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Rodowa uprawa zachowawcza jodly pospolitej z rezerwatu ,, Tisovik” w Puszczy Bialowieskiej

The ancestral conservative tillage of silver fir in the ,,Tisovik” reserve of the Bialowieza Primeval Forest
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Abstract. The “Tisovik” reserve, located in the Belarusian part of the Bialowieza Forest, holds an isolated relic stand of silver
fir, situated 120 km to the north-east of the main forest. In order to preserve this relic fir stand, a ancestral conservative tillage
consisting of the Jd 92 trial (plot I) and the Jd 94 trial (plots II and III) was established between 1992 and 1994 in the Polish part
of the Biatowieza Forest on the territory of the Hajnéwka Forest District. The growth and development of the progeny of 20 firs
were characterized by means of long-term observations made in these trials. In 2000 (at the age of 18), the firs in the Jd 92 trial
(plot I) reached an average height of 394.86 cm with a mean diameter at breast height of 42.42 mm and the average rate of survival
amounted to 75%. In the Jd 94 trial, the rate of fir survival on plot II was 70% (at the age of 15) with an average height of 277.08
cm and a diameter at breast height of 36.62 mm, while on plot III only 50 trees with an average height of 198.6 cm and a diameter at
breast height of 24.49 mm survived. The results of this study show that the fir progeny in the “Tisovik” reserve is of high breeding
value. Therefore, the silver fir seed stock of the “Tisovik” reserve is suitable for the establishment of new plantations in the Polish
part of the Biatowieza Forest and the Mazury-Podlasie Region.
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1. Wstep

W rezerwacie ,,Tisovik” potozonym w biatoruskiej czesci
Puszczy Biatowieskiej znajduje si¢ wyspowe stanowisko relik-
towej jodty pospolitej oddalone o 120 km na poéinocny wschod
od zwartego zasiggu. W latach 1992-1994 w polskiej czesci
Puszczy Biatowieskiej zalozono rodowa uprawe zachowawcza
jodty, obejmujacg doswiadczenie Jd 92 (kwatera I) w oddz.
416 AgiJd 94 (kwatera II i I1I) w oddz. 416 Cf Nadlesnictwa
Hajnéwka. Celem zatozenia uprawy bylo:

1) zachowanie zasobow genowych tej reliktowej populacji
jodty,

2) ocena jej wartosci hodowlanej,

3) stworzenie przysztosciowej bazy nasienne;j.

2. Metodyka badan

Material sadzeniowy stanowity siewki jodly otrzymane
z nasion szyszek zebranych w rezerwacie ,,Tisovik” z 11
jodet w pazdzierniku 1992 r. — Jd 92, oraz z 20 jodetl jesienig
1994 1. — Jd 94.

Przygotowanie upraw

Pod uprawy wybrano fragment drzewostanu z trzema
gniazdami na siedlisku lasu §wiezego (L$w) obejmujacy
przylegajace wydzielenia 416 Ag i 416 Cf w le$nictwie
Wilczy Jar, w Nadle$nictwie Hajnowka w Puszczy Bia-
lowieskiej. Potozenie geograficzne drzewostanu okreslaja
wspotrzedne: E 23°39°16”°, N 52°42°30”".

Wystepuja tu gleby brunatne, wlasciwe, wyjatowione, na pia-
skach gliniastych. W sktfadzie gatunkowym drzewostanu domi-
nuje: brzoza brodawkowata o Srednim wieku 78 lat (40%), dab
szyputkowy o $rednim wieku 55 lat (30%) oraz grab zwyczajny
o $rednim wieku 35 lat (20%). Uprawa zachowawcza sktada si¢
z 3 obiektow — kwater o powierzchni po 0,22 ha, przedzielonych
30 m szerokosci kulisami (ryc. 1). Cata rodowa uprawe zacho-
wawczg obejmujacg do§wiadczenia Jd 92 1 Jd 94 ogrodzono.

Sadzenie jodly

Jd 92. W pazdzierniku 1996 r. posadzono 4-letnie sadzon-
ki jodly w wigzbie 1,3%1,0 m na kwaterze [ w oddz. 416 Ag.
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Rycina 1. Szkic rozmieszczenia kwater w uprawie jodlowej
w Nadlesnictwie Hajnéwka

Figure 1. The sketch of the distribution of quarters on the fir-tillage
in the Forest District Hajnowka

Kazdy rod zostal posadzony w oddzielnym rzg¢dzie oznaczo-
nym na poczatku i koncu palikiem z numerem rodu. W zwiaz-
ku z nieréwna liczba sadzonek poszczegodlne rody posadzono
w jednym lub kilku rzgdach.

Jd 94. Dobrze wyros$nigte 3-letnie sadzonki jodly zostaly
posadzone jesienig 1998 r. w dwoch powtorzeniach (kwatera
111 1) w oddz. 416 Cf Nadlesnictwa Hajnowka.

Pomiar i ocena jodel w uprawie

Badania terenowe przeprowadzono w latach 2000, 2004,
2006 1 2010. Wykonano nastepujace pomiary:

a) wysokos$¢ drzewka [cm] z doktadnoscia do 0,5 cm,

b) piersnica drzewka [mm] z doktadnoscig do 0,1 mm,

c¢) grubo$¢ w szyi korzeniowej (mm) z doktadnoscia do
0,1 mm.

Wzrost osiowy jodly oceniano wedtug wskaznika jakosci
strzaty:

1 — strzata z przewodnikiem prawidlowo wyksztatlconym,

2 — przewodnik wyrastajacy z bocznego pedu,

3 — strzata o wierzchotku wielopedowym (bez przewodnika).

Przezywalno$¢ (odsetek zywych jodelek) okreslono w po-
szczegolnych rodach w danym roku pomiarowym.

Uszkodzenia mrozowe jodetek oceniano tylko w 2000 r.
na uprawie Jd 92 wedtug nastepujacej skali:

1 — zmrozony przewodnik,

2 — zmrozone pedy boczne,

3 — zmrozona cata sadzonka.

Dla kazdego rodu podano odsetek poszczegélnych typow
uszkodzen mrozowych.

Analizy statystyczne

Obliczono wartosci $rednie ogdlne dla poszczegdlnych
cech. Na podstawie $rednich ogolnych i odchylenia standar-
dowego oraz $rednich z poszczegdlnych rodéw dokonano
standaryzacji cech jodly w obu dos§wiadczeniach i dla kazde-
go roku pomiarowego.

Standaryzacj¢ pomiardw poszczegoélnych cech dokonano
wg wzoru:

X, —X
7, == [1]
gdzie:
X, — i-ty wynik pomiaru (obserwowana warto$¢ zmiennej),

X —$rednia arytmetyczna pomiaru w analizowanym zbiorze,
S — odchylenie standardowe pomiaru w analizowanym zbiorze,
z_— warto$¢ cechy n-tej w jednostkach standaryzowanych.
Na bazie standaryzowanych danych wyliczono wskaznik
jakosci hodowlanej poszczegolnych rodow (H,) wg wzoru:

(2]

gdzie:

H, — wskaznik jakosci hodowlanej rodu,

z,... — warto$¢ cechy n w jednostkach standaryzowanych,
n — liczba cech.

Tak wyliczone wskazniki jakosci hodowlanej pozwalaja
na porownanie poszczeg6lnych rodow.

Analizy statystyczne mierzonych i ocenianych cech jodty
wykonano w pakiecie statystycznym ,,R” R Development
Core Team (2011) i programie ASReml (Gilmour i in. 2009).
Mierzone i oceniane cechy analizowano wedlug nastepujace-
go modelu:

wartos¢ cechy = u + R +E [3]

1 — $rednia ogdlna dla doswiadczenia,
R —losowy wptyw rodu n,
E —blad doswiadczenia.

Przy zatozeniu losowego uktadu do§wiadczenia odziedzi-
czalno$¢ dla rodow z wolnego zapylenia obliczono wedtug
wzorow Wright’a (1976):

Odziedziczalnosé rodowa:

Odziedziczalnosé indywidualna:

5 =2

i 2 2
o, t+0;

(3]

gdzie:
n — $rednia liczba drzew w rodzie,
o} — komponent wariancji dla btedu,

2 . .. .
o0, — komponent wariancji rodowe;.
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Btad odziedziczalnosci obliczono w programie AsReml
(Gilmour et al. 2009) wedtug wzoru:

(6]

2 2 2 2_2
SER = (O'n )Z(Var(an) N Var(oy) 2Cov(0'n0'd))
2 4 4 2 2
o, o, o, 0,0,
. 2 . 2 . . . . . . .
gdzie o, 1 o, oznaczaja odpowiednio wariancj¢ licznika
i mianownika we wzorze na odziedziczalnos¢.

3. Wyniki
Przezywalno$¢ i szkody od przymrozkéw

W 2000 r. stwierdzono, ze sadzonki przezyly stosunkowo
dobrze. Sredni odsetek zywych jodet w poszczegdlnych upra-
wach wahat si¢ od 97,5% (jodta 8-letnia) do 98,8% (jodta
S-letnia) (tab.1).

W roku 2004 zaznaczyl si¢ wyrazny spadek przezywal-
nosci jodly zarowno w obrebie poszczegodlnych rodow, jak
1 migdzy uprawami. Na uprawie Jd 92 (kwaterze I) przezyto
81,1% jodet, natomiast na uprawie Jd 94 $rednia przezywal-
no$¢ wyniosta 59,8% (na kwaterze I — 67,5%, na kwaterze
IIT — 52,1% sadzonek (tab. 1).

Przeprowadzone w latach 2006 i 2010 obserwacje wyka-
zaly, ze na uprawach wypadto zaledwie 3,4% (Jd 92) i 3%
drzewek (Jd 94). Zauwazono réwniez, ze niektore rody cha-
rakteryzowaly si¢ wysoka przezywalnoscia. Do grupy tej za-
liczaly si¢ rody 1 (kwatera I i II), 16 (kwatera I) oraz 71 21
(kwatera II) (tab. 1).

Pojedyncze sadzonki lub grupy sadzonek w s$rodkowej
czesci powierzchni ulegly uszkodzeniu przez przymrozki.
Brak bylo wyraznego zwiazku migdzy wysokoscig jodetek
a stopniem uszkodzenia przez przymrozki (tab. 2). Zaznaczy-
ty si¢ wyrazne réznice mi¢dzy rodami: najbardziej podatnymi
na przymrozki okazaly si¢ jodty rodéw nr 4 (31%), 5 (23%)
117 (22%), natomiast najwigksza odpornoscia na przymrozki
cechowaty si¢ rody: nr 1, 161 21 (tab. 2).

Wzrost osiowy

Stwierdzono wyrazny wzrost odsetka sadzonek z prawi-
dtowo wyksztalconym przewodnikiem do roku 2006. W roku
2010 nastapit wzrost odsetka jodet z wtérnym przewodni-
kiem, szczegdlnie na kwaterze III (tab. 3). Reakcja poszcze-
gblnych rodow na czynniki deformujace wzrost osiowy byta
bardzo zréznicowana.

