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STUDIA UMNIV. BABES-BOLYAT, BIOLDGIA, KLY, -2, 1995

ENZYMOLOGY OF TECHNOGENIC SOILS

" STEFAN KISS*, MIHAIL DRAGAN_.BULARDA®* and DANIELA PASCA**

SUMMARY. — The data published in the world literature on enzyme
activities in technogenic soils after appearance of our book Enzymo-
logy of Technogenic soils in 1993 are summarised. The literature
data published before 1993 but available to us only after 109‘3 will
also be reviewed.

Introduction

Enzymology of technogenic soils is a rapidly developing branch of
‘50i] enzymology, This fact is reflected by the great number of papers
that have appeared after publication of our book Enzymology of Tech-
nogenic Soils in 1993 [10]. Summarising the investigations described
in these papers is the objective of our present work, in which the li-
terature data published before 1993 but available to us only after 1993
will also be reviewed.

The practica] and theoretical importance 'of the recultivation of
mined lands and the usefulness of enzymological methods in studies of
technogenic soils were emphasised, besides the authors cited in [9: 10,
P. 3], alsoby Suttonand Dick {34 and Har ris [T

Technogenic soils from coal mine spoils

The enzymological inv Lst,bamms carried out by Keleberda and
er collaborators in the Ukraine and published in the 1973—1976 period
{see [10, p. 4—5]) were also reviewed in the book of Zaitsev et

al. [36]. '

The studies performed by Bender and his co-workers in the
‘ihnix Brown Coal Basin (summarised in [10. pp. 19—22]) were amply
reviewed in a synthesis work of Bender [2] dealing with the biolo-
gical reculiivation in Poland.

Results of the soil-enzymological investigations published by N a-
prasnikova and her research group in the 1982—1992 period were
reviewed in [10, pp. 24—25]. In continuation of these investigations
“carried out at the brown coal strip mines located in the Nazarovo Basin
_{which belengs to the Kansk-Achinsk Fuel-Energetic Complex, Siberia,
Russia), Naprasnikova [16] has described a 5-year experiment, in
which spoil heaps of different ages (<1 to 10 years) were sampled

* Babes-Bolyai University, Departmeni of Plent Biolngy, 3400 Cluj, Romania
** Biological Research Institule, 3400 Cluj, Romania - .
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every day during the vegetation season for determination of their
enzyme activities (sampling depth was 0-—5 em). It was found again
that the enzymatic potential of spoil heaps increased with their age.
Counts and biomass of microorganisms in the 0—5—cem layer. also
increased with the age of spoil heaps.

Generalising the results obtained during studying the soil-forming
processes in the technogenic landscapes created by coal sirip mining in
the Kuznetsk Basin (Siberia, Russia) (see [10, p. 26]), Klevenskaya
(13. 14} reiterates that the associations between microorganisms and
plants, owing to accumulation of enzymes, especially of polyphenol oxi-
dase and peroxidase in the rhizosphere, speed up the elementary pedo-
genetic processes in the technogenic soils.

In continuation of the investigations carried out in the brown coeal
area in the Rhine region, Germany and reviewed in {10, pp. 29—3il.
Schumacher et al. [25] sampled, at the beginning of March 1992,
two young (<12 years) and four old (> 25 years) recultivated spoil
(loess) plots. One of the young plots contained arable soil and the other
was under forest vegetation. The four old plots were used as non-
manured and farmyard-manured arable lands, forest and grassland,
respectively. A native arable loess soil was the control. Sampling
depths were 0—15 and 15—30 cm (arable soils), Ah horizon (mostly
the 5—10—cm depth) and Y1 horizon (up to 30—cm depth) (forest and
grassland soils), Dehydrogenase and invertase activities, and substrate-
induced respiration (CO, evolution from glucose-amended samples) were
always highest in the old grassland soil, and lowest in the young arable
soil. Both young and old forest soils were more active than the old
arable solls, Surprisingly, farmyard manuring of the old arable soil did
not result in increased activities and respiration. In concordance with
these findings, organic C content was low in arable soils and shovied
important accumulations in the order: old forest soil > old grassland
soil > young forast soil.

In a similar study, Schneider ef al. [24] compared about 10-—
ang 25—year—old recultivation spoil (loess) plots used as arable lands
or forests. Samplings were made in the springs of the 1988—1993 pe-
riod. Dehydrogenase activity and substrate-induced respiration deter-
mined in both whole soil aggregates (> 1.5 ¢m) and in their outer,
middle and inner parts from the 5—i10—cm layers of 10— and 25—
year—old arable spoil plots did not show any significant differences
depending on plot age and soil aggregate parts. Contrarily, dehydro-
genase activity and respiration in the 5-—10—cm layers of the forest
soils were significantly higher in the 25— than in the 10—year—old
plots and increased, within the soil aggregates, from the outer parts
towards the inner ones, in plots of both ages. At the 20—25—em layers
of the same soils, the aclivity and respiration gave low values, were nat
age-dependent and did not show evident differences in the three paris
of the soil aggregates. Organic C content was found again to accumulate
in the forest soils. Abundance of different invertebrates, including
carthworms, was also greater in the forest than in the arable soils. In
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conclusion, it was recommended that agricultural recultivation of brown
coal spoils in the studied region should begin with forest recultivation:
under such conditions, the zrable soils will reach a “maturity stage”
more rapidly.

Many opencast coal mining siles in England were studied from
soil-enzymological viewpoint, too (sec [10, pp. 33—34]). Edgerton
et al. [3] sampled soils from three restored field areas at the Erin
opencast coal mining site located near Denby in Derbyshire. The areas
were recullivated using stored subsoil material due to a lack of original
topsoil. At sampling time (early April 1991), the three areas were 5—,
6— and 1l—year—oid, respectively. The 5— and 11l-——year-old areas
were allowed to revegetale naturally, The 6—year—old area was ma-
naged as a low input-low cutput grass-ciover ley for the first three
vears and then an attempt was made o create a diverse grassland. As
water-logging and compaction are common problems in restoration of
mine soils. a part of the 6—ycar—old area was subdivided into an arca
subjected to periodical flooding and another in which the soil was ar-
tificially compacted during restoration. Sampling depth was 0—30 am.

Besides scveral physical and chemical soil properties, dehydroge-
nase activity (as an indicator of total soil microbial activity) and ATP
concentration (laken as microbial biomass C after multiplying by the
factor 168.5) were also determined. Table 1 shows that textural class
is loam in the 1l1—ycar—old area and silt loam in the other areas.
Dehydrogenase activity and ATP concentiration increased with increasing
age of the three areas. not considering the flooded and compacted 6—
year—old areas. However, {or both properties the increase was only
significant (p <C 0.05) between the 5— and 11—year—old areas. Flooding
and compaction had a significantly (p < 0.05) negative influence on
both properties whose values in the {looded and compacted 6—year—old
areas were even lower than those measured in the 5—vear—old area.

High linear correlation was found between the amount of water-
stable aggregates ( > 2 mm) and microbial biomass C with both values
increasing with age in all areas. The highest values were registered, as
expected, in the 11—year—old area, whereas the compacted 6—year—oid
area gave the lowest ones,
~ One of the conclusions drawn {rom the chemical and enzymological
investigation of the reculiivated spoils at the Meirama opencast lignite
mine (Galicia, Spain) was that in these mine soils during their 7 vears
of recultivation establishment of C and N cycles progressed satisfac-
torily, although less clearly for N than for C (see [10, pp. 34—36]).

The phosphorus cycle in the Meirama lignite mine soils was also
studied: Trasar—Cepeda et al. initiated this study in 1989 and
published its results in 1993 {35].

In the spring of 1989, samples were taken from the 0—10—cm laver
of 1—, 3— and 5—ycar—old recultivation plots. In the spring of 1990,
raw spoil and the ¢—10—em layer of 4-- and T—year—old plots were
sampled. Native Galcian soils served for comparison. Phosphatase acti-



Tabls 1

Physieal, chemlcal and microblologleal propertles of solls in restored arens at the Frin opencast eoal mining site loeated near
Denby in Derbyshire

(values tepresent means 4 standard errors; all results are expressed on an oven-dried weight basis) [3}

Age of arcas Number of Textural  Bulk density ST in HLO Total C Total N DHA®* ATp
ge d " replicates  class {glem®) i 2 (mg/g) (mg/g) (ug TPF/g) (ng/g)
It years 15 T,oam 1.30-4+0.03 6.6440.10 219415 1.614+0.11 159.1 4.29.7 5204-90
6 vears 5 Silt loam  1.313.0.01 6.99£0.02 18.95.0.9 1.753.0.08 14464236 347160
8 vears
{flocded) 5 Silt loam  1.34..0.01 6.76 1-0.01 18,5422 1.45£0.01 749188  123..30
O vears L]
icompacted’ 5. Silt lcam 1.524.0.03 7.72.+0.12 23.8.4.26 1.52.40.14 65.4.+-13.0 95.4-30
5 vears C 15 Silt leam  1.32.£0.02 7.94 2 0.06 304528 1.650.13 8391128 221370

* DHA Dehydrogenase activity. TPF - Triphenylformazan,

VAAVINE-NVOYRA ‘W SSIY S

vosvd g



ENZYMOLOGY OF TECHNOGENIC SOTLS 7

vitg was determined in’the 1989 samples, while those collected in 1990
were' used for unalysm of "P. As Fig. 1 shows, phosphatase activity
was found again to increase ‘with ‘mine soil age. In contrast to another
1—year—old plot in" which only acid phosphatase activity was detec-
table (see [10, p. 34]), the soil in the 1—year—old plot studied by
’Prasar——Cepeda et al. manifested a slightly higher alkaline than
acid -phosphatase ' activity. The reverse was true for the older plots.
Thus, the ratio of peak acid to peak alkaline phosphatase activity was
0.585, '1.05 and 1.41 in ‘th 1—, 3— and 5—ycar—old plots, respectively.

“'The total P conhtent was low in the raw spoil (233 ug P/g) and the
majority (77%/) corresponded to non-extractable forms. In the 4— and
7——year-old mine soils ‘the total P contents were very similar and with
about 100 ng/g higher than in ‘the spoil; this can be attributed to the
P fertiliser applied at the start of recultivation. Total extractable inor-
gani¢ and organic P contents increased with the dqo of mine soils.
However, although inorganic P levels were similar to those found in
native (xahcwm soﬂs organic P levels were e\hemelv low (even in the
7—year—old soil)’ compdrcd with native soils of similar pH and or-
Samc matter content, Thc ratios C: organic P and N: organic P were

p- Nitrophenol
{ ymoles /g 7 30 min)

ist

16 /

5 year - cld

101
o} . year -old
o6}

0u}

1 year - old

02

oL Ty
&

w
o2 &

Yig pH dependence of the plmsphamse activily in
: nrine soils from Meirama '35
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much lower in the 4— than in the 7—year—old mine soil, but much
higher than in the native soils. In other words, accumulation of organic
P in mine soils was slow, more precisely it was mauch slower than accu-
mulation of C and N. These findings clearly indicate that the P cycle
has not been successfully established in the studied mine soils. This
may, in the long-term, lead 1o serious deficiencies in plant-available P.

In a laboratory experiment for studving the possibility to replace
inorganic fertilisers by cattle slurry in recultivation of lignite mine
spoils, Sad et al. [23] have mixed samples of raw spoil from the
Meirama lignite mine with cattle slurry (containing 99, dry matter;
14.200/, total C, 3.040/ total N, 1.149/ P,O;; 3.9504 K.O) in two doses
(175 ml/kg spoil — mixture P and 350 mlkg spoil — mixture G).
The mixtures were moistened to 809% of field capacity, then incubated
at 28°C for 5 months. During incubation, every second day the moisture
content was restored to 8094 field capacity. After 0, 2 and 5 months of
Incubation, the mixtures were analysed to determine several enzyme
activities (dehydrogenase, B—glucosidase, wurease, protease on casein,
prolease on e—benzoyl—N-—arginineamide, phosphatase), total C and N
contents, amounts of monosaccharides and phenols in agueous extract
as well as amounts of humic substances and organo-mineral complexes.

Each enzyme activity was extremely low in the raw spoil and very
nigh in the cattle slurry. This is why the mixtures at time 0 exhibited
high activities; the activity increase was more pronounced in mixture
G than in mixture P, excepting activities of p—glucosidase and protease.
on benzoyl—arginineamide, the increase of which was not dependent of
the cattle slurry dose. During the first 2 months of incubation, dehydro-
genase and urease activities decreased, while the other activities in-
creased in both mixtures, During the next 3 months, the activities
slightly inc¢reascd or remained unchanged in mixture P and markedly
decreased in mixtlure G. Nevertheless, at the end of the 5—month ins
cubalion period each activity in each mixture exceeded many times the
activity values registered in the raw spoil before incubation. This means
thay the cattle slurry amendment led to the formation of an enzymatic
potential in the spoil.

During the incubation of the spoil-cattle slurry mixtures, the total
C contents steadily decreased indicating mineralisation processes, whe-
reas the total N contents remained practically constant indicating that
there was no N loss due to volatilisation. The monosaccharide contents
increased conlinuously, while the phenol contents decreased. Acce-
lerated formation of clay-bound humic substances also occurred. In
conclusion, fertilisation with cattle slurry was considered as an atfrac-
tive option for rapid recultivation of lignite mine spoils.

Enzymological and other biochemical properties as well as physical,
chemical and pollution-neutralising properties of the Meirama lignite
mine spoils and soils have recently been reviewed by Gil—Sotres
et al. [5] and also referred to in three other review articles [6, 15, 26].

In the Czech Republic, enzymological investigations of technogenic
soils were carried out in the North Bohemian Brown Coal District.
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These investigations, performed in the March 1984—September 1987
period, were described by Sifa in two unpublished reports in 1985
and 1988 [29], by - Si$a and Belatkova in a poster communication
in 1991 [31] and by Si$a in an article published in 1993 [30]. The
mining sites selected for investigations are typical representatives of the
entire Brown Coal District as regards both opencast mining and recul-
tivation technologies applied.

Three enzyme activities (catalase, invertase and amylase), basal res-
piration (CO, evolution from unamended samples), potential respiration
(CO, evolution from ammonium sulphate- and glucose-amended sam-
ples), ratio between potential respiration and basal respiration (taken
as an indicator of humus stability), humus content and pH were deter-
mined in overburdens and adjacent native soils.

The Investigations carried cut at the selected mining sites will be
summarised below.

At Vriany, before ¢poncast mining of coal, the removed topsoil and
subsoil were dumped as a mixivre, Enzvme activities in the 0—20— and
20—40-—cm layers oif dump and native soil (chernozem on loess) pre-
sented the following order: dunip 20—40 em << dump 0-—20 ¢m < native
s0il 20—40 em << native soil 0—20 cm. In other words, dumping of
overburdens led to degradation of enzyme activities. Basal respiration
showed a rather reverse trend, but potential respiration and petential
per basal respiration ratio as well as humus content behaved like
enzyme activities. pH was about 8.5 in the dump and nearly 8 in the
native soil.

At Maridnské Radéice, where the topsoil and subsoil were alsc
dumped together, the differences between the 0—20— and 20—40—cm
layers of dump and native soil (chernozem on clay) were less pronounced
than at Vriany. The chernozem at Mariinské Raddice was somewhat
less active biologically than the chernozem at Vriany.

At Uzin, some overburden (gray clay) plots not covered with top-
$0il were submitted to agricultural or sylvicultural recultivation. Other
plots, covered with topscil, were used only for agricultural recultivation.
In the 0—40—cem layer analysed, each enzyme activity was highest in
the topsoiled plots, whereas the lowest values were registered in the
non-topsoiled agriculturally recultivated plots (catalase) or in the syl-
vicuiturally recultivated ores (invertase and amylase). This means that
topsoiling of overburdens had a beneficial effect on their enzyme ac-
tivities, and agricultural recultivation was a better technology than the
sylvieultural one, Humus content and basal respiration were lowest in
the ‘gpsoiled plots. Coutrarily, potential respiration and potential per
bass] respiration ratio were highesi in the topsoiled plots and, at the
sare time they were lowest in the sylviculturally recultivated plots.
IMesn velues of pH were 6.15 (non-topsoiled agriculturally recultivated
plots), 6.80 (topsoiled plots) and 6.00 (sylviculturally recultivated plots).

At the Lotta Marie mine, the agricultural recultivation of the non-
onsoiled overburdens (loess mived with sand) was also more efficient
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than the sylvicultural recultivation. Both 0—20— and 20—40—cm
layers of the agriculturally recultivated plots were more catalase-active,
showed higher basal and potential respiration and potential per basal
respiration ratio and contained more humus than the corresponding
layers of the sylviculturally recultivated plots. pH in the two layers
was higher in the agriculturally than in the sylviculturally recultivated
plots (7.80 and 7.81, and 5.04 and 5.39, respectively).

At Stiimice, toxic sands (containing high amounts of H*t, AD*,
Fe37; pH 4.79) were recultivated agriculturally on two areas. Previously,
both areas were covered with an isolating layer of bentonite followed
by overlayering of original topsoil. The recultivation began in 1973/1974
on area 1 (called Svoboda) and in 1982 on area 2 (experimental field).
Thickness of bentonite layer was 20 ecm on both areas, whereas that
of topsoil was 50 cm on area 1 and 30 cm on area 2. An area with
non-covered and non-recultivated toxic sands served as control. The
0—20— and 20—40—cm layers on areas 1 and 2 and the 0—15—cm
layer of the control sands were analysed in 1986 and 1987. The results
have shown that invertase and amylase activities, potential respiration,
potential per basal respiration ratio as well as humus content were
highest on area 1, while catalase activity and basal respiration gave the
highest values on area 2. All parameters, excepting amylase activity,
were lowest in the control sands. Due to recultivation, the pH increased
to 7.07—7.48 on area 1 and to 8.21—8.53 on area 2.

Technogenic soils on exhausted peatlands

In continuation of the investigations summarised in [10, pp. 40—41],
Shirokikh [28] found that peroxidase activity behaved like poly-
phenol oxidase activity.

The enzymological investigations carried out by Shirokikh and
co~-workers were also referred to in two brief review articles [27, 33].

“Technogenic soils from retorted oil shale

-The investigations of Biondini et al. dealing with the recultiva-
tion of reforted oil shale materials in the Piceance Basin, north-western
Colorado (see [10, pp. 46—48]) were also amply referred to in Harris
and Hil?s [8] review article.

Technogenie soils from iron mine spoils

In Russia, some spoil heaps around the iron strip mines located in
the Kursk Magnelic Anomaly region were studied enzymologically (see
110, pp.52—53]). Germanova et al. [4] have determined urease and
catalage aciivities in the 0—5—ocm layer of raw and 5—year—old spoil
heaps at the Kostomuksha strip iron mine located in the northern
subzone of the taiga zone (Northern Karelia, Russian Federation). The
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adjacent, undisturbed podzolic soil under pine forest served for com-
parison.

Due to the unfavorable climatic conditions (number of days without
frost: 80—90/year; medium monthly temperature in July: 14°C; annual
amount of precipitations: 600 mm), development of natural vegetation
Was very poor; microbial counts and diversity were small and enzyme
activities were similarly low in both raw and 5—year—old spoils as
compared to values registered in the undisturbed soil. As first step in

recultivation, levelling of spoils is recommended to improve their water
regime.

Technogenic soils from lead and zinc mine wastes

The bioclogical recultivation experiments started on 14 small (7—m?)
spoil plots in 1987 and on two larger (50—m?) spoil plots in 1988 at
the lead and zinc mine in Rodna, Bistrifa-Nasiud distriect, Romania and
the results obtained in the enzymological analyses of spoils sampled
from the 0—10—cm layer in the 1987—1989 period were summarised
in [10, pp. 58—59] with the conclusion that for rapid recultivation of
raw and young spoils the measures to be applied should include covering
with soil, NPK fertilisation and sowing of grass-legume mixture, while
for the recultivation of old spoils at least NPK fertilisers should be
applied. Enzymologica] analyses of spoils and adjacent native soil were
carried out in the next years, too. Thus, in 1992 (May 25 and August
28) samples were taken from three depths: 0—10, 10—20 and 20—30
cm. The enzymatic indicator showed again the highest values in the
soil-covered small and large spoil plots and in the native soil and, as
expected, the lowest values were recorded in the youngest (untreated
control and only NPK-fertilized) spoils [11, 12].

Evolution of the enzymatic potential in the 0—10—cm layer of
spoil plots during the 1987 (1988)—1994 period was also evaluated [17].
Fig, 2 was selected to illustrate the evolution of enzymatic potential in
soil-covered spoil plots (plots 1, I and II) as compared to plots 2 and 3
(not covered with soil), untreated spoils (control 1—3, control I and II)
and native soil. It is evident from this figure that the favourable effect
of a soil cover on the enzymatic potential of spoils is long-lasting.

‘The soil cover also resulted in increased nematode abundance, di-
versity and maturity index [19, 20},

Technogenic soils from gold mine wastes

Enzymological and other biochemical as well as chemical and phy-
sical properiies of such soils were dealt with by Ross et al. [21].
For rehabilitation of gold mine wastes, a field experiment was carried
out at the Golden Cross mine located in Waitekauri Valley, at the
southern end of the Coromandel Range, North Island, New Zealand.
Plois (6X6 m) were installed on o waste rock stack that had been le-
velled and - consolidated. Weathered andesite overburden was sub-
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scaueatly spread on this rock to provide a 60—cm depth of “subsoil”,
thit was then covered with silt loam topsoil to 10—, 15— or 20—cm
devch or left non-covered {i.e., no topsoil was added). Each of these
four plots was installed in three replicates. Control plots on undisturbed,
silt loam were selected in a level pasture within 150 m of the experi-
moenial plots.

Belore sowing of new pasture species, the existing herbage on the
conirol plots was killed by spraying with glyphosate, and rotary-hoed
3 weeks later to a depth of 15 cm. All plots, including the control,
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received limestone (6000 kg/ha) and KCl (250 kg/ha). Each of the ex-
perimenta] plots was divided into 3 subplots (6 X2 m), to which super-
phosphate was added to raise available phosphate in 0—7.5 depth to
Olsen P levels of 7, 13 and 20 ppm, respectively. The plots were then
rotary-hoed to 7.5-cm depth and sown by hand in April 1989 with the
following seed mixture (kg/ha), with the legume seeds being inocula-
ted with appropiate rhizobia: Lolium perenne (20), Lolium X hybridum
hausslen (8), Dactylis glomerata (5), Trifolium repens (4) and Lotus
pedunculatus (3). Potasium (312 kg/ha,, as KCl and K.S0O,) was added
periodically to ali plots during the experiment; urea-N (91 kg/ha, in
three split dressings) was included in the first year, to stimulate grass
growth, Additional P (187 kg/ha, as superphosphate) was also added
to the experimental plots only.

For enzymological and other studies, Ross et al. used the plotis
with no topsoil addition, those covered with 15-cm topsoil and the
control plois. They took samples from the 0—7.5— and 7.5—15—cm
depths of plots, in October 1989, March 1990, January 1991 and March
1992. Sampling was restricted to subplois with the highest phosphate
level (20 ppm Olsen P in the 0—7.5-cm layer) to ensure minimal P li-
mitation to plant growth.

The samples were analysed for determining invertase activity, a
series of other biochemical properties: basal and substrate-included res-
piration (CO, evolution {from  unamended and glucose-amended
samples), microbial C and N contents, aerocbic and anaerobic N mine-
ralisation, nitrification as well as some chemical and physical pro-
perties (total C and N contents, pH, moisture content). Dry matter
yields and botanical composition of herbage were also recorded.

Invertase activity in both 0—7.5- and 7.5—15-cm layers in each
year was higher in the topsoil than in the no-topsoil treatment but
never reached the values registered in the control plots. The activity
increased significantly during the experiment only at the 0—7.5-cm
«depth, the increase being higher in the topsoiled plots than in those
not covered with topsoil. The other biochemical properties were also
higher in the 0—7.5 than in the 7.3—15-cm layer. Herbage dry matter
annual yields in the last two vears presented, in the experimental and
control plots, the following order: no topsoil < 15-cm topsoil < con-
trol.

The enzymological and other biochemical data were consistent with
the conclusion drawn from physical, chemical and agronomic data that
for rehabilitation of the studied mining site the wastes should be cove-
red with an at least 15-cm-thick topsoil layer.

“Technogenic soils from phosphorite mine wastes

Baeva et al. [1] have studied the spoils that resulted from the
opencast phosphorite mining at the “Fosforit” Enterprise in Kingisepp,
located in the western part of the Sankt-Petersburg region, Russia.
For enzymological analyses, the southern, central and northern zones
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around a quarry were selected. They were 2—3—. b—6— and 10—I12-
year-old spoil areas, respectively.

The raw spoils consisted of loose, mostly silty and sandy mate-
rials in mixture with lime and dolomite lumps:; they were rich in mo-
bile phosphorus and their reaction was neutral or slightly alkaline.
After levelling, they were covered in bands with peat and planted to
forest species {(spruces, larches, pines). Later, other tree species (birch,
alder, aspen, willow) and a herbaceous cover (common coltsfoot, fire-
weed, clover, sweetclover, etc.) also developed.

On the 2—3-year-old spoil area, the vegetation was formed of the
planted forest species and willows; the herbaceous cover was lacking.
On the older spoil areas, more tree species developed. The herbaceous
cover was 30—400/y on the 5—6-year-old area and 10094 on the 10—12-
year-old one. On the latter area, the spruce and larch trees reached
2—3 m in height.

The enzymological analyses have shown that urease activity was
lacking in the 2—3- and 5—6-year-old spoils, but traces of the acti-
vity were detectable in the 10—12-year-old ones. Invertase activity
(expressed in mg of “glucose” produced by 1 g of spoil in 24 hours).
increased with the age of the three spoil areas, having values of 3.14,
3.62 and 5.20, respectively, However, these values were lower than
those recorded in soddy-podzolic soils not affected by phosphorite min-
ing and processing., Dehydrogenase activity, which also increased with
the age of spoils, gave higher values in spoil samples collected in sum-
mer than in the spring samples.

Cellulose decomposition, nitrate accumulation, respiration (CO, evo-
lution), counts of bacteria, actinomycetes and fungi and humus accu-
mulation also manifested an increasing trend during aging of spoils.

Technogenic soils on exhausted gravel guarries

.Petrov et al. [18] have conducted recultivation experiments on.
the exhausted gravel quarry located in a large plain in the vicinity of
the city of Vilnius, Lithuania and have described the results obtained
in the 1986—1991 period.

The soils covering the exhausted quarry belong to 3 groups: I —
35—40-cm layer from Bl horizon; II — 20—25-cm layer from Bl ho-
rizon covered with a 15—20-cm-thick mixture of arable layer, A2B and
B1 horizons; III — 20—25 cm of mixed horizons from beneath the arable:
layer, the mixture being covered with a 15-cm arable layer. The soils.
of all groups are of sandy loam texture.

In 1966, the physicochemical analyses showed that the pH was
slightly alkaline (7.1—7.9) in soils of group I, nearly neutral (6.8—7.4)
in soils of group Ii and slightly acid (5.9—6.6) in solis of group IIIL
Humus content in soils of the three groups varied between 0.41 and
1.420/,, total N content between 0.032 and. 0.107v/4,, P and K contents.
between 13.3 and 33.9 mg P,0,/100 g and 4.8 and 21.7 mg K,0/100 g.,
respectively.
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In the spring of 1987, a part of the experimental plots of each
s0il group were seeded with a perennial lcgume-grass mixture (alfalfa
500/, birdsfoot trefoil 15%, Hungarian sainfoin 159, plus grass Spe-
cies). The other part of plots received a pereanial grass-legume mix-
ture (red fescue 20us, birdsfoot trefoil 209/, Hungarian sainfoin 2024
plus other sgpecies). Before sowing of the legume-grass mixture, the
plots were fertilised with NH,NO, (30 kg N/ha). Before sowing of the
grass-legume mixture, the plots also received 30 kg N/ha, but they
were fertilised again, after the first and second harvests, with NH,NO;
at a rate of 45 kg N/ha. Before sowing of both seed mixiures, the plots
were fertilised with mineral P (90 kg/ha) and K (120 kg/ha) and some
of them received organic fertilisers, too, namely farmyard manure or
calcareous sapropel (120 t/ha). The control plots were not treated with
fertilisers. Each fertilisation variant was carried out in 4 repetitions,
on 24-m? plots.

It was found that the two seed mixtures were equally efficient, in
term of herbage dry matter yields, whose mean values for the 1987—
1991 period being 2.9, 4.7 and 4.1 t/ha/year on soils of groups I, II and
I11, respectively. In the same period, the highest dry matter yield was
recorded in farmyard-manured plots on soils of group II (5.6 t/ha/year).
The root biomass dry matter reached 12.9—49.6 t/ha.

Both minera] and organic fertilisation had beneficial effects on
physicochemical and biological properties of soils, especially in their
0—10-cm dayer, The pH in slightly alkaline and nearly neutral soils
changed to a little extent, whereas in the slightly acid soils it increas-
sed up to 6.8—7.1. Humus accumulation in the farmyard-manured plots
increased 2.3—3 times (in soils of group I), 1.9—2.6 times (in soils of
group II) and 1.5 times (in soils of group III); the corresponding increa-
ses in the -sapropel-treated soils of groups I—III were 2-, 1.7- and
1.2-fold, respectively. Total N content increased {o a large extent.
Increases occurred in the P and K contents, too. Invertase and protease
activities and N,-fixation capacity measured in 1991 were nearly the
same in the unfertilised control plots and in those fertilised with farm-
yard manure or sapropel, but in the previous 4-year period (1987—
1990) biological activity showed 25—32-fold increases in the control
plots and only 3.0—3.8-fold increases in the organically fertilised
plots. :
. The investigations also showed that for agricultural recultivation
covering of exhausted gravel quarries with topsoil or subsoil-topsoil
mixture is obligatory.

Recultivation of soils remaining after topsoil “mining”

The enzymological researches dealing with this topic in New Zea-
land and summarised in [10, pp. 73—74] were also cited in details by
Smith and Paul [32]. :

L -
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The investigations described by Rowell and Florence [22]
could not be included in any separate chapter of [10] and of our pre-
sent review, due to the fact that the industrial disturbance of the in-
vestigated soils was of different nature (being caused by surface mi-
ning of coal, heavy oil extraction, pipeline construction, oil well dril-
ling and hydrocarbon contamination), but the results were. evaluated
together, irrespective of the cause of disturbance.

Industrially-disturbed Canadian soils, taken as a whole, were com-
pared with undisturbed soils from similar areas. Biological and con-
ventional soil assay methods were used to determine their usefulness
in reclamation management. Five soil groups were studied comprising
the following soil types according to the Canadian and FAO systems of

classification: group 1 — Black Chernozem (chernozem, rendzina);
group 2 -— DPark Brown Chernozem (kastanozem, typic); group 3 —
Brown Chernozem (kastanozem, aridic); group 4 — Gray Brown Luvi-
sol (albic luvisoly and Gray Luvisol {albic luvisol, podzoluvisol); group
5 -— Euliric Brunisol {eutric cambisol) and Dystric Brunisol {dystric
cambisol).

Disturbed and undisturbed surface soils were collected between
September and November 1989 from south and central Alberta (65 in
total). Description of the samples is given in Table 2.

The biological methods used served for measuring enzyme activi-
ties (dehydrogenase, invertase, protease, arginine deaminase, alkaline
phosphatase and arylsulphatase), microbial biomass C and basal res-
piration rate, extractable organic C content and extractable colour in-
dex (an index of humification), mineralisation and nitrification poten-
tials.

The conventional (chemical and physical) methods included mea-
surement of pH, electrical conductivity, organic C content, cation-ex-
change capacity, mineral N (ammonium-N and nitrate-N), soluble sul-
phate-S and available phosphate-P contents, saturation percentage and
particle size distribution (sand and clay contents).

The biological and conventional dala sets were submitted to com-
plex statistical analysis.

With the exception of pH (log H* concentration), data for the 12
biological and the 11 conventional measurements were transformed to
common, base 10 logarithms prior to analysis of variance and multiva-
riate discriminant analysis.

Analysis of variance showed that means of four characteristics
were statistically different between disturbed and undisturbed soils;
electrical conductivity and soluble sulphate-S content were higher in
disturbod soils while dehydrogenase and arylsulphatase activities were
lower (Fig. 3).

Multivariate discriminant analysis, where the grouping was done
between disturbed and undisturbed soils, revealed that correct classi-
fication of soil samples was higher (707, for disturbed soils and 86%,
for undisturbed soils) when the biological and conventional data sets
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Table

it

Sample locations and nature of reclamation practices

Number of samples. in
each group

Soil groups

1 2 3 4 3 D” D>
Samples from surface mining areas
Paintearth coal mine: reclamation since 1883 has involved
topsoiling, fertilisation and sceding to grain, forage and pasture
crops. Undisturbed soils were from areas adjacent to the mine. - 8 - 6 2
Diplomat cosl mine: rcclamation since 19505 has invelved a
variety of methods including ridging, leveiling, topsoiling, fertili-
sation and seeding to grain, forage or ravgeland crops, Undistur-
bed soils were from areas adjacent to the mining aves, - 1 — o 8 3
Samples from Feavy ofl extraction areas
Disturbed samples represented operational end  experimental
s0il mixes by Suncor Inc. sirce 1971 for erosion control on sand-
covered tailings pond dikes. Reclamation included amendment
with peat, mineral overburden, bitumen sludge aud fertilisers
and revegetation with trecs, grasses and legumes. Undisturbed
soils were tuken from forested areas close to the mine. e § S 2
Sampies takenn jollowing pipeline construction
Reclamation invelved topsoil salvage and replacement and reve-
getation to the previous land use. Undisturbed samples were
taken from arcas adjacent to the pipeline. 222 - -3 3
Samples from abandoned cil well drilling sites
Reclamation involved salvage of topsoil, replacement of topsoil,
fertilisation and revegetation to the previous land use once the
drilling c¢peraticus were concluded. 2 4 4 — -5 5
Samples involving hydrocarbots contamination
An oil spill rchabilitation exneriment started in 1973 at the
University of Alberta Experimental Farm. Reclamation involved
tillage, fertilisaticn and revegetation with grain crops. 4 — — ~——3 r
An experimental site sct up in 1987 to study the disposal
of diesc] juvert cuttings from oil well drilling by landfarming.
Reclumation invelved tillage, addition of mineral fertiliscrs and
manure and reseeding with grasses and legumes. - = -4 -3 b3
Representative soils not affecied by industrial disturbance
Arable soils preducing grains and forages. 32 2 4 — — 11
Soils frem native range avd pasture. -2 - - -2
Forested soils. —-— - =1 - 1

* D — Distusbed, UD — Undisturbed.

2 — Biologia 1—2/1998
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were combined, than when the biological and conventional data sets
were considered separately (68 and 76%, and 64 and 91%/4, respecti-
vely).

The conclusion was drawn that combination of biological and con-
veational measurements may provide a praciical degree of assurance
when determining the extent to which industrially-disturbed sites may
have responded to remediation. This conclusion is acceptable by all ex-
peris in recultivation of technogenic soils. But usefulness of a com-
bined study of soils suffering from industrial disturbances of very dif-
ferent nature (surface mining of coal, heavy oil extraction, pipeline con-
struction, oil well drilling, hydrocarbon contamination) is questionable.
Even Rowell and Florence mention: “More valuable informa-
tion often comes from direct comparisons of disturbed and undisturbed
soils a: the some site®. ’

Conclusions

The investigationg reviewed in this paper confirm the conclusions
drawn in [10, p. 79], according to which application of enzymological
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methods- makes it possible to indicate the degree of evolution of tech-
nogenic soils, the transformation of overburdens and other spoils into
agricultural and forest soils. the efficiency of the recultivation mea-
sures applied.
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COMPOZITIA SI STRUCTURA COMUNITATILOR ALGALE
DIN RAUL SOMESUL CALD, TRANSILVANIA, ROMANIA

ANA RASIGA*, LEONTIN S. PETERFI** si LAURA MOMEU*

SUMMARY. — Composition and Structure of Algal Communities in
the Somesul Cald River, Transylvania, Romania, Species composition
and algal community organisation were studied in eight sampling
sites located along the river course, from headwaters to its confluence
with Somesul Rece, including the dam reservoirs. The pattern of
frequency distribution has been described by employing the model
of truncated normal ocurve, Differences at the level of algal commu.-
nities have been tested by cluster analysis using the floristic simi.
larity index of Soerensen. Species diversity and relative information
were also computed according to Shannon’s index. Diatoms were
fcund to be the m@in algal group with regard to the number of taxa
and population density as well. In the upper course of the river
the algal communities are less altered, mostly consisting of rheophilous,
crenophilous and crenobiatic diatoms, Downstream, the structural
pattern of communities is markedly changed. They are dominated
by and contain mainly large populations of eurytopic and cosmopolite
aigae, and exhibit a higher species diversity. The dam reservoirs are

inhabited by planktonic and benthic communities, which are charac-
teristic for lakes.

In cadru] cercetirilor inijiate in anii precedenti asupra organizirii
comunitdtilor algale din apele curgitoare ale Transilvaniei, p&ni in
prezentat au fost publicate rezultatele privitoare la diatomele din Somesul
Rece [7, 8]. Lucrarea de fati se refera la structura calitativi si cantita-
tivd relativi a comunitatilor algale din Somesul Cald.

Descrierea fizico-geografici a rdului [1]. Subbazinul Somesului
Cald, parte componenti a bazinului Somesului Mic, localizat in regiunile
inalte, montane, ale acestuia, are o suprafati de 530 km? si o inclinatie
medie a pantei de 259 m/km. Izvoarele sale se afli in Masivul Central
al Bihorului, pe versantul estic al culmij Piatra Arsi — 1.550 m. Acest
masiv al Munf{ilor Apuseni este constituit din sisturi cristaline acoperite
<cu sedimente palcozoice si mezozoice, cu frecvente intercalatii de cal-
care jurasice si triasice, care au favorizat dezvoltarea a numeroase fe-
nomene carstice (pesteri, doline, ponoare si chei—defilee}, ce exceleazi
In regiunea de izvoare a Somesului Cald. Somesul Rece, Somesul Cald
$1 alte parlurj ferestruiesc puternic cristalinul cu intrusiuni granitice
al Muntilor Gilaului, formand vii inguste si adanci, dintre care se in-
-dividualizeazi defileu! Somesului Cald, tiiat in granite pe o distanta de
peste 25 km.

* Institutal de Cercetdri Biologice, 3400 Cluj-Napocu, Romdnia .
** Univergitatee Bobeg-Bolyai, Catedra de biologie vegetald, 3400 Cluj-Napoca, Romdénia
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Astfel, subbazinu]l Somesului Cald apartine, prin izvoarele sale, ra-
ionului calcarelor si depozitelor calcaroase, cit si celul al sisturilor
cristaline prin restul cursului sau. iar apele rdului fac parte din clasa
celor bicarbonatate din grupa calciului la izvoare, si din grupa sodiulus
in rest, cu mineralizare foarte redusa (sub 100 mg/).

Din punct de vedere climatic subbazinul Somesului Cald se inca-
dreazi in sectorul cu climi continenial moderatd, caracteristic regiunilor
vestice si nord-vestice ale tirii noastre. In tot cursul anului, si mai ales
in sezonul cald, umiditatea aerului este ridicatd si precipitatiile sunt
abundente (125—400 mm), astfel cii alimentarea cu apd a raului este
de tip pluvio-nival. Debitul mediu multianual (1940—1964) era de
7.86 mi/s, la Belis.

Material si metode, Probele algologice, reprezentdnd comunitdti bentonice,.
au fost colectate In luna mai 1994, din cinci statiuni de pe Somesul Cald (vezi
Labelul 1), Din Jacurile de acumulare de pe cursul rdului s-au prelevat probe
de plancion, respectiv plancton, bentos si epifiton din Lacul Gilau. Ele au fost
conservate in formo] 444, lar in laborator, pentru efectuarea preparatelor diato-
molcgice, esantloane ale probelor wu fost tratate la rece cu HNQO; conc, apoi
spalate si montate in colofoniu.

In vederea identificdrii speciilor componente, preparatele au fost examinate
microscopic, pentru diatomee folosindu-se obiectivul de imersie (Planchromat HI
100%/1,3) s1 stabilindu-se astfel compozitia comunitatilor algale.

Evaluarea cantitaliv relativd la nivel de specie s-g realizat fie prin calcula-
rea probabilitdtii de aparitie, cu ajutorul formulej P=n:N, In care n=numdir de
indivizi idenbificabili ai unei specii, iar N=numdr total de indivizi numadrati
per preparat, fie prin exprimarea procentuald a abundentei. In acest caz s-au
efectuat numardtori de celule in cite 20 de cAmpuri microscopice (obh.
100x) /preparat.

Pentru descrierea structurii comunititilor s.a folosit modelul curbei normaie
Trurichiate, eclaborat de catre Patrick si colab. [5] pentru diatomeele de apa
curgateare, Datele brute necesare calculdrii si trasirii acesteia (realizate cu
ajutorul unui program PC) s-an obiinuf prin numdrarea a 8.000—10.000 frustules
proba,

Alinitatea fleristicd a  comunititilor din statiunile cercetate s-a testat cu
ajutorul indicelui de similaritate Scerensen, obfinéindu.se cladograma de grupare
a specilior, dupd modelul lui Mountford (4l

Stabilitatea cenotica a comunitatilor s-a apreciat conform functiei Shannon
{6} In care informatia relativd (sensu Cancela da Foniseca [2, 3]), ca misurd

a swabilitatli cenctice, este raportul dintre diversitatea specificd (reald) si cea
maxima {enfropie).

Eezultate si discutii. In totol au fost identificate 186 specii de alge,
apartindnd la urmitoarele grupe sistematice: Cyencphyta (9 specii),
Chrysophyta (6 specii), Bacillariophyta (162 speci), Chlorophyta (7 spe-
cii), Dinophyte (2 specii). In comunitétile de rau au fost identificate 122
specii algale (115 de diatomee), iar in cele lacustre s-au gisit 143
seecii (125 de diatoraee), Speciile algale identificate in aceste tipuri de
comunititi de pe Somesul Cald sunt redate in Tabelele 1 si 2, cifrele
reprezentdnd probabilitatea de aparitie, dacd a fost posibili calcularea,
far semnul ,plus* indica simpla prezenti. Speciile dominante (D) si
codominante (CD) din comunititile lacurilor de acumulare sunt, de
asemenea, figurate in Tabelul 2.
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Tabel 1

de aparifie a speeiflor in eadrul eommunititilor algale de pe

Somesul Cald

Puncte de colectare

i\r:, Taxoni Paraul Valea P:;::Le:;‘ Valea TLauxzina
Rosu Izbucului lai Cilinesei electrica
0 1 2 3 4 5 6
CYANOPIIYTA
1. Oscillatoria boryana :
2. O. deflexoides
3. O. simplicissima - -
4. Phormidium uncinatwmn — —
CHRYSOPHYTA
1. Hydrurus phoetidus -5 -
BACILLARIOPHYTA
1. Melosira cf. distans 0,6002
2. M. of. jtalica 0,0030
3. M. cf. variaus 0,0076
4. Cyclotella meneghiniana ’ -
5. Tabellaria flocculosa 00198 = - 0,0003
6. Meridion circulare 0,0189 0,0383 - 0,0927 0,0048
7. Diatoma hiemale 07325 0,0128 0,0663 0,1197 0,00635
8. D. mesodon 0, 1046 00,0703 0,2263 —— 0,0033
8. D vulgare 0,0433 b 0,0077 0,0024
10, Fragilaria capucina : - 0,0113
11. T constricta - - — -
2. F. construens - - — - 0,0118
13. F. ¢f. inflata pe. - e — -f
14, Y. pinnata 0,0013 +- 0,0636 0,0044
13. F. virescens — — — RE
9. Hannaca arcus 0,001 — 02451 — 0,G115
i7. Synedra parasifica
var, subconstricta - —— — — +
I8, 8. rampens - - e 0,0090
19, S, ulna 60,0039 0,004s
20. S, vaucheriae - 0,0232 00197
21, Asterionella formosa 1
22, Eunotia exigua 0.0007 -
23. E. pectinalis var. minor - -4 -
24, E. praerupta - 0,0001
25. E. sudetica -
E. sudetica var. bidens : - - -
26. Cocconeis diminuta 0,0236 -- 4= 0,0079
27, C. pediculus 0,018 4 0,0002
28. C. placentula var, lineata et var.
euglypta 0,0037 00705 00166 00039 00339
29, Achunanthes biasolcttiana 0,0185  0,0705 0, 1160 00340 00328
- 30. A. conspicua . 0,0002
31. A, lanceolata 0,00206 0,0449 0,0033 0,0347 0,0243
32. A, laterostrata - - - - 0,0005
33. A minutissima 0.0133 0,1410 80,0166 00,1042 0,1079
< 34, AL peragalli - - ) o +




A. RASICA, L.'S. PETERFI, L. MOMEU

Tabel 1 {continmare)

0 1 .2 3 -4 -5 6
33. Rhoicosphaenia abbreviata - -+ 0,0860
36. Diploneis elliptica — - e 0,0002
37. D. ovalis - - -t 0.0007
38, Frustulia vulgaris - - 0,0006
39, Stauroneis anceps A ES — 0,0039 00,0001
40, S. smithii - 0,0039 -
41. Navicula accomoeda . - 0,0001
42. N. angusta = “pe o
43. N. capitata -~ - 0,0008
44. N. capitatoradiata -~ - 0,0172
45, N. cryptocephala = -+ -+ 0,0091
48. N. cryptotenella 0,0131 32628 0,0116  0,0051
47. N. decussis - 0,0007
48, N. elgincnsis - o 0,0004
49. N. gallica var. perpusilla - - - 0,0007
50. N. gregaria - - - 0,0511
51. N. lanceolata 0,0002 4 -+ - 0,0126
52, N. lapidosa - 0,0449 0,0055 + 0,0110
53, N. menisculus 0,0128 . —
54, N. minima B 0,0009
55, N. minuscula - 4 - - -
§6. N. cf, nivalis + -
57. N. pelliculosa + 0,0079
58. N. pupula - - ; 0,0039 0,0005
59. N. radiosa 0,0003 - - .- 0,0014
60. N. recensg - — 0,0017
61, N. reinhardtii 0,0128 .
62. N. rhynchocephala - 0,0064
63, N. of. striolata oo -+ - -
64. N. subatomoides 0,0004 0,0064 + 0,0017
65 .N. tripunctata - 4 0,0005
66. N. trivialis 0,0004
67. N. viridula - 0,0002
68. Pinnularia borealis 4 0,0001
69, P. intcrrupta - -t
70. P. microstauron 0,0001
71. P. subcapitata 0,0004
72, P. viridis 04,0002 e 0,0003.
73. Caloneis bacillum 0,0002 L 0,0004
74. C. branderij - 0,0001
75. C. silicula - - 0,0004
76. Gyrosigma spencerii - - 0,0002
77. Amphora lybica . -
78. A. ovalis - 0,0001
79. A. pediculus 04,0003 00128 00,0154 0,0015.
80. Cymbella affinis 0,0034 - 0,0183 -
81, C. amphicephala e - -
82. C. aspera. . 4 -
83. C. cistula 06,0012
84, C. gracilis 0,0004
85. C. helvetica 0,0002
86. C. microcephala - + -
87. C. minuta 0,0018 0,0663 0,370 0,0826
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Tabel 1 {contiguare)

0 1 2 3 1 3 6
88. C. naviculiformis - -+ - 0,0003
89, C. silesiaca 0,0238 0,0128 0,0166 0,0193 0,0254
90. C. sinuata 0,0006  0,0236 0,0110 R 0,0149
91, Gomphonema angustatum 0,0009 -4- - 0,0039 0,0008
92. G. clavatum - - “em 0,0039 0,0001
93. G. cf. clevei 0,0101 0,0833 0,1934 0,0134 0,0079
94, G. olivacenm - - 0,0110 - -+
95. G. parvulum 0,0002 0,0128 e 0,0026
96. G. tergestinum 0,0003 - 0,0010
97. G. truncatum - - 0,0005
98. Denticula tenius 0,0007 0,0128 - 0,0077 —
99. Hantzschia amphioxys - -+ : -
100. Nitzschia acicularis - 0,0027
101, N. amphibia - - 0,06002
102, N, dissipata 0,0008 +- i 0,0259
103. N. fonticola - = - 0,0003
104, N. frustulum 4 4 0,0039 0,0225
103. N. hantzschiaua - - 0,0052
106. N. homburgiensis - — -— - 0,0001
107. N. inconspicua - +
108. N. linearis 0,2328
109. N. palea 00002 0,0082
110. N. pura 0.0033 -
111, N. nusilla 0.0039 00017
112, Surirella angusta 0,0039 0,0015
113. S.. brebissonii 0,0005
114. 8. ovalis 0,0002
113, 8. splendida 0,0004
CHLOROPHYTA
. Closterium moniliferum B -
2. Netrium digitus —
Tabal 2
Compozitia diferitelor tipuri de comunitifi algale din lacurile de acumulare de pe Someynl
’ Cald
Puncte de colectare
~Nr Luacul Lacui Gilaun
3““' Taxoni 1“‘\‘1(1}“(‘% Loacul .
ert. ) Tarnifa
nele plancton plancton heutos cpifiton
plancton
0 1 2 3 4 3 6
CYANOPHYTA
L. Chrooeoccus turgidus
2. Alerismopedia glauca -
4. Oscillatoria boryvana :
4. O, lacustris i -
5. O, limosa -
6. 0. planctonica i -
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Tabel 2 {continuare)

0 1 2 3 4 5 6
CHRYSOPHYTA
1. Uroglena volvox 4 e + — —
2. Dincbryon divergens 4 -+ + — —
3. Mallomonas acaroides -5 + “+ — -~
4. Synura spinosa — 4 - —
5. Chrysosphaerella Drrevispinoss BN -+ b — -
BACILLARIOPHYTA
1. AMelosira ¢f, varians - - L . 3
2. Cyelotella meneghiniana - — S
3. Tabellaria fenestritu - - - +
4. T. floceulosa - R - +
5. Meridion cireuiare - -+ -+
6. Diatoma hiemazlo - -+ :
7. D. vulgare - L N KN
8. Pragilaria capucina = - -
9. ¥. construens - - . e
10. T, crotenensis ACD +D . 4O
11. T, intermedia . R - i
12, . leptostauron : ~ . -
13. ¥. pinnata : i e .
14. F. virescens - - -
15. IHannaca arcus - - -
18. Synedra capitata ; -
17. 8. dclicatissima : - : -+ -t
I8. 5. rumpens : -
19. S, ulna . . - -
20. 8. vaucheriae - Y i
21, Asterionella formasa 4D -+D +CD i +
22, Eanotia curvata : . - - . -
23. Coccouneis placentula var. lincuta - b 4
C. placcutula var. cuglypta : - F

24, Achnanthes bissolcttiang - - s
25. AL clevei var. rostrata . o -- e -
26. A, lanceolata - s . E
27, AL luterostrata : - - +
28. A. minutissima - . A + 1
<9. Rhoicosphaenia abbreviata : - : i -+
30. Diploneis cf. parma - 4 . -
31, D. cf. puella . - .
32, Prustulia vulgaris !
33. Anomoeoneis vitreg e = i -
34. Stauroneis anceps . . [
35. S, smithii

36. Navicula bacillum - - .- -
37. N. capitata . -+ -~
38. N. capitatoradiata . e
39. N. cryptocephala - : NS o
40. N. cryptotenella -k
41. N. decussis - e -
42, N. clginensis — . -
43. N. gregaria e - . 4
44, N. hambergii - . - +

45. N. kraskeii - - - s
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Tabs! 2 (continuare)

0 i 2 3 4 5 6
48. N. lanceolata - - -+ 4
47. N. lapidosa . 4 - -t
48. N. menisculus 4 4 .
49. N. minima . e - -+
50. N. minuscula - = +
51. N. pelliculcsa o o
52, N. pupula : 4
533. N. pygmaca . +CDh

54, N. radiosa - -t e -

55. N. recens . . N o
358. N. rhynchocephala - R - +
57. N. subminuscula . - 3
58, N. cf. submolesta : 4
39, N. subtilissima . ;
60. N. tripunctata L -
81, N, trivialis

62, N. utermochlii .
83, N. viridula «t var, rostedsta o .

