai abelu saknes,
bet arT zalaja saknes koncentréjas sekla augsnes slani.

Abelu un zilaugu sakpu konkurences laukums. Augsnes mitruma
uzturéSanas panémieni bitiski ietekmeja zalaugu un abelu saknu iesp&jamo
konkurenci (9. att.). Kontroles variantd zalaugu saknes aiznema 15% no
abelu galvenas saknu sisttémas aiznemtad laukuma augsnes profila. Tas
nozimé, ka zalaugu saknes konkurgja ar abelu sakném 15% — tos abelu
galvena saknu daudzuma aiznemtaja platiba.
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9. att. Zalaugu saknu aiznemta laukuma Tpatsvars no galvenas abelu saknu
masas aiznemta laukuma apdobes josla /
Fig. 9. Grass root distribution in strips relative to the area occupied by apple
tree roots

MulCas varianta abelu galvenas saknu masas un zalaja saknu
konkurences laukums sastadija 34.2% no platibas, bet pilienveida
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apudeno$anas varianta pat 52.4%. Tas nozimg, ka pus€ no galvenas saknu
masas aizgemta laukuma iespiedusas zalaja saknes, kas vargja bitiski
ietekmét saknu sisteémas attistibu. Biitiskas atSkiribas variantu starpa varétu
izskaidrot ar to, ka mulCas un apudenoSanas variantos apdobes josla,
iespgjams, bija daudz labaki saknu augsSanas apstakli, optimalaks mitruma
reZims nekd zem zalaugiem Ipasi mitruma ietekme uz zalaugu saknu
iespiesanos apdob€ varetu biit jitama sausos gados.

Slapekla iznese ar noplautajiem zalaugiem. P&tfjuma rezultati
liecina, ka slapekla koncentraciju auglu darza rindstarpas audzgtajos
zalaugos neietekmg@ja pielietotie augsnes mitruma reguléSanas pan€mieni —
zagu skaidu muléa un pilienveida aptidenos$ana (n = 54, p > 0.05) (10. att.).
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10. att. Slapekla koncentrcija (%) un iznese ar noplautajiem zalaugiem, kg ha’.
Fig. 10. N concentration in the mown grass and N removal, kg ha™.

2009. petjjumu gada slapekla koncentracija zalaugos bija butiski
atkariga no plauSanas reizes un attaluma no apdobes joslas. Bitiski augstaka
slapekla koncentracija zalaugos konstatéta tre$aja plausanas reiz€, ka ari
otraja plausanas reiz€ 0 — 15 cm attaluma no apdobes joslas. 2010. gada
slapekla koncentraciju zalaugos neietekm&ja ne plausanas laiks, ne
pielietotais augsnes mitruma uzturéSanas pan@miens, ne arl attdlums no
apdobes joslas, tomér bija v€rojama tendence mulCas varianta slapekla
koncentracijai zalaugos samazinaties. Vairak izteikts tas bija 0 — 15 cm
attaluma no apdobes joslas. 2011. pétjumu gada zemaka slapekla
koncentracija zalaugos konstateta pirmaja plausanas reizeé. Lidzigi ka
ieprieks€jos gados, arm 2011. gada zalaugos mulCas varianta konstatSta
zemaka slapekla koncentracija. Zemakais slapekla saturs mulcas varianta
varétu but izskaidrojams ar to, ka slapeklis, ko zagu skaidam sadaloties,
mikroorganismi izmanto savu dzivibas procesu nodroSinasanai, vél nav
atbrivojies, bet turpinas imobilizacijas process. Kaut ar1 slapekla
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koncentracija kontroles un pilienveida apudenosSanas variantos zalaugos bija
augstak neka mulCas varianta, tomér kopgjas slapekla iznese ar noplautajiem
zalaugiem kontroles varianta bija vismazakas, turklat tas butiski at$kiras no
slapekla izneses pilienveida aptidenosSanas variantos, kura iznese bija 16%
augstaka (p < 0.05). Sadas atskiribas iegitas tapéc, ka noplauto zalaugu
sausnas masa pa variantiem bija buitiski atSkiriga.

Fosfora izneses ar noplautajiem zalaugiem. P&tjjuma rezultati
liecina, ka fosfora koncentraciju auglu darza rindstarpas audzgtajos zalaugos
2009. gada ietekmé&ja pielietotie augsnes mitruma uzturéSanas pan€mieni —
zagu skaidu mul¢a un pilienveida apiideno$ana (n = 54, p < 0.05) (11. att.).
Fosfora koncentracija zalaugos viszemaka bija pirmaja plavuma 0 — 30 cm
attaluma no apdobes joslas. Otraja plausanas reizé zalaja fosfora
koncentracija bija par 8 — 12% augstaka, tacu starp fosfora koncentraciju
zalaja starp pirmo un otro plauSanas laiku netika konstatStas bitiskas
atSkiribas (p > 0.05).
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11. att. P,Os koncentracija un iznese ar noplautajiem zalaugiem, kg ha™.
Fig. 11. P,Os concentration in the mown grass and P,Os removal, kg ha™.

2010. gada kopuma fosfora koncentracija zalaugos bija augstaka
neka 2009. gada Pirmaja plausanas reizé fosfora koncentracija zalaugos bija
viszemaka, tomer bitiski parsniedza fosfora koncentraciju, kada bija pirmaja
plausanas reizé 2009. gada. Otraja un treSaja plausanas reizé fosfora
koncentracija zalaugos bitiski neatskiras no fosfora koncentracijas
2009. gada. Sis atikiribas varétu izskaidrot ar bitiski lielako nokrisnu
daudzumu 2010. gada maija, jo mitrums, iespgams, pozitivi ietekméja
baribas elementu, tostarp arT fosfora uznemsanu augos. Visos pétijumu gados
fosfora koncentracijai zalaugos bija tendences pieaugt Iidz attdlumu no
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apdobes joslas. Lidzigi ka fosfora koncentracija kontroles un pilienveida
aptidenosanas variantos zalaugos bija augstaka neka mulcas varianta, arl
fosfora iznese ar noplautajiem zalaugiem mulcas varianta bija vismazaka,
turklat ta ieverojami atSkiras no fosfora izneses pilienveida apidenos$anas
varianta, kura iznese bija par 9% lielaka. Kontroles varianta fosfora iznese
bija par 4% lielaka neka mulcas varianta (p < 0.05).

Kalija izneses ar noplautajiem zalaugiem. Kalija koncentraciju
noplauto zalaugu sausna ietekm&ja muléas un pilienveida aplidenosanas
izmantoSana, kaut bitiska starpiba konstatéta tikai starp kontroles un
pilienveida aptidenosanas variantiem (12. att.).
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12. att. K,O koncentracija un iznese ar noplautajiem zalaugiem, kg ha™.
Fig. 12. K,O concentration in the mown grass and K,O removal, kg ha™.

2009. gada zemaka kalija koncentracija noplautajos zalaugos bija
pirmaja plausanas reizé. 0 — 15 cm attaluma no apdobes joslas zemaka kalija
koncentracija zalaugos tika konstateta kontroles varianta. Mulcas un
pilienveida aptdenosanas variantos kalija koncentracija bija par 16%
augstaka. 15 — 45 cm attaluma no apdobes joslas kontroles un pilienveida
apudenosanas variantos kalija koncentracija bija lidziga ka 0 — 15 cm
attaluma, bet kalija koncentracija mulCas varianta bija par 38% zemaka,
turklat starpiba bija bitiska (p < 0.05). Otraja plauSanas reiz€ kalija
koncentracija zalaugos kopuma bija par 5 — 15%, augstaka, butiski zemaka
kalija koncentracija konstateta zalaugos mulcas varianta 0 — 15 cm attaluma
no apdobes joslas. 15 — 30 cm attaluma no apdobes joslas augstaka kalija
koncentracija konstatéta zalaugos pilienveida apiidenosanas varianta. TreSaja
plausanas reizé kalija koncentracija zalaugos bija par 55% augstaka neka
pirmaja un par 30% augstaka neka otraja plauSanas reizg, turklat atSkiribas
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bija bitiskas (p < 0.05). TreSaja plausanas reiz€ kalija koncentracijai
zalaugos bija tendence pieaugt Iidz ar attalumu no apdobes joslas. Kalija
koncentracijas picaugums ipasi izteikts kontroles varianta, kaut arT butiska
ietekme netika konstateta. 2010. gada kopuma kalija koncentracija
noplautajos zalaugos bija par 10% augstaka neka 2009. gada. Pirmaja
plausanas reizé 0 — 30 cm attaluma no apdobes joslas zemaka kalija
koncentracija zalaugos konstatéta kontroles variantd, augstakd mulCas
varianta, kaut gan atSkiriba nebija bitiska. 30 — 45 cm attaluma no apdobes
joslas pilienveida aplidenoSanas varianta konstateta butiski augstaka kalija
koncentracija zalaugos, salidzinot ar citiem variantiem. Otraja plausanas
reiz€ kalija koncentracija zalaugos bija par 10% augstaka neka pirmaja
plausanas reizg, turklat Iidz ar attalumu no apdobes joslas tai bija tendence
pieaugt. Tresaja plausanas reiz€ kalija koncentracija zalaugos bija par 25%
augstaka neka pirmaja plausanas reizg, kur visos attalumos no apdobes joslas
kalija koncentracija zemaka bija kontroles varianta. 2011. gada kalija
koncentracija noplauto zalaugu sausna kopuma bija Iidziga ka iepriekseja
petijumu gada. Zemaka kalija koncentracija konstatéta pirmaja plausanas
reiz€, turklat kontroles un mulcas variantos ta bija bitiski zemaka, neka
pilienveida aptudenoSanas varianta, kur kalija koncentracija bija pat par 30%
augstaka, turklat starpiba bija butiska.