Wzrost na wysokos$¢ i grubosé

Wyniki pomiaréow cech wzrostowych jodet w latach 2000,
2004, 2006 i 2010 zamieszczono w tabelach 4, 5 1 6. Cecha
charakterystyczna badanej populacji jodly bylo duze zr6z-
nicowanie cech przyrostowych w obrebie poszczegdlnych
rodéw, ktore powstato w wyniku zmrozen drzewek. W przy-
padku warto$ci srednich rodow i $rednich ogdlnych dla bada-
nej populacji na kwaterze roznice te ulegaty zatarciu. Druga
cecha charakterystyczna rodowej uprawy zachowawczej byto

rézne tempo wzrostu jodet na poszczegoélnych kwaterach.
Mimo stosunkowo wyréwnanych warunkéw siedliskowych
na calej powierzchni uprawy, najlepsze warunki wzrostowe
znalazta jodta w doswiadczeniu Jd 94 na kwaterze 11, a naj-
stabiej rosta na kwaterze III (tab. 5 1 6).

Doswiadczenie Jd 92

W 2000 r. srednia wysokos$¢ jodet (8-letnich, 4 lata na
uprawie) wynosifa 54,46 cm przy niewielkich réznicach mie-
dzy rodami. Natomiast w obrebie poszczegdlnych rodow roz-
nice wysokos$ci drzewek byly bardzo duze (tab. 4). Wyrazna
byta wspolzalezno$¢ migdzy wysokoscia a gruboscia w szyi
korzeniowej. Najlepszymi pod wzgledem hodowlanym oka-
zaly si¢ jodly rodow nr 15, 17 1 2, a zdecydowanie najstab-
szym byt rod nr 4 (ryc. 2).

W roku 2004 $rednia ogolna wysoko$¢ jodet (12-letnich)
wyniosta 120,26 cm, a $rednia wysokos¢ rodow od 94 cm
do 143 cm (tab. 4). Zréznicowanie wysoko$ci w obrebie po-
szczegolnych rodow bylto bardzo duze.

W 2004 r. $rednia ogdlna grubos¢ jodet mierzona w szyi
korzeniowej wyniosta 24,38 mm, a $rednie dla rodow wyno-
sity od 17,24 mm do 30,33mm (tab. 4). Stwierdzono bardzo
duze réznice miedzy osobnikami w obrebie poszczegdlnych
rodow (tab. 4).

W roku 2006 wysokos¢ jodet byta wicksza niz w po-
przednim pomiarze $rednio o okoto 81 cm i wyniosta srednio
201,13 cm. Srednia dla rodow miescita sie w granicach od
163,60 cm do 227,33 cm (tab. 4, ryc. 3).

Pod wzglgdem jakosci hodowlanej (/1,) uszeregowanie
rodéw byto podobne jak w 2004 1. (ryc. 2).

W 2010 r. stwierdzono, ze od 2006 r. wysokos¢ jodet wzro-
sta §rednio o 193 cm i wyniosta dla populacji na kwaterze
1 394,86 cm. Srednia wysoko$é rodow miescila si¢ w zakresie
od 301,89 cm do 463,28 cm. Nadal widoczne byty duze rozni-
ce wysokosci drzew w obrgbie poszezegolnych rodow (tab. 4).

Sredni roczny przyrost wysokosci jodetek w latach 2000—
2004 wynosit okoto 9 cm rocznie, w latach 2005-2006 —
okoto 40 cm, a w latach 2007-2010 — okoto 48 cm rocznie.
W ciagu 14 lat ich rozwoju w uprawie coraz wyrazniej uwi-
dacznialy si¢ réznice pomigdzy rodami w tempie wzrostu na
wysoko$¢ (tab. 4).

W latach 2006-2010 $rednia grubo$¢ w szyi korzeniowe;j
wzrosta 0 29 mm i wyniosta 62,69 mm. Warto$ci przecigtne
dla rodow miescily si¢ w przedziale od 42,97 mm do 69,85
mm (tab. 4). Po raz pierwszy pomierzono grubo$¢ na wyso-
kosci pierénicy. Srednia pierénica jodet na kwaterze I wyno-
sifa 42,42 mm i byla o 32% mniejsza od $redniej grubosci
w szyi korzeniowej (tab. 4).

Doswiadczenie Jd 94

Wzrost jodetna kwaterach II i III, mimo stosunkowo po-
dobnych warunkow siedliskowych, przebiegal znaczaco
roznie. Na kwaterze II jodta osiagneta znacznie wigksze roz-
miary niz na kwaterze III (tab. 51 6).
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Tabela 4. Charakterystyka rozwoju jodly pospolitej na uprawie Jd92 (kwaterze I) w latach 2000, 2004, 2006 i 2010 w oddz. 416 Ag
Nadles$nictwa Hajnowka
Table 4. The characteristics of the development of the silver fir in the years 2000, 2004, 2006, 2010 in tillage Jd92 (Quartier I), compartment
416 Ac, in compartment 416 Ag, Hajnéwka Forst District

Grubos¢ w szyi korze-

Nr rodu Wys9ko§c’ (cm) niowej (mm) Jakos¢ strz'aly* Piersnica (mm)
Family Hel_ght (cm) Root collar diameter (mm) Stenl quality™ H, DB_H (mm) H,
No. X +SD T asD X +SD X +SD
2000 : jodla 8-letnia / 8-year-old firs
1 55,5+0 10,540 1,70+0 -0,10 - -
2 54,02423,16 11,3243,68 1,69+1,01 0,05 - -
3 51,82+26,04 11,49+3.8 1,4+0,86 -0,34 - -
4 40,98+25,28 8,03+3,84 1,56+0,86 -1,50 - -
5 52,85+21,63 10,54+3,5 1,64+0,88 -0,26 - -
11 51,37+25,42 10,58+3,75 1,5+0,86 -0,47 - -
12 55,19+25,1 10,48+3,81 1,52+0,85 -0,31 - -
15 53,59+31,44 11,43+3,85 1,78+0,95 0,17 - -
16 52,38+24,95 10,5143,3 1,56+0,89 -0,38 - -
17 58,88+29,18 11,93+4,04 1,58+0.84 0,28 - -
21 48,86+24.,95 10,4+3,79 1,63+0,85 -0,46 - -
Srednia / Average 54,46+24,82 11,25+3,78 1,65+0,85 - -
2004 : jodla 12-letnia / 12-year-old firs
1 142,67+21,64 30,33+5,73 1,001 0,57 - -
2 122,57+46,76 24,47+9,38 1,29+0,56 0,08 - -
3 123,01+43,21 24,4849,12 1,15+0,45 -0,07 - -
4 93,91+43,34 17,24+8,18 1,19+0,52 -1,31 - -
5 109,49+44.9 21,11+8,04 1,27+0,59 -0,38 - -
11 125,02+43,05 25,15+10.06 1,16+0,45 -0,03 - -
12 135,05£52,2 25,11+10,39 1,26+0,65 0,35 - -
15 120,79+48,77 26,19+10,15 1,35+0,56 0,32 - -
16 116,47+39,54 22,38+7,76 1,19+0,4 -0,30 - -
17 129,32+49,74 25,8+9,86 1,28+0,6 0,34 - -
21 100,91445,5 21,09+9,65 1,32+0,57 0,01 - -
Srednia / Average 120,26+47,76 24,38+9,71 1,28+0,56 - -
2006 : jodla 14-letnia / 14-year-old firs

1 186,17+70,7 30,89+10,34 1,1+0,41 -0,32 - -
2 204,00+66,5 34,52+11,25 1,03+0,19 0,02 - -
3 195,29+62,87 32,02+10,19 1,02+0,14 -0,35 - -
4 164,81+67,72 28,13+12,11 1,0440,27 -1,04 - -
5 186,17+70,7 30,89+10,34 1,1£0,41 -0,32 - -
11 209,37+67,96 31,95+9,38 1,17+0,54 0,31 - -
12 227,33462,06 33,08+9,53 1+£0 0,13 - -
15 203,06+72,95 35,11+12,87 1,05+0,27 0,12 - -
16 197,76+50,09 28,8+9,09 140 -0,65 - -
17 214,26+74,15 35,82+12,64 1,08+0,36 0,42 - -
21 163,60+80,95 25,91+13,41 1,2+0,62 -0,74 - -
Srednia / Average 201,13+70,98 33,72+11,98 1,06+0,32 - -
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Grubos¢ w szyi korze-

Nr rodu Wys9koéc’ (cm) niowej (mm) Jakos¢ strz.aly* Piersnica (mm)
Family Hel_g ht (em) Root collar diameter (mm) Steni quality® H, DB_H (mm) H,
No. X +SD )_C +SD X £SD X +£SD
2010 : jodla 18-letnia / 18-year-old firs
1 397,17+80,54 62,33+17,62 1,33+0,58 0,37 44,33+12,06 0,46
2 414,10+148,77 65,76+29,95 1,16+0,41 0,21 44,33+12,06 0,30
3 391,38+99,93 60,10+24,11 1,02+0,14 -0,45 46,29+25,11 -0,27
4 301,89+150,57 42,97+23,88 1,10+0,30 -1,46 42,35+18,95 -1,47
5 354,68+136,83 52,62+25,15 1,234+0,53 -0,48 27,85+20,36 -1,18
11 394,89+124,43 60,65+26,10 1,12+0,38 -0,18 36,60+21,86 -0,49
12 463,28+98,95 69,85+23,27 1,15+0,49 0,67 43,37420,96 0,71
15 396,13+146,62 66,39+31,28 1,18+0,43 0,15 52,50+19,59 0,63
16 385,00+111,29 53,06+20,50 1,06+0,24 -0,64 44,47+£25,89 -0,54
17 420,36+147,93 67,76+£31,18 1,20+0,50 0,41 36,88+17,57 0,15
21 341,68+164,37 54,80+31,51 1,20+0,52 -0,55 49,53+£26,45 -0,21
Srednia / Average 394,86+145,74 62,69+29,81 1,17+0,44 42,42+20,88

Tabela 5. Charakterystyka rozwoju jodly pospolitej na kwaterze II w uprawie Jd94 w latach 2004, 2006 i 2010 w oddz. 416 Cf
Nadles$nictwa Hajowka

Table 5. The characteristics of the development of the silver fir in the years 2004, 2006, 2010 in the tillage Jd94 (Quartier II), in compartment
416 Cf Hajnowka orest District

Grubos$¢ w szyi korze-

Ve oy

= Root collar diameter (mm) _

No. X +SD T 4SD X

2004 : jodla 9-letnia / 9-year-old firs

1 65,00£19,03 12,13£3 1,13 0.60
2 64,40£19,67 14,03+£5,91 1,04 -0,57
3 62,00+£26,21 13,31+4,27 1,11 -0,57
4 80,45+29.23 15,2145,02 1,08 0,33
5 82,85+26,19 17,86+8,6 1,01 0,65
6 93,44+36,05 20,26+7,24 1,09 1,67
7 86,00 17,00 1 0,60
8 86,72+27,68 19,25+5,42 1,06 1,17
9 63,36+20,68 15,35+4,11 1,11 -0,18
11 79,30+29,08 15,46+4,91 1,16 0,57
12 72,97+2,17 15,14+4,2 1,11 0,14
13 68,08+31,48 14,50+5,87 1,04 -0,36
15 62,16£17,59 14,16+3.,45 1,06 -0,57
16 52,06+16,53 11,07+3,29 1,14 -1,21
17 62,26+22.8 13,46+4,35 1,04 -0,74
18 69,96+28,7 13,00+4,5 1,11 -0,33
21 56,75+25,28 14,03+5,33 1,25 -0,93
22 63,61+20,23 12,48+2,69 1,06 -0,80
23 50,50+20,28 11,88+2,13 1,38 -0,4
29 62,68+27,5 13,26+3,74 1,21 -0,19

