Y ARIABIETY OF MALUS TREES N LITHUANIAN FORESTS

| BALTIC FORESTRY
B <. PETROKAS, J. DANUSEVICIUS TR

Variability of Malus Trees in Lithuanian Forests

RAIMUNDAS PETROKAS, JULIUS DANUSEVICIUS
Lithuanian Forest Research Institute,
Liepy 1, Girionys, LT - 4312, Kaunas region, Lithuania

Petrokas R., Danusevitius J. 2000. Variability of Malus Trees in Lithuanian Forests. Baltic Forestry, 6 (2): 85-89.

The objective of this study was to determine the differences between wild Malus specics and among individual trees within
cach of wild Malus spccics. A rclationship of tree variables may indicatc the multitrait distinction of trecs. Single linkage cluster
analysis was performed on the wild apple tree data from the Lithuanian southwestern and central Forests. Tree diagram and
Euclidcan distance matrix for the multitrait distinction of wild apple trces (M. sylvestris, M. sylvestris ssp. praecox and M. sylvestris
x M. domestica) were obtained. There were no significant interspecific differences among Malus forest trees in their vitality and
growth traits. Agc class distribution in wild apple trce populations was determined according to the cstimates of Malus tree
distinction (thc among-trec Euclidcan distances). An cvidence of the relationship of tree distinction to age in the cvaluated wild

apple population was detected.

Survival of wild apple trces depends on the ncighbouring tree specics. Quercus robur, Populus tremula, Fraxinus excelsior and
Padus avium trees grew with the oldest wild apple trees of 12-15 age classes. Quercus robur was found in the habitats of wild apple

trees of all age groups.

Small rivers in forests arc the centres of biological diversity. Wild apple trees survive mostly near the small forest rivers. To
assurc the continuity of cvolution of Malus sylvestris Mill. the nctwork of its gene conscrvation populations should be cstablished
on the forest sites of river valleys, incorporating and preserving unique and old trees and planting scedlings originating from the

within of surrounding forcsts.
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Introduction

To achieve an efficient selection, the breeder needs
the largest variability and genetic diversity because the
larger the diversity within a breeding population, the
more efficient will be the selection (Laurens and Lelezec,
1997). A broad germplasm range is very useful to breed
all the characters as well. It is therefore necessary to
collect and conserve a large number of accessions in
germplasm orchards. Their characterization and evalu-
ation are crucial for an efficient use in breeding pro-
grammes. This is what we are trying to achieve with wild
apple germplasm network, in collaboration with the
partners from the Lithuanian Institute of Horticulture.

Significant interspecific diversity of leaves’, fruits’
and seeds’ shape and colour is characteristic of wild
apple trees growing in the Lithuanian Forests. In the
forests of Central Lithuania and West Zemaitija bioge-
ographical regions crossing of Malus sylvestris Mill.
(Common crab apple), M. sylvestris ssp. praecox and
M. sylvestris x M. domestica (wild hybrids) occurs
(Petrokas, in press). Therefore, an assessment of Malus
tree determination, relationship and relative multitrait
distinction with the objective to promote survival of
Malus fruit trees occurring in the forests is the purpose

in this report. The most important objective of this study
was to define the age structure of the wild apple pop-
ulation, based on tree growth and vitality traits.

Short review

Trees may become externally differentiated over
time. The ageing of the tree as a whole is clearly visi-
ble in a number of different phenomena: (1) decreased
growth rate of branches and roots, (2) smaller leaves
with a larger number of leave veins per unit area, and
(3) an increasing number of dead branches (Went, 1942).
Ross Whetten (North Carolina State University, USA)
is exploiting the idea that long-lived trees by having ge-
netically different branches and shoots within the
crown can continue to resist attacks by insects or path-
ogens of much shorter generation times (Kinlaw and
Harry, 1994). So, the vitality of trees depends on their
age. Taking that into account, in evaluating tree vitali-
ty it is imperative that wood properties be analysed. It
is known that M, sylvestris wood has sapwood and false
heartwood. The darkening of false heartwood and the
whole wood indirectly indicates the intensity of a pos-
sible pathological process or necrosis of cellular tissue
parenchyma, Heartwood darkening is characteristic of
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all periods of age of M. sylvestris (Petrokas, in press).
Changes in the central part of the stem, which occur
due to the major reduction of the physiological func-
tions, show the dependence of trees on the environ-
ment. These changes are largely produced by an in-
creasing drought condition due to increasing difficul-
ties of water transport and a consequent curbing of
meristematic activity (Went, 1942). Therefore, due to
comparatively higher vitality of crowns, resistance to
frost, drought and pathogenic fungi “sapwooden” wild
apple trees are the most appropriate for wood produc-
tion and for making certain species regeneration
(Petrokas, 1999). The vitality of wild apple trees also
reflects in the number of water-sprouts. In fruit-trees
especially, long water-sprouts arise from the upper sides
of branches particularly if the tree starts to die from
various causes other than old age (Mitchell, 1994).

