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KOPSAVILKUMS

Parastas priedes Pinus sylvestris L. nobriedu$iem audiem raksturigs loti zems morfogénais potencials
in vitro, 1dz §im nav apraktita praktiski pielietojama mikropavairo$anas metode $ai komerciali un
ekologiski nozimigajai sugai. Darba mérkis - veidot fiziologisko pamatu pieaugus$as parastas priedes
pavairo$anai ar audu kultaru metodi. Ievadisanai kultira izmantoja pieaugusu priezu sanzaru galos
eso$os pumpurus. Piemérotakais laiks pieaugusu parasto priezu ievadi$anai kultara bija no jalija lidz
oktobra beigam, pirms fiziologiska miera perioda saksanas. Fiziologiska miera stavokli eso$u priezu
pumpuru morfogéno kompetenci audu kultara varéja palielinat, pumpurus pirms ievadi$anas kulttra
uzglabajot pazeminata temperatira. Pazeminata vai stabila oksidativo fermentu aktivitate koreléja
ar paaugstinatu audu morfogéno kompetenci in vitro. Pazeminata oksidativo fermentu aktivitate
skabaka barotné kultivétiem pumpuriem, mazaka nepieciesamiba paskabinat barotni pH lidzsvara
sasnieg$anai un eksplantu morfologiskie raditaji liecina, ka priezu pumpuru kultivé$anai piemérotaka
ir skaba iniciala barotne. In vitro kultivétu pieaugusu priezu audu inkubacija pazeminata temperatara
pirms pulsveida apstrades ar benzilaminopurinu veicinaja audu proliferaciju. Nobriedusu parasto
priezu audu juvenilizacijai un to morfogénas kompetences un proliferacijas nodro$inasanai in vitro
nepiecie$ama fizikalu un biokimisku faktoru mijiedarbiba, kur pazeminatai temperatirai ir batiska
nozime. Darba rezultati norada virzienu talakiem pétijjumiem sekmigas pieaugusu parasto priezu
mikropavairo$anas metodes izstradei. Tie varétu but nozimigi ari citu vegetativi griti pavairojamu
kokaugu sugu in vitro kultaru iegaisanai.

ABSTRACT

Mature tissues of Pinus sylvestris L. have a very low morphogenic potential in vitro, and so far no
practically suitable micropropagation method for this comercially and ecologically important
species has been described. The aim of the present study was to create the physiological basis for
micropropagation of mature P. sylvestris in tissue culture. Buds from tips of lateral branches of mature
trees were used for introduction in vitro. The most suitable time for introduction in vitro of mature P.
sylvestris bud tissue was from July to late October, when the new buds have matured but dormancy has
not started yet. Long cold storage of dormant mature pine buds before introduction in vitro increases
their morphogenic competence in tissue culture. Lowered or stable activity of oxidative enzymes
correlated with increased morphogenic competence in vitro. Lowered activity of oxidative enzymes
in buds, cultivated on more acidic medium and needing less acidification of medium to reach an
equilibrium and morphological parameters, shows, that acidic initial medium is most suitable for
cultivation of pine buds. Incubation of in vitro cultivated mature pine tissue in lowered temperature
before pulse treatment with benzylaminopurine promoted proliferation of the tissue. To achieve the
rejuvenation and to provide the morphogenic competence and proliferation of mature pine tissue, it is
necessary to secure the interaction of physical and biochemical factors, where lowered temperature is
of great significance. The results of the present work shows the direction of further investigations for
working out a successful method of P. sylvestris micropropogation. They could be significant also for
obtaining tissue culture of other tree species, difficult to propagate vegetatively.
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levads

Parasta priede (Pinus sylvestris L.) ir viena no galvenajam un komerciali svarigakajam koku sugam
Ziemelu puslodé. Latvija Pinus sylvestris ir dominéjosa suga 37% no kopéjas mezu platibas, no kuram
slavenas Rigas priedes ir vairs tikai 28%. Skuju koku mezu ipatsvars pédéja gada laika sarucis par
9%, attiecigi paplasinoties lapu koku meziem (Zirnis 2007). Péd&jo 25 gadu laika uz Zemes arvien
pasliktinas apstakli sekmigai priezu mezu attistibai un to dabiskai atjauno$anai (Toribio, Pardos 1987).
Maksligai mezu atjaunosanai izcirsto priezu mezu vieta, ka ari lauksaimnieciba neizmantoto zemju
apmezo$anai Latvija un ari citur, arvien biezak izmanto citas koku sugas, kuras ieaudzét ir vieglak neka
parasto priedi (Zirnis 2007). Parastas priedes izturiba pret vides izraisito stressu ir kluvusi par loti
aktualu tému. Jarada baze tadai komercialai meza atjaunosanas materiala razo$anai, kura pielietosana
nodros$inatu augsti produktivu un kvalitativu mezaudzu ieriko$anu, tadéjadi paaugstinot meza kapitala
vértibu.

Biotehnologija piedava vairakas iespéjas meza koku ipasibu uzlabosanai, no kuram klonalo
pavairo$anu uzskata par visprogresivako. Tomér skujukoku regeneracija in vitro apstaklos ir gratak
panakama neka citiem kokiem (Toribio, Pardos 1987). Parastas priedes kultivésana un pavairosana in
vitro vél joprojam ir ierobezota atbilstosu fiziologisko pétijjumu trakuma dél.

Veikto pétijumu mérkis — izveidot fiziologisko pamatu pieaugusas parastas priedes Pinus sylvestris
L. pavairosanai ar audu kultaru metodi.

Meérka sasnieg$anai izvirziti sekojosi uzdevumi:

o [zpétit parastas priedes juvenilo audu morfogenézi audu kultara dazadu fitohormonu klatbatné
un ar atskirigu barotnu sastavu.

« Noskaidrot sezonalo izmainu un aukstumuzglabasanas ietekmi uz pieaugusas parastas priedes
pumpuru audu morfogéno kompetenci in vitro. Pétit morfogenézes saistibu ar oksidativajiem
procesiem, analiz&jot peroksidazes un polifenoloksidazes aktivitates izmainas pumpuru audos.

o Izpétit pieaugusas parastas priedes pumpuru audu morfogénas kompetences izmainas péc
uzglabasanas saldétava saistiba ar oksidativajiem procesiem un oglhidratu metabolisma izmainam.

« Noskaidrot barotnes pH izmainas pieaugusu parasto priezu audu in vitro kultivésanas laika un
barotnes pH ietekmi uz kultivétu pieaugusu parasto priezu audu morfogenézi.

« Pétit in vitro ievaditu pieaugusu parasto priezu pumpuru inkubésanas pazeminata temperattra

ietekmi uz spéju reagét uz pulsveida apstradi ar citokininiem.
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1. Zinatnisko atzinu parskats péetijumu joma

Pieaugusu koku materiala mikropavairos$ana ir pétnieciski un praktiski nozimiga, jo ta dod iespé&ju
multiplicét un strauji izplatit labakos genotipus, kas izraudziti lauka apstaklos. Tomér, audu nobriesana,
zaudéjot juvelinitati, rada problémas, kas kavé plasaku audu kultaru pielietojumu kokaugiem (Pierik
1990). Ari stress, ko izsauc hormonalie un citi faktori in vitro kultaras barotné, var izraisit audu
juvenilitates pakapes samazinasanos (Bonga 1987).

Literataraatrodamidatitikaiparatsevisku priezusugupieaugusoipatnuveiksmigumikropavairosanu
— Pinus radiata (Horgan, Holland 1989), Pinus pinaster (Monteuuis, Dumas 1992), Pinus brutia
(Abdullah et al. 1987), Pinus lambertiana (Gupta, Durzan 1985), Pinus taeda (Mott, Amerson 1981)
un Pinus nigra (Jelaska et al. 1981). Starp Pinus sugam parasta priede (Pinus sylvestris L.) ir ipasi
nepaklaviga audu kultarai (Hohtola 1988).

Pirms $o pétijumu uzsaksanas bija izstradatas metodes P. sylvestris mikropavairo$anai, ka eksplantus
izmantojot tikai juvenilus audus - digstus vai embrijus (Jain et al. 1988; Bonga 1991; Supriyanto, Rohr
1994; Haggman et al. 1996; Sul, Korban 1998). Lidztekus tam, ir panakts zinams progress parastas
priedes somatiskaja embriogenézé (Hohtola 1995; Keinonen-Mettala et al. 1996; Haggman et al.
1999; Lelu et al. 1999; Niemi et al. 2002, Niskanen et al. 2004). Organu vai dzinumu regeneraciju no P,
sylvestris kallusa nav izdevies iegiit (Laukanen et al. 1999; Pirttla et al. 2004).

Lidzsimliterataranavaprakstitapraktiskipielietojamapieaugusasparastaspriedesmikropavairosanas
metode. Pieaugusas Pinus sylvestris audiem raksturigs loti zems morfogénais potencials in vitro (Bonga
1987; Hohtola 1988). Jaunakie pétijumi ir paradijusi, ka parastas priedes audiem piemit vairakas
ipatnibas, kas apgrutina to kultivésanu in vitro, tas ir — augsts endogéna oksidativa stresa limenis
audu kultivésanas laika (Laukkanen et al. 2000a), stipras ievainojuma atbildes reakcijas, kam seko
fenolu daudzuma pieaugums (Hohtola 1988), ka ari endofitisko mikroorganismu - sénu(Hormonema
dematioides (Ascomycota)), raugu (Rhodotorula minuta) un baktériju (Methylobacterium spp.,
Pseudomonas fluorescens apaksgrupa, un Mycobacterium sp.) klatbiitne audos un nekontroléta
vairo$anas priezu audu kulttra , kas aktivizé audu aizsargreakcijas (Laukkanen et al. 2000b; Pirttila et
al. 2002). Ta rezultata, P. sylvestris dzinumu galotnu pumpuriem, kas ievaditi audu kultara, raksturiga
strauja audu nobranésana, kam seko $tnu struktiru degradacija un nekroze, ka ari augsts infekciju
procents (Lindfors et al. 1990).

In vitro kultiru nobranésana piedalas oksidativie fermenti — peroksidazes un polifenoloksidaze
(Dowd, Norton, 1995; Tang, Newton, 2004). No pieaugus$u parasto priezu dzinumu galiem iegtitam
kallusu kultiram branésana ir kultivésanas apstaklu izraisita oksidativa stressa rezultats (Laukkanen

et al. 2000a). Augu audiem ar pazeminatu oksidativo reakciju aktivitati péc ievadiSanas in vitro kulttra
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varétu but mazak izteikta nobranésana un, ta rezultata, labaka morfogéna kompetence.

Ka rada sezonalas izmainas parastas priedes pumpuru $anu metabolisma (Hohtola 1988), pastav
iespéja, ka oksidativo reakciju kapacitate mainas augSanas sezonas laika. Tapéc in vitro kultara
ievadiSanai paredzéta augu materiala ievaksanas laiks varétu bat izskiro$s faktors sekmigai kulttras
uzsaksanai (Bonga 1987).

Iraprakstitas vairakas metodes pieaugusu skujukoku audu prieksapstradei pirmsievadiSanaskultira,
lai panaktu to rejuvenilizaciju vai palielinatu morfogéno potencialu. Ilgstosa aukstumuzglabasana var
tikt izmantota ka lidzeklis oksidativa metabolisma ietekmésanai. Ta pieméram, ¢etrus ménesus ilga
parastas priedes saknu aukstumuzglabasana butiski samazina audu peroksidazes aktivitati (Ahonen
et al. 1989).

Iespéja ietekmét embriogenézi un morfogenézi, augu materialu uzglabajot saldétava, aprakstita
citam koku sugam (Bonga 1996). Tomér, neskatoties uz augu audu kriokonservacijas plaso pielietosanu
genétiska materiala uzglabasanai (Sakai 2000; Mathur et al. 2003), praktiski nav pieejama informacija
par biokimiskajam izmainam intakta augu materiala, glabajot to saldétava.

Priezu vegetativajos pumpuros temperatira zem nulles notiek arpus$iinas sasal$ana, pretstata
arpusorganu sasal$anai, kas raksturiga citu skujukoku lapu pumpuriem (Ide et al. 1998). Tiesi tas
izraisa priezu pumpuru arkartigi augsto sala izturibu.

Laika, kad augu audi pielagojas aukstumam, tajos notiek skistoso oglhidratu, parsvara saharozes,
satura pieaugums, paraléli ar neskisto$o oglhidratu satura samazinasanos (Oleksyn et al. 2000). Uzskata,
ka cukuru daudzuma pieaugums ir tiesi saistits ar cietes sadalisanos (Fischer and Holl 1991). Skistogo
oglhidratuuzkrasanasvar pasargat membranas to sasal$anaslaika (Fujikawa and Jitsuyama 2000).Saknu
darzenu uzglabasanas laika pécnovaksanas perioda to audos palielinas reducéjoso cukuru (heksozu)
daudzums, bet samazinas saharozes daudzums, pie kam, kopéjais cukuru daudzums saglabajas relativi
nemainigs (Nilsson 1987). Saharozes/heksozes satura attiecibas izmainas bija novérotas lucernas augos,
kuros notika sala izturibas attistiba, kas bija saistiita ar saharozes uzkrasanos uz glikozes, fruktozes un
cietes limenu pazeminasanas fona (Castonguay et al. 1995). Reducéjoso cukuru daudzuma pieaugums
var izraisit ari relativi augstaku iespéju veidoties nelabvéligam mijiedarbibam starp oglhidratiem un
proteiniem.

Bez tam, uzglabajot augu audus zemas temperatiras, tiem rodas brivo radikalu izsauktais
oksidativais stress (Hendry 1993). Tiesi $i iemesla dél pretoksidativo fermentu aktivitates pieaugums
ir nepiecieS$ams komponents, lai pielagotos salam (Tao et al. 1998).

Barotnes pH ir viens no nozimigiem fizikali-kimiskas vides faktoriem augu audu attistibai in vitro
kultaras apstaklos (Williams et al. 1990). Ir izpétits, ka optimalais barotnes pH limenis dazadiem
morfogenézes posmiem kokaugiem varié (von Arnold, Eriksson 1982; Williams et al. 1985; Saborio
et al. 1997; Ostrolucka et al. 2004). Suboptimals pH var izraisit anomalijas eksplantu attistiba (Gurel,
Gulsen 1998; Laukkanen et al. 2000b).

Audu kultaru praksé barotnes pH noregulé pirms tas autoklavésanas un pH izmainas autoklavésanas
un audu kultivésanas laika parasti nenem véra. Izmainas autoklavésanas laika ir atkarigas no sakotnéja
pH un barotnes sarecé$anu nodrosinosas vielas (Williams et al. 1990; Van Winkle, Pullman 2003).

Pretéji parastajam uzskatam, barotnes pH izmainas kultivésanas laika nav atbilde uz ievainojumu. Lai
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arl ievainojums izraisa pH samazinasanos pirmo dazu dienu laika, $is efekts nav batisks (Williams et
al. 1990).

Augu audi spéj uzturét relativi konstantu citoplazmas pH, ja aréjais pH ir intervala no 4 lidz 9
(Caponetti et al. 1971; Gudrupa et al. 2002). Augu $tnas spéj ari mainit vides pH - eksplanti palielina
vai samazina pH, atkariba no ta, kada pH diapazona notiek kultivésana, lidz iestajas lidzsvars (Mac
AntSaoir, Damvoglou 1994). Lokalas pH izmainas notiek auga audu un augsanas vides kontakta
vieta gan audu kultara, gan augsné (Constable 1963; Haussling et al. 1985), izdaloties noteiktiem,
pH modificéjosiem savienojumiem no auga audiem, vai augam uznemot specifiskus jonus (Butenko
1964).

Literatara aprakstito Pinus gints sugu audu kultaram barotnes pH ir minéts robezas no 5.5 lidz 6.0
(Durzan, Chalupa 1976; Gupta, Durzan 1986; Halos, Go 1993; Sen et al. 1994; Saborio et al. 1997; Tang
2001; Sul, Korban 2004; Tang et al. 2004). P. sylvestris parasti kultivé barotné ar pH 5.51idz 5.8 (Bornman,
Jansson 1980; Hohtola 1988; Mohan et al. 1988; Zel et al. 1988; Hohtola, Kvist 1991; Supriyanto, Rohr
1994; Hohtola 1995; Keinonen-Mettala et al. 1996; Laukkanen et al. 1997; Laukkanen et al. 1999; Lelu
et al. 1999; Laukkanen et al. 2000a; Laukkanen et al. 2000b). Skujukoki in vitro kultivésanas laika spéj
izmainit barotnes pH (Van Winkle, Pullman 2003; Durzan, Chalupa 1976).

