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RESEARCHBS CONCERNING NARROW- CROWNED
SPRUCE IDEOTYPE (Picea sbies f. pendula

(LAWSON) SYLVEN) rN ROMANTA

Gur:oncsr: PAIINUTA
l rorcst l{cscarch arrd N4urragcrncnt lrrst i tutc. lJucharcst. l {onrarr ia

ABS't'Rt( r-

' [-hc papcr prcscnls lcsults ol '  thc rcscirrch corrccrrr i trg sclcct ion ancl
dcscription ol'tlrc uarlorv- crouncr.l spntcc lrccs iclcolt;-rcs: stu(h ol'rcplotluc-
t ion systcrr ancl l l l l  dial lcl  cross bclucctt pcndula and conrrnon - crorvrrsd
sprucc  t recs :  l cs l ing  o l ' l i r l l - s ib  la rn i l i cs  inhu lsc l r  and, -xpcr in rcn ta l  t r i i l l s  to
providc inl irrnrat ion about gcrrct ic variat ion arrt l  inhcri t lncc ol ' traits uscl ir l  t i rr
brceding.

Seccl l ionr control lccl cross l i rrni l ics \ \ ict 'c so\\n irr a grccrr lrousc. and thcn.
t lrc sccdl ings rrcrc t larrspl lrrtcd in irrdivi t l tral polrcthvlcnc pots in pott ing
sprucc hurrrus. l 'hc pots rr i th t lrc scccl l i rrgs scrc placctl  in thc nurscrr ' .  arrd
thcn. irr  expcrinrcntal tr ials ancl al larrgcd in randonrizccl contplct hlock dcsign.
' l 'he 

main traits uscl ir l  l ' rrr  blcccl irru rrcrc rtrcasrrrccl antl  a qcrrcral lcirst-squirrc
rvas rnaclc.

' l 'hc 
lcsrr l ts ul '  rcscirrclr

l .  
- l 'hc 

tutrro*'-  ctos't tccl ("pcn(lult i  "):prrrcc trccs lralc t lr i rr  i rnd pcrrcltr-
l a r b r a n c h c s . r v i t h t h c a n g l c o l ' i r r s c r t i o r r o r r t h c t r u n k h i s h c r t h a l r  1 2 0 ' : p r i r n a r y
branclrcs arc irrcgularlr  branchcrl:  high clual i tv ol 'prunine. straight shapc ol
trunks. and arc rt lorc rcsislanl to sno\\ ' l rr tcl  rr i t td dantirgcs lhitn conltn()n spnlcc
l}om thc samc populat iorr-

Wcrc selcctccl and clcscribcct nrorc ol'25() "l,cndula" sDruuc tl'ccs thilt :trc
sprcad rnainl l  ( f l0o,ir) in thc Apuscni Mountains.

2. ( ienctic variabi l i l  ot ' thc r lr '1 '  rnarrcr in l i r l l -sib spruce l i rmil ics (at agc 4)
iu thc nurscrl '  tcst indicirtct l  highl l '  signi l icant di l l t rcnccs anrong lcnralc
gcnetic cl l 'ccts l i )ral lanal lsct l  traits in pcndrrla \  conl lron hvbrit l  cornbination
ancl no signi l icant cl lccts l i rr  anr, trait  in leclprocl l  onc. Su. sclcct ion ol ' lcnralc
trccs can bc rnutlc onlt '  rvi thin ni l t ' ro\\-ct 'o\\ncd populat ion.

3. I ist i tnatcs ol 'hoth high lnd nri( l-plrcnt lrctclosis irr  pcrrdula \ c()nlnron
hybrid tvcrc negativc l i rr  al l  r l rr  nlaltcr traits. rr hi lc hctcrosis s crc posi l ivc l i l r
al l  traits in reciprocal onc.

4. l 'hc dr1 mattcr ol ' l l l  sccdl inu contponents rvas hiehcr irr  pcnclrr la x pcn-

dula (Pxl)) crossing t1'pc arrd sural lcr in pcnrlula \  c(ul lnlon (Px(')  onc. [)r]
trrattcr o1'krtal scccl l ings \!as -J3() i '  highcr in pcndula t lccs t lran in con.rrnon
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sprucc l l 'ccs.
5. ( icnctic variabi l i t) '  ol 'sprucc hvhridcs lcstct l  i rr  nrult i -si tcd cxpcrinrcntal

t l ials is highcr and i t  occurs untlcr t l i l lcrcnt ' l i rrnrs holh in the l l rst vcirr and thc
sccond r 'car l i rrnr planting. accorcl ing to lhc sitc concl i t ions rrhcrc t lrc cxpcri-
nlcnls alc madc. l l  ntav nol icccl thc existancc ol 'arr iukl i t i rc gcnctic control ol '
thc traits in both sprucc hybrids. rnaking pussiblc lhc sclcct ion ol 'r 'aluablc pa-

l'cnts to lrc uscd in sprucc brcctling progl'lln)rnc.