At present, survival of Malus species in forest
communities mostly depends on forest and game man-
agement. Owing to the thorns and deeply chapped bark
common crab apple trees (M. sylvestris) are more resist-
ant to browsing and stripping off the bark as compared
to partialy cultural wild apple trees (M. sylvestris x M.
domestica) cultural seed — derived. Partialy cultural ap-
ple trees on poor sites near the edge of the forest and
in glades are more damaged by ungulates. The edge of
forests attracts ungulates because good visibility and
abundant forage resources (Padaiga, 1996). Roes, red
deer and boars feed on fruit, shoot and leaves of apple
trees. These animals spread the seeds of wild fruit trees
over their habitats. It must be noted that foresters fa-
vour a decrease in number of apple trees left in cutovers
with only a few surrounding trees. It is known that
“plant communities whose component taxa have genet-
ically adapted to the stability of a predictable environ-
ment are most fragile” (Fjeldsa and Lovett, 1997). Along
with injury caused by ungulates, there is a threat of
contamination by the genes of cultural apple trees be-
cause only in dense stands the bees carry pollen in
closed groups of trees (Levin and Kerster, 1969). In the
season when honey is gathered the bees orient accord-
ing to plant distribution and more frequently fly to the
areas where trees sparsely grow, to the edge of the
forests and cutovers. The scale of pollen and seed
transport depends upon stand density and species di-
versity since both the bees and ungulates orient ac-
cording to the distribution of plants. Therefore the pro-
tected common wild apple trees themselves must be gir-
dled by sufficiently large buffer zones (areas with re-
duced intensity of utilization).

Material and methods

In Lithuania the biotopes of river valleys belong
to the most valuable ecosystems (Baskyte et al., 1997).
In the forests small rivers are found to be the centres
of biological diversity. River valleys function as migra-
tion corridors of living beings and plants. The networks
of the following Lithuanian rivers (Lasinskas, 1981) are
most dense (more than 1.25 km/ sq. km): the Se$upé
(in the biogeographical regions of Northern Panemunés,
Stduva Lowlands and a part of Nemunas Valleys), the
Veivirza, Tenenys, Sy$a and Veizas (the rivers of Litto-
ral Lowland in the West Zemaitija) as well as the Miisa
with tributaries and Apa3&ia (in the Ziemgala Lowland).
The habitats of wild apple trees (Malus sylvestris, M.
sylvestris ssp. praecox and M. sylvestris x M. domes-
tica) have been determined according to the informa-
tion gathered in the forest districts of Lithuania. A to-
tal of over 100 habitats were observed preferably deep
in the forests of West Zemaitija, Northern Panemunés,
Nemunas Valleys, Stiduva Lowlands, Dzikija Highlands
and in the biogeographical regions of Central Lithua-
nia. Phytocenotic as well as edaphic conditions of tree
growth were assessed.

To group wild apple trees, single linkage cluster
analysis (STATISTICA for Windows 4.3) was performed
on the standardised growth and morphology variables
(Table 1). During the evaluation specific distinctive fea-
tures of wild apple trees and partly cultural wild apple
trees were taken into account (Table 2). SAS STAND-
ARD procedure was used for data standardising (SAS
User’s Guide, 1985). The variables were standardised to
a mean of 0 and a standard deviation of 1. Tree dia-
gram and Euclidean distance matrix for wild apple trees
were obtained. The age distribution of the evaluated
wild apple trees was determined according to their link-
age distances and the among-tree Euclidean distances
- estimates of tree distinction.