Pieaugusu skujukoku audu rejuvenilizaciju, palielinot to morfogéno potencialu, iespéjams panakt ari
ar sérijveida potésanu (Huang et al. 1992; Ewald, Kretzschmar 1996; Centeno et al. 1998) vai apsmidzinot
donoraugus ar citokininiem (Salonen 1991). Ir labi zinams, ka pumpuru veido$ana vai adventiva
zaro$anas parasti tiek panakta, palielinot citokininu limeni audos. Tomér, loti strauja vairo$anas audu
kultara augsta citokininu limena ietekmé var izraisit genétiskas izmainas (Peschke, Phillips 1992).
Tapat ir zinams, ka augsta citokininu koncentracija, stimuléjot organu veidosanos, vienlaikus inhibé
to stiep$anos garuma un attistibu (Salonen 1991). Tapéc pulsveida apstradi ar citokininu grupas
savienojumiem starp subkultivésanam var izmantot, lai sasniegtu strauju vairo$anos bez nevélamiem
genétiskiem efektiem. Eksperimentos ar pieaugus$iem intaktiem skuju kokiem juvenilizacijai izmanto

atkartotu citokininu apstradi, kas izraisa jaunu dzinumu veido$anos (Krikorian 1982).
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2, Parskats par darba izmantotajam metodem

Darbs izstradats LU Biologijas institata, Nacionalaja botaniskaja darza un LU Biologijas fakultates
Augu fiziologijas katedra laika no 1998.1idz 2008. gadam.

Parastas priedes juvenilo audu morfogenézes panaksanai audu kultara P, sylvestris séklas dezinficéja
un diedzéja sterilos apstaklos. Primarie eksplanti sastavéja no hipokotila augséjas dalas, digllapam
un epikotila. Sekundarie eksplanti bija no matesauga atdaliti mikrodzinumi. Eksplantus kultivéja uz
agarizétas barotnes, kas saturéja 50 % Murasiges - Skiiga mineralsalus (Murashige, Skoog 1962) un 50
% Borgina - Nit¢a organiskos komponentus (Bourgin, Nitsch 1967) (1/2 MSBN) un saharozi 10 g L™
(pamatbarotne), 2343 °C temperatara ar 16 h fotoperiodu. Apgaismojumu nodrosinaja dienasgaismas
spuldzes kombinacija ar saules gaismu.

Lai inducétu mikrodzinumu veidosanos, primaros un sekundaros eksplantus kultivéja barotneés,
kur 1/2 MSBN papildinats ar citokininu 6-benzilaminopurinu (BAP) (5 vai 10 mg L") un auksinu
indol-3-sviestskabi (IBA) (1 mg L) vai kokosriekstu pienu (0.5 %).

Lai panaktu mikrodzinumu attistibu un augsanu garuma, eksplantus parvietoja uz pamatbarotni
(1/2 MSBN) vai at$kaiditu pamatbarotni (1/6 MS 1/2BN), kas bagatinata ar aktivo ogli (2 g L") vai
giberelskabi (1 mg L) kombinacija ar IBA (1 mg L) vai BAP (0.1 mg L") vai ar priezu skuju adens
ekstraktu.

Eksperimentus morfogénas kompetences sezonalo izmainu noteik$anai un aukstumuzglabasanas
ietekmes uz morfogenézi pétijjumiem veica no janvara beigam lidz jalija beigam. Miera perioda eso$u
vegetativo pumpuru augséjo dalu, jauno dzinumu galinus vai jaunizveidotos pumpurus (atbilstosi
aug$anas fazei) ievaca divreiz ménesi no pieaugusam priedém séklu plantacija, kas atrodas netalu no
Rigas. Augu materialu néma péc nejausibas principa no dazadiem kokiem, no vainagu apakséjas dalas.
To izmantoja ievadiSanai audu kultara un fermentu analizém.

Ievaktos miera perioda eso$os pumpurus no arpuses dezinficéja un ievietoja slégtos konteineros
pie 5 °C. Divreiz ménesi aukstuma uzglabatos pumpurus ievadija audu kultara un izmantoja fermentu
analizém. Pumpuru dezinfekcija: pumpurus stundu mazgaja saimniecibas ziepju skiduma un stundu
skaloja tekos$a krana tdeni, tad 20 min dezinficéja uz pusi atskaidita balinataja ACE (Procture &
Gamble), kas satur 5-15 % natrija hipohlorita, 10 min skaloja sterila destiléta tident, vélreiz dezinficéja

15 % tdenraza peroksida $kiduma un tris reizes pa 10 min skaloja sterila destiléta ideni. Nodezinficétos
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pumpurus sterilos apstaklos atpreparéja. Aukstuma uzglabatos pumpurus dezinficéja divas reizes —
pirms un péc aukstumuzglabasanas.

Eksplantus kultivéja mégenés ar vates-marles aizbazniem, kuras bija iepilditi pa 10 mL agarizétas
barotnes. Kultivésana notika 2343 °C temperattra ar 16 h fotoperiodu. Apgaismojumu nodrosinaja ar
dienasgaismas spuldzém kombinacija ar saules gaismu (fotonu plasmas blivums 40-45 pmol m~?s™).

Barotne saturéja kokaugu barotnes mineralsalus (Lloyd, Mc Cown 1981) (WPM), vitaminus,saharozi
45 g L' un sauso olu pulveri, kokosriekstu pienu, BAP, IBA un naftiletikskabi (NAA) (mikrodzinumu
veido$anai aukstuma uzglabatiem pumpuriem, ka ari kallusa inducésanai uz eksplantiem) vai adeninu,
kinetinu un NAA (skuju veidosanai).

Pétjjumiem par saldésanas ietekmi uz pumpuru morfogéno kompetenci séklu plantacija februara
beigas ievaca ap 15 cm garus zaru galus ar galotnes pumpuriem un skujam. Zarus kopa ar dazam
saujam sniega ievietoja noslégtos plastmasas maisinos un atri nogadaja saldétava -18 °C. Desmit
uzglabasanas ménesu laika dalu zaru ik pa laikam iznéma no saldétavas un izmantoja ievadi$anai audu
kultiira un biokimiskajam analizém.

Lai sagatavotu pumpurus ievadiSanai audu kulttira, tos nogrieza no zariem, dezinficéja un atpreparéja
ka aprakstits ieprieks. Katru reizi pusi no eksplantiem likta uz kallusa veidosanos inducéjosas barotnes,
bet otru pusi uz brahioblastu un skuju veido$anos inducéjosas barotnes.

Pumpurus kultivéja tados pasos apstaklos, ka iepriekséja eksperimenta. Mégenes noslédza ar vates-
marles korkiem, ko vél parklaja ar partikas plévi, nostiprinot to ar gumiju. Kallusa iniciacijai eksplantus
kultivéja uz modificétas MS barotnes (Hohtola 1988),kas bagatinata ar 2,4-dihlorfenoksietikskabi (2.4-
D), BAP un kinetinu. Barotnes pH bija 5.6-5.7. Brahioblastu un skuju veido$anas iniciacijai pumpurus
kultivéja uz WPM barotnes, kas bagatinata ar NAA, adeninu un kinetinu, ka ari mio-inozitolu, tiamina
hidrohloridu, piridoksina hidrohloridu un nikotinskabi.

Barotnes pH ietekmes pétijumos eksplantus kultivéja agarizéta barotné 40x100 mm mégenés ar
20 mL barotnes, ja pH mérija péc autoklavésanas, vai 20x200 mm mégenés ar 10 mL barotnes, ja pH
meérija pirms agara pievieno$anas un autoklavé$anas, 20+5 °C dabiska apgaismojuma (ja nav noradits
citadi). Pumpurus kultivéja uz modificétas WPM barotnes, kas bagatinata ar vitaminiem, adeninu,
kinetinu un NAA. Ta saturéja 0.57 % augu agara.

Barotnes pH nostabilizéja pirms agara pievieno$anas un autoklavé$anas. Pétot pumpuru audu
ietekmi uz barotnes pH, to nostabilizéja uz 5.8 (1. eksperiments). Pétot barotnes pH ietekmi uz
pumpuru attistibu audu kultara, ar IN HCI vai 1IN KOH palidzibu pH nostabilizéja uz 3.0 lidz 7.0 ar
0.5 pH intervaliem (2. eksperiments).

Lainoteiktubarotnes pHizmainastas pagatavo$anas gaita,péc mineralsaluun organisko savienojumu
pievienos$anas nostabilizéja pH (no 2.5 lidz 7.0 ar intervalu 0.5), tad pievienoja agaru, saléja barotni
kultivésanas traukos un autoklavéja 121 °C temperatara un 0.1013 MPa 20 min. Kultivésanas traukos

pH mérija divas dienas péc barotnes pagatavosanas.
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Lai izpétitu in vitro kultivétu pieaugusas parastas priedes pumpuru ietekmi uz barotnes pH (1.
eksperiments), kultivéjamos pumpurus parvietoja uz svaigu barotni ik péc 1, 2, 3, 4 vai 5 nedélam.
Tresdalu pumpuru kultivéja audzésanas kamera ar 16 h fotoperiodu, kur apgaismojumu nodrosinaja ar
fluorescentajam spuldzém OSRAM L 36/W77, bet paréjos audzéja dabiska apgaismojuma laboratorija
pie loga, kur tos saule apspidéja isaku vai garaku laiku. Barotnu pH mérija péc autoklavé$anas un péc
pumpuru parstadisanas ik péc 1, 2, 3, 4 vai 5 nedélam. Barotnes pH izmainas pumpuru kultivé$anas
rezultata noteica pirmas 6-8 kultivésanas nedélas. Pumpurus kultivéja 10 ménesus. Pumpuru
morfologisko stavokli (brahioblastu un skuju attistibu, nekrozes) registréja kultivé$anas laika un
eksperimenta beigas.

Citokininu atbildes kompetences eksperimentiem augu materialu (pieaugusu priezu jaunizveidotie
pumpuri) ievaca jalija otraja pusé un augusta pirmaja pusé. In vitro kultaras uzsak$anai izmantoja
MI1 barotni, kas saturéja WPM mineralsalus, vitaminus, NAA, adeninu un kinetinu. Cetru stundu ilgu
pulsveida apstradi ar augstam citokininu koncentracijam veica uz M2 barotnes (ar BAP) vai uz M3
barotnes (ar kinetinu un adeninu). Péc apstrades ar citokininu pumpurus kultivéja uz pamatbarotnes
(BM) ar WPM mineralsaliem un vitaminiem, bez aug$anas regulatoriem. Visa kultivésanas laika
pumpuri sanéma dabisko apgaismojumu. Aukstumuzglabasanas laika temperatara bija 8+3 °C;
kontroli kultivéja 2215 °C temperatiira. Izméginaja sesus dazadus variantus citokininu apstradei ar vai
bez aukstumuzglabasanas:

o citokininu apstrade ar M2 vai M3 péc 5 ménesus ilgas kultivésanas uz M1, péc tam kultvésana uz
BM 2245 °C temperatiira (kontrole);

« citokininu apstrade ar M2 vai M3 péc 5 ménesus ilgas kultivé$anas uz M1, péc tam 4 ménesus ilga
kultvé$ana uz BM 843 °C temperatiira, kam seko M1 22+5 °C temperattra (aukstumuzglabasana péc
apstrades ar citokininu);

« 5 ménesus ilga kultivé$ana uz M1 pie 2215 °C temperatira, tad 4 ménesus ilga kultivésana uz M1
pie 8+3 °C, kam seko ménesis 22+5 °C temperatiira, tad pulsveida apstrade ar M2 vai M3 un BM 2245
°C temperatiira (aukstumuzglabasana pirms apstrades ar citokininu).

Fermentu analizém pumpurus bez zvinam (0.5 g) sasaldéja skidraja slapekli un smalki saberza
porcelana tigeli ar piestu. Fermentus ekstragéja 15 min 4 °C temperatara ar 25 mmol L' HEPES/KOH
buferi (pH 7.2), kas saturéja 1 mmol L' EDTA, 3 % polivinilpirolidonu (PVPP) un 0.8 % Triton X-100,
homogenatu centrifugéja 20 min ar paatrinajumu 15 000 g, ekstraktu lietoja analizém. Olbaltumvielas
noteica péc Bradforda (1976) metodes.

Peroksidazes aktivitati meérija spektrofotometriski 470 nm gaismas vilpu garuma. Reakcijas
maisijums sastavéja no 2 ml 50 mmol L' natrija fosfata bufera (pH 7.0) ar 10 mmol L' gvajakola, 0.5
mL 0.03 mol L'" H O, un 0.01 mL fermentu ekstrakta. Reakcijas maisijumu bez H O,. izmantoja ka
atskaites punktu.

Polifenoloksidazes aktivitati mérija spektrofotometriski pie gaismas vilpu garuma 410 nm. Reakcijas
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maisijums sastavéja no 20 mmol L' natrija fosfata (pH 6.5) ar 25 mmol L* pirokatehola (3 mL) un

fermentu ekstrakta (0.01 mL).
Cietes un cukuru daudzuma noteiksanai atpreparétus pumpurus nofikséja, 20 min apstradajot ar

karstu tvaiku un izzavéja. Cietes daudzumu noteica ar Bertrama metodi (Strong, Koch 1974). Formula

cietes satura aprékinasanai:
0,675 x Bx k x (a-Db) 0,675 x 50 x 0,1 x (a - b)

X = = =0,844 x (a—-Db)
vVXn 8 x0.5

X - cietes saturs (%),

B - kopéjais pétama skiduma tilpums (ml),

v- $kiduma tilpums, kas nemts cietes izgulsnéSanai ar J, (ml),

a - 0.1 n tiosulfata tilpums, kas nemts kontroles titrésanai (ml),

b - 0.1 n tiosulfata tilpums, kas nemts analizes titrésanai (ml),

k - tiosulfata normalitate (0.1 n)

n - iesvars (g).

0.675 - cietes normalais titrs, pareizinats ar 100, parrékinasanai uz procentiem.

Noteicamais cietes daudzums 1 - 14 mg cietes.
Reducgjoso cukuru daudzumu ekstraktos noteica ar vara jodometrisko titrésanu péc Saffera un

Somodzi (1933) metodes (Strong, Koch 1974). Formula reducéjoso cukuru (glikozes un fruktozes)
satura aprékinasanai:
Ax[248 - (a-b)] x (a-b) 01xAxf

B = = (%)
v x n x 10000 vVXn

B - reducéjoso cukuru daudzums (%),

A - ekstrakta tilpums (ml),

a- Na_§ O, tilpums kontroles titrésanai (ml),

b - Na_§ O, tilpums analizes titréSanai (ml),

n - iesvars (g),

v — analizei nemtais ekstrakta tilpums (ml),

248 - (a - b) - invertcukura daudz., kas atbilst 1 ml 0.01 n Na_§ O, (mkg),

10000 - parrékinasani no mkg uz g un %,

f - faktors (248 - (a - b)) x (a - b) / 1000 (tabula),

Lai noteiktu saharozes daudzumu, vispirms noteica kopéjo cukuru daudzumu. Kopéjo cukuru
daudzumu noteica tapat, ka reducéjosos cukurus. Saharozes daudzumu aprékinaja, atnemot reducéjoso

cukuru daudzumu no kopéja cukuru daudzuma un rezultatu reizinot ar 0.95. Cukuru daudzums péc
inversijas:
4A x [248 - (a-Db)] x (a - D) 04 xAxf

C= = (%)
v x n x 10000 vXn

Saharozes daudzuma aprékinasana:
D =0,95x (C - B)
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C - cukuru daudzums péc inversijas,

D - saharozes daudzums,

0.95 - koeficients, lai parrékinatu glikozi saharozeé.

Cietes un cukuru koncentraciju izteica ka sausas masas procentu.

Veiktajos pétijumos katra audu apstrades varianta bija 10-20 eksplanti divos vai trijos atkartojumos.
Barotnes pH meérijumi veikti trijos atkartojumos. Fermentu aktivitates analizém un cietes un cukuru
satura analizém veikti tris biologiskie un tris kimiskie atkartojumi. Datu statistiskaja apstradé aprékinati
aritmétiskie vidéjie lielumi un noteikta standartklada (£+SE), sezonalitates, aukstumuzglabasanas un

saldésanas eksperimentu rezultatu analizei izmantots Stjudenta tests.



U. Andersone 14

3. Audu kultara, izmantojot juvenilus parastas priedes audus

Originala publikacija citéjama sekojosi:
Andersone U., levins G. 2000. Effect of hormonal and nutritional factors on morphogenesis of Pinus sylvestris L. in
vitro. Proceedings of the Latvian Academy of Sciences, Section B 54: 58—62.
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EFFECT OF HORMONAL AND NUTRITIONAL FACTORS ON
MORPHOGENESIS OF Pinus sylvestris L. in vitro

Una Andersone and Gederts levins

Institute of Biology, University of Latvia, Miera iela 3, Salaspils LV-2169, LATVIA;

e-mail: gederts@hotmail.com

Communicated by Isaak Rashal

The morphogenesis of Pinus sylvestris L. in vitro was investigated. Pine seedlings grown on me-
dium containing 50 % Murashige-Skoog mineral salts plus 50 % Bourgin-Nitsch organic com-
pounds plus sucrose without hormones formed shoots with needles. Transfer of hypocotyl
cuttings to cytokinine-containing medium induced microshoot development. An inverse relation-
ship between the number of newly formed microshoots and the length of the hypocotyl shoots be-
fore transplantation was established. Growth of buds was stimulated by transfer to a
hormone-free medium. On shoot explants microshoot density was related to microshoot length.
For initiation of elongation of newly formed microshoots, explants were tranferred to a hor-
mone-free medium with diminished amounts of minerals and supplemented with activated char-

coal.