Pielietotie augsnes mitruma uzturéSanas panémieni bitiski
ietekm&ja arT kalija iznesi ar noplautajiem zalaugiem. Vismazak kaliju iznesa
kontroles variantd (33.61 — 38.01 kg ha™), apdobju mul¢eana auglu darza
kalija iznesi palielinaja par 10%, bet pilienveida apiidenosSanas izmanto$ana —
par 15%, salidzinot ar kontroles variantu. Latvija lidz S$im pétjjumi par
baribas elementu iznesém auglu darzu rindstarpas nav zinami, tapéc nav datu
par noplauto zalaugu sadali$anas atrumu un baribas elementu atgrieSanos
atpakal aprite, tacu citu valstu zinatnieki izpetijusi, ka baribas elementi
atgriezas atpakal aprit€ jau 1 — 2 gadus pec zalaja plausanas. Pie tam izp@tits,
ka, atstajot noplautos zalaugus darza, vai metot to uz apdob&m, augsné
batiski tiek palielinata organiska viela, kas labveligi ietekmé slapekla un citu
baribas elementu apriti un pieejamibu augiem.

Baribas elementu iznesi ar noplautajiem zalaugiem viennozimigi
dévét par iznesi nevarétu, jo noplautie zalaugi vienmér tiek atstati darza.
Tomer Sie rezultati var biit par pamatu talakiem baribas elementu, Tpasi
slapekla aprites p&tijumiem auglu darza, ka arT kvalitativa, ekonomiski un
zinatniski pamatota méslosanas plana sastadiSana, jo no ta, vai zalaugi paliek
rindstarpas, vai tiek mesti uz apdobém, varétu but atSkirigas mésloSanas
prasibas.

Atskiriba no baribas elementu izneses ar abelu vegetativajam dalam
un razu, kur baribas elementu koncentraciju butiski ietekmé&ja tekosa gada
abolu razas slodze, starp zalaugu biomasu un baribas elementu koncentraciju
taja matematiskas sakaribas konstatetas netika. Tas var€tu biit izskaidrojams
ar atSkirigo zelmenpa sastavu plauSanas reiz€s. PavasarT zalaugu zelmeni
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domingja pienenes un baltais abolins, bet vairak uz rudens pusi baltais
abolins un stiebrzales. Baribas elementu koncentraciju niecigas izmainas
zalaugos, salidzinajuma ar abelém, iespgjams, liecina par to, ka zalaugi
varétu but agresivaki par abelém un spgjigi baribas elementus uznemt ari
atSkirigos augsnes mitruma apstaklos. Mulcas un aplidenoS$anas izmantosana
butiski ietekm@ja zalaugu un abelu saknu iesp&jamo konkurenci un liek
mekl&t risinagjumu starprinda audzgta zalaju saknu ierobezoSanai, piem.,
plasaka apdobe, zalaju saknu apgrieSana. Zalaugu biomasas veidoSanai
vegetacijas perioda 1 ha auglu darza nepiecieSams 35 — 42 kg slapekl]a,
10 — 12 kg fosfora un 36 — 42 kg kalija. Sos aprekinus nevar tie§a veida
nosaukt par iznesi, tacu tie janem véra pie méslosanas plana sastadisanas, jo
butiski var ietekmét baribas elementu apriti auglu darza, pasi, ja noplautie
zalaugi tiek mesti uz apdob&m.

SECINAJUMI

1. Augsnes mitruma regul€Sana ietekme abelu saknu izvietojumu augsng,
kas ir janem v@ra vacot augsnes paraugus agrokimisko IpaSibu noteikSanai.
Salidzinot ar stadijjumiem bez mitruma reguléSanas, mulcjot apdobes,
galvena saknu masa izvietojas tuvak stumbram, bet pielietojot pilienveida
laistiSanu — saknes ir gan 1sakas, gan arT izvietojas seklak.

2. Nemot véra ieprieks$ teikto, tiek rekomendéts $ads augsnes paraugu
nemsanas dzilums: stadijumos bez mitruma reguléSanas lidz 45 cm un 75 cm
radiusa ap koku; mulcas un pilienveida aptidenos$anas varianta lidz 30 cm
dzilumam un 60 cm radiusa ap koku.

3. leteikta augsnes paraugu nemsanas, ka ari méslojama platiba abelém ir
sada: stadijumos bez mitruma regul€Sanas 75 cm radiusa ap koku, mulcgjot
apdobes — 75 cm, bet pielietojot pilienveida laistiSanas sistému — 60 cm.

4. Pielietotie augsnes mitruma uzturé$anas panémieni bitiski neietekméja
augu Dbaribas elementu iznesi ar abelu pavasara vainaga veidoSana
nogrieztajiem zariem. Salidzinosi lielaka (8.43 kg N, 1.32 kg P,Os un
2.36 kg K,0 ha™) ta bija potenciali augstas auglu razas gada. So iznesi tiesi
var nenpemt véra mésloSanas normu un devu planosana, ja nogrieztos zarus
sasmalcina un atstaj darza, tacu vajadzibas gadijuma var veikt aprékinato
lielumu korekceiju.

5. ArT augu baribas elementu iznesi ar abelu vasaras vainaga veidoSana
nogrieztajiem zariem un lapam (11.7 kg N un 2.7 kg P,0s, 7.5 kg K,0 ha™)
tieSi var nenemt vera mésloSanas normu un devu planosana, ja nogrieztos
zarus sasmalcina un atstdj darza, tacu vajadzibas gadijuma var veikt
aprekinato lielumu korekciju.
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6. Augu baribas elementu iznese ar nobiru$sam lapam neatkarigi no
pielietotas agrotehnikas vidgji sastadija 7.3 kg N, 4.5 kg P,Os un 15.9 kg
K,O ha™) un to var nenemt véra méslosanas normu un devu planogana.

7. Augu baribas elementu iznese ar auglu razu vidgji sastadija 14.7 kg N,
6.1 kg P,Os5 un 36.7 kg K,O ha'l, ta maz mainijas no pielietota mitruma
reguléSanas pap€miena, bet gan no iegiitds razas. Planojot meésloSanas
normas un devas, jarekinas, ka augstas razas gados no augsnes tiks iznests
vidgji 15 reizes vairak baribas elementu, neka zemas razas gados, jeb uz
tonnu novakto abolu 0.55 kg N, 0.22 kg P,0O5 un 1.35 kg K,O ha™.

8. Apdobju mulcesana paaugstinaja zalaugu saknu iespieSanos apdobes
josla par 17%, bet pilienveida aptidenoSanas izmanto$ana par 37%, salidzinot
ar stadjjumiem bez mitruma regulésanas. Nemot véra zalaugu konkurenci
pec baribas vielam un Tslaicigo to imobilizaciju, slapekla norma $ados
stadijumos biitu japaliclina par 10%.

INTRODUCTION

While integrated or environment-friendly fruit growing is
developing in Latvia, use of mineral fertilizers is limited by EU Nitrate
Regulations Nr. 91/676 EK and LR Minister Cabinet regulations Nr. 531 and
Nr.406 developed on the basis of the Guidelines of Integrated Fruit and
Berry Growing, which demand to reduce as well as keep records on the
fertilizer use. The aim of these regulations is to increase the effectiveness of
fertilizing, to obtain the desirable result by as little as possible fertilizer use.
Thus the accent is placed on the improvement of technologies, more precise
determination of fertilizer norms and doses, monitoring of plant nutrition,
control of environment conditions, to minimize the negative effect of
fertilizing. Studies explaining the removal of plant nutrients in orchards of
Latvia have been performed in the 1960ties - 1970ties for apple-trees on
vigorous rootstocks. These studies form the base of the fertilizing
recommendations developed at the time and still in found in horticultural
literature.

A standard growing technology in fruit orchards is apple-tree
pruning. With cut off plant parts the plant nutrients which they contain are
removed from the nutrient turnover. The same happens with leaves fallen in
autumn. Fruit harvest also irreversibly removes nutrients from the orchard.
At development of the basic principles for fertilizing plans, it is necessary to
find out if such nutrient translocations are economically significant, whether
their amounts should be included in calculations for the annual fertilizer
doses, or if they can be ignored. Problems of fertilizing are closely related to
other agro-technical operations. In the recent years because of periodical
rainfall deficit fruit growers are increasingly using soil moisture regulation
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technologies: mulching of tree strips as well as various irrigation systems. So

these factors must be taken into account when planning fertilizer application.

