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Saknu un stumbra trupi izraisoso sénu sugu sastopamiba
eglu audzés - lapu koku piemistrojuma ietekme uz
Heterobasidion spp. izplatibu
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Kopsavilkums. Lai novértétu saknu-stumbra trupi izraiso$o sénu sastopamibu,
ka arl trupéjuso koku ipatsvaru eglu audzés, 2005.-2006. gada, izmantojot transektu
metodi, apsekoti vairak neka 25000 eglu celmi (15-240 celmi parauglaukuma).
Empiriskais materials ievakts 319 parauglaukumos Vidusdaugavas, Ziemelkurzemes,
Zemgales un Ziemellatgales meZsaimniecibas: 162 izcirtumos un 157 audzés, kur veik-
tas kopsanas cirtes. Trupi izraiso$o sénu izdali$anai no 1182 trupéjusiem celmiem ievakti
koksnes paraugi. Nozagétas arl 114 trupé&jusas egles, no kuram tapat pemti koksnes
paraugi laboratorijas analizém.

Trupéjuso celmu ipatsvars parauglaukumos - 22,6 + 13,8%. Konstatéts, ka izplatita-
ka trupi izraiso$a séne eglu audzés ir Heterobasidion parviporum, kas atrasta 11,1% analizé-
to celmu un 55,2% nozagéto paraugkoku. Otra izplatitaka séne ir Stereum sanguinolentum,
kas izdalita no 3,0% celmu un 3,5% paraugkoku.

Analizéjot lapu koku piemistrojuma ietekmi uz trupes sastopamibu eglu au-
dzés, konstatéts, ka trupéjuso celmu ipatsvars eglu tiraudzés un mistraudzés (lapu koku
piemistrojums <50%) bitiski neatskiras (p > 0,05). Tomér ar H. parviporum inficéto
eglu tiraudzu ipatsvars ir batiski lielaks neka ar H. parviporum inficéto mistraudzu
ipatsvars (p < 0,01).

Lai novértétu baltalk$nu piemistrojuma ietekmi uz saknu trupes sastopamibu
eglu audzés, 2008. gada apsekotas 20 eglu-baltalk$nu mistraudzes Vidusdaugavas,
Ziemelvidzemes un Zemgales meZsaimniecibas. legutie rezultati salidzinati ar datiem,
kas raksturo trupes sastopamibu eglu tiraudzés iepriek$éminéto meZsaimniecibu teri-
torijas (39 eglu audzes, kur egle audzu sastava formulas sastada 8 vienibas un vairak).
Secinats, ka mistrotas eglu-baltalk$nu audzés, kur baltalk$nu piemistrojums parsniedz
30%, ir batiski mazak trupéjuso eglu neka tiraudzés vai audzés ar nelielu lapu koku
piemistrojumu.
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Nozimigakie vardi: saknu un stumbra trupe, Heterobasidion, egle, lapu koku
piemistrojums, baltalksnis.

Arhipova, N., Donis, J., Gaitnieks, T., Latvian State Forest Research Institute
“Silava’, Liepa, I. Latvia University of Agriculture, Department of Silviculture.
Root and butt rot causing fungi: the impact of broadleaved species admixture on
the incidence of Heterobasidion spp. in spruce stands.

Abstract. During 2005-2006, incidence of root and butt rot in spruce stands
and the presence of fungi responsible for it were investigated. Surveyed were altogether
319 stands dominated by Norway spruce (Picea abies) (162 clear-felled and 157 thinned
stands) in the Vidusdaugava, Ziemelkurzeme, Zemgale, and Ziemellatgale Forest
Districts. In total, more than 25,000 spruce stumps were measured (15-240 stumps per
stand) and the number of decayed stumps was recorded, using the transect method.
To identify decay-causing fungi, wood samples from 1,182 decayed stumps were
taken (1-12 samples per stand). In addition, 114 decayed spruces were cut down in
four spruce stands in the Zemgale and Vidusdaugava Forest Districts and wood samp-
les also were taken. From all samples fungal isolations were made and fungal species
identified, using morphological and molecular techniques. PCR (polymerases chain
reaction) were made using the primers ITS 1F and ITS 4. Sequencing was made by
the Korean company Macrogen and sequences were manually edited, using the
Seqmen software. For fungal species identification the NCBI and the sequence data-
bases of the Swedish University of Agricultural Sciences were used. Heterobasidion
species were identified, using the intersterility test.

Root rot incidence in analyzed spruce stands was 22.6 + 13.8%. Heterobasidion
parviporum, isolated from 11.1% of spruce stumps and 55.2% of freshly cut trees,
turned out to be the most widespread fungus causing root and butt rot, followed by
Stereum sanguinolentum, which was found in 3% of spruce stumps and 3.5% of freshly
cut trees.

Studied was also the impact of broadleaved species admixture on the incidence
of root and butt rot. For the purpose of study the stands were grouped according to the
species composition: (1) pure stands of spruce; (2) spruce stands with pine admixture
(pine 10-50%), (3) spruce stands with 10% admixture of broadleaved species; (4) spruce
stands with 20-50% of broadleaved admixture. The data were analyzed, using analysis
of proportion. No significant differences (p > 0.05) were found between the rot inci-
dence in pure and mixed spruce stands (admixture of broadleaved species or pine < 50%).
However, the proportion of H. parviporum infected pure stands of spruce was signi-
ficantly higher than that for mixed stands infected with the same fungus (p < 0.01).