Key words: Pinus sylvestris L., in vitro culture, morphogenesis, hormonal factors.

INTRODUCTION

Scots pine (Pinus sylvestris L.) is one of the major forest
species in Northern Hemisphere. In Latvia, P. sylvestris oc-
cupies up to 40 % of the total forest area. However, within
the last 25 years, the conditions are becoming more and
more inadequate for successful development and natural re-
newal of pine forests (Toribio and Pardos, 1987). Therefore,
environmental stress resistance of pines has become a topic
of vital interest.

Biotechnology offers several possibilities for forest tree im-
provement, clonal propagation being the most advanced at
present. However, regeneration of coniferous species under
in vitro conditions has been more difficult than for other
trees (Toribio and Pardos, 1987). Therefore, the work car-
ried out with P. sylvestris cultured in vitro has been limited
up to date. Micropropagation of P. sylvestris has been estab-
lished via organogenesis from cultivated seedlings (Su-
priyanto and Rohr, 1994) and some progress in initiation of
somatic embryogenesis in P. sylvestris (Lelu et al., 1999)
has been made. However, successful regeneration through
callus culture has not been achieved yet (Laukkanen et al.,
1999).

We report here on the establishment of in vitro culture of P.
sylvestris, and the hormonal and nutritional factors, and cul-
tivation conditions, required for successful morphogenesis.
The long-range objective of the current project is to develop
a convenient method for in vitro multiplication of selected
clones of mature pine trees.

58

MATERIALS AND METHODS

Plant material. Pine (Pinus sylvestris L.) seeds were ob-
tained from MeZaparks, Riga (harvested in 1998). Experi-
ments were carried out in 1999. Seeds were surface steril-
ised in commercial bleach ACE for 15 min, then in 70 %
ethanol for 3 min, and finally were rinsed three times with
sterile water. The seeds were germinated in aseptic condi-
tions on Petri dishes on sterile wet filter paper for 45 to 110
days.

Establishment of cultures. Primary explants consisted of
the upper part of the hypocotyl (1 cm in length), the cotyle-
dons, and the epicotyl (such explants were named hypocotyl
cuttings). Secondary explants were excised newly formed
microshoots of differing length (3 to 17 mm). Explants were
cultivated in 20 x 200 mm glass Pyrex test tubes containing
10 mL of agarised nutrient medium. The basal medium con-
sisted of 50 % Murashige-Skoog minerals (MS) (Murashige
and Skoog, 1962) and 50 % Bourgin-Nitsch organic com-
pounds (BN) (Bourgin and Nitsch, 1967) with sucrose
10 g-L~l (further called 1/2 MSBN). The pH was adjusted to
5.8 with 1 M NaOH or 1 M HCI, and the medium was
autoclaved for 20 min at 0.1013 MPa. Hormones were
added before autoclaving. Tubes were closed with cot-
ton-wool plugs.

The cultures consisted of one explant per tube. They were
cultivated in 23+3 °C with a 16 h photoperiod. In all experi-
ments, illumination was provided by fluorescent tubes
(LB80-1 and LB80-7) combined with sunlight.

Proc. Latvian Acad. Sci., Section B, Vol. 54 (2000), No. 3
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Microshoot induction. For induction of microshoots, pri-
mary and secondary explants were placed on induction me-
‘dium consisting of basal medium (1/2 MSBN) which was
supplemented with cytokinine 6-benzylamin0%)urine (BAP,
Lachema, Czech Republic), 5 or 10 mg-L™", and auxin
indole-3-butyric acid (IBA, 1 mg-L", Janssen Chimica,
Belgium). As an alternative, coconut milk taken from a ripe
seed (0.5 %, v/v) was used as a source of phytohormones.
Explants were cultivated on the induction medium for
1 month.

Microshoot development and elongation. To achieve de-
velopment and elongation of microshoots, explants were
transferred from the induction medium to the basal medium
(1/2 MSBN) or to a diluted basal medium (1/6 MS 1/2 BN
plus sucrose 10 g-L'l) for 2 to 3 months. The medium was
supplemented with activated charcoal (2 g-L'l).

As alternatives for promotion of shoot bud elongation, the
basal medium was supplemented with gibberellic acid
(1 mg~L'l) in combination with IBA (1 mg~L'1) or BAP
0.1 mg~L'1). Pine needle extract was also tested as a sup-
plement to basal medium. Freshly cut current year pine
shoots were ground in a blender and boiled in water for 2 h.
After cooling and filtration, the water extract was added to
the medium.

Statistical analysis. 15 primary explants were chosen for
the establishment of cultures. 36 secondary explants were
excised and used for further experiments. Replication of
tests to determine induction, development and elongation of
microshoots on appopriate media was 10 to 15 explants. Ex-
periments were repeated twice with similar results.

RESULTS

Induction of microshoot formation. Pine seedlings culti-
vated on 1/2 MSBN medium without hormones formed
shoots with needles (Figure 1A). When primary or second-
ary explants were transferred to a medium with cytokinine
and auxin, development of axillary buds was induced, in
parallel with inhibition of elongation of the apical shoot
(Figure 1B). After another transfer of explants to the hor-
mone-free basal medium supplemented with activated char-
coal, the growth 6f microshoots continued. This led to the
appearance of a cluster of shoots, usually half in height as
cotyledons for hypocotyl cuttings or needles for excised
shoots. However, presumably because of genetic diversity,
not all the explants produced axillary shoots (Table 1). Two
months after being placed on the hormone-free basal me-
dium with activated charcoal, each shoot-forming hypocotyl
cutting produced 4.6 shoots on average and each
shoot-forming shoot explant produced 3.2 microshoots on
average.

Effect of shoot length on morphogenesis. It was important
to determine the optimum morphological characteristics for
selection of explants for further multiplication. Firstly, an
inverse relationship between the number of newly-formed

Proc. Latvian Acad. Sci., Section B, Vol. 54 (2000), No. 3.

Fig. 1. A, Morphology of a Pinus sylvestris seedling cultivated on medium
containing 50 % Murashige-Skoog minerals plus 50 % Bourgin-Nitsch or-
ganic compounds plus sucrose 10 g-L™! without hormones for 5 months. B,
Initiation of microshoot development from the axillary buds on a
S-month-old hypocotyl cutting on medium with 10 mg-L'1 6-benzylamino-
purine and 1 mg-L‘l indole-3-butyric acid.

Table 1

EFFECT OF EXPLANT TYPE AND HORMONE COMPOSITION IN
BASAL MEDIUM ON AXILLARY SHOOT PRODUCTION OF Pinus
sylvestris

Type of explant and hormone Percentage of
composition in basal medium | explants undergoing

Average number of
microshoots per

multiplication, % explant
Hypocotyl cuttings, BAP 61.6 4.6+0.7
10mg-L™! IBA 1 mg.L™!
(n=10)
Excised shoots, BAP 5 mg~L'], 71.4 3.2+0.5

0.5 % coconut milk (n=10)

BAP, 6-benzylaminopurine; IBA, indole-3-butyric acid

microshoots and the length of the microshoots from primary
explants was established (Table 2). To determine further
which length of newly formed microshoots is most suitable
for further multiplication, the relationship between the num-
ber of microshoots, their length, and the length of
microshoot-forming secondary explants was investigated
(Table 3). The number of newly-formed microshoots was
directly proportional to the length of microshoot-forming
shoots. In addition, secondary explants that formed the
highest number of microshoots also had the highest length
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Table 2

CHARACTERISATION OF PRIMARY EXPLANTS BY NUMBER
AND LENGTH OF FORMED MICROSHOOTS ON 1/2 MSBN ME-
DIUM SUPPLEMENTED WITH BAP (10 mg-L™') AND IBA (I mg-L™)

Number of Percentage of primary Average length of
newly-formed explants, % microshoots, mm
microshoots
1 38 11.2£0.4
2 23 10.3+0.3
34 15 8.6+0.2
5-6 8 7.8+0.2
7 16 5.8+0.2

% MSBN, bagal medium containing 50 % Murashige-Skoog minerals and
50 % Bourgin-Nitsch organic compounds with sucrose 10 g-L'l; BAP,
6-benzylaminopurine; IBA, indole-3-butyric acid

Table 3

CHARACTERISATION OF SECONDARY EXPLANTS BY NUMBER
AND LENGTH OF FORMED MICROSHOOTS ON 1/2 MSBN ME-
DIUM SUPPLEMENTED WITH BAP (5 mg~L'l) AND COCONUT
MILK

Number of formed| Average length of| Average length of |Percentage of sec-
microshoots secondary newly-formed | ondary explants,
explants at the | microshoots, mm %
time of transplan-
tation, mm
0 7.0+0.5 - 29
1 10.2+0.5 1.40.1 36
2 12.3+0.8 2.2+0.1 14
3 15.8+0.7 2.420.1 14
4 and more 35.0£2.0 2.7+0.1 7

Abbreviations as in Table 2

of microshoots. Thus, the relationship between the number
and the length of the microshoots was inverse for primary
explants but positive for secondary explants. Microshoot-
non-forming shoots had an average length of 7 mm, in com-
parison with more than 10 mm for bud-forming shoots.
Microshoot-forming shoots formed on primary explants
which were maintained on the 1/2 MSBN medium with ac-
tivated charcoal for 2 months formed 2 to 4 new micro-
shoots.

The survival of secondary explants for different micro-
shoot-forming genotypes was extremely variable. For 29 %
of genotypes, none of the transplanted microshoots sur-
vived, although for the remaining 71 % of genotypes form-
ing new buds, the survival was about 50 % (Table 4). Fur-
ther it was observed that a direct relationship exists between
the survival of microshoots after transplantation and their
length before transplantation (Table 5).

Microshoot elongation. Microshoots that formed straight
needles were most suitable for further multiplication as it
was possible to achieve their successful elongation. Circular
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Table 4

RELATIONSHIP BETWEEN MICROSHOOT LENGTH BEFORE
TRANSPLANTATION AND SURVIVAL AND FURTHER BUD FOR-
MATION ON SHOOT EXPLANTS ON 1/2 MSBN MEDIUM SUPPLE-
MENTED WITH BAP (10 mg-L™") AND IBA (I mg-L")

Shoot explants Average length of | Percentage of second-
microshoot before ary explants, %
transplantation, mm

Microshoot-non-forming, - 29
non-surviving

Microshoot-forming, 53 35.5
non-surviving

Microshoot-forming, sur- 13.4 35.5

viving

Table 5

RELATIVE SURVIVAL OF MICROSHOOTS AFTER TRANSPLAN-
TATION TO HORMONE-FREE BASAL MEDIUM WITH ACTI-
VATED CHARCOAL, IN RELATION TO THEIR LENGTH BEFORE
TRANSPLANTATION

Length of microshoots, mm Relative survival, %

2-3 64.9
4-5 75.7
6-7 81.0
8-9 83.8

10-12 94.6
> 12 100.0

or elliptic microshoots did not show any further elongation
of their needles in the same cultivation conditions.

For succesful elongation of newly formed microshoots, dif-
ferent media were tested. The best results were achieved on
basal medium with a diminished amount of minerals (1/6
MS 1/2 BN) and supplemented with activated charcoal (Ta-
ble 6). Addition of gibberellic acid in the medium led to
complete suppression of microshoot elongation.

Table 6

EFFECT OF MEDIA COMPOSITION ON THE SURVIVAL AND
ELONGATION OF MICROSHOOTS

Medium composition Elongation, mm | Relative survival,

per month %
1/2 MSBN + charcoal 2 g-L™! 0.420.1 86.0
1/6 MS 1/2 BN + charcoal 2 g-L"! 2.8+0.5 92.1
1/2 MSBN + gibberellic acid 0 83.0
1 mgL"' +BAPO.1 mgL"!
1/2 MSBN + gibberellic acid 0 33.0

1 mg-L" + IBA 0.05 mg.L!
Abbreviations as in Table 2
In addition, shoot elongation was promoted on shoots kept
on hormone free medium (1/2 MSBN or 1/6 MS 1/2 BN

plus activated charcoal) for 5 months, for shoots that al-
ready had formed real needles (about 35 mm) after transfer

Proc. Latvian Acad. Sci., Section B, Vol. 54 (2000), No. 3.
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Fig. 2. A, Microshoot induction on secondary explants cultivated on a hor-
mone-free medium for 5 months by transfer to medium with 6-benzyl-
aminominopurine and indole-3-butyric acid. B, Promotion of microshoot
elongation on the 1/2 MSBN medium supplemented with activated char-
coal. C, Formation of real needle pairs on non-elongating root-forming pri-
mary explants with circular-shaped microshoots after transfer to the basal
medium supplemented with pine needle extract.

to the basal medium (1/2 MSBN) supplemented with BAP
10 mg-L'l and IBA 1 mg-L'l (Figure 2A). New microshoots
were formed in the centre of every needle pair. After exci-
sion of the new microshoots together with the appropriate
needle pair and their transfer to 1/2 MSBN supplemented
with activated charcoal, extremely active shoot elongation
was promoted (Figure 2B). By using this protocol, it was
possible to obtain within 4 months 13 new microshoots with
an average length of 16.5 mm per initial secondary explant.

When non-elongating root-forming primary explants (with
circular-shaped microshoots) were transferred to basal me-
dium supplemented with pine needle extract (10 mL-L'l),
formation of shoots with real needle pairs was observed
(Figure 2C). The elongation of the real needles was ex-
tremely intense, reaching up to 100 mm in length.

DISCUSSION

The present experiments represent the first step towards es-
tablishing a complete protocol of in vitro multiplication of
P. sylvestris L. The microshoot induction on epicotyl cut-
tings of young seedlings seems to be the most reliable
method for its micropropagation.

Our experiments support previous results that the presence
of auxin in the induction medium is not necessary for
microshoot induction in conifers (Sen et al., 1994;
Supriyanto and Rohr, 1994). The results confirmed the need
for a specific length of microshoots (at least 10 mm) (Ta-
ble 3). In contrast, it was reported earlier that a length of
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8 mm might be appropriate for further multiplication of
Scots pine in vitro (Supriyanto and Rohr, 1994).

Other authors have shown that the age of hypocotyl
explants before further multiplication is of particular impor-
tance (Toribio and Pardos, 1987). In the present study, the
most successful multiplication was observed from 5-month-
old secondary explants after transfer to basal medium sup-
plemented with BAP and IBA (Figures 1 and 2).

The differences in survival of secondary explants among
various seedlings most probably reflect genotype-related
differences among various mother trees. Genetical heteroge-
neity has been reported to cause differences in the initiation
frequency of somatic embryogenesis (Keinonen- Mettala et
al., 1996). Thus, the parental effect on successful micro-
propagation of P. sylvestris should be taken into account in
further studies.

Physiological age of seedlings is a very important factor for
successful micropropagation. Our results supported the pre-
vious observation that organogenic potential is better if the
cultured tissues are younger (Toribio and Pardos, 1987). In
order to achieve micropropagation of material from mature
trees, morphological rejuvenation of explants should be
forced. However, another problem with in vitro culture of
mature pine tissues is related to sterilisation (Toribio and
Pardos, 1987).