64, N. vitabunda e - .

65. Pinnularia borealis :

686. P, of. divergens :

67. P. mesolepta .

64, P, microstauron i Ny
69. P. subcapituta - .
70. P. viridis .

71, Caloneis amphisbacena i

72. C. silicula .

73. Gyrosigma nodiferum

74. G. scalproides .
75. G. spencerii ] - —ie - .
76. Amphora of inaricnsis . 4
77. A. libyeca = L
78. A. pediculus i
79. Cymbella caespitcsa . .
80. C. cistula 4 [ -+
81. C. cuspidata - i . .

82. C. helvetica .- -

83. C. lanceolata 4 - -
84, C. microcephala

85. C. minuta o .

86. C. prostrata

87. C. proxima -
88. C. silesiaca - . 4
89. C. sinuata b ; .
90. C. cf. schimanskii

91. C. subaequalis -

92, C. tumida

93. C. turgida -

94. C, turgidula - - -
95, Gomphonema acuminatum -5 - -
96. G. angustatum

97. G. gracile

98. G, olivacewn et var. ealcareum -
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Tabel 2 (continuare)

0 1 2 3 4 s 6

93, G. parvulum - - — o -
100. G. tergestinum - : -
101. G. truncatum - B

102. Denticula kuetzingli e =
103. D. tenuis - - &R =
104. Hantzschia amphioxys i - -
105, Nitzschia amphibia - -
106, N. angustata - - b
107. N. brevissima - - i'
108. N. dissipata - - - -
109. XN, fonticola : i i
110. N, frustulum : +- RS
111, N, gracilis - -+ i
112, X, homburgiensis -
113, N, linearis : i -
114, N, palea - - i
[15. N. pusilla - - = 4CD
6. N. pura - : -t
117, X, recta
118, N sigmoidea var. minuscula
[19  N. sublinearis
120 Cymatopleura solea : : i
121 Surirella angusta : -
122, 3. linearis :
1235, S, minuta - - -
124, S, ovalis - : - -
125, 8. splendida : :
CHLOROPIIYTA
I Ooceystis lacustris -
2. 0. planctonica
3. Pseudesphaeroeystis lacnstris i - e : -
4 Budorina elegans i - -

3 Microspora willeana
DINOPHYTA

i, Peridinium willui

2. Ceratinm hirundinelia

Din cxaminarca cclor doud tabele reiese, ca o prima constatare,
dominarea netd a corunitaiilor algale de catre diatomee (Bacillariophyta),
a constituind prmupcﬂa componenti (si cea max statornica) a co-
mu“uam(x 'ﬂngQ bentonice de apd curgitoare.

Semunitatile din zonele de izvoare ale Semesului Cald apar mai
P uniforme In ceea cc priveste speciile dominante (Fig. 1 si 2).
comarativ cu cele din Somesul Rece [7]. Diatoma hiemale si D. me-
codon (Bacillariophyta), specii caracteristice pentru conditiile extreme
e apelor de munte, sunt dominante doar in comunititile din Paraul
Rosy st Valea Ponorului (aici D. mesodon este codominanta f{ata de
Hunwaea arcus), desi ele apar, dar cu numir mai redus de indivizi, in
togatr punctele de colectare. Navicula cryptotenclla, diatomee cu ras-
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) Honnaea arcus
£ Diatoma mesodom
3 Gomphonemacf. cleve:

Valea Ronorului

99, B Achnanthes:biasolettiano
% cpeif—— &3 [ Diatoma hiemale
T il T (@ Cymbella minuta

63 Attespecii (sub5%)

19%

Paraul Rosu (] Diatoma hiemate

' Diatoma mesodon
E3 Diatoma vulgare

B3 alte specii (sub5%)

\0‘/0

() Nitzschia linearls
£ Achnanthes minutissimo
{3 Cymbella minuta
{8 Navicula gregaria
279, BB Alte specii {sub 5%)

Lo uzino electrica

46%

%%

6% 9%

Fig. Lo Esprimaréa procentuald o dommanm/abzmmnm speciilor de  diatomec din Valm
HFonorulssi,  Pirdul Rom i de la uzina ¢lectricd.. :
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Valea Izbucului

Navicula cryptotenella
[7] Achnanthes biasolettiana
(_3 Gomphonemna cleyvei
Achnranthes minuttisima
Cocconeis placentula
Diatoma mesodon

[ Afte specii { sub5%)

N% : . 26%

o L] s 8%
7% 1%

E] Cymbella minuta
7] oiatoma hiemate
19% [ Achnanthes minuttisima

ST 38, Meridion circulare
S R Fragtlaria pinnata

h il ‘ T P7] Achnanthes biasolettiana

il KRS [ 7] Alte specii (sub 5%)
7% t EEiEo V - K

i S
e B
10% 12%

tie. 2 Erprimarcae procentuald a dominanteilfabundenter speciiior de dictomer din
i g2 4P I - . PR A ye .
Valea Izbucului si Valea Calinesel.

pandire larga in apele dulci, domina in comunititile din Valea Izbucu-
lui; in Valea Calinesei cea mai abundenta spccie esie Cymbella minuta
(Bacillariophyta), de asemenea cosmopoiita si ubicvista,

Uixistenta calcarelor in regiunea de izvoare a Somesului Cald este
semunalatg la nivelul compozitiei comunitatilor algale, prin prezenta
peste tot, cu abunden{d medie sau mare, a unor diatomee cu preferinte
cunoscute pentru ape mai muli sau mai putin calcaroase (Achnanthes
minutissima, Meridion circulare, Gomphonema clevei).

Pe lidnga speciile dominante comunitatile contin si alte elemenie cu
raspindire larga in biolopurile dulcicole: Oscillatoria boryana, O. de-
flecoides, Phormidium uncinatum (Cyanophyta); Achnanthes bigsolet-
tiawy, Cymbella silesiaca, C. minuta, Diatoma vulgare, Cocconcis pla-
centula (Bacillariophyta), Dintre crizofite, Hydrurus vaucherii, specie
microtermy (preferand apele curate si reci) apare, uneori in masd, sub
forma de ,,smocuri* fixate pe pietrele de pe fundul albiei.
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In sfarsit, comunititile microfitobentonice ale acestor zone adi-
Postesc un numdar variabil de specii inttdmplatoare, cenoxene, totdeauna
cu prezen{d sporadicd: specii caracteristice sau comune si pentru me-
diile aeriene mai mult sau mai putin umezite din imediata apropiere a
atbiel (Navicula lapidosa, N. gallica v. perpusilla, N. nivalis, Cymbella
sinuata, Pinnularia borealis, Hantzschia amphioxys-Bacillariophyta), pre-
cum si unele alge care, in mod obisnuit, habiteaza diferitele tipuri de
inmlagtiniri §i mlastini de turbi, inclusiv sfagnete, din vecinitate, de
unde au fost spidlate in albia raului (Tabellaria flocculosa, Fragilaria
vinnata, Stauroneis smithii, Navicula angusta, Eunotia praerupta, E.
exigua — Bacillariophyta: Netrium digitus — Chlorophyta).

In punctu] la uzina elecirica (Fig. 1), situat pe raza comunei Ma-
visel, compozitia comunitdtilor se modifica atat calitativ cat si cantitativ
reiativ. Numarul total de genuri si specii prezente este mult mai mare
(80 de specii, fata de 25—60 in punctele precedente); de asemenea,
nurnarul speciilor reprezentate prin nuwmerosi indivizi este mai mare.
Accasty diversificare a comunitatilor, cit si dezvoltarea abundentd a
populatiilor componente o punem pe seama existentei aici a unor con-
difii ale mediului mai moderate, favorabile unui numar mai mare de
specii. Specia net dominania este Nitzschia linearis, diatomee cosmo-
poiltd si ublevista, cu spectru ecologic foarte larg. Cu populatii abun-
dente apar. in continuare., Achnanthes minutissima, A. biasolettiana,
Cymbellg minuta, C. silesiaca, Cocconeis placentula, Diversificarea men-
tionaia a comunitdtilor se datorecaza aparitiel unor elemente noi, in
aseneral alge cu raspandire geografica si ecologicd largi: Oscillatoria
stmplicissima — Cyarophyta: Navicula gregaria, N. lanceolata, N. cryp-
toeephala, Achnanthes lanceolata, Rhoicosphaenia abbreviate Synedra
reucheriae, Fragilaria capucina, F. construens, Nitzschia frustulum, N.
dissipate — B.

Lacurile de acumulare (Tabelul 2, Fig. 3) sun: dominate clar la ni-
velul planctonului de Asterionella formosa (diatomee exclusiva in Lacul
Fantancle) si Fragilaria crotonensis, amandoud specii planctonice tipice
do apa dulce. Pe langa aceslea apar, cu frecventd mail redusid. si multe
<.te alge planctonice: Oscillatoria lacustris, O. limosa, O. planctonica
(Cyanophyta): Uroglena volvox, Dinobryon divergens, Mallomonas aca-
roides, Synura spinosa. Chrysosphacrelle  brevispinosa (Chrysophyta):
Fragilaria construens et var. binodis, Synedra delicatissima (Bacilla-
riophyta); Oocystis lacustris, O. planctonica, Pseudosphaerocystis la-
custris (Chlorophyta); Peridinium willei, Ceratium hirundinella (Dino-
phyta). De asemenea, cu prezentd intimplatoare in plancton, apar si
aumeroase specii de diatomee bentonice de rdu sau genuri si specii
‘ttorale epipelice si epifitice dulcicole (tichoplanetonul): Cocconeis, Am-
phora, unele specli de Cymbella si Gomphonema, Frustulia, Surirella,
Caloneis, Navicula pygmaca, Cymatopleura solea.

Componentele bentica si epifitici ale comunitatilor Lacului Gilau
{(singurul cercetat sub acest aspect) infdiiseaza acelasi. amestec carac-
teristic de elemente tipice pe de o parte, la care se adaugd o serie de

3 - Blologia 1—-2/1986
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Lacu! Fantanele

[ Asterionella tormaosa

100%

Lacul Tarnita (] Asterionella formosa:
Fragilaria crotonensis

£ Nitzschia gracilis
B Alte specii{sub 5%)

[ asterionella formosa

£ Fragilaria crotonensis
Nitzschia gracilis

£ Achnanthes minutissima
E Atte specii (sub S*%)

Lacul Gildu

37%

N
\ \\\\\\\\\\\\
o

40%

Pig 3 Exprimarea procentudld a dominanfei specidor din planctonl lacurilor de acumu-
lare de pe Somrml Cald.
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elemenie tichocenotice provenite din plancton si de asemenea, izolat
Aapar specii cenoxene, anirenate odatd cu apele rdului din biotopuri in-
vecinate si sedimentate pe fundul lacului ori fixate pe diferite substra-
turi golide.

“ladograma de afinitate {loristica (Fig. 4) indicd diferentierea neta
a planctonului Lacului Fantanele (practic monospecific) pe de o parte,
si a celor ale Lacurilor Tarnita si Gildu pe de altd parte, grupate la
un nive] de similaritate de 50°%: bentosul si epifilonul Lacului Giliu
se asociaza la un nivel de similaritate de 6095. Paraul Rosu si Ponorul,
respectiv. Cdlineasa si Izbucul prezinta similaritaii florvistice intre 50
$1 7004, lar comunitatea de la uzina electricid ocupd o pozifie interme-
diara si formeazi o grupare cu bentosul si epifitonul Lacului Gildu la
aprox. 50esq similavitate, indicand faptul cd. din punctul de vedere al
compozitiei algale, aceste doua tipuri de comunitati lacustre sunt tri-
butare, intr-un grad destul de ridicat, fati de comunititile bentonice
aflate in sectorul din amonte al raului. .'

Comunitatile algale din regiunile superioare ale Somesului Cald isi
pastreazi caracterul natural, nealterat semnificativ de factori alohtoni,
asa cum o indicd aspectul trunchiat, caracteristic al curbei normale,
trasata pentru comunitatile din Paraul Rosu (Fig. 5). O astfel de curba
evidentiazi faptul ci aceste comunititi sunt compuse din 1—2 specii
dominante, diferentiate net ca abundentad fati de celelalte specii ale
comunitatii, care sunt reprezentate, in majoritate, printr-un numar
foarte mic de indivizi, la nivelul primelor trei intervale de distributie.
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Curba, descriind structura comunitdtilor de pe cursul inferior al raului
(la uzina eleciricd) (Fig. 6), are un aspect cu totul diferit, de clopot,
semnalind alterarea maji mult sau mai pujin pronuntati a acestora.
Acest aspect al curbei indici faptul ci majoritatea speciilor componente
sunt reprezentate printr-un numir mediu de indivizi (la nivelul inter-
valelor 5—9) si, pe langa specia dominantd, existd un numir de specii
care dezvoltd populaiii abundente (la nivelul intervalelor 9—11).

" Diversificarea specifica a comunititilor dinspre regiunea izvoarelor
citre confliuenta (Fig. 7) resltd intr-o crestere a stabilititii cenotice
a acestora.

100
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Fig 7. Evolutia valorilor diversiddtii specifice  (cerc ), maxime (trivunghi} si a informalies
celative la wivelul comunitdtilor algale de pe Somesul Cald.

Concluzii. 1. Din punctul de vedere al compozitiei floristice, comu-
nititile algale din diferitele portiuni ale Somesului Cald se individuali-
zeazd in functie de conditiile de mediu locale: comunititi dominate de
specii reofile, crenofile sau crenobionte, preferand conditiile extreme
ale apelor de munte, in regiunile superioare ale raului; comunitdti do-
minate si compuse in cea mai mare parte din specii ubicviste si euri-
tope, larg rdaspandite, fara preferinte evidente pentru un anumit gen de
biotop, in regiunile mai joase ale cursului; comunitali planctonice, ben-
tonice i epifitice specifice, in lacurile de acumulare.
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2. In regiunile montane, apropiate de izvoare ale raului, comuni-
tdtile algale nu par afectate de influente externe, pistrandu-si caracte-
rul natural. Mai jos pe firul apei se constali o modificare a organizirii
comunitatilor fatd de modelul celor naturale, ceea ce, probabil, se da-
toreazi intr-o mdasuri oarecare si diferitelor influente antropice din
aceste regiuni, mai intens populate.

3. Aceasts alterare structurald se realizeazi in directia cresterii gra-
duluj de diversitate compozitionald si a numarului de specii cu populatii
abundente, ceea ce rezulti intr-o crestere g stabilititii cenotice a
comunitatilor.
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ANALIZA PALINOLOGICA A MLASTINII PARAUL CALD,
CORUND — JUDETUL HARGHITA

ZOE BUZ*

SUMMARY. — Palynological Analysis of the Paraul Cald Bog, Corund
-~ Harghita County. The phytohistorical interpretation of the spore
and pollen spectra of the profile collected from this bog permitted
decyphering of some moments from the forest phases: Quercetum
mixtum-Picea.Corylus, Picea-Carpinus and Fagus-Picea-Abies.

Mlastina Parau] Cald (Meleg patak) este una dinire mlastinile me-
zotrofe situate pe platoul vulcanic Sovata—Praid—Dealu, in vecinitatea
satului Féantina Brazilor, comuna Corund, judetul Harghita.

Se afla la 970 m altitudine, la nord-vest de mlastina Podul de
Hartie, fiind situati peste cumpina apelor, la izvorul Vaii Calde care
nu ingheaid niciodati, avind o suprafati relativ micd de 0.3 ha. Un
studiu mai aminuntit al acestui izvor ar putea sd-1 facd benefic pentru
localnici. ' :

A fost semnalatd pentru prima datda de Emil Pop in 1954 in
studiile sale bolanice, apoi In monografia privind mlastinile de turba
din tara noastra [9, 10].

Sfagnetul foarte umed, cu Calla palustris, Drosera rotundifolia si
exemplare rare de Alnus glutinosa, are un strat neglijabil de turbg, ce
nu depaseste 1 m grosime (aproximativ 2000 m3), depozitati incepind
cu episodul de tei (Tilia) din Atlantic, specific acestui platou.

Succesiunea vegetatiei din Imprejurimi a fost stabiliti pe baza
analizérii sporo-polenice a celor 28 de probe luate pe verticala din acest
sediment turbos, Intrucat in sedimentele profunde (95—100 cm) polenul
este siab conservat si in cantitid{i mici. nu s-au putut intocmi spectre
porenice pentru aceste orizonturi si ca atare lipsese din tabel si dia-
grami (Tabel 1, Fig. 1).

Interpretarea litoistorica a celor 19 spectre polenice, incepand de
la bazi spre suprafati, a permis si descifrim momente din trei faze
silvestre.

— Faza stejarisului amestecat cu molid gi alun este refleciatd nu-
maj in spectrul polenic sl orizontului 90 em, bogat in polenul teiului
(4004) s1 molidului (4004), in timp ce ceilal{i arbori (carpenul, stejarul,
ulmul, artarul. mesteacanul, pinul si chiar fagul) abia totalizeaza 200/.

In acest sediment turbos, polenul alunului se mentine la valori des-
tul de ridicate (41%), asa cum apar acesie valori in a doua parte a cli-
matului cald si umed, caracteristic Atlanticului postglaciar.

¥ Kiblivteca Cenlraid Universitard | lacian Biuga®, 3400 Cluj-Nupoca, Rombnia
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Lipseste polenu]l bradului, Valorile procentuale extrem de scizute
ale polenului de stejar (41%), ulm (+ 194) si artar (+ 194) si  foarte
ridicate ale teiului (40%/4) ne determind si presupunem ci stejdrisurile
amesiecate, cadndva in Atlantic, erau alcituite de teise compacte, eco-
sisteme silvesire atestate sporo-polenic si in mlastinile Podul de Hartie
si Sancel [2, 5].

— Faza molidului cu carpen. Padurile, care au vegetat in timpul
acestei faze, au polenul conservat in sedimentul turbos intre adéanci-
mile 60—85 cm, Spectrul polenic al orizontului 85 cm este mult deose-
bit comparativ cu al orizontului 90 cm, mai ales in ceea ce priveste
participarea polenuluj de carpen, molid si tei. Dacd spectrul polenic al
orizontului 90 cm contine 6% polen de carpen, 400/ polen de molid
51 409 polen de tei, spectrul polenic al orizontului 85 cm este alcdtuit
din 33,3v/, polen de carpen, cirora li se adaugd si 12,60/ polen de arin.
Competifia procentuala dintre polenul molidului si al carpenului, mai
ales, pe o grosime doar de 5 cm, trideazi sincoparea acestei faze, in
special in perioada de afirmare a carpenului, deci la inceputul Subbo-
realului, Si in cazul acestei mlastini, putem admite ci intre nive-
lurile 90 si 85 cm apare o lacuni de sedimentare sau o stratificare ex-
trem de lenti a sedimentului organo-mineral, fenomen surprins si in
alte mlastini de pe platou.

Specirele polenice ale orizonturilor {urboase mai de suprafafi
(86—60 cm) incep si fie dominate de polenul molidiselor, care se
afirm3i valoric atingdnd maxima absoluti (56,69/) din intregul profil
analizat palinologic, in timp ce polenul cirpiniselor si stejiriselor par-
ticipd cu valori procentuale mai mici si oscilante (23,3—17,3%/; carpen,
16—80/ Quercetum mixtum).

Luind in considerare procentajul ridicat al polenului de tei (& 10%/)
comparaliv cu cel inscris de polenul stejarului (+5%) si ulmului
(+ 204), putem admite ci teiul era dominant in sinul stejiriselor ames-
tecate care, in cazul de fati, la aceasti altitudine, au fost de durata.

Procentajele polenice ridicate ale alunului (26—7/4) pledeazi, de
asemenea, pentru o vegetaie prelungiti in zond a elementelor termo-
file in Subboreal. Acest moment fitoistoric poate fi aseminitor cu cel
surpring palinologic In turba de la P3dureni-Top, jud. Cluj, la altitu-
dine mult mai joassi, precum si in alte localititi [4—8].

Aceasty competifie sporo-polenici reflecti mai degrabi declinul
fazei carpenului cu molid, pentru ci apare constant si cu valori tot
mai mari {0,6-—140/) polenu] fagului, in timp ce polenul teiului, dintre
coabitantii stejiriselor mixte, scade de la 10 la 2,6%,. In acest caz, cu
suficientd certitudine, putem admite c& fagul a inceput si vegeleze, mai
abundent, in sdnul stejériselor amestecate, preluand treptat dominan-
fa teiului. Lipseste polenul bradului, dar este prezent cel de arin
{4 59/), mesteacdn (+29%) ete.

Polenu] plantelor ierboase are procentaje scizute, comparativ cu
cel produs de arbori, dovadi ci zona era impaduriti, pajistile fiind re-
duse ca suprafaid. Polenul asteraceelor, poaceelor, ciperaceelor etc.,
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inventariat in aceste spectre polenice depuse in Subboreal, reflectd pre-
zenta lor pe milastind. Acelasi caracter mléstinos il indicd si frecventa
foarte ridicatd (550%) a sporilor de Filicales. S-a surprins, in aceste
orizonturi, cel mai ridicat procentaj apartinind sporilor de Lycopodium
(38v/y) de pe intregul profil.

— Faza fagului-molidului-bradului este surprinsi bine in orizontu-
rile de suprafati (50—0 cm). Valorile aproape egale ale polenului de
molid  (18,6—480/) si de fag (13,3—45,30/), precum si intersectiile
curbelor polenice, indici o concurenti strdnsi, pentru un areal mai
extins in zond, Intre molidise si figete. In toate spectrele polenice, se-
dimentate de-a lungul acestei faze, apare polenul bradului, cu frecvente
reduse (0,6—3.30/). Prezenta, precum si valorile reduse ale polenului
de brad oglindesc atat existenta speciei in p#sunile din jur, precum si
caracterul subordonat in sinul acestor ecosisteme silvestre.

Se remarci calitativ in spectre polenul arinului si mesteacinului
(4—200/, si, respectiv, 2—7,3%/), care reflecti prezenta in zonid a ari-
niselor si mesteciniselor cantonate de-a lungul vailor sau chiar in mlas-
tini.

Prezenta, fari intrerupere, a polenului de pin pe cuprinsul intre-
gului profil, precum si afirmarea sa valorici spre suprafata (21,3%) re-
flecta caracterul relictar al pinetului (Pinus silvestris) din tinovul Rut
din apropiere [1, 3].

Procentajele pelenice ale carpenului (2-—99/4) si stejirisului ames-
tecat (+49%4) sunt o dovadi ci cverceto-cirpinetele de la Ocna de Jos

$i Sovata sunt reminiscente ale fostelor ecosisteme silvestre de vArsii
atlanticad si subboreala.

Frecventa polenului NAP este mai ridicati in aceastid fazi silves-
trd, insi scad procentual sporii de Lycopodium si briofite, in schimb
se menfin cu valori ridicate sporii de Filicales (6—185,30/), atestind
abundenta pteridofitelor in locuri mai umede.
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ANALIZA PALINOLOGICA A MLASTINII FANT»X\'»\ BRAZILOR,
CORUND — JUDETUL HARGHITA

ZOE BUZ*

SUMMARY. — Palynological Analysis of the Fantana Brazilor Bog,
Corund — Harghita County. This paper presents the results of the paly-
nological analysis of the organo-mineral sediments from the Féan-
tina Brazilor bog which indicated the Fagus-Picea-Abies phate frem
the Subatlantic period, the final of the Postglacial.

Miastina Fantina Brazilor (Fenydkut) esie tiripartitd, situati la
aord de satul .cu acelasi nume apartindnd comunei Corund, judetul
Harghita. Insotind paraiele abundente, mlastina are o suprafatd de
cca 5 ha, turbi groasia de 1,2 m in centru. insumind aproximativ un
stoc de 30.000 m3 care ar putea fi utilizat ca ingrasamént agricol.

Doua din ramurile sale au ramas doar in amintire, astizi fiind
transformate in islazuri, iar a treia parte fiind in parte cultivati, in
‘parte pajiste Ingriditd, mlastina propriu-zisi pistrandu-se doar ca o
fasie fngusti de-a lungul pardului pe care este formata.

Mlastina are un caracter ombrogen, ca majoritatea mlastinilor de
pe platoul Sovata—Praid—Dealu, alirmandu-se prin turba relativ sub-
fire si discontinui ce separi vegeiatia de substratul mineral eutrof si
apa de infiltratie, prin aspectul submers, ecologia si vesciatia, sa. Este
acoperiti de magnocaricete risipite in perini mari si rigide, despéariite
de balticele si santuri pline cu Sphagnum si Calle 8. 91.

Ziciméntul turbos al acesitel mlastini mezotrofe, desi se afla in
vecindtatea tinovului Ru{ si mai ales a miastinii BRamura Corundului,
este relativ redent, format cindva in pericada Subatlantici, rece si
umedi, din timpul permarnentei alirméri a fagului sub dominarea mo-
lidului [3, 4]. .

Din profilul turkog rxdlcat in grosxme de 100 em, numai primii 50
cem au conservat suficient polen pentru stabilirea . aspectelor polenice.
Probele au fosi colectate la intervale echidistante de 5 em (Tabel 1,
Fig. 1). ?

— Faza faquluz, molzduluz si braduvlui (Fagus-Picea-Abies). Intreg
profilul reconstituit din aceasti mlastini semnraleazi spectre polenice
dominate de polenul molidiselor si al figetelor. Polenul figetelor atinge
valoarea maximi de 63,30/ in cadrul orizontului 20 c¢m, fiind urmat de
o valoare modests de 60/, a polenului de brad, iar la orizoniul 5 cm
polenul mO]ldNOlOr alinge 63.3%, constituind cea mai ridicati wvaloare
a lor,

* Bibjlicleca (f‘nlm]d Lmnrn!cm JJLucian Blagu®, 3%00 Cluj-Nupoca, Romdnia



Tabel 1

Spectrul polenie obfinut din sedimentele organe-minerale ale mlastinit Fantdna Brazilor
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In timpul acestej faze este prezent si polenul cvercetelor mixte,
dintre care teiu]l este mat bine reprezentat sporo-polenic (+3%) in:
orizonturile bazale dect stejarul (+ 3%%), iar spre suprafati fenomenul
apare inversat, Este prezent in toate spectreie si polenul alunului, dar
valorile scad, de la baza (1604 in orizontul 45 cm) spre suprafatd.

De asemenea, este prezent in toate spectrele polenul carpenului
{5,3—204%), arinului (8-—2%4), mesteacdnului (11—1.3%%) si al pinului,
care in orizonturile superficiale participd cu + 1804, Prezentele infor-
matij sporo-polenice confirmi existenfa acestor esente in zend, mal
ales sub formd de cverceto-cirpinete.

Spre suprafatd, curba polenului de 7ag, in descrestere rapidi, se
incruciseazi cu cele ascendente ale polenului de molid si pin, ca ur-
mare a revertente] in zoni a celor din urma. Afirmarea {agetelora .
determinay dezagregarea cirpinetelor la altitudinea de +1000 m i
»impingerea® molidiselor in etajul montan superior si subalpin, defi-
nindu-se astfel etajarea silvestrid actuald, confirmati sporo-polenic si
de captarile acreplancionice de la Praid [3].

Partlicips bradului este desiul de rédusi (maximum 12—14¢).
in fdgetele subatlantice dominante pe platou acum 3009 de ani. fapt
ce dovedeste contributia sa minord in compozifia silvesird a platoului,
ca de altfel si in alte regiuni din Carpatii Nord-Estici [1].

Decarece polenul bradului in acessii mlastind nu a depisit 69/ in
nici un spectru polenic, nu s-au putut delimita, de-a lungul acestei fa-
ze, cele trej episoade expresiv ilustrate in mlastinile de la Dealu: fag,
fag-molid-brad, fag. S-a observat ci in toate cazurile polenul fagului,
molidului i braduluj este insofit permanent in spectre de polenul car-
penului, stejarisului mixt, dar aproape lipseste din spectre polenul ul-
mului si teiului [2].

De asemenea, in aceastd fazdi este prezent polenul de salcie si mes-
teacdn cu valori modeste: 29 si, respectiv, 11,304, Participarea slabia
in spectrele polenice analizate a polenului de arin indicid lipsa sa de
pe mlastind, spre deosebire de celelalte mlastini de pe platou, unde
prezenja polenuluj de Alnus creeazi supraprezentiri in specirele de la
Sancel, Ramura Corundului etc.

Valorile mai ridicate ale polenuluj molidiselor invecinate de la Rut
si Ramura Corundului sunt determinate probabil de lipsa concurentei
fagetelor din Atlantic i pani in Actual, in zoni. In toate spectrele po-
lenice ale orizonturilor superioare, polenul fagului inregistreaza valori
mai scdzute, in timp ce al pinului si In special al molidului inregis-
treazi valori mai ridicate., Probabil cd aceasta reflectd caracterul an-
tropic care, aldturi de factorul climatic, a condus la fenomenul de re-
vertentsi amintit, Aseméniitoare acestor figete ne apar cele din Nordul
Transilvaniei care ating 949/, in mlastina ,, Pe Obcini¥, cele de la Mo-
hog 789, de la Silicea 729/, de la Dorna Lucina ca si cele de la Avrig
400/, [5—7, 101.

Din grupul NAP se remarci curba ascendenti a polenului poacee-
lor care ating 27.3v/, la suprafati, ca urmare a introducerii recente &
culiurilor de secard si porumb pe platou.

or
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Dintre plantele ierboase cu spori, briofitele ating un maxim de
620 concomitent cu maximul fagului. Filicalele sunt bine reprezentate
si ele (maximum 3497), cu excepiia orizonturilor superioare care indicd
o schdere a frecventei lor in timpurile recente, corespunzitoare reali-
t&tii. Alaturi de acestea, licopodialele sunt aproape permanen: prezen-
te, dar cu valori procentuale mici.
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CERCETARI ECOLOGICE PRIVIND POPULATIILE DE CHILOPODE
IN UNELE TIPURI DE PADURI DIN JUDETUL
BISTRITA-NASAUD

1 ZACIITU MATIC . LIVIU A FLOCA®,
ALEXANDRU A. HODOROGA ** si ARIADNA HUREZEANU=*3*

SUMMARY. — Ecological Researches Concerning the Chilopod
Populations from Some Forest Types in the Bistrita-Nasiud County.
Ten-year studies (1981—1990) of populations of Chilopods from three
forest types in the vicinity of the city of Bistrifa, completed with
zoogeographical data and a systematic list of the myriapods specific
for the north-western zone of Romania. are described,

Cercetarile noastre se referd in special la unele date sinecologice
asupra Chilopodelor din litiera a trei pdduri din apropierea municipiu-
lui Bistrita, precum si la prezentarea speciilor acestui grup din judetul
Bistrita-N&sdud. S-au ales pentru studiu trei biotopuri forestiere, di-
ferite ca asezare, dar aseminitoare din punct de vedere al conditiilor
de mediu, concretizate in faciesul fitocenozei, fiind vorba, de fapt, de
variante ale unei paduri de gorun.

Pddurea Codrisor este situatd in sud-estul municipiului Bistrita, la
o altitudine de 360—500 m; zona cercetati are expozitie nord-vestici,
cu aspect de padure degradatd. Vegetatia este reprezentati de un go-
runet cu flora de mull, litiera aviand grosimea de 0.5—3 cm si o aco-
perire de 1000/,

Pddurea Dealul Térgului este situati in nordul municipiului, la o
altitudine de 510—610 m, cu expozitie estica, iar vegetatia este repre-
zentati de un gorunet de coasti cu graminee, Litiera are o grosime de
0.5--1 em si 0 acoperire de cca. T5%.

Pddurea Schullerwald este situati in vestul municipiului, in apro-
pierea platformei industriale, cu expozitie estici. Vegetatia este un go-
runet cu flord de mull, litiera avand grosimea de 1—2 cm, cu acoperire
de 1000/.

Cele trei biotopuri prezinti un microclimat continental moderat, in
contextul unui ‘climat de dealuri. Temperatura prezintd diferentieri
condifionate mai ales de fragmentarea si orientarea reliefului, la care
se adaugi si alfi factori locali. Temperatura medie anuald este de 10°C
in Pidurea Codrisor si 8,6°C in celelalie doud biotopuri, iar media anuald
a precipitatiilor cscileazd inire 485—713 mm.

Solul in Padurea Codrisor este brun-gilbui, slab podzolit, cu tex-
turd nisipo-lutoasi, pH == 5; in PAdurea Dealul TArgului solul este

* Universitateq Babes-Bolvai, Stafiunca de Cercetdri Arcalia, 3400 Cluj-Napoca, Foménia
** Palatu! Copiilor, 4400 Bistrifa, Romdnia
*** Liceul Agricol, 2400 Sibiu, Romaénia
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eumezobazic, pH = 6, 5 iar in Schullerwaid este brun, argilo-aluvionar
pscudogicizat, pH =5

Matcrim si metodd, S-au folosit capcane Barber, cdte 8 in fiecare biotop,
aminlasate perpendicular pe liziera padurii, la o distantda de 10 m una de

cenialtd, hathuz conservant fiind formol 4%, Colectarea s-a facut lunar. In sta-
tiunile din judet s-a folosit metoda patratelor si frecvent colectarea clasica.

Rezultate si discutil. Rezultatele obtinute privind numdirul de exem-
plare colccuate pe parcursul observatiilor sunt prezentate in Tabelul 1.

Se constatid deosebiri atdt in ce priveste abundenta indivizilor, cét
¢i dinamica foarte variatd de la un biotop la aitul. Abundenta maxima
o prezinia populsiiile din Pédurea Schullerwald cu 394 indivizi, ur-
matd de Padurea Codrisor cu 204 indivizi si Dealul Targulul cu numai
154 indivizi. ' '

Dinamica pOpu’atlel variazd astfel: in Padurea Codrisor se inre-
gistreazi trel mexime in lunile iunie, octombrie si decembrie, in Pi-
durea Dealul Targului un maxim in luna august, iar in Schullerwald
trei maxime in lunile iunie, iulie si august. Dinamica populatiilor este
corelatd atfit cu particula ritétilo structurale si de microclimat ale bio-
topurilor luate in studiu cat si cu biologia speciilor de Chilopode ca-
racieristice zonei {17.

Din materialul colectat au fost determinati 700 indivizi, care apar-
tin la 4 familii, 7 genuri si 11 specii. Nu au putut fi determinati 52
de indivizi juvenili.

Din cele 11 specii determinate, 7 sunt comune in cele trei biotopuri,
una o intdlnim doar in Dealul ‘Targului (Lithobous tenebrosum), o
specie in Padurea Codrisor {Clinopodes flavidus) si doud specii sunt
comune In Dealul Targului si Pddurea Codrisor (Strigemia acuminate
si Strigamia crassipes).

Biotopurile cercetate prezintd diversitate ecologici mics, insi oferd
conditii favorabile unui numéir madre de indivizi [4, 5].

In ce priveste dominanta speciilor se constati ci in Pidurea Co-
drizor specia Lithobius forficatus (88 indivizi) este eudominanti, doui
specii sunt dominante (Strigamia crassipes cu 28 indjvizi si Lithcbius
mutabilis cu 36 indivizi), doud specii sunt subdominante (Strigamia

. Tabel 1
Varlatia numiralui de Chilopode eolectaie pe parcursul anulul
Launile anului
Bictopid
I P. M A M I I A. S. 0. N. D. Total

4 5 710 32 12 26 20 30 21 31 204
2 - 719 10 19 38 16 921 8 154
415 14 4 863 74 112 4521 29 4 394
0202333104 105 176 8160 71 43 752

Piadurea Codriger 6
Dealul Targului 5
Padurea Schallerwald 10
Total 211
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Tabel 2
Lista speclilor de Chilopode identiflcate
Bintopul
Nr. . Pidurea Codri- R - Pidurea
crt, Speeia sor Deatul Targului Schullerwald
Adulti o, Adulti % Adulgi
I. LITIIOBIIDAY,
1. Lithobius muticus 19 9,31 8 5.55 3 0,85
2. Lithobius mutabilis 36 17,63 44 30,56 124 35,23
3. Lithohius forficatus 88 43 14 63 45,14 143 56,25
4, Lithobius tencbhrosum — - 4 277 -
5. Lithobius matici matici 1 0,49 14 972 12 3,42
G, Monotarsobius b, burzealandicus 9 4,41 b3} 5,36 10 2,84
II. GEOPHILIDAY
7. Clinopodes flavidus 2 0,98 -
8. Strigamla acuminuata 20 9,80 - - 1 0,28
9. Strigamia crassipes 28 13,73 - 1 0,28
IfL MECISTOCEPITALIDATY
10. Dicellophilus - carniclensis 1 0,49 1 0,69 1 0,23
IV. CRYPTOPIIDALY
11, Cryptops hortensis - — - 2 0,57

acumingte cu 20 indivizi si Lithobius muticus cu 19 indivizi), o specie
esie sporadied si irei subsporadice. In Piadurea Dealul Targului, doud
specii sunt endominante (Lithobius forficatus cu 65 indivizi si Lithobius
mutabilis cu 44 indivizi), trei specii sunt subdominante (Lithobius m.
maiic; cu 14 indivizi, Lithobius mauiicus cu 8 indivizi g1 Monotursobius
b. burzenlandicus cu 8 indivizi), o specie sporadicd si una subsporadici.
In Pidurea Schulierwald, din cele noud snecii determinate, douit sunt
eudominante (Lithobius forficatus cu 198 indivizi si Lithobius mutabilis
cu 124 indivizi), douli sunt sgoradice ¢i 5 subsporadice (Tabel 2).

Din anszliza spectrului faunistic, ne familli, se consialdi diferente
de Ia un biotop la audul, cu-atét mai mult cu cdt In Piadurea Dealul
Targului nu a fost colectat nici un geofilid.

Din analiza raportului dinire sexe, la’ speciile abundente, se
constati ci in toate biotopur predemind femelcie, cu excepiia spe-

cici Lithobius mutebilis colectatd din Padurca Dealul Targului, la care
predomind masculii,

Pentru a cunoaste intregul fond de Chilopode din judetf, cerceti-
rile noaslre, efectuate in perioada 1981—1990, au dus la identificarea
a 33 specii, numir ce reprezintd 53¢/ din totalul speciilor din fauna
térii (Tabel 3)..In aceasti listd sistemaiicd sunt citate $i 9 specii co-
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Tabel 3

Lista sistematled a Chilopodelor eoleetate In judeiul Bistrifa-Nasdud, In perioada 19811996

Nr. s s Loealitatea — statiunea de colectare (ur. indivizi
crt, Familia — specia Masculi, Femele)
0 1 2
I. LITHOBIOMORPHA 657 M. 687 F.
1. Harpolithobins a. anodus Pidurea Codrigor (1 M. 5i 2F¥.), Cormaia (I M. si 1P
{Latz)
2.*  Harpolithobius radui
Matic Valea Vinului (~)
3. Lithobins matici matici Pidurca Codrisor {(2M. gi 1¥.), Pidurea Dealul Targului
Pruneseu (3 M. 5i 1410), Pidures Schullerwald (3 M. si 9 P)
4. Lithobins forficatus I.. Piadurea Codrisor (93 M. si 124 P.), Pidurea Dealul TAar-
gului (24 M. si 41 F.), Pidurea Schullerwald (95 M. si
103 F.), Valea Budacului (1 M si 1 F)), Parva—Vales
Barlei (1 M. —), Pardul Rantei (1 M. §i 1 F), Valea Guge-
tului (1 M. —), Varful Derdeleu (- 1), Varful Ciga (2 M,
si 4 F), Valea Vinului—Dealul Popii (15 M. si 7 F),
Sangeorz-Bai — Dealul Sapte Frati (1 M. si 1F), Cormaia
(13, —), Parcul Dendrologic Arcalia (10 M. si 15 1),
Varful lenin Mare (-~ 1F), Varful Muncelu—Bargiu
{— 2T1), Valea Blaznei (2 M. —), Pardul Secii -— Muntij
Bargin (- 1T.), Valea Strajii (I M. —)
5.  Lithobius silvivagus Valea Gugetului {1 M. --), Paraul Seeii (— 2F)
{Verh.)
6.  Lithobius melanops
(Newp.) Pidurea Codrigsor (2 M. si 4 1)) :
7.  Lithobjus tenebrosum Valea Gusetului (3 M. —), Parful Zanei (1 M. —), Pariug
C. Koch Mirului (2 M. si 1 P.), Pidurea Codrigor (— 1F.), Beclean.
(—17.), Pidurea Dealul Targului (2M. 5i 2F.)
8.* 1lithobius luteus Loksa  Valea Vinului (—)
9.  Lithobius dentatus
C. Koch Pidurea Codrigor (2M. i 2F))
10.  Lithobius erythroctephalus
C. Koch Pardul Zinei (— 1T)
11, Yithobius mutabilis Padures Schullerwald (53 M. si 71F.), Singeorz-Bii (1 M.
C. Xoch i 2F)), Valea Budacului (13 M. si 7 '), Pidurea Codrisor
(27 M. si 62 F), Pidurca Dealul Targului (27 M. si 17 F.);.
Parcul Dendrolegic Arealia (5M. si 9 P.)
12,  Lithobius cryptopus Padurea Codrigsor {-- 2F.), Viarful Cisa {1 M. —)
Latzel
13.* Lithobius latro Meinert  Valea Vinului (-—), Colibita (-)
14, Lithobius agilis C. Koch  Pidurea Codrigor (1M, —)
15. Lithobius pelidnus Haase Valca Budacului (1 M. --)
16, Tithobius muticus C, Koch Piddurea Codrisor (21 M. si 49 P.), Valex Budacului (1 M. —),.
Pidurea Schullerweld (2 M. si 3F)
17. . Lithobius lucifagus
C. Kech Pidurea Codrigor (1 M. --)
18.  Lithobius lapidicela
Meinert Rapa Mare (Budacul de Sus) (1 M. si 2F.)
19.* Lithobius inexpectatus
Matic Valea Caseler—Nisiud (—)

* Specii citate Ia literatura de specialitate, dar necolectate in aceasta perivada.
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Tabel 3 (comtinuare)

0 1 2
20.  Momnotarsobius
aeruginosus C. Koch Pidurea Codrisor (8 M. si 4 F)
21.  Monotarsobius crassipes
C. Koch Valea Strajif (2 M. --)
22.  Monotarsobius dudichi
. Loksa Valea Budacului (24 M. si 4 F.)
23.* Monotarsobius balcghi
Loksa Sangeorz-Bai {—)
24. Monotarsobius dubosequi  Pardul Zanei (121 --), Pardul Mamlui (I M. —),
Brolemann
235. Monctarsobius Pidurea Codrisor (140 M. $i 89 F.), Pddurea Dealul Targulal
burzenlandicus Verh, (5 M. si 3T.), Padurea Schullerwald {8 M. si 2F)), Parcul
Dendrologic Arcalia {6 M. $i 8TF.), Parva — Vales Barlei
(3 M. --), Paraul Rantei (— 1F.), Poiana Mirului (28 M.
$i 5 F.), Valea Vinului (3 M. §i 2 F.), Varful Heniu Mare (1 M,
si 1T, Varful Muncelu (1M, —)
IT. GEOPILILOMORPHA 77 M. 144 1
26 Schendyla nemorensis
C. Koch Pidurea Codrisor (4 M. st 11)
27.  Dicellophilus Piadurea Codrigor (- 1 F.), Pidurea Schullerwald (— 1F],
carniolensis C. Koch Piadurea Dealul Targuiui (1 3. §i 1F.), Sangeorz-Bai (1 M.
si 11.), Valea Vinului (1M. si 1F)
28. Clinopodes flavidus
C. Koch Pidurca Codrisor (3 M. si 1 F.)
29.* Clinopodes escherichi
Verh. Sangeorz-Bii (—)
30.* Clinopodes rodnaensis
Verl. Muntii Rodnei—Valea Saci—Valea Vinului (—)
31.  Necrophloephagus
fongicornis Leach Saritel (— 1P
32.  Strigamia crassipes Pidurea Codrisor (34 M. 5i 46 F.), Pddurea Schullerwald
C. Koch (I M. —), Cormaia (I3, -~), Parcul Dendrologic Arcalia
(3M. si 6F), Valea Strdjii (23 —), Virful Henin Mic
(— 17)
33. Strigamia acuminata
Leach Pidurea Codrisor (21 M. si 78 F.), Pidurea Schullerwald
{~— 1F), Paraul Rantei (4 M. s5i 1PB), Paraul Zanei (--
1F), Vacful Derdeleny (1M, ), Varful Heniu Mare (-
21%) :
34.* Pachymerium
ferrugineum C. Koch Sangeorz-Bai ()
35.* Pachymerium
tristanicum Attems Sangeorz-Bai {~)
ITI. SCOLOPENDROMORPHA 51 M. 0 F.
36. Cryptops parisi Valea Bartei (2 M. —), Paraul Rantei (6. -), Pardul
Brolemann Mirului (123, —), Valea Gugetului (1 M. —), Paraul
Zanei (16 M. —), Varful Heniu dMare (1 M, -—), Sangeorz-Bii
(1M —)
37, Cryptops hortensis Pidurea Codrisor (1M, —), Valea Vinului (4 M. —), Cor-
Leach maia (2. —), Sangeorz-Bal (1 M, —), Pidurea Schuller-
wald {(2M. —)
38. Cryptops rucneri Matic  Rapa Mare—Budacul de Sus (2 M. —)
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lectate de nol in anii anteriori [2, 3, 6], dar necapturate in aceasts,
perioada.