Nowadays apple-trees in commercial orchards are planted mostly on

dwarfing or medium vigour vegetative propagated rootstocks which have a

root system morphologically different from the traditional seedling

rootstocks, therefore have also different demand for the growing conditions.

Taking into account the above said, it is important to clarify the spatial

distribution and structure of the root system in orchards, to gain knowledge

about the possibilities of plant nutrient uptake and the orchard area to which
fertilizers must be applied.

With grasses in the alleyways new plant populations are introduced
into the orchard ecosystem, which may change the plant biocenotic
interrelations, thus creating serious competition between grasses and apple-
trees for water and nutrients. Evaluation is necessary for the effect of such
competition on the nutrient availability for apple-trees, as well as the
necessity to take into account this factor in making fertilizing plans.

Apple cultivar ‘Melba’, which is widely grown in Latvia and is
characterized by biennial bearing, was chosen for the study, grown on B9 —
one of the most popular dwarfing rootstocks in Latvia. It can be assumed that
the results of this study may be attributed to plantations with cultivars and
rootstocks of this type.

Hypothesis of the study: mulching of tree strips and drip irrigation
(fertigation) change the removal of nitrogen, phosphorus and potassium, the
horizontal and vertical distribution of the apple-tree root system. Grasses
grown in alleyways create competition to apple-trees both in moisture supply
and nutrient uptake.

Aim of the study: theoretical background for the improvement of
the fertilizing system for apple "Melba' on dwarfing rootstock B9 in Latvian
soil and climate conditions.

Tasks of the research:

1. to determine the horizontal and vertical distribution of the main mass of
apple-tree roots in soil;

2. to clarify nitrogen, phosphorus and potassium removal for apple-trees:
= with branches cut off during spring pruning of apple-trees;
= with branches and leaves cut off during apple-tree summer pruning;
= with apple yield;
= with fallen leaves;

3. to find out the possible interaction between grass and apple-tree roots.

Novelty of the thesis:

1. for the first time in Latvian conditions research was done about the
horizontal and vertical spacing of apple-tree roots, using different soil
moisture regulation methods;

2. for the first time in Latvian conditions removal of nutrients was studied
for apple-trees on a vigour reducing rootstock;
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3. for the first time in Latvian conditions research was done on the
interaction between grass and apple-trees and their potential competition
for water and nutrient uptake.

Results of the research have been summed up and presented in
9 publications in Latvian, English and Russian languages, including
reviewed publications of international conferences, symposiums and
scientific seminars. Results of the research have been reported in 8 oral and
9 poster presentations at international scientific conferences.

This paper contains 133 pages, includes 18 tables and 50 figures and
12 annex, used 206 literature sources.

The study was done with the support of EU Social Foundation sub-
activity “Support to doctoral study program implementation” project
»oupport to LUA doctoral study implementation” target financing
(Nr. 2009/0180/1DP/1.1.2.1.2/09/IPIA/VIAA/017).

MATERIALS AND METHODS

The research was done at the Latvia State Institute of Fruit-
Growing, Dobele. For characterization of meteorological conditions data
from the Institute weather station were used for years 2007-2011. For
characterization of soil moisture supply the hydro-thermic coefficient was
used, which is determined as the relation between tenfold precipitation
amount during the period with daily average temperatures above 10 °C, and
temperature sum in degrees during the same period. The place of the study is
located in a level field with good drainage. On the east and west there are
protective tree strips (windbreaks). The soil is typical sod carbonate, sandy
loam, its agro-chemical parameters are: organic matter on average 21 — 36 g
kg" of soil (by Tiurin method), soil exchange reaction pH KCl 5.7 — 6.7,
plant-usable P,Os 181 — 585 mg kg™ and K,O 146 — 268 mg kg of soil (by
Egner-Rheem method), exchangeable magnesium 142 — 175 mg kg™

Establishment of the trial and growing technology. The study
was done on the background of an apple-tree trial planted in spring of 1997.
For all trees the tree strips (the tree lines) were maintained grass-free. Width
of the alleyways was 3m. Grass in alleyways which was sown at the
establishment of the trial was regularly mown (5 — 6 times in season). The
trial was established in three replications. One replication included 10 trees.
The apple cultivar used for study was ‘Melba’. Apple-trees have beeen
budded on rootstock B 9 and planted at distances 1.5 x 4 m as one-year
whips. As isolation were planted the cultivars "Stars’, ‘Korichnoe Novoe'
and “Spartan’, which served also as pollinators. The total number of trees in
the trial was 204, including the isolation. Total area of the trial was 1200 m®.
Trees located in the border zone between moisture regulation treatments
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were not included in the measurements. In the alleyways of the apple-tree
trial grass mixes were sown containing Lolium perenne and Poa pratensis in
proportion 1:3. In the course of time other plant species appeared in the
alleyways, mostly dandelion (Taraxacum officinale) and white clover
(Trifolium repens). The base plots of the trial included variants of soil
moisture regulation treatments: control, sawdust mulch and drip irrigation
(fertigation).

In the control and mulch variants mineral fertilizers were spread in
the tree strips, while in the fertigation variant — dissolved in water and given
to apple-trees with it. Control of harmful organisms was done in accordance
with the established plant protection plan and weather conditions. Control of
apple scab was performed following the scab warning computer program
RIMpro (relative infection measurement prognosis). To obtain fruits with
firmer skin as well as to prevent calcium deficit in the fruits, the trees were
given several sprayings of calcium nitrate and calcium chloride solutions
during apple maturing.

Observations, measurements and collecting of samples.
Investigation of the root distribution was based on the soil profile method. In
3 replications of each variant 2.6 m long and 1.2 m deep trenches were dug
perpendicular to the tree rows, their walls passing by the tree trunk. Roots
were counted in the soil profile and grouped accordingly to their cross
section diameter into 5 groups: very fine (< Imm), fine (1 - 2 mm), medium
(2 = 5 mm), coarse (5-15 mm), very coarse (> 15 mm).The main root mass
was defined as 80% of the total amount of roots (with diameter below
2 mm).

Removal of nutrients was determined during spring and summer
pruning of the apple-trees, during fruit harvest and leaf fall. All branches cut
during spring pruning were collected and sorted into one-year, two-year and
older wood. During summer pruning (mid-July) all branches and shoots
removed from the trees were collected and sorted into one-year, two-year and
older wood and leaves. Randomized samples were taken from the harvested
fruits (10 fruits from each tree). At the beginning of leaf fall all leaves from
the tree were collected (removed). The grass was mown 3 times during the
growth season. The roots of grass were not counted, but their horizontal and
vertical spread into the tree strips was measured. The apple-tree crown radius
was measured from the tree trunk middle point and perpendicular to the tree
strip, at the end of the vegetation season. The tips of branches most removed
from the tree trunk in the horizontal direction were used as reference points.
The height of the tree was measured from the soil to the tree top. The trunk
diameter was measured at the end of the vegetation season, 20 cm above the
graft union.

Methods of soil and plant samples analysis. The collected
samples of apple-tree vegetative parts were air-dried at room temperature.
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The samples were crushed by a laboratory mill. The chemical analyses of
plant samples were done at the Agrochemical analyses research laboratory of
LUA, using standard methods approved in the Republic of Latvia: dry matter
was determined by drying the sample at 105°C till reaching constant mass
(ISO 5983), for determination of phosphorus, calcium and potassium an ash
extract was prepared. Phosphorus was determined by colorimetry (ISO
6491), calcium — by titration with trilone B (ISO 6490/1), potassium — with a
flame photometer (LV ST ZM 82 — 97). In this study all results of
phosphorus and potassium analyses are shown in oxide form, accordingly as
P205 and Kzo

The amount of organic matter in soil was determined by oxidizing
with potassium bichromate (K,Cr,0,) (Tiurin method; LVST ZM 80-97).
Soil reaction (pH) was determined by potentiometer in 1M KCl suspension,
the relation of soil — solution 1:5 (LVST ZM 81-97; LVS ISO 10390:2002).
For determination of plant available phosphorus and potassium the Aegner-
Rheim method was used — these elements were extracted from soil with
0.04M solution of calcium lactate. The concentration of phosphorus in the
extract was determined with a photoelectric colorimeter, potassium — with a
flame photometer (LVST ZM 82-97). Exchangeable magnesium and calcium
were detected by an atomic absorption spectrophotometer (LVST ZM 83 —
97 LVST ZM 84 — 97). Mineral nitrogen in the soil was determined by
photometry (LVST ZM 90-97). Mobile manganese in the soil was
determined by an atomic absorption spectrometer (LVST ZM 88-97). Mobile
zinc was extracted from the soil with ammonium acetate buffer solution
(LVST ZM 89-97), boron was determined by extracting with hot water and
following colorimetry (LVST ZM 86-97).