Thus, the present data describing successful micropropa-
gation of P. sylvestris through microshoot induction on
epicotyl cuttings, form the basis for further experiments
leading to multiplication of tissues from mature pine trees.
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HORMONALO UN BARIBAS FAKTORU IETEKME UZ Pinus sylvestris L. MORFOGENEZI in vitro

Aprakstiti Pinus sylvestris morfogengzes petijumi in vitro. Priezu digsti veidoja dzinumus ar skujam uz 50 % Murasige-Skiiga / 50 %
Borgina-Nitca organiskas barotnes saharozes klatbiitng, bet bez hormonu pievienosanas. Hipokotilu spraudenu parvietoSana uz citokininus
saturoSu barotni inducgja dzinumu pumpuru attistibu. Novérojam apgrieztu sakaribu starp hipokotila dzinumu garumu pirms parvietosanas
un jaunveidoto dzinumu pumpuru daudzumu. Pumpuru aug§anu stimulgja sekojosa parvietoSana uz barotni bez hormoniem. Eksplantiem,
kas veidoja lielako pumpuru daudzumu, bija raksturigs ari vislielakais pumpuru garums. Lai stimulétu jaunveidoto dzinumu stiepSanos.
eksplantus parvietoja uz bezhormonu barotni ar samazinatu mineralu daudzumu, kurai bija pievienota aktiva ogle.
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4. Priezu pumpuru attistibas fazes ietekme uz
morfogéno kompetenci in vitro un nobriedusu pumpuru uzglabasanas
aukstuma ietekme uz to morfogeneézi un fermentu aktivitati

Originala publikacija citéjama sekojosi:
Andersone U., levinsh G. 2002. Changes of morphogenic competence in mature Pinus sylvestris L. buds in vitro.
Annals of Botany 90: 293-298.
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Changes of Morphogenic Competence in Mature Pinus sylvestris L. Buds in vitro
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The effects of szason and cold stomge on morphogenic competence in mature Pinus sylvestris buds were investi-
gated. Peroxidase and polyphenol oxidase activity were measured as markers of oxidative metabolism. No
growth in witro was observed on explants detached from the end of Jamuary until the beginning of March.
Brachioblasts, each with a couple of needles, formed on 11 % of the buds without macrostrobili that were
detached in early Apdl and introduced immediately into culture, OF the explants detached in late July, 15 %
formed shoots with brachichlasts and needles. The lowest activity of peroxidase and polyphenol oxidase in pine
buds was chserved from the end of April until the begiming of June when morphogenic competence of tissues
started to increase. Development of bud explants detached in January was achieved by cold storage for 5 months,
Low polyphenol oxidase and peroxidase activity coincided with increased morphogenic potential. Results
suggest that reduced or stable activity of peroxidase and polyphenol oxidase is associated with an increased
ahility of tissues to start growth in witro, & 2002 Annals of Botany Company

Key words: Pinus sylvestris L., Scots pine, buds, morphogenic competence, peronidasze, polyphenol oxidase, seasonal

changes, cold storage.

INTRODUCTION

Micropropagation of mature trees is important because it
allows multiplication of superior genotypes identified in the
field. Successful im witre regeneration of conifers has been
achieved using embryos or young scedlings (Bonga, 1991).
However, maturation appears to be a problem that prevents
wider application of tissue culture technology among
woody species (Pierik, 1990). Also, stress due to hormonal
and other stimuli in the nutrient media ¢ an cause accelerated
maturation (Bonga, 1987).

Successful micropropagation of mature Pinus is reported
for few species, including Pinus radiata (Horgan and
Holland, 1989), P. pinaster (Monteuuis and Dumas, 1992),
P. brutia (Abdullah et al., 1987), P. lambertiana (Gupta and
Durzan, 1985), P. raeda (Mott and Amerson, 1981) and
P. nigra (Jelaska et al., 1981). Of the Pinus species, Scots
pine (P. sylvestriz L.) is especially difficult o deal with in
culture (Hohtola, 1988). Successful micropropagation of
Scots pine has been established only via organogenesis from
young seedlings (Jain er al., 1988; Supriyanto and Rohr,
1994; Higgman et al., 1996; Sul and Korban, 1998;
Andersone and levinsh, 2000). In the case of shoot tip
cultures from mature Scots pines, tissue browning and slow
deteroration of the cellular ultrastructure, which finally
leads to necrosis, makes tissue culture work difficualt
(Lindfors et al., 1990).

Oxidative enzymes, e.g. peroxidases and polyphenol
oxidases, participate in browning of in vitre cultures (Dowd
and Norton, 1995). In callus cultures derived from shoot tips
of mature Scots pine, browning was a consequence of high
oxidative stress (Laukkanen et al., 2000). It is possible that
after introduction into i vitre culture, plant tissues with a

* For comespondence. Fax 371 7944986, e-mail gederts@e-apollo v

reduced capacity for oxidative reactions will show less
browning and, as a consequence, better morphogenic
compelence. As pronounced seasonal changes in cellular
metabolism have been described for Scots pine buds
(Hohtola, 1988), it is possible that the capacity for oxidative
reactions changes during the growth season. On the other
hand, prolonged cold storage could be used as a tool for
affecting oxidative metabolism. It has been shown that cold
storage of Scots pine mots for 4 months significantly
decreases peroxidase activity (Ahonen et al., 1989).

The aim of the present work was to investigate changes of
morphogenic competence in mature P. sylvestris buds due
o seasonal effects or cold storage. Peroxidase and
polyphenol oxidase activities were measured as markers
of oxidative metabolism.

MATERIALS AND METHODS
Flant material

Experiments were performed from the end of January
{average temperature =5-5 °C) until the end of July (average
temperature +17 °C). Buds were collected twice a month
from mature pine (Pinus syivestris L.) trees in a seed
orchard near Riga, Latvia. Plant material was taken
randomly from different trees from the lower part of the
crown. The upper part of resting vegetative buds, tips of the
new shoots or newly formed buds (according to the growth
phase) were used. Each time, six replicates of 20 buds per
replicate were used as explants and three replicates were
used for enzymatic analysis.

To investigate the effect of cold storage on morpho-
genesis, resting buds were collected in winter (January) and
spring (April). Buds were surface sterilized and placed in

@ 2002 Annals of Botany Company



U. Andersone

22

294

closed containers at 5 °C. Twice a month, three replicates of
20 cold-stored buds per replicate were used as explants and
three replicates were used for enzymatic analysis.

For surface disinfection, buds were washed in a solution
of household soap for | h and then rinsed in tapwater for 1 h.
They were surface sterilized with a half-diluted commercial
bleach ACE (Procter & Gamble, Riga, Latvia; containing
5-15 % sodium hypochlorite) for 20 min, rinsed for 10 min
in sterile distilled water, sterilized again in 15 % hydrogen
peroxide and rinsed three times for 10 min in sterile distilled
water. The buds were peeled and dissected aseptically.

Cold-stored buds were sterilized twice, once before cold
storage when they were washed, sterilized with bleach and
rinsed with distilled water, and again after cold storage
when they were sterilized with bleach, rinsed, sterilized with
hydrogen peroxide and rinsed again.

TABLE 1. Media wsed jor culrivaion of Pinus sylvestris

explanis
Medium no. 1 Medium no. 2

Woody Plant Medium mineral salts =~ + +
AgNOy 20 mg P +— +—
My o-inositol 100 mg I 100 mg I
Thiamine hydrochloride 30 mg I 3 mg #
Pyridoxine hydrochloride 10 mg I 10 mg 7
Nicotinic acid 10 mg I 10 mg I*
Dry egg powder 100 mg I -
Coconut milk 05 % viv -
Benzyladenine 5 mg I -
Adenine - 10 mg 7
Kinetine - 1 mg I-!
Indole-3-acetic acid 0-2 mg I-! -
Maftylacetic acid 02 mg I-* 01 mg I-*
Sucrose 5glt 45 gt
Agar 7gl! Tgl!
pH 58 58

Andersone and Ievinsh — Morphogenic Competence in Pinus sylvestris

Culture condiions and media

Explants were cultivated in 20 3 200 mm glass test-tubes
containing 10 ml agarized nutrient medium. Tubes were
closed with cottom wool plugs. Cultures consisted of one
explant per tube. They were cultivated at 23 * 3 °C with a
16 h photopenod. Mumination was provided by fluorescent
tubes (LBRO-1 and LBE(-T) combined with sunlight.

Explants were placed on medium no. | or medium no. 2
with Woody Plant Mediom mineral salts (Lloyd and
McCown, 1981), vitaming, and other components and
hormones (Table 1), Medium no. 1 was used for microshoot
formation on cold-stored explants as well as for callus
mduction. Medium no. 2 was used for induction of needle
formation.

Measurement of peroxidase and polyphenol oxidase activiry

For polyphenol oxidase and peroxidase measurement,
buds without scales (-5 g) were frozen in liquid nitrogen
and ground to fine powder with a mortar and pestle.
Enzymes were extracted with 25 mmol 177 HEPES/KOH
buffer (pH 7-2) containing | mmol 1-* EDTA, 3 % (w/v)
PVPP and 0-8 % (v/v) Triton X-100 for 15 min at 4 °C, The
homogenate was centrifuged at 15 000 g for 20 min. The
supernatant was used for assays. Protein was determined
according to the method of Bradford (1976) using bovine
serum albumin as a standard.

Peroxidase activity was measured spectrophotome trically
at 470 nm in reaction mixture containing 2 ml 50 mmol 17
sodium phosphate buffer (pH 7-0) with 10 mmol P! guaicol,
(-5 ml 0-03 mol I Hy0; and 0401 ml enzymatic extract. The
reaction mixture without H20O» was used as a reference.

The activity of polyphenol oxidase was determined
spectrophotometrically in a reaction mixture (3 ml) con-
taining 20 mmol 17! sodium phosphate (pH 6-5) with 25
mmol 17 pyrocatechol and the enzymatic extract (0-01 mil).
The change in absorbance was monitored at 410 nm.

TABLE 2. The effect of developmental phase on morphogenic competence of Pinus sylvestris bud explants in vitro

Sterile explants
Sterile explants Sterile explants forming brachioblasts
Date of introdection Sterile explants with macrostrobili forming callus on with needles on
into culture (%)* on mediom o, 1 (%)7 medium no. 1 (%) medium mo. 2 (F%F
X January 100 + 0= BT+ P 0 0
1% February 39 £ 2* @+ 3 0 0
4 March ki 672 ] ]
23 March p 2 | 96+ ¥ BE+ 1 0
lﬁl:r.i] 24+ 1° 94+ X g+ @ 11xx
15 April 32+ 1% g3+ 80+ 3 0
X April 37 £ 30 g0+ 3 g2 + 4p 0
18 May 40 = 2% 0 0 0
2 June 2] = 2¢ 0 0 0
20 June 29 + ? 0 0 0
6 July 4 i ks 0 0 0
21 July 42 + 2® 0 0 15+

Values within a column with the same superscript are not significantly different at £ = 0405 among dates using Student’ s ~test.

* Sterilization of this material was very difficult. Values (+ se.) are means of six independent replicates, 20 explants each (three replicates on
medium no. 1 and three on medium no. 2).

T Values (* s..) are percentage means from sterile explants of three independent replicates.

# Values (* s.e.) are percentage means from sterile explants of three independent replicates.
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FiG. 1. A, kolated micmstobilus initial of mature Pinus sylvestris with callus 2 weeks after introduction in vitro, The bud was excized at the end of
March. Medium no. 2. B, Mature P. svvestris explant with brachioblast and a pair of neadles 2 months after introduction in vitre. The bud was

excized on 3

April. Medium no. 1 for fist month; medium no. 2 for second month. C, Mature P. syivessris explant with shoots consisting of

brachioblasts and needles 2 months after intmduction in virra, The bud was excized in late July. Medium no. 2. D, Mature F. sWvestriz explant with
microshoots & weeks after introduction in vitre. The bud was excised in late January and stored at 5 *C fior 5 months. Medium no. 1.

RESULTS

The effect of developmental phase on morphogenic
competence in vitro and enzyme activiies

The parts of the buds, used as explants, had macrostrobili
{Table 2). No growth response of macrostrobili could be
observed in virre on explants detached from the end of
January until the begimning of March. They exhibited
browning, without any changes in size and structure. Rapid
formation of callus on macrostrobili was observed when
buds were introduced into culture between the end of March
and the end of Aprl, ie. just before rapid growth of
macrostrobili (Table 2; Fig. 1A). Callus was formed on
about 90 % of macrostrobili near the tip of the bud as well as
on those isolated from the bud and placed directly on the
surface of the medium. The callus was larger in the latter

case. Browning of the callus began within 2 weeks and led
to necrosis after 1 month.,

On 11 % of the buds detached in eardy April and
introduced immediately into culture, formation of brachio-
blasts with a couple of needles was observed (Table 2;
Fig. 1B). Needles were up to 4 mm long. The rest of the
explants did not show any signs of development and wrned
brown.

In late July, when new buds had already formed on the
tips of branches, 15 % of explants detached at that time
formed shoots with brachioblasts and needles up to 3 cm in
kength on medium no. 2 (Table 2; Fig. 1C).

Activity of peroxidase and polyphenol oxidase was
monitored in intact pine buds during the growth season.
The activity of peroxidase gradually decreased from the end
of January until the end of April, and was lowest from the
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Polyphenol oxidase activity
o
[

08—

06—

04—

02—

Guaiacol peroxidase activity

| |
E 28 3 22 3 14 28 17 1 19 5
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Fic. 2 Time coume of polyphenol oxidase activity (A) and guaiacol

peronidase activity (B) in intact P swlvestris buds during the growth

season. Enzyme acti vities are expressed as A4 min™ mg™ protein. Values
(* s.e.) are means of three independent measurements for each date.
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end of April until the beginning of June (Fig. 2A),
imcreasing again from mid-Tune. The level of polyphenol
oxidase flucated more than that of peroxidase during the
growth season (Fig. 2B). At the beginning of Aprl, when
the buds started to open, the activity of polyphenol oxidase
decreased. The period of lowest activity was the same for
both enzymes—{from the end of April until the beginning of
June. During this period the most active new shoot growth
occurred. In the middle of June, when maturation of new
shoots began, the activity of the enzymes increased, but in
July the increase stopped.

The effect of cold siorage on morphogenesis and enzyme
activities

Buds detached in winter and spring did not develop
in wvitre without any special treatment and gradually
browned over the course of a few weeks. Development of
such explants was achieved by using cold storage. A
considerable increase (about two-fold) of the apical pant of
the bud was seen on 15 % of buds detached in January and
stored at 5 °C for 2 weeks before being introduced into
culture, but they did not form shoots (Table 3). When buds
detached im January were stored in the cold for 5 months and
then infroduced into culture in late June, 30 % of them
produced microshoots on medium no. 1 (Table 3; Fg. 1D).

During cold storage of mature resting buds the activity of
polyphenol oxidase decreased from April to June and
imcreased slightly from June to July (Fig. 3A). The activity
of peroxidase in cold-stored buds fluctuated during the
period of investigation (Fig. 3B). The activity was lowest at
the beginning of May and at the beginning of July, but
increased rapidly towards the end of July.

DISCUSSION

By using cold storage as a means of affecting oxidative
metabolism, it was possible to achieve direct morphogenesis

TABLE 3. The effect of cold storage on morphogenic competence of Pinus sylvestris bud explants in vitro

Sterile explants Sterile explants forming

Date of introduction Sterile explamts exhibiting bud growth on microshoots on medium
into culture (%) medium no. 1 (%) nao, 1 (%
30 January 100 = (¢ 0 0

14 February o = 2 Lx1 0

5 March M+ 0 0
24 March 53 £ 4% 0 0

5 April pt . 0 0
21 April 16+ M 0 0
6 May Nty 0 0
20 May x> 0 0
4 June 4 ¢ 0 L]
21 June 16+ M 0 2+2
7 Iuly 0 0 0
26 July i 0 0
Buds were detached on 30 January.

* Sterilization of this material was very difficult. Values (+ s.e.) are means of three independent replicates, 20 explants each.
T Values (% s.e.) are percentage means from sterile explants of three independent replicates.
# Values (% s.e) are percentage means from sterile explants of three independent replicates. Values within a column with the same supemscript are

not significantly different at # = (0:05 among dates using Student’s +test.
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Guaiacol peroxidase activity
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Fig_3. Time coume of polyphenol oxidase activity (A) and guaiacol

peroxidase activity (B) during cold storage (5 “C) of mature resting

P gylvestris buds detached in January. Enzyme activities are expressed

as Ad min! mg™! pmotein. Values (* se) are means of three
independent measurements for each date.

on mature pine buds. To our knowledge, this is the first
successful case of morphogenesis of mature Scots pine
tissues apart from callus formation. In previous experi-
ments, the newly formed adventitious shoot primordia have
failed to grow beyond the microscopic level (Hohtola,
1988).

Our experiments involving cold storage of buds before
introducing them into culwre suggest that prolonged cold
storage of detached material could be used to affect
metabolic processes in Scots pine tissues. The decreased
aetivity of polyphenol oxidase and peroxidase during cold
storage indicates the possibility of increased morphogenic
activity due to a lowered capacity for oxidative metabolism.