Astfel, au fost colectati 1616 indivizi, reprezentind 10 genuri st
38 de specii. Din totaiul speciiler ia 22 semnaldm noi statiuni, iar 4
specii sunt citate pentru prima datd in fauna zonei cercetate: Lithobius
dentalus C. Koch, Lithobius lapidicola Meincrt, Monotarsobius aeru-
ginosus C, Koch si Cryptops ruenert Matic.

Mentiondm c¢d specia Cryptops rucneri Matic, colectatd din rezer-
vaila paleoniologici Réapa Mare (Budacul de Sus), cunoscutd numai din
sera Gradinii Botanice din Ciluj-Napoca, pare a fi o specie foarte
rarg, de un interes faunisiic deosebit.

Concluzii. Au fost identificate in total 38 specii din care 25 apartin
fomiliei Lithobiidae, 10 familiei Geophilidae si 3 familiei Cryptopiidae,
dintre care, din punct de vedere zoogeografic, 13 specii sunt europene,
3 contral-europene, 6 endemice, 4 palearctice, 3 holoarctice, 3 carpatice
si una vest-europeana.

Consideram neccsard continuarea acestor cercetdri in cAt mai multe
stafiuni din judel, pentru o cunocasiere mai completi a spectrelor eco-
logice sistematice, cu atdt mai mult cu céit grupul Chilopedelor prin
modul de hrinire contribuie la combaterea si distrugerea omizilor de-
foliatoare, deci la mentinerea echilibrului ecologic forestier.
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DIPLOPODE DIN NORDUL MOLDOVEI (ZONA DORNELOR),
ROMANIA

(CHORDEUMATIDA — MASTIGOPHOROPHYLLIDAE).
Nota a Il-a

TRAIAN CEUCA®*, DELIA CRISAN* si LIUBOMIRA OLARUx**

SUMMARY. — Dibplopods from the North of Moldavia (Dorna Area),
Romania (Chordeumatida — Mastigophorophyllidae), Note II, In this
paper the authors describe a new species — Mastigophorophyllon
moldavicum, a new subspecies -— Mastigophorophyllon serrulatum
suhardense and mention a summer species — Mastigophorophyllon
saronicum, in the fauna of Romania. All these materials were
collecied in 1994,

Asa cum am ardtat in prima notd (in care am mentionat si statiu-
nile), o datd cu cercetarile faunistice si ecologice efectuate in vara
anului 1994 [4] asupra unor biocenoze din aceastd zond, au fost colec-
tate, pe langa alte artropode, si cateva diplopode, din care mai mentio-
nam urmaitoarcle, incadrate in:

Ord. CHORDEUMATIDA
Fam. Mastigophorophyllidae

Mastigophorophyllon moldavicum n. sp.

Lungimea == 12.5 mm, iar l{imea == 1.5 mm. Culeoarea corpului
esle cenusie-brund-galbuie, marmorati. Corpul cu cele 30 de segmente
are la cap oceli in numir de 18—20, ocupand cite un camp triunghiu-
lar sitvai de fiecare parte a lui. Cele trei perechi de macrochete, de
dimensiuni mijlocii’ sunt situate. ca de reguld. pe expansiunile laterale
ale metazonitelor relativ slab dezvoltate. La masculi, perechile a treia
$i pana la a 7-a de picicare sunt, ca de obicei. evident mai ingrosate
decat restul picioarelor ambulatoare. Perechile a 8-a si a '9-a sunt pre-
vazuie cu cate o prelungire coxala.

Gonopodele anterivare (Fig. 1) au aspectul obisnuit de [runze late,
fiind in treimea lor distald. oblic taiate, cu varfurile curbate posterior;
acesiea, de obicei, sunt latite si fin striate. Supraterminal au cate un
pinten mic, ascutit, evident. iar subfterminal un alt pinten rotunjit. Ca
de reguld, pseudoflagelii ascunsi striabar intregile telopodite gonopo-
alale, pana in varfurile lor. Lobulli mediali sunt foarte ascutiti. Ra-
murile plumiforme, de pe fetele posterioare ale telopoditelor. au, de
obdicel, un aspect lamelar cu foarte fine ramificatii dispuse in acelasi
plan; uneori aceste ramificaili sunt mai libere, Ca de reguld, pseudofla-

* Universitatea Bohos-Bolvai, Cetedra do zooingoe, 5400 Cluj-Napocs., Romdaia
** Muzeul Stiiafelor Naturd, 34975 Vatra Dorne:, jud. Sucsavi, Romarmg
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Fig 1 Mastigophorophyllon moldavicum #.

tp. Gomopodul anterior. drept, vdzut posterior,

¢ — Lobuyl medial. » -~ Ramura plumiforma.

¢ -~ Psendoflagelul ascuns, d -- Pseudofla-
gelul liber. ¢ — Pintenul coxal.

gelii liberi sunt scurti, iar pintenii coxali, de pe fetele posterioare.
bazale ale acestor gonopode, sunt evident ascutiti. Si aici, ca la toate
speciile subgenului Paramastigophorophyllon {2]. pe pértile posterioare,
in jumatatea lor bazald. a acestor telopodite existd cite o zond fin
»paroasi.

Gonopodele posterioare (Fig. 2) sunt, ca de obicei, mai scurte,
avand telopoditele (ramurile externe) curbate brusc medial, peste ra-
murile interne. Pe varfurile lor se gasesc grupuri de bastonase ({epi)
doar spre capatul distal, fiind orientate bazal. Ramurile interne ale
acestor gonopode sunt scurte si latite, avind cite o prelungire hialina
cu foarte mici ramificalii, orientate, de reguld, medial, sau mai mult
sau mai putin oblic, cu o morfologie usor diferita. Pe partile posterioare
ale ramurilor interne exisid citeva bastonase (care pot varia ca numdr
si dispozitie) si cdteva sete lungi In  apropierea originii ramurilor
externe. Cei doi pseudoflageli liberi “al sincoxitului gonopodial sunt
normal dezvoltati, dar la care se poate mentiona prezenia unor tepi
mici, situati la Inceputul curburii lor (aspect destul de rar, intdlnit
doar la unele specii). Ca de regula, ¥ este cu putin mai mare decat
& §i cu perechea a 2-a pe picioare redusd la numai doui articole.
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Provenientd: au fost colectati 16 38 + 8 ¥¥ din statiunile Zu-
greni, Crucea si de pe Muntele Suhard (leg. L. Olaru. VIII—IX.1994).
Dintre cele 9 specii ale genului  Mastigiphorophyllon din tara
noastrd, M. moldavicum n. sp. se pare ci ar avea oarecari asemandri
cu M. saxonicum Verh. 1910, de care se deosebeste totusi clar, prin
varfurile telopoditelor gonopodelor anterioare, precum si prin  aspec-

¥ig 2 Mastigophorophyllon moldavicum w. sp. Gonopodul
posterior drept, vdzut anterior (A ) i vdrud posterior (D).
re- - Ramura externit, 7 Roumura interma, p Flag=iulliber.
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tul ramurilor plumiforme; in acceasi misurd se deosebesc si aspectele
gonopodelor posterioare, in ceea ce priveste lungimea ramurilor ex-
terne, precum si forma ramurilor interne si a - prelungirilor hialine
ale acestora.

Mastigophorophyllon serrulatum suhardense n. ssp.

Lungimea == 15 mm, iar lajimea == 1,5 mm. Cele 30 de segmente
ale Corpului ca de obicei, sun: de culoare bruni, mai mult sau mai
putin intensa. cu doua benm laterale, mai deschise si cu una mediani
mal ingusti. Expanciunile laterale de pe metazonite, slab dezvoliate,
ca niste mici umfiituri, pe care sunt situate cele trei perechi de ma-
crochete evidente, Capul are chruii )

i procminenti lateral, incdt se vad
bine privi;i de pe partea dorsala. Ocelii in numir de 18—21, situati in
cate un cdmp triunghiular, de fiecare laturi a capulul.

La masculi, perechea a treia si pna la a 7-a de picioare au, ca de
obicel, articoiele evident mai groase decdt urmaitoarele perechi. Pe-
rechea a 8-a e¢ste prevazutad, pe coxe, cu mici proeminente, iar pe-
recheca a 9-a esie si ea previzutd cu cdte un mic cornulet coxal, in-
dreptat fiecare, mwedial,

Gonopodele anierioare (Fig. 3) au aproape aceeasi lifime pe tot
parcursul lor. Pseudoflagelii ascunsi, ca la toate speciile genului, stra-
bat *eopoanem gonopodiale pana in zona apicald a acestora. Lobuiil
mediali sunt. in jumitatea lor distald, cilindrici cu varfurile usor curbate
medial, iar in partea bazald sunt lipsiti de perisori. Ramurile plumi-
forme, de pe fetele posterioare, sunt mai bogat ramificate doar in
jumalatea Jor distald, avand un aspect mail mult de pensuli decidt de
~pani-, ajungand doar pana la nivelul lobulilor mediali. Pseudoflagelii
liberi. ca de regula, sunt scurti si tubulari, iar pintenii coxali, de pe
aceeasi parte sunt deosehit de dezvoliati, fiind previzuti cu mici creste.
aspect putin obisnuit. Pe fetele anterioare ale telopoditelor gonopo-
diale, in resﬁiuniln ‘or bazale. sunt previazute cu zone fin . paroase®.
ca la toale spec" le subgenului Pmarmsbcqopho*ophyllon [2] si care se
intind pani in zonele lobuiilor mediali.

Gonopodele postericare (Fig. 4) se caracterizeazd prin telopoditele
(ramurile externe) lungi. foarte curbate, in sens postero-medial, fiind
acoperite pe cca 2/3 din lungimile lor. cu bastonase (tepi) dese, mai
cu seamd pe laturile concave ale lor. Ramurile interne ale acestor
gonepode au forme ovale, de pe care se desprinde coblic-medial cate
0 formatiune hialind. scurti. cu mici ramificatii terminale, de sub care
proemineazid marginile mediale ale acestor ramuri. De pe partile po&w
ricare ale aceslora se desprinde cale un grup. pulin numeros. de bas-
tonase, dintre care unele, din apropierea ramurilor externe, au aspect
de sete (Fig. 4, B). Cei dei pseudoflageli ai sincoxitului gonopodial sunt
bine dezvoltati.

Femela. ca de regula, este usor mai mare decdt masculul. avand
perechex a doua de picioare formatd doar din doud articole reduse.
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Fig 3. Mastigophorophylion serrulatum su-
hardense n. <sp. Gomopodul anterior stdng,
odzut posterior.

@ - Lobul medial. b -~ Ramura plumiformai,
¢ - Psendoflagelul ascuns. ¢ -~ Pseudoflagelul
liber. ¢ = Pintenul coxal.

Atat prin aspectul gonopodelor antevioare, cit si prin cel al celor
posterioare, noua subspecie se incadreazi bine in specia Mastigopho-
rophyllon  serrulatum  Attems. 1926. respectiv subspecia nominata
(M.s. serrulatum), endemici la noi, semnalati de pe Rardu si Calimani,
avand in acelasi Ump afinitdti si cu M.s. apiculatum Jawlowski. 1935,
mentionatd din Ucraina Carpaticd (Czarnohory). In ansamblu, gonopo-
dele anterioare ale celor trei subspecii au un aspect relativ asemanitor
(exceptie facdnd prezenta unor ,perisori* fini de la baza lobulilor me-
diali numai la subspecia nominatd) si lungimea neobisnuiti! a ramurei
plumiforme numai la subspecia M.s. apiculatum [5]".

Referitor la gonopodele posterioare, aici se poate observa cii ra-
murile cxterne, evident cele mai lungi si curbate posterior, depdsind
ramurile late interne. le are noua subspecie M.s. suhardense; la sub-
specia nominatia M.s. serrulatum, ramurile externe sunt lungi. iot
curbate (dar medial) si nu depasesc ramurile interne. care aict au
aspect conic: in schimb, ramurile externe la subspecia M.s. apiculatum
sunt, evident, mult mal scurte. depasind cu {oarte putin ramurile in-
terne. cave au o formia aproape patrati.

* Caracteristicile  ssp. Ms.apicwlatum  au fost luate din figurile date  de
Stojulowska {3, dupd Jawlowski.
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Fig 4 DJMastigophorophy-
lion serrulatum snhardense
p. ssp. Goropodul posterior
stdng, vdzut anferior (.1}
<l wvdrut posterior (B
¥i Ramura interni.
re - Ramura  externi.
2 Plagelul liber.

& 4+ 1§ de pe Muntele Suhard

Provenienta: au fost colectati 2 &%
(iez L. Olaru, 25.VII1.1994).

Mastigophorophyllon saxonicum Verheeff, 1910

Fste cea mai raspandita specie din intreg genul [1} si ocupa un
arvel ce se intinde din Germania, pana in Ucraina, inclusiv la noi:
Muntii Rardu, Padurea Slatioara. statiunile . Baisoara si Belis din
Muntii Apusani [3].

Provententa: a {fost colectat 1
Olaru, VIII.1994).

& de la Vatra Dornci (leg. L.
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RESEARCHES ON CHRYSOMELIDAE (COLEOPTERA) FAUNA
IN ,CHEILE TURULUI* IN 1995

ALEXANDRU CRiISAN* and LUCIAN TEODOR*

SUMMARY. — Researches performed in ,Cheile Turului* in 1995
provided evidence of 89 species of Chrysomelidae living in this area.
A taxonimical list is presented and some ecological aspects on
this group are discussed.

Previous data on Chrysomelidae (Coleoptera) fauna in Romania are
faw, the majority from the first half of our century, in papers con-
cerning mostly a large number of Coleoptera families or more orders
of Insects [2, 9—12, 15, 17—21, 23—25, 27. 29, 30, 32]. In the last years
we underiook a series of investigations on Chysomelidae family in
the ..Danube Delia Biosphere Reserve' area and also in some areas
of Transylvania [3—7]. The present paper is dedicated to these
studies. v

Materials and methods. Catches of leaf beetles (Chrysomelidae) were made
during the summer of 1995 in the ,Cheile Turului* (the Tur gorge, about 20 km
<outh of Cluj.Napoca, Romania) area, using an insect net. The insects killed in
73/ alcohol were kept drv. Samples were taken separately in three biotopes:
the valley, the right side and the left side of the gorge. The identification of

tho insects was made in the laboratory using various reference sources [1, 8,
13, 14, 16, 22, 26, 28, 31, 331

Resuits and discussion. The leaf beetles (Chrysomelidae) caught
and identified are listed in Table 1, in which some ecological data
are also presented. We identified in all 89 species of Chrysomelidae in
tahe ..Cheile Turului® area, belonging to 10 subfamilies.

The best represented subfamily was Helticinae, both in the num-
ber of species (24) and individuals (197) caught and identified. The
subfamilies Cryptocephalinae and Chrysomelinae as well as Cassidinae
and Clytrinae were also well represented, while Donaciinge, Crioce-
ringe, Lamprosominae, Eumolpinae and  Galerucinae had a scarce
representation. :

The data about the caught period show that some species had a
long fly period and some others a short one. The abundance was
variable, depending on species, subfamily and date of capture. The
biotope conditions in which ‘every species was captured correspond
generally to the known demanded conditions of each subfamily, as
we characterized these conditions for each of the 10 subfamilies
investigated. ’

* Babes-Bolyai University, Departirent of Zoology, 53480 Cluj-Napoca, Romanita
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Table 7
Taxonomical Iist of lea! beetles (Coleoptera: Chrysomelidas ) caught in the , Cheile Turnlui*
area in 1993
Crt. Subfamily Date of No. Abundance Bjotope in
no. Species capture ind. oy T the gorge
0 1 2 3 4 3 6
I. DONACIINAE: Includes species with biology relied on aquatic environment
1. Donacia biocolor Zschach. 6 VI 1 011 R v., h.
2. Plateumaris (Tuljusiana) braccata (Scop.) 6 VI 6 070 rC v.,h.
II. CRIOCERINAE : Inciudes speeies preferring mesophilous herbs or crops
3. Lema lichenis Voet. 6 VI 1 0.11 R v..h.
v I 0.11 v.h.
3. Lema tristis Hbst. v 1 0.11 R v, h.
3. Lema melapopus {10) v I8 2,10 ¢ vl
17 VI 1 0.11 rt.s., h.
17 VI 43 5.00 v., h.
17 vI 7 0,81 It.s., h.
6 VI 1 0.11 It.s., h.
6 VY 24 2,80 v., h.
25 VII 35 4.06 v., h.
III. CLYTRINAE : Most speeies live on mesophilons and meso-xerophilous shrubs
or on herbs in the same ecological areas
8. Labidostomis longimana (L.) 17 vI 1 0.11 R Its., h.
7.  Labidostomis humeralis Schueid. 6 VI 1 0.11 R v., h.
8.  Labidostomis pallidipennis (Gebler) 17 VI 1 0.11 R Its., t.
17 VI 3 0.35 v., t.
9. Clytra quadripunctata (L.) 8 VI 4 046 r.C v., t.
17 VI 2 0.23 v., t.
10.  Clytra appendicina Lac, 6 VI 3 0.35 R v., h
6 VI 1 0,11 its, t
11, Clytra laeviscula Ratz 17 VI t 011 r.C lts, ot
17 VI 4 0.70 v, h.
25 VII 1 0.11 v, t.
12, Gynandrophthalma cyanea (F.) 17 VI 1 0.11 R v, t.
13.  Gynandrophthalma aurita (I.) 6 VI 1 011 ¢ v, t
17 V1 1 0.11 v, ot
17 vr 7 0.80 Its., t
14, Coptocephala unifasciata (Scop.) 25 VII 1 011 R It.s., h.
IV.CRY PTOCEPHALINAE : Species  preferring  sneso xerophilous  or  xerophilous
areas, living on shrubs or herbs
15. Pachybrachys sinuatus Muls, et Rey 6 VI 1 0.11 R v, t.
17 VI 4 0.46 v, t.
16.  Pachybrachys hippophatus Suff. 6 VI 1 011 R V.t
B VAN § 2 0.23 v, t.
25 VII 1 0.11 v., t
17. Pachybrachys tesselatus {Oliv.) 6 VI 1 0.11 R It.s., t.
18.  Cryptocephalus querceti Suff, 17 VI 1 011 R v, t.
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2 3 4 3 6
15, Cryptocephalus sericeus To. 6 VI 1t 127 ¢ s, h.
17 VI 8 0.94 It.s,, h.
. 25 VI 7 0,80 It.s., h.
pid Cryptocephalus bipunetatus (L0 G VI 3 038 rC  lts., h
: 17 VI 4 0.46 It.s.. h.
17 \VI1 1 0.1! v, h.
21, Cryptocephalus vielacens Laich. 6 VI i 0.1t R v., h.
gt Cryptocephalus distingnendus Schueid, 6 VT 1 011 R Its., h.
17 VI 1 011 fts., h.
z Cryptocephalus moraei (I, 5 VI 2 023 r.C  Its, h
17 NI 2 0.23 It.s. h.
17 VI 1 0.11 v., h.
25 VII 3 0.35 It.s., h.
24 Cryptecephalus carpathicns Friv. 6 VI 1 o1 R It.s., h.
23 Cryptocephalus vittatus F. 6 VI | 01 R fts., h.
25 Cryptocephalus ocellatus Drap. 25 VIT 1 ni1r R v,
o7 Cryptocephalus connexus Ol 23 VIT ! 011 R fts., h.
V. LAMPROSOMINAE A single species in Hurope; it tives on mesophilous  herbs
e Lamprosoma coucolor Sturm. 25 VII 1 011 R v., h.
VI, EUMOILPIN.1IE : Species living on mesophilrus herbs
2% Chrysochus asclepiadeus (Pall) 25 VII 1 01t R v., h.
35, Pacncphorus villosus Duft. 6 VI 1 011 R v., h.
VII. CHRYSOMELINAE : Species living on  meso-hygrophilous and  hygrophilous
herbs, trees or shrubs
31, Timarcha rugulosa H. Schaeff. 17 VI 1 0.11 R v., h.
32 Timarcha pratensis (Duft.) ry t 0.1t R v., h.
33, Timarcha goettingeusis I.. 31 VIIT 1 0.1t R v., h
G4, Teptinotarsa decemlineata Say 6 VI 1 0.11 R v,
17 VI i 0.11 v., h.
35, Dlochrysa fastuosa (Scop.) v 15 183 C v, h.
6 VI 24 2.90 v., h.
17 VI 24 2.90 v., h.
25 VII 3 0.33 v,
37 Chrysemela carnifex I9 6 VI 1 0.1t R rts, h
36, Chrysomela diversipes Bed. IS 1 01r R v, h
38,  Chrysomela herbacea v. methastri Suff. v 1 011 C v., h
6 VI 46 5.35 v., h.
17 VI 46 3.35 v., k.
25 VII 6 0,75 v., h.
39, Chrysomela herbacea f. typica Duft. 6 VI 30 5.81 v., h.
17 VY 15 1.70 v., h.
25 VII [ 0.70 v., h.
40.  Chrysomela cerealis T.. v 3 N2 R v., h.
41, Chrysomela marginata I.. Ly 1 011 R v., h
40 Chrysrquela p()]'itn J.. 6\ 3 0.35 r.C v, h
17 VI 2 0.23 v, h.
RETAN 1 0.11 v.. h.
43, Chrysomela graminis T 1V 4 047 rC v, h
6 VI 3 0.35 v., h.
23 VI 5 6.38 v., .
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Table 1 (continued }
0 1 2 3 4 5 8
44. Chrysomela coernlans Scriba 6 VI 1 011 R v, h.
17 VI 1 0.11 v., h.
45.  Chrysomela staphylea L. 6 VI 1 011 R v., b
17 VI ! 0.11 v., h.
46, Chrysomela coerulea Ol 6 VI 1 Q.11 R v., h.
25 VII 2 0.23 v., h.

47. Melasoma (Macrolina) vigintipunctata

{Scop.) 1v 1 0.11 rC v., t.
6 VI 3 0.35 v., t.
17 vI 2 0.23 v., t.
48.  Gastroidea viridula (Deg.) 17 VI 3 035 R v., h.
25 VII 1 0.11 v., h.
49.  Gastroidea polygoni (I,.) 1V 4 046 R v., h.
30, Plagiodera versicolora (Laich.) 17 VI 2 0.23 R v., t.
51, Colaphellus sophiae (Schall.) 1V Rl 105 ¢ v., h.
6 VI 3 0.35 v., h.
17 VI 14 1.63 v., h.
52, Phyllodecta vitelljnae (I..) 6 VI 1 011 R v., t.

VIII GALERUCINAE : Species living on mesophilous shrubs, trees or herbs

53. salcruca interrupta Oliv., ssp. circumdata
Duft. 6 VI 2 0.23 R v., h.
17 VI 1 0.11 it.s., h.
54, Galeruca tanaceti (L.) 17 VI o 0.23 R v., h.

IXN, HALTICINAE » Species living mostly on mesophilons to xerophilous herbs and

grasses
55. Phyiletreta nemorum L. 1V 1 011 R v, h.
§6.  Aphthona venustula Kutsch. IV 4 046 rC v, h

6 VI 3 0.58 rt.s., h.

§7. Aphthonu nigrisentis Feoud. 6 VI 5 070 rC Its, h.

17 VI 7 0.80 it.s., h.

25 VIT 2 0.23 Its., h

8. Aphthona lacertess {Rosh.) 6 VI 11 125 rC  Ilts, h

: 17 VI 1 0.11 It.s.,, h
17 VI 2 0.23 v., h.

25 VII 2 0.23 its., k

59.  Aphthona herbigrada (Curtis) 25 VII 58 674 C 1t.s.,

60, longitarsus lateripunctatus (Rosh) o VI 1 011 R rt.s., h.
a1, Longitarsus hallotae Muell, 1V 2 023 R v., h.

62, Longitarsus tabidus (B.) 17 VI 1 0.11 ¢ Its, h

25 VII 353 4.06 its,

63.  Longitarsus foudrasi Ws. 17 vI 1 0.11 R It.s., h
25 VII 1 0.11 v., h.

64, Longitarsus lycopi (Foud.) 17 VI b4 0.23 R it.s, h
65.  Longitarsus rubiginosus {Foud.) 17 VI i 011 R V.,
66.  Longitarsus succineus (Foud.) 17 VI 1 0.11 R v., h.
67.  Haltica olevacea (L) Iy i 011 R v., h.
17 VI i 0.11 v., h.
68.  Crepidodera ferruginea (Seop.) 17 VI 5 0.58 +C v, h.
6 VI (] 0.70 v., h.
69.  Crepidedera transversa (Marsh.) 6 VI 4 0.46 R v., h.
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Table 1 (continmed)

0 1 2 3 4 5 6
70. Crepidodera traussylvanica ¥uss 6 VI 1 0.11 R v., h.
71, Chalcoides plutus (Latr.) 17 VI 1 0.11 R v., t.
72.  Chaleoides aurata (Marsh.) 1V 7 080 rC v, t.

6 VI 3 0.35 v, t,
17 VI 1 0.11 v, t.
73. Podagrica funscicornis I.. 6 VI 1 0,11 R v., h,
74.  Chaetocnema (Tlanoma) concinna (Marsh.) 1V 9 105 ¢ v, h
75. Chaetocnema (Tlavoma) tibialis I11. v 1 0.11 R v., h,
76.  Psyllicdes attunnata (Koch) v 1 0l1 R v., h,
6 VI 1 a.11 v., h.
77, Psylliodes dulcamarae (Koch) 17 VI 1 611 R v., h.
78, Psylliodes calcomera 11 v 1 011 R v., h.
6 VI 4 .48 v., h.
79.  Psyiliodes chrysocephala (1) 6 VI 4 (.46 R It.s., h.

N. CASSIDINAY : Specics of musophilous arcas, living on herbs, weeds or crops

80.  Hypocassida sublorraginea Schr. 6 VI 011 R v., h

1 . Ll
68 VI 1 0.11 It.s., h.
81, Cassida {Odonticnveha) virgdis 1. 6 VI 21 244 C v., h.
1V 2 0.23 v.,h.
17 VI 14 163 v., h.
17 VII 1 0.11 rt.s., h.
25 VIL 27 3.14 v., h.
82, Cassida rubiginesa Muell Iy 4 546 r.C v, h.
6 VI 8 0.93 v., h.
17 VI 3 0.35 v., h.
95 VIT 4 0.48 v., h.
83. Cassida berolinensis Saff. 17 VI 4 146 R v., h.
84. Cassida denticolis Suff, 17 VI 2 .23 R It.s., h.
85, Cassida nebulesa Lo, : 6 VI 1 011 R v., h.
86,  UCassida (Cassidulla) nebilis L. 1V 1 0.11 R v., h.
6 VI 4 0.46 v., h.
87. Cassids vibex L. 1V 1 011 R v., h.
o VI 1 o.11 v., k.
88, Cassida flaveola Thunb. 6 VI 4 046 R v., h.
89.  Cassida prasina Ill. 6 VI t 011 R It.s., h.
17 VI 1 0.11 v., h.
25 VII 1 011 1t.s., h.
Notes: Crt. no. — Current number. No. ind. — Number of individuals. r. - Relative,
v. — Valley. h. - Herbs. t. — Trees and shrubs. rt. s. — The right siGe of
the gorge. It. 8. — The left side of the gorge., ¢ — Common., R — Rare.

Conclusions. Chrysomelidae fauna in ,,.Cheile Turului* is rich and
variable, corresponding to the high variety of the conditions of micro-
habitats of this area. The degree of representation of each subfamily
both in number of species and individuals was influenced by the
ecological valencies of cach species and by the presence and degree
of representation of the plant species constituting their food. The
high variety of Chrysomelidae in ,,Cheile Turului“ as well as of
other greups of animals and plants justifies us to propose this area
for ceological protection.
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NEW TAXA IN THE NEOGENE BIRD FAUNA
FROM EASTERN PARATETHYS

EUGEN KESSLER* and FRIKA GAL*

SUMMARY, — The Upper Miocene bird fauna of Paratethys has
been treated in several papers in the last decades. This made it
possible to describe a bird fauna with new species, At the reexa.
minations of the remains from Kishinev (Republic of Moldova) and
Ciobanita (South Dobrogea. Romania), the authors identified three
new taxa: Branta minor nsp. and Otis bessarabicus n.sp, from Kishi-
nev and Tringa grigorescui n.sp. from Ciobadnita, With the three new
taxa the fossil bird fauna of Eastern Paratethys has increased to 30
species.

From the Upper Miocene (Middle Sarmatian, Lower Bessarabian)
and the Lower Pliocene age sediments on the eastern coastal region of
Paratethys the remains of a rich bird fauna came to light. The lists
from the sites Bujoru, Kalfa and Kishinev (Republic of Moldova), Cio-
binita and Credinta (South Dobrogea, Romania) and Malusteni—Beresti
(Moldova, Romania) include 27 species [4—8].

During the revision of the material from Kishinev (Collection of
Macarovici-Oescu, Faculty of Geology, Alexandru Ion Cuza University,
lasi) and Ciobanita (Collecticn of the Laboratory of Paleontology, Uni-
versity of Bucharest), three new species could be determined which
are also new taxa. Altogether with these, the bird fauna of Neogene
from Eastern Paratethys contains 30 species (Table 1).

Results and discussion.

Order Anseriformes

Family Anatidae

Genus Branta
Branta minor new specics.
Holotype: proximal fragment of right carpometacarpus (LPUI 65 MS)
(Fig. 1).
Locality: Kishinev (Republie of Moldova).
Age: Upper Miocene (\hc&dle Sarmatian, Lower Bessarabian).
Etym(, ogy: minor — after its small size.
Species diagnosis: the pmumal epiphysis of carpometacarpus is typical
Anserid (on the basis of processus exiensorius and irochela carpalis).
Its sizes are on the lower verge of the measurement of Branta genus,
hereby the name of the new taxon.
Measurements: approximative length is 55—80 mm; breadth of proximal
‘epiphysis is 12.98 mm; thickriess of proximal eplph351s is 5.79 mm; the

* Bebeg-Bolyai University, Dopuitment of Zoology, 2400 Cluj, Romania
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Table 1

The st of the bird species from Eastern Paratethys

Locality and publication year of fauna

list
Bujo- Kalfa Kishi- Ciobi-Cre- Mai-
No. Speeies Tu % nev nita dinta lusteni
1972 1972 1972, 1988, 1977, 1984,
1984, 1992, 1988, 1992
1092, 1995 1992
1995
1. Gavia moldavica -
2, Podiceps miceenicus -
. Diomedea rnumana -+
4 Sarmatosula debrogersis +4-
S. Morus olsoni -+ 4
6. Phalacrocorax lautus -f-
7 Ardeograndis arborea
8. Ardea sp, 4
9. Ciconia sarmatica -
10.  Plegadis sp. +
11, Ansercbranta tarabukinii -+ +
12, Branta minor +
13. Anser sp. A
14.  Anas sp. -+
15. Anas cf. velox 4
16.  Aythya chauvirae +
17.  Dendrochen blanchardi + +
18.  Dendrochen notator 3
19.  Anatinae sp. indct. 4
20.  Merginae sp.irdet. -4
21, Promilio incertus +
22, Palgeortyx griveusis -+
23. Palacortysx intermedia -
24.  Probalearica moldavica +
25. Grus miccenicus -+
26, Otis bessarabicus 4.
27.  Otis sp. +
28.  Tertiarfoporphyrula lungi -+
29.  Tringa grigorescui -+
30. Corvus simicncescui -+

height of processus extensorius is 7.65 mm; the breadth of metacarpus
IT is 4.65 mm.

Discussion: During the revision of the remains {rom Kishinev the carpo-
metacarpus fragment was identified as Anseringe (in 1984, it was
described as of, Phalacrocorar loutus as no comparative materials were
available). Its sizes and anatomical characters make possible to clas-
sify it in Brante genus which is known only from Pliocene (Branta
esmeralda and Branta howardi), bui the difference in measurements
refers to a new taxon. The fossil genus from Kishinev Anserobranta
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b

Fig. 1. Brauta minor a.gp - right carpometacarpus (LPUI 65 MS).

A - Dorsal aspect. B - Ventral aspect. a -- Processus extensorius. d -~ Fovea
arpalis.

(tarabukinii) is much larger and its transition characters are formed
between Anser and Branta species {2, 3, 9, 10].

Order Charadriijormes

Family Scolopacidae

Genus Tringa
Tringa grigorescui new species.
Holotype: left carpometacarpus, proximal epiphysis (LPUB 283) (Fig. 2).
Locality: Ciobdnita (South Dobrogea, Constanta county, Romania).
Age: Upper Miocene (Middle Sarmatian, Lower Bessarabian).
Etymology: The species is named after Dr. Dan Grigorescu, his
merits in discovery of site and the remains being recognized.
Species diagnosis: A typical Chaeradriiform carpometacarpus with the
characteristic features of the Scolopacidae. The proximal epiphysis shows
transitional characters between Tringa and Phylomachus genera with
short sizes between the fossil species Tringa gracilis and Tringa larte-
tianus, close to the recent species Tringa totanus.
The proximal edge of trochlea carpalis is rounded off, and in the recent
species it is sharped. From dorsal view the fovea carpalis is similar to
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Fig. 2. Tringa grigorescul m.sp. — left carpometacarpus (LPUEB 283).

A — Dorsal aspect. B — Ventral aspect. ¢ — Trochlea carpale. b — Fovea car-
palis. ¢ -~ Fossa infratrochlearis. . - Fossa supratrochkmq e — Processus alularis, £ —
Margo ventralis processus extensorius,

Tringa but Phylomachus is sloping deeply. The fossa supratrochlearis
of the fossil remains is not perfectly developed, in the Tringa it is flat,
and in the Phylomachus it is deep. The fossa infratrochlearis of Tringa
is pil-iike, but in Phylomachus it is wider and flatter. The margo ven-
tralis processus extensori above the processus alularis is curved while
in the Phylomachus it is sudden hollowed [1].

Measurements: approximative length is 27—28 mm; breadth of proximal
epiphysis is 6.42 mm; height of processus extensorius is 3.84 mm;
brezdth of metacarpus II ds 2.40 mm. »

Disctssion: The fragmontary material makes possible the identification
on the basis of morphiological characters and sizes. Its characters are
typical for Charadriiformes, excluding similar and other related species
frem the genera Gellinago, Scolopax, Charadrius, Squatarola, etc.

Its sizes and age indicate a Tringa species precluding the known fossil
taxa. These facts made it possible to identify it as a new taxon,

Qrder Ralliformes
Family Otididae
Genus Olis
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Fig. 3. Otis bessarabicus n.sp.
— left uina (LPUI 62 MS).

A — Cranial aspect. B — Caudal
aspect. a — Tuberculum carpale.
b — Margo distalis tuberculum
carpale, ¢ — Condylus dorsalis.
d — Condylus ventralis. e — Sulcus
radialis. f — Sulcus tendineus.

Otis bessarabicus new species. |

Holotype: distal fragment of left ulna (LPUI 62 MS) (Fig. 3).-
Locality: Kishinev (Republic of Moldova).

Age: Upper Miocene (Middle Sarmatian, Lower Bessarablan).
Etymology: Bessarabia is a Romanian name of the region.
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Species diagnosis: The piece corresponds to morphological characters of
Otididae family, and its sizes are larger than those of Otis tetrax but
are much smaller than those of Otis tarda or of the fossil Otis affinis.
The tuberculum carpale of the distal part is triangular and its point
turns down and inwards. The margo distalis is smoothly concave in a
semicircle form. The condylus ventralis is rounded off and it does not
form a sharp edge as in Otis tetrax. The sulcus radialis is well empha-
sized, rises above the sulcus tendineus in contrast with the recent species
Measurements: approximative length is 70 mm; breadth of diaphysis is
4.70 mm; breadth of distal epiphysis is 9.90 mm: thickness of distal
epiphysis is 6.91 mm.

Discussion: The representatives of Otididae family appear rarely in
earlier materials [2, 10]. The fossil genus Paleotis is known from Eocene
and the recent genera Otis, Chlamydotis and Neotis are known only
from Miocene, but their sizes are much larger than those of our fossil
remains. Gryzeja odessane from Lower Pleistocene of Odessa (Republic
of the Ukraine) is known only from tibiotarsus and on the basis of iis
morphological characters it is classified into another family [3]. Also,
there are known other bustards with large sizes from Pliocene of Ma-
lusteni (Romania): Otis sp. [6], and from Lower and Middle Pleistocene
from Betfia (Romania): Otis lambrechti and Otis kdlmdni, with diffe-
rent sizes, too.

Conclusions. During the revision made in 1992 [7], there could be
determined up to the species level the remains which had been provi-
sionally described only up to genera. This experiment closes the process
of determination of these problematical fossils. Including these three
taxa, the Eastern Paratethys bird fauna amounts to 30 species. From
paleoecological view, the majority of them come from aquatic environ-
ment. Among these species, there are more typical sea and oceanic taxa
(Gavig moldavica, Podiceps miocenicus, Diomedea rumana, Morus olsont,
Sarmatosula dobrogensis), but the biggest part of them are ducks,
gooses, sandpipers and wading birds. Also, there are on the list a
raptorial bird, two bustard-like species, three Galliformes and o crow.
From this point of view the fauna list shows similarities to Western.
European Neogene fauna.
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PHYTOTOXISCHE ALACHLOR—WIRKUNGEN
AUF WEIZENKEIMPFLANZEN
(TRITICUM AESTIVUM L)

ROZALIA VINTILAs, GEORGETA LAZAR-KEUL*, MARTIN KEUL#* und
ALMA ANDREICA®*

SUMMARY. — Phytlotoxic Effects of Alachlor on Wheat Secdlings
(Triticum aestivum L), Alachlor applied in doses ranging
between 50 and 800 ng/ml induced a strong inhibition of the seedling
root and shoot growth, and decreased the fresh and dry mass accu-
mulation. Alachlor concentrations between 25 and 100 wg/ml were
elfective for the inhibition and/or the cessation of the cytoplasmic
streaming  within the wheat root hairs. The results suggest that
alachlor acts as an  efficient plant growth inhibitor, especially at
the root level. ‘The herbicide may interfere with the cell growth as
it was shown by the strong inhibitory effect on root hair (Triticum)
and pollen tube (Primula) elongation.

Die intersive Anwendung von Pflanzenschutzmitteln zur chemischen
Kontrolle von Unkriutern und Schidlingen in land — und forstwirt-
schaftlichen Kulturen ist neben phyvtotoxischen ¢ Wirkungen auf die
geschlitzten Kulturpf{lanzen auch mit weitreichenden dkotoxikologischen
Aspekten der Umweltverseuchung durch die verschiedensten Pestizide
und ihre Degradierungsprodukte verbunden [30]. In dieser Hinsicht
sind die Herbizide wegen ihrem grobBfliichig durchgeftihrien und jihrlich
oft mehrmals wiederholten Einsatz von besonderem Interesse (11,
20, 23]

Alachlor [2-Chlor4N-{methoxymethy})-N-(2’, 6’ -didthylphenyl) iace-
tamid] wird neben verwandten Herbiziden der Chloracetamide [6] zur
Unkrautvertilgung in Mais-, Soja- und vielen anderen Kulturen einge-
setzt {11, 21—23, 26]. Alachlor wird zwar unter acrokben Bedingungen
mikrobiologisch rasch abgebaut {3, 21}, doch gibt es zahireiche Belege
liber die andauernde Persistenz der primiren und sekundiren Produkte
in Btden, Grundwasser urd Nahrungsmitieln {21—23, 30}, iiber deren
Ukotoxikologische und cytogenetische Auswirkungen noch weitgehend
Unklarheit herrscht {4, 5, 20].

Die meisten Chloracetamide werden leicht durch die Pflanze
aufgenommen und vorwiegend apoplastisch transportiert {1, 2, 12, 22,
241, Untersuchungen mit resistenten, (Mals, Secja) bzw. mit relativ
empfindlichen Kuliurpflanzen (Hafer. Gurke). konnten belegen, dall die
Wirkung dieser Herbizide nicht unmittelbar mit der absorbierten Menge,
sondern mit der Geschwindigkeit ihres Abbaus und Metabolisierung in
der Pflanze korreliert ist {15]. Trotz der bis jetzt durchgefiihrten
Untersuchungen ist der Mechanismus der Alachlor—Wirkung nicht

v Instted lir Biologisohe Forschungen, 3400 Ciuj-Napoca, Rumdnien

6 - Biclogia 1—2/1996



89 R. VINTILA, G. LAZAR-KEUL, M. KEUL, A, ANDREICA

§ )

endgiiltig geklirt. Die Chloracetamide gelten allgemein als Hemmstoffe
des Pflanzenwachstums [1, 6, 14}, die Uber die Hemmung der Zellteilung
und der Zellstreckung wirken [7, 13]. Der biochemische Wirkungsme-~
chanismus beruht dabei primir nicht nur auf einer Hemmung der Pro-
teinsynthese [6, 13], sondern, wie auch im Falle anderer Herbizide [14],
in der vielseitigen Wechselwirkung mit dem Lipidstoffwechsel [10, 14,
31, 32] und anderen Angriffsorten [1, 6--8, 13] in der Pflanzenzelle.

In vorliegender Arbeit wird die phytotoxische Alachlor—Wirkung
auf Wachstumsparameter bei Weizenkeimpflanzen und auf zellphysio-
logische Prozesse, wie das Zellwachstum (Weizen—Wurzelhaare und
Primmula—DPollenschlauch) und die Protoplasmastromung (Weizen—
Wurzelhaare), untersucht. .

Material und Arbeitsmethoden. Als Versuchsmaterial wurden Weizenkeim-
pilanzen (Triticum aestivum L., cv. Dacia) und Pollen von Primulg obconica
Hance verwendet.

Die phytotoxische Wirkung wvon Alachlor [2-Chler-N-(methoxymethyl).N-
(2&’-didthylphenyl)acdtamid] wurde auf das Keimlingswachstum, das  Zell-
wachstum (Weizenwurzelhaare und Primula-Pollenschlauch) und die Proteplasma-
strismung (Weizenwurzelhaare) untersucht, wobej Alachlor je nach der Empfind-
lichkeit der untersuchten Parameter in Konzentrationen zwischen 10 bis 8001 g/ml
{ca. 0,037—30 mM) getestet wurde., Alachlor kam als Handelspriaparat I.asso (48
aktive Substanz) zur Anwendung., Das Herbizid wurde als wifirige Emulsion in
destillierten Wasser verwendet. Die Wasserloslichkeit von Alachlor betrigt
242 pg/ml bei 20°C [11, 21}

Wachstumsmessungen, Weizenkaryopsen wurden in Linhardt-Schalen auf
befeuchteten Filterpapierunterlagen mit destilliertem Wasser (Kontrolle) bzw. mit
Alachlor in Mengen von 50 bis 800 =zg/ml unter Laborbedingungen (um 22°C)
gekeimt., Die Wachstumsdynamik der Keimlinge wurde durch tigliche Lingen-
messungen des Wurzelsystems und des Sprosses (Koleoptile 4 Primirblatt) bis
zum 6. Taeg nach dem Ansetzen verfolgt. Die Versuche wurden mit je 25 Pflan-
zen in 2 Wiederholungen durchgefiihrt, Am Versuchsende wurden die Frisch-
und Trockenmassen (65°C) bestimmt.

Messung des Wurzelhaarwachstums, Weizenkaryopsen wurden in  Petri-
Schalen auf mit leitungswasser befeuchtetem Filterpapier 48 Stunden lang bel
24°C und im Dunkeln vorgekeimt, Die gesamte gekeimgte Karyopse, mit einer
Haupfseminalwurzel von ca. 1 cm Linge, wurde auf einem Objekttriger mit
Deckglasiifchen zur mikroskopischen Beobachtung in einem Tropfen Leitungs-
wasser (Kontrolle) bzw. in Alachlor-Losungen von 25, 50 und 75 upg/ml alS. pri-
pariert, Um Temperatureinfliisse auszuschalten wurde mit einem au 24°C s&in-
gestellten  thermoregulierbaren  Mikroskop-Heiztisch  (Leitz)** gearbeitet. Die
Linge der Wurzelhaare wurde vom Beginn ihres Auswachsens alle 30 Minuten
iber eine Dauer von 8 Stunden mit einem geeichtem MeBschraubenokular (Zeiss,
Jena) gemessen. Die Fliissigkeit unter dem Deckglas wurde alle 30 Minuten er-
nevert. Fiir jede Versuchsvariants, einschlieflich der Kontrolle in leiftungswasser,
wurden Messungen an 20--30 Wurzelhaaren durchgefiihrt, Die MeBergebnisse
wurden in Prozenten der Endldnge der Kontrollwurzelhaare berechnet.