Srednia / Average 71,34+27,65 15,05+5,98 1,09
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Grubos$¢ w szyi korze-

Nr rodu Wys9ko§c’ (cm) niowej (mm) Jakos¢ strz.aly
Family Hel_g ht (em) Root collar diameter (mm) Stem ﬂuahty !
No. X +SD T 4SD x
2006 : jodla 11-letnia / 11-year-old firs
1 117,13429,19 23,51+5,27 1,13 -0,25
2 107,76+31,04 21,93+6,58 1,1 -0,72
3 103,02+40.,91 21,84+7,72 1,04 -1,00
4 150,31+48,67 27,96+8,21 1,05 0,77
5 139,38+43,12 29,26+10,23 1 0,54
6 164,32+54,69 28,42+9,31 1,05 1,12
7 149,74+47,17 28,9+9,05 1,04 0,84
8 157,75+46,65 27,61+£7,3 1,02 0,97
9 113,94+33,75 22,89+8,48 1,23 -0,64
11 132,36+48,72 23,39+7,45 1,13 0,06
12 130,36+39 22,95+6,86 1,03 0,05
13 127,52+50,7 23,38+8,66 1,19 0,14
15 119,51+31,04 22,8+6,58 1,06 -0,30
16 98,14+35,84 18,69+6,29 1,23 -1,30
17 113,76+40,69 20,97+6,83 1,32 -0,07
18 138,17+45,88 26,26+8,36 1,06 0,33
21 111+48,49 20,15+7,63 1,17 -0,66
22 139,67+22,.37 26,06+7,6 1,08 0,40
23 90,5+29,54 19,07+6,04 1,25 -1,00
29 115,4+51,54 22,77+7,32 1,27 0,70
Srednia / Average 128,52+46,96 24,48+8,36 1,09
2010 : jodla 15-letnia / 15-year-old firs
1 315,67+116,8 40,73+22,58 1,4 0,31
2 222,9+80,46 26,46+12,77 1,3 -0,92
3 238,95+87,16 28,3+15,27 1,09 -0,66
4 296,49+95,21 38,21+17,15 1,18 0,11
5 281,81+£97,37 35,22+17,64 1,16 -0,05
6 339,76+£97,77 46,94+22,18 1,13 1,17
7 252,00+0 32,1040 1 -0,81
8 322,66+86,05 44,56+16,27 1,29 1,14
9 275,03495,45 39,83+15,18 1,17 0,16
11 299,16+78,81 39,02+16,84 1,29 0,58
12 277,72+88,95 37,67+16,41 1,19 0,10
13 246,81+114,6 30,87+23,1 1,29 -0,44
15 259,99+79,97 33,17+13,78 1,07 -0,33
16 234,41+85,73 32,44+15,41 1 -0,97
17 251,21+£104,2 37,04+15,64 1 -0,54
18 296,93+88,59 39,55+14,45 1,07 0,21
21 223,41+93,63 28,16+17,42 1,53 0,42
22 248,74+84,88 35,03+17,47 1,22 -0,03
23 266,67+96,73 36,2421,57 1 -0,42
29 272,6+123,2 45,87+18,63 1 0,19
Srednia / Average 277,08+95,9 36,62+17,5 1,17

161



162 A.F. Korczyk / Lesne Prace Badawcze, 2015, Vol. 76 (2): 153-167

Tabela 6. Charakterystyka rozwoju jodly pospolitej na kwaterze III w uprawie Jd94 w latach 2004, 2006, 2010, w oodz. 416 Cf
Nadles$nictwa Hajowka

Table 6. The characteristic of the development of the silver fir in the years 2004, 2006, 2010 in the tillage Jd94 (Quartier III), in compartment
416 Cf Hajnowka Forest District

Grubos$¢ w szyi korze-

Nr rodu Wys?koéé (cm) niowej (mm) Jakos¢ strz.aly Piersnica (mm)
Family He1_ght (em) Root collar diameter (mm) SteT quality H, DB_H (mm) H,
No. X +SD - X +SD X £SD
X +SD
2004 : jodla 9-letnia / 9-year-old firs
1 45,7114 11,43+2,07 1,86+1,07 0,30 - -
2 49,33+20,55 13,00+3,00 1,00+0 -0,76 - -
4 62,42+35,28 15,22+8,81 1,56+0,88 0,34 - -
5 33,07£9,55 8,47+2,05 1,53+0,92 -1,76 - -
6 49,92+17,38 12,04+2,90 1,75+0,94 0,12 - -
7 56,08+27,33 14,54+4,87 1,63+0,87 0,50 - -
8 45,63+17,66 12,65+3,80 1,68+0,89 -0,27 - -
9 52,614+23,29 15,71+6,22 1,53+0,86 0,48 - -
11 46,12+18,24 13,77+4,93 1,62+0,92 0,08 - -
12 52,08+19,19 14,58+3,92 1,60+0,93 0,31 - -
13 43,94+13,31 12,56+3,42 1,28+0,67 0,79 - -
15 35,56+9,58 10,1£2,32 2,00+1,00 -0,85 - -
16 48,46+19,21 12,28+3,75 1,69+0,95 0,20 - -
17 48,62+16,00 13,25+3,47 1,55+0,89 -0,17 - -
18 53,23+22,44 13,08+3,60 1,85+1,00 0,34 - -
22 42,52+15,69 11,7+3,10 1,57+0,90 -0,69 - -
29 43,7+14,44 10,1£2,71 1,70+0,92 -0,81 - -
Srednia / Average 49,90+22,65 13,3445,2 1,63+0,92 - -
2006 : jodla 11-letnia / 11-year-old firs

1 55,11+21,00 13,6+3.50 1,11+0,45 -1,13 - -
2 68,75+41 15,01+3,68 1,75+0,96 -0,23 - -
4 105,9+57,12 21,2249,32 1,19+0,53 0.56 - -
5 54,6+21,59 13,36+3,53 1,40+0,89 1,41 - -
6 93,47+27,11 18,03+4,34 1,124+0,49 -0,30 - -
7 95,89+44,6 21,47+7,83 1,25+0,58 0,46 - -
8 88,13+29,88 19,34+5,45 1,08+0,38 -0,32 - -
9 83,7+41,11 22,3449,34 1,45+0,75 0,63 - -
11 83,63+35,64 18,2+6,55 1,13+0,44 -0,51 - -
12 93,87+38,09 20,18+5,95 1,21+0,59 0,15 - -
13 88,44+26,38 19,14+3,62 140 -0,49 - -
15 67,00+28,16 17,76£3,65 140 -1,2 - -
16 79,68+38,43 17,71+6,59 1,32+0,64 -0,34 - -
17 83,02+32,12 18,93+6,07 1,33+0,68 -0,07 - -
18 106,15+37,48 19,48+6,35 1,15+0,55 0,26 - -
22 75,2+38,68 15,33+5,46 1,27+0,7 -0,87 - -
29 78,5+24,96 274322 1,17+0,38 -0,85 - -

Srednia / Average 89,47+40,86 19,58+7,22 1,23 - -
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Nr rodu

Wysokos$¢ (cm)

Grubos¢ w szyi korzenio-

Jako$¢ strzaly

Piersnica (mm)

Family Hei_ght (em) Root colﬁijd(izlrrlrl)ter (mm) SteT quality H, DB—H (mm) H,
No. X +SD = X +SD X +SD
X +SD
2010 : jodla 15-letnia / 15-year-old firs
1 155,50+52,68 22,77+8,19 1,44+0,73 -0,84 11,76+5,54 -1,70
2 130,67+78,28 24,16+12,48 1,33+0,52 -1,20 18,50+12,02 -1,60
4 235,54+118,5 40,25420,83 1,21£0,41 1,10 29,64+15,77 -1,45
5 106,40+49,34 19,90+8,36 1,60+0,7 -1,29 14,50+3,54 -1,96
6 191,85+95,65 34,73£19,15 1,27+0,53 -0,27 25,00+13,44 -0,24
7 212,43+98,83 39,22+20,55 1,14+0,4 -0,64 25,26+16,14 -0,59
8 190,53+98,03 35,02+18,15 1,33+0,54 0,41 23,53+10,78 0,35
9 236,62+103,3 47,79+26,18 1,26+0,57 1,90 30,54+17,33 2,31
11 199,35+95,64 36,54+20,55 1,16+0,41 -0,17 22,04+16,83 -0,05
12 229,31+85,68 44,45+19,32 1,19+0,46 0,22 27,71+14,54 1,92
13 174,74+95,82 31,15£15,92 1,42+0,51 -0,27 20,50+10,44 -0,26
15 112,88+51,85 21,84+6,42 1,36+0,57 -0,91 11,00+4,20 -2,59
16 188,96+89,39 33,26+17,07 1,20+0,46 -0,21 21,37+12,68 -0,40
17 179,81+89,64 34,43+16,62 1,31+0,56 -0,22 21,24+12,34 -0,17
18 209,3+105,6 38,53+22,95 1,32+0,52 0,75 28,39+17,06 1,01
22 202,00+75,78 32,89+13,82 1,11+0,32 -0,28 20,47+11,24 -0,55
29 158,88+58,81 26,38+10,49 1,14+0,36 -1,24 14,83+6,16 -1,89
Srednia / Average 198,64+99,42 33,14+10,81 1,25+0,49 24,49+14,84

W 2004 r. na kwaterze II odsetek 9-letnich jodetek (6 lat
w uprawie) z prawidtowo wyksztatconym przewodnikiem wy-
nosit 91%, a na kwaterze III tylko 72%. Przy tym na kwate-
rze III az 24% drzewek miato wierzchotki wielopgdowe (tab.
3). Skutkiem tego wysokos¢ jodetek w kwaterze 111 wynosita
$rednio 49,90 cm i byta o0 30% mniejsza od wysokosci drzewek
na kwaterze II (Srednia 71,34 cm) (tab. 5 i 6). Podobne roz-
nice stwierdzono w przyroscie grubosci w szyi korzeniowej,
przy czym roznice tych cech wzrostowych byty stosunkowo
niewielkie migdzy rodami, za to bardzo znaczne w obrgbie po-
szczegolnych rodow i to niezalezne od kwatery (tab. 51 6).

W roku 2006 na kwaterze II jodty 11-letnie osiagnety Sred-
nig wysokos¢ 128,52 cm i byly 0 30% wyzsze niz drzewka na
kwaterze III (Srednia wysoko$¢ 89,47 cm). Roznice migdzy
rodami byly wigksze niz w 2004 r. Na kwaterze II roznice
$redniej wysokosci rodu wyniosty nawet 55% (rody nr 23
1 6), natomiast na kwaterze III okoto 51% (rody nr 5 i 18)
(tab. 5 1 6). Jeszcze wigksze roznice wysokosci zaobserwo-
wano w obrebie poszczegdlnych rodow (tab. 51 6).