RESULTS AND DISCUSSION
Distribution of apple tree roots in the soil

Vertical distribution of roots. In the control variant where only
weed control was applied in the tree strip (mostly using herbicides), a third
of all root amount was situated in the depth of 0 — 15 cm of soil, while in
15 — 45 cm depth 40% of roots were found. The root mass situated in these
soil layers did not differ significantly. The main root mass (with diameter
below 2 mm) was situated till the depth of 45 cm (Fig.1). Individual roots
were found even till 90 cm depth. In the variant with mulch the apple-tree
roots were concentrated closer to the soil surface. Already in the depth of 15
cm more than half of the roots were found, but the main root mass occupied
a soil layer of 30 cm. This can be explained by the fact that the use of mulch
for moisture regulation in tree strips maintained the optimum soil moisture
level in the upper 0 — 15 cm of soil, which is shown also by the relatively
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small data dispersion. In the soil layer of 15 — 30 cm the variation of root
distribution was 2 times higher, which is the evidence of irregular moisture
distribution in his soil layer. In the mulch variant root amount in the other
soil layers was very low, while individual roots could be found till the depth
of 60 — 75 cm. When drip irrigation was used for soil misture regulation, the
main root mass was situated till the depth of 30 cm. Significantly more roots
(60%) were situated already till the depth of 15 cm. Individual tree roots, like
in the mulch variant, were found till the depth of 75 cm. The variation of root
amount in the drip irrigation variant was low, which demonstrates uniform
soil moisture distribution in this variant.

Horizontal distribution of roots. In the control variant a fourth of
all roots was situated in a 0 — 15 c¢m distance from the tree trunk, but till
30 cm from the trunk 40% of roots were found. Till the distance of 45 cm
from the trunk a half of the root amount was found, while till 60 cm — 67%.
The main root mass (80% of roots till 2 mm diameter) were located till the
distance of 75 cm from the tree trunk. Individual roots were found till 90 cm
from the trunk. About 60 % of the main root mass was concentrated in the
grass-free tree strip (Fig.2).

In the variant with mulch (covering the tree strips with sawdust
mulch) in the distance of 0 — 15 cm from the tree trunk a third of all roots
was situated, but till 30 cm from the trunk - 44% of roots. Till 45 cm from
the tree trunk more than a half (61%) of tree roots was found, while till the
distance of 60 cm — 73%. The main root mass (80% of roots till 2 mm
diameter) were situated till 75 cm from the tree trunk. Individual roots were
found till 135 cm from the trunk and even further. About 70% of the main
roots mass were concentrated in the tree strip.

In the drip irrigation (fertigation) variant a third of the root amount
in soil was situated in the distance of 0 — 15 cm from the tree trunk, but till
the distance of 30 cm a half of apple-tree roots were located. Till 45 cm from
the trunk 68% of apple-tree roots were found, but the main root mass was
found till the distance of 60 cm from the trunk. Individual roots could be
found in the soil till the distance of 75 cm from the tree trunk. About 85% of
the main root mass was concentrated in the grass-free tree strip.

Although the soil granulometric composition in the trial place is
medium heavy, which points to a stable soil capillary system, moving the
water upwards to the tree root zone even in periods without rainfall, it is in
the upper soil layer of the drip irrigation variant where soil moisture may be
constantly optimal or higher, therefore the roots concentrate in the zone of
the highest moisture. On the other side, in the mulch variant soil moisture
evaporation is significantly reduced, temperature fluctuation is lower,
aeration improves and the amount of humus in the soil increases, which all
could positively affect root proliferation and growth.

34



Taking into account the results of the investigation, it is
recommended for the aims of determining the soil agro-chemical
characteristics to take samples till the depth of 45 cm in the control variant,
till the depth of 30 cm when using mulch or drip irrigation. The area for
fertilizer application is where the main root mass is concentrated, which in
control nad mulch variants may be till 75 cm from the tree trunk, but in the
drip irrigation variant till 60 cm from the trunk.

Removal of nitrogen, phosphorus and potassium from apple orchard

Concentration of nitrogen, phosphorus and potassium in the
apple-tree vegetative parts removed by spring pruning. The lowest
nitrogen concentration in the dry matter of one-year shoots removed in
spring was in years 2008 and 2010. In 2009 the nitrogen concentration was
18 — 22% higher, but in 2011 even 26 — 33% higher. In average in the years
with high current year fruit yield the nitrogen concentration in one-year shoot
dry matter was 25% higher than in years with low yield. The study did not
reveal correlation between amount of precipitation or sum of active
temperatures and nitrogen concentration in the dry matter of shoots cut in
spring, yet a significant posistive correlation (r = 0.98; p < 0.05) was found
between nitrogen concentration and yield amount. The higher was the
concentration of nitrogen in the dry matter of shoots removed in spring, the
higher was the current year fruit yield. Besides, in years of minimum yield
(2008 and 2010) higer nitrogen concentration was found in the mulch
variant, while in years of abundant yield — in the control variant, although the
differences were not statistically significant (p < 0.05) (Fig.3).

Similar tendencies were observed also for the dry matter in two-year
old wood removed in spring, higher nitrogen concentration was found in the
years with high fruit yield. The lowest nitrogen concentration in two-year
wood was found in 2008. In 2009 the nitrogen concentration was 24 — 26%
higher, in 2010 higher for 11 — 15%, but in 2011 for 18 — 22%, although the
difference was mathematically significant only in year 2008 (p < 0.05).
Significant positive correlation (r = 0.94; p < 0.05) was found also between
nitrogen concentration and yield amount. In years of high yield nitrogen
concentration in the shoot dry matter was 20% higher than in years of low
yield.

Similarly as in the younger wood, such tendencies were observed
also in the older wood of spring-cut shoots — increased nitrogen
cocncentration in the years of high yield, yet this could not be proved
statistically. The lowest nitrogen concentration in the dry matter of older
branches was found in 2010, but in 2008 the nitrogen concentration was
higher for 6 — 7%, in 2010 for 8 — 12%, in 2011 for 28 — 32%, although
mathematically significant differences were found only between years 2010
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and 2011. This can be explained by the high dispersion of the data, as the
category of older wood includes all wood older than 2 years. Significant
positive correlation was found between the nitrogen concentration in older
wood and the yield amount (r = 0.76; p < 0.05). In years of high yield the
nitrogen concentration in the dry matter was 26% ligher than in years of low
yield. Besides, the nitrogen concentration in wood older than 2 years was
1.5 times lower than in two-year and 1.6 times lower than in one-year wood.

The concentration of phosphorus in one-year, two-year and older
wood was not significantly affected by the soil moisture regulation treatment.
Some tendencies were observed — in the years of abundant yield the
concentration of phosphorus in spring-cut shoots was higher, yet significant
correlation between the amount of current year yield and phosphorus
concentration in shoots dry matter was found only for the older wood.

The concentration of potassium in the one-year wood removed by
apple-tree spring pruning variated in reversed proportion with the content of
nitrogen. If the nitrogen concentration in one-year wood was higher in years
with high fruit yield, then the potassium concentration was significantly
lower with high fruit yield of the current year (r = 0.97; p < 0.05). These
differences may be explained by the increased demand for nitrogen in the
form of aminoacids, proteins, enzymes and other biologically active
substances in years of abundant yield and less demand in the previous year
with low yield. On the other side, potassium is used for the development of
flower buds and increase of their winter-hardiness, so its concentration in
wood may decrease.

The lowest concentration of potassium in the dry matter of one-year
wood was in 2011 (p < 0.05), when it significantly differed among the
variants. In the control and mulch variants the content of this nutrient was
even 2 times lower than in other years of research, while in the drip irrigation
variant the concentration of potassium was similar to other years. These
differences may be also explained also by the relatively earlier start of
vegetation in the spring of 2011, higher average air temperature in April and
earlier end of apple-tree dormancy, so potassium was already actively used in
tree metabolism.

The potassium concentration in two-year and older wood also
varied in reverse proprortion to nitrogen — in years with high yield its
concentration in spring-cut wood was lower, yet significant differences were
found only in 2011, when the flowering and yield were the most abundant.
Potassium concentration in the mulch variant was 20% higher in year 2010.

Nutrient removal with apple-tree vegetative parts during spring
pruning. Removal of nutrients with one-year old wood cut off of in apple-
tree spring pruning significantly differed among years. Possibly the
differences can be explained not by the concentration of nutrients in branch
dry matter, but by the biomass of the cut off vegetative parts, which was
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significantly higher in the years with abundant current year yield. This may
be explained with increased vegetative growth of apple-trees in years without
fruit yield or with low yield. Little effort was needed for fruit development,
therefore in such years shoots grew more vigorously, which were removed
by pruning the next spring.

On the average of all years of study, the highest removal of
nitrogen, phosphorus and potassium was observed in the variant with mulch.
Nitrogen removal here was 20.09% higher than in the drip irrigation variant,
but 9.7% higher than in the control variant. Removal of phosphorus, in
comparison with nitrogen, was much lower and did not differ among years.
Removal of potassium did not significantly differ between the mulch and
irrigation variants, but was 9.5 — 23% higher than in the control variant. On
average removal by spring pruning with 10 kg branch biomass was 48.1 g
nitrogen, 13.8 g phosphorus and 22.7 g potassium, or from one hectare of
orchard - 8.05 kg nitrogen, 2.1 kg phosphorus and 2.97 kg potassium.
Several growers use productive orchards also for cutting graftwood for
propagation. In this case they should take into account additional loss of
nutrients, especially nitrogen.