Messung der Geschwindigkeit der Protoplasmasirdmung, Fir die Versuche
wurden Weizenwurzelhaare von ca. 700900 pm Lince mit relatlv einheitlicher
Rotatlonsstromung [25] herangezogen. Eine von der Karyopse abgetrennte 15—
2 e¢m lange Seminalwurzel wurde auf einem Objekttriger mit DeckglasfiiBchen
in Leitungswasser pridpariert. Nach einer zum Abklingen des traumatischen Pri-

”‘; Fir die Geratespende sind wir dor Alexander vor Iumboldt — Stiftung zu besonderem Dank
voerpflichtet,
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parationsschockes und zur Stabilisierung der photodynetischen Wirkung im Mi-
kroskoplicht  erforderlichen Zeitspanne von ca. 30 Minuten [16] wurde die Ge-
schwindigkeit der Protoplasmastréomung der Kontrolle mit Stoppuhr und geeich-
tem Mikrometer-Okular im Phasenkontrast registrient. Danach wurden alle 15
Minuten frische Alachlor-Lisungen unter dem Deckglas durchgesaugt und ihre
Wirkung auf die Geschwindigkeit der Rotationsstréomung in  Zeitintervallen von
je 15 Minuten iber eine Versuchsdauer von insgesamt 2 Stunden verfolgt, indem
pro Zeitintervall je 30—60 Messungen durchgefithnt wurden. Aus diesen Werten
wurde «die mittlere Geschwindigkeit der Pretoplasmastromung der entsprechen-
den Zeitintervalle berechnet, Je Variante wurden 3 Wiederholungen durchige-
fithrt,

Pollenkeimung und Messung des Pollenschlauchwachstums, Frisch gesammelte
Pollen von Primula obconica Hance wurden auf Hohlschliff-Objekttrigern mit.
halbfestem Agar-Medium mit Saccharose [9] zur Keimung angesetzt. Dem Niihr-
medium wurde Alachlor bis zu einer Endkonzentration von 10, 25 und 50 pp/ml
zugesetzt. Nach einer Inkubationdauer von 4 Stunden bei 24°C wurde die Pollen-
keimung festgestellt und die liinge von ca. 30 Pollenschliuchen je Variante mit
einem geeichten Binokular.Mikrometer gemessen. Um die Variabilitit mdglichst
auszuschalten wurden die mindestens dreimal wiederholten Versuchsserien je-
weils mit Pollen derselben Blite durchgefithrt.

Die Versuchsergebnisse wurden nach den ublichen statistischen Methoden
verarbeitet.

Ergebnisse und Diskussion. Die andauernde Alachlor-Behandlung
verursacht nur in htheren Konzentrationen (iber 100 pg/ml) eine
leichte Verzégerung der Keimungsrate (Tabelle 1). Die Ausbildung der
Seminalwurzeln wird im Falle niederer Dosen (50—200 ng/ml) mit fort-
schreitender Wirkungsdauer signifikant beschleunigt, unter der Einwir-
kung héherer Dosen (400—800 pg/ml) jedoch gehemmt (Tabelle 1). Die
festgestellte Stimulation in der Ausbildung der Seminalwurzeln ist

Tabelle T

Die Wirkung von Alchlor auf die Kelmungsrate der Karyopsen (%) und auf dle Anzahl
der ¥mbryonalwurzeln bel Welzenkeimpilanzen (Triticum sestivum L.)

In Klammern sind die ¢,-Werte gegenitber der Kontrolle angegeben

Keimungsrate (9;)

‘ Anzahl der Embryonalwurzeln
Dosis |

(ug/ml) Tage Tage

2 4 6 2 3 4 5 6
0 100 100 100 2,5 3,0 38 4,2 4,2
(100) (100) (100) (100) (100)
50 100 100 100 2,7 3,2 4,7 53 5.7
(108) (107} (124) (126) (1386)
100 98 100 100 2,4 2,9 4,2 5,1 57
{96) (97) (110} (12n {136)
200 98 100 100 2,1 2,8 4,1 4.7 54
(84) (93) (108) (112) (129)

400 92 96 96 1.6 2.3 3,1 3,4 3,
(64) (77) (82) (81 (86)
800 92 92 96 1.2 1.9 2,2 2.3 2.8

@8 6 58 (53 (67)
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moglicherweise als eine adaptative Stressrcaktion zu werten, wie sie bei
Weizenkeimpflanzen z.B. unter hypoxischen Verhé&ltnissen beschrieben
wurde [33], wihrend die Hemmwirkung bei hoheren Dosen offensicht-
lich durch die betont phytotoxische Alachlor-Wirkung verursacht wird.

Die andauernde Alachlor-Behandlung induziert schon in den ersten
Wachstumsphasen eine betonte Hemmung des gesamten Keimlings-
wachstums. Die Hemmwirlkkung (¢/y der Kontrollwerte) auf das Lingen-
wachstum des Wurzelsystems (Abb. 1) und der Koleoptile bzw. des
Primérblattes (Abb. 2) nimmt mit der applizierten Alachlor-Dosis und
der Wirkungsdauer fortschreitend zu, webei die Empfindlichkeit des
Wurzelsystems unter der dirckten Herbizid-Einwirkung etwas stéirker
ausgepragt ist. Im Gegensatz zu anderen Herbiziden, wiec z.B. 2,4-D
i8] und Trifluralin {28}, 1reten unter der Einwirkung von Alachlor
keine Wachstumsanomalien auf, obwohl auch morphologisch~anatomi-
sche Effckte beschrieben wurden [1, 27].

Die betonte Hemmwirkung auf das Wachstum der Keleoptile bzw.
des Primérblaties 148t im Einklang mit den vorliegenden Literaturanga-
ben hinsichtlich der Alachlor-Aufnahme durch die Pflanzen schliefen
[2, 12, 15, 22], dal’ das Herbizid auch im Falle der Weizenkeimpflanzen
durch die Wurzeln leicht absorbiert und rasch in alle Pflanzenteile trans-
portiert wird, Der fast gleichartige Verlauf der Dosis-Effekt-Kurven
ftir die Wachstumshammung des Wurzelsystems und des Sprosses am
4. Tag nach dem Ansetzen in der maximalen Wachstumsphase der Kon-
trolle (Abb. 3) belegt den systemischen Charakter der Alachlor-Wir-
kung.

Kontrotte
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Abb. 1. Die Hemmuwirkung von Alachloy auf dis
- Wachstumsdynamik des Wurzelsystems bei Weizen-
keimpflanzen (Triticum aestivam L.}.
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Abb. 2. Die Hemmuwirkung von Adlachivr auf die
Wachstumsdynamik des Sprosses ( Koleoptile - Primdr-
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Abb. 3. Dosis-Effekt-Bezichung der Alachlor-Wirkung
auf das Wachstum von Weizenkimpflanzen (Triticum
’aestivum L).
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In Takelle 2 sind die Alachlor-Wirkungen auf einige Wachstums-
parameter am 6. Tag nach Beginn der Behandlung zusammengefafit und
kénnen anhand der relativen 94-Werte gegeniiber der Kontrolle ver-
glichen werden, Es ist ersichtlich. dafi Alachlor mit der Hemmung des
Lingenwachstums auch die Frisch- und Trockenmassen im Verhiit-
nis zur applizierten Dosis stark herabsetzt, wobei die Raten zwischen
Sprofl und Wurzelsystem mit steigender Dosis dhnlich wie beim Léan-
genwachstum zunehmen, Dagegen werden die relativen Trockenmassen
(mg/100 mg FG) und das Verhilinis zwischen Trockenmasse und Or-
ganlinge insbesondere beim Wurzelsystem mit zunehmender Alachlor-
Dosis erhoht, Die betontere Hemmung der Frischmasse im Vergleich
zur Trockenmasse Jifit einerseits auf eine Beeintriachtigung des Wasser-
haushaltes schlielien, die durch die Verminderung des Vakuolensy-
stems infolge gehemmten Streckungswachstums erklirt werden kann.
ist andererseits aber moglicherweise auch morphologisch-anatomischen
Veridnderungen zu verdanken [1, 27].

Die erzielten Ergebnisse weisen darauf hin, daBl die phytotoxische:
Wirkung von Alachlor erst nach der Keimung cinsetzt und hauptsich-
lich in der drastischen Hemmung des Keimlingswachstums besteht.
Alachlor wirkt dabei sowohl {iber die Blockierung der Zellproliferation
als auch insbesondere Uber die Hemmung der Zellsireckung {1, 5, 7.
13},

Zur Untersuchung der Alachlor-Wirkung auf die Zellelongation
wurden Versuche mit Weizenwurzethaaren und  Primula-Pollen-
schliuchen durchgefithrt. Beide Zelltypen weisen ein ausgesprochen api-

Tabelle

Die Wirkung ven Alachlor (ug/ml} auf einige Waehstumsparameter bel Welzenkeimp/lanzen
(Triticum  aestivum L.} am 6. Tag naeh dem Ansetzen (Versuchsende)

L = mittlere Sproflinge (cm); WL == mittlere Wurzcellinge (em); PG = Frischgewicht
mg/Pilanze); TM == Trockenmasse (mg/Pflanze); TM9, == relative TM (mg/100 mg FG).
In Klammern sind die Wirkungen in %, der Kontrolle angegeben.

Dosis  Sprol {Kolcoptile 4+ Primiirblatt] Wurzelsystem SLIWL
(eg/ml) 1, ¥G TM TMY, TM/SL WI, FG TM TMY TM/WL

0 741 710 847 120 L4 B45 532 461 87 0,71 1,15
(100} {100) (100} (100}  £i0Y; (100} {(100) (100} (10G)  (100) (100)

50 252 323 875 203 268 164 21,2 3.02 142 1.84 1,54
(34)  (50)  (80) (168)  (235) (25) 40y (67) (1635  (259) {134

100 202 282 533 189 264 1,03 146 239 158 1,91 1,94
27y (40} (63) (158) (2D (16) (27 152) (182) (269) (169).
200 152 236 443 189 201 056 118 215 187 3,83 2,7
(21) (33 (520 (158) (253) (®) (220 (47) (215) (538) (225)

400 1,07 188 327 180 306 044 84 145 188 4,25 3.30
(14) (28 (39 (1500 (28%) (7) (18} (31) (216) (599) (278)

800 088 143 263 184 300 025 7,1 134 189 5,36 3,54

(12) (207 (43 (153) (263) (4) (13) (29) (217) (755) (308)
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kales Wachstum auf, dessen Kinetik mikroskopisch unmittelbar zu be-
obachien ist, wodurch sie sich als Biotests zur Untersuchung der
Wirkung xenobiotischer Substanzen auf die Zellelongation bestens eig-
nen {17, 19, 28].

Die Alachlor-Wirkung (25, 50, 75 und 100 pg/ml) auf das Zell-
wachstum der Wurzelhaare ist in Abb. 4 dargesteilt. Gegeniiber dem
sigmoiden Wachstumsmodell der Kontrolle wird die Elongation der
Wurzelhaare umso rascher und wirksamer bis zur endgiiltigen Blockie-
rung gehemmt, je hiher die applizierte Dosis war und je linger die
Behandlung wirkte. So wird das Wurzelhearwachstum unter der Ein-
wirkung von 25 pg/ml nach 6 Stunden Behandlungsdauer um ca. 509/
gehemmt, wihrend eine 4mal hdhere Konzentration von 100 pg/mil
das Wachstum schon kurz nach Beginn der Verabreichung vollsténdig
blockiert. Die Dosis-Effekt-Beziehung fiir die induzierie Hemmung
verliuit liniar (vgl. Abb. 6, 3). Die Hemmwirkung von Alachlor auf das
Streckungswachstum wird dabei nicht von Wachstumsanomalien der
Wurzelhaarzellen wie unter dem Einflull von 2,4-D  {19], Trifluralin
[28] oder Fusilade {17] begleitet,

Die Hemmung der Zellelongation durch Alachlor wurde auch durch
Untersuchungen an Pollenschliuchen von Primule obeconica (vgl. Abb.
6. 23 bestitigt. Die Ergebnisse zeigen, dall Alachlor die Pollenkeimung
nicht signifikant beeinflullt, das Wachstum der Pollenschlduche in
Dosen tiber 10 png/ml dagegen progressiv hemmt, wobei eine etwa

ALACHLOR pg/ml
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AbbL. 4. Dic Hemmwirkung von Alacklor auf das Wachstum
der Wursclhaare von Weizenkeimpflanzen (Triticum acstivum L.).
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Abb. 5. Die Hemmwirkung von dlachloy auf die Geschwindigkeit
der Protoplasmastromung in den Wurzelhanren von Weirenkeim-
pflazen (Triticum aestiviam L.),

5004ige Hemmung unter der Einwirkung von 50 ug/ml verzeichnet
wird.

Die Gegenwart der Protoplasmastromung gilt im allgemeinen als
geeigneter Zelltest zum Nachweis der uneingeschridnkten Vitalitit und
Funktionalitdt der pflanzlichen Zelle, Die cytotoxische Alachlor-Wirkung
zeigt (Abb. 5), dall die Plasmastromung zwischen 10 und 50 pg/ml mit
zunehmender EBechandlungsdauer fortschreitend gehemmt und bei
100 pg/ml schon in den ersten 15 Minuten nach der Behandlung irre-
versibel sistiert wird, Spezifisch auf den Bewegungsmechanismus ein-
wirkende Fakioren, wie z. B, Cytochalasin B [18], sind allerdings in
weit geringeren Konzentrationen wirksam. Der biochemische Mecha-
nismus der Alachlor-Wirkung auf die FProtoplasmastromung ist mog-
licherweise aul eine Reaktion mit Thiol-Gruppen zuriickzufithren [6, 10,
151, die {lir die Funktion des kontraktilen Actomyosinsystems der Cyto-
plasmamotilitdt wichtig sind [29).

Die Wirksamkeit der Alachlor-Wirkung auf die Cytoplasmastrd--
mung und das Zellwachstum is{ in Abb. 6 anhand der Dosis-Effekt-
Pezichungen flr cine Behandlungsdauer von jeweils 2 Stunden ver-
gleichend dargesiellt, Es ist ersichtlich, daB die cytotoxischen Wirkun-
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gen in allen Fillen geradlinig verlaufen, wobei die Steilheit der Ge-
raden die Wirksamkeit des Herbizids auf die untersuchten Zell-
prozesse widerspiegelt, Die Zellelogation reagiert dabei viel empfind-
licher auf Alachlor als die Protoplasmastrdmung, woraus auf eine spe-
zifische Wechselwirkung des Herbizids mit dem Mechanismus des
Zellwachstums geschlossen werden kann. Dabel wird das Wachstum
der Wurzelhaare stirker gehemmt als das der Pollenschlduche, was
wohl mit der besonders ditnnwandigen Struktur der Wurzelhaare als
typische Absorptionszellen zusammenhdngt. :

- Die vorliegenden Ergebnisse bestitigen die bisherigen Befunde
tiber die hemmende Wirkung von Alachlor aul das Pflanzenwachstum
[, 13—15, 24] und belegen. dall diese Wirkung insbesondere in der
Beeintriichtigung der Zellstreckung bhesteht {Abb. 3 und 6). Der Wir-
kungsmechanismus von Alachlor betrifft . dabei wohl vielschichtige
Eingriffe in den pflanzhchcn Stoffwechsel der Protein-, Lipid- und
Kohlenhydratsynthesen [7. 8. 10. 14, 15, 31. 32], die das Zell- und
Pflanzenwachstum plastisch uh’d energetisch unterhalten.
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HEAVY METALS IN THREE SPECIES OF EDIBLE
MUSHROOMS

ADRIANA POP* and ANA NICOARA®*

SUMMARY. — The paper deals with Cd. Pb, Cr, Cu, Zn and Mn
in the edible mushroom species Macrolepiota procera, Armillaria
mellea and Amanita rubescens, collected from more or less pollu-
ted areas of Transylvanika, The concentration of heavy metals in
mushrooms {(mg/kg dry matter) varies within a large range: Cd
from 2.67 to 69.34: Pb from 5.02 to 146.34; Cr from 7.31 to 275.58:
. Ca from 252 to 375.05; Zn from 3855 4o 297.00 and Mn frpm 13.70
‘o 163.46. The highest content (especially Cd and Pb) was found
in mushrooms collected in the polluted areas. The accumulation of
trace elements is highest in Macrolepiota procera (lawn decomposer;.
Young mushrooms were found to contain larger quantities of heavy
metals than the mature ones,

Resisting natural breakdown, heavy metals accumulate at diffe-
rent levels of the trophic chains of terrestrial and aquatic ecosystems
in goncentrations that can have a negative influence on the quality
of environment and human health,

Mushrooms are already known for their property to accumulate
heavy metals, and even 1o concentraie some of them (Hg, Cd, Se) in
their fruiting bodies.

Data from the literature demonstrate an increase of highly ‘oxic
heavy metal contents, especially of mercury, cadmium, lead, and se-
lentum, in mushrooms collected from polluted areas [1—15].

Meial accumulation in the fruiting bodies of mushrooms depends
on the species, ecological group, age, part of the fruiting body {cap,
stalk, lameilae), habitat and time of collecting.

The paper presents the contents of Cd, Pb, Cr, Cu, Zn and Mn
in three largely spread and frequently consumed mushroom species.
namely in Macrolepiota procera (Scop.) Sing., Armillaria mellea (Vahl)
Kumm. and Amanita rubescens Pers. comparatively from polluted and
less palluted areas of Transylvania.

Material and methods, Samples of mushroom fruiting bodies were collec-
ted (between 1984—1993) from Zlatna, from Tarnava and Stenia near Copsa
Micd and from Cugir, three areas which are known to bhe mostly polluted with
S0,, SOy, Pb, Cu, and Zn oxides produced by the local facfories. For comparison,
samples from less polluted areas of Cluj-Napoca (Méandstur forest), Mociu,
Sighistel and Tg. 1.d4pus were taken.

MeRal analysis was performed by acetylene flame atomic absorption spec-
trophotometry (AAS IN). Oven-dried (at 80°C) samples of fruiting bodies were
mineralised in concentrated HNQ, and H.,O.. The analytical data are given as
mean values, in mg/kg dry matter.

* Biclegivel Bescurch Iastidute, 3400 Chui-Nepoca, Buoasgnia
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Results. Contents of Cd, Pb, Cr, Cu, Zn and Mn in the fruiting
bodies of the examined mushrooms depend on the species and the area

where they are collected (Tables 1—3).

Of the metals analysed, Cd and Pb are known to be the most to-

xiz for the human body.

Metal econtents (mg/ kg dry matter) in the fruiting bodies of
(Seop.) Sing.

\luorulép(o‘!a

C Table 7

pracera

Place and time of collceting Cd Pb

Cr Cu 7 RYATY
Mirein, June 1990 2.67 5,02 7.31 59.10 38.18 31.72
Tg. Lapus, Aug. 1989 3,85 0250 19.55 99.23 47.80 19,22
Stenia, Sept. 1988 33.03 108.50 213.60 210.41 175.37 163.46
Tartava, Sept. 1988 69.34 10093 212792 375.03 1214 20.60
Lable 2
Mewl contents (mg'kg dry matter) in the firulting bodies of Armillaria mellea
(VahL) Kumm.
Place and time of collecting Cd Py Cr Cu YA AMu
Cluj-Napuca, Sept. 1989 3.02 11,00 29.67 2.52 297.00 16171
Cugir, Sept. 1985 8.53 55.52 275,58 16.40 38.35 3934
Zlatna, Oct. 1984 7.24 60.00 3483 71.85 140.40 13.70
Tadle 3
Metal contents (mg'kg dry matter) in the fruiting hodies of Amanita rubeseens
Pers.
Place and time of collecting Cd Ph Cr Cu A Ma
Zlatna, June 1984 8.03 146.34 22173 81.96 197.74 102.00
{young specimens)
Zlatna, June 1984 6.8 78.22 193.43 31.92 182.31 27 4t
{mature specimens)
Tarnava, Oct. 1989 12,39 69.33 23.28 10.30 182.30 16.57
{mature gpecimens) _ ’
Sighigtel, Oct. 1993 2.07 7.41 26.16 110.39 77.95
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Cadmium concentrations in the three species of mushrooms range
between 2.67 and 69.34 mg/kg dry matter. The highest values were
vrecorded in Macrolepiota procera collected from Tarnava and Stenia,
that is from the most poliuted arcas (Table 1).

The values of lead concentrations vary between 5.02 and 146.34
mg/kg dry matter. The highest concentration was found in Amanite
rubescens, collected from Zlatna (Table 3). High values were also de-
tected in Macrolepiota procere from Stenia and Tarnava (108.50 mg/kg
and 100.93 mg/kg dry matter, respectively; Table 1).

High contents in Cr, Cu, Zn and Mn were recorded as follows:
7.31—275.58 mg/kg for Cr: 2.52—375.05 for Cu:. 38.55—297.90 mg/kg
for Zn and 13.70—163.46 mg/kg for Mn (Tables 1—3).

In young fruiting bedies, metal concentrations were higher as com-
pared to mature ones (Table 3).

Conclusions, 1. The contents of heavy metals, especially of Cd and
Pb, in the mushrooms collected {from the most polluted areas exceed
the WHO health security standards (13 times for Cd and 4 times for
Pb}.

2. Of the three investigated species, Macrolepiota procera accu-
mulates the highest quantities of heavy metals.

3. Young fruiting bodies contain more noxae than the mature
NRES.

REFERENCES

[

.Bargagld R, Rivelamenti cuantitativi di elementi in tracce nei macro-
miceti del Monte Amiata, ,Micol. I1tal.”, 13 (3), 1984, 25—15.

.lrtet, B, Rieder. K., Cadmium und Blei in Pilzen aus der Alpinen Stusc
der Schweizer Alpen, ,Mycol, Helv." 1 (8), 1985, 393—399.

3 Kojo, M-R, Lodemius, M, Cadmium and mercury in macrofungl
Mechantsms of transport and accumulation, ,Angew, Bot., 63, 1989, 46-—58.

4 Laaksovirta K, Alakuijala, P, Lead, cadmium and zinc content
of fungi in the parks of Helsinki, ,Ann. Bot. Fenn.", 15, 1978, 253—257.

5. Laub, E, Waligorski F, Woller, R, Lichtenthal H, Cadmium
uptake by mushrooms, ,Z. l.ebensm. Unters.-Forsch. 164", ,Chem. Alstr™,
87, 1977, 269—271.

6. l.odenius, M., Kwusi, T, Laaksovirta, K. Liukkonenl.ilja,
H., PYepponen, S, Lead, cadmium and mercury contents of fungi in
Mikkeli, SE Finland, ,Ann. Bot. Fenn.”, 18, 1981, 183—186.

7. Meisch, H-U, Schmitt, J A, Rainle, W, Schwermetalle in héheren
Fllzen: Cadmiuwm, Zink und Kupfer, .2, Naturforsch.*, 32C, 1977, 172—181.
8. Palloti (., Bencivenga. B, Vegliante, A, Contenuto in mercurio
totale in funghi selvatici e coltivati, ,JInd. Alim* 15 (12), 19876, 57—60.

9. Quinchie, J-P. Les teneurs en huit elements traces de Boletus edulis,
wMycol. Helv." 1 (2), 1983, 89—91.
1. Schmitt, J. A, Meisch, H.-U, Cadmium in mushrooms — distribution,

growth effects and binding, ,Trace Elements Med.”, 2, 1985, 163—146.

11. Sdeger, R, Mever, K, Schoenhut, S, Lead in mushrooms, ,7Z.
Tebensm. Unters.-Forsch, 162%, 1976, 7—10.



A. POP, A. NICOARA

2. Sceger, R, Nitzel, R, Dill, U, Cadmium in Pilzen, ,Z. Lebensm.

Unters.-Forsch. 166* 1978, 23—34.

5. Stijve, T, Selenium content of mushrooms, ,7Z. Lebensm. Unters.-Forsch.

164, 1977, 201—203.

.Svijwve, T., Besson, R, Mercury, cadmium, lead and selenium content

of mushroom species belonging to the genus Agarvicus, ,Chemosphere®, (2),
{976, 151—158.

5. Stijve, T, Roschnik, R, Mercury and methyl mercury content

of different species of fungi, ./ Trav. Chim. Alim. Hyg®, 65 1974, 209—220.



STUDIA UNIV., BABES-BOLYAT, BIOLOGIA, XLI, 1--2, 1995

HEAVY METAL CONTENTS IN SOIL AND CULTIVATED PLANTS
(ZEA MAYS L., SOLANUM TUBEROSUM L))
UNDER THE INFLUENCE OF FERTILIZERS

DANA BATIHORY®, PETRU GUS*:, ANA NICOARA* and VICTOR BERCEA*

SUMMARY. — The paper describes the effects of treatments for
improving the agricultural soils in the industrial area Zlatna (Alba
county), by using manure and chemical fertilizers (NPK) and CaCO;,
as well as their influence upon the heavy metal contents in food
vegetal material (corn caryopses and potato tubercles). In the polluted
s0il (control) the heavy metal contents were: Pb — 68.66 mg kg—.
Zn — 40585 g kg—!, Cu — 24750 ke—!, Cd — 5.45 mg kg—!, Fe —
150 g kg—l The results show that fertilizers determined increases
in Pb, Zn, and Cd contents of contaminated soils, CaCO; contributed
to the increase of the solubility of chemical compounds and to the
metal uptake by plants. The heavy matal concentrations, higher
in potato tubercles than in corn caryopses, might be the result of
some tolerance mechanisms to the excess of heavy metals mani-
fested by fixation of potentially toxic elements in the vegetative
organs,

The agroccosystems in indusirial areas ave affected by gascous
and dust emissions resulted from technological processes. Particles in
suspension with a high content in heavy metals oxides (Pb., Zn, Cu,
Zd, ete) deposit on the surface of plants and soils in the surroundings
of the factories, or even at great distances as a result of air currents.
The deposited materials cause changes in soil quality and equilibrium
of the soil-plant system. Soils have an ability to buffer changes
dzpending on bulk properties such as texture, organic matter content,
and pH. However, there are important implications if the buffering
capacity of soils is exceeded; veversing undesirable changes present
difficult management problems [8].

Uptake and accumulation of heavy metals in plants, as well as
the reaction of the plants to these influences have become lately one
of the researchers’ main concern. The accumulation of heavy metals
in vegetal organisms represents a contamination factor through food
chains [7, 8].

The high concentrations of heavy metals in soil have damaging
offects on vegetal organisms; the most frequent effect is the inhibition
af the growth process. Many metals impair cell physiological functions
including cytoplasmic enzyme activity, and transport functions {5].

The present paper is dedicaled to the effects of treatments for
improving the agricultural soils in the industrial area Zlatna (Alba

¢ Inatitute of Biologic&! Rescarch, 3400 Chluj-Napoca, Romania
** University of Agricultural Sciences, 3400 Cluj-Napoca, Romania

7 - Biologia 1-—2/1996
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county), by using manure and chemical fertilizers (NPK) and CaCO,,
as well as their influence upon the heavy metal contents in food
vegetal material (corn caryopses and potato tubercles).

Materials and method. The experiment was carried out in Patrdngeni, &
locadity 3 km down the factory processing non-ferrous metals in Zlatna (Alba
county), the source of pollution with sulphur oxides and heavy metals of the agri-
cultural and forest lands of the Ampoi wvalley [1, 2]. The experimenti] plots
have been organized into two distinet sets, characterized by supplementary
caleium carbonate (+CaCO; at & fons/ha, or without calcium carbonate
—CaCOy. The conirol plot has not been treated at all, while the treatments
comprised the fcllowing variants:

V1 — manure (45 t/ha);

V2 — manure (90 t/ha);

73— NPK 150 kgsha (60:50:40);

V4 — NPK 300 kgsha (120:100:80);

V5 — NPK 600 kg/ha (240:200:160):

V6 — non-fertilized soil, treated with CaCQO, (6 t/ha).

The plots were cultivated with corn and peotato planits, according to (he
standards proper to each species. At the end of the vegetation period, soil was
sampled both from the control, the manure fertilized soils —— 90 t/ha (without
CaCO, and with CaCO0,) and the soils treated with NPK — 300 kg/ha (without
CaCO, and with CaCQ,). Vegetal material samples (corn cobs and potate iu-
bercies) have also been taken from all the experimental variants. Estimation
of heavy metals has been performed three times from the dried material mincexd
to fine powder and macerated in HNO, (the vegetal material) and in a mixture
of concentrated acids (H,SO,, HNQ,;, HCIO, — the soil samples). Measurements
were registered by means of a spectrophotometer with atomic absorption. The
results have been processed statistically: the mean, the standard deviation (S.D,
“and the significance of difference ("t" test) have been calculated.

Resulfs and discussions. The arable soil (control) has high concen-
trations of Pb, Zn, Cu. Cd. Fe in the area influenced by atmospheric
nollution, 5 km down from the contaminating source (Table 1). Under
the influence of fertilizers significant ¢hanges in the contents of Zn,
Pb and Cd take place. Thus, Zn increases significantly (P<C0.001) in all
the variants, as compared to the control. Pb increases by 8—1204 in
soils treated with manure and NPK, and decreases by about 30Y%
(P<<0.01) in soils with combined treatment (fertilizers 4+ CaCQ,). Copper
concentrations do -not show significant changes, although the
limits of the variability are very large. It is only under the influence
of manure treatment and CaCQ, that the Cu content in soil becomes
_more homogenous (Table 1). On the other hand, Cd increases signi-
ficantly in all the variants, especially in soils without CaCO, addition.

The heavy metal contents in the vegetal material differ in the
two specles under study (Tables 2 and 3). In potato tubercles (Table 2),
quantities of Zn vary between 24.12 and 53.81 mg kg! dw. Cu
between 8.0 and 15.61 mg kg~' d.w.. Fe between 0.37 and 22.48 g
kgt d.w. Corn coryopses contain: Zn (25—110 mg kg-! d.w.), Cu
(1.35—4.85 mg kg dw), Fe (0.34—17.76 mg kg—! d.w.) (Table 3).
We have observed the absence of Cd, as well as equal quantities of
Pb (1.61 mg kg! d.w) in all the experimental variants. except for
V6 in potato tubercles (3.23 mg kg—! d.w.).



TEIAVY METAL CONTENTS IN SOIL AND CULTIVATED PLANTS

99

Table 1

Heavy metal eontents in contaminated soils under the influenee of fertilizers

Ieavy metals C* Vi Vo V3 V4
Pbh (m q kg tdw) 68.68 74.32 46.85 77.55 46.05
$D. - 19.44 5.60 3.70 51.81 15.13
o 100 108.24 68.23 112,94 67.08
*%
7n (m;, kg tdw) 405.83 1054.25 102413 1129 80 1066.03
SI 15.29 15.10 1011 64.13 44.97
N 100 259.75 252.28 278.37 262.66
i ko LT TS (223
Co (mg kg™t dw,) 247.30 22250 231,66 254,16 260.83
SD. 4 46.83 45.89 12.38 76.37 41.85
P 100 89.69 93.60 102.69 105.38
Cd (mrf ke tdaw ) 3.45 7.20 6.79 7.71 7.51
SD. 4 0.35 0.61 0.31 0.61 0.33
o, 100 132,11 12458 141 46 137.79
% * x % *%
Fe (g kgt diaw) 10.50 11.23 10.88 1212 10.88
S Do 0.13 0.15 0.33 1.60 0.74
7, ) 107.14 103.61 11571 103.61
'3
* Control, V1o Manure (90 tha- V2 - Manure (90 the+ CaCOz. Vi — NPK
Cal’O. V4 - b ('300 kg/ha s The results represent the of three re-

L The values ave singnificenty di YT 005, 0t Bl 001, v yv”.;; 0.001.

Table 2

Heevy metal contents (mg kg~ daw.) in potato  (tubereles) grown in  contaminated and
fertilized <oils

Zn Cu e
Voariant b -
Mean =S, 9, Mean 5.0 o Mean =S 9,
Contrel 161 43.09.00.05 100 11.42.:0.38 100 5.01-20.37 100
CaCoOy
Vi Lel 2802..056 63503 *** 10.86-.0.16  96.00 15.02-20,03 299.60 ***
V2 1.61 29.94.10.57 069.48 *** [5.612.0.16 136.71 »* 21.38.10.34 426.46 **»
V3 1.61 29.95 —PO 56 GO0 *** 892016 7813 ** 14.93-+0.19 297 800 *+*
V4 1.61 30.1240.27 69.88 *** 15.034.0.16 131.64 ** 20.05--0.37 400.00 ***
V3 161 32.094.0.69 7447 *** 14454016 12656 ** 22.48--0.77  448.40 ***
- CaCo,
Vi 181 41654032 96.63 * 70.86 ** 8.17 ==
v 1.61 53.8140.63 12486 **+ 103.61 7.38 x%x

\'3 1.61 24.124.0.11 5597 ***
V4 L1 48,47 .5-0.32 112,47 #**

82.25 ***
129,10 #*»

178.32 ==,
386.90 ***

va 161 37424031 8684+ 12145013 106.30 * 338038  67.42 +e*
V6 3.23 48800012 113.24 *** 1280.0.50 112.08 9925038 197.87 *+*

The results roprexen! the mean of three roplicates & 8D, Ditferences dre signilicant at
P« 0,05 P -I001, vt P oD ou0GL :
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In accordance with the applied soil treatment, there is a significant
decrease of Zn content in the potato tubercles, throughout the series
with no CaCQO; addition and the NPK (150 kg/ha + CaCQ,) variant;
there is a significant decrease of Cu content in NPK (150 kg/ha --
CaC0,), manure (45 t/ha - CalJ,) and NPK (150 kg/ha + Calo
treatments. Significant, about 3004 increases in the Cu guantities cen
be noticed, as compared to the control, in the no-CaCO, variani
{manure 80 t/ha, MPK 300 and 600 kg/ha) and in the NPK (300 kg
-+  Cal0,) treatment. At the same time, the Fe content
creases  in the variants with fertilizers without CaCQO; and in
series treated with CaCG, under the influence of NPX (138
300 kg/had, The lowes: values in Fe content were recorded in the cose
of VI, VI and V5 with added Cal0,

In corn caryopscs {Table 3) there were increased Zn quantities
in the ecase of manure ireatment (80 t/ha —CaCO,) and significant
decrease in the NPX (300 kg/ha —CaCO,) variant. Under the influence
of CaCOy the Zn quantity increases significantly in the V1, V2, V3
and V4 varianis. Under the influence of NPK at the higher concentra-
tion, the Zn content decreases with over 20¢4. Copper concentration
in corn carvopses is Jower than in tubercles, but the oscillating values
are ampler among the treated wvariants. Treatments without CaCQ.
reveal Fe quantities under 1 mg kg! d.w., while treatments with
CaCQ,; show significant increases of Fe quantities, especially in
V2, V4, V5,

The ecological conseguences of the soil poilution with heavy me-
lais are also influenced by metal solubility and mobility. These che-

Tabie 5

Heavy metal e¢ontents (mg kg—* d.w.} In corn {caryopses) grown In econtaminated and fer-
tilized solls

n Cu Fe
Variazt  Pb ' e
Mean+-SD. 9, Mean-=S.D. ey Mean-.S.D. el
Control 161  38.95.0.23 100 2214020 100 1754038 100
- CalQ,
1 1.61  36.7240.27 101.28 2.60.L0.53 117.40 4.033-0.38  230.28 »=»
V2 1.61  45.564-0.28 125.60 *** 2.21.-0.19 100.15 1.41-.0.37 50.76 #*»
V3 161 35575056 98.12 3995085 180,42 3.1640.19 180,57 **

V4 161 2556-+048 70.50 *** 4.854.0.16 219.27 *» 0.954-0.05 5428 *

¥5 1.61  37.70.4-0.28 103.99 * 3684016 166.36 ** 0.93-.0.07 5332+
+Cal0o,

Vi 16l 52891032 14589 ***  1.35.4.0.16 5l.14»

V2 161 110.29.-0.44 304,22 *** 252..0.16 144,00

25.00 *
5391.61 ==

V3 1.61 12160 *** 3124012 14126 ** 193,14 **»
V4 1.61 133,79 »** 399085 180.42 . 1015.23 #=»»
V5 161 76.29 *** 2.904.0.01 13117 = 6.65 +0.38  380.00 *»**
't 1.61 91,93 ** 2524016 114.00 0.34:-0.01 19.61 *
represent  the mean of three replicates - S.D. Differecces we  siguificant e

LGl YT P o 0a0C.
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mically related factors determine the transfer of polluting agents from
soii to the groundwatler, microorganisms, native plant and animal
communities, cultivated plants and finally to the human food {l15].
The uptake of heavy metals, especially of those having high mobility,
reflects the concentrations in soiis. Therefore, it is very important that
heavy metal concentrations in soils ard plants should be known. as
accumulations may become sometimes dangerous for man without
visible damaging effecis on vegetal organisms. Bibliographic data con-
cern mostly Pb and Cd. whose toxic effccts on plants become signifi-
cant at concentrations over the risk level for human beings. Reverse
effects were revealed for Zn and Cu {151

The concentration of about 70 mg kg~! d.w. in Pb (Table 1) in the
control exceeds the “normal” concentration of 30—40 mg kg™! in agri-
cultural soils [12], revealing thus a high pollution level. The following
critical values (maximum tolerable levels) for trace elements in agri-
cultural soils were proposed: Pb — 90 ppm, Zn — 150—300 ppm,
Cu — 8§0—140 ppm, Cd — 1.6—3 ppm [7].

The high Pb conterts in soils treated only with manure and NPK
may be determined by the lormation of some organo-mineral, insoluble
compounds. The presence of CaCQO, determined a 30—40¢/, decrease in
Pb content, which might be due o mineralization of organic substance
and to Pb uptake by plants in this area. Lead is known to have a re-
latively low mobility in soil, but at high concentrations it may become
the source of excessive accumulations in plants, mostly in the roots
19, 12]. Scientific information points out that cereal seeds contain
between 0.2 and 1 mg kg—! d.w. Pb, cven in soils treated with sewage
siudge [12]. As compared to these values, our results reveal higher Pb
concentrations both in corn caryopses and potato tubercles, without
any correlation to doses and treatment variants.

The about 3-fold increase of Zn concentration in soil treated with
fertilizers without CaCO; might be determined by the formation of
insoluble compounds, that prevent Zn uptake. This idea is also con-
firmed by Zn concentration in the vegetal material, diminished as
compared to the control, especially in potato tubercles. An additional
CaCO; treatment intensifics Zn accumulations in corn caryopses. Biblo-
graphic information mentions the root and leaves as organs with the
highest Zn accumulation {3]. Davis [6] found that at 40 mg kgt Zn
in soil the Arachis hypogaea L. leaves had 400—500 ppm Zn, while
Dudka et al. [7] found 97.5 ppm Zn in grains of Triticum vulgare L.
grown in soils with 300 ppm Zn. The study of fertilizer efficiency in
cotton [10] revealed Zn distribution as 23%, in leaves, 1804 in siems
and 484, (30 mg kg~!) in seeds, while Cu was distributed as 26% in
stem, 29¢/, in leaves and 280/ (5.4 mg kg !) in seeds. Schumacher
et .al. [14] reported very low Zn and Cu concentrations in potato tu-
bercles {as compared to the values resulted from our experiments),
namely 2.81—3.47 ppm Zn, and 1.38—1.69 ppm Cu, respectively.

Both Zn and Cu are essential nutrients for plants, but an excessive
aceumulation may cause harmful structural and physiological effects.
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High concentrations lead to chlorosis, inhibit the radicular growth,
alter the permeability of plasma membrane, having negative effects in
the absorption and transfer of Ca, Mg, Fe, K {3, 6, 7, 11]. Besides all
these aspecis, there is another important one: the heavy metal con-
centration in the plant tissues used as food. As compared to the ad-
mitted levels for Zn (15 mg/day) and Cu (2—3 mg/day) [14], the con-
centrations we have obtained are among the relatively normal values
for Zn in corn caryopses and tubercles, bui they are high for Cu in
poiato tubercles.

Though Cd was not present in the experimental vegetal material,
we suppose its presence in other organs, considering the results mentio-
ned by other authors [3, 4, 7, 13]. During the experiments with spring
wheat grown in Cd-treated soil, Dudka et al. [7] obtained higher Cd
levels in stems and grains, considering them as dangerous for animals,
as a concentration of 0.5 mg kg~ Cd in fodder causes chronic toxicity.
The authors consider that the ability of cultivated plants to tolerate
high contents of Cd without showing any symptoms of toxicity creates
a serious problem in terms of animal and human poisoning with this
metal through the food chain.

Conclusions. 1. Applying manure and NPK to contaminated soils
deiermined an increase in the soil contents of Pb, Zn and Cd, as a
probable result of the formation of some organo-mineral, insoluble
compounds. The improving treatments with CaCO, contributed to the
increase of solubility of chemical compounds and uplake of metals,
especially Pb. There are no significant changes in Fe contents.

2. The heavy metal concentrations, higher in potato tubercles than
in corn caryopses, might be the result of some lolerance mechanisms
1o the excess of heavy metals manifested by fixation of potentially,
toxic-elemenis in the vegetative organs.

3. Examining of heavy metlal contents in plants represents an esti-
mation method for the quality of soils in indusirial areas, but the
method needs to be applied to all the plant organs, especially when
such plants are consumed as food. The uptake and concentration of
heavy meials may be significantly different both among plant species
and various plant paris.
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EFFECTS OF DIETHYLSTILBESTROL ON CALCIUM FLUXES
THROUGH THE INNER MEMBRANE OF RAT HEPATIC
MITOCHONDRIA

FERENC KOSA* and CORNELIU TARBA#

SUMMARY., — The cffects of diethylstilbestrol (DES) on Ca2t
gransport in  isolated rat liver mitochondria have been studied by
the use of spectrophotometric methods, employing arsenazo III for
Ca*r and safranin for membrane potential. In the concentration
range studied (3—i3 pM), DES produces an efflux of the accumulated
calcium. Up to 23 pM DES, the efflux is reversible and can be inhi-
bited by ruthenium red (RR), which indicates that it probably occurs
through the calcium uniporter. The efflux can be explained by the
raduction of the membrane pdtential observed under these condi-
tions. Above 26 pM DES, the calcium efflux becomes irreversible
and cannot be inhibited by RR. The phenomenon is accompanied
by membrane potential collapse and irreversible swelling ¢f mito-
chondria, Up to 20 pM, DES also inhibits the Na*-independent
Cat® efflux measured in the presence of RR. By collapsing the
membrane potential generated by respiration or by addition of
valinomycin to mitochondria suspended in a low K+ medium, DES
also jnhibits Ca®?t infiux threugh the calclum uniporter.

Diethylstilbestrol (DES) is an ariificial estrogen which was given
world-wide to more than two millicns of pregnant women during a
period of about 3 decades, starting in 1947, in the mistaken belief that
it would prevent miscarriage [6, 7]. Instead, years later, it caused
cancer in some of the children born out of these pregnancies and non-
cancerous abnormalities in many others 6, 7].

DES was also used virtually without restraint for over 40 years
as a growth stimulant in ruminants and chickens [6]. It has been
estimated that from 1955 until 1979 (when it was banned), DES was
administered to almost 80%/, of the cattle and lambs in U.S.A. [8].

Evaluating the available scientific information, the International
Agency for the Research on Cancer (IARC/WHO) has estimated that
there was sufficient evidence for DES to be classified as @ human car-
cinogen [7].

Despite its well-documented carcinogenicity in humans and ex-
perimental animals, the mechanism of action of DES still remains
obscure. However, certain data are now available regarding its action
on several membrane-dependent processes. Thus, it has been shown
that DES is a new kind of energy transduction inhibitor, acting on
mitochondrial ATP synthase [10, 11] and respiratory enzymes [16]. In
previous studies [5, 16], we have also demonstrated an uncoupling effect
on oxidative phosphorylation, besides its inhibitory effect.

* Babeg-Bolyai University, Departmen! of Animal Physiolegy, 3400 Cluj-Napoca, Romania
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In eukaryotic cells, DES is the only agent known to inhibit all
three classes of proton ATPases, i.e. the P type, the V or vacuolar
type and F or F,F, type [12]. It also inhibits the Ca* pump of the
sarcoplasmic reticulum (SERCA) as well as that of the plasma mem-
brane (PMCA) [9] (also, Ko6sa and Magdcsi, unpublished ob-
servations). The cytosolic free Ca®*t concentration (10—7 M) is four
orders of magnitude lower than the free Ca?" concentration found in
the extracellular fluid. Such a low cytosolic calcium concentration is
achieved through the concerted action of Ca?* transporters present in
the plasma membrane, endoplasmic reticulum and mitochondria. Under
the conditions in which the calcium translocation across the SERCA
and PMCA type Ca®* pumps are markedly decreased, following the
adminisiration of DES, the maintenance of Ca?* homeostasis could
relie on the capacity of mitochondria to sequester excess amounts of
calcium and thus buffer cytosolic Ca2* concentration.

Intramitochondrial Ca®* homeostasis is controlled by a well-defined
uptake pathway and by release mechanisms that have been only par-
tially characterized.

Caz* uptake in mitochondria is mediated through a specific, elec-
trogenic, ruthenium red (RR)—inhibitable wuniporter, driven by the
Caz* electrochemical gradient [3]. Ca’* uptake can be naturally ener-
gized Dby respiration-linked or ATP-linked proton extrusion and,
artificialiy, by the diffusion potential set up by the outward flux of
K+ induced by valinomyecin [3], a specific K* ionophore.

The primary Ca?* efflux mechanism of mitochondria from heart,
brain, skeletal muscle, parotid gland, adrenal cortex, brown fat tissue
and most tumours appear to be a Ca?"/nNa* exchange [3, 19]. In
contrast, the primary efflux mechanism of liver, kidney, lung and
smooth muscle is Nat.independent [3, 19]. However, there seems to
be some Nat-dependent efflux in liver mitochondria, too [18]. In addi-
tion, Ca** may be released from mitochondria due to a reversible
increase of inner membrane permeability iriggered by permeability
transition (PT) inducers (Pi, tert-butyl-hydroperoxide, etc.), through the
formation of the so-called permeability transition pore (PTP) [3, 19, 20].
The increase of the inner membrane permeability is unspecific and is
choracterized by leakiness to small ions and proteins, swelling of mi-
tochondria, collapse of membrane potential (Ay) [3, 19, 20]. The PTP
j‘f inhibited very specifically by nanomolar concentrations of cyelosporin

[19, 20].

Nothing is known about the effects of DES on any of these calcium
transport systems in rat liver mitochondria. To our knowledge, there
i1s only one article describing the inhibitory’ effect of DES on the
calcium influx in the mitochondria of the human myometrum [1].
Therefore, in the present study, we examined DES effects on Ca?*
transport systems of rat liver mitrochondria (RLM).

Materials and methods. Mitochondria were isolated from the livers of
fre*;h].){ decapitated white rats (150—250 g) of an inbred Wistar line, essenfially
according to Johnson and Lardy {[4]. The isolation medium consisted of
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250 mM sucrose, 5 mM ‘Tris-HEPLES (pH 7.3), 0.15 mM EDTA and 0.1 mM EGTA,
while the washing and suspending media lacked the chelating agents.

All measurements were recorded with a Specord M-40 spectrophotometer
(Car] Zeiss, Jena) and were carried out at room temperature in a standard me-
dium containing 250 mM sucrose, 10 mM TrissHEPES (pH 74) and 10 M Ca*+,
at a mitochondrial. protein concentration of 1 mg/ml.

