Estimation of genetic gain in progeny trial of
pedunculate oak (Quercus robur L.)

Vidakovié, Mirko; Kajba, Davorin; Bogdan, Sasa; Podnar, Vlatko;
Becarevic, Josip

Source / Izvornik: Glasnik za Sumske pokuse: Annales Experimentis Silvarum Culturae
Provehendis, 2000, 37, 375 - 381

Journal article, Published version
Rad u casopisu, Objavljena verzija rada (izdavacev PDF)

Permanent link / Trajna poveznica: https://Jum.nsk.hr/urn:nbn:hr:108:100415

Rights / Prava: In copyright /Zasti¢eno autorskim pravom.

Download date / Datum preuzimanja: 2024-05-12

Repository / Repozitorij:

University of Zagreb Faculty of Forestry and Wood
Technology

DIGITALNI AKADEMSKI ARHIVI I REPOZITORILII



https://urn.nsk.hr/urn:nbn:hr:108:100415
http://rightsstatements.org/vocab/InC/1.0/
http://rightsstatements.org/vocab/InC/1.0/
https://repozitorij.sumfak.unizg.hr
https://repozitorij.sumfak.unizg.hr
https://repozitorij.unizg.hr/islandora/object/sumfak:2615
https://dabar.srce.hr/islandora/object/sumfak:2615

M. Vidakovi¢, et al.: Estimation of genetic gain in a progeny trial of pedunculate oak (Quercus robur L.)
Glas, Sum. pokuse 37: 375-381, Zagreb, 2000.

UDK 630*165 (Quercus robur L.)

ESTIMATION OF GENETIC GAIN IN A PROGENY
TRIAL OF PEDUNCULATE OAK (QUERCUS ROBUR L.)

MIRKO VIDAKOVIC', DAVORIN KAJBA?, SASA BOGDAN?, VLATKO
PODNAR?, JOSIP BECAREVIC?

'Croatian Academy of Sciences and Arts, Zrinski trg 11, HR-10000 Zagreb
? Department of Forest Genetics and Dendrology, Faculty of Forestry, University
of Zagreb, Svetofimunska 25, HR-10000 Zagreb
3 Forest District Nasice, Strossmayerova 1, HR-34500 Nagice

In the central Podravina seed region (Croatia), phenotypic selection of pe-
dunculate oak (Quercus robur L.) was made and an experimental clone seed
orchard with 40 clones was founded. During 1992, a test consisting of 21
haif-sib progenies was established. The progeny trial involved the families
from the selected mother trees included in the clonal seed orchards and belon-
ging to the central Drava River seed region, with two populations (Donji Mi-
holjac and Slatina). Total heights were measured at the plantation age of 2 +
3,2+ 4,2 + 6and 2 + 7 years. An estimation of genetic parameters (heritabi-
lity and genetic gain) was made for in total 21 half-sib progenies, as well as se-
parately for half-sib progenies from each population.
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INTRODUCTION

In the Republic of Croatia the pedunculate oak occupies large areas as one of
the most important and the most valuable forest tree species. Although the pedun-
culate oak forests are of high quality, efforts are being made to improve their ma-
nagement, especially due to problems of natural regeneration manifested in the
last few decades. The acorn yield is no longer regular, and for a high acorn yield
ten years or even more of waiting is required. For this reason there are problems
not only in natural regeneration, but also in the filling up of the partly naturally re-
generated areas as well as in the afforestation of clearings. To avoid or to reduce
this problem, the raising of clonal seed orchards started to enable the control of
production concerning both the genetic quality and the acorn yield (Vidakovi¢
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1996), Thus, the half-sib progeny trial of pedunculate oak was established with
plants raised from selected open-pollinated plus trees, for the purpose of determi-
ning the genetic quality of our mother trees.

To ensure the maximum possible objectivity in the genetic gain estimation for
the generative progenies grown in the future clonal seed orchard, it is necessary to
test the selected plus trees by genotype. On the basis of the growth of their proge-
nies, an estimation as objective as possible of their heritability (b*) would be made
and then, based on their general combining ability (GCA), the secondary selection
of mothers in the established clonal seed orchard would be made.

The progeny trial involved the families from the selected mother trees inclu-
ded in the clonal seed orchards and belonging to the central Drava River seed re-
gion, with two populations (Donji Miholjac and Slatina).

MATERIAL AND METHODS

In 1988, the work on the establishment of an experimental pedunculate-oak
clonal seed orchard started in the Forest District Nagice. As a part of this work, in
1989, seeds from the selected plus trees were harvested, and in the following years
the plants, the half-sib progenies of open-pollinated plus trees, were grown for the
purpose of the establishment of a plus tree half-sib progeny trial. The percentage
of germinated acotns ranged between 20 and 73 %, the average for all samples be-
ing 50.3 % (Vidakovi¢ et al. 1992).

