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Abstract

Within the area of the radiation anomaly near Kowary (Sudeten Mountains)
the spruce (Picea excelsa) occurs in habitats with natural soil gamma radiation

within 0.05—1.48 mR/h. By way of detailed ecological analysis 5 stenotopic
habitats of spruce development were selected differing in radiation intensity.
In these habitats the intrapopulation variability, radioactivity and ecological
properties of the Picea excelsa populations were investigated. It was demon-
strated that radiation within the above mentioned range is an essential eco-
logical limiting factor, conditioning ecotypic differences in Picea excelsa, The
limiting influence of radiation is manifested in a high frequency of develop-
ment anomalies in the spruce population.

INTRODUCTION

Up-to-date radioecological studies from the territory of the Sudeten
radiation anomalies demonstrated that natural continuous low-intensity
gamma radiation exerts a significant effect on the development of a num-
ber of plants (Sarosiek and Wozakowska-Natkaniec, 1967,
1968; Sarosiek,and Leonowicz-Babiakowa, 1970; Sarosiek,
1972; Sarosiek and Wozakowska-Natkaniec, 1973; Saro-
siek, Kola and Orda, 1973). The subject of the present investigations
were natural spruce seedling populations occurring on the area of the ra-
diation anomaly in the Karkonosze range near Kowary. The aim of the stu-
dies was to establish: 1) within what range of natural radiation does Picea
excelsa grow within the area of this anomaly; 2) does any relation exist
between the variability of the basic morphologic and developmental cha-
racters of plants of this species and the natural continuous radiation of
the substrate; 3) what influence has this radiation on the development of
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these plants in natural conditions. The need of radioecological investiga-
tions on plants in natural conditions is stressed among other authors by
Aleksahin (1968) Tihomirov (1972) and Sarosiek (1973).

MATERIAL AND METHODS

Within the anomalous area 4 habitats were selected with developing
spruce seedlings and one habitat outside the anomaly, but belonging to
the same forest community. These stenotopic habitats as regards edaphic
and microclimatic conditions were chosen on the basis of detailed analy-
sis of 9 habitats with elimination from further studies of extremal ones.
The selected habitats differed from one another only by the radiation
intensity of the substrate. Gamma radiation of the soil surface in the
Picea excelsa habitats was measured during the vegetation season 1972
(May 8, July 18 and Oct. 17) with a universal type UR-4M radiometer with
a STS-8 counter and range from 0.005 to 10 mR/h.

Analysis of the chemical properties of the soil characteristic for these
habitats was performed by routine methods (Kowalinski et al.,, 1959;
Koter, 1954; Peterburgski, 1947). In order to reveal the differences
in intrapopulation variability of the spruce plants in habitats with dif-
ferent radiation intensity biometric analysis was performed of 7 morpho-
logical characters of this species (for list of characters see table 3). Each
ppopulation from the chosen 5 habitats was represented by 30 plants ran-
domly chosen. The results of biometric measurements were elaborated
by mathematical-statistical methods. The method of parallel analyses
with 1 factor was applied (Barbacki, 1951). _

Total geta-radioactivity of the plants was measured by the scintil-
lation method in the Isotope Laboratory of the Institute of Soil Science,
Cultivation and Fertilization in Laskowice Olawskie.

RESULTS

1. Characteristic of habitats

Spruce self-sown seedlings in the investigated habitats grow on moun-
tain brown acid soil degraded by mining activities. The chemical charac-
teristic of the soil is given in table 1. These soils of loamy-sandy type
contain moderate amounts of nitrogen and phosphorus and are rich in po-
tassium but calcium deficient. They are characterized by a relatively high
uranium content (7 X 1073 to 71 X 10-39/p uranium in the soil (Sar o-
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Table 1