Removal of nutrients with two-year wood cut off in spring pruning
of apple-trees significantly differed among years, but no significant
differences were found among variants. With 10 kg of two year old branch
biomass the average removal was 54.3 g nitrogen, 11.9 g phosphorus and
26.2 g potassium. Theoretically the higher removal may be explained with
lower concentration of moisture in two year old wood and therefore higher
concentration of dry matter, yet it must be taken into account that the
biomass of removed two-year wood was significantly lower than the biomass
of one-year wood, so along with 10 kg one-year wood only 2.8 kg of two-
year wood is removed. For this reason nitrogen removal with two year old
wood was 2.6 times lower than with one year old wood, removal of
phosphorus 3 times lower and of potassium 2.2 times lower.
Correspondingly with two-year wood cut off in spring pruning from a
hectare of orchard the removal of nutrients is 3.4 kg nitrogen, 0.69 kg
phosphorus and 1.38 kg potassium.

Removal of nutrients with older wood cut off in spring pruning does
not significantly differ either among soil moisture treatments or years, except
year 2008 when significantly lower amount of biomass was removed from
apple trees by pruning. With 10 kg of older branches biomass spring pruning
removed on average 39.7 g nitrogen, 6.7 g phosphorus and 22.9 g potassium.
It must be taken into account that the dry matter concentration in older wood
was significantly higher than in one-year and two-year wood, and
correspondingly the cut off biomass was lower. The removal of older wood
was 2 times lower than of two-year wood and 5 times lower than removal of
one-year wood. This means that the proportion of cut off wood biomass by
its age was — one-year wood: two-year wood: older wood — 5:2:1. Therefore
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nitrogen removal with cut off older wood was 6.4 times lower than with one-
year wood and 2.5 times lower than with two-year wood; removal of
phosphorus was accordingly 10.4 and 3.4 times lower, but of potassium
4.5 and 2.1 times lower. From a hectare of apple orchard the removal with
older wood in spring pruning was 1.26 kg nitrogen, 0.2 kg phosphorus and
0.6 kg potassium.

Concentration of nitrogen and potassium in the dry matter of spring-
cut branches significantly correlated with the current year fruit yield, in years
of abundant yield the apple-tree wood contained 25% more nitrogen, while
the concentration of potassium was higher in years of lower yield.
Concentration of nitrogen in one-year shoots was even 2 times higher than in
older wood, which must be taken into account by those growers who use
productive orchards for obtaining of budwood for spring grafting. Methods
of soil moisture regulation did not significantly influence nutrient removal in
general, but there were differences among years. If branches are left in the
orchard and chopped, this removal may not be included in the fertilizing
plan, but if branches are carried out of the orchard, it must be taken into
account that nitrogen removal with branches cut off in spring composes
21 — 24%, removal of phosphorus 15 — 18%, but potassium 6 — 7% of the
total nutrient removal during the growth season.

Concentration of nitrogen, phosphorus and potassium in the
apple-tree vegetative parts cut off in summer pruning. Nitrogen
concentration in one year old apple-tree wood and leaves on it significantly
varied among years, differing even for 2 times (Fig.4). On the other side,
different soil moisture regulation methods did not cause significant changes,
although tendencies can be observed for lower nitrogen concentration in the
mulch variant and higher in the control variant (p > 0.05). The study
established significant positive correlation (r = 0.96; p < 0.05) between
nitrogen concentration and current year fruit yield. The higher was the yield,
the higher was nitrogen concentration in the dry matter of shoots and leaves
removed by summer pruning. The lowest nitrogen concentration was found
in the dry matter of shoots cut off in summer of 2008, while in 2010 nitrogen
concentration was 20 — 25% higher, but in 2009 and 2011 even 45 — 50%
higher. In years with high current year apple yield the concentration of
nitrogen in one-year shoot dry matter was 40% higher than in years with low
yield. The study found also significant correlation (r = 0.86; p < 0.05)
between nitrogen cocncetration in one-year wood and temperature and
precipitation, which could affect also nitrogen turnover in in apple-trees. In
July of 2008, when apple-tree summer pruning was done, there was a
prolonged dry period, while in other years of study the hydrothermic
coefficient was higher than optimum.

The leaves on one-year wood, too, had higher nitrogen
concentration in the control variant and lower in the mulch variant, although
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significant differences were not established (p > 0.05). The lowest nitrogen
concentration in the dry matter of leaves on one-year shoots cut off in
summer, like in the one-year shoots, was in year 2008. In 2010 the nitrogen
concentration 40 — 50% higher, in 2009 higher for 2 times, but in 2011 even
2.8 times higher. In years with high yield the nitrogen concentration in one-
year shoot dry matter was 50% higher than in years with low apple yield.
The dry matter of leaves on one-year wood also showed significant
correlation (r = 0.94; p < 0.05) between nitrogen cocncentration in leaves,
temperature and amount of precipitation.

The concentration of nitrogen in the dry matter of leaves on one-
year wood was on average 2 times higher than in one-year shoot wood
(p < 0.05), except year 2011, when the nitrogen concentration in leaves was
2.5 times higher. Nitrogen concentration in the dry matter of two year old
wood removed by summer pruning varied in dependence of the yield weight
of the current year, while in leaves on two-year wood — both in dependence
of fruit yield and the soil moisture regulation method (p < 0.05). Significant
positive correlation (r = 0.86, p < 0.05) between yield weight and nitrogen
concentration in leaves on two-year wood was established only in the control
treatment. In variants with mulch and drip irrigation (fertigation) only
tendencies of increased nitrogen concentration were observed with increase
of fruit yield. On the other side, significant correlation (r = 0.84, p < 0.05)
was found for two year old wood in all variants. Nitrogen cocncetration in
the control variant was 37% lower than for one-year wood, in the mulch
variant 25% lower, but with drip irrigation 35% lower. Further, in leaves on
two-year wood the nitrogen concentration in the control variant was 44%
lower, in mulch variant 38%, but in fertigation 47% lower than than in leaves
on one-year wood. In the dry matter of two-year wood nitrogen concentration
in the control treatment was 45% lower, in mulch treatment 40.1%, but in
drip irrigation treatment 43.4% lower than in leaves on two-year wood.

Nitrogen concentration in the biomass of older wood remowed by
summer pruning was not significantly influenced by soil moisture treatments,
although similarly to one-year and two-year wood, tendencies were observed
of increased nitrogen concentration in high fruit yield years. The lowest
nitrogen cocncetration in older branch dry matter was observed in 2008 and
2010, but in 2009 and 2010 the nitrogen concentration was 13 — 19% higher.
On average the nitrogen concentration in older wood was 8% lower than in
two-year wood and 39% lower than in one-year wood. Results of the
research comply with conclusions of other researchers, that the younger
apple-tree wood has higher nitrogen content.

Concentration of phosphorus either in dry matter of one-year shoot
or their leaves was not significantly influenced by the soil moisture
regulation methods and fruit yield, but tendencies were observed for
increased phosphorus concentration in years with high yield. The lowest
phosphorus concentration was observed in the dry matter of one-year shoots
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cut in summer of 2008. In other years of the study the concentration of
phosphorus in one-year wood was 25 — 35% higher. In the dry matter of
leaves (on one-year wood) the lowest phosphorus concentration was also in
2008.

The effect of fruit yield on phosphorus concentration in leaves on
two year old wood was established only in the mulch variant (r = 0.82,
p < 0.05). In the control variant the lowest concentration in leaves on two-
year wood was found in 2010, but in the drip irrigation variant phosphorus
concentration was higher only in 2008. In year 2008 the dry matter of two-
year wood showed significant differences among variants, when the lowest
concentration of phosphorus was found in the fertigation treatment, but the
highest - in the mulch treatment. In other years of study no significant
differences were found for phosphorus concentration in two-year shoot dry
matter.

Phosphorus concentration in the dry matter of older branches was
not significantly influenced by the soil moisture treatments, except year
2008, when significantly lower concentration was found in the drip irrigation
treatment. It may be explained by faster phosphorus turnover in plants under
the influence of irrigation in comcparison with control and mulch treatments,
where there is periodical deficit of water. Positive, but insignificant
correlation was found between the yield amount of the current year and and
concentration of phosphorus — the higher the yield, the higher concentration
of phosphorus in the branches cut off in summer. On average phosphorus
concentration in the dry matter of older wood was 30% lower than
concentration of nitrogen, 28% lower than in the two-year wood and one
third lower than in the one-year wood.