Ca?+ movements across the mitochondrial inner membrane were followed
by monitoring the absorbance changes of the metallochromophoric dye arsenazo
IIT (25 M), at 660 nm [13]. At the concentrations used, DES does not interfere
with the spectral charactaristics tf arsenazo TII or with its calcium binging
properties.

Membrane potential generabted by succinate respiration was estimated by
the use of safranin (10 u M). The absorbance changes of this dye were recorded
at 540 nm, under conditions generally similar to those described previously
[14-—16]. Unlike in the case of diS-C.,—(5) (a cyanine dye) {16], DES did not
interfere with the safranin response to membrane potential. To avoid interfe-
rence with swelling, a special procedure was used, in which the dye was pre-
sent only in the sample cuvette and all additions were made concomitantly in
both cuvettes (see [15, 16]).

Mitochondrial swelling was measured by the apparent absorbance changes
at 540 nm, in the absence of any indicator, making additions only to the sample
cuvette.

ANl ithe chemicals used were of analytical grade. DES, HEPES, rotenone,
valinomycin, nigericin, safranin, ruthenium red and arsennzo III were from
Sigma, Tris from Merck and sucrose from Serva.

Results and discussion. DES effects on Ca2™ efftux. As can be
seen from Fig. 1 (trace A), the addition of succinate to a RLM sus-
pension initiated a process of calcium uptake which reached a steady
state in about 2—3 min. The DES-induced Ca?* release is concentra-
tion-dependent. The addition of 3.3 uM DES initiates a process of Ca®**
efflux, which leads to a new steady state in 1—2 min. As can also be
seen, increasing DES concentrations produce a gradual efflux of the
accumulated calcium. A complete efflux of the accumulated calcium
occurs at a final concentration of 42.9 M DES.

Since several mechanisms have been suggested to account for
xenobiotic-induced Ca2?t release, such as non-specific membrane da-
mage, decreased transmembrane potential, increased mitochondrial
inner membrane permeability [3], the contribution of each of these
mechanisms to DES-induced mitochondrial Ca?* release was investi-
gated.

Parallel measurements of Ay were performed under the same
conditions as above. Upon energization with succinate, in the presence
of rotenone, mitochondria generated a Ay stable for several minutes
(Fiz. 1, trace B). The addition of DES resulted in a concentration-de-
perdent decrease in Ay. 26.4 yM DES collapses completely the mem-
brane potential. As Ay is the main driving force for mitochondrial
Ca®* uptake [3], a reduction in the membrane potential to such a
degree as that seen in our experiments is sufficient to explain the efilux
of calcium. The decrease of membrane potential by DES may be ex-
plained by the proionophoric action of this drug. Mec Enery [11]
showed that in phosphotidylcholine (PC) liposomes, at the same con-
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Pig. 1. Effects of increasing comcenirations of DES on wmitochondrial calcium fluxes (A)
and membrane potential (B).

RLM were incubated ot a protein concentraticr of 1 mg/ml in the standard medium
(see ,,Materials and methods”). After the release of the endogencus calcium, in the presence
of 6.6 uM rotenone, 10 pM Ca®t was added and mitochondria were energized with 3.3, mM
succinate (Succ.). Different concentrations of DES were added at the sites indicated. Trace
A was recorded in the presence of 25 uM arsenazo ITI, at 660 nm, and trace B in the
presence of 10 uM safranin, at 540 nm. An upward deflection indicates calcium efflux (traceAd)
or membrane potential decrease (trace B). The length of the standard arrow for ahsorbancy

(ABS) is 0.05 units in A ard 0.1 urits in B.

centraticns as those used by us, DES  induced proton {ransport
through the lipid bileyer. In a previous paper [16], we have also pre-
sented indirect evidenco in this respect, as deduced from the uncoup~
ling effect of DES on oxidative phosphorylation. | ;

The drug ruthenjum red (3.3 pb) increases the membrane poten-
tial (Fig. 2, trace B) and inhibits the calcium ef{lux induced by 3.3—
20 pM DES (Fig, 2, trace A). Even thoush additions of DES (below
26 ¢M DES) do not produce calcium effiux, they slightly depolarize
the membrane. However, 26.4 M DES produces an appreciable cal-
civm efflux and a strong decrezse of membrane potential (Fig. 2,
traces A and B).

The nature of DES-induced Ca?* efflux seems to be related to the
reversal of the uniporter, subssguent to the decrease of Ay, rather
than to the activation of an independent Ca®t efflux pathway. This
2ssumption is supported by our findings that the DES-induced efflux
Is considcrably faster than that reported for the Na*-independent,
Cart elflux pathways [16] and that the efflux is inhibiied by BR. Up
to the coneeniration of 23 uM DES, Ca?i effluxes are reversible: ad-
dition of 0.25 pg/ml nigericin produces a transient reaccumulation of,
calcium in the mitochondrial matrix (Fig. 3, trace B). These data thus
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Fig. 2. Effects of increasing concentrations of DES on mitochondrial
calcium fiwzes (A) and membrane potential (B} in the presemce
of 3.3 uM ruthenium red (RR).

The rest of the conditions are identical to those in Pig. 1,

exclude th: possibility that the Ca** efflux produced by 3—26 uM DES
«could be e to an irreversible damage of the inner mitochondrial
membrane. Such irreversible damages, however, take place at con-
centrations above 26 pM DES. At these concentrations, the Ca?t efflux
is no longer reversible, Ay is collapsed and the efflux cannot be inhi-
bited by IR. At the same time, DES also produces an irreversible
swelling of nitochondria (Fig. 3, trace A).

The effux of the accumulated calcium, produced by concentra-
tiors of DEY higher than 26 uM, in the presence of RR (Fig. 2, trace
A) may be 2xplained both through the irreversible damages of the
inner mitochondrial membrane (IMM) and/or by the induction of the
permeability transition, ie. the opening of the PTP, when there is
enough calciun accumulated in the matrix, if RR and a protonophore
are simultanewusly present. Taking into account the protonophoric ac-
tivity of DES [11], the three conditions necessary for PT induction are
concomitanily satisfied in the experiment presented in Fig. 2. While
the Ca?+ efflur in Fig. 1 (trace A) can be entirely explained by the
irreversible danages of the mitochondrial membranes, for the expla-
nation of the dflux observed in the presence of RR (Fig. 2, trace A)
one could not liminate the induction of the permeability fransition,
in addition to tie irreversible damages. Since both membrane damages
and the permeasility transition are accompanied by a similar sympto-
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Pig. 3. A Swelling of Ca¥*—~loaded RLM induced b» 43 yM DES.
B. Reversibility of DES—induced C4® effiux.

Conditions are similar to those in Fig. 1. In A, the recording was performd at 340 nm
in the absence of rotenone and any indicator; in B, 0.25 ug/ml nigericin (Nig) was added
as indicated, under basal conditions cquivalent to those in trace A of Fig, 1.

matology (membrane potential collapse, RR uninhibitable Ci** efflux,
irreversible swelling), the degree of contribution of the tvo mecha-
nisms to the calcium efflux observed in the presence of RR cannot be
estimated by the methods used in the present study.

Na*-independent Ca?®? efflux can be observed if RR & added to
mitochondria which have previously accumulated calcium (Fig. 4).
Since RR inhibits both the calcium influx and efflux throwh the uni-
porter, the efflux observed in the presence of RR is due exclusively
to the Na*-independent calcium transport (in the absence of Na®, as
in our experiments, the Ca??/nNat antiporter,, also presmt in RLM
s not functioning). One can see that the Na*-independmt calcium
efflux (Fig. 4) is much slower than the calcium efflux hrough the
uniporter (Fig. 1, trace A).

As can be observed from Fig. 4, up to approximately 20 uM DES,
there is an inhibition of the Nat-independent calcium oflux. At hi-
gher concentrations, however, even in the presence of IR, due to its
protonophoric activity, DES produces permeability trandtion and cal-
cium efflux.

DEZS effect on Ca®t influx., The effects of DES onihecalcium in-
flux generated by succinate respiration or by the use of valinomyein
are shown in Fig. 5. Regardless of the way in which tle electrochemi-
cal gradient was generated, concentrations of 10 uM DES inhibited.
the Ca** influx. Because DES produces a rapid efflu: of the calcium
accumulated through the uniporter, the inhibition of the calcium in-
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Pig. 4. DES inhibition of ruthenium red—induced Ca efflux.
Conditions are similar to those in trace A of Fig. 2.

3.3fr}MSucc Zn;MVcE.

—

Pig 5. Inhiition by 10 uM DES of succinate-gensrated (A ) and valinomycin-generated
(B) Ca** influx. ,
Conditiois are similar to those in trace A of Fig. 1, but DIIS was added two mi-
nutes before scciuate and valinomycin (Val.).

flux cannot he explained by a direct inhibition of DES on the unipor-
ter.

The inhbition of calcium influx generated by succinate respira-
tion (Fig. 5A,is indirect and can be explained by the reduction of the
membrane poential, the most important component in the induction
and maintenaice of Ca?* influx. DES affects Ay by at least two me-
chanisms: on ne side, by inhibiting directly the respiratory chain en-
zymes [5, 16] and, on the other, by its protonophoric activity.
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In the case of the calcium influx generated with the aid of the
valinomycin-induced membrane potential (Fig. 5B), protowophoric
agents (including DES) also inhibit the process by collapsing ‘his po-
tential. It is known from the literature data that the diffusior poten-
tial generaied by wvalinomycin in the presence of a K+ gradieit indu-
ces a proton influx by increasing the so-called non-ohmic concuctance
of IMM for protons [2]. We have observed (data not shown ir the fi-
gure) that in the presence of DES the ccllapse of the valinonyein-ge-
nerated membrane potential is also accelerated. The mechanisn of this
effect, however, may be almost as complex as that discussec in the
case of the respiration-dependent calcium transport.

In conclusion, our results indicate that DES could act on the mi-
tochondrial calcium transport by several related indirec: mecianisms,
depending on concentration: increase of MM permeability ‘or pro-
tons,, induction of the :permeability transition and/or membmane da-
mage. The loss of the mitochondrial ability to retain calciun could
clearly compromise their function as a buffer of the cytosdic Ca?*
concentration during DES-inducsd cytotoxicity and may leac to the
inappropriaie stimulation of a number of Ca?t-activated catalolic en-
zymes, such as proteases, phospholipases and endonucleases [7], with
grave consequences on the survival capacity of both mitochordria and
cell.
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EVOLUTIA ACTIVITATII TRANSAMINAZELOR SERICE IN
TOXICOZA HEPATICA INDUSA CU TETRACLORURA DE CARBON
LA SOBOLANI DE DIFERITE VARSTE

NICOLAE BUCUR® si MIRCEA A. RUSUs

SUMMARY. ~ FEvolution of the Activity of Serum Transadminases ip
Liver Toxicosis Induced by Carbon Tetrachloride in Rats of Diffe.
rent ‘Ages. The evolution of the activity of serum transaminases has
shown that the reactivity of rats to the toxic action of carbon te-
trachloride is high at younger ages, at which the processes of liver
recovery are also more intense. These findings were confirmed by
histological and histoenzymological analyses of liver.

Impactul xenobioticelor cu organismul uman §i animal produce in
anumite conditii (doze, duratd de tratament) alterdri ale homeosiaziei
functionale si ale structurilor la nivelul unor organe de obicei denu-
mite ,,tint4%. Printre aceste organe un loc central il ocupd ficatul, care
datoritd echipamentului siu enzimatic bogat si adecvat participd prio-
ritar la metabolizarea xenobioticelor. La nivel experimental se utili-
zeazd numeroase subsiante cu tropism hepatic care provoacid leziuni
hepatice tipice ,standard“ care permit studierea evolutiei proceselor
patologice in vederea utilizirii unor produse hepatoprotectoare. In ex-
perientele noastre am initiat studierea afectirii hepatice de citre te-
tracloruri de carbon (CCl,), o substanti foarte utilizatd in hepatologia
experimentald {7], dar ale cirei mecanisme de actiune au fost eviden-
jiate recent, si nu in totalitate. Intoxicarea cu CCl, este un model util
si practic de studiere a proceselor de fibrozare [8], reprezentand, in
acelasi timp, un model adecvat si pentru studierea, prin asemanare, a
hepatitei umane [4]. Unul din efectele remarcabile ale actiunii tetra-
clorurii de carbon este cresterea majord a transaminazelor serice.

In cercetirile noastre am urmirit evoluiia in ontogenie a activi-
t&3tl transaminazelor serice in toxicoza hepaticd indusd cu CCl, la so-
bolanul alb.

Matlerial si metode, Sobdlanii din rasa Wister alb masculi in vérste dj-
ferite (4 vérste) au fost intoxicati cu CCl,, timp de 7 zile. S-au sacrificat imediat
dupa intoxicare, iar o parte dupd o pericadd de refacere de 720 zile. Din
singele recoltat s-a determinat activitatea transaminazelor serice cu metoda
Reitman—Fronkel. De asemenea, s.a studiat histologia si histoenzimologia fi-
catului cu metode uzuale [51.

Experimentul Ia. Lotul intoxicat cu CCl, este notat cu C. Sobolanii juvenily
in varsta de 21 de zile, in greutate medie de 35 g, au primit, fiecare, zlInic
cate 0,03 mi CCl, in 03 ml ulei de floarea scarelui/100 g greutate corporald,
timp de 7 zile. Perioada de refacere a fost de 10 zile.

* Institutul de Cercetdri Bloiogice, 2400 Cluj-Nepoca, Roménia
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Experimentul Ib. Sobolani juvenili in varsti de 30 de zile si greutate medie
do 48 g au primit zilnic cate 0,06 ml CCl, in 0,3 ml ulei de floarea soarelui/100 g
greuwtate covporald, timp de 7 zile. Pericada de refacere a fost de 20 de zile,

bxperimentul 11, S-au folosit sobolani tineri in varstd de 42 de zile, In
preutate de 7O g, Fiecare animal a primif, zilnic, cite 0,1 ml CCl, in 0,3 mil
ulei de flvroa scarelui/i00 g greufjate corporald, timp de 7 zile. Animalele au
fost sacrificate dupd 7, 14 si, respectiv 21 de zile.

Experimentul III. Animale adulte in greutate de 200 g au fost tratate ca
cole din experimentul I1.

Rezujiate si discutii. In cazul experimentului I, nivelul trans-
aminazelor serice, in special activitatea GPT, a crescut la lotul intoxicat
cu 1960/, fatd de Jotul martor, iar activitatea GOT a crescut cu 1059/
Dupid pericada de refacere de 10 zile, activitatea GPT a scizut pana
la 239, iar cea a GOT la 59/ (Fig. 1).

In experimentul Ib, cresterea activitatii GPT la lotul intoxicat a
fost de 3780/, in timp ce activitatea GOT a crescut cu 65%. Dupi cele
20 de zile de refacere, nivelul transaminazelor a scizut pana la nivelul
martorilor (Fig. 2).

In experimentul II, efectul intoxicatiei asupra sobolanilor tineri a
fost foarie puternic: activitatea GPT a crescut la 434 pg acid piruvie/ml
ser, fafd de 75 ug cit au avut martorii (crestere cu 47694). Nivelul GOT
a [ost de +569/, fatd de lotul mertor. Dupd 7 zile de repaocs, ambele
activitiii s-au micgorat. Dupd 14 zile de refacere, activitatea a scizut
ia +12% la GPT gi la —2¢%, la GOT, fa{d de lotul martor (Fig. 3).

{n experimentul III, la sobolanii adulti intoxicarea provocati de
CCly a dus la cregterea ambelor activititi, cresterea fiind de 450% la

& -
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Fig. 3. Experimentul I1I. Sobolani tineri.

GPT 51 de 5204 la GOT. Dupi 14 zile de refacere, niveiul ambelor
trarnsaminaze serice a revenit la normal (Fig. 4).

Transaminazele serice, in special GPT, sunt elemente importante
in definirea agresiunii si leziunilor hepatice apirute consecutiv intoxi-
catiei cu tetracloruri de carbon. Datele noastre obifinute in ontogenie
confirmia astfel unele rezultate din literatura de specialitate {1, 6, 9],
subliniind faptul ci cresterea activititii transaminazelor insofeste obli-
gatoriu, ca elementul de bazi, procesele lezionale complexe determinate
de intoxicaiia acutd cu CCl,. Aceastd crestere & activitdtii transamina-
zelor serice si in special a GPT (care este caracteristici ficatului [2]),
are la bazi multiple cauze legate de modificarea proceselor de oxido-
reducere si fosforilare oxidativa care implici apoi modificiri limitative
negative in ceea ce priveste activitatea de ‘ransport, permeabilitatea
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Fig. 4. Experimentul I11. Sobolani adulfi.

membranelor extra- si intracelulare. La nivel histologic sunt modifi-
ciri pregnante care constd in principal in celule si zone cu celule balo-
nizate, celule in necrobioza in special in zona a IlI-a acinari si steatozd,
ceea ce confirmi numercasele date din literatura de specialitate pri-
vitoare la efectele CCl, [3], precum si corelatia strinsi existentd intre
extinderea necrozelor si mirimea ,revarsirii“ transaminazelor in ser
[1]. Observarea in ontogenie a evolufiei transaminazelor aduce anumite
aspecte inedite In cercetarea toxicozei cu tetraclorurd de carbon, evi-
dentiind unele particularitidti de reactivitate ale organismului in functie
de vArsta.

Concluzii. Evolutia activititii transaminazelor serice GPT si GOT
a aratat ci reactivitatea sobolanilor la actiunea toxici a CCl; este
crescutd la varstele mai tinere, la care si procesele de refacere hepatica
sunt mai intense. Aceste rezuliate au fost confirmate de analizele histo-
logice si histoenzimologice ale ficatului.
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ASPECTE ALE ACTIUNII SUCULUI PRESAT DIN
VERONICA OFFICINALIS ASUPRA FICATULUI INTOXICAT CU
TETRACLORURA DE CARBON, LA SOBOLANI

MIRCEA A. RUSU* NICOLAE BUCUR®*, MIRCEA TAMAS+** si
CONSTANTIN PUICA=*

SUMMARY. — Aspects of the Action of Juice Pressed from Veronica
officinalis on the Carbon Tetrachloride—Intoxicated Liver in Rats,
The utilisation of juice pressed from Veronica officinalis in acute
intoxication with carbon tetrachloride produced some positive effects
m liver, especially at histological and histochenvical levels.

In mediul inconjurdtor a! omului actualmente se acumuleazd o
multitudine de produse chimice. mai mult sau mai putlin toxice, care
sunt sirdine organismului uman si animal. Astfel, s-au acumulat si
continud si se acumuleze in laniul trofic, al carul punct final este
omul: pesticide, ingrigaminte chimice, aditivi alimentari, solventi in-
dustriali, mase plastice, detergenti, uncle medicamente ete. Toate aceste
produse intrd in categoria substanielor xenobiotice de naturd chimicd
si afecteazd intr-o miasurd mai mare sau mal micd organismul uman
sau animal.

Ultimele cercetdri au permis intelegerea accesului xencbioticelor
in celule [6]. Ajunse in celule, aceste substante in ultima instantd ac-
tioneazd asupra enzimelor prin inhibifia sau chiar stimularea acestora,
practic se realizeazi ,leziuniie metabolice® constituind fundamentul unor
modificiri functionale si structurale care apoi se manifestd la nivelul
diferitelor organe. Un organ ,linta* al actiunii xenobioticelor este
ficatul [3, 11, 12}, deoarece in acest organ sc produce metabolizarea
cu precidere a majoritdtii xenobioticelor. desi si rinichiul, pliméanul
sau chiar creierul [3] pot si pariicipe la metabolizarea unor xeno-
biotice.

Ficatul are capacitatea de a detoxifica organismul, atat de produsii
endogeni de metabolism, cit si de produsi exogeni (xenobiotice). Aceasta
calitate i1 face vulnerabil la aciiunea numecroaselor substante chimice
din mediu,

Ficatul este compus din cel pulin 6 tipuri de celule care coope-
reazd intre ele [7, 10]. Actualmente se acceptd structura acinard a
ficatului; hepatocitele din zona a Ill-a in special, dar si din a II-a
participd la procesele de metabolizare si detoxifiere a xenobioticelor
{7]. Aceste zone sunt cele mai vulnerabile, fiind cele mai expuse le-
ziunilor. Fiind vulnerabil la aciiunea unor substante toxice, ficatul
este in acelasi timp un organ cu o mare capacitate regenerativa.

* Institutul de Cerceotari Blologice, 3460 Cluj-Napoca. Romdania
** Univergitatea de Medivind §i Fermacia, 3400 Cluj-Napoca, Romdmia
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In general refacerea (regenerarea) hepaticia se produce in mod na-
tural la om, dupa leziunile hepatice cauzate de boli sau de ablatii
chirurgicale. Pe plan experimental s-au ficut multe cercetiri asupra
refacerii ficatului, in special la sobolani. Refacerea hepatici este un
proces complex care se desfisoard sub influenfa unor factori stimu-
latori si inhibitori {2]. In studiile experimentale carc se intreprind cu
privire la toxicoza si refacerea [icatulul existi numeroase substante
chimice (tetraclorura de carbon — CCl,, galactozamind, ticacetamida,
nitrozamine, alcool etilic) cu tropism hepatic evident.

CCl; este frecvent utilizatd, decarece intoxicatia da rezultate re-
preductibile si sigure la nivelul ficatului [1, 11]. CCl, este prezentid in
mediul inconjurdtor al omului (in industrie ca solvent, in servicii ca
agent de curdiitorie, medicament pentru combaierea {asciolozei, etce)).
Intoxicatia cu tetracloruri de carbon este folositd pe plan experimental
si pentru cunoasterea mecanismelor patologice ale fibrozei si cirozeil
hepatice [4, 5, 12]. Prin metabolizarea CCl, de citre citocromul P 450
2E! [9] se formeazi radicalul liber — CCl, care atacd acizii grasi ai
lipidelor sau fosfolipidelor, modificdnd astfel proprietitile biologice ale
membranelor celulare si ale organitelor.

Cercetarile noastre au urméirit desfasurarea in ontooeme a intoxi-
catiei cu CCl, in ficat, precum si procesul de refacere in mod natural
sau media; de unele produse medicamentoase de origine vegetald.

In ultimele decenii fitoterapia ca stiin{d si practici se bucurd de
mult interes, inclusiv in medicatia protectoare sau curativd a ficatului.
In cadrul cercetirilor noastre am utilizat suc presat proaspit din Ve-
ronica officinalis, care este o plantad ierboasd din familia Scrophularia-
ceae, cunoscuti sub denumirea populari de ,,ventrilici®. Din punct de
vedere chimic, planta contmo taninuri, flavone, saponine, glicozide.
irodoide, etc. Recent, in planta proaspita s-a semnalat o cantitate foarte
mare de superomd—dxsmutam. Planta este lipsitd de toxicitate si «
manifestat efecte remarcabile de protectie in ulcerul gastric indus prin
Indometacin.

Material si metode. Sucul prohspit presat din Veronica officinalis s-a obtinut
din fragmente de planta maruntith si presatd, obtindnduese un suc cu un
randament de 520%. Am uktilizat acest procedeu pentru a extrage in primul rdnd
enzima responsabild de efectul de detoxifiere si de a menaja celelalte substhnie
din planta.

Animale de experientd. Am utilizat sobolani adulti din rasa Wistar alb, in
greutate medie de 200 g, crescuti in mod corespunzdtor. Substantele s-au admi-
nisfirat prin gavaj, dimineata, animilele fiind ,a jeun". Sacrificarea s-a facut
prin  sectionarea cervicald, recoltindu-se sdnge pentru determinarea Yransami-
nazelor serice GPT si GOT si prelevandu-se fragmente de ficat pentru studiul
histologic, histoenzimologic si histochimic.

Desfdsurarea experientelor. Experientele au durat 14 zile fiind structurate
n 2 faze a cate 7 zile fiecare.

Faza It S-a efectuat o intoxXicare de 7 zile cu CCl, si un tratament concomi-
tent cu extrmact din Veronica officinalie, S-au format urmditoarele loturi:

— lotul martor, notat cu M:. fiecare sobolan din acest lot a primit cite 0,2 mi

utei de floarea soarelui/100 g greutate corporald, timp de 7 zile;
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— lotul intoxicat cu CCIl,, notat cu C; fiecare sobolan din acest lot a primit
cate 0,1 ml CCly in 0,2 ml ulei de floarea soareluif100 g corp, la o administrare,
timp de 7 rile;

— lotul intoxicat cu CCl, si tratat cu suc din Veronica officinalis, notat cu CV:
fiecare sobolan primind céte 0,1 ml CCl; in 0,2 ml ulei de floarea soarelui/l100 g
corp. Dupa cca. 40 minute s-a administriat cate 1 ml extract proaspat din Veronica
officinalisf100 g corp, zilnic, timp de 7 zile. Dupa 7 zile de tratament s-a efectuat
prima sacrificare si recoltare de probe de singe si ficat.

Faza a Il.a. A durat 7 zile. S-a intrerupt intoxicarea cu CCl, si s-a admi-
nistrat in continuare numai suc presat din Veronica officinalis, zilnic, timp de

zile In doze ca si mai sus. A urmat a doua sacrificire si recoltare de sange
i ficat.

Metode utilizate: metode biochimice, determinarea activitatii transaminazelor
serice GPT si GOT cu metoda Reitman—Irankel; mctode histologice: coloratia
cu hematoxilind-eozind:; metode histoenzimologice: fragmentele de ficat congelate
in azot lichid au fost sectiontite la criotom si pe sectiunile obtinute s-a deter-
minat activitatea urmaétoarelor enzime: lactatdehidrogenaza (L.DH), succinatde-
hidrogenaza (SDH), citocromoxidaza (CyOx), adenozintrifosfataza Mg-dependentd
(ATP-aza), fosfataza alcalind si  fosfataza acida (F.ac). folosind metode
uzutle [8]; metode histochimice: continutul de lipide totale a fost determinat cu
ajutorul coloratiei cu Sudan negru.

Rezultate si discutii. Faza 1. Sobolanii «u fost sacrificati dupd o
intoxicatie de 7 zile cu CCl, si tratament simultan cu suc presat din
Veronica officinalis. La necropsie se constati modificarea culorii fica-
tului care devine brun deschis-bej, iar suprafala brobonata.

Indici biochimici (transaminazele serice GPT si GOT). Activitatea
GPT creste cu 4500, la lotul C si cu 4537, la lotul CV. Activitatea
GOT creste cu 520% la ambele loturi, in comparatie cu lotul martor
{Tabel 1).

Indici histologici, histoenzimaologici st histochimici. Coloratia cu he-
matoxilind-eozind evidentiazd ia loiul martor imaginea normald a fi-
catului. Animalele din lotul C prezinti leziuni severe ale ficatului:
ospecte de balonizare celulard cu numeroase celule umflate cu sau fard
nucleu si confinut celular, izolate sau unite, care despart zone cu pa-
renchim neafectat: imagini [recvente de disirofic clard si granulard:

Tabl 1
Fazan 1. Aectivitatea transaminazelor seriee {GTT i GO

(Valorile sunt «xprimate in ug aeid pirnvic/m! ser)

GpPT k GOT
o M N CV M ¢ Cv
X 118 630 633 360 547 330
n 7 7 7 7 7 7
T 7.5 10.5 R B A 8.9 Q9.7 8.8
b, 100 530 353 100 152 133
t 412 38.5 14,2 16,0

o : © L0001 S 0001 © L0001 20,001
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mulie celule suni in necrobiozid; imagini de steatoza. La lotul CV se
remarci aceleasi tipuri de modificiri patologice, in general, dar ele
sunt mai reduse in comparatic cu lotul M.

In ceea ce priveste activiiat enzimaticd, se remarcd reducerea
acesteia la lotul C, la toate enzimele studiate cu excepfia fosfatazel
acide care este mai crescutd. La lotul CV, intensitatea reactiilor en-
zimatice este mai putin diminuati in comparatie cu lotul C.

Coloratia cu Sudan negrv pontru lipide evidentiazd la lotul C pre-
zenta unei steatoze de tip mixt. exprimatd prin numerocase granule de
diferite dimensiuni distribuite reuniform pe suprafata sectiunilor. Stea-
toza esie mai redusi la lotul CV.

-

Faza a Il-a. Timp de 7 zile s-a administrat numai suc presat din
Vercnicg officinalis, Dupa oceea. scholanii au fost sacrificati. La exami-
narea necropsicd, aspectul flectului este aproape normal, in special la
lotul CV.

Indici biochimici. Valoarea activitatii GPT la lotul C este la ni-
velul lotului martor, iar la lotul CV este cu 17%, mai mare. Nici va-
loarea activitiiii GOT nu se modificd semnificativ la cele doud loturi
{Tabel 2).

Indici histologici, histoenczimolopici si histochimici. Coloratia cu he-
matoxilind-eozind permite s& se observe ameliorarea evidenti a struc-
turii histologice a ficatului in comparatie cu faza precedenti. Aceastd
ameliorare se evidentiazd prin reducerea semnificativi a fenomenelor
de necrobiozd si balonizave celulard; steatoza hepaticd este si ea mai
redusd. Sunt prezente insd fenomene distrofice. La lotul CV, structura
histologici este si mai apropiati de cea a lotului martor.

Activitatea enzimelor studiate, atdt cele oxidoreducdtoare (LDH,
SDH, CyOx), cat si a celor hidrolitice (ATP-aza, F.ac) este foarte
apropiati de nivelul lotului M, in special la lotul CV.

Coloratia cu Sudan negru arata cd gradul de steatozd este mai redus
la lotul C in comparatie cu lotul din faza precedentd. La lotul CV,
steatoza este si mai redusa.

Fagza a Il-a. Aetivitates transaminazelor seriee {GPY sl 60OT)

{Valorile sunt exprizpate fnowg acid piruvic/ml ser)

GPYT GOt
A C TV A ¢ CV
X 118 117 138 360 310 273
n 7 7 7 7 7 7
S+ 7.5 4,3 4.9 8,9 O, 15 8,9
D o 100 09,2 $17 100 88,6 76
t - 12 2,25 - 3,9 2.9
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In faza 1 experimentald sunt caracteristice doud elemente: cregic-
rea activititii transaminazeclor serice si leziunile morfo-enzimatice.
Transaminazele serice crese la lotul C in cazul GPT cu 45004, iar in
cazul GOT cu 529, dar numai GPT este mal caracteristic ficatulul.

Aceste rezultate confirmi datele din literaturid privitcare la som-
nificatia transaminazelor in toxicoza [1, 11, 12]. In bund mdisurd cresic-
rea activitdtil transaminazelor reflecti procese de necrobiozd. De altfel
structura histologica este lezatd, fiind prezente fenomene de necrokiozi
si de balonizare celulard. Unele din celulele balonizate nu mai au con-
tinut celular ¢i nici nucleu. Tabloul enzimatic al ficatului este prolt
alterat: majoritatea emzimelor oxidoreducitcare si hidrolitice cercetate
au ectivitdil mal scizute la lotul C in comparziie cu lotul martor. Nu-
mai {osfataza acidd, enzima lizozomald ce caracterizeazd si ea aspecicle
de distrofie celulard, este mai crescutd la lotul C. Cresterea fosfatazei
acide se poate corela cu cresterea nivelului fransaminazelor serice, in
special al GPT. Reducerea activititii enzimatice are cauze multiple:
distructia organitelor celulare unde aceste enzime au situsurile, efectul
inhibitor al metabolitului —— CCl; prin denaturarea fosfolipidelor si a
proteinelor de care se leagi ete. Aceste disfunciionalititi metabolice
sunt completate de steatoza hepaticii. In ceea ce priveste lotul intoxicat
cua CCl, si tratat cu suc presat proaspit din Veronica officinalis, re-
zultatele principale se referi la nivelul activitdtii transaminazelor se-
rice care ramain crescuce ca si la lotul intoxicat, dar modificirile histo-
logice, histoenzimologice si histochimice sunt mal reduse in comparaiie
cu lotul intoxicat.

In timpul fazei a II-a, se remarcd revenirea spre normal pe plan
biochimic si morfologic, revenire care este favorizatd de administrarea
sucului presat din Veronica officinalis. Acest produs proaspit are un
continut complex, inclusiv superoxid-dismutaza, flavone, iridoide, etc.
Dar cum radicalul liber al CCl; nu este de acest tip, iar superoxid-dismu-
taza poate i distrusi in stomac, presupunem ci sunt alti factori (fla-
vone) care pot favoriza actiunea utild a sucului presat din Veronica
of flcinalis.

Concluzii. Administrarea de suc presat proaspit din Veronica offi-
ciralis in intoxicatia cu tetraclorurd de carbon, la sobolani, reduce unel
aspecte lezionale si favorizeazid refacerea ficatului.

¢}
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ASPECTE GENETICE IN DISTROFIA MUSCULARA SEVERA
CU TRANSMITERE AUTOSOMAL RECESIVA

DINA COFPREAN#, NICOLAE COMAN®*, ARIANA PROTASE?®,
MIHAI POPESCU*** si CRISTINA HAS*

SUMMARY. — Genetic Aspects in the Severe Autosomal Recessive
Muscular Dystrophy. The difference between the severe autosomal
revessive  muscular  dystrophy  and  Duchenne muscular  dystro-
phy consists of genetic heterogeneity (due to two recessive
cenes on 17q 12 and  (13q 123, and evolution and prognosis.
Establishing a correct diagnosis and the inheritance pattern are
important tur prophylaxis and genetic counselling.

- Descrisa in 1980 sub numele de ,,miopatie magrebiani¥, distrofia
musculard severd cu transmitere autosomal recesivd se caracterizenza
printr-o simptomatologie similara distrofiei musculare progresive Du~
chenne, Adicd, debuteazi in copilarie, primul simptom fiind deficitul
de fortd musculard, evolutia caracterizandu-se prin degenerare progre-
sivi. a musculaturii membrelor si trunchiului. Din acest motiv, in lite-
ratura de specialitate esle cuncscuii sub numele de distrofie musculara
progresivi Duchenne (DMD) forma autesomal recesiva [1, 2, 5—10. 12].

Distrofia musculard severi cu transmitere autosomal recesiva
(SCARMD). spre deosebire de distrofia musculard progresivi Duchenne,
alecteazd ambele sexe. Ceea ce diferentiaza cele doud forme de distrofie
musculari progresiva cu fenotip asemandtor este:

— virsta de debut (3—5 ani in DMD si §—10 ani in SCARMD):

— pierderea capacititii de deplasare (inainte de 15 ani in DMD:
in jur de 18—20 ani in SCARMD);

— evolutia (rapidd In DMD si moderata in SCARMD) [5, 12].

Fenotipul Duchenne determinat de mutatia unei gene recesive. lo-
calizata pe braful scurt al cromozomului X (gena distrofinei), il int&Ainim
in 900,y din cazuri, fiind afcctati, in special, baietil.

Fenotipul Duchenne forma autosomal recesivi (SCARMD) esie pre-
zenta la 1004 din cazuri, afectind in mod egal cele doua sexe [1, 5, 12].

In aceastd lucrare ne-am propus studiul aspectelor genetice ale
distrofiei musculare severe cu transmitere autosomal recesivd (SCARMD),
plecind de la premisa necesititii unei diferentieri clare fati de distrofia
musculard Duchenne, pentru un diagnostic corect si o profilaxie
eficienta. .

' Unfversitatea e Medicing i Farmacie, Catedra de Biciogle-Genetics, 3400 Cluj Nepoca,
Doménia ‘ . .
** Universitates Bubeg-Bolval, Catedra de  Ecologie si Genclicq, 3400 Cluj-Napoca, i«.’omginia
*s¢ Centrud de  Futclogie Newromusoulard |, Horia Redu®, 4017 Valeele, jud. Covasna, Remdnie
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Material si metodd, Studiile noastre s-au axat pe investigarea unui numir
de 13 cazuri de distrofie musculard severd cu transmitere autosomal recesiva
Iy copii internati in Centrul de Patologie Neuromusculara ,Horia Radu®, Val-
cele, jud. Covasna. Metodele utilizate au fost:

a) ancheta familiala cu intoomirea fisei genetice si reconstituirea arborilor
geneulogici, care au permis stabilirea mecanismului de transmitere;

b) investigatille paraclinice efectuate sun§: enzimograma sericd, biopsia
musculard si electromiograma (EMG).

Enzimograma sericd a constat in dozarea nivelului seric al creatinfosfatki-
narei (CPK) prin metoda Foster, a aldolazei (ALD) prin metoda Bruns si a
transaminazelor (GOT si GTP) prin metoda Reitman, metode descrise in [4].

V@aloarea normald a activititiy serice (la  25°C) a CPK este de 50U/
ALD = 5—31U/l; GOT si GTP de 12 U/L

Pentru a stabili fondul miogen al bolii am apelat la studiul biopsiei muscu-
lare si al EMG.

Rezultate si discutii, Musculatura striata contine cantitati impor-
tante de CPK, ALD si transaminaze, Aceste enzime actioneazi exclusiv
intracelular, Nivelul lor seric creste atunci cind se produce o alterare
a sarcolemei permitand ,.scurgerea® lor in lichidul interstitial, limfa si
plasmi. Aceste enzime sunt cunoscute si sub denumirea de enzime plas-
matice de leziune [4, 5, 12].

Dozarea nivelului seric al acestor enzime si, in special, al CPX si
ALD are valoare de diagnostic in distrofiile musculare.

Nivelul seric al CPK este crescut de ciateva zect de orl fati de
normal, in tot cursul evolutiei bolii (Fig. 1). Aldolaza inregistreazi, de
asemenea, un nivel foarte crescut fatd de normal. Valorile serice ale
GOT si GTP sunt normale.

Studiul la microscopul optic al preparatcior histologice ale biopsici
musculare evidentiaza: fibre musculare rotunjite, inegale dimonsional
(unele hipertrofice, altele airefice) cu nuclei interni si  centrali.
splitting-uri, zone de necroza, hiperplazia fesutului conjunctiv peori-
mizial (Fig. 2).

Electremiograma (Fig. 3) indicid un ‘iraseu interferential miogon
diminuarea amplitudinii si duratei potentialelor de actiune, consec

Prezeniam in continuare cei mai caracteristici arbori gencalorsicd
2l cazurilor investigate (Fig. 4).

Studiul arborelui genealogic al familiei S. I. (Neami) evidentiaz
pe parcursul a patru generatil, coxistenfa unui baiat (in F,) si a unex
lete (in F,), bolnavi cu diagnostic de distrofie musculari progresivi
Duthenne forma autosomal recesivi. Parintii probandei, indemni clinic,
sunt veri de gradul II. Fratele si sora probandei sunt sinitosi. In as-
cendenta probandei pe linie patema se constatd prezenta uned femel
cu deficit motor (merge greu, cu cirje de la varsta de 18—20 ani).
ascendenii pe linie Tnaternd, bunicul prebandei se deplaseazd greu, iar
In urma unei cidderi nu se poate ridica fird ajutor. In cazul probandei.
primu] simptom — deficitul de fortd musculari este remarcat la varsta
de 12 ani, -lar evolufia bolii este lentd. Enzimograma sericd a probandeci
md\ca CPK = 1055U/1; ALD == 16,535U/, iar GOT si GTP prezinti
valori normale. ‘ ‘
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Fig, 1. Vaiori med/i ale activildfii unor enzime sevice tn disirofia
musculard severd cu lransmiteve autosomal recesivd (SCARMD),

Yig, 2 Dnaginea la microscopul optic a preparaiului histologic
al biopsict musculaye tn SC:A RMD (Hematoxilind-cozind ; oc, 10
x; ob, 20x).

3 -~ Giologia 1—2/1996
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Tig. 3. Electromiogramd fn SCARMD. Se evideuntiazl un trasen interferential micgper

In cazul familiei O. S. (Satu Mare) se constatdl existenta a doud
perscane bolnave cu diagnostic de SCARMD si anume: probanda si un
bdiat (fiul unei veriscare primare a mamei probandei). Probanda are in
ascendents, pe linie paternd, o matusd cu mers leganat, digitigrad.

Valorile enzimogramei serice efectuate probandei indicd urmdto:-
rele valori pentru CPK = 9950/1, ALD == 2445U/1; GOT si GTP au va-
lori normale. Varsta de debut 2 bolii la probandd este la 10 ani.

In familia D. C. (Olt) probandul si sora sa, ambii cu diagnostic de
SCARMD, au parinii indemni sau asimptomatici clinic, dar hunicul
matern prezintd deficit motor accentuat. Primele simptome ale boiit
{mers digitigrad, deficit de fortad musculard) sunt observate la proband
la varsta de 9 ani. Nivelu] seric al CPK == 1400U/1; ALD = 19,30U/1:
GOT si GTP au valori normale.

Din studiul arborilor genealogici ai familiilor investigate, se consta‘l
modul de transmitere autosomal recesiv al SCARMD (distrofia muscu-
lara progresivi Duchenne, forma autosomal recesivid). Acest mod de
transmitere este confirmat si de {aptul ca cuplul parental indemn cii-
nic¢ are descendenti afectati.

In unele din familiile investigate (S. 1. si O. S.), in ascendenta pro-
banzilor este semnalati prezenta unor perscane la care se manifestd
doar unele simptome ale bolii. Acest fapt poate fi interpretat prin fe-
nomenu} de recesivitate relativa (gena recesivd mutanti se exprima sn
fenotip alidturi de gena dominanti sinidtoasd. boala avand o formd
usoara).

Parintii probanzilor sunt asimptomatici, dar vectori (heterozigcii
pentru gena SCARMD. Genele autosomal recesive se exprimd in marea
majoritate a cazurilor doar in stare homozigotd. Consangvinizarea cresic
frecventa manifestarii fenotipice a genelor autosomal recesive. In cu-
zurile investigate, consangvinizarea este negatd, cu excepiia familiel S. 1.
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Legenda arborilor genealogici
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Yig. 4. Arborit genealogici ai familiilor S.I., 0.5 si D.C.

Distrofia musculari severia cu transmitere autosomal recesivi e
caracterizeazi prin het&rogenitate genetica. In literaturd se cunose doui
gene a ciror mutatie conduce la fenotipul SCARMD: una pe bxam,
lung al cromozomului 17, in 17, 12—17, 21 (controleazi sinteza wurie}
proteine musculare — adalina 1, 7—11, 13, 14}, iar cealalti gend este
pe bratul lung a! cromozomului 13, in 13,12 (produsul genic nu a iusi
identificat) [2, 3i.
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SCARMD este frecventi in populatille din nordul Africii (unde
cdsdtoriile consangvine sunt frecvente) si rard in populatia europeana.

Riscul recurentei acestei boli pentru un cuplu vector de gend re-
cesivi pentru SCARMD este de 1:4 (adici 250/ din descendenfit va fi
afectat).

Reducerea frecventiei acestei boli se poate realiza prin depistarea
starii de purtidtor (vector) si acordarea de sfat genetic. Sfatul genetic
are eficientd doar daci diagnosticul este corect si dacd s-a stabilit cu
certitudine mecanismul de transmitere a boiii.

In distrofiile musculare nu existi tratament clicace cars si Im-
piedice aparitia simptomelor sau si stopeze evolutia bolii. Transplantul
de mioblasti nu a dat rezultatele scontate. In tara noasird, acesti bol-
navi benefliciazy de {ratament recuperator ce consta in chirurgie or-
topedica, fizickinetoterapie si @dministrare de oligoclemente ¢l vitamine

Concluzii. 1. SCARMD, spre deosebire de DMD, se caracterizeazd
prin heterogenitate genetica.

2. Genele peniru SCARMD se exprimi fenolipic {in marea ma-
joritate a cazurilor), in stzre homozigota, afectind ambele sexe. Astfel,
in unele cazuri, datoriti fenomenulul de recesivitate relativa, unii vec-
tori de gend morbidd manifesidi deficit motor mai mult sau mai putin
accentuat.

3. Studiul arborilor genealogici ai familiflor investigate confirma
modul de transmitere autosomal recesiv al acestei boli.

4. Riscul recurenteti la SCARMD este de 1:4, adici de 2594 din
descendenta va {i afectati.

5. Datele investigaiiilor paraclinice (erzimogramdi sericd. !biopsia
musculari si electromiograma, cfectuati probanzilor) confirmit fondul
miogen al afectiunii.

6. Diagnosticul corect, precum si siabilirea modului de transmitere
a] SCARMD, datoritd asnectului fenotipic asemdnitor cu cel al distro-
fiei musculare Duchenne, este necesar peniru acordarea sfatului genetic
competent.

7. Tratamentul actual a1l SCARMD, ca de altfel in toate distrofiile
musculare, este doar recuperator. Nu existi un tratament eficace care
83 impiedice aparifia simpiomelor si evolutia bolii.

BIBLIOGRAFIE

1. Allamand, V., Leturcq, F, Piccolo, F, Jeanpierre, M,
Azibi, K, Roberts, S. 1., Linn, L. E, Campbell, K. P, Beckmann,
J.8, Kalpan, J K. Adhalin gene polymorphism, ,Hum. Mol. Genet.",
3, 1994, 22692276

2. Azibl, K, Bachner, T., Beckmann, J S, Matsumura, K,
Hamouda, F, Chaouch, M, Chaouch, A, Ait-Ourab R,
Vignal. A, Weissenhach, J, Severe childhnod autosomal recessive
muscular dustrophy weith deficiency of the 50 kDa dystrophin-associated gly-
coproteln maps Lo chromosoeme 13,12, Hum. 3ol. Genet", 2, 1943,
14231428,



13

3
..

ot

8.

14

.Dubpowitz,

D. COPREAN 51 COLAB,

Ben Othamane, K., Ben Hamida, M, Pericak-Vance, M. A,
Ben Hamida, C, Blel, S, Cuarter, S C, Bowcock, A. M,
Petruhkin, K. Gilliam, T. C, Roses, A. D, Linkage of Tunisian
autosomal recessive Duchenne-like muscular dystrophy to the pericentrometric
region of chromosome 13q, , Nature Genet®, 2, 1992, 315—317.

.Cucuianuy, M., Rus, H, Niculescu D. Vonica, A., Biochimic.

Aplicatii clinice
\,

Ed. Dacia, Cluj-Napoca, 1991,
. The muscular dystrophics, ,Postgrad. Med.  J.“, 68, 1992,

H00-—5H086,

.Hamida, C. B, Soussi-¥Yanicostas, N. Bejaoui, K., Butler-

Browne, G., Henati, F, Ben Hamida, M., Erpression of myosin
isoforms and desmin, vimetin and titin in Tunisian Duchennc-like autosomal
recessive muscular dystrophy, ,.J. Neurol. Sci*, 123, 1994, 114—121.

CKawaid, I, Akaito, M., IIndo, T., Adachi, K., Tumai, T, Mitsui,

T, Campbell K. P, Adhalin genc mulations patients with autosomal
recessive  childhood  onset muscular dystrophy  with  adhalin deficiency, J.
Clin. Tnvest.”, 96, 1995, 1202—1207.

Kawai, H., ITumai, T, Mitsui, T, Campbell; K. P, Schmitzu, T.
Akaito, M, Endo, T, Complete deficieney of adhalin (50 kDa DAG) in
skeletal muscle of malignant limb-girdie muscular dystrophy, Clin. Neurol.”,
35, 1995, 184189,

< McGuire, S. A, IMischbeck, K. H, Autosomal rccessive Duchenne-like

muscular dystrophy, molecular and histochemical results, ,Muscle Nerve®,
14, 1991, 1209—1212.

. MeNally, E. M, Yoshida, M, Mizuno, Y, Ozawa, E, Kunkel,

Y. Human adhalin is ‘alternatively spliced and the gene is located
on chromosome 17¢21, ,Proc. Natl. Acad. Sci. US.AY, 91, 1994, 9690—38694.