Chemical properties of soil from the microhabitats of Picea excelsa

! Range of v

alues from 3 | Range of values from 5

No. Properties | microhabitats in e A ——
Kowary

1 | Organic substance contents (%) | 7.92—12.25 | 8.11—10.07
2  pH 4.5 [ 4.5

3 | Hydrolytic acidity 3.11—-7.10 | 3.11—-5.82
4 | Total exchangeable acidity 0.72—9.05 . 4.70—8.22
5 | Sum of exchangeable cations [ 4.15—12.08 | 5.04—11.47
6 | Nitrogen contents () | 0,21—0.43 | 0.32—0.39
7 P,0s mg/100g , 2.11—5.05 | 2,26—2,51
8 | K,O mg/100g ' 12,5—48.7 18.0—20.3
9 | Ca mg/100g 20.7—27.3 21.3—26.5
10 | Mg mg/100g | 19.2—28.3 | 23.1—28.1
11. Mn mg/kg | 28.30—78.00 31.25-37.26

siek, 1972). Gamma radiation of the soil surface is shown in table 2.
Changes in radiation intensity in the vegetation period are conditioned
by the periodically enhanced water circulation. Spruce seedlings in habi- -
tats within the radiation anomaly grow within the range of natural con-
tinuous low-intensity gamma radiation of the soil surface of 0.05—1.48
mR/h. They grow on open spaces forming loose groups without any con-
tribution of competitive tree species. Habitats were selected in which
spruce seedlings grow in full light, because, as demonstrated by Mc Cor-
mick and McJunkin (1965), shading changes the radiosensitivity of
the seedlings. The community to which numerous spruce seedlings belong
is composed of few species, large areas within it are occupied by bryophyte
synusia (Sarosiek, 1975).

Table 2

Radioactivity levels (mR/h) of soil in microhabitats
of Picea excelsa

Microha- |

bitats | Spring Summer ; Autumn
1| ooson | ooross | oosom
_ I _ | 0.42---~;).45 0‘37—.0.40 040% .
M 060086 |_0?2—0_7_6 ” __USW

v | 111—148 | 102—132 | 1.08—1.40
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2. Analysis of ecological spruce populations

Statistical-mathematical analysis demonstrated significent differences
between the Picea excelsa plants from habitats with different intensity
natural radiation as regards morphological characters (Table 3). Even-aged
seedlings in the populations from habitats with higher intensity gamma
radiation are lower than those from habitats not exposed to radiation
(character 1). In habitat I with lowest radiation the spruce seedlings show
a reduction of growth by 25 per cent. In habitats III and IV, that is those
with high-intenstiy radiation the growth of the seedlings is inhibited in
more than 50 per cent. As regards the height of the plants the population
from habitat I does not differ significantly from that in habitat II.

Table 3

Mean values of morphological characters of populations Picea excelsa

Populations

No. Characters Dt
L | u [m [V | v
| | |
1 | Height of plants, cm 31,2 | 268 : 20,2 | 18.6 | 41.8 | 2.988
T| Increase of terminal shoot ' : L
between 3-th to 4-th year 236 | 170 1.10 | 1.05 | 3.80  0.654
_3'5 Increase of terminal shoot 1 l i
| between 8-th to 9-th year 496 | 478 171 139 467 1211
T ‘Increase of terminal shoot :- | B
in last year | 2.66| 208 150 149 200 0.628
5 | Length of longest lateral | [
shoot of 1 order in 1V node [ 1577 | 15.63 | 13,85 | 11.26 | 22.99 | 2.716
6 iT\T-lEI_:;cr of lateral shoots . ._- : ; 1 [
| of I order 289 | 28.6 1295 193 | 341 | 4718

7 Length of needles 0,882 0.799  0.643 | 0.644 1.067 | 074

A significant difference was found in extension growth of shoots bet-
ween the spruce seedling populations from the habitat with normal radia-
tion level, and the populations from habitats with enhanced radiation
(character 2). It was noted that the growth increment of the leader in
spruce seedlings is the smaller between the 3rd and 4th year the higher
the radiation intensity of the substrate. Thus the growth limitation was
highest in habitat IV with highest radiation.