Keyrvort ls: Piceu alt ic.s l ' .  lntt lulu. gcnctic \ , i l r iahi l i t r .  gclrclal anrl  spcci-
t ic corn[ 'r ininu abi l i t \ .  h\ brid. hcrcrozis.

INrRooucrron

The spt'uce (Pic'cu uhic.s (L.) Karst). is the corril 'er species rvith the largest spfeading
and nlost valuable in Romarr ia.  with a vast and ecological lv cornple\ distr ibut ion range:
it presents a strong polymorphisnr and a high intraspecific genetic cliversity.

Also. it is acknorvled-qed that the spruce forests have a relative stability to the influ-
ettce of the danraging clinlate factors: they are predisposed nlainly to wind alrd snow
f'ellings and breaks. The gelreralevolution of the clinlate in the last period was charac-
terized by sudden changes and irrtensification of extrel'nes. which lead to the increase of
the inrpact on fbrests result ing. sorrret i rnes in signi l icarrt  calamit ies.

I t r  ot tr  country.  in t tatural  spruce populat ions located in di f ferent si te condit ions there
is a high var iabi l i ty of  the habitus: the narrow-cl 'owned spruce trces are nlorc resistant
to suo\\ 'breaks.

-fhe 
first researclres that had as ob.iective the study on the spruce with a uarrow

crou/l' l attd pendLtlar brarrcltes were started in Finland. In 1954 Saarnijoki, (quoted by
Karki.l980) published a report on a group of 30 nrature sprLrce trees pcnclulu (P.ubie,s
f. perrclttlu (Jacq. and Herincq). lle stressed. beside tlre very narrow cro\f n. also the
valuable trai ts of the trunks and sterns in the selected trees.

l' lte crowtt fornr of the Norway spruce is a variable character: a large pan of the vari-
a t ionca l t t reexp la inedby theenv i ro rnenta l  fac to rs (Schmid t -Vogt ,  1997)andthegene-
t ical ly detertninat ion of the crown f trrrn is obviouslv based on the pol lygerr ic svsteln
(Pu lkk inen.  199 |  ) .

The crown fbrrn of Pertdula spnrce (Pic'cu uhic.s /. ltcndulu (l,awson) Sylverr) is
exttenrely trarrow. and the inheritalrce of the cqown forrrr is based on only a f-ew genes
or gene groups (Lepisto. 1985).

It is believed tlrat ttarrow cl'owrl. harvest index. biorrrass partition were under gene-
t ic cott t rol  in pendula spruce rnutant (Pulkkinen & Poykko. 1990. Pulkkinen. l99l) .
Scots pine (Pinus sylvestr is L.)  (vel l ing &' f igerstedt.  1984. Poykko &Vel l ing, 1993).
Lodgepole pine (Pinus cort torta ssp lat i fbl ia,  (Hu arrd Yeh. 1997)and othel species.

l-he firrm of the crown has been noticed to be inrportarrt factor deternrinating the
biotttass productiott of the trees artcl it also atl'ects allocatiorr ratios bctr,veen tree cout-
por re r r ts  (Canne l l  e t  a l .  1983.  Pu lkk inen l99 l ) .
l l 0
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In 1986, a beedirrg prograrnnle ol'Norrvay sprucc rvas laurrchccl. arrd in the framc of
tlris progranlrne was perfornred: selcction arrd pherrotipical variability of narrow-
crowned ideotype in conrparisorr lv i1h norrnal-crowned spruce trees (Parnuta.
1991.1993);  a ful l  d ial le l  rnat ing desigrr arrd test ing of l ral t --s ib arrd f i r l l -s ib farni l l ies in
nursery (Parnuta.200l)  and experinrerrtal  t r ia ls to provides inlbrmation about genet ic
variation and inheritace of traits useful fbr breeclins.

MlrERlnls AND METt{oDs

The selection of the spruce ideotl,pes has been performed according to the crown
shape on a vertical level and tlre angle of irrsertion of branches on the trunk. Narrow-
crowned spruce trees with thin and peudular branches (Piceq uhics f . pcntlulu (Lawsorr)
Sylverr)  were selected.