In 2008, in the Vidusdaugava, Ziemelvidzeme, and Zemgale Forest Districts
20 mixed spruce-grey alder stands (with alder admixture 30% and above) were investi-
gated for the impact of grey alder admixture on the incidence of root rot in spruce
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stands. The results were compared with those for similar spruce stands, surveyed
in the previous experiment (39 stands with the proportion of spruce 80% and higher).
The forest stands were grouped as follows: (1) pure spruce stands, (2) spruce stands
with 10-20% of broadleaved admixture and (3) spruce stands with the admixture of
grey alder above 30%. The data were analyzed, using the SPSS 14 software. In mixed
spruce-grey alder stands at the admixture of grey alder above 30% the incidence of rot
was found to be significantly lower than in the pure stands of spruce or in those with
10-20% admixture of broadleaves.
Key words: root and butt rot, Heterobasidion, spruce, mixed stands, grey alder.
voo

Apxunosa, H., Aonuc, ., laiitanexc, T.,, ATMMA «CwuaaBa», Auena, M., ACY.
Bo36yauTeAn KOPHEBOI M CTBOAOBON FHHAM €A M BAMSIHHE IIPHMECH AMCTBEHHbIX
AepeBbes Ha pacupocrpanenue Heterobasidion spp. B eAOBBIX HACAXKAEHHIX.

Pesrome. AAsL OLIEHKM pacIpOCTpaHEeHMs IPHUOOB, BbI3BIBAIOLIUX KOPHEBYIO U
CTBOAOBYIO THHAb, 4 TaKKe HM3MEpPEeHHs IpOLeHTa IIOPAXEHHBIX KOPHEBOW T'HHABIO
eaeir, B 2005-2006 rosax obcaepoBaHO 6Goaee 25000 eAOBBIX MHeH. OMIMPUYECKHI
Marepuaa cobpan B 319 AeCHBIX HACAKACHUSX, HAXOASINUXCS HA TEPPUTOPUH
Cpeanepayrasckoro, CeBepokyp3seMckoro, 3emraabckoro u  CeBepoAaTraAbCKOro
AecoxossiicTB. Bcero obcaepoBansl 162 BeipyOkum u 157 HpoOHbBIe MAOIIAAM, TAE
npoBepeHsl pyOku yxopa. V3 1182 rHuABIX IHe#l B3STHI OOpasybl APEBECHHBI AAS
BbIAGACHIMST BO3OyAUTeAeHl THHAM. AOIOAHHTEABHO CIHAEHO 114 IOpakeHHBIX THHABIO
eAell, C KOTOPBIX TAKKe B3SIThI 0OPa3Libl APEBECHHBI AAST AAABHEHIIIX AHAAU3OB.

KoAnyecTBO IOpakeHHBIX THUABIO €AOBbIX IIHEH B CpPeAHEM COCTaBASAO
22,6 + 13,8%. CaMbIM pacmpoCTpaHEHHBIM BO30OYAUTEAeM THUAU SIBASIAACH KOPHeBas
rybxa Heterobasidion parviporum, xoTopas Obiaa BbipeAeHa u3 11,1% mpoanasusupo-
BAHHBIX NHell ¥ U3 55,2% CIMAEHHBIX eAell. BTOpbIM caMbpIM pacmpocTpaHeHHbIM
rpubom ObiA Stereum sanguinolentum, KOTOpBI OOHApyxkeH B 3% €AOBBIX IHEH U
B 3,5% CIIMAEHHBIX €A,

AHaAM3UpYS BAUSIHME IIPUMECH AVMCTBEHHBIX AepeBbeB Ha pAacIpOCTpaHeHue
APEBECHOIl THHAH B €AOBBIX HACAKACHMAX, BBIICHEHO, YTO IPOLEHT IIOPAXKEHHbIX
THHMABIO IHeil B YMCTBIX M CMEIIAHHBIX EAOBBIX HACAKACHUSX (IIPHMeCh AMCTBEHHDBIX
AepesbeB He 6oaee S0%) cymectsenHO He otamyaercst (p > 0,05). OpHaKo B mpolieHTax
HHPUUUPOBAHHBIX H. parviporum GHCTBIX eAOBBIX HACKACHHUI CYIIeCTBEHHO OOAbIIe,
veM nH$UUMpPOBaHHBIX H. parviporum cmemanusix Hacaxaeruit (p < 0,01).

Yro6bl OIpEACANTb BAWSHHE IPHMECH CEepPOil OAbXHM HAa PacIHpOCTpaHeHHe
APEBECHOI THHAM B €AOBBIX HacaxaeHWsx, B 2008 roay obcaepoBano 20 cMelIaHHbBIX
€AO0BO-OABXOBBIX HacakAeHHI (mpumech cepoil oabxu He MeHee 30%) B CpeaHepayras-
cxoM, CeBepOBHA3EMCKOM U 3eMIAABCKOM A€COX03siCTBaX. [I0AyUeHHbIe Pe3yABTATHL MbI

CPaBHUAM C AQHHBIMH, AOOBITBIMH IIPH OOCACAOBAHHMH €AOBBIX HACAKACHHUI B
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TIPEABIAYIIEM SKCIIEPUMEHTE (39 €AOBBIX HACAXKAEHUN — €Ab B COCTaBe HACAXKAEHHS He

MEHEEe 80%) BbDICHeHO, 4TO B CMEIIAHHBIX HACAKACHHUAX €AM, TA€ IIpHUMECh cepoﬁ

oapxu He MeHee 30%, NIpOLEHT IOpPa’KeHHBIX THHABIO eAeH CYIIeCTBEHHO HIDKe,

yeM B YHCTHIX €AOBBIX HACAKACHMSIX UAU B €AOBBIX HACAKACHHUAX C HeOOABIION (10-20%)

IIPUMECHIO ANCTBEHHBIX A€PEBbBEB.

Karouesvie caoea: xopHeBast u cTBoAOBast THUAb, Heterobasidion, eap, cMemaHHbIe

HaCaXXAEHHS, Cepast OAbXa.