Seedlings from habitats I and II with lowest radiation did not show
growth inhibition of the leader between the 8th and 9th year. There seem-
ed even to be a certain tendency to growth stimulation as compared with
that of plants in the habitat with normal radiation (V).

Seedlings from populations III and II originating from habitats with
the highest radiation level show a smaller growth increment between the
8th and 9th year, by about 60—70 per cent (character 3).
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The spruce seedling population from habitats with the lowest radia-
tion differs from that outside the anomaly by a greater growth increment
of the leader in the last year (character 4). Populations from habitats with
the highest radiation intensity show inhibitation of growth of the leader.

The longest I order lateral shoots in the 4th whorl distinguish the
seedling population from the habitat where radiation is not enhanced.
Analogous shoots of mean length are characteristic for the population
from habitats with the lowest radiation (I and II), whereas the shortest
shoots were observed in the population from the habitat with highest
radiation (IV).

The largest number of lateral shoots (character 6) was found in the
population growing outside the anomalous area. The population in the
habitat with highest radiation intensity showed the lowest number of
lateral shoots. Populations from habitats I, II and III had a number of
lateral shoots lower by 14.7 per cent.

Spruce seedling populations from the anomalous area were characteri-
zed by a reduced length of the needles. This reduction of needle length
is the greater the higher the radiation intensity of the substrate in the
habitat (character 7).

3. Developmental anomalies of Picea excelsa seedlings

In the spruce seedlings from all habitats on the area of the radiation
anomaly in Kowary morphological modifications were found, mainly of
the type of anomalous development (table 4). The most conspicuous ano-
maly of these seedlings was a distinct inhibition of growth, and in extreme
cases dwarfism. Limitation of growth was noted in 100 per cent of the

Table 4

Frequency of the developmental anomalies of the seedlings Picea excelsa
from the area anomaly radiation express of all the plants

| . o i Populations
No | Developmental anomalies ¢ ”" he | 1 | - | I_!I | -IV. "
B of plants oLl i
| | plants | in percentage
1 | Limith of growth C100 | 100 | 100 | 100 | 100
2 Dwarfing | 27 — | — | 25| 92
3 Suppression apical dominance | 21 — | == | 14 16
of the terminal shoot i |
4 Accessorial shoots _ 46 8 | 24 28 4
5 Fasciate shoots | 10 == Il § 6 8
6 | Dichotomous of terminal shoots | 25 — | =\ =1 23
7 Swedlling of needles 94 52 | 19 100 | 100
8 Deformations of needles | 38 R 8 76 | 100
9 | Adventitious roots 5 = i - 5 | 25
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plants examined, whereas dwarfism appeared in only 27 per cent, being
most frequent in the habitats with highest radiation intensity. Abolition of
apical dominance in the main shoot was observed in 21 per cent of the
plants. This inhibition with strong branching and increase of number of
lateral shoots of II and III order changes the habitus of the whole plants
which form crowns quite different from the average shape. The widest
diameter of crowns in anomalously developing plants is shifted towards
the apex. The habitus is also affected by the irregular development of I
order lateral shoots, their stronger development on one side or unpropor-
tional development of shoots from neighbouring whorls. In 46 per cent of
the spruce seedlings growing within the radiation anomaly secondary
development of accessory shoots from the main shoot was observed,
usually very weak and thin ones ending their development within one
vegetation season. Ten per cent of the spruce seedlings exhibited fascia-
tion of lateral shoots of various orders. In the habitat with highest radia-
tion intensity one seedling exhibited a dichotomous leader. This branch-
ing had its origin in the root neck. Anomalous thickening of the needles
and their reduced size showed an incidence of 94 per cent in all the seed-
lings from the anomalous area. Irregular thicking and deformation of the
needles were found in 38 per cent of the plants. These deformations were
the more pronounced the higher was radiation in the given habitat. In only
as few 5 per cent of the plants and only in habitat III was development
of adventitious roots noted from the main shoot without damage of the
latter.