Of 40 selected plus trees, aged from 75 to 120 years, twenty-one yielded eno-
ugh acorns from which plants for the establishment of the field experiment were
grown. The amount of acorns borne by another six plus trees was so low that we
could not grow a sufficient number of plants, while the remaining 13 plus trees did
not fructify at all.

The experiment was established in spring 1992, in the forest unit Kindija, in
the locality of Vukojevagki Sikar, with plants aged 2 + 0 years. In addition to the
acorns from plus trees, acorns were also harvested as a random sample from the
Donji Miholjac (DM) and Slatina (S) stands, from where the selected plus trees
come, too (Vidakovié 1996).

The experiment was established in a random plant distribution with 2 total of
25 treatments in five blocks, with four plants in a plot. Heights were measured at
the plantation age of 2 + 3,2 + 4,2 + 6 and 2 + 7 years.

The estimation of genetic parameters (heritability and genetic gain) was made
for in total 21 half-sib progenies, as well as separately for half-sib progenies from
each population (eight from the Donji Miholjac population and thirteen from the
Slatina population).

The statistical model is as follows:

Yig=p + Block; + Femalej + BF;j + &k
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where Yj is the k™ tree of the jth female in the i’ block, p is the experiment
mean, block; is the i* block, female jis the | female, BF is the interaction of the it
block and j** female, £ij is random error.

Formulag for family heritability and gain are:

Y0
b =£% and A G = i b* 8, respectively (van Buijtenen & Yeiser 1989).
I3

The calculation of genetic gain for the selection by phenotype was made accor-
ding to the formula A G = { b?, and for the selection intensity by the genotype
10/21 for the expected genetic gain (Becker 1984).

RESULTS AND DISCUSSION

By the analysis of variances, the statistically significant differences for the he-
ight increment trait between the pedunculate oak half-sib progenies were obtai-
ned, and this at the population level as well as inside the investigated seed region
(Table 1). This indicates the existence of a distinctly marked genetic differentiation
inside individual populations (Donji Miholjac, Slatina), that is, in the investigated
central Drava River seed region.

The estimated heritability value (47) for the total height trait in all half-sib pro-
genies was between 0.74 and 0.87, depending on the year in which the investiga-
tion was ‘carried out, which suggests that this trait should be under high genetic
control (Table 1). The heritability values in the investigated half-sib progenies
from individual stands were also high, from #* = 0.70 (the Slatina population) to
K = 0.90 (the D. Miholjac population), depending on the population age, too.
The reason for such obtained values is the fact that the pedunculate oak stands un-
derwent several thinnings by which minus trees were eliminated, thus reducing the
selection differential. This resulted in an increase in the average rotal height value
in the populations where the selection had been made. The high heritability values
for the total height were obtained at the juvenile age in other oak species, too, as
stated by Min (1992), Struve & McKeand (1994), Jensen et al. (1997).

The heritability values (%) changed at various half-sib progeny ages, but, with
the increase of age, mostly the higher estimated values were obtained (Table 1).
This referred to the estimation of genetic heterogeneity for both the half-sib proge-
nies inside individual populations (Donji Miholjac, Slatina) and to all tested
half-sib progenies inside the seed region. The value was increased because, with
ontogenetic ageing, the genetic heterogeneity of the half-sib progenies from the se-
lected trees becomes more distinctive, showing the differences in phenotypical ex-
pression during ageing, Estimations of the genetic heterogeneity values (4%), for
the total height trait in Q. acutissima, rose with the increase of age in the research
made by Toda et al, (1994), too.

From the obtained results of the genetic gain estimations (A G), it can be seen
that, because of the very early age, they were somewhat lower than the expected
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genetic gains, in relation to the control from the seed region. The controls consi-
sted of plants grown from a random sample from the individual populations and
from the seed region. The achieved genetic gain in half-sib progenies was lower, in
some cases even negative (the Slatina population), than the expected genetic gain
in the populations. Although the achieved genetic gain at this juvenile age is lower
than the estimated one, the obtained real values are explainable by the fact that the
selected plus trees belonged to various populations, which resulted in an increase
in genetic heterogeneity value (%) and a decrease in genetic differential in the pro-
genies. The average of the grown progenies achieved after the selection criteria (x
> + 2 s) of mother (plus) trees, between the phenotypically superior trees only,
made it possible to obtain such achieved genetic gain. In relation to the control, the
achieved genetic gain in particular populations ranges between negative values and
6.0 % or in total from 1.0 to 2.0 % for the\seed region, depending on the stand age
(Table 1). ‘

Table 1. Estimation of genetic parameters for the total heights in the progeny trial of Quer-
cus robur