Ievads
Saknu un stumbra trupe rada
ievérojamus  ekonomiskos zaudéjumus
meza apsaimniekotajiem. Eglu audzés

trupi izraisa vairakas bazidijsénu sugas, no
kuram biezak sastopamas ir saknu piepe
Heterobasidion spp., celmene Armillaria spp.
un asinssarkana sikpiepe Stereum sanguino-
lentum (pédéja izraisa tikai stumbra trupi).
Péc K. Korhonena datiem, apméram 15%
eglu audzu Somijas dienvidos ir trupéjusas
(atseviskas platibas trupes skarto koku
ipatsvars sasniedz 30%) un 80% gadijumu
primarais trupes izraisitajs ir Heterobasi-
dion spp. (Korhonen, Piri, 2002).

Latvija sastopamas 2 saknu piepju
sugas — Heterobasidion annosum (P grupa)
un Heterobasidion parviporum (S grupa).
H. parviporum parsvara inficé egles, bet
H. annosum inficé ne tikai skujkokus
(egle, priede), bet ari lapu kokus — ipasi
mistraudzés ar priedi. Veselas audzes
parasti inficéjas kopSanas cirtes laika, jo
svaigi celmi ir piemérots substrats saknu
piepes sporu attistibai. Retak inficé$anas
notiek arl caur stumbra un saknu bracém.
Kolonizéjot celmu vai koka saknes, sénes
hifas, sakném savstarpéji saskaroties, izpla-
tas uz blakus augo$iem kokiem. No inficéta-
jam sakném trupe izplatas stumbra, dazreiz
lidz 10 m augstumam, radot meZzsaimnieci-
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bai lielus zaud&umus, jo bojata tiek
stumbra vértigiaka dala - pirmais balkis.
Saknu trupe ir bistama arl tadé], ka ilgsto-
§i saglaba dzivotspéju trupéjusa koksné
(50-60 gadus) un var inficét nikamo koku
generaciju (Rishbeth, 1951; Kallio, 1970;
Greig, Pratt, 1976; Stenlid, 1987; Pratt,
Greig, 1988; Korhonen, Piri, 1994; Piri,
1996; Woodward et. al, 1998; Redfern
et. al, 2001). Ar saknu piepi inficétas egles
pastiprinati izdala svekus, un to stumbrs
lejasdala Kklast resnaks, turpreti priedes
parasti nokalst (Woodward et. al., 1998).
Otra saknu
izraiso$o sénu grupa ir celmenes: Armillaria

nozimigaka trupi
borealis, A. cepistipes, A. mellea un A. ostoyae.
Ziemelu celmene — A. borealis — bieZi izrai-
sa skujkoku saknu trupi, bet reti ir iemesls
to bojaejai. Somija $i séne inficéjusi apme-
ram 7% eglu (Piri ef. al,, 1990). Bumbulka-
ta celmene A. cepistipes parsvara ir saprofi-
tiska, bet daireiz inficé dzivus, parasti
novajinatus, kokus (gan skuju, gan lapu
kokus). Somija ta konstatéta apméram 3%
trupéjuso koku (Piri et. al, 1990). Tumsa
celmene A. ostoyae ir visizplatitaki un
visagresivaka celmenu suga, kas parazité
uz skujkokiem. Si séne biezi izraisa inficé-
to koku bojaeju. Séne var inficét ari lapu
kokus, ja tie aug mistraudzé ar skujkokiem.
Bistama ir ari parastd celmene A. mellea,
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kas galvenokart sastopama Dienvidrie-
tumeiropa. Si suga parsvara parazité uz lapu
kokiem, bet var inficét ari jaunus vai novaji-
natus skujkokus, Ipasi, ja tie aug bijuso lapu
koku audzu vieta. Visas celmenes izraisa
balto trupi. Armillaria gints sugas veido
sazarotus, tums$brunus micélija veidoju-
mus - rizomorfas, ar kuram tas izplatas
augsné no koka uz koku. Armillaria spp.
dzivo ka saprofiti arl uz celmiem un krita-
lam (Roll-Hansen, 1985; Termorshuizen,
Arnolds, 1994; Prospero et. al., 2004).

Asinssarkana sikpiepe - Stereum
sanguinolentum — parazitiska séne, kas izrai-
sa skujkoku sarkano serdes trupi. Ta inficé
kokus mizas bojajumu vietds un izraisa
tikai stumbra trupi (Ali El Atta, Hayes,
1987; Vasiliauskas, Stenlid, 1998). Somija
S. sanguinolentum konstatéta 5% trupé&juso
eglu (Korhonen, Piri, 2002).

Saknu trupes - H. annosum sl-—
ierobezo$anai ieteikti vairaki meZsaimnie-
ciski pasakumi: celmu izvaksana, svaigu
celmu apstrade ar kimiskiem vai biologis-
kiem preparatiem, meZzsaimnieciska darbi-
ba aukstaja gada laika, rezistentaka stad-
materiala izmantoSana, saisinats audzes
rotacijas laiks, stadi$ana lielakos interva-
los, kontroléta dedzinasana (Woodward et.
al,, 1998; Korhonen, Piri, 2002). Viens no
biezak lietotajiem panémieniem ir mistr-
audzu ieriko$ana. Pasaulé veikti daudzi
pétijumi, bet iegati saméra pretrunigi
rezultati. Lielaka dala autoru atzimé, ka
lapu koku piemistrojums samazina Hete-
robasidion saknu trupes izplatibu (Vasi-
liauskas, 1980; Huse et. al, 1994; Linden,
Vollbrecht, 2002; Vasilauskas et. al., 2002;
Lygis et. al., 2004a; Pautasso et. al, 2005,