Znacznie mniejsze réznice zaobserwowano w przypadku
przyrostu grubosci w szyi korzeniowej jodly migdzy kwa-
terami (maksymalnie 20%), mi¢dzy rodami i w obrgbie po-
szczegolnych rodow. Cho¢ migdzy wysokoscia a gruboscia
jodet zachowana byla korelacja, to jednak wplyw przymroz-
kow na przyrost grubos$ci w szyi korzeniowej byt wyraznie
mniejszy niz na przyrost wysokosci.

W roku 2010 jodly rosnace na kwaterze II byly o 29%
wyzsze od jodel na kwaterze III (tab. 5 i 6). Pier$nica jodet

wynosita §rednio 36,62 mm na kwaterze II, a 24,49 mm na
kwaterze III (tab. 5 i 6). W kwaterze III pomierzono dodatko-
wo grubos¢ w szyi korzeniowej, gdyz okoto 15% jodetek nie
przekroczyto wysokosci 130 cm (tab. 6).

Podobnie jak na kwaterze I, $rednie réznice migdzy roda-
mi jodly na kwaterze II i III byty niewielkie we wszystkich
latach, w ktorym wykonywano pomiary. Natomiast rdznice
wysokoS$ci migdzy poszczegdlnymi rodami byty duze i staty-
stycznie wysoce istotne (tab. 7).

Sredni roczny przyrost wysokosci jodelek na obu kwa-
terach byt poczatkowo rozny, jednak z biegiem lat si¢ wy-
rownywat. Na kwaterze II Sredni roczny przyrost wysokos$ci
w latach 2004-2006 wynosit srednio okoto 19 cm rocznie,
a w latach 2007-2010 okoto 27 cm rocznie. Natomiast na
kwaterze 111 $redni roczny przyrost w latach 2004-2006 wy-
nosit okoto 13 ¢cm, a w latach 2007-2010 r. okoto 27 cm.

Jako$¢ hodowlana rodow (H )

Na kwaterze I (uprawa Jd 92) w 2000 r. najlepszymi byty
rody nr 17, 15 1 2, a zdecydowanie najstabszym byt rod nr 4,
ktory przez caly okres badan pozostawal zawsze na tej same;j
pozycji (tab. 4, ryc. 4). W latach 2004, 2006, 2010 do grupy
najlepszych rodéw dotaczyly rody nr 12, 111 1 (tab. 4, ryc. 2).

Na kwaterze II (uprawa Jd 94) w 2004 r. do najlepszych
nalezaly rodynr 6, 8,5, 7, 1,1114, a do najstabszych rody
nr 16 i 21 (tab. 5). W kolejnych okresach pomiarowych
(lata 2006 i 2010) do grona najlepszych rodéw dotaczyty
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Rycina 2. Wskazniki jakosci hodowlanej rodéw jodly pospolitej
w uprawie JD92 w latach 2000, 2004, 2006 i 2010
Figure 2. The index of breeding values of the silver fir families in
tillage Jd92 in the years 2000, 2004, 2006 and 2010

rody nr291 18, a do najstabszych —rody nr 3, 23,217 (tab. 5,
ryc. 3). Kolejnos¢ rodow zmieniata si¢ z biegiem lat. Jedynie
réd nr 6 zawsze zajmowal miejsce pierwsze, a rod nr 16 —
miejsce ostatnie (tab.5, ryc. 3).

Na kwaterze III (uprawa Jd 94) jodta charakteryzowata si¢
duzo wigkszg zmiennoscig jakosci hodowlanej /7 niz jodta
na kwaterach 1 i II. Nie bylo ani jednego rodu, ktory przez
caly okres badan zajmowatby stalg pozycje wartosci hodow-
lanej. W kolejnych okresach pomiarowych wskaznik , czg-
sci rodow zwigkszat si¢ (rody nr 9 i 18), a innych zmniejszat,
np. rody nr 51 15 (tab. 6, ryc. 3).

Podsumowujac, nalezy zauwazy¢, ze cho¢ réznice wskaz-
nika jakosci hodowlanej (/) rodow z kwatery I11 I1I sg staty-
stycznie nieistotne, ale pokazuja charakter zmian w rozwoju
i adaptacji poszczegdlnych rodow jodty.

Genetyczna ocena rodow

Wskazniki odziedziczalnosci liczono facznie dla kwatery
IT i I na podstawie danych pomiarowych z 2010 r. Z obli-
czen zostaty wykluczone rody mato liczne: nr 23 w przypadku
odziedziczalno$ci wysokosci 1 piersnicy rod, oraz 112 w przy-
padku odziedziczalnosci grubosci w szyi korzeniowe;j.

Wspotezynniki odziedziczalnosci indywidualnej (A7) i ro-
dowej (h;) wskazujg, jaki zakres dziedziczenia addytywnego
przekazuje matka swojemu potomstwu. Na poziomie rodow
wskaznik odziedziczalnosci (h,)) byt wysoki i wynosit: 0,764
dla wysokosci, 0,769 dla pier$nicy i 0,885 dla grubo$ci w szyi
korzeniowej (tab. 8). Natomiast wskazniki odziedziczalno$ci
indywidualnej badanych cech (/) byly niskie i miescity si¢
w zakresie od 0,386 do 0,173 (tab. 8).

4. Dyskusja

Rozwoj jodlty w wieku mlodocianym zagrozony jest gtéwnie
przez czynniki §rodowiskowe, takie jak przymrozki wiosenne
i zwierzyna ptowa. Z obserwacji poczynionych w rezerwacie
jodtowym ”Tisovik” oraz w sztucznych drzewostanach i ke-
pach jodtowych w Puszczach: Bialowieskiej (Gryka 2013),
Boreckiej (Rydzewski 2013) i Rominckiej (Fiecko 2013), wy-
nika, ze siewki z naturalnego odnowienia nie sg uszkadzane
przez przymrozki wiosenne. Natomiast w uprawach prawie
wszystkie sadzonki jodty sa w mniejszym lub wigkszym stop-
niu uszkadzane przez takie przymrozki. Szczegoélnie mocno sa
uszkadzane sadzonki w pierwszych czterech latach rozwoju
w uprawie. Po tym okresie przezywalnos¢ jodty stabilizuje si¢
na mniej wiecej stalym poziomie.

Wyniki analizy wzrostu i rozwoju potomstwa 20 rodow
jodly pospolitej z rezerwatu ,,Tisovik” na uprawie zacho-
wawczej w Nadlesnictwie Hajnéwka wykazaly, ze gatunek
ten w Puszczy Biatowieskiej na siedlisku Léw rozwija si¢
prawidtowo i charakteryzuje si¢ dobrymi parametrami wzro-
stowymi. Wskaznik odziedziczalno$ci rodowej jodly jest
wysoki, co wskazuje na znaczne mozliwosci w doskonaleniu
cech hodowlanych.

Potwierdzaja to rowniez badania Goncarenki i Savickija
(2000). Na podstawie niniejszych badan mozna stwierdzic,
ze nalezy wyselekcjonowac najcenniejsze drzewa sposrod 20
jodet, a mianowicie jodty o nr 1, 3 i 17 ktore charakteryzo-
waly si¢ najwickszym polimorfizmem (Goncarenko, Savickij
2000). Wartosci te nie odbiegaja od danych w literaturze po-
dawanych dla pochodzen jodty (Skrzyszewska 1999, 2003).
Wskazujg one na duze mozliwos$ci ulepszania cech wzrosto-
wych przez selekcje najlepszych rodow.

Poziom zmienno$ci genetycznej potomstwa jodty z ,,Ti-
sovika” jest niski w pordwnaniu z innymi populacjami tego
gatunku (Pawlaczyk, Bobowicz 2011).
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Rycina 3. Wskazniki jako$ci hodowlanej rodéw jodly pospolitej w uprawie JD94 (kwatera II i kwatera I1I) w latach 2004, 2006 i 2010
Figure 3. The index of breeding values of the silver fir families in tillage Jd94 (Quartier II and Quartier III) in the years 2004, 2006 and 2010.

Tabela 7. Analiza wariancji cech 15-letnich rodow jodly w uprawie Jd94 (wysokos¢, piersnica, grubos$¢ w szyi korzeniowej)
Table 7. Analysis of variance of the characters of the 15-year-old fir families in tillage Jd94 (the height, DBH, the root collar diameter)

Zrédlo Stopnie Suma P .
. - . Sredni
Cecha zmiennosSci swobody kwadratéow
kwadrat F P
Feature Source of Degrees of Sum of
. Mean Square
variation freedom Squares
rod / family 18 861804 47878 4.519 1.03e-09 ***
Wysokos¢ / Height
blad / residual 1420 15043350 10594
rod / family 18 19619 1089,9 3.686 3.2e-07 ***
Piersnica / DBH
blad / residual 1124 332328 2957
rod / family 14 22990 1642,1 4.565 6.93e-08 ***

Grubos$¢ w szyi korzeniowej
Root collar diameter blad / residual 592 212952 359.7
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Tabela 8. Wskazniki odziedziczalnosci indywidualnej () i rodowej () wyliczone na podstawie danych pomiarowych z uprawy Jd94

(kwatera II i III lacznie) wykonanych w 2010 r.

Table 8. Single (47) and progeny (/) tree heritability enumerated on the ground given of measuring in 2010 on the tillage Jd94 (Quartier II

and Quartier III)
Komponent wariancji Odziedziczalno$¢ indywidualna Odziedziczalno$¢ rodowa
Cecha Variance component of Single heritability Progeny heritability
Feature rodowej bledu i blad e biad
progeny error i error R error
Wysokos¢
ySoKese Be 10589,2 0,173 0,0739 0,764 0,0806
Height
Piersnica
DBH 13,6823 295,45 0,177 0,0801 0,769 0,084
Grubos¢ w szyi korzeiowej
39,7195 371,918 0,386 0,1744 0,885 0,0509

Root collar diameter

Na terenie Polski potnocno-wschodniej jodta rozwija si¢
bardzo dobrze. Tezg t¢ potwierdza rowniez wzrost pojedyn-
czych drzew i matych kep jodet posadzonych na poczatku
XX wieku w Puszczy Boreckiej i Rominckiej (Fiecko 2013;
Rydzewski 2013).

5. Whnioski

Z przedstawionych powyzej rozwazan wynika, ze jodta
prawidlowo rozwija si¢ na siedliskach Lsw i LM$w Polski
péinocno-wschodnie;.

Jodla z rezerwatu ,,Tisovik” ze wzgledu na jej zréznico-
wanie genetyczne, intensywne obradzanie, dobre parametry
wzrostu, dobry stan zdrowotny oraz jej rodzime naturalne
pochodzenie zastuguje na szczegdlnag uwage, a uprawy po-
chodne nalezy zaklada¢ nie tylko w Puszczy Biatowieskiej,
ale rowniez na obszarach nizinnych Polski i Biatorusi.