. TPiccolo, T, Roberts, S L. Jeanpierre, M. Leturcq, ¥,

Azibi, K, Beldjord, C, Campbell, K. P, Kalpan, J. C.. Arimary
adhalinopathy a common cause of autosomal rccessive muscular dystrophy
of vartable severity, Nature Genet.*, 10, 1995, 243—9245,

.Popescu, M, Atlas de patologie ercdo-degenerativd neuromusculard, Fd.

Med., Bucuresti, 1089.

.Robverts, S 1., Teturcy, F, Allamand, V. Piccolo, F,

Jeanpierre, M, Anderson, R. D, Linn, I.. Ii, T,ee, J. C., Tome,
P, MyRomero, N. B. Missens mutation in the adhalin gene linked to
avtosomal rreossive musetlar dystrophy, ,Cell®, 78, 19484, 625—633.

tomero, N, B, Tome, F. M., Leturcq, I, Azibi, K, Bachner,
ly, Anderson, R D, Roberts, S 1. Campbell, K T, Genetic
heterogeneity  of  severe childhood autosomal recessive muscular dystrophy
with cdhalin (50 kDa  dystrophin-associadied qgiycoprotein)  deficioney, | Scit,
Vie®, 317, 1994, 170—176.



STUDIA UNIV. BABES-BOLYAI, BIOLOGIA, XLI, 1—2, 1996
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DIN BAZINUL SOMESULUI

LIVIU A, FLOCA*, ONUC COZAR+**MIHAI TRIFU**x, LIVIU DARABANG®®,
TRANDAFIR FIAT** MARTA BAYER#**** si LASZLO BERKESY#

SUMMARY. — Researches Concerning the Impact of the
Transfer of Radionuclides into the Biotopes of Aqualic Ecosystem
of the Somes Basin. The leve] of the global 5 -radioactivity of the
water was measured in the Somesul Mie River (down of the city
of Cluj-Napoca) and in the S$ieu River (down of the city of Bis-
trita). The measured wvaiues were compared with level of the meta-
bolisation of the radionuclides in biota of the aquatic ecosystems
of Transylvania, namely in green monocellular algae, thallophytes
and fish bones.

Materiile radioactive, provenite din industria extractivd minierd
si instalatiile de foraj, laboratoare, practica indusiriala, agricold sau
medicala ridica probleme legate de cresterea fondului radioactiv gene-
ral, definind nivelul poludrii radioactive antropice [5. 13, 16, 19],
aceasta fara a fi luate in considerare accidentele nucleare, experien-
tele cu arme atomice si activitatea centralelor atomo~elecirice.

Desi in apad ajung caniitiiti relativ mici de materii radioactive i
radionuclizi, acestea sc¢ concenireazi in organismele acvatice, ficind
ca radioactivitatea si devini periculoasa.

Efectele radioactivititii depind atit de concentratia si natura ra-
dionuclizilor, cat si de locul de unde actioneazi aceslia asupra orga-
nismelor, sursele interne de radiatii fiind cele mail periculoase pentru
organismele vii. Efectele biologice ale radiatiilor nucleare sunt depen-
dente de doza biologici absorbitd intr-un organism sau tesut dat, la
care se adauga radiosensibilitatea tesuturilor respective [4, 8]. Radio-
nueclizii migreazi prin biosferd pe calea aerului si mai ales a apelor,
precum si pe calea lanturilor trofice, de la producatorii primari sau
plantele verzi la consumatorii de diferite ordine, ajungind astfel pana
in organismul uman [4, §, 9, 12, 14—16, 18].

Contaminarea apei polabile poate fi evitati sau redusid prin pro-
cedeele obisnuite de tratare, filtrare, dedurizare si sedimentare aplicate
in uzinele de apa si in statille de epurare. In albiile raurilor are loc
un proces natural de decontaminare prin depunerea radionuclizilor in
sedimentele bentonice, ¢4t si prin acumularea lor in organismele vii,
specifice ecosistemului acvatic, Metabolizarea ca s$i fixarea acestora,
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*** Universitatea Bebes-Rulyai, Favultalea de Biologie i Geologie, Catedra de biologic vegdokl,
3400 Cluj-Napoca, Romdnia
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atat in celulele plantelor acvatice, cat si in sistemul osos si muschii
vertebratelor acvatice, are loc in functie de conditiile de echilibru
ceologice specifice fiecdrui bazin hidrografic [6, 7, 11, 12, 17, 19

Cercetirile noastre au vizat transferul radioelementelor din api
in organismul algelor unicelulare si al celor talofite, cat si in sistemul
050s al pestilor rapitori din bazinul hidrografic al Somesului Mic si al
Sieului, principalii afluenti ai Somesului Mare.

Material si metodd., Probele de apa de rau au fost prelevate din  puncte
sdtuate in aval de localitdtile Cluj-Napoca pentru Sonresul Mic si Bistrita pen-
tru Sieu. Din aceleasi puncte a fost colectat si materialul biologic, alge unice-
lulare din ordinul Chlorococcales, nlge talofite din ordinul Charales, cét si ver-
tebrate acvatice, pesti rapitori din specia clen (Leuciscus cephalus).

Radioactivitatea apej este data de suma radicactivititii nuclizilor dizolvati
sia celor In suspensie, Probele de apd au fogt evaporate fa sec, iar reziduul
uscat a’fost trecut pe tinte.

Radiotetivitateny g-globald este un indicator al radioactivitatii apelor, fiind
singura componentd pentru care eXistd fixatad o limitd maxima admisibila, care
in cazul apelor potabile nu trebuic sa depaseasca 1,1 Bq/l.

Determindrile radicactivititii 5 -globale a apei au fost ficute utilizdnd un
stbem de detecfie montat in antl-coincidentd, cuphlit la un analizor NK-350,
avand limita de detectie de 0,3 Bg/proba (1, 3, 10

Probele de tesut vegetal si animal au fost calcinate la 600°C, iar cenusa
trecutd pe tinte, Determinarea radioactivitatii ®lglobale in acest caz a fost rea-
hizatd pe un sistem de contpare montate tat In anti-coincidentd, cuplat la o
sondd de mare eficienta Nz-305, conectat la un numardtor nuclear de impulsuri,
eficienta sistemului fiind de 10,63%, [2]. .

Timpul de masurare total probd fond a fost de 100 minute/probd, iar acti-
vitatea minima decelabila in astfel de conditii a fodt de 0,03 Bg/proba.

De asemeni, a fost caleulat si factorul de concentrare (I.C) a radionucli-
ziior In organismele acvatice dupid urmatoarea relatie:

Activitatea specifics in biomasa

O e
T T Activitatea specifici in ani

Rezultate si discutii. Rezultatele obtinute sunt prezentate in  Ta-
belul 1, valorile radioactivititii p-globale filind exprimate in Ba/g re-
ziduu uscat pentru apid si Bq/g cenusd pentru organismelo acvatice
studiate, fiind calculat si factorul de concentrare a radionuclizilor in
organism (F.C.), pentru fiecarc probd de malerial biologic.

Factorii care influenfecaza rata de acumulare a radionuclizilor in
organismele specifice ecosisiemului acvatic sunl muliipli, importanti
din punct de wvedere biologic fiind temperatura apei, intensitatea si
speciiicul metabolismului, ritmul de crestere si particularititile de
dezvoliare ontogeneticd a organismului rospectiv, cdt si greutatea si
varsta acestuia [16, 19]. _

Analizdnd rezultatele consiatim ci nivelul activitdfii p-globale a
apei prezinti valor: mai ridicate in Somesul Mic comparativ cu -Sieul
(10,078 Bq/g reziduu uscat fati de 6.917 Ba/g reziduu uscat), fapt ce
dovedeste ¢d in zona municipiului Cluj-Napoca apele Somesului Mie
sunt mai intens poluate radioactiv comparativ cu municipiul B;stmta
limila maxima admisa fiind usor depcmm cu 0,19 Bq/l
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Tabel 7

Radioactivitatea B-globalii a apel si transferul acesteia in organismele ecosistemulul aevatie

Factorul de

Bazinul hidrografic Radioactivitatea

R I a11 I »
si localitatea Proba analizati 8 — globala® cm;;exét;arc
Somegul Mic (Apahida) Apd 10,078 —
Alge verzi unicelulare 8,500 843, 4
Alge werzi talofite 3,500 645,9
Qase de pesti ripitori 0,750 74,4
Sien (Arcalia) Api 6,917 —
Alge verzi unicelulare 6,600 954,1
Alge verzi talofite 6,150 889,1
Oase de pegii rapitori 0,500 72,2

biologir.

* Se exprimi in Bqlg rezidun uscot pentru epd si In Bgig cenusd peotru ma H h
3,7.10°¢ Bg
S 36

B -+ beeguerct funitatca de misurd o activitéli), 1 Bg o= o dezinlegrerdlsec. 1O

Intensitalea metabolizirii «i fixarii radionuclizilor din apid in or-
ganismul plantelor acvatice esie diferiti in funciie de tipul de algd
studiat, Astfel, algele verzi uniceclulare fixeazd cel mai intens radio-
nuclizii in structurile celulare, radioactivitatea f-globali atingind va-
lori de 8,5 Bag/g cenusd pentru Somesul Mic si 6,6 Bg/g cenusd pentru
Sicu, Comparativ, algele verzi talofile {ixeazd o cantitaiec mai micd de
radionuclizi, atdf In bezinul Somesului Mic, cit si In cel al Sieului, va-
lorile radicactivitatii (-globale fiind de 6,5 Bg/g cenusd in primul caz
$1 6,15 Bg/g cenusd peniru cel de al doilea. Aceste diferente se pot ex-
piica prin deosebirile dintre cele doud grupe de alge verzi, in timp ce
algele unicelulare au o viatia mai lungd, caracterizatd prin  diviziuni
celulare intense, algele talofite apar la sfarsitul lunii iunie, cind tem-
peratura apei atinge pragul optim si dispar in octombrie, cand tem-
peratura apei scade, descompunindu-se rapid, iar radionuclizii fixati
se acumuleazi in milul sapropelic, de unde vor {i din nou reciclati
[12, 13, 135]. o

De remarcat este faptul ¢ acumularea radionuclizilor in algele
verzi arc loc prin absorbiia directi a acestora din ap#, jar prin cone
sumul algelor in cadrul lanturilor trofice are loc reconcentrarea ra-
dionuclizilor in organismele nivelului irofic urmitor (ex. zooplancton
si pesti fitofagi care sunt consumati de ripitori) [5, 9, 16].

Determiniirile efectuale asupra caselor de pesti répitori au scos in
evidenis o activitate i-glohali oxirem de scizuld: 0,75 Ba/g cenusd
peatru Somesul Mic si .50 Ba/g cenusida pentru Hieu. Aceste  valord
mici, comparativ cu celr obiinute in carul algelor verzi, pot fi expli-
cate prin faptul cit in sistemul oros al pestilor se fixeazd selectiv nu-
maj anumiyi radionuclizi care in apid prozintd conceatratii reduse. Li-
teratura de specialitate atest: fupiul ci radionuclizii ce se afld ‘in api
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sub formi solubila au o analogie chimici cu elemeniele minerale esen-
{iale sistemului osos, fiind fixati de organismele acvatice prin aceleasi
mecanisme ca si analogii lor. De exemplu, *YCs si K vor urma dru-
raul metabolic al potasiului, iar %Sr, 2"Ra si #Ca se vor comporta ca
si caleiul [11, 15, 16].

Cantitatea si natura radionuclizilor acumulati in organismele vii
acvatice influenteazi intensitatea impactului dozelor mici de radiatii
care, acjiondnd din interiorul stiructurilor celulare, produc o serie de
procese fizico-chimice primare, care la rdndul lor declanseaz& asupra
materiei organice wvii un lant de reactii secundare, ducdnd la alterari

metabolice cu repercusiuni asupra ccosistemului acvatic (7, 16}

Concluzii. 1. Radioactivitatea [~globald a apei prezintd valori ce
so Inserin in limitele normealului pentru Sieuw (1,01 Bg/D, fiind  usor
mai zmhmm in bazinul Somesului Mic (1,29 Bq/l, faii de maximul ad-
mis {1, £a/1) peatru tara noastra.

2. Procesele de transfer al radionuclizilor in diferite comparti-
mente ale ecosistemului acvatic pun in evidenti faptul ci rata de acu-
mulare in aigele verzi este mai ridicatd in cazul algelor unicelulare, in
timp ce pentru talofite valorile suni mal mici, atit in bazinul Some-
sulul Mic ¢t si in Sicu.

5. Acumularvea radionuclizilor in sistemul osos al pestilor rapitori
evideni n::,i o activitaie {“;wlobala extrem de scizutd, explicabild prin
tivitatea fixdrii de cidire sistemul osos a unor anumiti radionu-

4. Valorile radioactivitiitii f-globale a anei i o unor organisme
ifig csistemului acvatic, in special din bazinul Somesului Mie,
ultalu] activitdtilor antropice cu implicatii privind poluarea
iap: ce Ju.mf; cortinuaren si aprofundarea cercetirilor
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USE OF HEPTADECYLHYDROXYCOUMARIN FLUORESCENCE TO
MONITOR pH CHANGES IN THE ALKALOPHILIC
BACTERIUM BACILLUS FIRMUS OF4

CORNELIU TARBA* and PETER HINKLE**

SUMMARY. — The change in fluorescence of the membrane-
anchored probe 4-hepfadecyl-7-hydroxycoumarin has  been used to
monitor pH changes associated with aerobic-anaerobic transitions in
the facultative alkalophile Bacillus firmus OF4. The pK of the mem-
brane-bound dye was determined as being around pH 1¢, the fluo-
rescence increasing in a sigmoidal manner between pH 7 and 12.5.
The use of the impermeant fluorescence quencher p-xylene-bis-
pyridinium bromide, in the absence and presence of a combination
of wvalinomycin and nigericin, with bacteria suspended at pH 10.8
and low buffering power allowed us to estimate the fraction of the
accessible (quenchable) fluorophore as close to 0.25. Since the expec-
tex] distribution of the dye between the inner and outer surface of
the membrane is around 0.5, we interpret the results as indicating
the possible existence of a third compartment, inaccessible or at
leagt much less accessible in the absence of the two ionophores,
wilich are supposed to equilibrate the pH throughout the system.
The initiation of respiration at moderate or high buffering power
over a large pH region (6—115) is always associated with a de-
crease in fluorescence indicating the pumping of protons into this
third compartment, This interpretation is favoured by our preeau-
tionary measures regarding the inadtivation of the possible Nat+/H*
antiport by a prolonged preincubation (starvation) of bacteria in a
medium devoid of Na+ and substrates. The use of amiloride (a spe-
cific inhibitor of the Nat/H+ anfiporter) produced only a small
decrease of the signal and this could be accounted for by the inhi-
bitory effect of this drug on respiration, as determined by us with
a Clark oxygen electrode. We consider that our results support the
functioning of a special localised or semilocalised chemiosmotic
mechanism in energy conservation by this alkalophilic bacterium.

Energy conservation in alkalophilic bacteria is an unresolved pro-
blem. Unlike the microorganisms that grow uat a neutral pH, the alka-
lophilic bacteria can not generate & ApH negative inside by conven-
tional chemiosmotic mechanisms, i.e. they can not develop a delocali-
sed pH gradient as a -consequence of respirationrcoupled proton ex-
trusion. On the contraray, the bacteria that live at rather high pH va-
lues (9—11.5) preserve their cytoplasm at a pH varying between 7.5
and 9.5, ApH thus being 1.5-—2 units positive inside (see, for ex. [1, 3,
9. As concluded in [4], since such bacteria are alszo able to establish
8 Ay in excess of 200 mV (negative inside) and thus a total electro-
chemical potential difference (Ap = Ay — ZApH) of at least — 100 mV
(Z = 60 mV, at 30°C), they could still synthesise ATP by conventional

* Babes-Bolvaei University, Depdrtment of Animal Physiology, 3400 Cluj-Nepooa, Romaria
** Corneld University, Department ol Biochgmisivy, 3hace, N.Y. 14853, U.§.A.
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chemiosmosis, provided the stoichiomeiry of proton utilisation (H*/ATF}
was greater than 3 (the one usually admitted). In fact, for an efficient
ATP synthesis, at Ap = —100 mV. this stochiometry should be close
to 5. Howewver, such high steoichlometiries have not been observed. Cer-
tain bacteria are able to establish a Na™ electrochemical gradient (in
exchange for proions) and use this gradient to drive the synthesis of
ATP by a Na -dependent ATP synthase [3, 15]. This is not the case.
however, with the species studied in the present work., Krulwich
{91 has proposed that ATP synthesis in this type of bacteria takes
place by conventional chemiosmosis at pH below 8—9, but by a mem-
brane-localised proton gradient at higher pH values. The shift bet-
ween the lwo mechanisms is proposed to occur by the opening of o
pH-regulated gate, as the pH reaches a certain threshold. As observed
by Dimroth {2}, if this were the casz, the membrane potential
should drop when the gate opens and the protons are shor{-circuitea
through the internal membrane pathway, a fact which has not been
obscrved, Moreover, the ATP synthesis should not be significantly
affected at high pH values by channel formers, such as gramicidin,
ut the reality does not confirm this supposition.

The use of a new type of pH probes, such as the membrane-bound
heptadecylhydroxycoumarin (HDHC), to estimale pH gradients in cy-
tochrome oxidase vesicles by Nicolls group (see, for ex. [16]) in-
cited us to employ it for kinelic observations of pH gradients associa-
ted with the respiration of the facultative alkalophile Bacillus firmus
CF4 (hereby referred {o as B.f. OF4), in order to clarify some of the
above-mentioned problems. The present paver reports on the fluores-
cence properties of HDHC bound to bacterial membranes and the uti-
lisation of this dye to monitor respiration-dependent pH changes in
B.f. OF4 grown, preincubated and suspended in different media, at
pHs varying from 6 to 11.5.

Material and methods, Growth conditions. Bf. OF4 was grown either at
PH 7.5, on phosphate medium, or at pH 10.5, on carbonate medium, Occasionally,.
it was also grown at pH 9 on an equal miixture of the two media. The media
were prepared as follows: 134 g Na,HPO,, 08 g KH,PO, bnd 0.1 ml of 1 M
MgSO, (for phosphate medium) or 954 g NayCO,, 0.84 g NaHCO; 1 ml 1 M KPi
and 0.1 ml 1 M MgSO, (for carbonate medium) were dissolved to a final volume:
of 1 1 with distilled water and the pH was adjusted to 7.7—7.8, in 'the first case,
or to 10.8—109, in the second (with KOH). To these, in each case, the following
additions were miade (from separate sterile solutions): 019, yeast exfract, 1%,
(v/v) ftrace salfis solution (STS) and sodium malate to a final concentration of
50 mM. One 1 of STS contains 20 g nitrilotriacetic acid (NTA), 6.7 g CaCl,
(dihydrate), 0.02 g ammonium molybdate, 0.2 g FeSO, (hydrous) and 100 ml
of a special solution of ftrace metals (STM). STM consists of 2.5 g EDTA ({ree
acid), 1095 g Zn30;, 5 ¢ FeSQ,, 1.54 g MnSO,, 0.33 g CuSO,, 0.25 g Co(NO,)».6H,0
and 0.18 g NaB,0,10H.,O to 1 1 of solution, ' STS was prepared by dissolving
first NTA with the aid of KOH (cca 145 g) as a neutralising agent and the
addition of the rest of the compounds in the order presented above,

Anproximptely 10 m! of an older suspension of bacteria were added to
100 ml of growth medium and incubated in a flask at 30°C, with shaking, for
14—15 hrs, until the culture reached the midlog phase (Ag = 1.2—14). The:
sispension resulted was then placed in 56— and/or 15—ml plastic tubes and
centrifured in a swinging rotor for 15 min, at 2300 g (International Centrifuge,.
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Model PR—2). The sediment from a 50—ml tube wus resusponded in several
15—m] tubes in the presence of a so-called starvaticn medium and recentrifuged
to get rid of the residual growth medium.

Starvation and preincubation with fluorescen! dye. The final pellet was
suspended in a stRrvation medium and incubates for cea 3 hrs (occasionally,
15 hrs) in the presence of 4—heptadecyl—7—hydroxycoumarin (HDHC), under
conditions similar to the growing ones, in small finsks (20—30 ml), atf a bacterial
concentration usually double as compared to the one attained in the midlog phase.
According to [12}, a bacteria] suspension with an Aen = 225 corresponds to
1 mg/ml dry weight Hacteria (d.w.b) or 0.66 mg/m! protein, a figure that was
used to calculate bacterial protein throughout this work.,  After starvation,
the suspension was centrifuged and usually resuspended in one of the starvation
media to await the ‘assay. The densitv of this suspension was so adjusted as to
oblain a biomass of about 05 mg/ml d.w.b. in the 2—ml assay cuvette, after
the injection of 50——100 & 1 bacterial suspension.

The following starvation media were generally used: 1) 100 mM KPi + 10
mM MgS0O,, pH 7.5, referred to as the KPi medium; 2) 50 mM KCl 4 50 mM
NaCl + 5 mM MgSO, 4+ 23 mM Tris—HCl pH 7.3 ¢r 4 referved ¢o as the Tris
medium: 3) 20 mM Na.,CO, 4 10 mM NaHCO; -~ 1 m™ KPi 4+ 1 mM MgSO,,
pPH 108, referred to as the carbenalle minemal medium. When Nat  depletion
wias required, Nat was replaced with K+ in the second and third medium.
Occasionally, the bacteria were starved in a low buffer medium consisting of
100 mM NaCl (or KCl) + 5 mM MgSO, + 1 mM KPi.

HDIC was solved in ethanol and preserved as a 1—1.5 m3 stock solution,
An appropriate volume of ¢his solution was added in each small flask containing
bacteria submitied to starvation so as to result in a culculated concentration of
0.56—2 v M dye in the assay cuvette or 1l—i nmoles dye/mgz d.w.b. (assuming
that, all the dve added to the starvation medium was bound to bacteria and
transferred ito the assay cuvette). However, the dye also binds to the flask
walls, and after washing with ethanol such o used flask we were nble fto
recover about 1/2 to 3/4 of the dye, depending on the concentration of the bacterial
suspension incubated and the surface of the wall in contact with that, suspension.
For simplicity, however, we shall use the nominal (i.e., uncorrected) dye con-
centration in our report.

Respiration measurements were performed with a Clark oxyeen electrode
angd recorded on charts. The conditions used for these measurements were prac-
tacally identical to those employved in fluorescence meastrements in the so-oniled
active expcriments (see the next subsection), having in fact a role of control
The most important controls were those on the effect of Na+ on malate-dependent
respiration, the effect of amiloride ¢an inhibitor of the Na- /I antiporter) and
of the fluorescence quenching agent DPX (p-xylene-bis-pyridinium bromide).

Fluorescence measurements were performed with an  Aminco—Bowman
spectrophotofluorometer by exciting around 370 nm and detecting around 450 nm.
Fifty to 100 pl of the bacterial suspension incubated with HDHC @s described
above were added to a final volume of 2 ml suspending medium (see the com-
position and the exact conditions in the legends to tables and figures) and
5 mM malate was provided from a stock solution of 0.5 M. Ascorbate 4+ TMPD
(tetramethyl-p-phenylenediamine) or glucose were also usad occasionally as respi-
ratory substrates. Flucrescence changes were recorded on charts and specid
attention was given to the changes associated with the acrobic-anaerobic transi-
tion, “which was repeated several times by stirring the suspension quickly with
a rod,

DPX was used as an impermeant quenching agent to determine the fradtion
of the accessible (quenchable) fluorescence, as described below, A concentrated
steek solution of DPX (1 M) was obtained by dissolving the drug in distilled
water or in a slightly buffered solution (1 mM KPi, pH 7.5).

Valinumycin, nigericin and gramicidin were prepared as ethanolic solufions
of @in apprepriate conesntration se that the addition of these ionophores did not
change the volume of the suspension by more than 0.5%. '
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Two main rpes of experiments were performed: passive (no substraie
present) and active (malate or another substrate present). In one variant of
passive experiments we determinedl the pH dependence of the fluorescence
changes of membrane-bound HDHC and established thus a titration curve (F wvs
pH). Another variant of passive experiments was performed at high pH (10.8),
in the absence or presence of valinomycin and nigericin, together with a DPX
Titration, for establishing the accessible fraction of the dyve, as described in the
next subsection. In @ctive experiments we  monitored the effect of different
suspending media and substrates, pH changes, DPX, ionophores and other spe-
cific agents on the magnitude of the fluorescence changes associated with
aerobic-anaerobic transitions.

Ruationale for the use of DPX te determine the distribution of HDHC.
It has been established by l.ehrer [11] that in the case of the hetercgeneous
systems (such as our bacterial suspension), where the fluorophore distributes
between different compartments, il one of them contains a substantial populaticn
of inaccessible fluorophore, the following eguation applies to the fluorescence
changes (AF) in relaticn to the concentration of an impermeant quencher ({Ql}:
“ F AR = (K700 + 1t o
where ¥, is the fluorescence in the absence of the quencher, AF' = Fy — F
(I' being the flucrescence recorded in the presence of the quencher), K. is the
so-called effective quenching constant for the accessible fluorophore and f is
the fraction of the accessible (quenchable) fluorescence, This equation is similar
to that of Michaelis—>Menten and a graphic representation of Fy/AF vs. 14Ql
gives a straight line with a slope of 1/K . and an intercept of 1/f. Thus, {from
such a representation, ¢ne can easily establish the fraction of the accessible
tluorescence. 1f the fluorcphore has the same specific fluorescence in all com-
partments, then this fraction is also equal to the fradtion of the accessible fluorc-
phore, Using a mixture of valinomycin and nigericin, i.e. a combination of ionc-
phores which collapses the cation electrochemical potential difference between
two (or more) compartments separeted by biological membranes, the pH becomes
equal throughout the system. Thus, we secure the same specific fluorescence in
all compartments and establish the fraction of the accessible fluorophore. In the
above presenfation we have ignored pH gradients due %o a possible Donnan
disfribution of ardons (such as Cl—), assuming that the long preincubation in
the starvation medium removed or, at least, diminished such factors.

Results and discussion. Detzrmination of the pK of the bound dye.
The resulls of a pi titration of the dve bound to bacterial membranes
are preseanted in Fig, 1.

As can be seen from this figure, the sigmoidal curve resulted has
an inflexion point arcund pH 10, which gives the pK of the bound
form of the dye. This resuli compares well with the resulis reported
for similar types of membrascs [14]. HDHC is too lipophilic to dissolve
in water, but it can be dissolved in detergent micelles. We also de-
termined the pK of the dye bound to such micelles (0.59/, Tween—20
in 100 mM XCl -+ 1 mM NaPi) and found a value of 8.7, which is
also very close to the one reported in the literature [14],

The significance of Nat invclvement in active experiments. Using
HDHC-treated bacteria, as described in the experimental section, we
were able to record {luorescence changes associated with respiration. An
anaerobic transition is always accompanied by en increase of the fluo-
rescence (hence, of the pil) and the reintroduction of oxygen (by stirring)
g associated with the decrease of the fluorescence of a certain “hidden”
compartment, because these exiensive and relatively rapikd changes
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Yig. 1. Determination of the pJX of HDHC in bacievial suspensions. 0.4 mg d.w.b./ml were
suspended in 100 mM KCl 4 1 mM NaP; and pH was changed by the addition of small ali-
quots of 2.5 M KOH and/or HCL Bacteria were preincubated for 3 hrs with HEDHC in the
same medium and the coneentration of dye was caleulated to be 3.75 nmoles/mg dw. b,

could not be recorded by an external pH electrode even when
the external medium was very slightly buffered, However, there
are  two possibilities: either this hidden compartment is the
cytoplasmic space and the decrease in fluorescence upon initia-
tion of respiration reflects the acidification of the cytoplasm,
probably as a consequence of a rapid reentry of protons in exchange
for Na¥ (on the Na*/H'* antiporter), as mentioned in the introductory
section (see also [6]), or the phenomenon reflects indeed the acidification
of an external restricted compartment, which equlibrates only slowly
with the cyioplasm and the external bulk volume. To test this alterna-
tive we took the precautionary measures {o make the antiporter inope-
rative, by long periods (2.5—15 hrs) of starvation in the absence of any
substrate and Na*, and thus to deplete the cells of their energy and
Na* reserves, The response did not change or diminish. Nevertheless,

10 — Biologla 1—23/1996
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the use of amiloride at high concentrations (> 10 M) began to decrease
the flucrescence changes. However, a control performed with the oxy-
gen electrode indicated that the respiration was inhibited in a similar
manner, Thus, the decreases are due not to the inhibition of the anti-
porter but of the respiration itself.

A more-bothering problem was the observation that malate was
apparenlly a poor substrate in the absence of Na, ie. the anaerobic
transition took place only after a prolonged incubation of bacteria in
the assay cuvette (close to 1 hr). Again, a control performed with the
oxygen e¢lecirede indicated that, in the absence of Na*, malate did
not stimulate the respiration until after a long period of incubation.
If Na* was added (1—5 mM), the respiration was stimulated 4—5 ti-
mes, This stimulation was gradual, increasing over a period of a few
minutes, after an initial lag of about 30 sec. We interpret this as a Na*
decendence of malate uptake, In fact, the Nat—dependent uptake of
amino acids by different alkalophilic species of the genus Bacillus is
weil documented in the literature (see, for ex. [7, 10]). Nevertheless,
this apparently constant involvement of Nat in the fluorescence changes
monitored by us was rather worrying, Therefore, we tried some other
subsirates to see whether they show the same Nat dependence. To our
reseve, ascorbate + TMPD or glucose did not require Nat to produce
such changes. One recording with ascorbate 4- TMPD is shown in Fig. 2,
and similay recordings could be obtained with glucose (not shown), but
glucose was not such a good substrate as malate + Na*. Due to this
fact and to the possible additional complications with ascorbate, which
liberates HY in the medium when it donates electrons to TMPD, we
performed most of the experiments with sodium malate (5 mM).
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Wig. 20 Effect of an anvaerobic-acrobic transition on HDHC fluovescence in bacteria

vespiving on ascorbate - THIPD, 0.5 mg dw.b./ml were suspended in 100

mMEKP; - 10 mM MBS0, (pH 9) and 20 mM potassiuin ascorbate - 0.1 mM

TMPD were added as rospiratery suwbstrates. Bacturia were preincubated with

HDHC for 3 hrs in the saspending medium aad the dye was calculated to be
1.87 nmoles/ing d.ow b,
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Determination of the dye distribution between different come
partmens. The pK of HDHC bound to bacterial membranes (around pH
10) allows accurate measurements of pH changes belvieen 7.5 and 11.0,
if an appropriate titration standard curve is obtained. The problem in
the heterogencous sysiems, however, is to determine the fraction of the
dye which is responsible for the fluorescence change observed, other-
wise the result is usually underestimated. For example, in a <clear
two-compartment system, such as cytochrome oxidase vesicles prepared
in a medium of low bulfering power and suspended in a strongly
buffered environmen: the fluorescence changes elicited by respiration
reflect only the pH changes associated with the dye bound internally.
If the fluorophores were equally disiributed between the external snd
i nal face of the membrane, then we could use directly a correspon

o standard curve 1o determine the pid changes. In fact (see .16]).
’Hc distribution of the dye between the outer and inner face of the

cylochrome oxidase vesicle membrane is 2:1 (i.e., the fraction of the
dye oulside is 0.66 as compared to 0.33 inside), which leads to an
underestimaiion of the true pH changes by a factor of two.

Tho problem js even more combplicated with bacteria. Their inter-
nal buffering power is strong, especially in alke zophﬂlc species or strains
which must be able to maintain a relative neutralit ty of the cytoplasm,
at external pi values that are in many cases larger than 10.5. The-
refore, a change in the cytoplasmic pH sheuld be both difficult to
monitor and irrelevant for the true magmtude of the ApH supposed to
be created by respiration, according to the chemiosmotic theory of
Mitchell [13]. Anyway, if the cytoplasm is not so sirongly buffered
and the fluorescence decrease observed by us is due to proton reentry
in the cytoplasm, we should also be able to see the initial fluorescence
increase that is expected to accompany the proton extrusion when the
respiration is initiated, a fact which we never observed. On the other
hand a rapid and extensive pH change, such as the one observed in
the prcsent experiments, can not occur in the external medium, which
is at least moderately buffered and immensely larger in comparison
with the cytoplasmic space of the bacteria. Such changes could be de-
tected only if there existed a restricted space in which the protons are
pumped and which does not equilibrate easily with the rest of the
external volume, If the fluorescence decrease observed in the present
work represents neither an acidification of the cytoplasm nort
a pH decrease of the external medium (new evidence and
arguments  will be brought on these poinis later), then it}
should be due to the presence of a third corapartment. However, this
third (iotally or partly) inaccessible compartment complicates the de-
termination of the {lucrophore disiribution hetween different com-
pariments. Nevertheless, we applied the method of the impermeant
quencher {11] and the results obtained support the existence of a spe~
cial inaccessible compartment.

nie
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Tabic 1 presenis the numerical data of fluorescence changes re-
corded in the absence and presence of valinomyciyn -+ nigericin, at
different quencher (DPX) concentrations. The same results are presen-
ted in terms of eq. (1) in Fig. 3 (i.e., Fo /AF vs. 1/[DPX]).

As can be seen, the line obtained in the presence of the two io-
nophores (A) is characterised by a much higher slope and mtercept than
the one resulied in the absence of the 10nophores (B). Thus, in the
first case, the intercept read from the graphic is around 4, which gives
the frachon of the accessible fluorophore as 1/4 == 0.25. In fact, the
application of the leasi-square methed for A gives a regression line
with a slope of 30.568 mM, leading to K.y == 1/39.588 = 0.0253 mM—,
ard an i‘ltercep* of 3.966 (le., f = 1/3.866 == 0.2521, or 25.210/),
whereas for B the slope is 6.462 mM (K, == 0.155 mM-1) and the
intoreept is 1.41 (F = 0.7092, i.c., close to T10/).

Since, as argred in our experimental section, in the presence of
the two ionophores the pH is very likely identical throughout the system,
the value of { in this case repre@ents the fraction of the accessible
fluerophore. The presence of only about 250/ of the fluorophore in the
ex'~rnal (accessible) space leaves approximately 759% of the dye in
some inaccessible compartment(s). If there are only two compartments,
such a distribution is very unlikely. As mentioned before, in the case
of the cytochrome oxidase vesicles this distribution is 67%/4 outside and
330/, inside (inaccessible). For a bacterial cell, which is much larger and
for which the physical asymmetry between the outer and inner leaflet
of the bilayer is very small, the distribution expected is close to 50%%,
if there are only two compartments The fact that in the present study the
inaccessible fluorephore is close to 759/, means that approximately 250/

Table 7

Numerieal data of fluoresecence quenching by DPX

The conditions arc identical to those in Fig. 3. Fy i3 the fluorcscence recorded before
the addition of the quencher, while I is the fluorescence at different quencher (DPX)
concentrations.

Ory]  YDPX] ™ AF = B /AP 7 AT = P,/AR
{mM) (md 1) (sarbitrary B, -- F ¥, —~F
uuits) {atbitrary
uuits)
NOIONOPHORE SuM\«.xl 3.75 uM Nig
o = 527 e — = 978 o e
1.0 1.000 46.0 6.7 7.8657 95.5 2.3 42.5217
3.0 0.333 38.0 147 3.5850 93.0 4.8 20.3750
7.0 0.143 30.0 227 2.2216 88.0 9.8 9.7796
145 0.069 24.5 28.2 1.7895 82.0 15.8 6.1898
29.0 0.034 20.0 327 1.6116 75.0 228 4.2875
48.0 0.021 - — 72.0 25.8 3.7917
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Tig. 3. Fluoresconce quomching of membrane-bound HDHC by DPX. The conditions were’
stmilar to those in Fig. 1, except that the p™ was kept constant at 10.8 and DPX was
varied as showi. In A, 7.5 pM valinemyein and 3.75 pM nigericin were also present.

of the dye is neither in the internal compartment nor in the external
one, but still inaecessible (i.e., in a third compartment),

The much larger value of f (70.920/) obtained in the absence of
the ionophores can be easily explained, Since the pH of the suspending
medium is much higher (10.8) than that of the inaccessible com-
partments (probably below 9), the fluorescence decrease associated with
the quenching of the 259% of the dye (found in the true external space,
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where the pH is higher than in the inaccessible spaces) represents
cca 7104 of the entire signal. We expec: that by lowering the pH of the
suspending medium the contributicn of the external dye should de-
crease. The results presented in Table 2, oblained at pH 9, tend to
confirm this supposition, Here we get I == 5.87%/, for the anaerobic
state (a state similar to the situation described above). During the active
(aerobic) state, however, the relative cuenching is higher (84.679/4). In
our view, this is so because during respiration the decrease of the fluo-
rescence inside the special comvartment (due to the increase of the
roton concentration) makes the apparent contribution of the external
fluorophore larger. At pH 8.8 (Table 3) f is 58.80/ for the anaerobic
state and 75.681/ for the aerchic state. We sheuld mention, however,
that these last resulls were cbtained in Tris medium. where the fluo-
rescence changes associated with the aercbic-anaerobic transition are
somewhat smaller than in KPi medium, as we shall see in the next
subseztion, It is also worth mentioning that the small number of expe-
rimental data in Tables 2 and 3 are partially explained by the necessity
of eliminating the daia obtained at high DPX concentration (> 40 mM),
wihere we observed inhibitory elfecis of this drug on respiration.

A synthesis of the results obtained for [DPX] titration, including
the correlation coefficient r and its statistical significance is presented
in Table 4. It can be seen that the correlation is in all cases statistically
significant.

Estimation of the pH gradients created by respiration. If there
existed only one inaccessible compartment (i.e., the cytoplasm), where
the protons were pumped, the values of f obiained under anaerobic
conditions should have been much smaller. In fact, as the pH of the
medium decreased and approached the cytoplasmic pH this fraction
should have decreased towards 0.25 (the fraction of the accessible

Table 2

Fluorescenee quenching by DPX in phesphate medium

Bacteria (0.5 mg d.w./ml) were suspended in 100 mM KP; - 10 mM MgSO,, pH 9.0, wit

5 mM sodium malate as respiratory substrate. They were preincubated with HDH

(1.85 umoles/mg d.w.b:) in the same medinm (no substrate) for 3 hrs at 30°C (with shaking

The subscript R stands for ,respiration” and AN for ,anaerobiosis”. The significance of
the symbols is identical to that in Table 1. :

[DPX] l/(DPX] F AT PJAF  fax F AP P JAF fp
(mM)  (mM™)  (arbitrary uuits) (arbitrary units)
F, = 80.5 : Anacrobivsis Fy == 54.0: Respiraticn
4.0 0.250 71.0 9.5 8.4737 47.0 7.0 7.7143
12.0 0.083 §59.0 21.5 3.7472 0.6587 37.0 17,0 3.1765 (0.8467

33.0 0.030 47.0 3.5 2.4029 2800 260 20769
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Table 3

Fluoreseenee quenching by DPX In Tris medium

The conditiors are identical to those in Table 2, except that the bacteria were assayed in
Tris medium (50 mM KCl 4+ 50 M NaCl < 25 mM Tris—HCL + 5 mM MgS0,), pH 8.8.

[DPX] 1/DPX] T AP PJAR gy FOAR B AR fr
{md) (mM-1}) (arbitrary units) [arbitrary ux‘ltx)
Py = 54.0: Anacrobiosis Ty = 28.1: Respiration
4.00 0.230 49.0 5.0 25,0 2.1 13.3809
11.65 0.085 43.0 11.0 RE 0.5880 23, 5.1 5.3008 0.7563
26.30 0.038 36.0 18.0 3. OO / 190 9.1 3.0879

fluorophore), From our resulls, it is apparent that this fraction approa-
ches 0.5, meaning that the fluorophore distributes about equally between
the {wo active cornpartmems {0.25 externally and 0.25 in the special
comparimeni). This conclusion makes easier the calculation of the true
pil change produced in the aerobic transition, because there is no need
for a correction factor due to the dye distribution. However, as we
shall see, there are other factors that have to be taken into conside-
ration for a correct ApH evaluation.

Fig., 4 presents a series of fluorescence changes following an anae-
robic-zerobic transition, at 3 different pH values.

From the study of such recordings we can make some interesting
observations, In trace A, besides the large fluorescence changes asso-
ciated with the anaerobic-acrobic transitions, one can also observe a
slight but constani increase in the fluorescence of some inaccessible
corapartment, It is not the external (accessible) compartment because
the suspending medium is strongly buffered (100 mM KZ¥i, pH 7.5).
Moreover, measureicents of the external pH show that this stays prac-
tically constant. In fact, during half an hour of respiration, the pH

Table 4
Synthesis of (he regresslon sarametess from Tubles 13
Conditions Slope ¥, rr Tutercept £ r N p
(1imM) {Uslope) {Uintereept)

As in Table 1

No addition 6.462 0.1547 1,410 0.7092 0.9999 5 «0.001
Val 4 Nig 39.559%  0.0233 3.963 0.2521 0.9938 6 <0.001
As in Table 2

Anavrobicsis 27.730 0.0361 1.518 0.6337 0.933) 3 <23.05
Respiration 23.902 0.0285 1.181 0.8167 0.9934 3  «<0.03
As in Table 3

Anaerobiosis 36.488 0.0274 1.701 0.588) 09394 3  «<0.05

Respiration 48.310  0.0207 1.321 0.7570 09297 3 «0.02
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Fig. 4. Fluorescence changes associated with anaerobic-aerobic transitions at 3 different pH
values. 0.5 mg d.w.b./m! were preizcubated (starved) in the presence of HDHC under co
ditions similar to those in Fig. 2. Bacteria were suspended in the assay cuvette as describ
in text, with 5 mM sodium malate as respiratory substrate. The apprepriate pH was ob

ned by the use of small allquots of concentrated XOH or HCI,
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slightly decreased (to 7.4, as measured with a pH electrode). Very li-
kely, the small but constant increase in fluorescence reflects the loss
of protons from the special compariment, which should be more acidic
than the cytoplasm.

The resulis of a slightly different approach are presented in trace
B of Fig. 4. Here, the bacteria are suspended in Tris medium (25 mM)
and several pulses of HCl (and/or KOH) are added, which produce
changes of about 0.3 pH units in the external medium (as measured
with the pH electrode). Along with the addition of HCl on the anae-
robic state, an aerobic transition also occurs. From this, one can appre-
ciate that the pH change associated with a respiratory transition is
much larger than 0.3 pH units (we shall return {o a more exact dis-
cussion on this point later).

For trace C of Fig. 4, the bacteria are suspended in KPi medium,
at an initial pH of 10.95. In about 15 min of alternating transitions,
the pH of the medium decreased to 10.40. This is reasonable, since
phosphate does not buffer at this high pH. In fact, we observed that
even in the growth medium, buffered with carbonate at pH 10.83, the
pH of the medium decreased to 9.84 during the growing period (14—15
hirs), Trace C represents in fact only about half of the 15-min recor-
ding mentioned above. In about 7 min, the pH decreased from 10.65 to
10.40, mostly during the aerobic stale, as can be seen from the figure.
The much smaller decrease during tbe anaerobic phase may reflect the
passive proton diffusion into the medium, due {o the large pH gradient
that probably still exists. This is supported by the observation that at
a pH lower than 9 such a decrease is not observed, even at a low
bulfering power.

Rocordmgs similar to thoze pxes< nted in Fig. 4B were made at
pHs varying between 6 and 11.5. Since the absolute magnitude of the
{luorescence changes is very much pl-dependent, we calculated the
relative fluorescence change AF/F as a measure of the pH change
associated with the respiration, where AF is the difference between
¥ in the anaerobic and F in the aerobic state. It can be seen from
Fig. 5A that the relative fluorescence change has a maximum between
pH 7 and 7.5. Then, it decreascs to an approximate steady stale between
PH 8 and 9, after which it continues to diminish with an increasing
slope, tending to zero above pH 11. As meationed before, the relative
changes obtained in Tris medium (Fig. 5B) are generally smaller than
in phosphate medium (Fig. 5A). This is probablv due to the fact that
Tris may act as a semipermeant base, leading to partial dissipation of
the pld gradient.

- The next problem is whether we can ostimate the pH gradients
generated through respirvailion by comparing them with pH changes
that take place in the external medium (i.e.. seased by the accessible
fluorophore). Since we have accepted that the fraction of the external
dye and the one found in the special compariment are nearly equal,
the procedure scems warranted. Tlo\.\ ever, because of the strong non-



154 ' C. TARBA, P. HINKLE

AFg |
07 ‘,A,T |
06 A 1.2
051 Lo
0.4 / log ¢
03 s
021 04 |
o 02
s 7 8 9 10 11 pHex §

Fig. 5. Relative fluosescence changes and the estimation of ApH associated iwith vespiration

different pH values. The starvation (preincubation) and suspending conditions were similar to

those in Fig. 4 (see also explanations in text). A and B refer to AF/F, whereas € refors
to ApH.

linear dependence of AF on pH this is so only when pH of the special
compartment varies relatively little right around the value of the ex-
ternal pH. We can assume that under resting (anaerobic) conditions
the pH of the special compartment is very similar to that of the cyto-
plasmic space. Extrapolating the resulis of Kitada et al. [6] and also
taking into account other literature data (for ex. [3, 8]), we can assume
that the pH of this compartment rises more or less linearly between
7.5 and 9.5 when the external pH varies between 6 and 11.5. Theore-
tically, the pH of the two compartments should match around pH
8-—8.5, where a direct comparison is thus possible. Under these condi-
tions, the ApH generated during an aerobic transition was found to
be 1.30—1.35 units. Such direct comparisons at pH 9, 10 and 10.5 lead
to much smaller values (0.72, 0.22 and 0.16 pH units, respectively).
However, if the titration curve in Fig. 1 is used for adequate corrections
(i.e., each of the above numbers is multiplied by the ratio of F read
at a certain external pH and F corresponding to the probable pH of the
specia] compartment), the results obtained are 1.26, 0.99 and 0.76.
respectively, If these results are plotted against pH, one gets ihe trace
C in Fig. 5, which parallels reasonably well the other two curves in the
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figure. By linear exirapolation to the pH where \F/F is zero, one can
see that even at an external pH of 11 there is still a \pH of approxi-
mately 0.3—0.35 units. We want 1o stress that we are aware of the
relativity of these calculations. They may be overestimated due to
differen{ assumptions that we made with regard to the dve distribu-
tion. They could equally well be underestimated if we consider that
the matching pH is lower. In fact, according to Koyamyaand Nosoh
18], this is the case for a facultative alkalophile of the genus Bacillus.
The important thing is that our results are consistent with the presence
of a special compartment, involved in maintaining a normal ApH with
respect to the cytoplasm and that this \pH is rather significant.

Final discussion. Although our resulis are very interesting. they
do not answer the question of the possible origin and conformation of
the special compartment that was postulated by us. We do not want
to speculate on this problem but to remind that B.f. is a Gram-positive
bacterium which possesses a thicker and more elaborated cell wall than
the Gram-negative bacteria. Even though the composition of this wall
is generally known, its exact structure and composition may still re-
serve certain surprises. As discussed by Horikoshi [3]. there are
certain differences between bacteria grown at neutral and high pH with
regard to the composition and electric charge of the cell wall. In addi-
tion, protoplasts of the alkalophilic Bacillus strains lose their stability
against alkalophilic environments, which clearly points to the imvor-
tance of this wall for the accomodation to high pil.