Ljp to 40 quant i tat ive and qual i tat ive trai ts.  s igni f icant for the sclect ion. have been
nreasured. observed and described (orr typical charts) tbr each selected tree- in order to
observe the phenotypic var iabi l i ty. ' fhe descript ion of each trai t  was done bv nreasuring
and the qualitative traits have been observed aud estinrated by using qualif,ving grades
and numerical  indexes with several  gradat ions. in accordarrce rvi th the diversi ty arrd
complexity of the tlait.

Thirty trees of con'lt ' ltolt spruce ltave been described as a let'erence in each popula-
tion where narrow-crowned ideotypes lrad been selected. These trees had to be located
close to the selected ones and the descriptiou was urade ou standard clrarts containing
the same traits. as tlre ideotypes. fbl cornparison reasons-

Ini t ia l  mater ial  and nrat i rrg desigrr used in spruce hybridizat ion.
The parents were selected irr two nrixed pendula-cornrrlolt spruce lratural population

located in the Western Carpathians at about | 200nr altitude.
Four selected parents from each el-trvcl pelldula and courmon crorvned spruce trees

Male
Ferlale

Pendula crown (  P)

-pt l-pz -f  
r ;66 1'p6j

Conrrnon cror.vrr (C)

C3e I c4o 
-T 

C+r- I b4i-
P I X x x X X X X x
PT ix r x x X X X X X

P66 x X X X x x x l x
P6T lx r r X X x X x X

C 3 9  l x l x x X X X x X

C40  l x l s x X X X x x
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Figure l .  l"ul l  dial lcl  crossing clcsign according to ( i l { l l rFlNG ( 1956) Mcthocl I
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were used in a firll diallel crossing design and four lry,brid types were obtained fl 'onr two

separate dial le l  and factor ial  nrat ing designs, respect ively (FiS. l)

Seed frorn controlled cross families were sorvrr in a greettltt"luse. and thert. the

seedl ings were transplarrted i rr  individual polyethylene pots in pott ing spruce hutnus.
The pots rvith the seedlings were placed in the nursery. and then. in five experinrental
tr ia ls and arranged in rarrdonrized complet block design. Tlre rnain trai ts usef ir l  for
breedirrg were ureasured and a general leasl-square was rnade.

Matematic model and statistical analysis
In order to estinrate tlre genetic conrponerrts of variarrce the follolving statistical

rnodel (Gri f f ing s method l-  1956) was assurned:

Xrr = t t  + br *gi  + gi  + si i  *  t l l ;  -  nl ;  *  1 ' ; ;  *  g1;,  ( l )  where:

xr;i is tlte tnean of the i- th f'enrale tree crossed to the j-th nrale tree over k repli-

cates: u is the general rnean: br is the effeci of the k-th block: gi is the g c a et'ect

associated with the i-th male tree: gi is the g c a et'f 'ect associated with the.i-th male

tree: s.i i3 the s c a effects associated rvith the cross between the i-tlr fenrale tree and

i-tlr rnale tree. tni and tnr are nlateulal effects of the parcnts i and j: r'ri are diffe-

retlces caltsed bv cross directiorr betrveen pafents i and .i : er,i is tlre randorn error.

Stat ist ical  analysis was rnade usirrg DIAI- prograrnme according to Sclral fer and
I  j s a r r i s  (  1 9 6 9 )

Measurements
Nirte bionrass trai ts were rneasured at age 4. as presented in table l :

Table I -  Mcusurct l  traits

Trait Uni t Syrlbol
l 'otal lengtlr of stem
Total nurnber of branclres
Total number of roots
'fotal 

dry matter of stem
Total d11, rnatter of branches'fotal 

dry matter of needles
1'otal dry rnattere of roots
'l'otal 

dry matter above ground

ctl'l

No
I"LS
TNB
TNR
TDMS
TDMB
TDMN
TDMR
TDMAC
DMTS

No
Dg
Dg
Dg
Dg
Dg

Dry nratter oliotal seedlirrg Dg

Five seedl ing samples per hybrid conrbinat ion were measured. Each seedl ing was
divided into stem. branches and roots.
| | 2
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Table 2. Mcasurccl tr l i ts in c\Dcrimcnti l l  t t ' ials

l 'raits U.M. Syrnbols')
Total height
Yearly growth in height
Nunrber of branches
Maximum length of branch
Forking
Survival

trln
mm
N o .