Results

The structure of wild apple tree population is com-
plex (Fig. 1). There were no significant interspecific dif-
ferences among Malus forest trees in their growth and
morphology trait relationship. M. sylvestris ssp. prae-
cox and M. sylvestris x M. domestica frequently are the
nearest neighbours of M. sylvestris Mill. Therefore,
determination of age structure of the wild apple popu-
lation according to tree growth and vitality traits and
the among-tree Euclidean distances is correct (Fig. 2).
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Table 1. Morphological variables and their meanings for Malus
trec data

Quantitative variables

Mecanings of variables

In cm (at breast height over the
bark)

Trunk diameter
In mctres
In metres

In mectres
In classes (10 ycars)

Stem height
Crown height
Crown diametcr
Tree age**

Qualitative variables Mcanings of variables

Stem growth habit Upright
Straightened up
Spreading upwards
Leaning over*
Stem cxpression Up to the upper crown

Up to 1/2 of crown height
Up to the crown (3)

Few stems from the ground*

Abscnt
Light
Dark
Rotten

Heartwood condition

Abscnt
Few
Mecdium
Abundant

Watcr-sprouts amount

*Deleted cases from analysis data set
**Not in the cluster analysis

Table 2. Morphology traits of Malus sylvestris Mill., M.
sylvestris Mill. ssp. praecox and M. domestica Borkh. trees

Malus

Traits Malus Malus
sylvestris sylvestris domestica

SSp. praecox

Fruits

Size 2-2,5 cm 2-2,5 cm >35 cm

Shape flat-round round oblong

Ground colour of skin light-ycllow  ycllow yellow-green

Over colour of skin ycs no ycs

Relation of length:

pedicle/fruit <1 =1 <l <

Spincs yes no no

Colour of young shoots dark brown  red-brown bronze

Buds

Tomentum no yes ycs

Leaves

Length <6 cm <9 cm >l cm

Width <4 c¢cm <6 cm >5,5 cm

Thickness thin thick thick

Shapc widc oval wide oval oval
reversed

Basc round wedge-shaped wedge-shaped

Spike bent straight straight

Tomentum no sparse ycs

Fig. 1. Trec diagram for wild apple tree relationship: (1) Malus
sylvestris Mill.,, (2) M. sylvestris ssp. praecox and (3) M.
sylvestris x M. domestica
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Fig. 2. Wild apple’s population structure: pattern of the
among-tree Euclidean distances in accordance with the trec age
classes (from 2nd to 15 th)

The oldest wild apple trees of the 12th to 15th age class-
es were among the most distinct ones in the Euclidean
distance matrix. Trees in the 4th to 5th age classes were
the most similar according to their growth and vitality
traits. It is an evidence of the relationship between the
tree multitrait distinction and age distribution in the
evaluated wild apple population. Most significant dif-
ferences of wild apple trees according to their survival
were in the Northern Panemunés region.

Most of the wild apple trees studied (71 %) were
found inside the forest. Habitats of the rest were road
edges, inner forest edges, riversides and cutting areas.
Wild apple trees in all investigated biogeographical re-
gions grew in the forests together with 14 other tree
species. Whether it is in someway associated with age
of the apple trees may be seen in Table 3. Quercus robur
is a satellite of wild apple trees in all age groups. Popu-
lus tremula grows together with trees of 4th to 15th age
classes whereas Picea abies and Alnus glutinosa were
found only in the habitats of wild apple trees of the Ist
to 7th age classes. However, the number of such cases
is comparatively large. Quercus robur, Populus tremu-
la, Fraxinus excelsior and Padus avium trees grow with
the oldest wild apple trees of the 12th-15th age classes.

Wild apple trees survive mostly near small forest
rivers. The oldest and the most distinct wild apple tree
in the Obelynas forest district was found on a fertile
slope of the Tir§telis rivulet. Although it is old (about
150 years), the trunk is healthy, the central part of stem
is not injured by fungi. Wild apple tree having the larg-
est trunk diameter (60 cm) in the Kaukiné forest district,
healthy, about 150 years old too, was growing near the

forest streamlet as well. The results of this study sug-
gest that M. sylvestris Mill. grows better on forest sites
near the small rivers. For propagation the seeds should
be collected only from healthy trees which are devoid
of damage caused by animals or frost and which grow
in the middle of the forests.

Conclusions

1. There are no significant interspecific differenc-
es among Malus forest trees in their vitality and growth
traits. The oldest evaluated wild apple trees (M. sylves-
tris, M. sylvestris ssp. praecox and M. sylvestris x M.
domestica) of the 13th to 15th age classes according
to their growth and 'vitality traits are among the most
distinct in the evaluated population. Trees in the 4th
to Sth age classes are most similar between themselves.
So, there is an evidence of the relationship between tree
multitrait distinction and age distribution in the evalu-
ated wild apple population.

2. Wild apple trees grow together with 14 tree spe-
cies in the Lithuanian Forests. Quercus robur, Populus
tremula, Fraxinus excelsior and Padus avium grow to-
gether with the oldest wild apple trees of 12-15 age
classes. Quercus robur is found in the habitats of wild
apple trees of all age groups.