Particularly high peroxidase activities in callus tissues
initiated from mature trees cause rapid and early browning
and possibly lead to cell death (Laukkanen et al., 1999), Ttis
well known that conifer tissues are especially rich in
phenolic substances (Nyman, 1985). Obviously, the damage
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during in vitro manipulation of cultivated plant material
causes mixing of the contents of cellular compartments,
leading to oxidation of varous phenolic compounds by
peroxidases and polyphenol oxidases. Comparing  the
growth activity of mature pine buds in vitre with changes
in the activity of peroxidase and polyphenol oxidase during
the growth season showed that the period of decreased
enzyme activity coincided with rapid formation of callus
tissues on macrostrobili explants. At the time when explants
were able o form shoots with brachioblasts and needles, the
mcrease in enzyme activity stopped. These results suggest
that reduced or stable activity of peroxidase and polyphenaol
oxidase leads to an increased ability of tissues to start
growth in vitre. It should be mentioned that peroxidases are
a diverse group of enzymes that participate in many
physiological processes. Therefore, not all the changes of
peroxidase activity during cold storage or the growth season
could be atiributed to tissue browning and deterioration.
However, it 1s possible that factors other than peroxidases
and polyphenol oxidase may contribute to loss of morpho-
genic compelence in mature pine tissues. It has been shown
that P. sylvestris has especially strong wounding reactions,
mcluding increased activity of enmzymes mvolved in
oxidative metabolism that in twrn inhibit differentiation
and growth (Hohtola, 1988). On the other hand, a relatively
high percentage of infections during storage at 4 °C
(Table 3) supported the idea that endophytic microbes in
Scots pine buds are a potential cause of the defence
reactions (Pirttilid er al., 2002). In addition, P. sylvestris may
have some specific requirements in the culture medium or
growing conditions that have not yvet been identified. Further
research is therefore needed to optimize conditions for
successful multiplication of established cultures.
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Abstract

Changes of morphogenic competence in mature P. sylvestris L. buds due to frozen storage were investigated. The
highest callus formation was registered on explants stored at -18 °C for three months, but on explants stored for five
months, it was also higher than in the control. Budding and development of needles in vitro was observed only for buds
frozen three to five months. Peroxidase activity was lowest in these buds. In contrast, polyphenol oxidase activity in bud
tissues continually increased during frozen storage. Within 10 months of frozen storage the content of starch and sugars
in resting buds changed. It may be concluded that changes in composition of non-structural sugars in pine buds after
five months of frozen storage are part of metabolic changes leading to loss of morphogenic capacity.

Additional key words: peroxidase, polyphenol oxidase, Scots pine, sugars.

Scots pine (Pinus sylvestris L.) is one of commercially
most important conifer species in Northern Hemisphere.
Tissue culture provides an important tool for practical
propagation of selected genotypes of mature trees.
However, no practically suitable method has been
described so far for P. sylvestris.

Recent investigations have revealed that several
peculiarities make mature Scots pine tissue culture
difficult, e.g., high oxidative stress during cultivation
(Laukkanen er al. 2000), strong wound reactions
accompanied by increase in phenolic substances (Hohtola
1988), and endophytic microbes (Pirttild er al. 2002). As
a result, rapid tissue browning, followed by deterioration
of cellular ultrastructure and necrosis, as well as high
percentage of infections usually occurs during tissue
culture of P. sylvestris.

Our previous experiments with mature pine tissues
revealed that morphogenic potential could be increased
by cold storage of pine buds at 5 °C (Andersone and
Ievinsh 2002). However, a relatively high percentage of
infections during storage and a low rate of microshoots-
forming explants were among major drawbacks of the
method making effective propagation difficult.

A possibility to affect embryogenesis and morpho-

Received 5 April 2004, accepted 1 October 2004.

genesis by frozen storage of plant material was shown for
other tree species (Bonga 1996). Yet, in spite of intensive
practical use of cryopreservation of plant tissues for
germplasm conservation (Sakai 2000, Mathur et al. 2003)
there is practically no information available on
biochemical changes during freezing storage of detached
plant material.

The aim of the present work was to investigate the
changes of morphogenic competence in mature
P. sylvestris buds due to frozen storage. Peroxidase and
polyphenol oxidase activities were measured as markers
of oxidative metabolism. Starch and sugars content in
buds was measured to investigate biochemical processes
during storage as well as to elucidate the further
nutritional demands of buds in vitro.

Terminal sections with buds and needles, about 15 cm
long, were cut from branches in the lower half of the
crown randomly from different mature pine (Pinus
sylvestris L.) trees in a seed orchard near Riga, Latvia.
Plant material was collected in winter of 2001 and 2002
(end of February with average daily temperature of
-5 °C). The branches, together with a few handfuls of
snow, were enclosed in plastic bags, which were quickly
taken to a freezer running at -18 °C. Within 10 months of

* Corresponding author; fax: (+371) 7945460, e-mail: gederts@lanet.lv
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frozen storage branches were periodically in 1 to
4 months interval removed from the freezer. Buds were
cut off from the branches and used as explants and for
biochemical analyses. Each time three replicates of
20 buds per replicate were used as explants and three
replicates were used for biochemical analysis.

To prepare the buds for tissue culture the following
procedure was used. Buds were immersed in a solution of
household soap for 1 h then rinsed in tap water for 1 h
and surface sterilized with a partially diluted commercial
bleach ACE (Proctore and Gamble, Riga, Latvia;
containing 5 - 15 % sodium hypochlorite) for 20 min,
rinsed again for 10 min in sterile distilled water, sterilized
once more in 15 % H,0O, and rinsed three times for
10 min in sterile distilled water. Finally, the buds were
peeled and dissected aseptically. It should be mentioned
that only the upper part of buds was used as explants. For
biochemical analyses peeled buds were used. For
peroxidase and polyphenol oxidase measurements buds
without scales (0.5 g) were frozen in liquid nitrogen and
ground to fine powder with a mortar and pestle. For
analyses of starch and sugars buds without scales
(0.5 g for each replicate) were fixed in a hot steam for
20 min and dried.

Bud explants were cultivated in 20 x 200 mm glass
test tubes containing 10 cm® nutrient medium solidified
with agar. Tubes were closed with cotton-wool plugs and
covered with thin polythene film fixed with a rubber
band. Each tube contained one explant. They were
cultivated at temperature of 23 + 3 °C, 16-h photoperiod
(irradiance of 40 - 45 pmol m?> s, fluorescent tubes
LB80-1 and LBS80-7 combined with sunlight).

Each time half of the explants were placed on medium
for callus induction, and the other half were placed on
medium for brachioblast and needle formation. For callus
initiation explants were cultivated on a Murashige and
Skoog medium modified by Hohtola (1988) with the
exception that the only inorganic nitrogen source was
2 mM NH4NO;. As growth regulators, 4.5 uM 2,4-dichlo-
rophenoxy acetic acid (2,4-D), 1.7 uM benzyladenine
(BA), and 1.8 uM kinetin were used. A pH of the medium
was adjusted to 5.6 - 5.7. For brachioblast and needle
formation explants were cultivated on a Woody Plant
Medium (WPM, Lloyd and McCown 1981) as modified
by Andersone and Ievinsh (2002). 0.5 xM naphtyl acetic
acid (NAA), 54 uM adenine, and 4.7 uM kinetin were
used as growth regulators. The medium was
supplemented with 0.6 mM myo-inositol, 88.9 uM
thiamine hydrochloride, 48.6 uM pyridoxine hydro-
chloride, and 81.2 uM nicotinic acid. Explants were
transferred to a fresh medium monthly.

To determine starch content, dried buds were ground
with 10 cm?® of solution containing 80 % (m/v) Ca(NOs),
and boiled for 3 min to pass starch into the colloidal
solution. The amount of starch was measured by
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Berthram method of bichromate-sodium thiosulfate
titration (Strong and Koch 1974).

For measurement of non-polymeric sugars dried buds
were ground to fine powder to which 10 cm® 98 % (v/v)
ethanol and 50 cm’ of hot distilled water was added.
Extraction was made in a water bath at 70 - 80 °C for
45 min. After extraction the material was supplemented
with Pb(CH3COO), for sedimentation of proteins, fats
and tannins. For the sedimentation of the remaining
Pbions 2 cm’ of saturated Na,SO, was added. The
solution was filled up to 100 cm® with distilled water and
filtered. The amount of reducing sugars in extracts was
measured by Shaffer and Somogyi (1933) method of
copper-iodometric titration (Strong and Koch 1974).

For determination of sucrose content, the total amount
of sugars was measured first. Three cm® of 8 % (m/v)
oxalic acid was added to 25 cm’ of filtrate. To hydrolyze
the sucrose, the solution was heated in boiling water for
10 min. After cooling a drop of methylene red was added
and the solution was neutralized with 1 M NaOH until
color became yellow. Distilled water was added up to
50 cm®. The total amount of sugars was measured as
described previously for reducing sugars. The content of
sucrose was calculated by subtracting the content of
reducing sugars from the total content of sugars and
multiplying the result by 0.95. Sugar concentration was
expressed as percentage of dry mass attributable to
sucrose, starch, reducing sugars (hexoses glucose, and
fructose), and total nonstructural sugars.

Enzymes were extracted from ground bud tissues with
25 mM HEPES/KOH buffer (pH 7.2) with addition of
1 mM EDTA, 3 % (m/v) insoluble polyvinylpyrrolidone,
and 0.8 % (v/v) Triton X-100 for 15 min at 4 °C. The
homogenate was centrifuged at 15 000 g for 20 min.
Peroxidase and polyphenol oxidase activity was measured
in the supernatant as described previously (Andersone
and Ievinsh 2002).

Formation of callus on Hohtola’s medium in control
explants was observed within a month of cultivation
(57 %, Table 1). The highest callus formation was
registered on explants, stored for 3 months at -18 °C
(100 %), but on explants, stored for 5 months, it was still
higher (67 %) than in the control. Explants stored for six
or more months did not form callus.

Budding and development of needles in vitro was
observed only for buds frozen 3 to 5 months (20 - 30 %
of explants on Woody Plant Medium, Table 1). Buds
without freezing or those frozen for 6 or more months did
not form any needles. Peroxidase activity was lower in
buds, stored for 3 to 5 months, than in control (Table 1).
Polyphenol oxidase activity in bud tissues continually
increased during frozen storage (Table 1).

Within 10 months of frozen storage the content of
starch and sugars in resting buds of mature P. sylvestris
had changed. There were no statistically significant
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Table 1. Changes of morphological characteristics in vitro and biochemical characteristics during frozen storage of mature resting
pine buds. The ability to form callus was estimated for explants cultivated on Hohtola’s medium. Needle formation was estimated on
explants cultivated on Woody Plant Medium. Pine bud explants were taken from frozen material at the times indicated and placed on
appropriate media. Morphological characteristics and sterility were evaluated a month later. Enzyme activities and sugar content were
measured immediately after preparation of bud explants from frozen material. Equal letters for morphological parameters indicates
non-significant differences at P = 0.05 between the time points using Student’s #-test. Data are means from three replicates for every
time point (£ SE for biochemical measurements). For morphological characteristics 10 explants per replicate were measured. For

sterility 20 explants per replicate were estimated.

Time of storage [months]

0 1 2 3 4 5 6 10
Sterility [%] 43 n.d. n.d. 54° n.d. 26° 10 0
Callus-forming 57 n.d. n.d. 100 n.d. 67¢ 0 0
explants [%]
Needle-forming 0 n.d. n.d. 29* n.d. 20" 0 0
explants [%]
Peroxidase activity 95.6 +3.4 n.d. n.d. 84.6 +2.6 n.d. 849 £33 984 +£10.5 1104 £58
[AA g'(f.m.) min™']
Polyphenoloxidase 3.5 +0.9 n.d. n.d. 65 £10 nd. 87 +20 133 £02 192 %1.0
activity
[AA g (fm.) min™]
Sucrose [% d.m.] 7.50+0.05 7.46+0.10 7.64£0.06 7.98+0.09 6.76+0.12 6.87+0.03 6.13+£0.13 3.84+0.14
Starch [% d.m.] 1.92+£0.05 1.61£0.06 1.62+0.03 136+0.12 1.63£0.05 1.58+0.04 148+0.05 1.38+£0.03
Glucose + fructose  0.80 £0.05 0.63+£0.05 1.00+£0.02 1.21+0.04 1.60+0.06 1.65+0.01 2.37+0.07 4.16+0.45

[% d.m.]

changes of the total content of non-structural sugars (data
not shown).

However significant changes in the composition were
found. The content of sucrose increased during first
months of storage reaching maximum at 3 months
followed by a decline (Table 1). In contrast, the content
of reducing sugars (hexoses, glucose, and fructose)
moderately increased up to 5 months with a sharp
increase during the last part of the incubation period. The
content of starch in pine buds slowly decreased during
incubation. At the end of the experiment, the content of
starch had decreased for about 31 %, the content of
sucrose 58 %, but content of glucose and fructose
together increased for 79 % (Table 1).

The results of the presented experiments with frozen
storage of pine buds before introducing them in vitro
suggest that such storage of detached material could be
used for affecting metabolic processes in Scots pine
tissues. Only limited information is available on
biochemical changes during prolonged storage of frozen
plant material. In contrast to widespread opinion that
frozen state represents a situation of arrested metabolism,
the present experiments clearly showed that during
frozen storage of pine buds at -18 °C significant changes
of sugar metabolism and oxidative enzyme activities
occur.

Due to frozen storage, morphogenic capacity
considerably increased in pine buds stored for 3 months
and, to a lesser extent in buds stored for 5 months, in

comparison with control buds introduced in a culture
immediately after collecting. It was revealed by our
previous experiments (Andersone and Ievinsh 2002) that
lowered activity of oxidative enzymes in pine tissues
might contribute to better morphogenic potential. In the
present experiments, increased ability to form callus and
needles coincided with the lowest peroxidase activity in
frozen stored pine buds (Table 1). In addition, the period
of highest morphogenic capacity coincided with a highest
sucrose content.

In leaf buds of pines, extracellular freezing occurs in
response to subfreezing temperatures, in contrast to extra-
organ freezing in leaf buds of other conifers (Ide et al.
1998). This leads to extremely high freezing tolerance of
pine bud tissues. In our experiments, Scots pine buds
were collected in winter in a state of full adaptation to
low temperature conditions. Therefore, biochemical
changes in plant tissues related to cold acclimation
should be taken into account for understanding the results
of the present experiments. Increase of soluble sugars,
mostly sucrose, usually occurs in plants during cold
hardening in parallel with decline in the content of
insoluble sugars (Oleksyn et al. 2000). It is thought that
increase in sugar concentration is a result of the
degradation of starch (Fischer and Ho6Il 1991).
Accumulation of soluble sugars can prevent membrane
injuries during freezing (Fujikawa and Jitsuyama 2000).
In addition, during low-temperature storage free radical
mediated oxidative stress occurs (Hendry 1993).
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Therefore, increase in antioxidant enzyme activities is
essential for cold acclimation (Tao ef al. 1998). However,
increased oxidative activity in mature pine tissues is
among factors leading to decreased morphogenic
potential (Andersone and Ievinsh 2202).
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Abstract

Medium pH that is one of the important factors of the physico-chemical environment during
development of plant tissues in conditions of in vitro culture which is modified during preparation
of media, but also changes with developing explants. The present experiments were performed to
monitor the changes of medium pH and to determine the effect of medium pH on physiological
characteristics of mature Pinus sylvestris L. tissue cultivated in vitro. The final changes of medium
pH after addition of agar and autoclaving were towards alkalinity in the range of initial pH 3.0 to
5.5. Results of the experiments proved that in general cultivation of pine buds causes acidification
of the medium. The degree of acidification of medium during cultivation depends on initial pH of
medium, morphogenesis of explants and duration of cultivation period without transplantation.
Lowered activity of oxidative enzymes in buds cultivated on more acidic medium and less necessity
for acidification to reach the equilibrium in medium pH suggest that a low initial pH is more suitable
for successful pine bud morphogenesis.

Key words: medium pH, morphogenesis, peroxidase, Pinus sylvestris, polyphenol oxidase, Scots
pine, tissue culture.

Introduction

Medium pH is one of the important factors of physico-chemical environment during
development of plant tissues in conditions of in vitro culture (Williams et al. 1990).
The optimal pH of in vitro medium for different phases of morphogenesis (successful
in vitro culture establishment, intensive shoot proliferation, induction of the rooting) for
woody species varies (von Arnold, Eriksson 1982; Williams et al. 1985; Saborio et al. 1997;
Ostrolucka et al. 2004).

Suboptimal pH levels can cause abnormalities in the development of explants e.a.
reduction in growth of the hypocotyls, stem and roots, changes in leaf coloring (Gurel,
Gulsen 1998; Laukkanen et al. 2000b). Optimal pH of media in vitro can be different from
that of soil ex vitro (Sen et al. 1994) and in ex vitro acclimatization in hydroponic culture
(Ingestad 1979; Bozhkov, von Arnold 1998).

In tissue culture practice pH of medium is adjusted before autoclaving and changes of
pH during autoclaving and cultivation of tissues are usually ignored. The changes during
autoclaving depend upon the initial pH and characteristics of the gelling agent (Williams et
al. 1990; Van Winkle, Pullman 2003). Contrary to common belief, the changes of medium
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pH during cultivation are not a response to wounding. Although wounding stimulates the
decrease in pH over the first few days, the effect is insignificant (Williams et al. 1990).

Plant tissues can maintain a relatively constant cytoplasmic pH across an external
pH range of 4 to 9 (Caponetti et al. 1971). Plant cells can also modify the external pH
- the explants raise or lower the pH, depending on which pH range they grow, until an
equilibrium occurs (Mac AntSaoir, Damvoglou 1994). A localized change of pH takes
place at the site of contact between the plant tissue and the medium in tissue culture as
well as in soil (Constable 1963; Haussling et al. 1985).