TH r 
- t -H:

Y G H I  Y G H r
N B I  N B T
MLB;  :  MLB2
Fr ; [":
S r i S :

fflln

%
%

lncl iccs I and 2 indicates thc -r 'cul ol 'nteasurcnrsnt. thc t irst and sccond lcar al lcr

Table 3 . l :xpcrinrcntals t l i i r ls

plat t t ing.  rcs l ' rcct i r  c l_r .

Experirnental  t r ia ls Forest branch Forest
district

U.P . .
u.a.

SLrrface
( h a )

LEPSA I_  SCHIT
LEP$A i l .VL.MARULUT
COMANDAU
ILVA MICA
PURU

Focgani
Focaani
Sf-. Cheorghe
Bistr i la
Rrn.Vdlcea

i l ,  i l 7P 0 .7 t
v,'tD z 0.70
v f ,2 r  B  0 "15
I I I .  P  r32  1 .06
tv, 44 A 0.85

Lepga
LepEa
Cornanddu
I lva  Mica
Voineasa

The seedling corxponents were dried for 48 hoLrrs at 105 C. tlrerr all cornporrerrts
rvere lveishted.

Resulrs

Selection and description of the narrolv crowned spruce trees ideotypes
Were selected arrcl described rnore then 250 narrow-crowned spruces trees. whiclr

lvere spread nrainly (80%) in the Apuseni Mountains.
The selected ideotypes are characterized. rnairrly as it follows:
- Pendula form - Itarrow-crowned spruce. with thin and pendular brarrches, r'nore or

less joined to the trurrk (angle of insert ion of the branches higher t l rarr  120') :  pr i rnar),
branches irregularly branched (a mairr ax canrrot be fbllowed to the branch top).

The specimens character ized l ike this have been irrc luded in the typical  form belon-
ging to tlre subspecific taxonouric unit- Piccu qhies f. pentlulu (Lawsorr) Sylven
(according to Pulkkirren,P..  I  99 I  )

- Columnaris form - narrow-crowned spruce. with very shofi primarv branches. ho-
r izontal  or s l ight ly nutant.  and secondary, ter l iary branches and the marr l ' fo l lor.v ing
ones fbrrning a colunrnar crown.

Tlte specinrens characterized by these traits belong to the subspecific taxououric unit
- Pit'ctr ubies wtr. c'olunrnuris (.lacq.) Carr.(according to Durnitriu-Tataranu.l96 | ).

The study on the reproduction of the narrow-crowned and nornral spruces slrorvs that

i l 3



the pollen dissernination and the responsiveness <lf the f'enrale strobilus occur irr the

same tinre. both in ideotype trees and the comnrtln spruce trees. witlt the possibility for
interbreeding between the two types, witlrirt tlte sanre population.

Controlled pollination in cornplete diallel system between pendula and normal
spruce trees. resulting in full seeds in all types of crosses. slrows the reproductive conr-
patibility of the two spruce types.

Genetic variation in dry matter distribution between components in full-

sib families
Genetic vuiation
ANOVA indicated highly signi f icant (p<0.01: p<0.001) di f ferences anrong fernale

genetic effects for all analysed traits in pendulct r comrnon hybrid cornbinations (Thble4.
row l. upper line) and no significant effects fonany trait in common x panclulu crowned
hybrid combinations (Table 4. row l. lower line). So. selectiorr of f'ernaletrees can be
rnade only within llarrow crowned population.

Differences amor.rg nrale effects were significant (p<0.05) or highly significant
(p.0.01) for:  TDMB. TDMN and DMTS in pendula x comrnon combinat ions (Table 4,
row 2, upper line), and significant for TDMS and TDMN ir.r cornrnon x pendula com-
binations (Table 4. row 2, Iower line):

Therefore, selection of rnale trees can be nrade in both populatiorrs.
With only one exception. male x female interaction effects were not significant in

botlr types of hybrids (Table 4. row 3)23.2

Table 4: Analysis ol 'variauce of thc tcstccl traits in l) icca ahics t.  pcndula x P. abies (uppcr l inc) ancl
Picca abies x P.abies f ' .  pendula l lou,cr l inc) hybrid populat ions

Source of Df
variance

Mean squares / traits l)

TDMS TDMB TDMN TDMR DMTS
Females

Males

FxM

Enor

39.6 44.6
15 .5

8.2'-
9 .7
4.4*
4.6
2.0
5 .7

85.8--
9.2

37. I **

3tT-
r0.5
t0 .  t
7.2
|  1 .4

64

31.3
2.9
9.2
7.8

770.5--
23.2
l 0 . l
37.2'
7 .5
15 .3
5.6
13 .3

3 .8
4.6
3.9
5 .7

t6q .9
M-
290.5
95.4
I  t 6 .9
67.8
t26 .7

All values rvere dividetl bl' l(X)