74

Thor et. al., 2005). Lapu koku piemistro-
jums samazina saknu saskares iespé&jami-
bu starp skujkokiem, kas ir uznémigi pret
H. annosum (Reynolds, Bloomberg, 1982).
Piemistrojuma pozitivo efektu skaidro ari
ar augsnes mikrofloras sastava izmainam
un to antagonistiskajam ipasibam pret
H. annosum (Johansson, Marklund, 1980).
Pieméram, baltalk$na piemistrojums izmai-
na augsnes ipasibas, labvéligi ietekméjot
egles saknu mikorizaciju un palielinot pret
H.
mikrofloras ipatsvaru (Johansson, Mark-
lund, 1980; Gaitnieks et. al., 2000a; Liepa,
Gaitnieks, 2002; Arhipova et. al, 2008).
E. Rohmeder (1937), analizéjot pétijumu
ka

piemistrojums uzlabo augsnes Ipasibas,

annosum  antagonistiskas rizosféras

datus, secinajis, Fagus silvatica
lidz ar to uzlabojot arl egles augsanas
apstaklus. Citu pétijumu rezultati vai
nu vispar neuzrada pozitivu vai negati-
vu lapu koku piemistrojuma ietekmi uz
Heterobasidion spp. izplatibu (Werner, 1973;
Troedsson, Nilsson, 1980; Karkkainen,
1982; Siepmann, 1984; Piri, 2003a), vai
ari uzrada trupes Ipatsvara palielinasanos
mistraudzés (Falck, 1930; Peace, 1938;
Greig, 1962). Jaatceras, ka lapu koku
piemistrojums var samazinat saknu trupes
izplatibu tikai eglu audzés, kas inficétas
ar H. parviporum (S grupa). Ja audze inficéta
ar H. annosum s.s., tad lapu koku piemistro-
jums nelidzés, jo saknu piepes P grupa
inficé ari lapu kokus (Piri, 1996; Lygis et. al.,
2004b). Dazi autori atzimé, ka saknu trupes
izplatibu eglu audzés priedes piemistrojums
ierobezo vairak neka lapu koku piemistro-
jums (Piri et. al, 1990; Korhonen et. al,

1992; Huse et. al., 1994; Kaarna-Vuorinen,
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2000). Tomér pagaidam vél nav skaidri
ietekmes
pieméram, citu koku sugu piemistrojuma
ietekme eglu jaunaudzés (Piri, 2003b).
Masu pétijuma mérkis — noveértét

visi  piemistrojuma aspekti,

eglu saknu un stumbra trupi izraiso$o sénu
sugu sastopamibu eglu audzés, ka ari
analizét lapu koku piemistrojuma ietekmi
uz saknu trupes izplatibu.

Materials un metodika

Lauku darbu metodika
Vidusdaugavas,  Ziemelkurzemes,
Zemgales un Ziemellatgales mezsaim-
niecibas 2005.-2006. gada apsekoti 319
meza nogabali, kuros iepriekséja gada
veiktas kailcirtes (162 audzes) vai kop-
$anas cirtes (157 audzes). Katra audze,
izmantojot transektu metodi, uzmériti
vidéji 80 eglu celmi (15..240 celmi)
(Bloomberg, 1990). Celmiem noteikts
diametrs, bet trupéjusajiem ari bojatas
dalas laukums. Katra parauglaukuma no
trupéjusiem  celmiem koksnes
(1-12  katra
lai novértétu Heterobasidion spp., ka ari citu
klatbutni  konkrétaja
kuma - kopa 1182 paraugi. Pavisam

nemti
paraugi parauglaukuma),

sénu parauglau-

analizéti 25117 eglu celmi.
Lai
stumbra,

novértétu trupes izplatibu
objektos

mezZsaimniecibas Misas iecirkna 185. kvar-

&etros (Zemgales
tala, Vidusdaugavas  mezZsaimniecibas
Madlienas iecirkna 493. un 494. kvartala,
Zemgales meZzsaimniecibas Erglu iecirkna
81. kvartala) nozageti 114 trupéjusi koki.
No katra koka stumbra dazada augstuma
(pie celma, 3-4 m augstuma un augsta-
kaja trupes izplatibas punkta) nozagétas

75

2-3 ripas, no kuram ari pemti koksnes
paraugi turpmakajam analizém.

Lai novértétu baltalk$pa piemist-
rojuma ietekmi uz saknu trupes izplati-
bu, 2008. gada apsekotas eglu-baltalksnu
mistraudzes  Vidusdaugavas,  Rietum-
vidzemes un Zemgales meZsaimniecibas.
Izpétei izvélétas 20 eglu audzes (izmanto-
jot LVM sniegto informaciju) ar iespéjami
lielaku baltalk$nu piemistrojumu.

Katram nogabalam daba ieziméta
viena vai vairdkas 4 m platas diagonales.
Audzés, kur pédéjo divu gadu laika veik-
ta saimnieciska darbiba — krajas kopsanas
cirte, sanitara izlases cirte — uzmeériti 50
eglu celmi; paréjos nogabalos ar Preslera
svarpstu pie saknu kakla (10-1S cm virs
zemes) izurbtas SO augodas egles un
iegutajam skaidam noteikti trupes bojaju-
mi.

Kameralo darbu metodika
Laboratorijas darbu metodika
mikroskopisko sénu sugu identifikacijai

Laboratorija visi ievaktie koksnes
paraugi isu bridi sterilizéti liesma un
novietoti Petri platé — iesala agara barotné
(1S g iesala ekstrakta, 12 g agara uz 11
destiléta
Péc 7-20 dienam no katras izaugusas

tdens) divos atkirtojumos.
sénu kolonijas ar skalpeli izgriezts agara
bloks (5 x S mm) un tirkultiras iegisanai
Péc
1S dienam visas kultaras mikroskopétas,
izmantojot Leica DM4000B mikroskopu
(palielindgjums x 100) un sadalitas grupas

parnests jauna iesala barotné.

péc morfologiskajam pazimém.
Heterobasidion spp. noteikts péc
micélija mikroskopiskajam pazimém. Sénu
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sugas identificé$anai lietots intersterili-
tates tests (Korhonen et. al., 1992), izman-
tojot S un P grupas sénu testkultaras
(Somija, K. Korhonen). Paréjas sénes
noteiktas ar molekularam metodém.