If our results and our interpretation can be confirmed by other
methods or by extension to simpler systems.- such as right-side-out
bacterial vesicles, then the possible {unctioning of a localised or semilo-
calised chemijosmotic mechanism of energy conservation should be se-
riously taken inio consideration. at least in some alkalophilic bacteria.
What is most peculiar about this mechanism is that while \y may still
be a delocalised thermodynamic force. \pH should be strictly localised.
We predict that if this were the case the delocalised Ay could be gene-
rated only by respiration and not by the reverse activity of the bacte-
rial ATP synthase, which should also be localised. However, it mav
be possible that such bacteria possess {wo populations of more or less
identical ATP synthases, one of them being active only at moderate
external pHs (6—9) while the lccalised povpulation preserves its syn-
thetic activity up to pH 11 or even higher. This may explain the diffi-
culty of demonsirating the presence of such a semilocalised mechanism,
since it does not necessarily require a pH-depondent drop in Ay

Conclusions. Our results point to the possible existence of a speecial
compartment in the alkalophilic bacterium Bacillus firmus OF4, where
protons are sequesiered during respiration. Thus, a normal ApH can be
estabilished and ATP synthesis can occur by a chemiosmotic mechanism,
with the usual stoichiometiry of 3H /ATP. Although such a mechanism
should be of a localised or semilocalised type, in the sense explained
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in our fina}l discussion, it should not be confused with the one proposed
by Krulwich [9], which implies an intramembrane proton pathway
opening a: high pH by a proion-gated mechanism.
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IZOLLARI DE MICROORGANISME PRODUCATOARE
DE ANTIBIOTICE

ANCA LIVIA BUTIUC+ si MIHAIL DRAGAN-BULARDA®®

SUMMARY. — Isolation of Microorganisms Producing Antibiotics.
The mntibiosis has a great importance, taking into account the large
number of microorganisms present in certain  microhabitats and
their great ability of multiplication, We have tested the antimicrobial
activity of 28 strains of actinomycetes and 31 strains of micromy-
cetes isolited from different types of soils, and a compost, against
different Gram-positive and Gram-negative bacteria. From these, 12
strains of actinomveetes have antimicrobial activity against Gram-
positive bacteria (5. aureus, B. subtilisy and Gram-negative bacteria
(k. coli, Fs aeruginosq), and 12 strains of micromycetes have anti-
microbial  adtivity only  against Gram-positive bacteria (S, aureus,
5. cubiilis).

Antibloza este fenomenul determinat de actiunea unor compusi
chimici specifici produsi de diferite organisme, care in conceniratii
mici au un cfeet inhibitor sau letal asupra unor microorganisme [5].

Este probabi] ¢d in sol, cel mai adesea, microorganismele antago-
niste se gisesc In stare latentd (spori sau alte forme de rezistentd).
Cresterea lor vegetativa si producerca de antibiotice sunt limitate la
scurte perivade cind conditiile de mediu sunt corespunzitoare. De
aceea, In sol blogencrza antibioticelor are loc in microhabitate si este
discontinui in timp si spatiu. Dupa formare, antibioticele sunt fie se-
cretate, fie eliberate dupa moartea si autoliza celulelor producatoare [3].

Exists putine probe concrete privind producerea antibioticelor in
mediile naturale gi nu se poate afirma categoric cid antibioticele ar
avea urn anumit rol in ecologia microorganismelor din sol. Aceasta mai
ales pentru faptul <@ datele referitoare la producerea antibioticelor
in vitro nu pot {i extrapolate la conditiile din sol [9]. In conditii de
laborator. producerea de antibiotice are loc in faza logaritmici de
crestere sau in faza stationard de crestere (idiofaza) [2].

Desi, in general, din acest punct de vedere, aproape toate tipu-
rile de sol au fost avute in vedere, solurile nisipoase, nisipoase deser-
tce sau lmitrof deseriice au fost mai putin cercetate. Din acest motiv,
am initiat cercetdri pentru izolari de microorganisme din probele unor
soluri nisipoase din Deltan Dunirii si studierea activititii antibiotice a
tulpinilor izolate, Am analizat si alte probe de sol, precum si un com-
post, Am izolat ¢i am studiat tulpini de actinomicete si micromicete.

* Instilutul ce Cercelari Biviogice, 3400 Ciuj-Napoca, Romdria
“* Lndversitetea Babes-Bolvai, Catndra de Biologic vegetald, 3400 Cluj-Napoca, Remania



158 . A. L. BUTIUC, M. DRAGAN-BULARDA

Material si metode. Tulpini de actinomicete au fost izolate din 6 probe de
sol, din care 4 au provenit din soluri nisipoase ale Deltei Dundrii, iar cate o
proba dintr-un sol brun de gradind si un cernoziom levigat cultivat cu grau.
Micromicetele au fost izolate din 3 probe de sol {(sol brun de gradina, cernoziom
levigat cultiviat cu grau si sol aluvial cultivat cu lucernd) si dintr-o probd de
compoest de 1la Gradina Botanicd a Universititii noastre.

Probele de sol si proba de compost au fost prelevate in conditii aseptice.
Din ele s-au preparat dilutii zecimale. Pentru izolarea actinomicetelor, cite
I mil din dilutia 107 dar pentru izolaraa micromicetelor cite 1 ml din dilutia
169 s-au inoculat pe medii solide [4].

Pentru izolarea actinomicetelor s-au utilizat 3 medii de culturd, specificate
mai jos.

1. Mediul electiv pentru izolarea streptomicetelor [1], avand urmaéatoarea
compozitie: glicerol 1,0 g, acid cazeinic 0,03 g, KNO; 0,2 g, NaCl 0,2 g, K.HPO,
0.2 g, MgSO,-7H.O 5,0 mg, CaCO; 2,0 mg, FeSO,-TH,0 1,0 mg, agar-agar
L8 g apa didfiiata 100 ml. Se corecteazia pH-ul mediului la 7,072, Mediul se
steriiizeazd prin autoclavare la 115°C, 30 min.

2. Mediul cu asparagind si glucozd, dupa Waksman [1], cu urmitoorea
compozitie; glucozda 1,0 g, asparagina 0,05 g, K.HPO, 02 g, agarv-agar 15 g, apa
distil«td 100 ml. pH-ul mediului se aduce la 68, Mediul se sterilizeazd prin
autoclavare 1a 115°C, 30 min.

3. Mediul cu glucoza-extract de drojdie-agar [1], cu urmdtoarea compozitie:
giucoza 1,0 g, extract de drojdie 1,0 g, agarsagar 2,5 g, apd distilatd 100 ml.
pH.ul mediului se stabileste la 68, Mediul se sterilizeazd prin autoclavare la
115°C, 30 min.

Mediul de culturd utilizat pentru izolarea mieromicetelor a fost mediul
Czapek-Dox [4], avand un pH de 55—6,0 pentru impiedicarea dezvoltdrii
bacteriilor. Compozitia mediului este: NaNO, 3,0 g KH.,PO, 1.0 g KCI 05 g,
Mg0, - TH,O 0,5 g, FeSO,-TH,O 0,01 g, glucoza 40 p, agar-agar 18 g. apd disti-
atd 1000 ml. Mediul de culturd s-a sterilizat in autoclav, la 120°C, 30 min.

Incubarea s.a fécut la 30°C. timp de 6 zile pentru adilnomicete si 5 Zile
peniru micromicete. Din coloniille rezultate s-au facut frotiwri, care s-au colo-
rat dupa metoda Gram [4] si s-au studiat la microscep pentru evidentierea ac-
tiromicetelor si a micromicetelor,

Criterfile, pe baza cérora s-n fdcut diferentierea tulpinilor de actinomicete
si micromicete din sol, au fost: forma si aspectul coloniilor, dimensiunea hife-
for, pigmentatia (s-a urmdrit pigmentul miceliuiui aerian, pigmentul miceMului
de substrat si pigmentul difuzibil in mediuy [—38].

Pentru testarea activitdtii antibiotice a tulpinilor izolate s.a folosit metoda
difuzimefrica {41, Drept bacterii test s-au  folosit tulpini  standard (cultwri de
18—20 h in bulion de carne) de Staphylococcus aureus ATCC 23923, Escherichia
coli ATCC 25922, Pscudomonas aeruginosa ATCC 27853 si o tulpind nestandar-
dizatd de Bacillus subtilis. Turbiditatea inoculului a fost ajustatd, folosindm-se
un standard nefelometric [4). .

Pentru  produccrea antibicticelor de catre actinomicete s-a  folosit mediul
1 utilizat «i pentru izolarea tulpinilor, iar pentru’ producerea antibioticelor de
catre micrbmicete s-a folosit mediul Czapek-Dox la care s-a addugat extract
de porumb (207).

Testarea activitdlii antibiotice s-a facut pe aelozd simpld, sterilizatd prin
autoclavare la 120°C, 30 min. Citirea veruftatelor s.a ficut, dupa 24 h de incu-
bare 1a 37°C, masurandu-se diametrul zonelor do inhibitiz,

Rezultate si discutii. Rezultatele obtinute la izolaea tulpinilor de
actinomicete sunt prezentate in Tabelul 1. In ceea ce priveste distri-
bufia actinomicetelor in cele 6 probe de sol studiate, se poate observa
cAd numdrul unitdtilor formatoare de colonii (u.f.c) evidentiat din pro-
bele solurilor nisipoase din Delta Dunirii este comparabil cu cel evi-
dentiat din solul brun de gradinia si cernoziomul levigat cultivat cu
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BARY

Tabel 1

Numirul total al actinomdeetelor ¢ al tulpinilor de zefinomicete jzolate din probe de sol

Medinl 1 Mediul 2 Mediul 3
Provenienta probelor analizate e, .. u.fe. e f.olg L
k Lloi;/&m., Tulpini :01 ;/gm, Tulpini ;101 “ LIO’ 'I‘ulp'zm

Sol nisipos Py 3 2 3 1 2 1
Sl nlsipos P, 9 : 1 1 4 1
Sol nisipos P, cu vegetatie

stepicd 10 3 8 2 5 o
Sol nisipos Py 5 3 4 i N 1
Sol brun de griadind 3 1 4 1 P !
Cerneziom levigat cultivat cu

griu 9 3 7 2 3 1

grau, Din acest tabel se mai poate observa cd cele mai bune rezuliate
s-au cbiinut pe mediul 1 si cele mai slabe pe mediul 3. Cel mai mare
numir de actinomicete s-a evidentiat din solul nisipos P, cu vegeta-
tie stepica (10-107 u.f.c/g sol), eeea ce confirma influenta pe care o
are vegetatia asupra numarului actinomicetelor in soluri.

“Tabelul 2 arati ci cel mai mare numir de micromicete s-a inre-
gistrat in proba solului brun de gradini (10-10° u.f.c./g sol), ceea ce
poate fi atribuit faptului ci acest sol a fost tratat cu ingrasiminte.
Numirul de micromicete este influentat si de vegetatie; asa se expiici
valoarea ridicata (18-10% u.f.c./g sol) evidentiati din proba cernozio-
muluj levigat cultivat cu grau., Numarul cel mai mic de micromicete
S-a inregistrat in proba solului aluvial cultivat cu lucerni. Compostul
favorizeazi dezvoltarea unui numir mare de micromicete care parti-
cipa la procesele de descompunere a materiilor vegetale.

In Tabelul 3 sunt prezentate rezultatele privind activitatea unti-
biotica a tulpinilor de actinomicete. Activitatea antibioticd este varia-
ta, in sensul ¢i s-au izolat tulpini active fati de toate cele 4 bacterii

Tabel 2

Numilral total al mieromlcetelor si al tulpinilor de mieromicete izolate din
probe de sol s compost

u.felg
s . sol san sos
Provenienta probelor analizate compost Tulpini
¢ 103
Sol brun de griding 19 10
Cernoziom levigat cultivat cu grin 18 G
8ol aluvial cultivat cn lucerni 12 5
Compost 14 7
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test. ulilizate, Se observa ci din totalul de 28 tulpini de actinomicete
izolate (1009%), 12 tulpini (42.850%) au activitate antibiotica fatda de
diferite bacterii test: 3 tulpini (10,71¢%) sunt active fata de S. aureus,
3 tulpini (10,710/4) sunt active fatd de E. coli, 8 tulpini (28,579/) sunt
active fata de B. subtilis si 3 tulpini (10,71%) sunt active fata de
Ps. aeruginosa. Se mai poate remarca faptul ci 5 tulpini (17,83%7%) sunt
active fatd de doua bacterii test, si anume: tulpina A, este activa fatd
de S. aureus si B. subtilis; tulpinile C; si Gg sunt active fati de B. sub-
tilis si E, coli; tulpina C, este activa fati de S. aureus si
E. coli, iar tulpina G, este activd fatid de B. subtilis si Ps. ceruginosa.

Este posibil ca actinomicetele care au activitate antibiotici atat
asupra bacteriilor Gram-pozitive, cat si asupra celor Gram-nezative,
si sintetizeze fic un antibiotic cu spectru larg de actiune, fie doud an-
tibiotice distincte cu actiune diferitd asupra celor doud categorii bac-
terizne.

Tabel 3

Aectivitatea aniibiotica a tulpinilor de actinomicets

Jacteria test

Tulpina . . . .
5. aureus . coli B. subtilis Ps. zeruginosa

A o - 4

*oinhibare s cresterit bactoried

In Tabelul 4 sunt speciiicaie tulpinile do micromicete care nie-
a4 activitate antibiolied fati de bacteriile test utilizate, Din cele 31
i de micromicete izolate (10094), 12 tulpini (38,79%) p"‘e7im"=?1 ac-
tl\m e antibioticd: 9 tulpini (29,03%4) sunt active fald de S. aurcus,
T otul p1m (22,580) sunt active faid de B. subtilis, iar 4 tulpini (12,917)
sur: active atdL fata de S. aureus cat si fald de B. subtilis. Nici o
tmp rd nu este activi fati de E. coli si Ps. aeruginosa. Se¢ poate con-
cluziona ci tulpinile care prezintd activitate antibiotica faii de S. qu-
reus si B, subtilis sintetizeaza fie un singur antibiotic activ fatd de
aceste bacterii, fie doua antibiotice diferite care acfioneazi separat. asu-
pra celor doud bacterii test. ‘

Pe baza observatiilor efecluaie in 1&1)01&!.0’ sl a dmmm €xXis-
teove in iteratura de specialitate [8], tulpinile T, T., si T,y au fost
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Tabel 4
Activitatea antlblotied a tulpinilor de mieromieete
Bacteria test
Tulpina . . L i
N, aureuns . eoli B, subtilis Ps. acruginosa
’[“ L% -
T,
’l:“, . -
I‘m
1 10
Tay - -
T!i) +
'P‘.‘l -
,1“.27
’(‘ER
Tm (R She e o

* Inhibarea cresterii hacteriel test,
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identificate ca apariinind genului Penicillium, iar tulpina T,; genului

Trichoderma.

In Fig. 1 sunt prezentate zonele de inhibitie (mm) ale tulpinilor
de micromicete active fatid de S. aureus. Se poate observa ci activita-
tea antibiotica fatia de S. aurcus este relativ uniforma, valorile fiind
situate in jur de 10~—12 mm. Cea mai activa tulpini este T, (19,8 mm),
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ig L Adetivitatea antibioticd a (il piviior de smicromicete fafd de S, aureus.
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]

urmati de T,y (16,25 mm) si T, (14,5 mm). Cea mai slabi activitate ¢
are tulpina Ty (9,35 mm), insd nici aceastd valoare nu este prea in-
depirtatd de valoarea medie (12,58 mm).

In Fig. 2 sunt prezentate zonele de inhibitie (mm) ale tulpinilor
de micromicete active fata de B. subtilis. Se constati ci tulpina T,.
este cea maij activi (20,1 mm), urmati de tulpina T, (18,77 mm). Ce
lelalte tulpini au diametrele zonelor de inhibitie in jurul valorii medi:
(15,9 mm), cu excepfia tulpinii T,y care prezintd o zond de inhibitie
doar de 7,5 mm. Din Tabelul 4 si Fig. 1 si 2 se poate observa ci tul-
pinile T.,, Ty, Toy si T sunt active atdt fata de S. aureus, cdt si fatd
de B. subtilis, cea mai activa fiind tulpina T,,.

Concluzii. 1. Din 8 probe de sol s-au izolat 28 tulpini de actino-
micete, far din 3 probe de <ol si o probi de compost s-au izolat 31 tul-
pini de micromicete. Solurile nisipoase din Delta Dunarii sunt boguteo
in actinomicete.

2. Din totalul de 28 tulpini de actinomicete izolate, 12 tulpini au
activitate antibiotici fatd de una sau doud din cele 4 bacterii test uti-
lizate (S. aureus, E. coli, B. subtilis si Ps. aeruginosa). Prezintda im-
portantd mai ales tulpina A, activa fatd de Ps. ageruginosa si tulpina
Gy activa fatd de B. subtilis si Ps. aeruginosa.

3. Din- totalu]l de 31 tulpini de micromicete izolate, 12 tulpini pre-
zinta activitate antibioticd: 9 tulpini fatd de S. aqureus, 7 tulpini fai
de B. subtilis, iar 4 tulpini sunt active atat fati de S. aureus cat si.
faty de B. subtilis. Nici o tulpind nu a manifestat activitate antibiotici
fatd de bacteriile test Gram-negative E. coli si Ps. ageruginosa.

- i e JRU— —

% Zemus deslubatie (mgn)

XS

o 1o 16 [ 23 r27 PN
Tulpima

Fig 2 Adeivitatea antibioticd a tulpinidor de micromicete fufd de B. subtilis.
4
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C:—‘;PACI'I.‘E..'I“I ALCOOLOGENE SI DE MULTIPLICARE ALE UNOR
TULPINI DE DROJDII INDUSTRIALY

LETITIA OPREAN®

SUMMARY. — Alcohologenic and Multiplication Capacities of Some
Industrial Yeast Strains. Eleven industrial yeast strains belonging to
the genus Saccharomyces were studied. Six of them ure brewer's yeast
strains (S. uvarum A, B, 66. Ty, Tancy and 13), two are baker’s yeast
strains (S. cerevisizge CA and CP), one is a spirit yeast strain (S. ccre.
visinae CF) and two are wine yeasts (S. oviformis and S. ellipxzoideus).
Their alcohologenic and multiplication capacities were determined by
using standard methods.

High alcohologenic capacity was exhibited by S. wvarum A, S
cerevisiae CF, S. ellipscideus and S. oviformis, and high multiplication
(biomass-forming) capacity was found with S. wvarum Tancy, 5. cere.
vistae CF, S. cerevisiae CP and S. wvarum 15,

Capacitatile aleoologene i de multiplicare sunt insusiri importante
ale drojdiilor utilizate in diferite ramuri industriale. Aceste capacitati
sunt strans legate de intensitatea metabolismului si de starea fiziologica
a celulelor de drojdii, si sunt influentate de o serie de factori fizici «i
chimici: temperatura si’ pH-ul mediului, cantitatea de Oy CO,, alcool
etilic, substante inhibitoare ete. (de ex. [1—7, 9, 10]).

In lucrarea de futd descriem cercetdri comparative privind —capa-
citdtile alcoologenc si de muliiplicare {(formare de biomasd) ale unor
tulpini de drojdii industriale apartinitoare genului Saccharomyces.

Materiale si metode. Am studiat 11 tulpini de drojdii industriale, dintre care
6 sunt tulpini de drojdii de bere provenite de la fabricile de bere din tara, iar
5 tulpini de drojdii (doud de panificatie, una de spirt si doud de vin) au fost
obtinute sub formda de culturi pure in cadrul Laboratorului de microblologie al
Catedrei de tehnologin produselor alimentare, Universitaten Lucian Blaga, Sibiu,
Cele 6 tulpini de drojdii de bere (S. uvarum) sunt notate prin A, B, 66, T}, Tancy
si 15. Cele doua tulpini de drojdii de panificatie apartin speciel S. cerevisice si
sunt notate prin CA si CP. Drojdia de spirt apartine tot speciei S. cercvisiae; no-
tarea tulpinii: CF. Cele doua tulpini de drojdii de vin sunt fulpini de S, owvi-
formis, respectiv S. ellipsoideus.

Pentru cultivaren wulpinilor de drojdii a servit, drept mediu nutritiv, mustul
de bere industrial preparat din malt, sterilizat in prealabil, nehameiat si cu un
extract real de 13,3194 Mustul de bere a fost distribuit in cantitdti de 200 ml in
baloane cu fund plat de 250 ml, sterilizate »i inchise cu ventile de fermentatic
cu acid sulfuric concentrat. Pentru inocularea mustului de bere, din culturile sloc
s-au preparat culturi tot pe mustul de bere sterilizat. Fermentatia mustului de
bere a fost condusd la temperatura camerei (20°C) timp de 9 zile (192 ore).

in cursul fermentatiej am urmdrit dinamica formarii alcoolului etilic In
mustul de bere, prin determinarea zilnicd a concentratici adcoolice a1 mustulni,
exprimatd in ¢ masice (g alcool etilic/100 g must), si dinamica formarii biomaset
de drojdie in mustul de bere, prin determinarea zilnicd a cantitdtit de biomasad

versitatea Lucian RBlaga, Cuiedra Ce tehnologic produseior wimenlare, 2406 Sibiu, Romdnia
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acumulatd, exprimata in °, masice (g biomasa100 g must). In acest scop, am
determinat zilnic, cu metodele de analizd curente, in conformitate cu STAS-ui fn
vigoare [B8], concentratia alcoolica si cantitatea de biomasd de drojdie acumulatd
in mustul de bere in fermentatie.

Pentru determinirea concentratiei alcoolice a mustului de bere in fermen-
tatie, se foloseste o proba decarbonatd reprezentata de filtratul obtinut in urma
centrifugdrii mustului in fermentatie, in cantitate de 100 g. Cu ajutorul aparatwlui
de distilare se efectueaza distilarea probei de analizat (filtrat obtinut In urma
centrifugdrii mustului de bere in fermentatie). Se determina cifra de apd a
picnometrului, dupa care picnometrul este folosit pentru determinarea densitatii
relative a distilatului obtinut. In final, se stabileste concentratia alcoolicd a dis-
tilatului, respectiv o mustului de bere in fermentatie, exprimata in ¢, masice, cu
ajuiorul unor tabele [4, 9).

Cantitatea de biomasd de drojdie acumulati in mustul de bere in fermentatic
se determind prin cantarirea zilnica a probelor, inainte si dupa centrifugarea lor.

Rezultate. Rezultatele obtinute in studierca dinamicii formdarii al-
coolului etilic in mustul de bere sunt trecute in Tabeclul 1. Capacita-
tea alcoologend — dupa cum se poate constata din acest tabel — o va-
riat atdt intre tulpini utilizate intr-un anumit domeniu industrial, cat
s intre tulpini cu utilizari diferite. La toate tulpinile de drojdii, alcoolul
etilic s-a putut evidentia dupd 24 ore de fermentatie, cantitatea aces-
tuia crescand mai ales intre 48 si 144 ore de fermentatie. Dupd 24 ore
de fermentatie, tulpinile de drojdii au produs cantitdti in general apro-
piate de alcool etilic, exceptic ficind drojdia de bere S. uvarum Tyg si
drojdia de spirt S. cerevisiae CF, care au produs in primele 24 ore o
cantitate mai mare de alcool etilic, ce a crescut treptat intre 48 si 144
ore de fermentatie, dupa carce s-au obtinui cantitidti mai mici de alcool
etilic, apropiate ca valoare.

La sfarsitul fermentatiel mustului de bere, cea mai buna capacitate
axcoologena a fost manifestatd de drojdia de bere S. wvarum A, con-

Tabel 1

Dinmmiea Yormarii aleoolului etilie in mustul de bore sub acliuneca celor 11 tulpini de drojdii
Industriale studiate

Cantitatea alcoolului etilic {ormat (9, masice)
O

Tulpini de drojdii (Saccharcmyees) Durata de¢ fermentatie  {ore)
24 48 72 96 120 144 168 192

S, uvarvm A (bere) 0,565 1,235 2,280 3,090 3,205 3,480 3,910 4,380
S, uvarum B (here) 0,425 1,675 1,950 2,170 2,460 2,550 2,675 2,775
S, uvarum 66 (bere) 0,540 1,805 2,505 2,660 2,710 2,860 2,980 3,030
S. uvarum T, (bere) 1,280 2,450 2,600 2,760 2,775 2,785 2,975 3,040
S, uvarum Tanc,; (bere) 0,335 1,235 1,840 2,005 2,105 2,200 2,225 2,335
S, uvarum 13 (bere)d 0,380 1,455 1,840 1885 2,060 2,090 2,120 2,225
S, cerevisine CA {panificatie) 1,005 2,060 2,120 2450 2,720 2910 3,090 3,090
S, isiac CP (panificatie) 0,805 1,345 2,120 2390 2,675 2,880 2,930 3,010
S, cerevisiae CF (spirt) 1,015 2620 3,030 3,150 3,255 3,265 3.370 3,690
S, oviformis (vin) 0,700 1,620 1,835 2,120 2910 3,310 3,320 3,520
S, ellipsoidens (vin) 0,885 1,510 1,580 2,060 2790 3,100 3,405 3,580
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centratia aleoolicd fiind cu 96,8%/, mai mare decit la S. uvarum 15,
drojdia cu cea mai redusd capacitate alcoologend dintre tulpinile stu-
diate. De mentionat este c¢d drejdia de bere S. uvarum A provine din
aceeasi fabrica de bere din care a fost procurat mustul de bere. Aceastd
tulpind este urmati de drojdia de spirt S. cercvisiade CF, la care con-
centratia alccolicd a fost cu 65,804 mai mare decit la drojdia de bers
S. wvarum 15. Se remarcd si drojdiile de vin S. ellipsoideus si S. cvi-
formis, prezentind in ordinea enumeratd o concentratia alcoolicd cu
60,9% si respectiv 58,20/; mai mare decit cea obtinutd cu drojdia de
bere §. uvarum 15.

Rezultatele obtinute in studierea dinamicii formarii de biomasi de
drojdie in mustul de bere sunt redate in Tabelul 2. Se poate vedea din
acest tabel ¢d In primele 24 cre de fermentatie biomasa de drojdie u
crescut la fiecare tulpind, ceea ce dovedeste ci In aceastd etapd a avut
loc o multiplicare foarte activi a drojdiilor. Valoarea maxima de bio-
masd acumulata in aceastd etapd a fost inregistrati la drojdia de panifi-
catie S. cerevisiae CP. Aceasts valoare este cu 78,1¢/4 mai mare decit
cen obtinutd la drojdie de bere S. wvarum B, caracterizatd prin cea mai
micd biomasa formata.

-La sfarsitul fermentatiei, tulpinile de drojdii studinte se pot diferen-
tia in functie de capacitatea lor de multiplicare. Cantitatea maxima de
biomasd s-a format la drejdia de bere S. uvdrum Tuncyy, flind cu 34,774
mai mare decit a drojdiei de bere S. uvarum B care se diferentiazd de
celelalte tulpini prin valearea cea muai mica a biomasei formate. Can-
titaiea de biomasa a fost ridicatd si la drojdia de spirt S. cerevisicge CF,
biomasa acesteia fiind cu 33,394 mai mare decit a drojdiei de bere S.
wvarum B. S-au remarcat si arojdia de panilicatie S. cerevisiae CP i

Tabel 2

Ninamica forméril blomasei de drojdie in mustul de bere sub actiunea celor 11 tulpini de
drojdif industrinle studinte

Cantitatea biomasei de drejdie (2] masice)

\

Tulpini de drojdii {(Saccharomyees) Durata de fermerntatic (ore)

o3 48 72 98 120 144 168 192

S. uvarum A (bere) : 235 275 315 3,60 400 420 430 4,30
S. uvarum B (bere) 1,60 290 3,15 3,40 3,45 345 3,50 3,60
S. uvarum 66 (bere) 245 285 315 3,20 320 330 335 385
S. uvarum T,, (bere) 1,90 2,65 295 3,30 350 355 380 400
S, uvarum ’l‘:mcu {bere) 1,00 225 250 3,40 350 3,70 4,10 485
S, uvarum IS5 (bere) 2,10 240 265 3,20 335 340 3,55 440
S. cerevisiae CA (panificatic) 210 2,65 285 295 3,20 330 340 3,80
$. cerevisiae CP (panificatie) 285 3,70 400 4,10 415 420 335 4,40
S. cerevisize CF (spirt) 1,90 240 300 3,40 420 460 475 480
S. oviformis (vin) 2,40 275 285 3,10 335 370 375 380
S,

ellipscideus (vin) 2,55 275 295 3,20 3,60 380 385 3,90
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drojdia de bere S. uvarum 13, a caror cantitate de biomasa a fost cu
22,20/ mai mare decit a drojdiei de bere S. uvarum B.

Concluzii. 1. Capacitatile alcoologene si de multiplicare ale celor
11 tulpini de drojdii industriale studiate sunt variate atdt inire tulpini
utilizate intr-un anumit domenriu industrial, cat si intre tulpini cu utili-
zari diferite.

2. La toate tulpinile de drejdii studiate, alcoolul etilic incepe sa se
formeze in cursul primelor 24 ore de fermentatic, dupa care cantitatea
acestuia creste mai ales intre 48 si 144 ore, iar spre sfirsgitul fermen-
tatiei are loc o incetinire a cresterii cantitilii de alcool etilic.

3. Capacitati alcoologene ridicate sunt manifestate de drojdia de
bere S. wvarum A, drojdia de spirt S. cercvisiue CF si drojdiile de vin
S. ellipsoideus si S. oviformis.

4. Multiplicarea foarte activd a tulpinilor de drojdii studiate are loc
in primele 24 ore de fermentatie, etapd in care se constatd o cresterc
mai accentuatd a biomasei de drojdii. Spre sfarsitul {fermentatiei, can-
titatea de biomasd este aproximativ constanta, ceea ce demonstreaza
¢a este incetinita capacitatea de multiplicare « drojdiiler.

5. Se remarca prin cantitati ridicate de biomusa drojdia de bere
S. uvarum Tancyy, drojdia de spirt S. cerevisiae CF, drojdia de panifica-
tie S, cerevisiue CP si drojdia de bere S. uvarum 15.
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REDUCEREA MICROBIANA A CROMULUI HEXAVALENT IN
NAMOLUL ACTIVAT

VIORICA COSIER® si MITZURA DITA*s

SUMMARY. — Microbial Reduction of IHexavalent Chromium in Ac-
tivated Sludge, Three methods for reduction of the very toxic Cr(VI)
to the less toxic Cr(II1I) were compared. It has been found that the
chemical method using ferrous sulphate for reduction of Cr(VI) is
less efficient and more expensive than the microbial method in which
microorganisms in fthe activated sludge are the Cr(VI)-reducers. The

third, thermal method has — in comparison {o the chemical and
microbial methods — the disadvantage of being much more cnergy-

consuming and, thus, much more expensive, and the advantage of pro-
ducing the least amount of f{inal residues. In conclusion, the microbial
method is preferentially recommended for reduction of Cr(VI)  to
Cr{Iil}) and, consequenily, for its remoeval from industrizl waste
ters.

Wa-

Cromul este un metal larg utilizat in procesul de productie in
argdsitorii si in alte ramuri industriale. Nadmolurile rezultate in urma
purificarii cel puiin partiale a apelor reziduale din aceste industrii se
formeazi in cantitati ridicate (de ex., 437 t/an la intreprinderea S. C.
Ciujana S.A) si, in consecintda, ridicd probleme grave de poluare a
apei freatice, a solului si sedimentelor, a florei si faunei acvatice <i
terestre.

Cromul din sedimentc este asociat materiel organice aproape in
totalitate, fiind prezent in cantititi mult mai mici legat de oxizi si
hidrexizi. Fractiunea de materie organicd, de care se leagd cromul, este
reprezentatd de celulele bacteriene si materialul polizaharidic extra-
olular al acestora care asigura grupari de legdturd ionilor de crom. In
stare legatd de biota, patrunderea cromului in lantul trofic este faveri-
zatd {1, 6].

Cromul sub forma sa chimici de Cr(VI) este foarte solubil, toxic,
mutagen si cancerigen. In acelasi timp, Cr(IIl) formeazd oxizi si hidr-
oxizi insolubili si este mal putin toxic {12, 13]. Reducerea Cr(VID) la
Cr(IIl) inseamni reducerea efectului mutagen si cancerigen de 1000 de
ori [15].

Problema reducerii Cr(VI) 1a Cr(III) prin metode traditionale (rodu-
cere chimicd, tratare termicd, tratare electrochimicd, sisteme cu schim-
batori de ioni, recuperare prin evaporare sau centrifugare) a fost inde-
lung discutatd din cauza eficientei lor scizute la valori ale Cr(VI) cu-
prinse intre 10 si 100 g/m3 si a costului ridicat.
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Numeroase microorganisme pot reduce Cr(VI) la Cr(III) pe cale en-
zimaticd. Unele dintre ele manifestd aceastd capacitate a) atat in con-
ditii anaerobe cat si aerobe, iar altele b) numai in conditii anaerobe sau
¢) rumai in conditii aerobe. Majoritatea lor sunt bacterii Gram-negative
(vezi lucrarea de sintezd a lui Lovley [7]). Reducerea microbiand
a Cr(VI) prezintd mult interes peniru epurarea apelor reziduale indus-
triale [8, 11].

in reducerea microbianda a Cr(VI) la Cr(IIl) pot servi ca donatori de
electroni substanie exogene {compusi organici: glucoz3, acetat, amino-
acizi etc. sau Hy) sau substante endogene [7, 9]. Bacteriile reducatoare
de Cr{VI) pot fi rezistente sau sensibile fati de Cr. Astfel, Horitsu
si colab. [4] au constatat cd mutantele de Pseudomonas ambigua sen-
sibile la cromat au redus Cr(VI) mult mai lent decit tipul silbatic re-
zistent la cromat. Losi si Frankenberger [5] au testat tole-
ranta la Cr(VI) a bacteriilor izolate din némoluri poluate cu Cr, obser-
vand ca acesie bacterii au fost mult mai rezistente la Cr(VI) decit
bacteriile izolate dintr-un loc adiacent nepoluat cu Cr; izolatele din na-
muluri au tolerat cantitdti mari, de 500—1000 mg Cr/l. In schimb, stu-
diile efectuate de Bopp si Ehrlich [2] au indicat ¢d tulpinile de
Pseudomonas fluorescens rezistente si cele sensibile la cromat au capa-
cititi similare de a reduce Cr{VI). Dupd Summers si Jacoby [14],
in Pseudomones aeruginose rezistenfa la compusii cu crom (si la
cei cu bor) este determinatd plasmidiall

Lucrarea de fatd analizeazdi comparativ eficien{a reduccrii chimice,
micrebiene si termice a Cr(VI).

1. S-u studiat elicienta reducerii chimice a Cr{VI) prin determina-
rea concentraticl de Cr total in apele reziduale tratate, 1n evacuarea
lor din statin de tratare a wpelor cromice de la intreprinderea 8. C.
Cluiani 8.4, e o perioada de 15 luni (Fig. 1).

2. In poralel, s-a urmarit retinerea Cr(I1I) in ndmelul activat din
statia de epurare o municipiuiui Cluj-Nupoca. Aceastd statie este o
statie biclogicd, 1a care Cr(VI) este redus numai pe cale microbiand,
deoerece 1o spele influente nu se adaugd substante chimice reducitoare.
S-u determinat concentratia Cr(IID) influent si a Cr(ill) eflluent. Difc-
renin dintre aceste doud valorl de Cr{iil) reprezinta Cr(IIl) relinui in
namol si exprima eficienta epuridrii biologice (Fig. 2).

Intr-un experiment de laberator, am models: reducerea microbiand
a Cr(Vi, folosind namolul activat drept inocul pa un mediu de cul-
turt cu adacs de cromat. S-o determinat caniitaiea de cromat redusi
de catre microorganisme si s-a exprimat procentual eficieria reducerii
microbiene a cromeatulul.

3. Pentru comparare, s-a luat in studiu si meteda de reducere for-
mica a Cr(VI.

Sed
A8

si metode. 1. Reducerca chimiod., Pentru reducerea Cr(VI) din
uale de la S.C. Clujana S.A. se foloseste sulfatul feros. Din procesul

Maoileg

nele rezic

1
de neulralizure a apelor cremice cu oxid de ealciu si de reducere a Cr(VI) cu
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Fig 1 Evolutia valorilor lunare medii ale cromului total in apele reziduale industviale
de la S.C. Clujena S..1., in pericada ianuarie 7995 martie 7996.
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sulfat feros rezulia depuneri sub forméd de ndmoiuct care contin o cantitate muare
de apa si Cr(IIl).

Pentru determinarca concentratiel de Cr(ill) si Cr{VI) in probele de =ape
reziduale industriale coniinand peste 100 mg ioni de fier/l si substante organice,
se procedeszd, intdi, la indepdrtarea acestora cu acid fosforic si, respectiv, prin
meneralizare, Mineralizarea se realizeazd prin urmadtoarele operatii: tratare cu
acid sulfuric in prezenia unui indicator (motilomnj), coneontrareda salume pe
baia de apd, racire si ouidace cu apd oxizennd. Pentru ind idutul
suifuric, se adauga, la fierbere, i*) ptoportxe do 1:1, acid azotic continué
fierborea pdnd la epariiin vaporilor de anhidvidd suliuricd , probu

. Dupi
cu apéd bidistilatd in scopul dizolvarii sarurilor greu soiubile si, daca
g se filtreaza., Din probele da ape reziduale ast ffL iracate g2 mésoard
csantiosne de velum constant care sunt supuse analizei chimice.

Determinarea cromuiui prin metoda fetocolorimetricd constd  in oxidarea
(1i1y 1a Cr(VI) si h"‘*m‘ca cu ‘D difenilearbar ma in mediu acid (H,SC.), {or.
andiu-ce un complex do culoo roz-vigls i inlensiats este Dr(,'mm,u,-
nald ¢l con:ontrag;a unmu ui. L)u,(z clalu 5o citeste extinetia (& 545
in compensatie fatd de proba martor, apoi se wwazdt 1o curba de etailonoe
Masurdto:-ile au fost efectuate p= un foiocni ru model FERK-M (1953
teda fotocclorimetricd aplicatd are o sensibilitad: sc;;"ut:i, insd nu nhecesitd
tivi deoschiti si are o exactitate comparabild cu cea a unel bune metode gmvx-
mztrice.

Concentratia de Cr{1I1) se stubileste prin caleul, ficindu-se diferenta dintre
concentratia de Cr total si cca de CriVi).

Reamintim cd pentru analize apele reziduaic de la S.C. Clujana S.A. nu
fosi caiectute la evacuarea lor din staliz de ftratare, jar probele au fesi an:lizate
peniru Cr total.

Z, Keducerea micvobland. In stalia de epxrare a municipiului, apele brute,
amesiecate cu namolul activ recirculant, cedcazii o purte din continumal lor  in
Cr(VI; perticulelor de namol (Ce(VI) fiind retinut de bacterli si de polizaharidele
lor extiracelulare). Cr(VI) neretinut ca si cel retinut este redus pe cnle microbland
in acrotanc

Heamintim ¢ s-a determinat concentrs
in aerotanc) si a CI(HJ; efluent (la evacuaren apelor in emisar), diferenta repre-
zentind Cr(IiI) retinut in ndmeol gi exprimand ef;cmnm epurérii biologice.
in cxoperimentul de laboralor, drept mediu de culturd a servit medivl K8C
ind urmdtcarea compozitie (in g/l apa distilata): NHC1 0,03, K,HPO,
0,05, NaCl 001, CHyCOONa 2, M2SO,7H,O 0,01, CaCOy 0,005, FeCly7
0,2. Wedit ul a fost sterilizat prin autoclavare (120°C/30 minute),
suspensia apoasa de CaCQO;y si solufiile de FeCip7H,O st
2 ' steriiiza parat si adaugate, dupa ricire, la restul mediuluil.
pH-u! medivlul a fost de Medinl a fost inoculat cu ndmol activat proaspét co-
02 mi mediu 4+ 19 ml ndmol), apol supus incubldrii in conditil anaerobe
10 zile. Culturs microbis optinutd a fost folesitd pentru ino-
Ly care In prealabil s-a addugat cromat (2 sau 4 mg de KoCrO.4/l
dintre mediul cu O+~ i cultura microbiand a fost de 9 ml la | ml.
Incuboren efectuat, si In acest caz, la 20°C. In cursul incubdrii, s-a putut
observa v ea cuiorit galbene a mediuivi in alb ovalescent, ceea ce indicd re-

eu cromatwui. Lo 4, 8, 10 si 12 ore de la inceperea incubdrii, s-a exiras
mi din culturd {n vederca determinféiril epacentrafiel Cr{VD) redus pe cale
ind. Cromul a fost determinat dupid reoxidarea cantitativd a Cr(iil) Ja
Cr{Vvl) colorare cu 1,3-difenilearbazida in mediu acld (31,8504, Intensitatea co-
loraliei a fost cititd pe un spectrofotometry, la 540 nm.

2. Reducerca termicd. In urma studierii dadelor oxistente in literaturd {33
ile care au lec in faza solidd s-a constatat cd cresterca temperaturii
are o mare influentd asupra formdrii cromitilor anorganizi. Reactia care are loc
pocte fi serisdt astfel: 2 KeCryO,; + 2 MCl, = 4 KCI -2 MCr0O, -+ 3 Os. Aceastd reac-
tic a fost stabilita in urma studiilor efectuate pe amestecuri stoichiometrice (unde

Cr

o

i Cr(111) influent (la intrarea apeler

>0,

cularea N
mecoiu), B

despro reac
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M = Fe, Zn, Mg, Ni, Co, Ca), care au fosi supuse apol analize] lermogravimetrice
st termodiferentiale. Incalzirea a fost efectuiale Iniar cu o raii de 300°C po ord

péni la 1000—1050°C.

S-a constatat cd amestecurile de cromit! arorganici formati conform renctiel
de mai sus se descompun, in funciie de temperntura, dupd cum urmeazd: la 330°C
incepe descompunerea Cr(VI) la Cr{dIl); in jurul temperaturii de 400°C so for-
meazd, dupd presupuneri, H.Cr,O; (Cry0;-H,0); intre 400 i 700°C H,.Cr,O, pierde
ana de constitulie; la temperaturi mai mari de 700°C cristalizeaza Cr,0,. Pierderile
in greutate au fost stabilife luédndu-se in consideratic reziduul formai In  urma
tratamentului termic, In functie de metalul M si cu valori cuprinse fintre 82,317
{(Zn) si 34,7% (Ca).

In acest sens au fost analizate in laborator mmest i
in diferite raporturi. S-a stabilit ca descompunar: rmied se desfison dupa
aceleasi reguli ca in studiul teoretic [3] si cd, peatru formula acidului presupus
aparut la ~ 400°C, este mai adecvata expresia Cra(Cr.0ys cu  alte  cuvinte:
‘;CTO\

Rezultatele au fost confirmate si de nnaliza de difraziie de rawe X efectuntd
cu un difractometru Philips PW 1500, Masurdtorile au fost ficute pe probe cal-
cinate la 400°C si, respectiv, la 700°C, timp de doud ore, iar valorile distanielor
interplanare au fost calculate considerdndu-se 1 (CoWeg:, ) = 1,765 (Fis. 3).
Acestea au ardtat, la proba calcinatd la 400°C, existenta unei forme amorfe cu
slabe incercidri de cristalizare in sensul formarii oxidului de Cr(Iil) hidratat pre-
supus, iar la proba calcinata la 700°C, liniile obiinute sunt corcspunzitoare struc-
turii acestui oxid.

In urma studiilor teoretice s-a stabilit c& este posibild reducerea totald a
‘Cr(VI) la Cr(II1) prin tratamente termice la temperaturi mai mari de 400°C.

In sensul celor de mai sus au fost studiate probe de namol industrial de Ja
S.C. Clujana S.A. si de ndmol activat de la statia de epurare a municipiului

luj-Napoca. Probele de namol au fost prelucrate, indepirtdndu-se fierul si
substantele organice, care ar putea interfera cu cromul, prin tratare cu acid
fosforic si, respectiv, prin mineralizare. Probele astfel iratate s-au uscat in etuva
la 100°C, dup# care s-au omogenizat prin mojarare si s-au supus analizei termo-
-gravimetrice si termodiferentiale (Fig. 4).

de I Ty o CrCla

Rezultate, 1. Reducerea chimicd. Fig. 1 aratd ca in toate cele 15 luni
monitorizate, valorile lunare medii ale Cr total in apele reziduale tra-
tate, la evacuarea acestora din statia de tratare a apelor cromice de la
S.C. Clujana S.A. depasesc C.M.A. (1 mg Cr/l), uncori chiar de peste

i {1 ] l !

L
- - 1 1.1 1 [\'l v

13 15 20 5 3,0 RE
did)

Fig. 3. Velorile disiangelor inicr}‘)!aynarc pentyu CryOy caicinat {a
400 °C i, respectiv, la 700°C, timp de 2 ore.
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Tabel 1

Cantitaten eromului hexavalent redus de mieroorganismele
nidmolulul activat, in ecarsul incubdrii

K,CrO, adiugat  Durata de incu- _ KsCrO, redus

(mg/1) bare (ore) (mg/1) (%)
2 4 0,43 21
2 6 0,82 41
2 10 1,30 65
2 12 1,62 81
4 4 0,88 22
4 6 1,56 39
4 10 2,13 53
4 12 1,30 77

30 de ori, ceea ce inseamni cd metoda de reducere chimicd cu sulfat
fercs, aplicata la aceasta statie, a fost ineficienta.

2. Reducereq microbiand. Rezultatele obtinute in determinarea Cr
(III) in apele intrate si evacwite ale statiei de epurare a muncipiului
Cluj~-Napoca sunt prezentate in Fig. 2. Se poate constata din aceasté
figura cd in toate cele 15 luni urmdrite valorile lunare medii ale
Cr(iIl) in apele evacuate nu depasesc CM.A. (0,5 mg Cr(IIl)/1), ceea ce
dovedeste eficienta sporitd a reducerii microbiene a Cr(VI) fata de
metoda chimicd de reducere.

Cantitatea de Cr(IIl), obtinutd prin diferenta Cr total-Cr(VI), stoi-
ehiometric ne aratd si cantitatea de Cr(VI) influent in statia de cpurare
a muncipiului.

Rezultatele inregistrate in experimentul de laborator, prin care an
modelat reducerea microbiana a Cr(VI), sunt redate in Tabelul 1. Ele
aratd ca reducerea Cr(VI) de catre cultura microbiand, obfinutd in urma
inoculdrii mediului KSC cu namol activat, este evidentd deja dupa 4
ore de incubare, iar dupa 12 ore de incubare cantitatea initiala de 2 mg
de K,CrO,1 s-a redus in proportie de 819, iar .cantitatea initiala de
4 mg KoCrO4/1 in proportie 7704. Cu alte cuvinte, si experimentul de
laborator confirma eficienta ridicati a reducerii microbiene a Cr(VI).