Similarly as in the wood cut off in spring, the concentration of
potassium found in dry matter of one-year shoots and leaves in summer was
reverse proportional to the concentration of nitrogen. The lowest
concentration of potassium in the dry matter of one-year shoots and leaves
was in the years of high fruit yield. In years with low yield the concentration
of this element in wood was 30 — 35% higher, but in leaves 25 — 30% higher
than in years with high yield (p < 0.05). The concentration of potassium in
two-year shoots and their leaves varied in dependence both of fruit yield and
the soil moisture treatment (p < 0.05). Significant negative correlation was
found between fruit yield and the potassium concentration in two-year wood
and its leaves (r = 0.88, p < 0.05), with increase of yield potassium
significantly reduces both in leaves and wood. Potassium concentration of
two-year wood in the control treatment was 16% lower than than in one-year
shoots, in mulch treatment 18% lower, in irrigation treatment 17% lower. On
the other side, in the leaves on two-year wood the concentration was 28%
lower in control, 30% lower with mulch and 28% lower with drip irrigation
than in the leaves from one-year shoots. On average potassium concentration
in the dry matter of two-year wood was 55% lower in control, 54.6% lower
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with mulch, and 58.4% lower with fertigation if compared with leaves on the
same wood. Similarly as the concentration of potassium during spring
pruning varied in reverse proportion to nitrogen in all types of wood,
potassium concentration decreased with higher fruit yield, but no significant
differences were proven for older wood.

Nutrient removal with aple-tree vegetative parts during
summer pruning. Nitrogen removal with one-year wood and leaves during
summer pruning was significantly influenced both by the soil moisture
treatment and the fruit yield of the current year. In the control variant in
years of low yield nitrogen removal was the lowest, in the mulch variant it
was 23% higher, but in the irrigation variant 6% higher. In years with high
yield nitrogen removal in control was higher by 25%, in the mulch treatment
8% higher, in the irrigation treatment 11% higher.

Nitrogen removal with older wood and its leaves in summer pruning
was significantly influenced by the soil moisture treatment and yield amount.
Significant differences were created not only by the nitrogen concentration in
tree vegetative parts, but also by their dry matter content and the removed
biomass. Significantly higher content in two-year wood and its leaves was
found in 2008. This may be explained by the different moisture supply in the
trial variants, as in July of 2008 when summer pruning was done there was a
prolonged dry period. This may certify that in the drip irrigation treatment
apple-trees may have more suitable moisture and therefore growing
conditions, yet the highest amount of removed two-year wood biomass in
2008 was found in the mulch variant, which was one third more than in the
fertigation variant and control. On average nitrogen removal with two-year
wood and its leaves in summer pruning was lowest in the mulch variant, yet
no significant differences were found among variants. In control and
fertigation variants 23% higher nitrogen removal was in years with high
apple yield than in years with low yield, but in the mulch variant 21.8%
higher.

Nutrient removal with older wood in summer pruning did not
significantly differ among soil moisture treatments, except year 2008, when
in control nitrogen removal was lower. There are significant differences also
in nitrogen removal between years with high and low fruit yield. In control
there was 1.5% higher nitrogen removal in years with high yield, in mulch
and fertigaton variants correspondingly 20% and 19.3% higher.

For removal of phosphorus by summer pruning no significant
influence was proven either for soil moisture treatments or yield amount,
because of high data dispersion and low values of phosphorus removal, yet
the lowest removal was found in control, in drip irrigation treatment it was
11% higher, in mulch treatment 20% higher.

Removal of potassium with one-year wood and leaves was
significantly influenced bith by yield amount and the soil moisture treatment.
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In years with high yield potassium removal with summer pruning of one-year
wood and leaves from one apple-tree was 3.06 g, in mulch treatment 30%
higher, in drip irrigation treatment 24% higher. In years with low yield the
removal was significantly higher and about twice the amount of years with
abundant yield. In control the removal was 4.62 g per tree, in the mulch
variant 1.9 times more, in the fertigation variant 1.6 times more than in
control. Significant negative correlation was found between nitrogen and
potassium concentration (r = -0.93; p < 0.05), the more nitrogen is found in
one-year wood and leaf dry matter, the lowest is potassium concentration.
These differences may be explained by the antagonism between nitrogen and
potassium — the higher is uptake of nitrogen by plants, the more obstacles
there are for potassium uptake, which was shown also by this investigation.
On average the removal during summer pruning with 10 kg of one-year
shoots and leaves biomass was 39.00 g nitrogen, 9.00 g phosphorus and
27.30 g potassium, or from a hectare of orchard — 15.36 kg nitrogen, 3.47 kg
phosphorus and 9.15 kg potassium.

Removal of potassium with two-year wood and its leaves also was
significantly influenced by yield and moisture treatment. In years with
abundant yield removal from one aple-tree in control variant was 1.04 g
potassium, while in years of small yield 28% higher. In the mulch variant
removal in years with low yield was even by a half lower, but in drip
irrigation variant by a third more than years with higher yield. On average
removal with 10 kg of two-year wood and leaves biomass during summer
pruning was 26.00 g nitrogen, 8.15 g phosphorus and 23.20 g potassium, or
from a hectare of apple orchard - 3.50 kg nitrogen, 1.30 kg phosphorus and
2.30 kg potassium. With 10 kg of older branches removal was on average
22 g nitrogen, 6.60 g phosphorus and 12.60 g potassium, or from one hectare
- 0.95 kg nitrogen, 0.25 kg phosphorus and 0.49 kg potassium.

Nutrient removal with summer pruning significantly depended on
the fruit yield in the current year and the removed wood and leaves biomass.
In years with abundant yield apple-tree uptake of nitrogen was even 2 times
higher, while higher concentration of potassium in branches was found in
years with low yield. Concentration of nutrients was the highest in one-year
shoots and leaves, so the removal of nutrients with budwood cut for summer
grafting may be significant. If cut branches are left in the orchard and
chopped, this removal is not included in the fertigation plan, but if the
branches are carried out of the orchard, it must be taken into account that
removal of nitrogen with summer pruning is 35 — 37%, removal of
phosphorus 26 — 33%, of potassium 16 — 22% of total nutrient removal
during the vegetation period.

Concentration of nitrogen, phosphorus and potassium in fruits.
Nitrogen concentration in fruits was significantly influenced by the applied
soil moisture regulation treatments (p < 0.05). In all years of study it was
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found that with mulching of tree strips the concentration of nitrogen in
apples was lower (for about 24% if compared with control and for 11%
compared with drip irrigation), besides this difference was significant
(p <0.05) (Fig.5).

Concentration of phosphorus in fruit dry matter was not
significantly influenced by the soil moisture treatment.

Concentration of potassium in fruit dry matter did not change in
dependence of the soil moisture treatment, but was significantly affected by
the amount of current year fruit yield. the lower the yield, the higher was
potassium concentration in fruits (r = 0.87). Results of this study agree with
findings of other researchers that in years of low yield the concentration of
potassium in fruits is lower, but the concentration of nitrogen — higher, so the
proportion between calcium and potassium sharply decreases and the risk of
bitter pit becomes higher, reducing fruit market value and flavour.

Nutrient removal with fruits. In years of abundant yield like 2009
and 2011 nitrogen removal was not significantly influenced by the soil
moisture regulation variants — significantly higher nitrogen removal with
yield was found only in 2011 in the control variant. On the other side, in
years with low yield higher removal was in the mulch variant. These
differences nmay be explained by differences in fruit biomass. In poor yield
years like 2008 and 2010 the yield biomass in the mulch variant was
significantly higher, even by 3 times in comparison with the other two
variants. In years with high yield as well the fruit biomass in the mulch
treatment was 10 — 18% higher than in control and 3 — 13% higher than with
drip irrigation, yet the differences were not significant. Nitrogen removal was
affected also by the content of dry matter in fruits. The highest dry matter
content in apples was in the control variant (on average 13.07%), by 3% less
in the mulch variant and 3.5% less in the fertigation variant.

With 1 ton of apples the removal in years with high yield was
0.63 kg nitrogen, in years with low yield 12.6% less, amulching of tree strips
reduced nitrogen removal by about a fifth. In the mulch variant removal in
high production years with 1 ton of apples was 0.49 kg nitrogen, in low
production years removal was 14% less. In the drip irrigation (fertigation)
variant removal with 1 ton in years with high fruit yield was 0.54 kg
nitrogen, but in years with low yield nitrogen removal was 15% less. So in
years with low fruit yield without use of soil moisture control the average
annual nitrogen removal from a hectare (1666 trees) is 0.92 kg, in mulch
treatment 3.45 kg, while with drip irrigation 1.29 kg. In years with high yield
the removal is correspondingly 28.98 kg, 26.61 kg and 26.89 kg nitrogen.

Like with nitrogen the removal of phosphorus largely varied among
years. Significantly higher phosphorus removal was found in the mulch
variant, while in control and drip irrigation it was 20 — 22% lower. With
1 ton of apples in years with abundant yield the removal of phosphorus in
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control was 0.24 kg, in years with low yield 8.3% higher. In the mulch
variant removal with 1 ton in years with abundant yield was 0.22 kg, in low
yield years 4.3% higher. In the drip irrigation variant phosphorus removal in
productive years was 0.21 kg, but in low yield years removal was 12.5%
higher. In years with low fruit yield without using soil moisture control the
average annual removal from a hectare is 0.43 kg phosphorus, in mulch
treatment 1.86 kg, in drip irrigation 0.69 kg. In high yield years the removal
is correspondingly 10.84 kg, 12.49 kg and 10.44 kg.