For tissue culture of different Pinus species pH 5.5 to 6.0 is used (Durzan, Chalupa
1976; Sen et al. 1994; Saborio et al. 1997; Sul, Korban 2004; Tang et al. 2004). Pinus sylvestris
L. usually is cultivated in media with pH 5.5 to 5.8 (Bornman, Jansson 1980; Hohtola
1988; Zel et al. 1988; Supriyanto, Rohr 1994; Laukkanen et al. 1997; Laukkanen at al. 1999;
Lelu et al. 1999; Laukkanen et al. 2000b). Conifers can also change the media pH during
cultivation. Embryogenic cultures of Norway spruce, loblolly pine and Douglas-fir tend to
decrease the pH of growth medium (Van Winkle, Pullman 2003), but suspension culture
of Pinus banksiana slightly increases pH of the medium during cultivation (Durzan,
Chalupa 1976).

The present experiments were performed to study changes of medium pH and the
effect of medium pH on physiological characteristics of mature Pinus sylvestris tissue
cultivated in vitro. Oxidative enzyme activities (peroxidase and polyphenol oxidase) were
used as indicators of morphogenic potential (Andersone, Ievinsh 2005).

Materials and methods

Plant material

Plant material was collected from mature pine (Pinus sylvestris L.) trees in a seed orchard
near Salaspils (Riga Region, Latvia). Buds were taken randomly from different trees from
the lower part of the crown. Buds were surface sterilized with a half-diluted commercial
bleach ACE (Procture and Gamble; containing 5 to 15 % sodium hypochlorite) for 20 min,
rinsed for 10 min in sterile distilled water, sterilized again in 15 % hydrogen peroxide and
rinsed three times for 10 min in sterile distilled water. The buds were peeled and dissected
aseptically.

Culture conditions and media
Explants were cultivated in 40 x 100 mm glass tubes containing 20 ml agarized medium
(for experiments with medium pH measurements after autoclaving) or in 20 x 200
mm glass test-tubes containing 10 ml agarized nutrient medium (for experiments with
medium pH measurements before adding agar and autoclaving). Vessels were closed with
cotton-wool plugs, and covered with polythene film fixed with a rubber band. Each vessel
contained one explant. They were cultivated at temperature 20 + 5 °C in natural light (if
not indicated otherwise).

Explants were cultivated on Woody Plant Medium (WPM; Lloyd, McCown 1981)
as modified by Andersone and Ievinsh (2002). 0.5 mM naphtyl acetic acid (NAA), 54
mM adenine, and 4.7mM kinetin were used as growth regulators. The medium was
supplemented with 0.6 mM myo-inositol, 88.9 mM thiamine hydrochloride, 48.6 mM
pyridoxine hydrochloride, 81.2 mM nicotinic acid and 131.4 mM sucrose. It contained
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0.57 % of plant agar.

For experiments on the effect of tissues on medium pH, medium was adjusted to 5.8
before adding agar and autoclaving. For experiments of effect of medium pH on tissue
development, pH was adjusted 3.0 to 7.0 with interval pH 0.5 before adding agar and
autoclaving. The adjustment was performed either by 1IN HCI or 1IN KOH.

Measurement of pH

Measurements of pH were carried out with a pH meter pH 211, by immersion of the
electrode HI 1131B (Hanna Instruments). For measurement of medium pH before
autoclaving the electrode was stirred in the liquid medium before agar was added. For
measurement of media after autoclaving the electrode was imbedded in it two days after
autoclaving. To investigate medium pH changes after cultivation of mature tissue, pH
was measured by placing the electrode into the hole from which the bud explant was
removed.

Effect of media preparation

To determine changes of pH during media preparation the appropriate mineral salts and
organic components of the medium were mixed and pH was adjusted (2.5 to 7.0 with 0.5
intervals). Agar was then added, dissolved in a half of the volume by heating, media were
dispensed into cultivation vessels and autoclaved at 121 °C and 103 KPa for 20 min. The
pH in each vessel was measured two days later.

Effect of in vitro cultivated bud tissue on pH of the medium

Buds were cultivated in vitro and placed on fresh medium (pH 5.8) weekly or after every
2, 3,4 or 5 weeks. The third part of the explants were cultivated in a growth chamber
with a 16 h photoperiod, where illumination was provided by fluorescent tubes OSRAM
L 36/W77, the rest were cultivated near a window in laboratory under natural light with a
brief period of direct sunlight or with a prolonged period of direct sunlight. Twenty sterile
explants were taken for each variant. pH of the media was measured after autoclaving and
after removal of bud explants weekly or after every 2, 3,4 or 5 weeks. The changes of pH
during cultivation were estimated for 6 to 8 weeks. The experiment was carried out for 10
months. The morphological condition of bud explants (development of brachyoblasts and
needles, necroses) was recorded during cultivation and at the end of experiment.

Effect of medium on in vitro cultivated bud tissue
Buds were cultivated on media with different pH levels (pH 3.0 to 7.0 with intervals pH
0.5) adjusted before autoclaving.

To investigate the changes of medium pH during cultivation, buds were cultivated
for two months, then transplanted on fresh medium with the same variant of pH and
cultivated for 10 months. Media pH was measured after removal of cultured buds. To
investigate the effect of different medium pH on bud morphogenesis, morphological
characteristics (needle formation, amount of needles, length of needles, necroses) were
recorded after 2, 4 and 8 months of cultivation.

To investigate the effect of different medium pH on activity of peroxidase and
polyphenol oxidase, buds, cultivated in vitro for seven weeks, were frozen in liquid nitrogen
and ground to fine powder with a mortar and pestle. The experiment was repeated twice.
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Enzymes were extracted with 25 mmol I HEPES/KOH buffer (pH 7.2) containing 1
mmol I EDTA, 3 % (w/v) PVPP and 0.8 % (v/v) Triton X-100 for 15 min at 4 °C. The
homogenate was centrifuged at 15 000 g for 20 min. The supernatant was used for assays.

Peroxidase activity was measured spectrophotometrically at 470 nm in reaction
mixture containing 2 ml 50 mmol 1! sodium phosphate buffer (pH 7.0) with 10 mmol
I'" guaiacol, 0.5 ml 0.03 mol I'' H,O, and 0.01 ml enzymatic extract. The reaction mixture
without H,O, was used as a reference.

The activity of polyphenol oxidase was determined spectrophotometrically in
a reaction mixture (3 ml) containing 20 mmol 1! sodium phosphate (pH 6.5) with 25
mmol I"! pyrocatechol and the enzymatic extract (0.01 ml). The change in absorbance was
monitored at 410 nm.

Results

During medium preparation pH changed towards alkalinity. Strongly acidic (pH 2.5) or
alkaline (6.0 to 7.0) media did not change significantly during autoclaving (Fig. 1). Results
of both experiments proved that in general, cultivation of pine buds caused acidification
of the medium (Fig. 1 to 4).

During bud cultivation on media with different initial pH the final pH was similar.
Two- and 10-month long cultivation of buds on media with pH 3.5 to 7.0 resulted in
almost the same acidity of medium for all variants of pH. After 2 months of cultivation
the mean pH of medium was 5.26 + 0.06, but in 10 months cultivation the mean medium
pH declined to 4.18 + 0.11 (Fig. 1). Buds, cultivated on medium with alkaline initial pH,
acidified the medium more than buds cultivated on medium with initially acidic pH.

Therate of acidification depended on the duration of cultivation without transplantation.
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Fig. 1. Change of medium pH after autoclaving
and with different types of pine bud explants
during 10 months of cultivation without
transplanting. Dashed line indicates no change
in the pH values.

Time of cultivation (weeks)

Fig. 2. Effect of time of cultivation and explant
type on relative decrease of medium pH. Initial
pH of the cultivation medium was 5.8 (6.35 after
autoclaving). Explants were transplanted to the
fresh medium with initial pH value every week.
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Fig. 3. Effect of time of cultivation before
transplanting on relative decrease of medium
pH. Initial pH of the cultivation medium was
5.8 (6.25 after autoclaving). Explants were
transplanted on a fresh medium with initial
pH after the indicated intervals of time and
cultivated for 10 months.

Fig. 4. Effect of illumination conditions on
relative decrease of medium pH and percentage of
morphogenesis in pine bud explants. Artificial light
only (1),artificial light with short periods of sunlight
(2), artificial light with long periods of direct
sunlight (3). Initial pH of the cultivation medium
was 5.8 (6.25 after autoclaving). Explants were

cultivated for 10 months without transplanting.

The maximal rate of acidification was observed during the first four weeks of cultivation,
then decreased, but slower acidification continued when explants were not transplanted
for 10 months (Fig. 1, 3). In the first cultivation week acidification was from pH 6.25 to
5.76 (acidification rate 0.49), but in 10 months time from pH 6.25 to 4.18 (acidification
rate 0.048 weekly).

The results of our experiments showed that the degree of acidification depended on
the physiological condition of explants. To evaluate if morphogenesis affected the ability
of pine buds to change medium pH buds were divided into groups according to different
developmental events or lack of development. If constructive processes in buds dominated
over destructive, medium acidification was less marked than for buds with dominating
destructive processes. This relationship was characteristic for buds in the first experiment,
transplanted every week (Fig. 2), for buds transplanted every 2, 3, 4 or 5 weeks (data not
shown) or grown for 10 months without transplantation in the second experiment, when
average medium pH with needle forming buds was 4.59 + 0.15, but for buds without
needles it was 3.91 + 0.08.

The same relationship was characteristic also for buds, cultivated in different light
intensities. Change of medium pH for different light intensities in the first experiment was
lowest for explants cultivated in natural light with a prolonged period of direct sunlight
(greater percentage of viable buds with enlarged brachioblasts and needle-forming buds),
and highest for explants cultivated in artificial light that did not form needles and became
necrotic sooner (Fig. 4).

The second experiment was performed to test if the initial pH of the medium affects
pine tissue development. The morphological characteristics of buds (average percentage
of needle forming buds, average amount of needle pairs on each needle forming bud,



U. Andersone

38

Needle-forming explants (%)

60

50

40

30

20

10

U. Andersone, G. levinsh

5

Medium pH

6

Number of needle pairs

-
B

-y
N

-t
o

L

Medium pH

Fig. 5. Effect of initial medium pH on percentage of needle-forming explants (A) and number
of needle pairs per needle-forming explant (B) within 10 months of cultivation. Explants were
cultivated without transplanting.

length of needles) varied (Fig. 5, 6), but on the whole the results were not convincingly
affected by initial pH of medium.

The percentage of necrotic tissue in buds cultivated in vitro for four months (second
experiment) was lowest on media with the most acidic and most alcaline initial pH (Fig.
6B).

The activity of peroxidase in buds cultivated in vitro for 7 weeks on media with different
pH was significantly lower for buds cultivated on pH 3.0, increased for higher pH values
up to 5.0, but lowered again and stopped decreasing at pH 6.5 (Fig. 7A). The activity of
polyphenol oxidase in the same buds was also lowest for pH 3.0 and increased up to pH
6.5 (Fig. 7B).
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Fig. 6. Effect of initial medium pH on percentage of needle length (A) and percentage of necrotic pine
bud explants (B) within 10 months of cultivation. Explants were cultivated without transplanting.
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Fig. 7. Effect of initial medium pH on peroxidase (A) and polyphenol oxidase (B) activity in pine
bud explants after 10 months of cultivation. Explants were cultivated without transplanting.

Discussion

Changes of medium pH should be taken in to the account when using plant tissue
culture both for practical purposes as well as for research. Changes of pH can occur from
preparation of medium until ex vitro transplantation and are affected both by interactions
between chemical constituents as well as plant tissues and medium constituents.

Adjustment of medium pH is usually performed before adding agar, but the agar itself
and subsequent autoclaving change medium pH. The addition of agar to the nutrient
solution raised the pH when initial pH was below 5.5, but autoclaving decreased pH,
except when pH was lower than 4.0 (Williams at al. 1990). In our investigation we recorded
only the final medium pH after addition of agar and autoclaving which were towards
alkalinity (Fig. 1). Differences in pH may arise from different types of agar, other medium
components or medium preparation features.

Medium pH changed during cultivation of tissues usually towards acidity. The degree
of acidification of the medium during cultivation is influenced by several factors, including
the source of nitrogen, physiological status of cultivated tissues, duration of cultivation,
frequency of transplanting etc.

The source of nitrogen in the medium and its utilization by cells can play an important
role in determining the shift in the pH value of the medium (Sathyanarayana, Blake 1994).
Plant growth in vitro can occur regardless of initial pH as the medium contains both
N forms (Mac AntSaoir 1994). Nitrogen uptake as nitrate is higher at an acidic pH and
shifts the medium pH towards alkalinity, while ammonium utilization rate increases with
increasing pH and shifts the medium pH towards acidity (Gamborg, Shyluk 1970; Martin,
Rose 1976; Wetherell, Dougall 1976; Dougall, Verma 1978). In Pinus sylvestris callus
cultures the medium became acidic when it contained NH NO, (from pH 5.7 to 4.3),
but the pH of the medium containing KNO, remained close to the initial value (from pH
5.7 to 5.4; Laukkanen et al. 1997). Seedlings of a number of forest tree species, including
Pinus sylvestris grow better when nitrogen is supplied as ammonium or as ammonium
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plus nitrate, and when ammonium is preferred as the nitrogen source, the rhizosphere
will be acidified by induced H* extrusion (Arnold 1992). In our second experiment where
medium contained ammonium pine bud explants changed the medium pH to a constant
value for the whole range of initial pH of medium (Fig. 1).

The degree of acidification in our experiments depended on the morphogenesis of
explants. Needle formation on buds was associated with less acidified medium. From
the results of the experiment on light intensity and changes of medium pH we can also
conclude that pH change was less for natural illumination conditions, which stimulated
morphogenesis, and promoted enlarged brachyoblast development and needle formation
(Fig. 4). The degree of acidification of medium during cultivation depended also on the
duration of cultivation period before transplantation. The observed change of medium
pH for different cultivation periods before transplantation shows that it is not necessary
to transplant pine buds to fresh medium more often than every two months or even less
frequently.

The initial pH of medium also affects the degree of acidification during cultivation. If
the initial pH is more alkaline, explants consume more energy to acidify the medium than
explants cultivated on medium with initially acidic pH. Moreover production of acidic
compounds by the mycobacterium living in pine buds may also cause acidification of the
growth medium (Laukkanen et al. 2000).

Medium pH was changing due to release of some compounds from the plant or as
a result of uptake of specific ions from the medium. Tissue secretes phytosiderophores,
organic acids and proteins, which may react with metal ions present and change chemical
dissociation kinetics, in turn altering their bioavailability (Friborg et al. 1978; Egertsdotter
et al. 1993; Zhang 1993; Van Winkle, Pullman 2003). It is possible that buds becoming
necrotic secrete into the medium compounds different from those of needle forming buds,
which may result in different effects onmedium pH.

Although the difference in initial pH may have a significant effect on the culture system
even though the pH difference is eliminated after some time of cultivation (Williams et al
1990), the obtained morphological data in our experiment do not show any simple trend
of relationship between initial pH of medium and development of explants (Fig. 5, 6). In
the acidic part of medium pH range the morphological development occurred during
longer cultivation periods and the morphological parameters were better and buds less
necrotic. For Pinus sylvestris callus cultures a lower pH in the presence of ammonium
in culture medium correlated with better growth (Laukkanen et al. 1997). However,
differences between pH variants may be caused also by biological diversity of the material
used for experiments.

In our study peroxidase and polyphenol oxidase activity was lowest in the acidic
end of medium pH range (Fig. 7). A low peroxidase and polyphenol oxidase activity
corellated with increased morphogenic potential of mature Pinus sylvestris buds in vitro
(Andersone, Ievinsh 2002; Andersone, Ievinsh 2005). Buds cultivated on initially more
acidic medium need less acidification to reach equilibrium. These results may confirm
the morphological results of the experiment with different initial pH of medium, e.g. that
mature Pinus sylvestris buds in vitro need acidic initial medium pH (pH 3.0 to 3.5 before
adding agar and autoclaving). The presence of ammonium in culture medium might have
an effect on polyphenol oxidase and peroxidase by decreasing the pH and altering the
water potential of the cells. However, increased browning in the presence of only nitrate
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may result in significantly higher pH, because at higher pH levels phenolics will oxidize
to form quinones, which will bind irreversibly to proteins in a non-enzymatic fashion
(Laukkanen et al. 1997).