Nalezy réwniez uzna¢ za material podstawowy (LMP) do
wykorzystania jako baze nasienng dwa drzewostany jodlowe
w oddz. 453 Aa (97 drzew) i w oddz. 498 Cg (34 drzewa) Nadle-
$nictwa Bialowieza, ze wzgledu na sprawdzone walory hodow-
lane oraz intensywne odnawianie si¢ tego gatunku. Ogrodzona
powierzchni¢ w oddz. 453 Aa nalezy zwigkszy¢ z 0,25 ha do 1,0
ha celem ochrony naturalnie powstajacych nalotow jodtowych.

Przy kolejnej nowelizacji zasad hodowli lasu nalezy roz-
szerzy¢ zasi¢g wprowadzania jodty pospolitej, obejmujac nim
krainy przyrodniczo-lesne Battycka i Mazursko-Podlaska. Do
zaktadania upraw jodtowych na tych obszarach nalezy wyko-
rzysta¢ populacje jodly pospolitej rosnace przy wschodniej
granicy wystepowania na terenach nizinnych i podgorskich.
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Abstract. The ‘Tisovik’reserve, located in the Belarusian part of the Bialowieza Forest, holds an isolated relic stand of silver
fir, situated 120 km to the north-east of the main forest. In order to preserve this relic fir stand, a ancestral conservative tillage
consisting of the Jd 92 trial (plot I) and the Jd 94 trial (plots II and IIT) was established between 1992 and 1994 in the Polish part
of the Biatowieza Forest on the territory of the Hajnowka Forest District. The growth and development of the progeny of 20
firs were characterized by means of long-term observations made in these trials. In 2000 (at the age of 18), the firs in the Jd 92
trial (plot I) reached an average height of 394.86 cm with a mean diameter at breast height of 42.42 mm and the average rate of
survival amounted to 75%. In the Jd 94 trial, the rate of fir survival on plot Il was 70% (at the age of 15) with an average height
0f 277.08 cm and a diameter at breast height of 36.62 mm, while on plot III only 50 trees with an average height of 198.6 cm and
a diameter at breast height of 24.49 mm survived. The results of this study show that the fir progeny in the ‘Tisovik’ reserve is of
high breeding value. Therefore, the silver fir seed stock of the ‘Tisovik’ reserve is suitable for the establishment of new plantations

in the Polish part of the Biatlowieza Forest and the Mazury-Podlasie Region.

Keywords: Abies alba Mill., progeny test, Bialowieza Primeval Forest, Poland

1. Introduction

The ‘Tisovik’ reserve located in the Belarusian part of the
Biatowieza forest holds an isolated relic stand of silver fir,
located 120 km north-east of the main forest. From 1992—
1994, an ancestral conservative tillage was established in
the Polish part of the Bialowieza primeval forest, consisting
of the trials: Jd 92 (plot I) located in comp. 416 Ag and Jd
94 (plots IT and III) in comp. 416 Cf in the territory of the
Hajnowka forest district. The aim of the experiment was to:

1) preserve the gene pool of this relic fir population,

2) evaluate its breeding value,

3) establish a seed source in the future.

2. Methods

The planting material consisted of the fir seedlings raised from
the seeds of 11 firs (Jd 92) collected in October 1992 and from
20 firs (Jd 94) collected in autumn 1994 in the ‘Tisovik’ reserve.

Received: 5.03.2014, reviewed: 8.08.2014, accepted: 29.09.2014.
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Site preparation

A fragment of the fresh deciduous forest habitat (L§w)
with three cut patches was selected for the establishment
of the plantation, comprising the adjacent forest compart-
ments 416 Ag and 416 Cf in the territory of the Wilczy
Jar forest subdistrict, the Hajnéwka forest district, the Bia-
lowieza primeval forest. The geographical position of the
stand is determined by the coordinates: E 23°39°16”, N
52°42°30”.

The soils are Eutric Cambisols and Epdystric Cambi-
sols on loamy sands. Birch with an average age of 78 years
(40%), oak with an average age of 55 years (30%) and hor-
nbeam with an average age of 35 years (20%) dominate the
species composition of the stand. The ancestral conserva-
tive tillage consists of three sites - 0.22 ha plots, separated
by 30 m-wide tree belts (Fig. 1). The whole area of the
ancestral conservative tillage comprising the Jd 92 and Jd
94 trials was fenced.
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Figure 1. The sketch of the distribution of quarters on the fir-tillage
in the Forest District Hajnowka

Fir planting

Jd 92. 4-year-old fir seedlings were planted in October
1996 at a spacing of 1.3 x 1.0 m on plot I, comp. 416 Ag. Firs
from each tillage were planted in a separate row, the beginning
and the end of which was marked with a pole with the tillage
number on it. Because of the uneven number of seedlings, the
individual families were planted in one or more rows.

Jd 94. The well-developed 3-year-old fir seedlings were
planted in autumn 1998 in two replications (plots II and III)
in comp. 416 Cf, the Hajnéwka forest district.

Measurements and the assessment of performance of fir
seedlings in the plantation

Field studies were conducted in the years 2000, 2004,
2006 and 2010. The following measurements were made:

a) tree height (cm) with an accuracy of max. 0.5 cm,

b) tree diameter at breast height (mm) with an accuracy of
max. 0.1 mm,

¢) root collar diameter (mm) with an accuracy of max. 0.1 mm.

The axial growth of firs was assessed according to the
stem quality index:

1 — a properly developed stem,

2 — a leader growing out of the lateral shoot,

3 — a stem with a multi-shoot top (without a leader).

Fir survival (the percentage of live fir seedlings) in indivi-
dual families was determined in a given measurement year.

Frost damage to fir seedlings was assessed only in 2000,
in the Jd 92 trial according to the following scale:

1 — frozen leader,

2 — frozen lateral shoots,

3 — frozen whole plant.

The percentage of each type of frost damage was given
for each tillage.

Statistical analysis

The overall mean values for individual traits were cal-
culated. On the basis of the overall means and the standard
deviation, as well as on the basis of the means for individual
families, the standardisation of traits of silver fir was perfor-
med in both trials and for each measurement year.

The standardisation of measurements of individual traits
was performed according to the formula:

X —X
7y =7 [1]
where:
X, — i th measurement result (observed value of the variable),

Xx —arithmetic mean of the measurement in the analysed set,
S —standard deviation of the measurement in the analysed set,
z, — value of the nth trait in standardised units,

On the basis of the standardised data, the breeding value
index for individual families (H,) was calculated according
to the following formula:

[2]

where:

H,, —breeding value index of the tillage,

z,.., —the value of the # trait in standardised units,
n —number of traits.

The calculated breeding value indices allow comparing
individual tillages.

The statistical analysis of the measured and evaluated tra-
its of silver fir was performed using the statistical package
‘R’ (R Development Core Team 2011) and the programme
ASReml (Gilmour et al. 2009). The measured and evaluated
traits were analysed according to the following formula:

Trait value = u + R +E, [3]

1 — overall mean for the trial,
R —random effect of the n tillage,
E — error of the trial.
Assuming a random design of the experiment, the herita-
bility for the families from open pollination was calculated

according to Wright’s formulas (1976):
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Family heritability:
o%
he = [4]
G+ o)
Individual heritability:

2
4o,

5 = [5]

oy +o;

where:

n — mean number of trees in the tillage,
o} — component of the error variance,

o, — component of the tillage variance.
The error of heritability was calculated using the AsReml
programme (Gilmour et al. 2009) according to the following

formula:

SER = (ié)z(Var(?j) N Var(i)'j) 3 ZCOVSO',EG;)) (6]
Oy 0, Oy 0,04

where: o and o indicate, respectively, the variance of the

numerator and denominator in the formula of heritability.

3. Results

Survival and ground frost damage

The survival of seedlings in 2000 was found to be relati-
vely high. The average percentage of live firs in individual
ancestral conservative tillage ranged from 97.5% (8-year-
-old firs) to 98.8% (5-year-old firs; Table 1).

The year 2004 saw a marked decrease in the survival of
fir, both within and between individual families. In the Jd 92
trial (plot I), the survival of seedlings was 81.1%, while in
the Jd 94 trial, the average survival of seedlings was 59.8%
(67.5% on plot II, 52.1% on plot III; Table 1).

The observations carried out in 2006 and 2010 showed
that in the Jd 92 and the Jd 94 trial, only 3.4 and 3%, re-
spectively, of the plants had not survived. It was also noted
that some families showed a high survival rate. This group
included the families: No. 1 (plot I and III), No. 16 (plot I),
and Nos. 7 and 21 (plot IT) (Table. 1).

Individual plants or groups of plants in the central part of
the area were damaged by frost. There was no clear relation-
ship between the height of the plants and the level of frost
damage (Table 2). Differences between the families were very
clear: firs of the families: 4 (31%), 5 (23%) and 17 (22%)
proved to be the most susceptible to frost, while the families:
1, 16 and 21 (Table. 2) revealed the highest frost resistance.

Axial growth

Before 2006, a marked increase in the percentage of fir se-
edlings with a well-developed leader was recorded. The year

2010 saw an increase in the percentage of firs with a secondary
leader, especially on plot III (Table 3). The response of indivi-
dual fir families to the factors causing disturbances in the axial
growth of plants (stem deformation) varied considerably.

Height and diameter growth

The results of the measurements of height growth traits of
firs in the years 2000, 2004, 2006 and 2010 are given in Tables
4, 5 and 6. The studied population of silver fir featured a high
variation in the growth traits within individual families, which
was the result of tree freezing. The differences in the mean va-
lues for families and the overall means for the examined po-
pulation on plots were less clear. The difference in the growth
rate of firs on individual plots was another characteristic of
the ancestral conservative tillage. Despite the relatively simi-
lar habitat conditions in the whole plantation area, the best
growth conditions for firs were in the Jd 94 trial on plot II,
while the poorest - on plot III (Tables 5 and 6).

Jd 92 trial

The average height of firs (8-year-old; 4 years in the plan-
tation) in 2000 was 54.46 cm with small differences between
families. On the other hand, the differences in the height of
the trees within individual families were very large (Table. 4).
The correlation between the height and root collar diameter of
the plants was explicit. Firs from the families: Nos. 15, 17 and
2 proved to be the best in terms of the breeding value, while
firs from the tillage No. 4 were clearly the worst (Fig. 2).

In 2004, the overall mean height of the firs (12 years of
age) was 120.26 cm, and the average height for the families
ranged from 94 to 143 cm (Table 4). The differences in the
height within individual families were very large.

In 2004, the overall mean diameter of the firs measured at
the root collar was 24.38 mm, and the means for the families
ranged from 17.24 to 30.33 mm (Table 4). The differences
between individuals within families were very large (Table 4).

In 2006, the average height of the firs was larger by ap-
proximately 81 cm compared to the previous measurements
and amounted to 201.13 cm on average. The mean for the
families ranged from 163.60 to 227.33 cm (Table 4, Fig. 3).

In terms of the breeding quality (H,), the ordering of fa-
milies was similar as in 2004. (Fig. 2).

