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~“DAPTIVE GROWTH OF PICEA OMORIKA ROOTS
IN RESPONSE TO STATIC BENDING STRESS

- DRA MITROVIC!, JASNA SIMONOVIC!, KSENIJA RADOTIC', DRAGOSAV
MUTAVDZIC', JELENA BOGDANOVIC-PRISTOV

=~ Panéi¢) Purkyné is a Balkan endemic coniferous species and Tertiary relict of the European
-~ ~=_ habitat 15 reduced to the mountain Tara and the Drina river valley. They inhabit open

- == cliffs, forest clearings and vegetation gaps. Besides extreme variations in temperature, light

z =er availability, P. omorika habitats on mountain Tara are characterized by strong northern

- —wih response to movement includes changes in branch and foliar development, stem and
= ==! roots. In coniferous species stem and structural roots thickening occurs on compression

- = effect of strong northern wind, snow or rockfall (that all characterize P. omorika natural
- Zzvelopment, we applied static bending stress on 3 years old P. omorika plants. Stimulation
—1h occurred on the tension side of bending. Dry weight of fine roots was 7.5 or 5.2 times
=ihjected to static bending stress compared to control plants, as early as after 2 or 4 weeks,

~= = =—-rnuve fine roots growth in response to static bending force improve rapid anchorage of the
= = side of bending and increase the mass of the soil-root plate, whereby increases the young
~verturning. It could be a part of Picea omorika adaptive strategy to survive in their natural

“= zoots. Picea omorika (Panéic) Purkyné, static bending, wind.
fEEnCTIONn

w = opment is highly responsive to environmental stimuli, Such plasticity is one way in
- - zm1s overcome their inability to move toward areas or away from regions of adverse

: -morika (Pan¢i¢) Purkyné is an endemic conifer tree. It is a Balkan endemic species and
— v relict of the European flora. Nowadays its natural habitat is reduced to the middle and
-~:- courses of the Drina river. They inhabit open habitats, such as cliffs, forest clearings and

-—orika habitats on mountain Tara are characterized by northern wind of constant intensity of
~~22 221 %o during vegetation period (Bogdanovic et al., 2007).
- zance of forest trees to breakage or overturning in windy climates depends largely on
—-mural modifications for mechanical strength. Trees continuously alter their morphology in
-onse to changes in wind exposure. When subjected to a force due to the wind. or to force
~-zd artificially, they bend. Trees growth responses to movement include changes in
~ :zlopment of leafs, branches, stem and base of structural roots (jaffe, 1973; barlow, 1994.
- =ziwell et al., 1990). Leaning stem develops abnormal wood (reaction wood) which serves either
-=orient the stem, or to prevent further lean. In gymnosperms reaction wood formation occurs on
- lower side of the lean (compression wood) whereas in arboreal dicotyledons this occurs on the
~-zr side (tension wood) so as to produce eccentric stems (bamber, 2001). Radial growth of
—:cmural roots as the result of bending stress, similarly to stem thickening, differs in coniferous
-3 angiosperm species. In gymnospermes grater root thickening is on the leeward side relative to
-~=vailing wind direction, implying that they function in compression (nicoll and ray, 1996). In
-~ ziosperms root thickening is larger on the windward side of the tree and appears to function for
——=ngth in tension (barlow 1994).
“-zre are a large number of studies focused on responses of coniferous species to wind loading.
“ch of them study the influence of mechanical stress on the above-ground parts of the tree. Less

‘nstitate for Multidisciplinary Research, University of Belgrade, Kneza Viseslava 1, Belgrade, Serbia;
— .13 @imsiIs
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data is focused on responses in root system of mechanically perturbed plants. mainly providing
information on structural roots of aged trees after a long term wind exposure.

Our result describes changes in root development of young 3 years old P. omorika plants as early
as after 2 weeks of exposure to static bending stress.

Material and methods

Three years old P. omorika plants were grown in plastic pots (20 x 20 x 20 cm) in the garden of
the Institute for Biological research “Siniga Stankovi¢™ in Belgrade. Plants were about 70 cm high.
Static bending stress was carried out at the end of the growing season. in September 2009.

Bending was performed at 37 cm from the base of the stem by wiring (bending angle was about 90
degrees). The same bending force among 8 replicate plants was provided by using wire of the
same length and fixing it to the edge of each pot (Figure 1).

As a control we used 8 plants of the same age. grown under the same conditions as treated plants
before static bending was applied.

: Syl '.'“‘tf‘:: .
R W - | N e TN S iy
Figure 1. Static bending by wiring was performed at 37 cm from the base of the stem in 3 vears old Picea

omorika, Wires of the same length were fixed to the edge of the pot.
Slika 1. Staticko savijanje oZi¢avanjem primenjeno je na 37 cm od osnove stabla 3 godine starih biljaka

Picea omorika. Zice jednakih duZina fiksirane su za 1vice saksija.