Heterosis effect
Estirnates of both high and mid-parent lreterosis. in pendula x common crowned

hybrid,were negative for all tested traits.

| 4



I ' i l nu1 i r

In other words. the hybrid performances were lower tlran those of the perents. For
exantple. the HPH was accounted tbr -50% in TDMS and -75o/o in 

-fDMB. 
However. zr

sntaller drv matter itt branches represents a po5itive featurc. Orr the corrtrarv. estirnates
of both high - and nrid-parent heterosis. irr conrnron x pendula crowned lr."-brid. were.
positive for all traits. For example. the HPH was accounted for 22o/o in TDMR and 52Yo
in TDMS.

C o m b i n i n g o b i I ity effe cts

Table 5: lrst imatcs ol 'gcncral conrbininr abi l i t)  (-c.c.a.) cl l l .cts lur l , icca ahics l .  pcndula s I , .  ahics
colllnon hvbricl population

-l ' rait  
I 'DMS I l)Mll

' l ' t )N4N
I 'DMI{  I )M ' I 'S

l)arr'tt t

l :ernalcs
l ) l
l ' 7
l) 66
l,  67

- 17.60
3.45
r 6.35'
-2 .21

-  I 8 . 7 5
2..10

17.60" "

-26.5 |
5.39

23.4.t"

-7.00
t_5.20
6.92

-  1 5 . 5  |
3.44
t4.54"

-7'1 .79
I  3 .66

72.46+*

( i 9
(' .10
c ' . l l
c . t2

-9.7(l
-0.55
_1.3_5
6.64

- 1.66
(r. I .l

3 .79
i. .16
t . q :

27.3t)
2.1.96

-3.08 -  |  1 .71

p<0.05:  p<0.01 :  p<0.(X) |

The pendula fernale parent P66 was the best g c a combiner in pendula x cornrnolr
conrbinatiotr. rauked first fol all dry rnatter traits. while the P I ranked last (Table 5.
upper part).ltr the same cotnbiltation. the cornmon spruce male parent C42 rarrked t-irst
and C39 ranked last.Consequently. parents P66 andC42 should be selected tbrthe next
breeding works: the other trees should be re-jected.

Tlre cornrrron spruce femalc parcnt C 40 of the courmorr x perldula cornbir.ration
ranked first wlrile the parent C 4l ranked last for all dry matter traits.

Within the same conlbinatiorr. the pendula spruce male parent P66 rarrked first. while
the P 7 ranked last fbr dry matter traits.

Therefore the best combiners for dry matter are C 40 and P 66 and they should be
selected. and the others slrould be discarded.

The best specific crosses in pendula x cornrnon hybrids fbr "drl'matter of the total
seeding" as wel l  as for "dry matter of  needles" were Pl x c4l .  P7 x c39 and p 66 x
c4 l  .

-fhese 
three contbinations should be propagated by both sexual and vegetative way.

The best specific crosses in colrtttrotr x pendula spruce hybrid for both " dry rnat-
ter of'the total seedling" as well as fbr " dry nratter of nedles" were C39 x P7 and C40
x P l  and C4 l  x  P66.

l-he above metttioned combinations should be used for both sexual and veuetative
propagatiou.



Table 6 : Phcnotypical correlat ion bctrvecn tcstcd traits in pcnclula \  cornnron (uppcr l inc; and conr-
mon x pcndula cror,vned ( lorver l inc) hl,brids

Traits TDMB TDMN TDMR DMTS
TDMS

TDMB

TDMN

TDMR

0.996 0.999 0.999"-"
0.919 0.961

0.998..
0.990..
0.999*
0.999
0.999
0J%

*p<0.05; *.*p<0.0 |  ;  ***p<0.001 (D.f . :2)

Phenotypic correlation
Highly significant correlatiorrs were found irr pendula x comlnotr crowned hybrid

among all dry matter traits (Table 6). This suggests that indirect selection can be
appl ied.

In the cotntnot't x pendula hybrid, significarrt (p<0.05) corelations were found
between TDMS and TDMN. and also betweenTDMB and TDMN.

Highly significant correlations were found between: TDMB and DMTS. and also
between TDMN and DMTS (Table 6).