DNS

(cetiltrimetilamonija

ekstrakcijai izmantots 2%
CTAB bromids)
$kidums. Izvélétas sénes micélijs 10 dienas
audzéts $kidraja barotné (bez agara).
Ar pinceti neliels micélija gabals parnests
sterila stobrina (1 ml), pievienojot 800 pl
CTAB un 3 stikla lodites (¢ 1 mm).
Tad stobrin$ ievietots maisitaja ,Fast-
prep 20007 kur micélijs sasmalcinats ar
atrumu 6000 apgriezienu / min. (tris reizes
pa 45 min). Péc tam tas novietots uz
silditdja ,Thermolyne”, kur turéts vienu
stundu 65°C, tad centrifugéts (uz centrifa-
gas ,Biofuge”) ar atrumu 7500 apgriezie-
nu/ min (S min). Talak no katra stobrina ar
Eppendorfa mehanisko pipeti panemts
750 pl $kiduma, kas parnests sterila Epen-
dorfa mégené. Velkmes skapi pievienoti
750 pl hloroforma un veikta centrifugésa-
na ar maksimalo atrumu (13000 apgrie-
zienu / min) 8 min. Ar mehanisko pipeti
(Eppendorf) no virséja slana papemti
apméram 500 pl $kiduma, tam pievienoti
800 yl izopropanola un centrifugéts ar
maksimalo atrumu 25 min. Péc tam
uzmanigi novakts izopropanols, pievieno-
ti 200 pl 70% etilspirta un centrifugéts ar
maksimalo atrumu S min. Ar pipeti uzma-
nigi atsukts spirts un Ependorfa mégene
pusstundu turéta ar atvértu vaku, lai
izgarotu viss etilspirts. Tad pievienoti
50 ul dejonizéta adens un mégene ievie-
tota ledusskapi 4°C. DNS daudzums
parauga un ta kvalitate noteikta apméram
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péc 12 stundam ar spektrofotometru.
Polimerazes kédes reakcijai (PCR)
izmantota RedTaq polimeraze, bet sé-
ném - specifiski praimeri Its 1F un Its 4.
Master Mix pagatavosanai izmantoti 4,25 pl
dejonizéta adens, 2,5 pl PCR bufera Y,
2,5 yl ANTP, 0,5 pl praimera Its 4, 0,5 pl
praimera Its 1F, 1,5 ul mangana hlorida
un 0,75 pl RedTaq polimerazes katram
paraugam. Viss process veikts uz ledus,
lai nepielautu polimerazes dezaktivaciju.
Master Mix PCR
stobrinos — 12,5 pl katra — un pievienoti
12,5 yl atskaidita DNS $kiduma. PCR
veikts uz ,Mastercycler 5330”, izmantojot
yits 557  programmu. Gatavais PCR
produkts attirits ar CIAP (calf intestinal
alkaline phosphatase) un nositits firmai

Gatavais iepildits

Macrogen (Koreja) talakai sekvenésanai.
Iegatas sekvences apstradatas ar DNASTAR
(Hellman,
Universitet Uppsala). Sénu sugas noteiktas,
izmantojot NCBI (http://www.ncbi.nlm.
nih.gov/blast) un Zviedrijas Lauksaimnie-

SeqgMan 5.07 programmu

cibas Universitates (lokala) datu bazes.

Datu apstrades metodes

Katram parauglaukumam apréki-
nats trupéjuso eglu ipatsvars procentos.
Izmantojot audzu taksacijas aprakstos
dotas sastava formulas, audzes péc pie-
mistroto sugu Ipatsvara iedalitas 4 grupas:
1. grupa — eglu tiraudzes (10 egles, daz-
reiz ,plus” atsevigki lapu koki), 2. grupa -
eglu mistraudzes ar priedi (10-50%),
3. grupa — eglu audzes ar lapu koku pie-
mistrojumu (9 egles un 1 lapu koks),
4. grupa — eglu mistraudzes (8 un mazak

egles, 2 un vairak lapu koki un priedes).
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Katrai grupai aprékinats ar Heterobasidion
inficéto audzu un trupéjuso celmu ipat-
svars. Ipatsvaru salidzinaganai izmantota
proporciju intervalu noteik$anas meto-
de, pie batiskuma intervila 5% (a = 0,05)
(Olsson, Engsrand 2006).

Lai
ipatsvaru audzés ar baltalk$énu piemist-

salidzinatu  trupéjuso eglu
rojumu, izmantota informacija par jau
minéto mezniecibu teritorijas uzmérito
lidziga vecuma (30-60 gadi), meza tipa
(Ap, Gr, Vi, Dm, Vrs, Grs), 39 eglu audzu
(E sastava formula 8 vienibas un vairak)
raditdjiem un dati par trupéuso eglu
ipatsvaru, kas ieguti A/S ,Latvijas Valsts
mezi” finanséta projekta ,Saknu trupes

uzraudziba un ierobeZo$ana skujkoku
mezos” ietvaros.
Ta ka lielakaja dala gadijumu

trupéjuso eglu ipatsvars ir mazaks par
20%, veikta arksinusa transformacija (Lie-
pa, 1974). Transforméto datu atbilstiba
normalajam  sadalijumam  parbaudita,
izmantojot Kolmogorova-Smirnova testu
un Sapiro-Vilka testu. Dispersijas homoge-
nitate parbaudita, pielietojot Levenija testu
(Field, 2005). Ta ka datu transformétas
vértibas par trupéjuso eglu ipatsvaru
gradacijas klasé ,mistrotas eglu baltalksnu
neatbilda
jumam, bet dispersija, to aprékinot péc
par
homogénu, dispersijas analize veikta divos

audzes” normalajam  sadali-

modalajam  vértibam, uzskatama

variantos:

1. parametriskas metodes: divfaktoru
dispersijas  analize  (parametriskais
tests), salidzinot divus faktorus:

mistrojums 3 gradaciju klasés (eglu
tiraudzes, eglu audzes ar lapu koku
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piemistrojumu lidz 20% un mistro-
tas eglu-baltalk$nu audzes ar vismaz
30% baltalkipu piemistrojumu) un
meza tipu grupa 2 gradaciju klasés
[S (Vr, Vrs, Dm) un B (Ap, Gr, Grs)].
Gradacijas klasu atskiribu buatiskums
vértéts péc Geimsa-Hovela testa. Apré-
kini veikti ar datorprogrammu SPSS 14.
Neparametriskas metodes: vienfak-
tora dispersijas analize — Kruskala-
Vallisa tests. Faktors — mistrojums 3
gradaciju klasés (eglu tiraudzes, eglu
audzes ar lapu koku piemistrojumu lidz
20%

audzes ar vismaz 30% baltalk$nu pie-

un mistrotas  eglu-baltalksnu
mistrojumu) un Manna-Vitneja tests —
mistrojums 2 gradaciju klasés (apvie-
notas eglu tiraudzes un audzes ar lapu
koku piemistrojumu, kas salidzinatas
ar mistrotam eglu-baltalksnu audzém).
Aprékini veikti ar datorprogrammu
SPSS 14.

Rezultati un diskusija

Trupi izraisosds sénes

Péc iegutajiem datiem secinats,

ka izplatitaka trupi izraiso$a séne ir He-
terobasidion  parviporum  (Heterobasidion
annosum S grupa), kas izdalita no 11,1%
trupéjuso eglu celmu. No citam trupi
izraisofam  séném  celmos  atrastas
Stereum  sanguinolentum (3%), Amylos-
tereum areolatum (0,1%), Amylostereum
chailletii (0,5%), Bjerkandera adusta (2%),
Armillaria cepistipes (0,2%), Climacocystis bo-
(0,5%)
Izdalito  bazidijsénu

realis
(0,1%).
salidzinajums redzams 1. attéla. No koksnes

un  Fomitopsis  pinicola

ipatsvara

izolétas ari askomicétes un nepilnigi
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pazistamas sénes, kas $aja darba nav
analizétas. Trupi izraisosas sénes no daziem
izdalit
varétu but citu atrak augosu sénu un bak-

paraugiem neizdevas: iemesls
tériju attistiba, kas inhibitéjusi atsevisku
sénu augsanu.

H. parviporum dominéja arl anali-

zétajos paraugkokos (78% no izdalitajam
bazidijséném). No nozagétajiem kokiem
(paraugkokiem) vél izdalitas Amylostereum
areolatum (1%), Stereum sanguinolentum
(5%), Bjerkandera adusta (3%), Phellinus
chrysoloma (1%) un Trametes hirsuta (1%)
(2. attéls).
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1. attéls. Izdalito bazidijsénu ipatsvars eglu celmos (N = 1182).
Figure 1. Proportion of basidiomycetes in spruce stumps (N = 1182).
Neidentificétas
Stereum Trametes hirsuta Unidentified
sanguinolentum 1% nidentifie
Polyporus brumalis 5% 3%  Amylostereum
1% areolatum
Phlebia radiata 1%
1% Bjerkandera adusta
3%
Phellinus chrysoloma .
4 Coprinus sp.

1%

Heterobasidion
parviporum
78%

3%

Gloeophyllum
sepiarium
3%

2. attéls. No augosajiem kokiem izdalito bazidijsénu ipatsvars (N = 114).
Figure 2. Proportion of basidiomycetes isolated from living trees (N = 114,).
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Ar  Heterobasidion
inficéto koku Ipatsvars augos$ajos paraug-
kokos sasniedza 36..71% (vid&ji 55,2%).
Paréjo trupi izraiso$o sénu, tadu ka Stereum

parviporum

sanguinolentum, Phellinus chrysoloma un
Amylostereum areolatum, ipatsvars anali-
zétajos kokos bija daudz mazaks. Vaira-
kums saprofitisko sénu izdalitas no stip-
ri satrupéjusiem kokiem celma augstuma
(0,2-0,3 m).

Lapu koku ietekme uz saknu trupes
izplatibu eglu audzes

Lai analizétu lapu koku piemistro-
juma ietekmi uz Heterobasidion spp. izpla-
tibu eglu audzés, izdalitas 4 audzu grupas —
eglu tiraudzes (10 egles, dazreiz ,plus”
atsevigki lapu koki), eglu mistraudzes ar
priedi (10-50%), eglu audzes ar lapu koku
piemistrojumu  (10% lapu koku), eglu
mistraudzes (20% un vairak lapu koku).

S0

Salidzinot celmu
analizétajas audzu grupas, butiskas atski-
konstatétas (3.  attéls)

(p > 0,05). Trupéjuso celmu daudzums

trupéjuso ipatsvaru

ribas  netika
svarstijas no 21% tiraudzés lidz 25%
mistraudzés ar priezu un lapu koku
piemistrojumu. Tas varétu bat skaidrojams
ar citu sépu sugu ietekmi, pieméram,
Armillaria spp., kas no koksnes biezi ir grati
izdalama.