4. Radioactivity of spruce needles

Analysis of total beta-radioactivity of needle ash from the investi-
gated seedlings demonstrated that the spruce populations from the area
of anomalous radiation exhibit a high beta-activity, on the average 909.69

Table 5

Total beta-radioactivity of the needles Picea excelsa

beta-activity

Populations in pC/g ash

from radiation anomaly

I ' 763.75+ 33.35

1 i 884,25+43.12 mean
11 1038.40 +35.26 | value

1V i 952.38+37.90 909.69
without radiation anomaly

A% 439,08 +20.45
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pC/g of ash (Table 5). The population from beyond the anomaly, thus
beyond the aureola of primary uranium dispersion in the substrate shows
a much lower beta-radioactivity of 439.08 to 20.45 pC/g of needle ash.

DISCUSSION

The common spruce is a species with a wide ecological scale. Therefore,
according to Aichinger (1967), on the basis of soil characteristic (Ta-
ble 1) the habitats of the population examined could be considered as
stenotopic, differing from one another only be the intensity of gamma ra-
diation. The significant differences found in the morphological characters
of the plants of the particular populations may only be ascribed to the rais-
ed chronic low-intensity gamma radiation of the substrate within the ano-
malous radiation area within the limits of 0.05 to 1.48 mR/h (Table 2)
Confirmation of this view may be found in the papers of McCormick
and Cotter (1964), Kowalsky, Worotniskaya and Lekarev
(1967), Sarosiek and Wozakowska-Natkaniec (1967). Investi-
gations of these authors demonstrated that continuous low-intensity gam-
ma radiation within the above mentioned range is a significant ecological
factor. Evidence of the effect of radiation on the spruce seedlings within
the anomalous radiation area is found in the above described develop-
mental anomalies of the seedlings with an incidence of 20—100 per cent
of all plants (Table 4), whereas outside the anomalous territory develop-
ment disturbances in the seedlings manifest in their morphology do not
reach a frequency of 2 per cent.

Spruce seedlings from the anomalous radiation area exhibit a growth
limitation which, according to Gunckel (1965), is a typical reaction of
plants to radiation. According to this author, the physiological mechanism
of this phenomenon has so far not been unequivocally elucidated. Pro-
bably radiation inactivates auxins. Medvediev (1970) believes that
this is the consequence of an increase of growth inhibitor content in the
plants. The inhibition of seedling growith is the greater the higher the
radiation in the substrate. Such a relation has been experimentally esta-
blished in various plants, among others in Antirrhinum by Schneck
(Gunckel, 1965).

In the investigated habitats with lower radiation intensity (0.056—0.45
mR/h) larger growth increments of the leaders of spruce seedlings were
noted than in the habitat outside the radiation anomaly. This may be the
effect of growth stimulation due to natural radiation. The phenomenon
of plant growth stimulation by low-intensity radiation in natural or ex-
perimental conditions is known among other plants in Tradescantia palu-
dosa (Gunckel et al. 1953), Sedum pulchellum (McCormick and

k]
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Rushing, 1964), Marchantia polymorpha (Sarosiek and Woza-
kowska-Natkaniec, 1967, 1968).

Intensive branching of spruce seedlings in habitats with high natural
radiation as the consequence of restriction of apical dominance of the
leader may, according to Gunckel (1965), be considered as a typical
modification due to radiation. Modification of this type evoked by low-
-intensity continuous radiation of the substrate in natural conditions in
Erigeron canadensis has been described by Woodwell and Oosting
(1965) and in Symphytum officinale by Sarosiek and Leonowicz-
-Babiakowa (1970).

Reduction of leaf size and their thickening are frequent changes caused
by radiation (Gunckel and Sparrow, 1961). The decreases in size
and thickening of spruce needles are the more pronounced the higher is
the continuous low-intensity radiation in the habitat. This was also noted
in Pinus rigida by Sparrow, Schairer and Woodwell (1964).