As well as for nitrogen and phosphorus, the removal of potassium
strongly varied among years because on biennial apple-tree production. In
years with high yield potassium removal with 1 ton of fruits was 1.38 kg in
the control variant, in years with low yield it was 13.23% higher. Mulching
of tree strips did not influence potassium removal. In the mulch treatment
removal in years with high fruit yield with 1 ton was 1.33 kg, years with low
yield 16% lower. In the drip irrigation variant removal of potassium with
1 ton of fruits in productive years was 1.34 kg, while in low yield years
removal was 15.5% higher. So in years with low fruit yield without use of
soil moisture regulation the average annual removal from a hectare
(1666 trees) in the control variant was 1.0 kg potassium, in mulch variant
13.1 kg, in fertigation variant 4.6 kg potassium. In abundant yield years the
removal was correspondingly 61.6 kg, 72 kg and 66.4 kg potassium.

Nutrients removed with harvested fruits are lost to the orchard
irretrievably. Nutrient removal in years with poor fruit yield was only about
10% of total nutrient removal, but in years with abundant yield even above
50%. In years of low yield aples did assimilate more potassium and less
nitrogen. Use of soil moisture regulation had significant effect on the apple
yield and therefore on nutrient removal.

Concentration of nitrogen, phosphorus and potassium in fallen
leaves. Methods of soil moisture regulation did not significantly affect
(p > 0.05) the concentration of total nitrogen in the dry matter of fallen
leaves (Fig. 6). Positive, but statistically not significant correlation (r = 0.55)
was found between the amount of current year fruit yield and nitrogen
concentration in fallen leaves — the highest was the yield, the highest was
nitrogen concentration. The lowest concentration of nitrogen in dry matter of
fallen leaves was found in 2008 and 2010 when the yield was the lowest. In
all years of study, concentration of phosphorus in fallen leaves significantly
increased with the use of irrigation. Positive yet not significant correlation
(r = 0.38) was found between phosphorus concentration in autumn leaves
and the fruit yield. Although neither use of soil moisture regulation, nor fruit
yield did affect potassium concentration in the dry matter of fallen leaves, the
amount of this element was 2 times higher than the content of nitrogen and
3 times higher than the content of phosphorus.
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Nutrien removal during leaf fall. Differences of nitrogen removal
among variants depended on the significantly different leaf biomass, which
during all years of study except 2011 was significantly higher in the mulch
and drip irrigation treatments, as well as the content of dry matter in leaves.
Removal of nitrogen in mulch and drip irrigation variants was significantly
higher than in control. Nitrogen removal with fallen leaves significantly
differed under the influence of the current year fruit yield. At low yield
nitrogen removal in the control variant was 40% less than in years with high
yield, in the mulch variant removal at high yield was even 2 times higher, but
in the irrigation variant 30% higher. With 1 ton of fallen leaves in years with
high fruit yield the removal in control variant 2.22 kg nitrogen, in low yield
years 1.33 kg, in mulch variant correspondingly 2.18 kg and 1.09 kg, but for
drip irrigation 2.25 and 1.52 kg. Further, from 1 ha in years with low yield in
the control variant 3.83 kg nitrogen were removed with fallen leaves, in the
mulch variant 5.44 kg and in the drip irrigation variant 7.35 kg. In years with
high fruit yield removal was correspondingly 6.54 kg, 10.56 kg and 9.76 kg
nitrogen.

During all years of study the lowest removal of phosphorus was
found in the control variant, but the highest - with drip irigation. Removal of
phosphorus with fallen leaves under the influence of fruit yield significantly
differed in the control and mulch variants, where in years of high yield it was
30% higher than in low yield years. With 1 ton of fallen leaves in years with
high yield the removal in control variant was 1.30 kg of phosphorus, in low
yield years 0.87 kg, in the mulch variant correspondingly 1.07 kg and
0.78 kg, but for drip irrigation 1.44 and 1.18 kg. In years with low yield the
average removal of phosphorus with fallen leaves was 2.59 kg in control,
3.79 kg for mulch and 5.74 kg for irrigation. in years with high yield
phosphorus removal was correspondingly 3.81 kg, 5.17 kg and 6.02 kg.

Removal of potassium with fallen leaves on average of all years of
study was 30 — 36% higher in mulch and fertigation variants than in control.
With 1 ton of fallen leaves potassium removal in years of abundant yield was
426 kg, in low production years 3.92 kg, in the mulch variant
correspondingly 3.80 kg and 3.69 kg, but in drip irrigation variant 3.62 and
4.13 kg. Amount of fruit yield did not significantly affect potassium removal
in control (11.31 — 12.45 kg ha™), nor in the mulch variant (18.29 — 18.49 kg
ha™). In the drip irrigation (fertigation) variant removal from one hectare in
years of low yield was 15.05 kg, but in years of high yield 25% more
potassium.

In applying these results for composing a fertilizing plan, it must be
taken into account that not all leaves are carried out of the orchard —
respectively, blown away by the wind. Studies of other researchers have
shown that the wind blows away from the 30% to 80% of leaves. The rest of
leaves stay in the garden, and their nitrogen returns to the soil.
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The applied soil moisture regulation treatments had significant
effect on the removal of nutrients during leaf fall. Although nitrogen removal
with fallen leaves composes 10 — 15%, removal of phosphorus 17 — 29% and
potassium 18 — 25% of the total removal during the growth season, it must
be considered that about 30-50% of leaves are blown away from the orchard,
but the rest remain and return to the nutrient turnover.

Interaction between apple trees and grass vegetation

To evaluate the interaction of apple-tree and grass roots, the
distance and depth of grass root penetration into the tree strips were
measured. Results of the study show that use of different moisture control
methods in the tree strips causes different horizontal and vertical orientation
of grass roots in the soil.

Horizontal distribution of grass roots. In the control variant the
roots of grass stretched horizontally into the tree strip for about 9 cm, while
in the mulch variant almost 3 times further, but in the drip irrigation variant
even 5 times further than in control, and the differences were significant
(Frake- > Fiait) (Fig. 7).

These differences may be explained by different conditions of
mineral nutrition in different soil moisture treatnments, as well as by the
aggressivity of grass roots and their tendency to concentrate in places with
better growth conditions.

Vertical distribution of grass roots. The vertical growth of grass
roots in the tree strip significantly differed from their horizontal distribution.
In control grass roots grew into the tree strip 2 times deeper (even till 40 cm
depth) than in mulch and irrigation variants, where the grass roots grew from
the margin of tree strips to the average depth of 15 cm (Fig. 8).

In the variants with mulch and drip irrigation the depth of grass
roots in tree strips did not differ significantly, although under the influence of
mulch the roots of grass similarly to tree roots were concentrated mostly in
the soil upper layer. These differences may be linked to unstable moisture
supply as well as certain deficit of water in the control variant. Soil moisture
in the mulch and irrigation treatments, especially in the upper layer of soil,
possibly was higher, so not only the apple-tree roots, but grass roots as well
concentrated in a shallow depth.

Methods of soil moisture regulation had siginifcant effect on the
possible competition between grass and apple-tree roots (Fig. 9). In the
control variant grass roots occupied 15% of the soil profile area occupied by
apple-tree roots. This means that grass roots competed with tree roots in this
15% of soil area taken by the main tree root mass.

In the mulch variant the competition between the main tree root
mass and grass roots was 34.2% of area, but in the drip irrigation variant
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even 52.4%. This means that grass roots have penetrated into a half of area
occupied by apple-tree root main mass, which could significantly affect
development of the root system.

Significant differences among variants may be explained by
possibly much better root growth conditions in the grass-free tree strips of
mulch and irrigation treatments, more optimal moisture regime than under
the grass cover. Especially strong effect of moisture on grass root penetration
into tree strips may be felt in dry years.

Removal of nitrogen with mown grass. Results of the study show
that nitrogen concentration in the grass grown in orchard alleyways was not
affected by the applied soil moisture treatments in tree strips — sawdust
mulch and drip irrigation (n = 54, p > 0.05) (Fig. 10).

In year 2009 nitrogen concentration in grass significantly depended
on the time of grass cutting and the distance from tree strip. Signifcantly
higher nitrogen concentration was found in the grass from the third mowing,
as well as from the secong mowing in the distance of 0 — 15 cm from tree
strip. In 2010 concentration of nitrogen was not influenced significantly by
either the mowing time or soil moisture treatment, or the distance from tree
strip, yet a tendency was observed in the mulch treatment for decrease of
nitrogen concentration. More xpressed it was in the distance of 0 — 15 cm
from tree strip. In 2011 the lowest nitrogen concentration was found in grass
mown for the first time. Similarly to previous years, in 2011 lower nitrogen
concentration was found in the mulch variant. The lower nitrogen content in
grass may be explained by the possibility that the nitrogen consumed by
microorganisms during sawdust mulch decomposition has not yet been
released, but the immobilization process continues.