In conclusion the degree of acidification of medium during cultivation of mature Pinus
sylvestris buds depends not only on the source of nitrogen, products of mycobacteria living
in pine buds as described previously, but also on initial pH of medium, morphogenesis
of explants and duration of cultivation period without transplantation. Lowered activity
of oxidative enzymes in buds cultivated on more acidic medium, and that needed less
acidification to reach equilibrium, suggests that low initial pH is more suitable for
successful pine bud morphogenesis.
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Barotnes pH ietekmé regeneracijas spéjas un oksidativo fermentu aktivitati
Pinus sylvestris audu kultiira
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Augu fiziologijas katedra, Latvijas Universitates Biologijas fakultate, Kronvalda bulv. 4, Riga LV-
1586, Latvija
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Kopsavilkums

Barotnes pH ir viens no svarigakajiem fizikalkimiskas vides faktoriem augu audu attistibas laika
in vitro kultaras apstaklos. To ietekmé barotnes sagatavo$ana un tas mainas ari lidz ar eksplantu
attistibu. Dotos ekesperimentus veica, lai novérotu barotnes pH izmainas un noteiktu barotnes
pH ietekmi uz in vitro kultivétu nobriedusu Pinus sylvestris L. audu fiziologiskajam ipasibam. Péc
agara pievienosanas un autoklavésanas barotnes ar sakuma pH no 3.0 lidz 5.5 kluva sarmainakas.
Pétljumu rezultati apstiprinaja, ka priezu pumpuru kultivé$ana izraisa barotnes paskabina$anos.
Barotnes paskabinasanas pakape bija atkariga no sakotnéja barotnes pH, eksplantu morfogenézes
un kultivésanas ilguma bez parstadiSanas. Pazeminita oksidativo fermentu aktivitate pumpuros uz
skabakas barotnes un isaks $adu kultaru pH stabilizacijai nepiecie$amais laika periods liecina, ka
veiksmigai priezu pumpuru morfogenézei nepiecie$ams zemaks sakotnéjais barotnes pH.
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7. Priedes audu proliferacija in vitro ar aukstumapstradi panaktas
kultiveto audu citokininu kompetences pieauguma rezultata
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cold treatment of mature Pinus sylvestris tissues in
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Abstract

One of the possible reasons for lack of morphogenesis during tissue culture of mature tissues is the
inability to respond to cytokinin. In the present experiments, cold incubation of pine (Pinus sylvestris
L.) bud explants was used as a means to affect cytokinin response competence. Pulse treatment with
cytokinins of pine bud explants cultivated at 22 °C did not result in increased morphogenesis. New
bud and shoot formation was achieved on pine bud explants which were pulse-treated with BAP in
combination with cold incubation. It is concluded that, due to the temporary nature of juvenilization
of mature pine bud explants, it is necessary to combine both physical and biochemical means to
promote morphogenic competence and to achieve further development in tissue culture.

Key words: cold incubation, cytokinin response competence, morphogenesis in vitro, Pinus
sylvestris.

Introduction

Micropropagation is the most effective vegetative reproduction technique permitting rapid
propagation and distribution of elite genotypes. Micropropagation of woody species with
mature tissues could be very valuable, but it is often difficult, especially, with conifers.
Mature tissues of Pinus sylvestris L. have a very low morphogenic potential in vitro
(Bonga 1987; Hohtola 1988).

Several methods of pretreatment for the rejuvenation of mature conifer tissues or the
increase of their morphogenic potential have been described — serial grafting (Huang et al.
1992; Ewald, Kretzschmar 1996; Centeno et al. 1998), cold or frozen storage of detached
resting buds (Andersone, Ievinsh 2002), spraying of donor plants with cytokinin (Salonen
1991). The timing of collections is also a critical factor (Bonga 1987; Andersone, Ievinsh
2002). However, only brachioblast and needle formation is achieved on mature Scots pine
bud explants (Andersone, Ievinsh 2002). Cultivation of the explants on media containing
cytokinin did not result in new bud or shoot formation. One of the reasons for that could
be very low cytokinin response-competence of the mature P. sylvestris tissue.

It is well known that bud production or adventitious branching is usually achieved
by increasing the cytokinin level in the tissues. However, extremely rapid multiplication
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in tissue culture due to high levels of cytokinin may lead to genetic changes (Peschke,
Phillips 1992). It is also known that a high concentration of cytokinin, while stimulating
organ induction, inhits their elongation and development (Salonen 1991). Therefore,
pulse treatment with cytokinin between subcultures can be used to achieve a high level
of multiplication without undesirable genetic effects. In experiments with mature intact
conifer trees, repetitive cytokinin treatment has been used for juvenilization leading to
development of new shoots (Krikorian 1982).

The aim of the present study was to investigate the possibility of using a pulse treatment
with cytokinin as well as to affect cytokinin response competence in mature P. sylvestris
tissues by means of cold treatment of established in vitro culture of bud explants.

Materials and methods

Plant material was collected from mature pine (Pinus sylvestris L.) trees in a seed orchard
near Salaspils (Riga Region, Latvia). Buds were taken randomly from different trees from
the lower part of the crown. Collection was carried out from the second half of July till
the first half of August. Newly formed buds were used. They were surface sterilized with
a half-diluted commercial bleach ACE (Procture and Gamble; containing 5 - 15 % sodium
hypochlorite) for 20 min, rinsed for 10 min in sterile distilled water, sterilized again in 15
% hydrogen peroxide and rinsed three times for 10 min in sterile distilled water. The buds
were peeled and dissected aseptically. Explants were cultivated in 20 x 200 mm glass test-
tubes containing 10 ml agarized nutrient medium. Tubes were closed with cotton-wool

Table 1. Media used for cultivation of Pinus sylvestris bud explants

Basal medium Medium No. 1 Medium No. 2 Medium No. 3

(BM) (M) (M2) (M3)
Woody + + + +
Plant Medium
mineral salts
Myo-inositol 100 mg I'! 100 mg I'! 100 mg I'! 100 mg I'!
Thiamine 30 mg I 30 mg I 30 mg I 30 mg I
hydrochloride
Pyridoxine 10 mg 1! 10 mg I 10 mg I 10 mg 1"
hydrochloride
Nicotinic acid 10 mg 1! 10 mg 1! 10 mg 1! 10 mg 1!
Glycine I mgl! I mgl! I mgl! I mg 1!
Benzylaminopurine - - 100 mg I'! -
Naphthylacetic acid - 0.1 mg I 0.2 mg I 0.2 mg I
Adenin - 10 mg I - 250 mg 1!
Kinetin - I mgl! - 25 mg 1!
Sucrose 45 g I 45¢g1! 45 g 1! 45¢g1!
Agar Tgl! 7gl! 7gl! Tgl!

pH 5.6-5.7 56-5.7 56-5.7 56-5.7
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Fig. 1. A diagram outlining the experimental procedure. Time sequence, cultivation media used, as
well as temperature regimes are shown for experimental variants A to F.

plugs, and covered also with polythene film fixed with a rubber band. Each tube contained
one explant. During the entire time they were cultivated in natural lighting.

For culture establishment medium M1 was used (Table 1). Pulse treatment with high
concentrations of cytokinins was carried out on media M2 (containing benzylaminopurine,
BAP) or M3 (containing kinetin and adenin) for 4 h. After the cytokinin treatment, basal
medium (BM) without growth regulators was used. During cold storage, explants were
cultivated at 8 + 3 °C; control explants were maintained at 22 + 5 °C.

Six different variants of cytokinin treatment in combination with or without cold
storage were tested (Fig. 1). For each variant three replicates of 10 bud explants per
treatment were used.

Results

Pulse treatment with cytokinins of pine bud explants cultivated at 22 °C (variants A and
B) did not result in increased morphogenesis (Table 2). New bud and shoot formation
was achieved on pine bud explants (variants C and E) which were pulse-treated with
BAP in combination with cold incubation (Table 2). The effect was more pronounced
when the treatment was performed after the cold incubation (40 %) in comparison with
the treatment performed before the cold incubation (20 %). Also, the average amount
of microshoots per one shoot-forming explant was higher in variant E than in variant C
(Table 2). Kinetin in combination with adenin did not result in bud and shoot formation
(Table 2, variants D and F).

In both variants of BAP treatment in combination with cold incubation (variants C
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Table 2. The effect of cold storage on cytokinin response-competence of mature Pinus sylvestris
tissues in vitro. Data are means from 3 replicates (10 explants per treatment) +SE

Treatment
A B C D E F
BAP Kinetin + BAP Kinetin + Cold Cold

adenin  followed adenin  followed followed
by cold followed by BAP by kinetin

by cold + adenin
Bud explants, forming 0 0 202 0 40+3 0
microshoots (%)
Microshoots per 0 0 55+08 0 6.8+1.2 0
explant

and E), buds and microshoots developed directly on the lower part of the explants (Fig.
2A, D). Elongation of these buds occurred only in variant E (Fig. 2D). In variants C
and E, also brachioblasts with short needles were formed on upper and middle part of
explants (Fig. 2A, D). In variant C, axillary shoots developed between these needles and
subsequentially elongated (Fig. 2B). The longest of these elongated axillary microshoots
were isolated and transferred to a fresh BM medium (Fig. 2C).

Discussion

In previous experiments with P. sylvestris it was found that about 15 % of mature pine
buds introduced in vitro in the second half of summer form brachioblasts with needles
(Andersone, Ievinsh 2002). However, further development of these explants was not
obtained: buds with needles as well as buds without needles did not survive longer
than eight months in vitro. No further multiplication was achieved even on media
with high concentrations of cytokinins. This situation is similar to the observation that
micropropagated plants of mature origin may retain their physiological maturity during
tissue culture (Nas et al. 2003). Consequently, inability to respond to growth regulators,
e.g. cytokinins, is one of the characteristics of the "out of hormonal response competence"
state of mature tissues during in vitro cultivation.

It has been suggested that accumulation of competence to induction is important
before a particular induction phase during shoot organogenesis (Christianson, Warnick
1988). Thus, to deal with a lack of induction competence in mature pine explants reflected
in lack of cytokinin-response competence, certain conditions should be met. As a possible
candidate for such conditions, cold treatment can be used, as it was shown for intact
juvenile P. sylvestris that cold exposure is necessary for elongation of cytokinin treatment-
induced buds (Salonen 1991). In order to improve cytokinin response-competence of pine
bud tissues, cold treatment of established in vitro cultures at 8 °C was used in the present
experiments.

Due to a relatively slow transport of exogenous cytokinins, the concentration of BAP
in pine bud tissues obviously decreased in the direction towards the apical part of the bud,
explaining why the largest amount of shoots formed at the lower part of the explants. In
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Fig. 2. Development of mature Pinus sylvestris bud explants in vitro under the effect of cold and
cytokinin treatment. A, experimental variant C (according to Fig. 1, pulse treatment with BAP
before cold incubation), 4 weeks after the end of the cold incubation; B, variant C, 6 weeks after
the end of the cold treatment; C, variant C, isolated axillary shoot on BM medium, 2 weeks after
isolation; D, variant E (pulse treatment with BAP after cold incubation), 6 weeks after the BAP
treatment. m, microshoots; b, brachioblast with needles.

contrast, secondary needles were formed only in the central or upper part of the pine bud
explants, which is in accordance to the observation that a high concentration of cytokinin
prevents secondary needle formation (Zhang et al. 2003). Our results were similar to
those obtained with Actinidia deliciosa explants, where gradient of exogenously applied
BAP was responsible for different developmental patterns (Feito et al. 2001).

The effect of cytokinin was more pronounced when the pulse treatment with BAP was
performed after the cold incubation (variant E), in comparison with the pulse treatment
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before the cold incubation (variant C). Consequently, in the latter variant, during the
development of competence in conditions of cold treatment, exogenously applied BAP was
considerably decomposed in pine tissues leading to less pronounced cytokinin response.
Decomposition of exogenously applied citokinin-like substances in plant tissues is a well
known phenomenon (Harrison, Kaufman 1984).

In conclusion, due to the temporary nature of juvenilization of mature pine bud
explants, it is necessary to combine both physical and biochemical means to promote
morphogenic competence and to achieve further development in tissue culture.
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8. Diskusija

Pirms pétijumu uzsak$anas ar pieaugusu parasto priezu audu kultivé$anu veica eksperimentus
ar juveniliem audiem, adaptéjot un papildinot literatGra aprakstitas metodes, lai iegttu pieredzi
darba ar konkréto sugu in vitro. Darba aprakstitie eksperimenti ar juveniliem audiem bija pirmais
pétnieciskais solis cela uz parastas priedes mikropavairosanas fiziologiska pamata izstradi. To rezultati
pierada, ka mikrodzinumu indukciju uz jauno digstu epikotila spraudeniem var izmantot priedes
mikropavairo$anai no juveniliem audiem un talakai veiksmigai mikrodzinumu veido$anas indukcijai
ir nepieciesams noteikts par eksplantiem izmantoto mikrodzinumu garums - vislabako pavairo$anu
panaca, izmantojot mikrodzinumus ar garumu vismaz 10 mm (Andersone, Ievin$ 2000), pretstata
apgalvojumam, ka jau 8 mm gari eksplanti ir pieméroti talakai parastas priedes pavairo$anai in vitro
apstaklos (Supriyanto, Rohr 1994).

Cituautorurezultatiir paradijusi,ka priezu hipokotilu vecums pirms talakas pavairosanas uzsaks$anas
ir ipasi svarigs tas norisei (Toribio, Pardos 1987). Misu pétijumos visveiksmigaka pavairo$anas bija
novérojama piecus ménesus veciem sekundarajiem eksplantiem (Andersone, Ievins 2000).

Domajams, ka no dazadiem priezu digstiem iegtito sekundaro eksplantu dzivotspéjas atskiribas
atspogulo no genotipa atkarigas dazadu mates koku ipasibas. Priezu somatiskas embriogenézes
iniciacijas atskirigo biezumu ari izraisa genétiska heterogenitate (Keinonen-Mettala et al. 1996).
Tatad, $ados pétijumos janem véra vecaku genotipa ietekme uz priedes veiksmigu mikropavairo$anu
(Andersone, Ievins 2000).

Aprakstitie rezultati par veiksmigu parastas priedes mikropavairo$anu, panakot mikrodzinumu
attistibu uz epikotila spraudeniem, veidoja metodisko pamatu talakajiem pétijumiem, lai panaktu
nobriedusu priezu audu pavairosanu audu kultara.

Kallusa audos, kas iegtti no nobriedusam priedém, novérojama izteikti augsta peroksidazes
aktivitate. Ta izraisa agru un atru audu nobrinésanu un sekojosu $tnu bojaeju (Laukkanen et al., 1999).
Ir zinams, ka skujukoku audi ir ipasi bagati ar dazadiem fenolu dabas savienojumiem (Nyman 1985).
Jadoma, ka kultivéjama augu materiala sagatavosanas laika izdaritie mehaniskie bojajumi izraisa §tiinu
kompartmentu kimisko komponentu sajauksanos, izsaucot dazadu fenolu savienojumu oksidaciju
ar peroksidazu un polifenolu oksidazu starpniecibu. Parastajai priedei ir ipasi izteiktas ievainojuma
atbildes reakcijas, tai skaita, oksidativa metabolisma fermentu palielinata aktivitate, kas, savukart,
inhibé diferenciaciju un augsanu (Hohtola 1995). Tas norada, ka samazinata vai stabila peroksidazes
un polifenoloksidazes aktivitate ir saistita ar palielinatu audu spéju sakt aug$anu in vitro apstaklos.

Tomeér, ir ari iespéja, ka vél citi faktori bez peroksidazes un polifenoloksidazes izraisa morfogenézes

kompetences zudumu nobriedusos priedes audos. Relativi augsta audu infekcijas pakape no matesauga
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atdalito pumpuru aukstumuzglabasanas laika apstiprina domu par to, ka parastas priedes pumpuri
satur endofitiskos mikroorganismus, kas ir potencials aizsardzibas reakciju induktors (Pirttild et al.
2002).

Ta ka literatara nebija atrodami dati par pieaugusu priezu audu morfogenézi audu kultara, tika
izvirzita hipotéze, ka nepieciesami kadi ipasi, ar barotnes sastavu nesaistiti faktori, kuri varétu ietekmét
metaboliskos procesus un stimulét s$adu audu organizétu augsanu in vitro.

Eksperimentu rezultati parada, ka viens no $adiem faktoriem ir audu metabolisko procesu sezonalas
izmainas. In vitro ievadito pieaugus$o priezu pumpuru organizéta aug$ana un attistiba notika tikai
vasaras otraja pusé un rudeni nonemtajiem pumpuriem, t. i. jaunizveidotiem un miera perioda vél
neiesligus$iem audiem. Oksidativo fermentu aktivitate $aja laika bija samazinata vai relativi stabila
(Andersone, Ievinsh 2002).

Lai panaktu miera perioda eso$u pieaugusu priezu pumpuru attistibu in vitro, veicam eksperimentus
ar audu ilgstosu uzglabasanu aukstuma vai sasaldéta stavokli, lai tadéjadi ietekmétu to morfogéno
kompetenci.

Eksperimentu rezultati par nobriedusu priezu pumpuru uzglabasanu aukstuma pirms ievadi$anas
in vitro norada, ka ilgsto$u no matesauga atdalitu audu uzglabasanu var izmantot, lai ietekmétu priezu
audu metaboliskos procesus. Peroksidazes un polifenoloksidazes aktivitates samazinasanas priedes
audos laika, kad tos uzglaba aukstuma, norada uz iespéjami paaugstinatu morfogenézes kapacitati
pazeminatas oksidativa metabolisma aktivitates rezultata (Andersone, Ievinsh 2002).