Dry biomoss clistribution between components. Horvest indices
The dry biomass of seedling componerrts (stem. branches. needles and roots) were

lr igher in P x P hybrid than in al l  othercorlbinat ion (1able 7)

Table 7: [)r1 biomass distr ibution ( in dg) hctrvccn sccdl ing conlponcnts ancl thcir perccntagc (ol]) ,

according to thc crossirrg t-r 'pc

Component Crossing type

0.999
0.964'
0.996.'
0.986'

0.643
0.993--
0.875

0.999
0J23

P x P P x C C x P C x C

dg
Qry biornass
y" -w-ntde

Stem (TDMS) 7.54 25.0
Branches (TDMB) 5.57 18.5
Needles (TDMN) 10.37 34.4
Above- 23.48 77.9
ground(TDMAG)
Roots (TDMR)
Total seedlirre

26.5 7.08 26.8 6. |  8 21.4
|  6 .0  4  .43  I  6 .8  3 .5  I  I  5 .6
32.9 8.63 32.'1 7.26 32,2
75.4  20 .14  76 .3  t6 .e5  75 .2

23.1  5 .58  24 .8
r 0 0  2 2 . 5  1 0 0

6.67 22.1
30 . r5  t 00

5.79
3.50
7.20
r6 .5

5 . 3 7
21.9

24.6 6.27
100 26.4

DMTS
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The percentage of needles and brancltes fronr the above ground seedling was high-
er in the P xP than irr C x C corlbination. However. the percentage of the stent and roots
tiorr the

P x P were lowerthan in C x C conrbinat ioLr.
Dry biornass of the seedling conrporrerrts (roots. stenr. branches, needles) was high-

er in PxP and smaller in PxC courbinations.
In all cases. the CxP hybrid was interrnediate between parental PxP and CxC com-

binat ions.
Both net and total harvest indices were relatively closed each other: the srnallest and

the biggest indices were obtained in PxP and CxC combinations, respectively.
The TDMS / TLS and TDMR / TNR rat ios were higher in PxP than in CxC combi-

natiort: this suggest a higher wind firnrness and a lrigher resistance to sllow breaking in
pendula crowned spruce .

The TDMN was 52Yo higher in PxP than in CxC cornbination, suggesting a higher
density of the pendula crowned spruce.

Genetic goin
Cenetic gain calculated as twice of the g c a. s is presented in table 8.
Tlre best four parents for DMTS were pendula fenrale trees P66 and P7 and cornmon

' l 'ablc 
t l  :  ( icncral contbining abi l i t l  cl t 'ccts (g c a ).  brccding valucs ( l lV) and {cnctic gains A ( i)

Parents g.c.a. BV LG(%\

P 6 6
c 4 l
c 4 2
P 7
Mean

72.46
2't.39
24.96
13.66
34.62

64.2
:+._\

2 2 . 1
t 2 . l
30.7

Dlv rnattel of total seedling (dg)
144.9
54.8
49.9
27.3
69.2

&!e! {':!ej!gl rl needles(dg)
P 6 6
c4r
c42
P1
Mean

23.44
r5.20
6.92
5.39
12.73

46.88
30.40
13.84
t0 .78
25.46

63. l
40.9
1 8 . 6
1 4 . 5
34.3

spruce nrale trees C4l and C42; their average breeding value was 69.2 dg. which wor.rld
represerrt an increase of 30.7oh in the general rnean (225.3dg) for DMTS.

Similary for TDMN, the best four parent trees were the same as above; tlreir ave-
rage breeding value was 25.46dg. which would represent a genetic gain of 34.3%o in the
overal l  nrean (74.3dg) for TDMN.
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TrsrrNc oF spRr"JCE HyBRrDs rN ExpcRltuENTAI, TRTALS

The results are presented only for the experirnental trial Lepsa ll- Valea Mdrului. one
year and. respectively. two years since the planting.

Ceuetic variatiou. ANOVA shows that anrong hybrid fanrilies are significant
(p<0.05) and highly signi f icant (p<0.011p<0.001) di f t -erences due to the nraternal and
paternal efects. for seedling height and the current growth in height for adaptation traits

Table 9: z\nalysis o1'variance ol ' thc PxC ht,bricl  traits in Lepsa l l  crpcrirncntal tr ial

Source of
variance

Df Mean squares (s')/ traits
THr YCH| NBr MLBI
TH: YGHZ NB: MLB:

S r
Sr

Fr
F:

Blocks

Hybrids (H)

- Female(F)

-  M a l e  ( M )

- F x M

Errors

347.2
559.9

884,7*'
1063,3*

2417,4"'
4025,4***

377 .1
544,6
543,0
248,9
345.2
462.0

90,3 r.02 6.84
25.0 0.52 6.6

37,0**'  l2,g' 0,32 3,02
233,3**'  129,7"'  0,41*t l5, l '*

34,7' 17,3' 0.23 0.04
lg7,g** 315,4'* '  o, l5 6,6
I l7,o*** 3l,l** 0,64* g,so*t
747,7'*' 197,4*t* 0,06 39,3't'