Apkopojot un analizéjot datus par
Heterobasidion parviporum sastopamibu,
secinats, ka ar H. parviporum inficéto eglu
tiraudzu ipatsvars ir batiski lielaks (38%;
piea=0,05,p < 0,01) nekaar H. parviporum
inficéto mistraudzu ipatsvars (18..21%),
kas batiba atbilst arI citu autoru pétjjumu
rezultatiem (Vasiliauskas, 1980; Huse et. al.,
1994; Linden, Vollbrecht, 2002; Vasilauskas
et. al.,, 2002; Lygis et. al., 2004a; Pautasso et.
al.,, 2005; Thor et. al., 2005) (4. attéls).

40 -

30 4

20 4

10 4

Trupéjoso celmu ipatsvars, %

Proportion of decayed stumps, %

25
0
E E+P E+1 E+L

Audzes sastavs

Species composition

3. attéls. Trupéjuso eglu celmu ipatsvars eglu tiraudzés un mistraudzés (E - tiraudzes; E+P - eglu

audzes ar priedes piemistrojumu; E+1 — eglu audzes ar 10% lapu koku piemistrojumu;

E+L - eglu audze ar vairdk neka 20% lapu koku un priezu piemistrojumu).

Figure 3. Proportion of decayed spruce stumps (E — pure spruce stands; E+P — spruce stands with
pine admixture; E+1 — spruce stands with 10% admixture of broadleaves; E+L — spruce stands
with more than 20% of broadleaved species and pine admixture).
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4. attéls. Ar Heterobasidion parviporum inficéto eglu audzu ipatsvars (E — tiraudzes; E+P - eglu

audzes ar priedes piemistrojumu; E+1 — eglu audzes ar 10% lapu koku piemistrojumu;

E+L - eglu audze ar vairak neka 20% lapu koku un priezu piemistrojumu).

Figure 4. Proportion of spruce stands, infected with Heterobasidion parviporum (E - pure spruce
stands; E+P — spruce stands with pine admixture; E+1 — spruce stands with 10% admixture

of broadleaves; E+L - spruce stands with more than 20% admixture of broadleaves and pine).

Atskirigie dati par H. parviporum
un trupé&juso celmu ipatsvaru skaidrojami
ar to, ka, konstatéjot trupi uz celma, tas
izraisitajs ir grati identificéjams: ta var
but ne tikai saknu trupe, ko izraisa Hetero-
basidion un Armillaria gints sénes, bet ari
stumbra trupe, ko savukart izraisa Stereum
sanguinolentum un citi bra¢u patogéni.
Ir noskaidrots, ka lapu koku piemistro-
jums var palielinat citu slimibu izpla-
tibu, pieméram, Armillaria saknu trupes
izplatibu (Lakomy, 2000).

Izvéloties piemistrojumam piemé-
rotako koku sugu, janem véra ne tikai
konkreétas sugas ietekme uz Heterobasidion
parviporum izplatibu, bet ari citi faktori:
svariga nozime ir audzes produktivitatei
un starpsugu konkurencei. Spécigi attistits
piemistroto sugu koku vainags un saknu
konkurence var samazinat valdo$as sugas
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koku pieaugumu un pat pastiprinat to
uzpémibu pret sakpu trupi un citim
slimibam.

Piemistrojums  izmantojams, ja
izveléta koku suga ir saméra rezistenta
un produktiva. Saja gadijuma svarigi ir
pareizaja laika veikt visus meZsaimnie-
ciskos pasakumus piemistrojuma negati-
vas ietekmes ierobeZzosanai. Lai samazinatu

saknu piepes vegetativo izplatibu skuj-
koku audzés, vélama lapu koku stadisana
nevis grupas, bet pa vienam (Woodward
et. al., 1998).

Pagreiz grati rast konkrétu atbildi
uz jautdjumu, kada ir piemistrojuma nozi-
me saknu trupes izplatibas samazinasana.
Eksperimentalo stadjjumu ieriko$ana ir
ilgstosa; savukart Joti grati atrodama audze,
kuras izpétes rezultati lautu secinat, ka
galvenais trupes izplatibu ietekméjosais
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faktors ir

Vairakiem citiem faktoriem, tadiem ka

lapu koku piemistrojums.

audzes vésture un konkréta gadalaika
darbiba, bat
lielaka ietekme uz trupes izplatibu neka

veikta saimnieciska var

audzes sastavam. Veicot mezizstradi
vasara un nenodrosinot celmu apstradi
ar biologiskajiem vai kimiskajiem pre-
paratiem, butiski tiek veicinata inficé-
$anas ar Heterobasidion spp. bazidij-
sporam (Woodward et. al, 1998). Pie-
méram, ja egles tiks staditas izcirtuma,
kur jau ieviesusies Heterobasidion saknu
trupe, lapu koku piemistrojums pozitivu
efektu nedos, jo jaunie kocini inficésies,
to sakném saskaroties ar trupéjuso celmu
sakném (Piri et. al., 1990.). Svariga nozime
ir ari piemistrojuma koku proporcijai:
tikai piemistrojums, kas ir 20-30% un
vairak, var batiski samazinat trupes izpla-
tibu (Woodward et. al, 1998; Linden,
Vollbrecht, 2002). Misu

parauglaukumos, kur parsvara dominéja

analizétajos

egle, parauglaukumu skaits ar 40-60%
lapu koku piemistrojumu bija Joti iero-
bezots. Ari K. Korhonens atzimé, ka citu
koku sugu piemistrojuma ietekme trupes
izplatibas ierobezo$ana ir sekmiga, ja
piemistrojums  sastada  vismaz = 50%
(Korhonen, Piri, 2002; Linden, Vollbrecht,
2002).

Tiek uzskatits, ka lapu koku tir-
audzes parasti ir rezistentas pret Hetero-
basidion saknu trupi. Savukart Lietuva
ka
bérzi, kas iestaditi H. annosum ieprieks$

veikto pétjjumu rezultati liecina,
stipri skartas platibas (priede), ari ir
inficéti ar H. annosum (Lygis et. al., 2004b).