Izmantojot uzglabasanu aukstuma ka lidzekli oksidativa metabolisma ietekmésanai, bija iespéjams
panakt tieSu morfogenézi uz nobriedusu priezu pumpuru eksplantu audiem (Andersone, Ievinsh 2002).
Sis ir pirmais zinatniski dokumentétais nobriedusas priedes audu veiksmigas morfogenézes gadijums,
lidz $im bija panakta vienigi kallusa augsana un mikroskopiska izméra jaunveidotu adventivo dzinumu
aizmetnu veidosanas, kuri talak nepieauga (Hohtola 1988).

legutie rezultati eksperimentos ar pieaugusu priezu pumpuru uzglabasanu saldéta stavokli
pirms to ievadiSanas audu kultara liecina, ka ari $ada veida uzglabasanu var izmantot priezu audu
metabolisma izmainiSanai (Andersone, Ievinsh 2005). Pretéji plasi izplatitajam viedoklim, ka saldétos
audos metaboliskas reakcijas ir apturétas, atsevisku gan fermentativo, gan nefermentativo kimisko
reakciju atrums var ievérojami palielinaties. Sadu paradibu sauc par temperatiiras negativo efektu
(Singh, Wang 1977). Muasu eksperimenti neparprotami paradija, ka sasaldétu priezu pumpuru
uzglabasanas laika -18 °C temperatiira notiek ievérojamas oglhidratu metabolisma un oksidativo
fermentu aktivitates izmainas (Andersone, levinsh 2005). Saldésana ietekméja ari pieaugusu priezu
audu morfogéno kapacitati - ta ievérojami palielinajas tris ménesus uzglabatos pumpuros, un, mazaka
meéra, ari piecus ménesus uzglabatos pumpuros, salidzinot ar tiem priezu pumpuriem, kurus ievadija
kultara talit péc ievaksanas. Paaugstinats saldéto pumpuru morfogénais potencials, kas izpaudas ka
spéja veidot kallusu un skujas, laika sakrita ar zemako peroksidazes aktivitati un visaugstako saharozes
saturu audos. Uzglabajot pumpurus sasaldétus ilgak par pieciem ménesiem, bija vérojams strauj$
audu morfogéna potenciala kritums, kas sakrita ar oksidativo fermentu aktivitates pieaugumu un
batisku reducéjoso cukuru daudzuma pieaugumu (Andersone, Ievinsh 2005). Saharozes hidrolize par

heksozi ar invertazes satrpniecibu var izmainit $§inu osmotisko potencialu, izraisot samazinatu audu
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sala izturibu. Ta rezultata ir iespéjama aktivo skabekla formu pastiprinata veidosanas, ko varbutéji
atspogulo paaugstinata peroksidazes aktivitate. Reducéjoso cukuru daudzuma pieaugums ir raksturiga
atbildes reakcija uz dazadu abiotisko stresa faktoru iedarbibu (Schubert et al. 1995; Prado et al. 2000).

Domajams, ka morfogéna potenciala pieaugums, pumpurus uzglabajot sasaldétus tris lidz piecus
meénesus, nav tiesi saistits ar cukuru satura izmainam audos. Turpreti, audu morfogénas kapacitates
samazinasanas un zudums, pumpurus uzglabajot sasaldétus ilgak par pieciem ménesiem, varétu but
saistits ar noverotajam krasajam $kisto$o cukuru satura izmainam (Andersone, Ievinsh 2005).

No audu augsanu un attistibu potenciali ietekméjosajiem faktoriem veicam pétijumus par barotnes
pH ietekmi uz pieaugusu priezu audu morfogéno kapacitati in vitro (Andersone, Ievinsh 2008).

Gan praktiskiem mérkiem, gan zinatniskiem nolakiem izmantojot audu kultaru metodi, batu janem
véra iespé&jamas barotnes pH izmainas. Sis izmainas var notikt visa procesa laika sakot no barotnes
sagatavo$anas lidz pat in vitro kultivé$anas beigam, un tas ietekmé gan kimisko sastavdalu savstarpéja
mijiedarbiba, gan augu audu un barotnes sastavdalu mijiedarbiba.

Barotnes pH izmainas, kas rodas audu kultivésanas rezultata, parasti ir paskabinasanas virziena.
Tika analizéti barotnes pH izmainu pakapi ietekméjosie faktori pieaugusu parasto priezu audu
kultivésanas laika (Andersone, Ievinsh 2008). Péc literattra pieejamiem datiem, barotnes pH mainu
parastas priedes audu kultivésanas laika nosaka slapekla avots barotné (Laukkanen et al. 1997) un priezu
pumpuros dzivojoso mikobaktériju sarazotie skabie savienojumi (Laukkanen et al. 2000b). Péc misu
eksperimentu rezultatiem izradijas, ka barotnes paskabinasanas pakape bija atkariga ari no vairakiem
citiem faktoriem: no eksplantu morfogenézes (brahioblastu palielinasnas un skuju veido$anas uz
pumpuriem bija saistita ar mazak paskabinatu barotni), no kultivésanas ilguma bez parstadi$anas (no
rezultatiem par barotnes pH izmainam dazada ilguma vienlaidus kultivé$anas apstaklos var secinat,
ka priezu pumpurus nav nepiecie$ams parstadit uz svaigas barotnes biezak ka katrus divus ménesus
vai pat vél retak), no sakotnéja barotnes pH (ja sakotnéjais pH ir baziskaks, pH lidzsvara sasnieg$anai
eksplantiem vairak japaskabina barotne neka eksplantiem, kuri kultivéti barotné ar skabu sakotnéjo
pH) (Andersone, Ievinsh 2008).

Barotnes pH izmainas varétu but iespéjamas kadu no auga izdalitu savienojumu dél, vai ari ka
rezultats specifisku jonu uznemsanai no barotnes. Audi izdala barotné fitosideroforus, organiskas
skabes un olbaltumvielas, kuri var reagét ar klat eso$ajiem metalu joniem un izmainit kimiskas
disociacijas kinétiku, savukart mainot to biopieejamibu (Friborg et al. 1978; Egertsdotter et al. 1993;
Zhang 1993; Van Winkle, Pullman 2003). Iespéjams, ka pumpuri, kuri nekrotizéjas, izdala barotné
savienojumus, kuri at$kiras no tiem, kurus izdala skujas veidojo$i pumpuri, un tas izraisa atskirigas
barotnes pH izmainas (Andersone, Ievinsh 2008).

Lai ari atSkiribam sakotnéja barotnes pH ir butiska ietekme uz in vitro kultaru, neskatoties uz
to, ka pH atskiribas kultivé$anas laika izlidzinas (Williams et al. 1990), masu eksperimenta iegutie
morfologiskie dati neparada vienkarsu tendenci sakaribai starp sakotnéjo barotnes pH un eksplantu
attistibu. Skabakaja barotnes pH intervala dala morfologiska attistiba notika ilgaka kultivésanas perioda,
morfologiskie raditaji bija nedaudz augstaki, un pumpuri mazak nekrotizéjas (Andersone, levinsh
2008). Pinus sylvestris kallusa kultiram samazinats pH barotné amonija jonu klatbatné koreléja ar

labaku aug$anu (Laukkanen et al. 1997). Masu pétijuma peroksidazes un polifenoloksidazes aktivitate
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bija zemaka skabakaja barotnes pH intervala dala. Zema peroksidazes un polifenoloksidazes aktivitate
korelé ar palielinatu morfogéno potencialu nobriedusu Pinus sylvestris pumpuriem in vitro. Pumpuriem,
kuri kultivéti uz skabakas inicialas barotnes, nepiecieSama mazaka barotnes paskabinasana, lai panaktu
taja pH lidzsvaru. Sie rezultati kopuma lauj secinat, ka nobriedusu Pinus sylvestris pumpuriem in
vitro nepiecie$ama skaba iniciala barotne (pH 3.0 - 3.5 pirms agara pievieno$anas un autoklavésanas)
(Andersone, Ievinsh 2008).

Ieprieks analizétajos eksperimentos ar nobriedusu parasto priedi audu kulttra dazadu morfogéno
kompetenci stimuléjosu faktoru ietekmé panakts, ka dala no pumpuru eksplantiem, kas ievaditi in vitro,
veidoja brahioblastus ar skujam. Tomeér, talaka $o eksplantu attistiba nenotika: gan pumpuri ar skujam,
gan ari pumpuri bez skujam nebija spéjigi izdzivot in vitro ilgak par astoniem - desmit ménesiem
(Andersone,levinsh 2002; Andersone, Ievinsh 2005; Andersone, Ievinsh 2008). Nebija iespéjams panakt
talaku pavairo$anu pat barotnés ar augstam citokininu koncentracijam. Sads stavoklis atgadina citu
autoru novérojumus par to, ka no pieaugusiem augiem ieguti audi audu kultaras apstak]os var saglabat
t.s. “fiziologiska brieduma” stavokli (Nas et al. 2003). Tatad, nespéja adekvati atbildét uz augsanas
regulatoriem, pieméram, citokininiem, ir viena no batiskam pazimém t.s. “hormonalo signalu atbildes
nekompetences” stavoklim, kas raksturigs nobriedusiem audiem to in vitro kultivésanas laika.

Uzskata, ka pirms dzinuma organogenézes indukcijas fazes ir nepiecie$ama atbilstosas indukcijas
kompetences uzkrasanas (Christianson, Warnick 1988). Tatad, lai varétu parvarét nobriedusu
priedes audu eksplantu kompetences iztrikumu atbildét uz citokininu, japanak noteiktu, bet lidz
$im neidentificétu prieksnosacijumu izpilde. Tika izvirzita hipotéze, ka ari $aja kultivésanas posma
nepiecieSamakaduarbarotnessastavunesaistitu, fizikalu faktoruiedarbiba. Eksperimentosarjuveniliem
parastas priedes digstiem ir paradita aukstuma ekspozicijas nepiecie$amiba, lai panaktu ar citokinina
apstradi inducétu pumpuru attistibu (Salonen 1991). Lai uzlabotu priezu pumpuru citokininu atbildes
kompetenci, izmantojam nobriedusu priezu audu in vitro kultaru inkubaciju 8 °C temperatira, ka
rezultata notika intensiva jaunu dzinumu un skuju veido$anas uz eksplantiem. Citokinina efekts bija
vairak izteikts, ja priezu eksplantu apstradi ar benzilaminopurinu veica péc inkubésanas aukstuma,
salidzinot ar apstradi pirms aukstuma perioda. Tatad, apstradajot ar citokininu pirms inkubésanas
aukstuma, laika, kad attistijas aukstuma inducéta kompetence atbildét uz citokininu, ievérojams
daudzums eksogéni pielietota benzilaminopurina pumpuru audos jau bija endogéni sadalijies, izraisot
mazak izteiktu citokinina atbildes reakciju (Andersone, Ievinsh 2004). Eksogéni pielietotu citokininu
dabas augg$anas regulatoru sadaliS$anas augu audos ir visparzinama paradiba (Harrison, Kaufman
1984).

Ta ka eksogénie citokinini eksplantos parvietojas relativi léni, jadoma, ka benzilaminopurina
koncentracija priezu pumpuru audos samazinajas virziena uz pumpura apikalo dalu. Tas izskaidro,
kapéc lielakais daudzums dzinumu veidojas tie$i eksplantu apakséja dala. Pretéji tam, sekundaras
skujas veidojas tikai eksplantu centralaja vai augséja dala (Andersone, levinsh 2004), kas ir saskana
ar novérojumu par to, ka augsta citokininu koncentracija kavé sekundaro skuju attistibu (Zhang et
al. 2003). Masu rezultati ir lidzigi tiem, kas ieguti eksperimentos ar Actinidia deliciosa eksplantiem,
kur eksogéni pielietota benzilaminopurina gradients eksplantu audos bija saistits ar dazadu attistibas

programmu realizaciju dazadas eksplanta vietas (Feito et al. 2001).
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Tatad, nobriedusu parasto priezu audu juvenilizacijai ir nepiecie$ama fizikalu un biokimisku
faktoru mijiedarbiba, ta veicinot to morfogéno kompetenci in vitro un nodrosinot eksplantu talaku
attistibu un proliferaciju audu kultara. Audu uzglabasana un kultivésana pazeminata temperatira

uzskatama par piemérotu lidzekli §1 mérka sasnieg$anai (Andersone, Ievinsh 2002; Andersone, Ievinsh
2004; Andersone, Ievinsh 2005).



U. Andersone 56

9. Secinajumi

1. Citokininus (BAP 5 mg L' un 0.5 % kokosriekstu pienu vai 10 mg L' kopa ar IBA 1 mg L")
saturosa 1/2 MSBN pamatbarotne inducé proliferaciju uz juveniliem parastas priedes audiem in
vitro. Inducéto dzinumu augsanai piemérota pamatbarotne ar samazinatu mineralvielu saturu (1/6
MS 1/2 BN) ar aktivo ogli bez fitohormoniem.

2.Juvenilu P, sylvestris audu proliferacijas spé&ja in vitro ir butiski atkariga no genotipa. Eksisté sakariba
starp juvenilu parastas priedes primaro eksplantu izveidoto jauno dzinumu izmériem un iespéju
tos talak pavairot in vitro, kas var palidzét atlasit kultivé$anai piemérotakos genotipus. Veiksmigai
mikrodzinumu veido$anas indukcijai piemérotakais par eksplantiem izmantoto mikrodzinumu

(sekundaro eksplantu) garums ir vismaz 10 mm.

3. Piemérotakais laiks pieaugusu P sylvestris pumpuru audu ievadiS$anai in vitro (augstakais to
morfogénais potencials) ir no jalija lidz oktobra beigam, kad jaunie pumpuri ir nobriedusi, bet nav

vél sacies to fiziologiska miera periods.

4. Fiziologiska miera stavokli eso$us, no matesauga atdalitus pieaugusu parasto priezu audus ilgstosi
uzglabajot aukstuma var ietekmét metaboliskos procesus tajos un palielinat to morfogéno

kompetenci.

5.Pazeminata oksidativa metabolisma aktivitate pieaugus$u parasto priezu pumpuru audos, ko raksturo
samazinata vai stabila peroksidazes un polifenolu oksidazes aktivitate, paaugstina morfogenézes

kapacitati, kas ir saistita ar palielinatu audu spéju sakt aug$anu in vitro.

6. Fiziologiska miera stavokli esoSus, no matesauga atdalitus pieaugu$u parasto priezu pumpurus
uzglabajot saldéta stavokli pirms to ievadi$anas audu kultara mainas gan audu oksidativo fermentu
aktivitate, gan oglhidratu metabolisms, un, uzglabajot 3-5 ménesus, palielinas audu morfogénais

potencials.
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7. Cietes un cukuru satura izmainas saldétu priezu pumpuru uzglabasanas laika nav tiesi saistitas
ar morfogéna potenciala pieaugumu, jo kopéjais to daudzums, ko var izmantot augsanas procesu
nodro$inasanai nepiecieS§amas energijas iegtiSanai, priezu pumpuru uzglabasanas laika butiski
nemainas. Krasas saharozes, glikozes un fruktozes satura izmainas priezu pumpuros, tos uzglabajot
saldéta stavokli ilgak par pieciem ménesiem, ir dala no tam metaboliskajam izmainam, kas izraisa

audu morfogénas kapacitates samazinasanos un zudumu.

8.Pieaugusu priezu pumpuru kultivésana in vitro izraisa barotnes paskabinasanos, kuras pakapi ietekmé
sakotnéjais barotnes pH, eksplantu morfogenéze un kultivésanas ilgums bez parstadisanas. Sakotnéji
atskirigi barotnu pH limeni vismaz divu ménesu ilgas priezu pumpuru vienlaidu kultivésanas laika
izlidzinas. Uz sakotnéji skabas barotnes kultivéti pumpuri pH lidzsvara sasnieg$anai paskabina
barotni mazak, neka uz sakotnéji baziskas barotnes kultivétie. Pazeminata oksidativo fermentu
aktivitate pumpuros, kuri kultivéti skabaka barotné, un kuriem nepieciesama mazaka barotnes
paskabinasana, lai sasniegtu barotnes pH lidzsvara stavokli, norada, ka zems sakotnéjais pH limenis

ir vispiemérotakais sekmigai priezu pumpuru morfogenézei in vitro.

9. Nobriedu$u priezu pumpuru juvenilizacijai ir nepiecieS$ams apvienot fizikalus un biokimiskus
pasakumus, lai panaktu morfogénas kompetences veicinasanu un nodrosinatu eksplantu talaku
attistibu audu kultira. Lai parvarétu nobriedusu priedes audu eksplantu kompetences iztratkumu
atbildét uz citokininu apstradi, pirms tas var izmantot audu in vitro kultiru inkubaciju pazeminata

temperatura.
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