»

Tswvo and 4 weeks after static bending stress were applied. the 4 plants were taken out of the pots
and the remainder of the soil from the root system was gently washed. Fine roots (Figure 2) were
excised from both, plans subjected to static bending stress and control plants, dried for 24h at 75
°C and weighed.

Results and discussion

As a consequence of the numerous storms in the last few decades, researchers are dedicating more
resources to the problems of tree stability and to fundamental role of the root system in ensuring
anchorage.

Plant root system development is a complex process involving several internal and environmental
factors and their mutual interactions. Tree root system can be divided into structural and fine roots.
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The structural (woody) roots serve anchorage, transport and storage functions. Fine roots (often
defined as < 2 mm in diameter) are generally recognized as a very important component of the root

system, representing a substantial link between the tree organism and the soil (KOZLOWSKY and

PALLARDY. 1997). The acquisition of essential resources from the highly heterogeneous soil
volumes is performed by small absorbing roots (fine roots) and their mycorrhizal associates
(PREGITZER, 2002). “We may eventually learn that variability in fine root branch structure and
function is just as anatomically, physiologically and ecologically important as is variability in
shoot system structure and function” (PREGITZER. 2002).

COUTTS (1986) separated resistance of trees to uprooting in windy climates into 4 components: 1
- resistance to bending of the leeward side roots; 2 - anchorage of windward roots under tension: 3
- mass of the soil-root plate: and 4 - resistance of soil to breaking.

In coniferous species structural modifications of roots for resistance to bending include allocation
of more biomass of structural roots on the compression side of bending and changes in their shape.
For example. shallow rooted Picea sitchensis trees allocate more biomass to structural roots on the
compression side relative to prevailing wind direction which reduce bending in the soil-root plate
and increases resistance to overturning (QUINE et al. 1991, NICOL et al.. 1996). Resistance to
bending also occurs through changes in the shape of structural roots on the compression side of
bending in several conifer species (NICOLL and RAY. 1996) associated with shallow rooting and
with the type of the soil. Different conifer species. growing in sphagnum moss above shallow
water table or on waterlogged peat. form major roots in the shape of I-beam. T-beam or oval. This
shape uses minimum material to maximize resistance to bending and to increase the rigidity of the

soil root plate (RIGG and HARRAR, 1931, WooD 1995: NICOLL and RAY, 1996).

Figure 2. Stimulation of fine roots growth on the tension side of bending 2 weeks after static bending stress
was applied on 3 years old P. omorika plants: left — root of control plants. right — root of bent plants.

Slika 2. Stimulacija rastenja mladih korenov na tenzionoj strani savijanja 2 nedelje nakon primene stresa
savijanjem na 3 godine stare biljke Picea omorika: levo — koren Kontrolne biljke, desno — koren savijene
biljke.

To elucidate the effect of wind. snow or rockfall on root development of young P. omorika trees
on its natural habitats. we applied static bending stress on 3 years old P. omorika plants (Figure 1).
Significant stimulation of fine roots growth occurred on the tension side of bending (Figure 2). Dry
weight of fine roots was 7.5 or 5.2 times higher in plants subjected to static bending stress
compared to control plants, as early as after 2 or 4 weeks, respectively (Table 1).

Table 1. Stimulation of fine roots growth 2 and 4 weeks affer static bending by wiring was applied on 3
vears old Picea omorika plants;dw — dry weight; n = 4.

Tabela 1. Stimulacija rastenja mladih korenova 2 i 4 nedelje posle primene statiénog savijanja oZi¢avanjem
na 3 godine stare biljke dw — suva masa. n = 4.

Time after static Control plants Bent plants
bending was Fine roots dw (g) Fine roots dw (g)
performed

2 weeks 0.02+0.01 0.15+0.03

387



0.21 +0.09

4 weeks 0.04 £ 0.01

Stimulation of fine roots growth that occurred as early as 2 weeks after static bending stress was
applied to 3 years old P. omorika plants (Table 1) could be linked with 3 and 4™ component of
COUTTS (1986) resistance to uprooting. The increase in mass (number) of fine roots on the
tension side of bending only 2 weeks after static bending was applied could both — rapidly improve
anchorage of the root on the tension side of bending and increase the mass of the soil-root plate,
thereby increasing the tree resistance to overturning. This early and rapid response of 3 years old
P. omorika plants to static bending stress could be a part of adaptive strategy of young Picea
omorika trees to survive in their natural habitats: cliffs and forest clearings often exposed to strong

northern wind, snow or rockfall.

Conclusions

Contrary to the long term exposure of aged coniferous trees to mechanical force that cause changes
in mass and shape of structural roots on the compression side of bending, we suggest that in young
Picea omorika plants early response to bending stress includes rapid stimulation of fine roots
growth on the tension side of bending. Such strategy could rapidly improve anchorage of the root
on the tension side of bending and increase the mass of the soil-root plate, thereby increasing the
young tree resistance to overturning, i.e. enabling Picea omorika young plants to survive in their

natural habitats.
Acknowledgment: This work was supported by a grant (No. 173017) from the Ministry of

Education and Science of the Republic of Serbia.
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