Although the nitrogen concentration in grass in control and
irrigation treatments was higher than in the mulch treatment, still the total
nitrogen removal with grass in the control variant was the lowest, besides, it
differed significantly from nitrogen removal in the drip irrigation variant,
where removal was 16% higher (p < 0.05).

Suh differences have been obtained because the mass of mown
grass significantly differend among variants. Nitrogen removal with mown
grass was 53% of total removal.

Removal of phosphorus with mown grass. Results of the study
show that concentration of phosphorus in the grass grown in orchard
alleyways in year 2009 was influenced by the applied soil moisture
treatments — sawdust mulch and drip irrigation (n = 54, p < 0.05) (Fig. 11).
Phosphorus concentration in gras was the lowest at the time of first mowing
in 0 — 30 cm from the tree strip. During second mowing phosphorus
concentration was 8 — 12% higher, but now significant differences were
found between first and second mowing (p > 0.05).
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In 2010 on average phosphorus concentration in grass was higher
than in 2009. At first mowing the concentration was the lowest, yet
significantly higher than the concentration at the same time in 2009. During
second and third mowing no significant differences were found with year
2009. This may be explained by significantly higher precipitation in May
2010, as the moisture could have positive effect on nutrient uptake by plants,
including phosphorus. During all years of study the concentration of
phosphorus had a tendency to increase with distance from the tree strip.
During first mowing concentration of this element in grass was by athird
lower than during the next mowing times.

Similarly to concentration of phosphorus in control and irrigation
variants was higher than in the mulch variant, its removal with cut grass in
the mulch variant was the lowest, and it significantly differed from
phosphorus removal in the drip irrigation variant, where it was 9% higher. In
the control variant removal was 4% higher than in mulch variant, but not
significantly so (p < 0.05). Removal of phosphorus with mown grass was
13% of total removal.

Removal of potassium with mown grass. Concentration of
potassium in the dry matter of cut gras was positively influenced by use of
mulch and drip irrigation, yet significant difference was found only between
control and irrigation treatments (Fig. 12).

Potassium concentration in mown grass in 2009 was significantly
affected by the soil moisture regulation method as well as the time of
mowing. Lower concentration of potassium was at the first time of mowing
in 0 — 15 cm from tree strip. The lowest concentration was found in the
control variant. In mulch and drip irrigation variants the concentration was
16% higher. In 15 — 45 cm from tree strip and in drip irrigation treatment the
concentration of potassium was similar to that in 0 — 15 c¢m, but in the mulch
variant it was 38% lower, and the difference was significant (p < 0.05).
During the second mowing the concentration of potassium in grass on
average was 5 — 15% higher, but significantly lower concentration was found
in the mulch variant in 0 — 15 cm from tree strip. In 15 — 30 cm from tree
strip the highest potassium concentration in grass was with drip irrigation.
During the third mowing the concentration in grass was higher by 55% than
at first mowing and by 30% than at second mowing, besides, the differences
weres significant (p < 0.05). During the third time of mowing there was a
tendency for increase of potassium concentration with increased distance
from tree strip. This increase was especially distinct in the control variant,
although no significant differences were proven. In 2010 the average
potassium concentration in cut grass was 10% higher than in 2009. At the
first time of mowing in 0 — 30 cm from tree strip the lowest concentration of
potassium was found in the control treatment, the highest in the mulch
treatment, although the difference was not significant. In 30 — 45 cm from
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tree strip in the fertigation variant significantly higher potassium
concentration was found, if compared with other variants. During second
mowing the concentration was 10% higher than during first mowing, and
there was a tendency of increased concentration along with increased
distance from tree strip. During third mowing potassium concentration in
grass was 25% higher than at first mowing, where at all distances from tree
strips the lowest potassium concentration was in control. in 2011 potassium
concentration in mown grass dry matter on average was similar to the
previous year. The lowest was found at the first mowing time, besides it was
significantly lower in control and mulch than in drip irrigation variant, where
potassium was even by 30% higher, and the difference was significant.

The applied soil moisture regulation treatments significantly
influenced also potassium removal with cut grass. The least removal was in
control  (33.61 — 38.01 kg ha™), mulching of tree strips increased removal
of potassium by 10%, but drip irrigation by 15%, as compared to control.
Similar investigations about nutrient removal from orchard alleyways are not
yet known in Latvia, so there are no data about the speed of the rate of cut
grass decomposition and return of the nutrients to the turnover cycle, yet
scientists in other countries have found that nutrients return to turnover
already 1 — 2 years after grass mowing. Besides it has ben established that
leaving of cut grass in the orchard or putting it in the tree strips significantly
increases soil organic matter, which has positive effect on the turnover odf
nitrogen and other nutrients and their accessibility to plants.

Removal of nutrients with mown grass can not be, without
reservations, called removal, as the cut grass always remains in the orchard.
Still these results may form the base for further nutrient research, especially
nitrogen, as well as for creation of a high quality, economically and
scientifically sound fertilizing plan, as there may be different fertilizer neds
in dependence of grass remaining in the alleyways or being moved over to
tree strips.

Unlike removal of nutrients with apple-tree vegetative parts and
fruit yield, where the nutrient concentration was significantly influenced by
the yield amount, mathematical correlations were not found between grass
biomass and nutrient concentration in it. This may be explained by the
different species composition of the green growth at different mowing times.
In spring dandelions and white clover were dominating in the lawn, but
closer to autumn — clover and grasses. The small changes of nutrient
concentrations in grasses in comparson with apple-trees may be evidence of
more aggressive growth of grass plants and and their ability for nutrient
uptake also in different soil moisture conditions.

Use of mulch and irrigation significantly affected the possible
competition between grass and tree roots and demand a solution for the
control of grass roots in alleyways, e.g. wider tree strips, cutting back of
grass roots. For the formation of grass biomass during the growth season in
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1 ha of an apple orchard the necessary fertilizer amounts are 35 — 42 kg
nitrogen, 10 — 12 kg phosphorus and 36 — 42 kg potassium. These
calculations may not be truly called removal, but they must n]be taken into
account at composing a fertilizing plan, as may can significant influence on
the nutrient turnover in the orchard, especially if the cut grass is moved to
tree strips.

CONCLUSIONS

1. Soil moisture regulation has effect on the apple-tree root
distribution in soil, which must be taken into account at collecting soil
samples for agro-chemical analyses. In comparison with plantations without
moisture regulation, at mulching of tree strips the main root mass is located
closer to the tree trunk, while with using drip irrigation — the roots are both
shorter and more shallowly placed.

2. Considering the above said, the recommended depth for taking soil
samples is as following: in plantations without moisture regulation till 45 cm
depth (desirably in two layers, 0 — 25 cm and 25 — 45 cm) and in 75 cm
radius around the tree; in orchards with mulch or drip irrigation till 30 cm
depth (in one layer) and in 60 cm radius around the tree.

3. The recommended area for taking samples and applying fertilizers
for apple-trees is as follows: in plantations without moisture regulation in
75 cm radius around the tree, with mulching of tree strips 75 cm, but with
drip irrigation in 60 cm radius.

4. The applied soil moisture regulation methods did not significantly
influence the removal of plant nutrients with apple branches cut in spring
pruning. Relatively higher (8.43 kg N, 1.32 kg P,Os and 2.36 kg K,0 ha™) it
was during years of potentially high fruit yield. This removal may not be
taken into account directly at calculation of norms and doses for fertilizing, if
the cut branches are crushed and left in the orchard, but at necessity
correction of the calculated values can be used.

5. The removal of nutrients with apple-tree wood and leaves by
summer pruning (11.7 kg N and 2.7 kg P,Os, 7.5 kg K,0 ha™) also may not
be taken into account directly if the cut branches are crushed and stay in the
orchard, but at necessity can be used for correction of calculated values.

6. Removal of plant nutrients with fallen leaves independently of the
growing technology on average was 7.3 kg N, 4.5 kg P,Os and 15.9 kg
K,0 ha) and may not be taken into account in planning of fertilizer norms
and doses.

7. Removal of plant nutrients with fruit yield on average was 14.7 kg
N, 6.1 kg P,Os and 36.7 kg K,0 ha™, it changed only slightly in dependence
of the applied moisture regulation treatment, but in dependence of the
harvested yield. In planning fertilizing norms and doses it must be Taken
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Into account that in years with high yield the removal of nutrients from soil
is on average 15 times higher than in years with low yield, or for a ton
harvested apples - 0.55 kg N, 0.22 kg P,Os and 1.35 kg K,O ha™.

8. Mulching of tree strips increased the penetration of grass roots in
the tree strip by 17%, but use of drip irrigation by 37% in comparison with
orchards without moisture regulation. Taking into account grass competition
for nutrients and their short-time immobilization, nitrogen norm in such
plantations must be increased by 10%.
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