The 2010 measurements showed a 193-cm increase on
average in the height of the firs beginning from 2006, which
for the fir population on plot I amounted to 394.86 cm.
The average height for the families ranged from 301.89 to
463.28 cm. The differences in the height of the trees within
individual families were still large (Table 4).

The average annual height growth of the firs in the period
2000-2004 was about 9 cm per year; in the period 2005—
2006 — about 40 c¢m; and in the period 2007-2010 - about



A.F. Korczyk / Lesne Prace Badawcze, 2015, Vol. 76 (2): 153-167

6

e}
—

0°0S 0°1S 8'1¢ £96 001 % 00L 0°¢€L 6'SL 8'86 001 % 0°SL VLL S8L S'L6 001 %
6LC1 9911 1661 [B10L
8¢ 8¢ 8¢ 96 9¢ 6¢ 8¢ 8¢ (414 001 6¢ 6¢C 0¢
8¢ 0S 0s 001 91 £€C 61
8¢ (114 9 ¥6 0S C 78 78 78 001 [43 [44 81
001 001 001 001 L1 Ic YL YL 18 001 LT I Ll
Ss SS Ss L6 YL 81 8y 8 LS 001 €6 81 91
¥9 S9 S9 001 101 L1 8¢ 0s 125 001 0s Ll I8 I8 I8 001 LTE L1 Sl
184 4 124 96 001 91 129 29 89 001 0s 91 ¥6 76 ¥6 001 81 91 4!
23 23 23 001 SL Sl IL 8 8 001 001 Sl 98 98 L8 001 £ee Sl €l
9¢ 9¢ 9¢ 86 139 €l Ic 1T ST v 184 €l cl
L9 L8 68 €6 99 cl 9¢ 9¢ 9¢ Ly Ly cl €S IL 6L L6 8¢ 4! Il
99 SS 99 86 vl Il 8¢ 6¢ 6¢ 8y 87 Il 6L 88 6 001 99 Il 0l
6% (94 (14 88 601 6 93 Se 9¢ 0S 0S 6 6
€S €S €S L6 SCl 8 €L €L I8 Y01 Y01 8 8
0s 0S 0s 66 001 L 001 001 001 001 £€C L L
149 143 49 ¥6 0S 9 9L (4] 98 001 0S 9 9
0¢ 0¢C 0¢ 96 0S S 8 8 [} 001 96 S 09 S9 S9 06 86T S S
89 89 89 86 1! ¥ 78 78 ¥8 06 yel 14 ¥8 ¥8 78 001 0L 14 14
78 88 88 001 €6 3 6% IS 129 YL SL € €
4 ST ST 88 ¥C 4 Ly 98 98 86 6S 4 IL YL SL L6 9¢¢ 4 4
001 001 001 001 6 I €9 €9 €9 001 vC I 001 001 001 001 € I I
010TX 900 A 00T XI 000ZX | geep x| on | 010TX 900ZA +00TXI 0002X |gee x| -on | 010TX 900ZA $00TXI 0002X | o661 x| -oN
S3urpess JurAlf Jo 9, pojued | Ajrwey s3ur[paas JuIAl[ JO 9, pojueyd | Ajrurey s3ur[pass JurAlj Jo o, payueld | Arwey | .o\
I Jonen®y 11 Jonengy [ Jonen

WLOSI(] 159104 BYMOuUleH oY1 JO 91# / SV 91+ Juounredwod ayy ut (111 Pue |1 oNIengd) y6Pf 93e[[H oY) pue (] 1011enQ)) ZeP[ 938[[1 Y UL 1Y JOATLS oY) JO (%) SUIAIAING | J[qEL,



157

A.F. Korczyk / Lesne Prace Badawcze, 2015, Vol. 76 (2): 153-167

€911 00ZI 0TTI €IST [ei0L
4 I L8 | €911 z z 96 v 4 8 € L 0L ageIoAy
S 01 S8 0T 0l %06 | 0T S 81 LL (44 ST Tl €9 LT | &4 Ll
14 I S8 S9T z C 96 $9T 8 ! 08 97 | T« 6er Wit @99 | Lge | L1 S1
9 6 L1 001 L1 81 8 L1 ST 9 69 81 91 vl
I vl S8 98¢ 1 4 L6 98¢ S 6T 99 16T v Toe ((©s (@e6s | ceg SI €1
S S 06 0T 001 LT L 01 €8 0¢ 14 [44 6 ®) 69 | L 41 1
(4 8 06 s S C €6 8¢ € L6 19 €L | (oD ¥e I €©sL | 99 I 01
S ! €8 Sl 14 I S6 | L9l L vl 6L 991 €z | ®Lc ©6 (09 | €€C S S
L €6 65 4 86 65 4 8 06 6S 1€ [ apDec oor (oDLo| oL v ¥
(4 86 6V 4 86 IS 4 6 68 S L |EDIT DL WLL| ¥L € €
(4 I 98 8€T I I 86 | L¥C S 61 9L 1sc| 81 |Die (©L (979 | ste 4 C
€€ L9 € z 86 € 001 € 001 € I I
€ (4 I . € (4 I . € (4 I . % € (4 I . .
Kyenb woys Kyenb woys Kyenb woys posoy Kyenb woys %:WM 'ON
SIJ p[O-1BdA-§ | SIJ plO-1BdA-{ | SIJ p[O-1edA-7 | SIJ p[O-1Bd4-8 ed
0102 9007 £00CT 0002

(sosaypuared usamioq sioquinu
PAUOIYY) OOOT Ul SATeWEp 1S0IJ JO % A} pue (] 1aken)) Z6dr 2Ll 21 Ul 010T “900T ‘¥00T “000T STedk ur Kyjenb woys 1y ayy jo anpayos [euoniodoid oy, *z AqeL



A.F. Korczyk / Lesne Prace Badawcze, 2015, Vol. 76 (2): 153-167

158

0v9 [43 99 108 868 068 [e30L
¢ T 9L L S 88 ve ¥ T € S 6 14 14 6 8  %l6 a3eIoAy
yI 98 IC 4! 98 Ic |6 0O 19 IC %001 ST | €I L8 SI 11 ¥8 61 | 6C | 0T
00T 9 4! 88 8 8¢ 9 8 €C | 6l
or 06 61 | OI 06 0c |9 ¥ 0L €€ L €6 LT v 9% LT 14 9% LT | TCT | 8I
81 8 L1 88 LI yo 9L L1 | 1T | LI
¢ LT IL 1¥ € L6 v | Iy 65 I¥ 4 C 96 Sy | ¢ 86  S¥ 9 w €S | 81 | 91
S 81 LL $9 6 8 €8 9 | L T L 99 001 61 8 91 9L ST 14 9 LT | LT | SIT
¢ ST 1w | L U 8 w|ve ¢ ¥ Iy 001 Lc | 01 € L8 I¢ 6 6 ¥€ | 91 | ¥l
¥ 8 8 ST 0or s¢ | ¥wWw ¥ & ST € € 76 IL I 14 S 9 v6e 8 | SI | €l
w8 6l 001 6l | Ol S 8 ol 6 16 1T | 01 06 IC 14 9% ST | €l | T
€ €1 ¥ Lt 8 1 88 31 0c 08 ofF € € 76 9¢ € L6 9¢ 9 16 9¢ | Tl | II
r ¢ 98 89 € 14 €6 89 | 9¢ I €L 89 | OI € L8 8¢ €l L8 6t 0l L8 6¢ | II | O
9 SI 6L € | ST Sl 0L €€ 9 IL €S 6 16 33 9 6 68  S¢ 1 68  9¢ 6 6
€ v €L 99 € %L6- 99 | 9T 1T €9 99 | ¥I [ S8 €L 4 86 €L 9 ¥6 18 8 8
¢ 0 88 0¢ 9 oI 78 0s | 0 71 8 0S 001 I ¥ 9% €T 00T €T L | L
¥ el LL 9T 14 96 9¢ | LT 8 S9 9T € € ¥6 8¢ 14 9% 1Y S L6 & 9 19
or or 0s OI | Ol 06 or | L¢ €L Sl 14 14 [ 6L 00l oL 001 6L S S
LT €8 ¥8 9 9 88 8 | ¥v¢ ¥ L 98 € 1 98 0! v 9% €Il 8 w €Iy v | ¥
I 9 €6 8L ¥ 9% T8 1 w6 T8 € €
€€ L9 9 LT LT 99 9 00T 9 94 SL Ly | v ¢ w6 IS C 76 s T | T
8L 6 6 16 6 €¢ L9 6 €1 L8 Sl L €6 ¢Sl L €6 SI I I
€ 4 I u € C I u € 4 ! u € C ! u € 4 I u C I u
SIJ P[O-TBIA-G | SI PlO-TedA-1 | SIY plo-18a4-6 SIIJ PlO-TBIA-G | SI PlO-TedA-1 | SI P[O-1d4-6 \AWA: oN
010t 900¢ 00T 0102 900¢ 00T .mm
1T 1on1eng) / TIT e1d)eAy| 11 Jonend)

(111 pue [T 1011800) $6P( 9FL[[1 A} Ul O[T PUL 900T +00T Ul 1Y I9A[IS oy jo Ajijenb wols oy Jo a[npayds Jeuontodold oy, ¢ dIqeL



A.F. Korczyk / Lesne Prace Badawcze, 2015, Vol. 76 (2): 153-167

159

Table 4. The characteristics of the development of the silver fir in the years 2000, 2004, 2006, 2010 in tillage Jd92 (Quartier I), compartment
416 Ac, in compartment 416 Ag, Hajnowka Forst District