Half-sib F Hc;itabi- expected AG realised AG
progenies value (;3; cm % cm %
1995™ Year — Plantation age 2'+ 3 y1s
Seed region Srednja Podravina | 3.85"* 0.74 12.4 13.0 1.8 2.0
Population Donji Miholjac 6.56"* 0.85 14.6 15.0 0.8 1.0
Population Slatina 332 0.70 12.0 13.0 2.8 3.0
Selected half-sibs (10/21) - - 10.0 10.5 10.3 11.0
1996™ Year - Plantation age 2 + 4 yrs
Seed region Srednja Podravina | 4.63** 0.78 23.0 12.0 2.7 1.5
Population Donji Miholjac 8.47** 0.88 304 15.0 4.4 2.0
Population Slatina 3.72%* 0.73 19.6 10.0 29 1.5
Selected half-sibs {10/21) - - 18.5 9.5 18.6 9.7
1998" Year - Plantation age 2 + 6 /s
Seed region Srednja Podravina | 5.92** 0.87 42.9 15.0 3.0 1.0
Population Donji Miholjac 9.50** 0.89 537 200 16.0 6.0
Population Slatina 4.52* 0.78 326 11.0 -5.5 2.0
Selected half-sibs (10/21) - - 34.6 12.5 34.5 124
1999™ Year - Plantation age 2 + 7 yrs
Seed region Srednja Podravina | 5.76** 0.83 46.3 13.5 | 3.3 1.0
Population Donji Miholjac 9.71%* 0.90 63.9 20.5 20.2 6.0
Population Slatina 3.80** 0.74 32.6 9.5 5.9 2.0
Selected half-sibs (10/21) - - 37.3 11.0 37.8 11.0

** significant at 0.01 level
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From these results it can be seen that the achievement of a significant genetic
gain for the height increment trait is possible, which means a significant improve-
ment of wood mass production, assuming however that there is no change in the
height increment dynamics in the progenies (Zobel & Talbert 1984).

On the assumption that the selection intensity is increased by the selection of
the best ten half-sib progenies, based on the GCA ability of their mother trees, the
achievement of an additional genetic gain from 9.7 to 12.4 % is possible, as seen in
Table 1. The estimated genetic gain values corresponded to the obtained ones, so
the estimation of selection intensity by Becker (1985) proved to be Vvery accurate.

The achieved additional genetic gain at this age is relatively lower than the ex-
pected one, because of the additional selection made with a relatively low selection
intensity, but also because of the small number of tested progenies of the selected
mother trees. This intensity can be increased by the participation of a larger num-
ber of clones in the clonal seed orchard, with an increase in genetic gain, since the
selected plus trees will then figure not only as female parents but partially as male
ones, too. As the clonal seed orchards serve also for further breeding, as well as for
gene preservation, the number of mother trees in an orchard should be higher (at
least fifty), and that is our objective. The flowering of the pedunculate oak clones
in the orchard will not be synchronised by years either, but also because of the de-
termined significant differences regarding the participation of male and female flo-
wers in particular clones, sterile clones and “transitus” clones as found by Bordasc
(1997). It can be expected that some genotypes will prevail as functionally male or
female, but a small number of clones with a balanced proportion of female and
male flowers can appear, which may also have an effect on the future pedunculate
oak plantation from the aspect of ecosystem stability.

CONCLUSIONS

1. By the phenotypical selection of pedunculate oak plus trees and by the pro-
geny trial, the genetic gain (A G) for the height increment can be achieved inside
the investigated central Drava River seed region as well as in the half-sib progenies
from particular populations. The achieved genetic gain at the orchard age from
two to seven years was lower than the expected one.(A G) due to the decreased se-
lection differential in the old pedunculate oak stands.

2. Estimations of heritability values (5*) were increased with orchard age, and
in the tested half-sib progenies these values ranged from 0.74 to 0.87, which sug-
gests that this trait is under a high genetic control level.

3. The statistically significant differences were also obtained for total heights
between half-sib progenies inside the investigated populations and the seed region,
which indicates the existence of a very marked genetic differentiation in the pe-
dunculate oak populations.
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4, By increasing the selection intensity on the basis of mother GCA abilities, it
is possible to achieve an additional genetic gain, taking care however of the stabi-
lity of future pedunculate oak plantations.
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PROCJENA GENETSKOGA POBOLJSANJA U TESTU
POLUSRODNIKA HRASTA LUZNJAKA (QUERCUS ROBUR L.)

Na podruéju sjemenskoga rajona srednje Podravine (Hrvatska) izvriena je fe-
notipska selekcija stabala hrasta luZnjaka (Quercus robur L.) i osnovana je eksperi-
mentalna klonska sjemenska plantaZa s ukupno 40 klonova. Tijekom 1992. godine
osnovan je test u koji je ukljuéena 21 familija polusrodnika. U testu potomstva
uvrstene su familije sa selekcioniranih maj&inskih stabala ukljuenih u klonske sje-
menske plantaZe, koje pripadaju sjemenskom rajonu srednje Podravine, s dvije po-
pulacije (Donji Miholjac i Slatina). Totalne visine izmjerene su kod plantaine dobi
2+3,2+4,2+ 612+ 7 godina. Procjena genetskih parametara (nasljednosti i
genetske dobiti) radena je za ukupno 21 polusrodnika te odvojeno za polusrodnike
iz svake populacije.

Klju¢ne rijeci: Quercus robur, test potomstva, genetski parametri
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