Tomeér iespéjams, ka $aja gadijuma nav
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izveléts piemérots stadmaterials

(Korhonen, 2005).

Trupes izplatiba mistrotas eglu-baltalksnu
audzés

legiitas vidéjas trupes ipatsvara (%)

vértibas

analizétajos  parauglaukumos

salidzinatas 5. attéla un liecina, ka balt-
saknu
izplatibu vairak ierobezo tie$i eitrofas

alk$nu  piemistrojums trupes
audzes.

Ta ka vidéjais ipatsvars ir mazaks
par 20%, analizé izmantotas trupes ipat-
svara transformétis vértibas (arksinusa
transformacija) (Liepa, 1974). Konstatéts,
ka pastav statistiski batiskas at$kiribas
starp mistrojuma grupam (F(2,53) = 14,93,
p < 0,01), savukirt atkiribas starp mezu
tipu grupam un mijiedarbibu ,mistro-
jums X meza tipu grupa” statistiski nav
bitiskas - attiecigi F(1,53) =0,700, (p=0,4)
un F(2,53) = 0,262, p = 0,77 (1. tabula).

Veicot klasu

konstatéts, mistrotas

gradaciju salidzi-
ka eg-
lu-baltalk$nu audzés trupes ipatsvars ir

najumu,

buatiski zemaks neka eglu tiraudzés un
eglu audzés ar nelielu lapu koku piemist-
rojumu (p < 0,001), savukart pédeéjas divas
gradaciju  klases  batiski  neatskiras
(p = 0,431). Tadgjadi gradacijas klase -

,mistrotas audzes”

eglu-baltalksnu -
uzskatama par piederigu citai general-
kopai. Ta ka datu analizes gaita konsta-
téts, ka vienai no gradaciju klasém ari
transformétas trupéjuso koku ipatsvara
veértibas neatbilst normalam sadaljjumam
(Kolmogorova — Smirnova testa vértiba
gradacijas klasei “egle-baltalk$nu mistro-

jums” ir 0,284, kas pie df = 20 ir statistiski
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5. attéls. Trupé&juso eglu ipatsvars E audzés.

B - eitrofie me%i, S — mezotrofie mezi, (E) - eglu tiraudzes, (E+L) — eglu audzes ar lapu koku
piemistrojumu < 20%, (E+BA) - eglu audzes ar vismaz 30% baltalkinu piemistrojumu.

Figure S. Proportion of decayed spruces in spruce stands.

B — eutrophic forests, S — mesotrophic forests, (E) — spruce monocultures, (E+L) — spruce stands with
admixture of broadleaves < 20%, (E+BA) — spruce stands with admixture of grey alder > 30%.

1. tabula / Table 1
Dispersijas analizes kopsavilkums (trupes ipatsvara arksinusa transformétas vértibas)
Analysis of variance (proportion of root rot arcsine transformed)

I11 tipa no- Brivibas
virzu kvadra- pakaP]u Dispersija Fiera kr_lterl— Biitiskums
tu summa skaits ; ja vértiba o
T Variance Significance P
ype 111 sum Degree of Fvalue
of squares freedom

Korigétais modelis 1,239 S 0,248 7,151 0,000
Corrected model
Vienadojuma bri- 6,208 1 6,208 179,106 0,000
vais loceklis
Intercept
Meza tipu grupa 0,024 1 0,024 0,700 0,406
Forest site type
Mistrojums 1,035 2 0,518 14,932 0,000
Admixture
Meza tipu grupa x 0,018 2 0,009 0,262 0,770
mistrojums
Forest site type x
admixture
Klada 1,837 s3 0,035
Error
Kopa 10,618 59
Total
Korigétais kopa 3,076 58
Corrected total
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bitiska), datu analizei izmantotas nepa-
Veicot  Kruska
la-Vallisa testu, secinats, ka starp gra-

rametriskas  metodes.
daciju klasém pastav butiska atskiriba
(3¢ = 21,3 (df = 2), p = 0,001). Apvieno-
jot eglu tiraudzes un eglu audzes ar lapu
koku piemistrojumu (lapu koki <20%)
viend gradacijas klasé un salidzinot to
ar eglu audzém ar baltalk$pu piemistro-
(baltalksnis  >30%) (izmantots
Manna-Vitneja tests), konstatéta statis-

jumu

tiski butiska atskiriba starp izdalitajam
gradaciju klasém (U = 106,5, p < 0,001).

Masu iepriek$éjo pétijumu rezultati lie-
cina, ka baltalk$nu piemistrojums veicina
eglu mikorizas tipu daudzveidibu un vita-
litati (Gaitnieks et. al, 2000b), savukart
$aja gadijuma baltalk$pu piemistrojums
sekméjis eglu rezistenci pret H. parvi-

porum.

Pétijuma rezultata secinats, ka
mistrotas  eglu-baltalkénu audzés, kur
baltalk$nu  piemistrojums  parsniedz

30%, trupéjuso eglu ipatsvars ir buatis-

ki zemaks neka tiraudzés vai audzés

ar nelielu lapu koku piemistrojumu.

Secinajumi

1. Egluaudzés izplatitaka trupi izraiso$a séne ir Heterobasidion parviporum.

2. Ar H. parviporum inficéto eglu tiraudzu ipatsvars ir butiski lielaks neka ar
H. parviporum inficéto mistraudzu ipatsvars (p < 0,01).

3. Trupéjuso celmu ipatsvars eglu tiraudzés un mistraudzés (lapu koku piemistro-
jums 10-50%) butiski neatskiras (p > 0,01).

4. Eglu audzés ar baltalkipu piemistrojumu (lielaks par 30%) saknu trupes skarto
eglu ipatsvars ir batiski mazaks.
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