Family Height (cm) Root collar diameter (mm) Stem quality* DBH (mm)
No. x+SD x+SD x+SD i X +SD
2000 : 8-year-old firs
1 55.540 10.5+£0 1.70+0 -0.10 -
2 54.02+23.16 11.32+3.68 1.69£1.01 0.05 -
3 51.82+26.04 11.4943.8 1.4+0.86 -0.34 -
4 40.98+25.28 8.03+3.84 1.56+0.86 -1.50 -
5 52.854+21.63 10.54+3.5 1.64+0.88 -0.26 -
11 51.37425.42 10.58+3.75 1.5+0.86 -0.47 -
12 55.19+25.1 10.48+3.81 1.52+0.85 -0.31 -
15 53.59+31.44 11.43+3.85 1.78+0.95 0.17 -
16 52.384+24.95 10.51£3.3 1.56+0.89 -0.38 -
17 58.88+29.18 11.93+4.04 1.58+0.84 0.28 -
21 48.86+24.95 10.4+3.79 1.63+0.85 -0.46 -
Average 54.46+24.82 11.2543.78 1.65+0.85 -
2004 : 12-year-old firs
1 142.67+21.64 30.33+£5.73 1.00+£1 0.57 -
2 122.57+46.76 24.47+9.38 1.29+0.56 0.08 -
3 123.014+43.21 24.48+9.12 1.15+0.45 -0.07 -
4 93.91+43.34 17.24+8.18 1.19+0.52 -1.31 -
5 109.49+44.9 21.11+8.04 1.27+0.59 -0.38 -
11 125.02+43.05 25.15+10.06 1.16+0.45 -0.03 -
12 135.05452.2 25.11£10.39 1.26+0.65 0.35 -
15 120.79+48.77 26.19+10.15 1.35+0.56 0.32 -
16 116.47+39.54 22.38+7.76 1.19+0.4 -0.30 -
17 129.32+49.74 25.8+9.86 1.28+0.6 0.34 -
21 100.91445.5 21.09+9.65 1.32+0.57 0.01 -
Average 120.26+47.76 24.38+9.71 1.28+0.56 -
2006 : 14-year-old firs
1 186.17+70.7 30.89+10.34 1.1+£0.41 -0.32 -
2 204.00+£66.5 34.52+11.25 1.03+0.19 0.02 -
3 195.29+62.87 32.02+10.19 1.02+0.14 -0.35 -
4 164.81+£67.72 28.13+12.11 1.04+0.27 -1.04 -
5 186.17+70.7 30.89+10.34 1.1+£0.41 -0.32 -
11 209.37+67.96 31.95+9.38 1.17+0.54 0.31 -
12 227.33+62.06 33.08+9.53 10 0.13 -
15 203.06+72.95 35.11£12.87 1.05+0.27 0.12 -
16 197.76+50.09 28.8+9.09 140 -0.65 -
17 214.26+74.15 35.82+12.64 1.08+0.36 0.42 -
21 163.60+80.95 25.91+13.41 1.24+0.62 -0.74 -
Average 201.13+70.98 33.72+11.98 1.06+0.32 -
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Family Hei_ght (cm) Root collar_ diameter (mm) SterE quality™® i DB_H (mm) i
No. X +SD X +SD X +SD ! X +SD !
2010 : 18-year-old firs
1 397.17+80.54 62.33£17.62 1.33+0.58 0.37 44.33+£12.06 0.46
2 414.10+148.77 65.76+29.95 1.16+0.41 0.21 44.33+12.06 0.30
3 391.38+99.93 60.10+24.11 1.02+0.14 -0.45 46.29425.11 -0.27
4 301.89+150.57 42.97+23.88 1.10+0.30 -1.46 42.35+18.95 -1.47
5 354.68+136.83 52.62+25.15 1.23+0.53 -0.48 27.85420.36 -1.18
11 394.89+124.43 60.65+26.10 1.12+0.38 -0.18 36.60+£21.86 -0.49
12 463.28+98.95 69.85+23.27 1.15+0.49 0.67 43.374+20.96 0.71
15 396.13+146.62 66.39+31.28 1.18+0.43 0.15 52.50£19.59 0.63
16 385.00+111.29 53.06+20.50 1.06+0.24 -0.64 44.474+25.89 -0.54
17 420.36+147.93 67.76+31.18 1.20+0.50 0.41 36.88+17.57 0.15
21 341.68+164.37 54.80+£31.51 1.2040.52 -0.55 49.53+£26.45 -0.21
Average 394.86+145.74 62.69+29.81 1.17+0.44 42.42420.88

Table 5. The characteristics of the development of the silver fir in the years 2004, 2006, 2010 in the tillage Jd94 (Quartier II), in compartment
416 Cf Hajnowka orest District

Family Height (cm) Root collar_ diameter (mm) Stem quality H,
No. x+SD X +SD x
2004 : 9-year-old firs
1 65.00+19.03 12.13+£3 1.13 0.60
2 64.40+£19.67 14.03+5.91 1.04 -0.57
3 62.00+26.21 13.31+4.27 1.11 -0.57
4 80.45+29.23 15.21+5.02 1.08 0.33
5 82.85+26.19 17.86+8.6 1.01 0.65
6 93.44436.05 20.26+7.24 1.09 1.67
7 86.00 17.00 1 0.60
8 86.72+27.68 19.25+5.42 1.06 1.17
9 63.36+20.68 15.35+4.11 1.11 -0.18
11 79.30+29.08 15.46+4.91 1.16 0.57
12 72.97+2.17 15.14+4.2 1.11 0.14
13 68.08+31.48 14.50+5.87 1.04 -0.36
15 62.16+17.59 14.16+3.45 1.06 -0.57
16 52.06+16.53 11.07+£3.29 1.14 -1.21
17 62.26+22.8 13.46+4.35 1.04 -0.74
18 69.96+28.7 13.00+4.5 1.11 -0.33
21 56.75+25.28 14.03+5.33 1.25 -0.93
22 63.61+£20.23 12.48+2.69 1.06 -0.80
23 50.50+20.28 11.88+2.13 1.38 -0.4
29 62.68+27.5 13.26+3.74 1.21 -0.19
Average 71.34+27.65 15.054+5.98 1.09
2006 : 11-year-old firs
117.134£29.19 23.51+5.27 1.13 -0.25

2 107.76+£31.04 21.93+6.58 1.1 -0.72
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Family Height (cm) Root collar diameter (mm) Stem quality H,
No. X £SD X £SD x
3 103.02+40.91 21.8+£7.72 1.04 -1.00
4 150.314+48.67 27.96+8.21 1.05 0.77
5 139.38+43.12 29.26+10.23 1 0.54
6 164.32+54.69 28.42+9.31 1.05 1.12
7 149.74+47.17 28.9+9.05 1.04 0.84
8 157.75+46.65 27.61+7.3 1.02 0.97
9 113.94+33.75 22.89+8.48 1.23 -0.64
11 132.36+48.72 23.39+7.45 1.13 0.06
12 130.36+39 22.95+6.86 1.03 0.05
13 127.52+50.7 23.38+8.66 1.19 0.14
15 119.51+£31.04 22.8+6.58 1.06 -0.30
16 98.1+35.84 18.69+6.29 1.23 -1.30
17 113.76+40.69 20.97+6.83 1.32 -0.07
18 138.17+45.88 26.26+8.36 1.06 0.33
21 111+48.49 20.15+7.63 1.17 -0.66
22 139.67+22.37 26.06£7.6 1.08 0.40
23 90.5+29.54 19.07+6.04 1.25 -1.00
29 115.4+51.54 22.77+7.32 1.27 0.70
Average 128.52+46.96 24.48+8.36 1.09
2010 : 15-year-old firs
1 315.67+116.8 40.73+£22.58 1.4 0.31
2 222.94+80.46 26.46x12.77 1.3 -0.92
3 238.95+87.16 28.3+15.27 1.09 -0.66
4 296.49+95.21 38.21+17.15 1.18 0.11
5 281.81+97.37 35.22+17.64 1.16 -0.05
6 339.76+97.77 46.94+22.18 1.13 1.17
7 252.00+0 32.10+0 1 -0.81
8 322.66+86.05 44.56+16.27 1.29 1.14
9 275.03+95.45 39.83+15.18 1.17 0.16
11 299.16+78.81 39.02+16.84 1.29 0.58
12 277.72+88.95 37.67+16.41 1.19 0.10
13 246.81+114.6 30.87+23.1 1.29 -0.44
15 259.99+79.97 33.17+13.78 1.07 -0.33
16 234.41+85.73 32.44+15.41 1 -0.97
17 251.21+104.2 37.04+15.64 1 -0.54
18 296.93+88.59 39.55+14.45 1.07 0.21
21 223.41+£93.63 28.16£17.42 1.53 0.42
22 248.74+84.88 35.03+17.47 1.22 -0.03
23 266.67+96.73 36.2421.57 1 -0.42
29 272.6x123.2 45.87+18.63 1 0.19
Average 277.08+£95.9 36.62+17.5 1.17
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Table 6. The characteristic of the development of the silver fir in the years 2004, 2006, 2010 in the tillage Jd94 (Quartier III), in compartment
416 Cf Hajnowka Forest District

Family Hei_ght (cm) Root collar_ diameter (mm) SteT quality u DB_H (mm) .
No. X +SD X +SD X +SD h X £SD :
2004 : 9-year-old firs
1 457114 11.434£2.07 1.86+1.07 0.30 - -
2 49.33+20.55 13.00+3.00 1.00+0 -0.76 - -
4 62.42+35.28 15.22+8.81 1.56+0.88 0.34 - -
5 33.0749.55 8.47+2.05 1.53+0.92 -1.76 - -
6 49.92+17.38 12.04+2.90 1.75+£0.94 0.12 - -
7 56.08+27.33 14.54+4.87 1.63+0.87 0.50 - -
8 45.63+17.66 12.65+3.80 1.68+0.89 -0.27 - -
9 52.61£23.29 15.71£6.22 1.53+0.86 0.48 - -
11 46.12+18.24 13.77+4.93 1.62+0.92 0.08 - -
12 52.08+19.19 14.58+3.92 1.60+0.93 0.31 - -
13 43.94+13.31 12.56£3.42 1.28+0.67 0.79 - -
15 35.56+9.58 10.1£2.32 2.00£1.00 -0.85 - -
16 48.46x19.21 12.28+3.75 1.69+0.95 0.20 - -
17 48.62+16.00 13.25+3.47 1.55+0.89 -0.17 - -
18 53.23+£22.44 13.08+3.60 1.85£1.00 0.34 - -
22 42.52+15.69 11.7+£3.10 1.57+0.90 -0.69 - -
29 43.7+14.44 10.1+2.71 1.70+0.92 -0.81 - -
Average 49.90+22.65 13.34+5.2 1.63+0.92 - -
2006 : 11-year-old firs
1 55.11£21.00 13.6£3.50 1.11+0.45 -1.13 - -
2 68.75+41 15.01£3.68 1.75+£0.96 -0.23 - -
4 105.9£57.12 21.2249.32 1.19+0.53 0.56 - -
5 54.6+£21.59 13.36+3.53 1.40+0.89 1.41 - -
6 93.47+27.11 18.03+4.34 1.12+0.49 -0.30 - -
7 95.89+44.6 21.47£7.83 1.25+0.58 0.46 - -
8 88.13+29.88 19.34+5.45 1.08+0.38 -0.32 - -
9 83.7+41.11 22.34+9.34 1.45+0.75 0.63 - -
11 83.63+35.64 18.2+6.55 1.13+0.44 -0.51 - -
12 93.87+38.09 20.18+5.95 1.21£0.59 0.15 - -
13 88.44+26.38 19.14+3.62 1+0 -0.49 - -
15 67.00+28.16 17.76£3.65 1+0 -1.2 - -
16 79.68+38.43 17.71£6.59 1.32+0.64 -0.34 - -
17 83.02+32.12 18.93+6.07 1.33+0.68 -0.07 - -
18 106.15+37.48 19.48+6.35 1.15+0.55 0.26 - -
22 75.2438.68 15.33+£5.46 1.27+0.7 -0.87 - -
29 78.5+24.96 2743.22 1.17+0.38 -0.85 - -