Total beta activity of spruce needles from the area of anomalous ra-
diation was higher than the same value for seedlings from outside it. It
was also higher than the mean value of normal beta-radioactivity report-
ed by Grodzinski (1965) for gymnosperms (700 pC/g of ash). This
stresses the ecological diversity of the habitats of spruce within the
radiation anomaly area.

CONCLUSIONS

1. Ecological Picea excelsa seedling populations from the anomalous
area of low-intensity gamma radiation in the substrate within the range
of 0.01 to 1.48 mR/h significantly differ from seedling populations from
outside the anomaly by their length, habitus, high frequency of develop-
mental anomalies and enhanced beta-radioactivity of ash reaching an
average of 909.69 pC/g.

2. Continuous low-intensity substrate radiation within the above men-
tioned range limits in natural conditions growth of spruce seedlings
by 25 to 50 per cent, abolishes apical dominance, stimulates development
of accessory shoots and adventitious roots at the base of the main shoot,
causes dwarfism of the seedlings and their intensive branching as well as
flatness of the shoots and dichotomy with decrease in size, thickening
and deformation of the needles.

3. Growth limitation and incidence of developmental anomalies are the
greater the higher the radiation intensity. All reactions of spruce seedlings
to continuous low-intensity radiation are most pronounced in habitats
with radiation intensity of 0.52 to 1.48 mR/h.

4. Radiation within the limits of 0.05 to 0.20 mR/h stimulates in natu-
ral conditions spruce seedling growth between the 8th and 10th year of
their life. '
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Streszczenie

W obrebie anomalii radiacyjnej kolo Kowar w Sudetach $wierk Picea excelsa
wystepuje w siedliskach o naturalnym promieniowaniu gamma podloza w granicy
od 0,05 do 1,48 mR/h, Na podstawie szczegélowej analizy ekologicznej wybrano
5 stenotopowych siedlisk rozwoju $wierka réznigcych sie miedzy soba poziomem
cigglego promieniowania gamma podloza (tabele 1 i 2). Populacje 10-letnich siewek
Swierka z wybranych siedlisk poddano analizie biometrycznej (tabela 3). Analiza
statystyczno-matematyczna wykazala (stotne rdinice miedzy populacjami siewek
Swierka z terenu anomalii radiacyjnej a populacja spoza anomalii. Populacje siewex
$wierka z terenu anomalii radiacyjnej réznig sie istotnie od populacji spoza anomalii
wzrostem, pokrojem, duza frekwencja anomalii rozwojowych (tabela 4) i zwiek-
szong beta-radioaktywno$ciag (tabela 5). Ich og6lna beta-radioaktywnos§é wynosi
$rednio 909,69 pC/g popiotu igiel, gdy tymczasem beta-aktywno$é siewek spoza ano-
malii wynosi tylko 439,08 pC/g popiotu igiel.

Ciggle, niskopoziomowe promieniowanie podloza o podanym zakresie w natural-
nych warunkach ogranicza wzrost siewek &wierka od 25 do 50%, znosi apikalng
dominacje¢ pedu gléwnego, pobudza do rozwoju pedy akcesoryczne i przybyszowe
korzenie u mnasady pedu gléwnego, powoduje skarlenie siewek, deformacje ich
koron, silniejsze ich rozkrzewienie, ponadto wywoluje staSmienia i dichotomie pedu
oraz pomniejszenie, zgrubienie i deformacje igiel.

Ograniczenie wzrostu i czestotliwo$é anomalii rozwojowych siewek §wierka sg
tym wieksze, im wyzZsze jest promieniowanie podloza. Wszystkie reakcje siewek
Swierka na ciagle, niskopoziomowe promieniowanie najdobitniej manifestujg sie
dliskach o promieniowaniu podloza w zakresie od 0,52 do 1,48 mR/h.

Promieniowanie w granicy od 0,05 do 0,20 mR/h w warunkach naturalnych sty-
muluje wzrost siewek §wierka miedzy 8 a 10 rokiem zycia.
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