(e)  n,2 5,2 0.24 l ,g5
77,0 4619*** 0,61"*. 10,2

l 5

(3)

(3)

45

29,9
99.5

0,06
1 .4

0,36*
1,2*'
0 ,  t 0
1,4*
0,23
1,4'

0,49*'
1,0*
0 , l 6
0.4

9.9
3 l . l

5 .7  0 ,21  1 ,96
8.0 0.  15 5 S

Table l0: Anah'sis of variance ol ' the ( 'xl)  hvbricl  traits in l ,cpsa l lexpcrirncntal tr ials

Source of
variance

Df Mean squares (s-)/ traits

T H r  Y G H r  N B r  M L B '
-  THZ  YGH2 NBZ MLBI

Erq
Fz Sz

Blocks

Hybrids (H)

- Fernale(F)

-  Male (M)

- F x M

Elrors

t5

9. |  4t ,6 0,22
4l, l  35.7 0,2 |

6010*' l7r3'** 0,42
| 76,5*" 3615""" o.l2
2l tro'*' 66,0**t 0,56
7l l r5 '** 139,3" '"  0,14

25.8 4,t  0.  t  3
f 0,2 26,1' 0.05
2l .0 5.5 0.48
53,5  5 .8  0 , t4
r8,7 3.4 0,26
40,5 9.9 0. | |

I t.72 t242 0.02
14.7 t059.3 0,02

4,63'** 996,3*'* 0,26
lo rT l "  I lg l ,g " ' "  o r3o '
I 5r52*^t | 3ggr2"' 0,56*
4gr4*" l62g17*" 0160'
5172"" 167512*"" 0156*

0,7 3099,6"' 0,56'
0.64 452,7', 0.06
t ,2  4 t3 .7  0 .  r0

0,73 19t,7 0, |  5
3.6 2t3.4 0. t4

(3)

(3 )

(e)

45
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(seedling forking and survival). The interrsity of the significarrce is different in accor-
dance with the trait, type of hybrid and location of the experirnental culture.

For Lepsa II trial. the hybrid type pcnclulu x commotr spruce (PxC) for growth (TH

and YGH) and adaptation traits (F) the differences among farnilies are distinct and very

significalrt; the paternal genitor lras a stronger: influence for growth traits and branclt
length and the nraterrral genitor for forked seedling frequency arrd seedling survival
(Table 9); .

For the current growth in height and number of branches. the interaction between the
genitors strongly influences the differences among the hybrid families in the second
vear since the plantat ion.

For the hybrid comnton x pendulu spruce(CxP. Table l0) the differences are highly
significant for height and current growtlr in height of the seedlings, (TH and YGH)
branch lerrgth (MLB) and seedl ing forking (F) and only signi f icant for seedl ing survival
(s).

The maternal parent influences the variability of the growth traits (TH.YGH and
MLB) and both parents the variability of the adaptation traits (F and S).

Heterosis effect
Estinrates of both high and rnid-parent heterosis in penclula x comtnon crowned

hybrid were negative for all tested traits in the first year of testing and positive irr the
secorrd year (Table I l).

Tab le l t : l l s t in ra teso l 'he tc ros is ( l l c l  =h ighparcn t l re te ros is : l l c2=nr id -parer r the teros is )and hybr id
pcrfornranccs ( l ' l  x C40 ) artd rcciprocal (C40 x I ' l  )

Conrtrinutia
'l-rarts

1'11,
l ' l  L

YGIT,
YGil,

Nt|r tvl l , l l r  l ' r  s,
Nt], l\,ll.tl, F" s,

l) r ( l 'cnralc)

l lvbr id ( l ' r  x  Cr,r )

( '1, ,  (mulc)

:) llctcrosis (7u)

('r, (ll 'rnalc)

l lybr id (Cr,r  r  I ) r )

P r  (ma le )

I lctcrosis (7")

ll",

ll":

I l .t

Ll"t

4 9 8
88.o
5 3 3
109 .9
5 l l
90.8

0
+2 1.0
-3.1

+22,9
5.i 3
90.tt
5 7 9
1 0 t . 3
49 tt
88.0

+8.6
+ l 1 , 6
+12,2
+13,3

16.7
i7.6
I  t . 0
i i  ?

l 4 . l
36.4

-3{. I
+,16,8
-29.0
+51.6
t 4 . 2
36.4
t 4  4
4  t . 0
t6.7
J / . t )