3. Wild apple trees survive mostly near the small for-
est rivers. In order to assure the continuity and evolution
of Malus sylvestris Mill., the network of its gene conser-
vation populations should be established on the forest
sites of river valleys, incorporating and preserving unique
and old wild apple trees and planting seedlings originat-
ing from the deepness of surrounding forests.

Acknowledgement

This study was conducted along with research
work “The influence of broad-leaved trees growing
separately on forest biodiversity and stability, inven-
tory of their genetic resources, selection and reproduc-
tion” which was ordered by the Ministry of the Envi-
ronment of Lithuania in 1997/1999.

References

Fjeldsa J., Lovett J. C. 1997. Gucst cditorial: biodiversity
and cnvironmental stability. Biodiversity and cnvironmen-
tal stability: proccedings of a symposium held 24-25 April
1995 in Copenhagen by Danish Centre for Tropical Di-
versity. Biodiversity and Conscrvation., No. 6: 3, pp. 315-
323.

I 2000, Vol. 6, No. 2411 ) I, (551 1392-1355 [




BALTIC FORESTRY

P ARIABILITY: OF MALUS TREES 1N LITHUANIAN FORESTS INETIREINENNNEIEN . PETROKAS, J. DANUSEVICIUS I

Ba3kyté R., Mierauskas P., Virbickas J. (cds.) 1997. Li-
ctuvos respublikos biologinés {vairovés i§saugojimo stralc-
gija ir veiksmy planas. [Strategy and plan of prescrving
biological diversity of the Lithuanian Republic]. Lictu-
vos rcspublikos aplinkos apsaugos ministerija ir Pasaulio
bankas, Vilnius, 108 pp. (In Lithuanian). '

Kinlaw C., Harry D. 1994. Rccent Advances In Molccular
Genetics Of Trec Specics. Dendrome 1994, Vol. 1, No.
2. Institutc of Forcst Genetics USDA Forest Scrvice.
Berkelecy CA USA. pp. 12-13

Laurens F., Lelezec M. 1997. Rcscarch activitics at INRA
Angers rclevant to Malus and Pyrus genctic resources.
Report of the first mecting of a Working Group on Malus/
Pyrus, 15-17 May 1997, Dublin, Ircland. Compilers:
Maggioni L., Jencs R., Hayes A., Swinburnce T. and Lip-
man E. IPGRI, Via dcllc Sctte Chicse 142, 00145 Romg,
Italy. pp. 75-78

Lasinskas M. 1981. Pavir§iniai vandenys ir jy iStckliai. [Sur-
facc waters and their resources]. /n Lictuvos TSR atla-
sas. Maskva “Kartografija”, pp. 78-88 (In Lithuanian).

Levin D. A,, Kerster H. W. 1969. Thc dcpendence of bee-
mediated pollen and gene dispersal upon density. Evolu-
tion., No. 23, pp. 560-571.

Mitchell A. 1994, Trces of Britain & Northern Europe. Col-
lins Field Guide. Hong Kong, Harper Collins Publishers,
pp. 24.

Padaiga V. 1996. Mcdziokles dkio biologiniai pagrindai. [Bi-
ological fundamcntals of thc gamc management]. Vilnius
“Ziburys”, pp. 27-29 (In Lithuanian).

Petrokas R. 1999. Miskinés obels (Mualus sylvestris) augimo
ypatumai ir unikalumas pictvakariy Lictuvos miSkuosc.
[Growth peculiarities and uniquencss of Wild apples (Malus

sylvestris) in Lithuanian south-western Forests]. Sodi-
ninkyst¢ ir darzininkysté.,, No. 18(4), pp. 46-60 (In
Lithuanian).

Petrokas R. 200!, Ergketiniy misko medziy kintamumo

bruozai. [Variability fcaturcs of Rosaceae forest trecs].
Sodininkyste ir darZininkyst¢ (in press) (In Lithuanian).
SAS User’s Guide: Statistics, Version 5 Edition. Cary, NC:
SAS Institutc Inc., 1985. ISBN 0-917382-66-8. 956 pp.
Went F. W. 1942. Some physiological factors in the aging of
a tree. In Proc. 9th West. Shade Trece Conf. California
Institutc of Tcchnology, Pasadena, 330 pp.

Reccived July 1, 200

B 2000, Vol. 6, No. 2(11) I, 1SS\ 1392-1355

- 89