Average 89.47+40.86 19.58+7.22 1.23 - -
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Family Hei_ght (cm) Root collar_ diameter (mm) SteT quality DBH (mm) H
No. X +SD X +SD X +SD ¢ - ‘
X +SD
2010 : 15-year-old firs
1 155.50+52.68 22.77+8.19 1.44+0.73 -0.84 11.76+5.54 -1.70
2 130.67+78.28 24.16+12.48 1.33+0.52 -1.20 18.50+12.02 -1.60
4 235.54+118.5 40.25+20.83 1.21+0.41 1.10 29.64+15.77 -1.45
5 106.40+49.34 19.904+8.36 1.60+0.7 -1.29 14.50+3.54 -1.96
6 191.85495.65 34.73£19.15 1.27+0.53 -0.27 25.00+13.44 -0.24
7 212.43+98.83 39.22+20.55 1.14+0.4 -0.64 25.26+16.14 -0.59
8 190.53+98.03 35.02+18.15 1.33£0.54 0.41 23.53+10.78 0.35
9 236.62+103.3 47.79426.18 1.26+0.57 1.90 30.54+17.33 2.31
11 199.354+95.64 36.54+20.55 1.16+0.41 -0.17 22.04+16.83 -0.05
12 229.31+85.68 44.45+19.32 1.19+0.46 0.22 27.71+14.54 1.92
13 174.74+95.82 31.15+£15.92 1.42+0.51 -0.27 20.50+10.44 -0.26
15 112.88+51.85 21.84+6.42 1.36+0.57 -0.91 11.00+4.20 -2.59
16 188.96+89.39 33.26£17.07 1.20+0.46 -0.21 21.37+12.68 -0.40
17 179.81+£89.64 34.43+£16.62 1.3140.56 -0.22 21.24+12.34 -0.17
18 209.3£105.6 38.53+£22.95 1.3240.52 0.75 28.39+£17.06 1.01
22 202.00+75.78 32.89+13.82 1.11+0.32 -0.28 20.47+11.24 -0.55
29 158.88+58.81 26.38+10.49 1.144+0.36 -1.24 14.83£6.16 -1.89
Average 198.64+99.42 33.14+10.81 1.25+0.49 24.49+14.84

48 cm per year. During 14 years of their growth in the an-
cestral conservative tillage, the differences in height growth
between families were more pronounced (Table 4).

In 2006-2010, the average root collar diameter increased
by 29 mm and was 62.69 mm. The average values for the fa-
milies ranged from 42.97 to 69.85 mm (Table 4). The diame-
ter of the firs at breast height was measured for the first time.
The average diameter at breast height on plot I amounted to
42.42 mm and was 32% smaller than the average root collar
diameter (Table 4).

The Jd 94 trial

Despite the relatively similar habitat conditions, the gro-
wth of firs on plots II and III differed significantly. The di-
mensions of the firs on plot II were much larger than on plot
111 (Tables 5 and 6).

In 2004, the percentage of 9-year-old fir trees with a
properly developed leader on plot IT (6 years after planting)
amounted to 91%, while on plot III it was only 72%. In ad-
dition, 24% of trees on plot III had multi-shoot tops (Table
3). As a result, the average height of the firs on plot III was
49.90 cm, and was 30% lower than the height of the trees on
plot II (average 71.34 cm; Tables 5 and 6). Similar differen-

ces were found in the growth of the root collar diameter, yet
the differences in these growth traits were relatively small
between families, while very significant within individual
families, regardless of the plot (Tables 5 and 6).

In 2006, the 11-year-old fir trees on plot II reached an
average height of 128.52 cm and were 30% higher than the
trees on plot IIT (average height was 89.47 cm). The diffe-
rences between families were larger than in 2004. The dif-
ference in average height of the tillage on plot II was even
up to 55% (families No. 23 and No. 6), while on plot I1I the
difference was approximately 51% (families No. 5 and No.
18; Tables 5 and 6). Even greater differences in height were
observed within individual families (Tables 5 and 6).

Significantly smaller differences in the growth of the root
collar diameter of firs were found between plots (maximum
20%), as well as between and within families. Although the
correlation between the height and diameter of firs was ma-
intained, the effect of frost on the growth of the root collar
diameter was significantly lower than on the height growth.

In 2010, the fir trees growing on plot II were 29% higher
than the trees on plot III (Tables 5 and 6). The average dia-
meter of firs at breast height was 36.62 mm on plot 11, and
24.49 mm on plot III (Tables 5 and 6). The root collar diame-
ter of the firs on plot III was additionally measured, because
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Figure 2. The index of breeding values of the silver fir families
in tillage Jd92 in the years 2004, 2006 and 2010

approximately 15% of the trees did not exceed a height of
130 cm (Table 6).

As on plot I, the average differences between fir families
on plots II and III were small in all the years in which the
measurements were made. However, the differences in the
height of firs between families were large and statistically
highly significant (Table 7).

Initially, the average annual height growth of fir trees on
both plots differed, but the differences disappeared over the
years. The average annual height growth on plot II from 2004—
2006 was on average approximately 19 cm per year, and from
2007-2010 approximately 27 cm per year. The average annual
height growth on plot III from 2004-2006 was approximately
13 cm, and from 2007-2010 approximately 27 cm.

The family breeding value

In 2000, the families Nos. 17, 15 and 2 on plot I (Jd 92
trial) performed best, while the tillage No. 4 showed the lo-
west breeding value, always occupying the same place in the
ranking throughout the study period (Table 4, Fig. 4). In the
years 2004, 2006 and 2010, the families 12, 11 and 1 were
classified to the group of the best families (Table 4, Fig. 2).

In 2004, the families Nos. 6, 8, 5, 7, 1, 11 and 4 on plot II
(Jd 94 trial) performed best, while the families Nos. 16 and
21 showed the lowest breeding value (Table 5). In subsequ-
ent measurement years (2006 and 2010), the families Nos.
29 and 18 were classified to the group of the best families,
while the families Nos. 3, 23, 2 and 7 showed the lowest
breeding value (Table 5, Fig. 3). The ranking of the families
changed over years. Only tillage No. 6 always performed
best, while tillage No. 16 occupied the last place in the ran-
king (Table 5, Fig. 3).

The firs on plot III (Jd 94 trial) showed a much greater
variation in the breeding value /7 than the firs on plots I
and II. There was no single tillage to retain its position in
the breeding value ranking. In subsequent measurement pe-
riods, the H, index for some of the families increased (fa-
milies Nos. 9 and 18), while it decreased for other families
(Table 6, Fig. 3).

To conclude, it should be noted that although the diffe-
rences in the breeding value index (H,) for the families on
plots II and III are not statistically significant, they reveal
the nature of changes in the development and adaptation of
various fir families.

The genetic evaluation of families

The heritability indices were calculated for plots II and
III taken together on the basis of the measurement data from
2010. Less numerous families were excluded from the cal-
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Figure 3. The index of breeding values of the silver fir families in tillage Jd94 (Quartier II and Quartier III) in the years 2004, 2006 and 2010.

Table 7. Analysis of variance of the characters of the 15-year-old fir families in tillage Jd94 (the height, DBH, the root collar diameter)

f D f f
Feature Souf Cé © eerees o Sum o Mean Square F P
variation freedom Squares
family 18 861804 47878 4.519 1.03e-09 ***
Height
residual 1420 15043350 10594
family 18 19619 1089.9 3.686 3.2e-07 ***
DBH
residual 1124 332328 295.7
family 14 22990 1642.1 4.565 6.93e-08 ***

Root collar diameter
residual 592 212952 359.7
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Table 8. Single (47) and progeny (4,7) tree heritability enumerated on the ground given of measuring in 2010 on the tillage Jd94 (Quartier II

and Quartier III)
Variance component of Single heritability Progeny heritability
Feature
progeny error h? error h? error
Height Be 10589.2 0.173 0.0739 0.764 0.0806
DBH 13.6823 295.45 0.177 0.0801 0.769 0.084
Root collar diameter 39.7195 371.918 0.386 0.1744 0.885 0.0509

culations: tillage No. 23 for its heritability of height and dia-
meter at breast height, and families Nos. 1 and. 2 for their
heritability of the root collar diameter.

Individual (#7) and family (%) heritability indices indi-
cate the range of additive heritability that the mother passes
to her offspring. On the tillage level, the heritability index
(hy) was high and amounted to: 0.764 for height, 0.769 for
diameter at breast height and 0.885 for root collar diameter
(Table 8). The indices of individual heritability of the exa-
mined traits (k) were low and ranged from 0.386 to 0.173
(Table 8).

4. Discussion

The growth of juvenile silver fir is threatened mainly by
environmental factors such as spring frosts and deer. The ob-
servations made in the ‘Tisovik’ fir reserve as well as in the
man-made fir stands and clumps of fir trees in the Biatowie-
za (Gryka 2013), Borecka (Rydzewski 2013) and Romincka
(Fie¢ko 2013) primeval forests show that plants from natu-
ral regeneration are not damaged by spring frosts. In planta-
tions, however, nearly all the fir seedlings are, to a greater or
lesser extent, damaged by such frosts. Particularly, severely
damaged are seedlings in the first 4 years of growth in the
plantation. After this period, the survival of fir remains more
or less on the same level.

The results of an analysis of growth and development of
the offspring of 20 families of silver fir from the ‘Tisovik’
reserve in the ancestral conservative tillage located in the
territory of the Hajnowka forest district, shows a satisfactory
growth of this species in the fresh deciduous forest habitat
(L$w) in the Bialowieza primeval forest. The family herita-
bility index of silver fir is high, which indicates a high pos-
sibility to improve the breeding traits.

This is also confirmed by the studies by Goncarenko and
Savickij (2000). The presented research results lead to the
conclusion that firs Nos. 1, 3 and 17 showing the greatest
polymorphism should be selected from among the 20 firs as
the most valuable (Goncarenko, Savickij 2000). The presen-
ted data do not differ from those reported in the literature on

fir provenances (Skrzyszewska 1999, 2003). They indicate
great possibilities for improving the growth traits through
the selection of the best families.
The level of genetic variation of the offspring of silver
fir from the ‘Tisovik’ reserve is low compared with other
populations of this species (Pawlaczyk, Bobowicz 2011).
Fir grows very well in the north-eastern regions of Po-
land. This is confirmed by the observations of the growth of
single fir trees and small clumps of fir trees planted in the
early 20th century in the Borecka and Romincka primeval
forests (Fiecko 2013; Rydzewski 2013).

5. Conclusions

The above-presented observations show that silver fir
grows well on fresh deciduous (L$w) and fresh mixed deci-
duous (LMsw) forest habitats in north-eastern Poland.

Due to its genetic diversity, intensive seed production,
good growth parameters, good health condition and native,
natural origin, silver fir from the ‘Tisovik’ reserve deserves
special attention, and its derivative tillage should be esta-
blished not only in the Biatowieza primeval forest, but also
in the lowland areas in Poland and Belarus.

Two fir stands in comp. 453 Aa (97 trees) and comp. 498
Cg (34 trees) located in the territory of the Biatowieza forest
district should be regarded as a seed source to be used as
the forest basic material for the proven breeding values and
fast natural regeneration of this species. The fenced area in
comp. 453 Aa should be extended from 0.25 to 1.0 ha in
order to protect the natural regeneration of silver fir.

With the next revision, the range of planting of silver
fir should be extended to the Baltic and Mazury-Podlasie
nature-forest regions. To establish fir plantations in these
regions, it is advisable to use the populations of silver fir
growing on the eastern limits of its occurrence in the low-
land and piedmont areas.
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