- t 3 .E
+9,0
-7.1

+12,6

.1.5
3 .8
;1.5
4.5
4.0
J - O

0
+18,4
-5.9

+21,(t
4.r )
1.6
4 .2
J - O

.l 5
1 .8

10.5

L ) 1

26.9
I 0 . 9
24.0

- t3.8
+12 ,1
-12.1
+17 ,5
l 0 9
aa ( \

t 0  3
25.  I
t 0  5

1 l 1

-:r.:\

+.1,6
-3.7
+9,6

5 s 3
54.3
4 t 5
83.0
3e.5
34.5

-25.0
+52,8
-t2.1
+86,9
l e 5
t J i
47.O
56.5
55 .3
54.1

- t  5.0
+4,1
-0.8

+21,3

100 0
|00.0
c)9 8
99.0
l(x) 0
I (X).0

-0.2
-1 ,0
-0 2
- t , t )
|00  0
| (x).0
I (X )  0
I i )0.0
| 00  0
t(x) .o

-6.7
-5.3
-1.2
-2,7

0
(l

0
0

i l 9
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For reciprocal hybrid (CxP) lreterosis were nc'gative for all traits (except TH) in the
tirst year of testing and positive for all traits (except nunrber of branches -NB) in the
second year of test ing .  (Table I  l ) .

Corlbining abi lity effects
The pendula fenrale parent P I was the best g.c.a. cobiner in penclulu x conmon corn-

bination ranked first for total height (TH). yearly growtlr in height (yGH) and fork-
ing(F) in second year of test ing.

In the same combinatiolt the common spruce nrale parent C40 ranked first in TH
YGH and rnaximurn length of branch (MLB).

The comtnott spruce fernale parent C40 of tl're comnutn .r pcnclulu cornbinatiolr
ranked first forTH. YGH and MLB. while the parent C42 ranked last for all traits.

Within the sante cotnbinatiorr. the pendula spruce nrale parent Pl ranked first fbr
forking.

Tlre best specific crosses in penclulu x coiltnton hybrits for total height rvas P7 x C
39. evaluate in secorrd year of testirrg.

Cowctr-uslons

I . The narrow - crowned ("pendula ") spruce trees lrave thin and pendular bralch-
es, witn the angle of insert ion on the trunk highert l ran 1200; the pr inrary branches are
irregrrlarly branched: high quality of pruning, straight shape of trunks. and are more
resistant to snow and wind damages tlrarr cornl.non spruce front the sarne population
More then 250 "Pendula" spruce trees were selected and described, trees that are spread
mainh (80%) in the Apuseni Mountains.

2. Cenetic variabiliy of the dry matter irr full-sib spruse farnilies (at age 4) in the
nursery test indicated highly significarrt difl 'ererrces arnong fenrale genetic eftbcts for all
analysed traits in pendula x contnron hybrid combination and no sigrrificant effects for
any trait in reciprocal one. So. selection of female trees can be made only witlrin nar-
row-crowned population.

3. Estinrates of both high and rnid-parent heterosis in pentlulct x common hybrid were
negative for all dry nratter traits. while heterosis were positive for all traits in recipro-
cal one.

4. The dry matter of all seedling cornponents was higher in pendtilct x penclulu (pxp)
crossing type and smaller in penclula r common (PxC) one. Dry tnatter of total seedlipgs
rvas 330% lrigher irr pendula trees tharr ilt cornrrror.r spruce trees.

5. By using the best combitrers in hybrid productiorr, a genetic gain of aborft 30yo i1
dry matter of total sedling could be expected.

6. Gerretic variability of spruce hybrides tested in multi-sited experinrental trials is
higher and it occurs under different forrns both in the first year and the second year fronr
plarrtirrg, according to the site conditions where the experiments are rnade. lt rrray
noticed the existance of an additive genetic controlof tlre traits in both spruce h.v,brids.
nraking possible tlre selectiotr of valuable parents to be used in spruce breading pro-
120
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grarnnle.
7. The assesstnetrt of tlre heterosis. botlr in lrcntlulu .y cottttuott hybrid arrd irr reci-

procal otte. were negative fbr all lested traits in the first year of testirrg and positir,,e irr
the secttttd year. The h,vbrids perfortnances are.assessed in tlre.iuverrile stage (at a-ue 7).
sholv a diflerent evolutiott in tirne. which rnakes it l ieccssarv to corrtinue the research-
es fbr scientifically substantiatirrg the strateg."- for spruce breeding.
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