3. Reducerea termicd. Analiza termogravimetrici (TG) si termo-
diferentiala (DTA) a namolului imdustrial (Fig. 4b) indicd pe curba DTA
cd apar efecte endoterme slabe la temperaturi de 120—125°C, corelate
pe curba TG din aceeast figurd cu pierderea apei de cristalizare. Efec-
tul exotermic obtinut la 350°C este atribuit descompunerii oxidului
CrOs-xH,O (x==3 sau 4). Efectul exotermic puternic observat la 410°C
cerelat cu pierderea in greutate calculatd pe curba TG, indicd redu-
cerea Cr(VI) la Cr(IIl) prin formarea H.CryO4 Aceastd pierdere de apa
de cunstitutie (efect endotermic la 480°C) si, in jurul temperaturii de
540°C, cristalizarea CroO3 sunt procese aproape complete, pierderca ‘n
greutate intre 550 si 800°C fiind nesemnificativa. Reziduul format In



REDUCEREA MICROBIANA A Cr{VvI) IN NAMOLUL ACTIVAT 175

urma analizei a aratat o pierdere in greutate de 61,069, (Fig. 4b), fata
de cea calculata teoretic de 60,70/, (Fig. 4a). Deci, se confirma prezenta
Cr(VI) in namolul industrial.

Comportarea termicd a namolului activat (Fig. 4c) este, in linii
generale, similard cu cea a namolului industrial, insa fara efectul exo-
termic de la 350°C, ceea ce dovedeste cd in nadmolul activat nu existd
Cr(VI). Mai exact, se poate spune ca flora microbiana bogatd din na-
molul activat a redus Cr(VI) la Cr(I1l), iar Cr(IIl) in mare parte este
retinut de particulele de ndmol activat (de bacterii i de polizaharidele
lor extracelulare).

Concluzii. 1. Reducerea chimicdi a Cr(VI) nu a fost eficientd in
cazul apelor reziduale industriale de la S.C. Clujana S.A. Au loc de-
pasiri ale valorilor lunare medii ale Cr total, dupd reducerea chimic3,
unecri chiar de peste 30 de ori fata de CM.A.

2. Reducerea Cr(VI) s-a dovedit a fi eficientd in prezenta micro-
organismelor din ndmolul activat. Totcdatd, reducerea microbiand a
Cr(VI) este mai pufin costisitoare decat cea chimicd; nu implicd con-
sum de reactivi reducatori (sulfat feros).

Concluzii. 1. Reducerea chimici a Cr(VD nu a fost eficientd in
punctul de vedere al consumului de energie, deoarece reducerea Cr(VI)

T

200 -

250
{ma}

Pig 4 Cuwrbele de descompuncre termicd.
a — Amestecul K0, - CrCl, b -~ Nimelul industrial,
¢ Namolal activat.
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1a

Cr(Ill) se realizeazd la temperaturi mai mari de 400°C. Aceastd me-

todd ar produce, insd, cantitates cea mai mica de deseuri.

4, In mod preferential se recomanda metoda microbiand pentru re-

ducerea Cr(VI) la Cr(IIll) si, in consecintd, pentru indepdrtarea ccestui
metal greu foarte toxic din apele reziduale industrinle.

1o

-3

130.

11.

.Nourbakhsh, M, Sag Y, Ozer, D
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EFFECTS OF COMPACTION ON SOIL  STRUCTURE, MICROBIAL
POPULATIONS AND ENZYME ACTIVITIES

NADA MILOZSEVIC*, MITAR GOVEDARICA®#, MIRIANA
HADZICH and MILiVOIL BELIC

JARAK®S* YVIADIMIR

SUMMARY, — Two soils (humogley and chiernozem) under sugar bheet
in the Voivodina Province, Serbia, Yugosiavia were studied.
compaction due to passing of heavy farm machinery caused, :
¢—-10-cm layer, an approximately 29 diminution cof the stauilit
structural aggregates in both solis. Decreases also occurred in counts
of most of the microbial groups studied (aerobic heterotrophic
monifying and ureolytic bacteria, azotohuacier, aciinomycetc x) un
ereases in counts of denitrifying bacteria in both soils.
ﬂi"mm\,\ “tes increased in humegley and  deereased in o
itaich of the three enzyme activities measured {dehydregenase, 1
and ure: 'se) decreased in humogley, whereas dehvdrosonnse
decreased and the other two aclivities increased in chernoz
these effeets of soil compaction were more pronounced in humoglev
(characterised by o Lad woter-air regime) than in chernozom.

PIER!
[E16383
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The use of heavy farm machinery fer tillaze and transport in mo-
dern agriculiural proiuction causes soil compuaciion. The pressure of
machines results in degradation of seil siructure, diminution of the sta-
bility of struciural aggregates, which affect negatively the water, air
and temperature regime, microbial activities wnd, coensequently, ferti-
lity of scil (e.g. [6]).

Bacteria and micromycetes play an important role is stakilisation

of seil structural aggregates (for (‘X"lmple {9, 11]). Bacteria are consi-
cered to be significant for stabilisation of smailer structural aggregates
(< 300 nm), wherens micromycetes participate in stabilisation of l‘arger

asgrecates (& 1 mm) [20]. The soils with higher moisture and lower
jan: L o
rganic matter contents are more expoesed to compaction [8].

The objective of the investigations described in the present paper

was to study the effecis of soil compaction in a humogley and a cirer-
nozem under sugar beet in the Voivodina Province, Serbia, Yugoslavia
on some soil properties, especially stability of structural aggregntes,
counis nf microorganisins belonging to different groups and enzyme (de--
hydrogenase, protease and urease) activities in the 0—10-cm s0il leyer
Beth bulk soil and separated structural aggregates from the C—10-cme
layer were used for determination of enzyme activities.

Materials and methods. The two soils studied, a calcarepus humogiey {(loca-
tion Donji Itebej) and a chernozem (location Donji Petrovei) under sugar bheet
wore compacted due to passing of heavy farm machinery, their volume mass

v Institute of Field and Vegetable Creps, 2106¢ Novi Sed. Veivodina, Scrbie, Yugoslavia
** Facuity of Agriculiurs, 21600 Novi Sad, Veivedina, Serbia, Yugesiovia

12 — Biologla 1—2/1996
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Lecoming 1-3—1-4 g/cm® Plots not affected by compaction served for compa-
rison. Soil was sampled for analyses from the 0—10-cm layer in June 1394.

Some physicochemical properties, determined by using methods described
in [2] and presented in Table 1, show that the two soils studied have similar
texture and pH, but the humogley is poorer in CaCOj and richer in orginic C
and total N contents than the chernozem. Analysis of structural aggregates was
made according to the method of Savvinov as described in [21]

Microbial populations in soil were estimated by dilution plate counts.
Aerrobic heterotrophic bacleria growing on soil extract agar and ammonifying
bacteria were counted by using techniques from [15]. Christensen’s medium
as slightly modified by Collins and Lyne [4] served for counting ureo-
lytic bacteria. The count of denitrifying bacteria was estimated based on re-
commendations in [2]. Azotobacter was counted with the method of ,fertile
droplets* [1] on Fedorov's [5] medium. Colony-forming units of act mnomv—
cetws and micromycetes were determined on Waksman-Carey and  Czapek-Dox
svnthetic media, respectively.

Dehydrogenase activity was assayved with Thalmanns [19] method; the
activity is expressed in wug triphenylformazan/g oven-dry soil’24 hours. Ro-
me iko's [16] method was applied for determination of protease activity, which
is given as number of gelatin units/g oven-dry so0il/40 hours. Urease actlvlty,
determined according to the method of Tabaiabai and Bremner [18],
expressed in wg NH,-N/g oven-dry soil hour.

Results and discussion. One can deduce {rom Table 1 that the phy-
sicochemical properties in the 0—10-cm laver of both scils suffered only
little changes due to compacticn. But Table 2 shows that soil compac-
tion visibly affected percentage distribution of structural aggregotes.
Thus, compaction of humogley reduced the proportion of larger aggre-
gates (©10—3 mm) and increased that of the smaller ones (3—<0.25
nm). The chernczem presented a rather different pattern: compaction
of this soil did not reduce but, contrarily, increased the proportion of
the largest aggregates (- 10—7 mm); proportion of the 7—2-mm aggre-
gates decreased, while that of the smaller ones (Z2—<0.25 mm) increased.
As a final result of soil compaction, a 1.3%4 diminution (humegley) or
a 3y, diminution (chernozem), ‘e, an approximaiely 294 diminution
ocourred in the stability of siructural aggregates.

The microbial populations were strongly affected by soil compuc-
tion (Table 3). In the humogley, compaciion csuscd desreascs in counts
ot aerobic heterctrophic, ammonifying and urcolviie bacieria, azoto-

Table 1
Some physieochemical properties of uncompueted eord ecompaeted solls
Sand Silt Clay pII pi CaCo 0 827 motal
Soil type Variant "y o o R AN [ 7% ni o
T () () () 0 AN (o) N(%)
Humogley Uncompacted  27.688 3140 40.72 7.1 801 166 2352 0.29
Compactad 29,48 2953 40.96 703 792 125 273 031
Chernozem Uneompacted  52.00 3188 35,12 753 B0 830 18527 017
Compacted 33.48 130.40 38.12 7.31 810 7.88 1.52 0.17
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Table 2

Distribution of structural aggregates in uneompacted and compacted soils (%)

Aggregate size {(mm) Sta-

LA bility

Soil type Variant of
=10 10-7 7-5 5-3 3—-2 2-11-0.50.5- 0.25-0,25 8g8re-

gates

(%0)

Humogley  Uncompacted 25.57 6.09 1597 1293 692 1509 1144 425 1.73 93.02
Compacted 7.55 3.52 9.81 1064 7.86 21.56 2413 1067 3.95 9150

Chernozem Uncompacted 13.98 6.74 17.37 1563 1878 1545 940 374 095 9284
Compacted  16.48 7.71 1644 1419 8,09 1589 1261 571 279 89.83

bacter and actinomycetes, and increases in counts of denitrifying bac-
teria and micromycetes. In the chernozem. compaction also resulted in
decreases in counts of microbial groups, the cnly exception being the
ccunt of denitrifying bacteria which increased. The most pronounced
decrease occurred in the count of azotobacter in the humogley (from
1160 cells in uncompacted soil to 308 cells in compacted soil). Our
previous studies showed that the count of azotobacter was a good indi-
cator of the changes in soil [7, 12].

Our results are in good agreement with those of Govedarica
et al. [6] who found that disturbance of soil structure and incressing
of volume mass brought about decreases in the number of aecrobic mi-
croorganisms and the magnitude of this effect depended on the degree
of soil compaction.

Enzyme activities are influenced by soil properties, climatic con-
ditions, applied agromeliorative measures, aggregate state [3, 10, 13, 14,
17]. In concordance with these findings, determination of enzyme acti-
vities in bulk soil (0~10-cm layer) showed (Table 4) that soil com-
paction caused decreases in dehydrogenase, protease and urease activi-
iies of humogley, and a decrease in dehydrogenase activity and slight

Table 3
Microbinl populations {n uncompacted and compacted soils
Acrobic . i . .
hetero- g};’?)”‘l‘ Uredlvtic T‘l.'jjf,tri- Az"t"':}fz; 3::;‘“’
- . > e tan i L . ., vig Lebep omy-C my-
Soil type Variant ‘;r( jm,.:/ bacteria b\itl(;;\ Bacteria hr;;; ccten cotes
ee 100 - xiob 7 <10t x 104
< 10
Humogley  Unccmpacted 405 81 31179 39.69 68.87  11.60 30.50 22.50
Compacted 186.38 17370 21.42 093.82 3.08 16.48 36.17
Chernczem  Uncempacted 812.00 21.04 9.52 50.00 12,67 1151 21.86
Compacted 464.00 190.78 £.04 64.00 5.69 4.92 20.00
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increases in protease and urease activities of chern* em. In ot
the negative effect of scil compaction cn enryme activities wo
in the humogley than in the chernozem.

Enzyme activities, 5 shown in Table 5, varied dependi

e A
izee of the azgregates sepurated from the G—10-cm layers of

P
i oy
a5

i

soils. _)chydfogu“ase activity increased swiih asing augresaie sizo
Thus, this activity was highest in the smalle: gre(nues (< 0.25
ond lowest in the lurgest (>10—3-mm) enoregotes

and ureasc activities peaked in the medinm-
tecse’in the 3—2- and 1—0.5-mm aggresates of humogle:
2—I1-mm uggrcg:xt@s of chernozem; urease aciiviiy in the 3—2-
grezates of both soils), then decreased in Loiin smaller and la
gates. However, both protease and urease activiti

in tho smallest (<0.25-mm) than in the lnroe

Table 4
Enzyme aetlvitles In uneompaeted and esmpaeied soils
Dehvilvoor-
. . v Dehydiog: Protenn Uresse
Soil type Variant nase S o
v P activity activity
activity - -
Humegley Urnicompacted 237.0D 12.30
Compacted 109.52 10.40
Chernozem Unecompacted 104.44 17.15
Coempuacted 136.52 i9.11
Table 5

Enzyme activities in strueiaral aggregates of dificrent size separated from uneompneted and
compaected solls

p N aresate sine (mm
Soil type L!H:}:.mﬂ N (i)
activity w100 107705 548 3.2 2-1 1--0.50.5-0.25 <0.25

Humnogley  Dehydrogenase 8 99 90 190 133 188 138 143 235
Protease 6,24 G.25 660 9050 1000 825 1000 7.00 8.13
Urcase 6635 1015 1120 1363 2).65 19.25 1575 19.63 11.9
Chernezem  Dehydrogenase 93 105 100 117 125 10 148 203 238
Protease 6.00 5.25 700 625 11.00 1675 650 840 8.33
Urease 6.12 647 472 680 980 8035 595 6.12 6.47

Conclusions, Soil compaction due to passing of heavy farm machi-
nery negatively affects stability of struciural aggregates, development
of most of microbial groups and enzyme activities. All these effects of
soil compacticn were more pronounced in humogley (characterised by
2 bad water-air regime) than in chernozem.
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POTENTIALUL ENZIMATIC AL UNUI SOL TEHNOGEN SUPUS
REVEGETARII CU CATINA ALBA (HIPPOPHAE RHAMNOIDES L}

DANIELA PASCA®, VASILE CRISTEA**, RADU CRISAN*, VASILE MUNTEAN#,
STEFAN KISS%* si MIHAIL DRAGAN-BULARDA**

SUMMARY. — Enzymatic Potential of a Technogenic Soil Submitted
te Revegetation with Sea-buckthorn (Hippophaé& rhamnoi-
des L). Two areas {one having south-western aspect and the other
south-eastern aspect) on the 4-year-old terrace VIII of the spoil dump
at the lead and zinc mine in Rodna, Bistrita-Nasdud district, Romania
were planted to sea-buckthorn in 1683, In the next years, the sea-
buckthorn shrubs showed continuously a luxuriant development. In
the springs, summers and autumns of 1994 and 1995, spoil was sampled
from the root zone of the shrubs for enzymologicaol analyses. Spoil
samples taken from unplanted areas in the vicinity of the planted
cnes on terrace VIII as well as samples from a native soil at the
fost of spoil dump served for comparison. Sampling depths were 010,
10—20 and 20--30 cm. Six enzymatic activities: invertase (in buffered
and nonbuffered reaction mixtures), phosphatase. catalase, actual and
votential dehydrogenase and the nonenzymatic H,O,-splitting capacity
were determined in weach sample, and then, based on the analytical
data, the enzymatic indicator of spoil (soil) quality was calculated.
The results have shown that the enzymatic potential was higher in the
sca-buckthorn-planted than in the unplanted spoil, but lower than in
the native soil. The activities also showed seasonal and depth-dependent
variations. Thus, in the planted spoil the enzymatic indicator had
higher values in spring and autumn than in summer, and in the
0—10- and 10—20-cm layers than in the 20—30-cm one. The planted
spoil was a little more enzyme-active on the area with south-western
aspect than on that with south-eastern aspect. The conclusion  was
drawn that plantation of sea-buckthorn is a recommendable methed
for efficient revegetation of lead and zinc mine spoils.

In cadrul expcerimentului de hioremedicre a solulul lazulul  de
decuntare de la mina de plumb si zine Redna, jud. Bistrita-Nasaud, in
perioada 1987—1988 s-au instalat 14 parcele experimentale mici de re-
cultivare (7 m?) si doud parcele experimentale mari de recultivare (50
m®). Ewvolutia potentialului enzimatic In orizontul superior (6—10 cm)
a1l parcelelor experimentale a fost urmiritd din 1987 (1988) péna in
1994, iar rezultatele obtinute au fost prezentate sintetic [5, 7].

Din anul 1992 s-au efectuat analize enzimologice In profunzimea
soilui din parcelele experimentals (0—30 cm). Indicatorii enzimatici
de calitate au aratat ca valorile cele mai ridicate s-au evidentiiat in
parcelele experimentale copertate cu sol [4, 51

Tratamentul complex, materializat prin coperiarea cu sol, {ertili-
zarven organicd si minerald, precum si insdmdntares au avut drept re-
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zultat si cresterea abundentei, diversitafii si a indicelui de maturitate
a nematodelor {8, 9).

In aceastd lucrare prezentiam rezultatele obfinute In urma analize-
lor enzimologice efectuate in zonn radiculard a arbustului Hippophaé
Thamnotides L., care a fost pus la inrddacinat sub forma de butasi in
anu! 1989 pe terasa VIII, veche de 4 ani. In anii urmatori, acest arbust
a avut o dezvoltare luxuriantd, invadand atat parcelele experimentale
situate pe terasa VIII ci: si taluzurile acestel terase.

Material si metodd. Vegetatia ierboasd care s-a dezvoltat pe parcelele experi-
mentale a realizat o bund acoperire a acestora, impiedicdnd deflatia <i eroziu-
nex superficiald. Pentru o fixare mai buna a haldei de steril s-n apelat la solu-
tia plantdrii pe versantii sud-vestic si sud-estic « céte 10—12 puicti apartinand
la 10—12 specii de arbori si arbust., Tot pe terascie cu purcele experimentale s-iu
pus la inrddacinat cate 20 de butasi de rdchitd rosie (Saliv purpurea L.), in al-
ternantd cu cdtina albd (Hippophaé rhamnoides L)), spre a se urmiri posibilitaten
irlocuirii puietilor prin butasi. Dintre toate speciile de arbori si arbusti plantate,
dezveltrea a fost cea mai viguroasd la H. rhamnoides.

in vederea analizelor enzimologice s-nu prelevat 6 serii de probe de  sol,
in sezoanele de primavard, vara si tcamna, In perioada mai 1991 — septembric
1985, Datele prelevarii probelor de sol sunt urmatoarele: 11051994,  1.08.1994,
12.10.1994, 4.05.1995, 4.07.1995 si 13.09.1995.

Probele de sol au {ost colectate din zona radiculard a arbustului H. rhamnol-
des, situat pe terasa VIII. Adéncimile de la care s-au prelevat probele de sol
au fost urmatoarele: 0--10, 10--20 si 20—~30 cm. In anul 1094 s-uu colectat probe
ae sol de pe terasa VIII, avand expozitie sud-vesticd. Dreopt marteri s-au prelevas
st prebe de <ol siiuat in vecindtatea zonel plantate cu M. rhamneilcs, sol nein-
{luentat de zona cultivatd cu acest arbust, precum si probe de sol nativ, de la
baza haldei de steril,

In anul 1995 s-au prelevat probe de sol din zona radiculard a arbustului
H. rhamnoides, situat pe terasa VIII, avdnd expozitie sud-vestici si sud-estici.
S-au analizat probe de sol martor de pe aceeasi terasd, cu expozitiile sud-vestica
si respectiv sud-esticdi, precum si sol nativ, de la baza haldei de steril.

Pentru analizele enzimologice s-au folosit probe de s51 activ (netratat termic)
si probe de sol inactivate termnic. Inactivarea s-a realizat la 120°C/h, in trei zile
consecutive.

S-a determinat continutul In substantd uscata.

S-au efectuat urmataarele analize enzimologice: activitatea invertazica in
amestocuri de reactie farda adaos de solutie tampon acetat 3M, pH 58, activitatea

atea
invertazicd in amestecuri de reacltie cu adaos de solutie tampon acetat, activitatew
fesfatizicd, activitatea cataliticd enzimaticd ({eatalazicd), activitalea cataliticd ne-
enzimaticad, activitatea dehidrogenazicd actuald si activitatea dehidrogenazicd po-
tentiala.

Pentru determinarea continutului in substan{d uscatd, o parte din flecare
probi de sol a fest supuslt uscdrii in etuvd, la 105°C, timp de 72 ore.

Activitatea invertazici a fost determinatd cu ajutorul metodei polarimetrics
[31. Compozitia amestecurilor de reactie a fost urmitoarea: 10 g sol neinactivat +
25 ml toluen + 10 ml solutie tampon acetat sau 10 ml apd distilatd -+ 5 ml so-
lutie de zaharoza 20°7%.

Pentru analiza activitdtii fosfatazice cu metoda Krdamer si Erdei 18]
cmestocurile de reactie au constat din 2,5 g sol -+ 2 ml toluen -+ 19 ml saiuti
de ferilfosfat disodic 0,39/7%.

O tehnicd baratd pe metoda lui Kappen 12] a fost utilizetd pentru ano-
liza activitdiii catalitice enzimatice (catalazice) si neenzimatice. Amostecuriiz  de
reactie au constat din 15 g sol 4+ 10 ml apd distilata + 2 ml solutiez de H,0, 307
ofivitatea cataliticd neenzimatlicd s-a determinat ca si cea erzimatied, dar s-a fo-
sit sel inactivat prin autoclavare.

o

)
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Metoda Iui Casida si colab. [1) a fost aplicatd pentru determinarea ac-
troitdtii dehidrogenazice (reducerea TTC), in amestecuri de reactie cu 3 g sol +
05 ml solufie de TTC 3¢, la care se adaugd 1 ml apa distilata in vederea deter-
minérii activitdtii dehidrogenazice sctuale, sau 1 ml solutie de glucozd 3%, pentru
determinarea activitdt{ii dehidrogenazice potentiale.

S-au analizat, de asemenea, amestecuri de sol la care nu s-a addugat solutie
de substrat si amestecuri fara sol, numai cu solutie de substrat.

Exprimarea activildiilor enzimatice. Activitatea invertazica se exprimda In
diferenta de rotatie opticad Ax“ 10 g sol (substanta uscata) 24 h37°C; activitatea
fosfatazica se exprimid in mg fenol,2,5 g sol (substanta uscatd)/24 h’37°C; activitatea
cataliticd enzimaticd si cea neenzimatici se exprima in mg H.0:/1,5 g sol (sub-
stanta  uscatd)/h/20°C; activitatea dehidrogenazica (reducerea TTC) se exprima
in mg trifenilformazan/3 g sol (substantd uscatd)/24 h/37°C.

Ludnd drept 100°, valoarea maxima a fiecirei activitati, se obtin activitdlile
relative procentuale, a caror insumare furnizeazad indicalorul enzimatic sezonier
al calitatii solului. S-au caleculat si indicatorii enzimatici de variabilitate sezo-
vieri. Pe toatd perioada cercetatda s-au calculat si indicatorii enzimatici ai calitatii
solului prelevat de la cele trei adéncimi.

Rezultate si discutii. Rezuitatele obtinute in urma analizelor enzi-
molcgice sunt prezentate in Tabelele 1 si 2.

Datele incluse in aceste tabele aratd ca 4 activitati enzimatice {(ac-
tivitatea invertazica fara adacs de solutic tampon uacetat, activitatea
invertazicd cu adaos de solutie tampon acetat, activitatea fosfatazica,
activitatea catalazicd) si activitatea calaliticd neenzimatici au putut fi
puse in evidentd in toate probele de sol. Activitatea dehidrogenazica
acwiald si cea potentiala au prezentat valori masurabile in 13 si respec-
tiv 20 probe din totalul de 27 probe de sol analizate in 1994 si respectiv
in cate 28 probe de sol din cele 43 probe luate in studdiu in anul 1995

Activitatea invertazicd analizata in absenta sau In prezenta solutiei
tampon acetat oscileazd in raport cu adincimea de prelevare a probe-
lor de sol extrase din zona radiculura a arbustului H. rhamnoides in
sezoanele de primdvara si toamnd, diminuandu-se numai in sezonul de
vard. La probele de sol martor s-au inregistrat oscilatii ale acestei ac-
1ivildti enzimatice. Numai in cazul profilului de sol nativ de la baza
halded, activitatea invertazicad analizati in cele doud variante cxperi-
mentale se micsoreazi de la 0---10 em spre 20—30 cm.

Activitatea fosfatazicd a inregistrat tendinte de diminuare in func-
tie de adancimea de colectare a probelor din zona radiculard a arbus-
tului H. rhamnotdes si in profilul de sol nativ de la baza haldei. La
probele martor se constatd oscilajii ale acestei activitdti enzimatice.

La activitatea catalazica si activitatea cataliticA necnzimaticd s-au
remarcat fluctuatii in raport cu adancimea de prelevare a probelor de
zo! din zona radiculard si din zona martor, iar la probele de sol nativ
de la baza haldei valorile obtinute au fost in general apropiate pe in-
tinderea profilului analizat. In probele de sol cu plantatia de H. rham-
noides si in zonele martor activitatea catalazicd a fost mai scizuta decat
activitatea cataliticid neenzimatica. exceptind sezonul de vara, cand
valorile activitatii catalazice le-au depasit pe cele ale catalizatorilor ne-
enzimatici, termostabili, iar 1a profilul de sol s-au obtinut valori mai
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Tabel T
Anuliza enzimologied & probelor de sol eolectate in anul 1994
i e Activitatea
Activitatea - Activitatea cata- :
: : L Activita- s dehidroge-
Adénci-  invertazicd litica . s
Locul de cojee- tea nazici
Sezonul ) mea e
tare e Jonfuta-
(em) Tird Cu Lica . . R -
4 Cam- a1cs Enzima- Neenzi-  Actu- Poten-
am- o tam tied matici  ald  tiala
pmll I)()Il
0 1 2 3 4 5 6 7 8 9
Hippog‘ﬁha! 0--10 0,121 0,708 3,788 30,003 33,120 0,041 0,221
SV 10--20 0,182 0,332 1,994 A1.7ae 236883 Q0 0,093
20 --30 0,124 0,320 0,834 31,990 27,850 0 0,080
Primai- 0.-10 0,284 0,480 3,230 80,767 42,690 0 0,075
va:r'n( Marter 8V 10--20 0,294 0,441 1,324 29,876 30,274 Q 0,007
i 20-- 30 0,195 0,397 1,236 31,636 30,423 0] ¢
014 1,161 1451 5307 36,475 22,341 0,736 1878
Sol 10 -~ 20 0,637 0782 4,179 40,887 21,103 0,335 1,140
20---30 G171 0,332 1,083 41,148 21,381 0,057 0,179
010 0,345 0364 1,290 19,002 12,316 0 0,062
Hippophas 10.-20 (1,205 0,334 0810 21817 8797 0 0.043
3V 20 -~ 30 0,205 0,184 0,255 18,659 8,797 0 0,037
0 .10 0,175 0,184 0,660 18,650 4,574 Q 4
Vara Martor SV 10-- 20 0,205 0,154 0,480 20,058 6,334 0 0
20--30 0,265 0,234 0,255 19,354 7,741 0 0

0--10 1,083 1,024 5377 35,541 12,668 0,300 0,893
Sol 10--20 0,915 0,794 4,500 42,579 8,797 0,087 0,731
20--30 0,435 0,354 4,282 40,468 8,093 0,031 0,306

0.-10 0404 0360 2,670 29208 30,359 0,116 0,191
Hippophas 10-20 0340 0384 2119 38308 21,282 0,041 0,178
SV 2030 0371 0,306 1,820 30,385 26924 0,034 0122

0-- 10 0,087 0,032 0,461 31,326 27,072 0
Toamna- Marter SV 10--20 0,162 0,162 0,553 29,770 25,953 0 ¢
20--30 0,219 0,197 0,156 29,746 25,497 0

0-- 10 1072 1,107 7,126 38,955 21,506 0,843 1,128
Sol 1020 0,909 0767 5,764 44,044 14,127 0,391 0,767
20300 0729 0,787 5108 43,197 17,523 0,303 0,441
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Tahel 2
Apaliza enzimologie# a probelor de sol eoleetate in anul 1995
- A i Activitatea
dnep, | LotiVItated ctiviga MHVIERCS S denidro-
Seroml Locul de colec. l<2(.‘!;1- invertazics tea jcl genazica
ronn tare ;:‘lr”) e fosfata-

c l‘lara t'C“ zici Ynzima- Neenzi- Actu- Poten-
tam- - tam- tica  matica  ali tiald
pon pou

0 1 2 3 4 3 6 7 5 9
Hippopad 010 0,295 0.2i6 0,073 20,789 34,215 0,223 0,415
SV 10--20 0,322 0,310 0,483 22,703 34,928 0,054 0,093
2030 0,308 0.320 0,425 28,204 32,109 0 0
Hippophae 0--10 0,230 0,230 0,430 22,703 30,691 0,074 0,134
SE 10—20 0,439 0,383 1,420 24,192 25382 0 0
2030 0311 0,277 0,850 26,602 23820 0 0
Martor SV 0 10 0252 0,331 0,340 28,567 26,937 0,057 0.107
Prima- 1020 0,234 0,208 0,419 15,809 353,473 0 0
vara 2030 0,262 0,178 0,263 27,253 33,542 0 0
Martor SE 0- 10 0143 0,131 0,651 17,270 28,332 0 0
1020 0,187 0,210 0,300 20,876 34,794 0,077 0.108
20 --30 04358 0,349 0,290 28 831 23.461 0 0
Sol U--10 1,006 0,821 3,800 33.789 21,376 0,491 0,385
10--20 0928 0813 0,679 27 887 19,919 0,403 0.466
20--30 0,819 0,762 2,460 27.635 23,571 0,280 0,404
010 0,403 0378 0,245 28,054 18,702 0,127 0,146
Hippophai 10--20 0,456 0467 0,286 26,905 18,310 0.066 0,112
SV 2030 0,272 0.345 0.432 28,039 14,388 0 0
Hippophas 0-10 0367 0315 0,274 28,289 16,830 0,091 0,091
SE 10--20 0347 0,337 0,521 27.807 14,460 0044 0,063
2030 0,351 0,361 0,590 27.328 13,851 0 0
Martor 8V 0--10 0,175 0,184 0,660 18,630 4,574 0 0
10--20 0,205 0,154 0,480 20,038 6,334 0 0
Vara 2030 0,265 0,234 0,235 19354 7.741 0 0
Martor SE 0--10 0,366 0,376 0,541 26,319 18,416 0 0
10--20 0322 0,322 0,406 25,282 16,854 0 0
20 -30 0,332 0,362 0,332 3(.,033 13,017 0 0
Sol 010 1,356 1,368 4,380 52,901 11,612 0,572 0,664
1020 1,268 1,291 1,152 48,732 10,647 0,421 0,472
20--30 1,045 1,067 2019 46,189 8,611 0,269 0,347
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Label 2 {continuare)

0 1 2 3 4 § 6 7 8 9
Hippophué 010 0,671 0,893 1,373 26,522 22,393 0,378 0,734
SV 1020 0,871 0,804 0886 16,115 31,R37 0,34
0

2030 0417 0,439 0,438 19,841 31,745

Hippophae 010 0,569 1,275 19,289 27,556 0,293 0,566
SE 10 -- 20 (3,300 1,634 27,949 15,884 0,248 0,482
2-030 0,310 . 0,898 31,228 18,178 0073 0,167

warter SV 0--10 0,331 0,333 1,135 14,080 0.053 0,138

1020 0,346 0,306 1,022 2,234
2030 0,523 0,263 0,501 2035 -

0,027 0,040
0 0

Marter ©H 0-- 10 0,348 0,529 1,349 14672 23,135 0,041 0,123

. 10--20 0,334 0,244 0,902 12630 41,141 0,006 0,076
20--30 0,289 0,313 G513 7732 44,880 0 4]

S0l 0--10 1,382 1,200 5880 46,279 12,661 G.et8 0,922

10--20 1,427 1,286 5,290 33,341 IS 1L 0,548 0,614

2030 0,402 0,808 2654 11,549 32174 0,380 0,54

ridicate ale activitatil catalazice decit ale activitdtii catalitice neenzi-
matice. i .

Activitatea dehidrogenazica actuald a fost incomparabil mai slubd
decdt activitatea dehidrogenazicd potentiala. Activitatea dehidrogena-
zicd actuald a fost prezentd numai in orizontul superior (primavara) si
in probele de sol prelevate de la cele trei adancimi (toamna) din zonu
radiculard a arbustului H. rhamnoides. In zonele martor activitatea de-
hidrogenazica actuald nu a putut fi masurata. Activitatea dehidrogena-
zicd potentiald inregistrcazéd tendinte de diminuare de la suprafata spre
adancimea probelor de sol din zona radiculard a arbustului plantat. Ac-
tivitatea dehidrogenazicd actusla si potentiald inregistreazd tendinte
clare de diminuare in functie de adincimea sclului nativ de la baza
haldei (Tabelul 1).

Din datele prezentate in Tobelul 2 rezultd c¢a la activitatea inver-
tazicd s-au Inregistrat oscilatii in raport cu adancimea probelor de sol,
atit In zona radiculard a arbustului cercetat cit si in zonele martor
(primavara si vara), lar in sczenul de toamna s-au remarcat tendinto
de diminuare in profilele de sol din zona radiculard cu plantatia  de
H. rhamnoides. Valorile obtinute in cazul celor doud variante experi-
mentale analizate sunt oscilutorii, fiind relativ apropiate. Activitates
invertazica a solului nativ a jost incomparabil mai mare decat cea
prebelor experimentale gi a4 zonzlor martor in toatd perioada cercetata.

Activitatea fosfatazicd arutd fluctuatii in functie de addncimea pro-
belor de sol la cele doud variante experimentale, depasind valorile
probelor martor, dar filnd mult infericare solului nativ de la baza hal-
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dei. Activitatile catalitice enzimatice si neenzimatice sunt oscilante in
raport cu addncimea probelor de sol din zona radiculard si in probele
din zcnele martor. Activitatea cataliticd neenzimaticd depiseste in uncle
cazuri activitatea catalazicd, in special la probele de sol din zono ruar-
tor, solul nativ fiind incomparabil mai activ din punctul de vedere al
activitatii catalazice fatd de activitatea cataliticd neenzimatica.

Activititile dehidrogenazicd actuald si potentiald sunt prezente in
orizontul superior s$i mediu (primavara si vara), in zonele radiculare
depisind zonele martor, unde aceste activitali enzimatice au fost pre-
zente numal in orizontul superior si numai in sezonul de primavara.
Tormna, activitijile dehidrogenazicd actuald si potentiald din zona ra-
diculard au fost mult superioare celor din zonele martor, dar in general
mai mici decdt in solul nativ. Activitatea dehidrogenazicd potentiala
a depasit in general valorile activitatii dehidrogenazice actuale in toate
vazurile.

Pe baza datelor analitice prezentate in Tabelele 1 si 2 s-au caleulat
indicatorii enzimatici de intensitate si de variabilitate sezonieri (Fig. 1

Din analiza Fig. 1 rezulia ¢a in primul an de cercetare indicaiorii
enzimatici de calitate au inregistrat valori relativ apropiate primawvira
si toamna, vara obtindndu-se valerile cele mai scazute, atat la probele de
sol din zona radiculara (HSV), ¢dt si la zona martor (MSV) si la proba de
sol nativ de la baza huldei (S). De asemenea, valorile indicatorilor enzi-

i
®
4
E3
W -
3
£
3
=
B
5
z
]
2
2

M Prunavary O vars ® Toaowia
Pig. Y. Indicatorii envimatici sezomieri de calitate ai solului supus revegeldrii cu
: arbusiul Hippopha¢ rhamnoides. ‘
H - 8ot de sub Hippophas. SV -~ Expozitie sud-vesticd. SE -— Expozitie sud-
estica. i/ Sol marter. S - Sol nativ.
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matici de calitate au fost incomparabil mai mari la solul zonei radicu-
iare decadt la solul zonei martor, dar nivelul acestor indicatori a fost
sub cel al solului nativ de la baza haldei. Atat la proba de sol HSV
cat st la solul nativ valoarea maximéa a indicatorului enzimatic al ca-
litdtii solului (IECS) a atins nivelul maxim in sezonul de toamnd, spre
decsebire de zona martor (MSV), la carc primdvara, valoarea IECS «
fest mai ridicata decat in celelalte doud sezoane.

In anul 1995 indicatorii enzimatici sezonieri de calitate au inregis-
trat in toate cazurile valorile cele mai ridicate toamna. Vara s-au ob-
tinut valorile minime ale IECS la cele dcoud probe experimentale HSV
si HSE, precum si la probele martor (MSV si MSE), in timp ce la solul
nativ de la baza haldei valoarsa minima a IECS s-a obtinut in sezonul
de primavara. ,

Si in al doilea an de studiu se constata ca valorile IECS au {fost
mai ridicate la probele de sol din zona radiculara (HSV si HSE) decit
la solul zonei martor (MSV si MSE), dar in toate cazurile aceste va-
fori au fest mai scdzute decat la solul nativ. Indicatorii enzimatici ai,
calitatii solului zonei radiculare situate pe terasa cu expozitie sud-ves-
tici au fost cu ceva mai ridicafi decat la probele situate la sud-est.

Din analiza Fig. 2 rezultd ca in anul 1994 cele trei tipuri de probe
de sol s-au comportat diferit din punctul de vedere al valerilor indi-
caterilor enzimatici de variabilitate ai calitatii solului (IEVCS). Astfel.
in sclul din zona radiculard, precum si in solul nativ, valorile IEVCS
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Vig 2 Indicatorii emrimaiici secomieri de variabilitale ai solulni supus roverstivii cu
arbustrn! Hippophaé rhamuoides.
Pentru abrevieri, vezi Pig. 1.
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s-au diminuat dupd cum urmeazi: primivara > vara > toamna. Re-
zultd cd in cazul acestor probe In sezonul de primidvard s-a constatat
variabilitatea maxima, iar in sezonul de toamnd s-a remarcat o stabili-
tate mare. Solul zonei martor (MSV) a Inregistrat valori relativ spro-
plate ale IEVCS in sezoanele de primdvari si toamna.

In anul 1995, atat la probele experimentale HSV si respectiv HSE,
ciat si la probele martor aferente (MSV si respectiv MSE), IEVCS au
inregistrat valorile cele mai scdzute In sezonul de vard, aritind vario-
bilitatea minimad a potentialului enzimatic in acest sezon. La probele
de sol din zona radiculard de pe parcela cu expozitie sud-vestici (HSV),
IEVCS inregisterazi oscilatii mai slabe, solul fiind mai stabil pe toata
perioada cercetatd, comparativ cu solul din zona radiculard de pe pur-
cela cu expozitie sud-estica (HSE). Solul zoneler martor (MSV, respec-
v MSE) s-a dovedit a fi extrem de variabil in anul 1995. Solul nativ
de la baza haldei a inregistrat o stabilitate mai accentuatd in sezoanele
de primavard si vard, valoarea IEVCS fiind mai ridicatda in sezonul de
toamna.

Acordind pondere eguald celor doi indicatori de intensitate si de
variabilitate rezultd cd in anul 1994, in sezonul de toamnd, s-a inregis-
irat valoarea maxima a IECS la proba HSV, in acest sezon constatin-
du-se si stabilitatea maxima a activitatilor enzimatice. Potentialul enzi-
matic al solului nativ de la baza haldei a atins nivelul maxim in sezo-
pul de toamnd, cadnd s-a obfinut si stabilitatea maximi. La proba de soi
MSV valoarea cea mai ridicatd a IECS s-a obtinut primavara, iar stubi-
Eratea maxima s-a constatat vara.

In anul 1995, la solul din zona HSV s-a obtinut potentialul enzi-
muatic cel mai ridicat si cu stabilitatea cea mai accentuatd. In ambele
cazuri potentialul enzimatic al solului din zonele HSV si respectiv HSE
a fost incomparabil mai ridicat si mai stabil decit al solului martor
(MSV si respectiv MSE), dar si mai scazut decit al solului nativ si mnai
putin stabil decit in cazul acestui sol.

In Fig. 3 sunt redati indicatorii enzimatici ai calitatii solului calcii-
lati pe adincimi, pentru toata perioada cercetatd. Rezultd ¢d in orizon-
turile superioare (0—10 c¢m) s-au finregistrat valorile cele mai ridicite
ale IECS, atat la varianta HSV cat si la varianta HSE, aceste valori di-
munuandu-se pe masura cresterii adancimii probelor de sol.  Valorile
IECS la vuariantele HSV si respectiv HSE au fost superioare celor ale
IECS din zonele MSV si respectiv MSE, dar inferioare solului nativ de
12 baza haldei.

Rezultd deci cd in zona radiculurd a plantatiei de H. rhamncides s-a
creat un potential enzimatic ce il depaseste pe cel al zonelor martor.
dar care nu a atins nivelul potentialului solului nativ de la baza haldei

Peotentialul enzimatic inregistrat in anul 1994 in proba de sol HSV
se mentine in anul 1995, intensitates maximd remarcdndu-se toamma.
cind s-a constatat si stabilitatea maximi. IECS au inregistrat valori
mai ridicate la variunta cu expozitie sud-vesticd decit la cea cu expo-
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zitie sud-estica, la varianteie HSV constatdndu-se o instabilitate mai pu-
tin accentuatd a potentialului enzimatic decat la varianta HSE.

Din datele prezentate mai sus rezulta dezvoltarca abundentd a ar-
busivlui plantat pe terasa VIII, expozitiile SV si respectiv SE, contri-
buind atdt la fixarea haldei de steril catr si la crearea unui potential
enzimatic care il depdseste pe cel al zonelor martor si care se mentine
in ttmp.

Concluzii. 1. S-au analizat 6 activitati enzimatice (activitatea inver-
tazicad In amestecuri de reactic fard adaocs de solutie tampon acctat.
artivitatea invertazica in amestecuri de reactie cu adaos de solutie tam-
pon acetat, activitatea fosfatazicad, activitatea catalazica, activitatea de-
hidrogenazica actuala si activitatea dehidrogenazicd potentiald) si wctivi-
tatea catalitica neenzimatica in probe de sol prelevate din zona radicu-
lara a arbustului Hippophaé rhamnoides, plantat pe terasa VIII, expo-
zitie sud-vesticd si respectiv sud-esticd. Intensitatea activitatilor enzima-
tice si catalitice neenzimatice a fost influentatd de felul probei de sol,
de conditiile experimentale, de natura enzimei, precum si de adincimea
csantionului analizat.

2. Potentialul enzimatic al solului evidentiat in zona radiculard o ar-
arbustului H. rhamnoides este superior celui al solului din zona martor,
dar este inferior celui al solului nativ de la baza haldei.
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3. Indicatorii enzimatici de calitate ai solului din zona radiculara
1 arbustului H. rhamnoides au inregistrat valorile cele mai ridicate in
sezoanele de primavara si toamna, iar in sezonul de vard s-a constatat
variabilitatea cea mai redusa.

4. In orizonturile superior si mediu (0—10, respectiv 10—20 cm)
din zona radiculard a arbustului H. rhamnoides s-a creat un potential
enzimatic superior celui din sterilul din zonele martor, care s-a menti-
nug pe toatd periocada cercetatd, dar care nu a atins valoarea indicatori-
lor enzimatici ai calitatii solului nativ de la baza haldei.

5. Plantarea butasilor de H. rhamnoides este o metoda recomanda-
bild pentru revegetarea eficientd a haldelor de steril de la minele de
plumb si zine.
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STUDY OF SOME PHYSICOCHEMICAL AND ENZYMOLOGICAL
PROPERTIES OF A BURIED SOIL (Part 2)

" MARINELA SIMIHAIAN*, ELENA MANOLACHE**, TIBERIU PICIU* and
STEFAN KISS*¢

SUMMARY. — The physicochemical and enzymwological properties of
22 layers in a 325-cm deep buried soil profile as described in Part 1
of our paper {1] were submitted to simple correlation analysis. Based
on the textural charactleristics of soil layers, three parts were de-
limited within the profile. Results of the correlation analysis confirmed
the sepmrability of the three profile parts, because some properties in
at least one of the profile parts behaved conirarily to the same pro-
perties considered in the whole profile, The first, upper profile part
comprises the youngest soil lavers in which fragments of ceramics
from the Roman epoch were found, whereas the third, lower pro-
file part consists of the oldest soil lavers, in some of which fragments
of ceramics {rom the Neolithic era were found.

Some properties, however, behaved similarly in all profile parts
and in the whole profile. Thus, pH jncreased, K,O and total N con-
tents, phosphatase activity (PA) and potential dehydrogenase activity
(PDA) decreased with increasing soil depth. There were many po-
sitive correlations (e.g. PA—K,0, PA-humus, PA-PDA. PDA-K,0,
PDA-humus, PDA-total N) as well as negative ones (e.q PDA-pH,

. enzymatic-nonenzymatic catalytic activity).

- In Part 1 of our paper {1], we have described the results of the
phvsicochemical and enzymological analyses of samples taken at 15-cm
intervals from a 320-cm deep buried soil profile. In the upper soil
Lvers (0---25 em) fragments of ceramics from the Roman epoch, whe-
reas is some deeper soil layers (190—280 cm) fragments of ceramics
from the Neolithic era were found. Besides textural characterisation of
all soil layers, their pH. CaCO; content, cation-exchange  capacity
(CEC), base saturation, available phosphorus, exchangeable potassium,
humus and total N contents as well as their phosphatase, enzymatic
catalytic (catalase), nonenzymatic catalytic, actual and potential de-
hvdrogenase activities were determined. Incubation times for determi-
nition of both dehydrogenase activities were 24 and 72 hours. .

The present, second part of our paper completes the first one [1]
by submitting the values of the physicochemical and enzymological soil
properties to simple correlation analysis.

Material and methods. First, the whole buried soil profile with its 22 layers
analysed (depths: 0-—325 cm) was considered. Then, based on the textural charac-
teristics of the soil layers, three parts of the profile were considered separately.

The first, upper profile part comprising 5 layers analysed (depths: 070 cnfl) is,

© * Biological Research Institute, 3400 Cluj, Romania ~ v
** Babey-Bolvai University, Department of Plant Biology, 3430 Cluj, Romania
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texturally, very varied, consisting of gravel, sand, loam and loamy sand and con-
taining in the 0—25-cm layers, as mentioned above, fragments of ceramics [rom
the Roman epoch. From the second, middle part of the profile 8 layers were
analysed (depths: 70-—190 cm). These layers are of loamy clay and clay loam
texture. In the third, lower profile part, the 9 layers analysed (depths: 190—
3253 em) arce mostly clays and, as mentioned above, the 190—280-cm deep layers
contain fragmenis of ceramics frum the Neolithic era,

Some physicochemical and enzymological data were excluded from the cor-
relation analysis. They are the following: base saturation, because its values were
practically the same in all layers; available phosphorus content and 24-hoar
actudal and potential dehydrogenase activities, whose values in the soil layers
were extremely low or lacking. In addition, the 72-hour actual dehydrogenase
activity was also excluded from the correlation analysis of the middle and Jower
parts  of the profile as this activity was extremely low or lacking in most
favers of these two profile parts.

Results. 1. The whole buried soil profile. Results ¢f the ccrrelation
cnalysis considering the whole buried soil prolile are  presented  in
Table 1.

Depti dependence. The correlation coefficients and their  signifi-
cance make possible a more accurate evaluwion of the depth dependence
of the physicochemical and enzymological properties than did their
global examination in [1}. Thus. pH, CEC, humus content and nonen-
zymatic catalytic activity tended to inerease with increasing soil depth,
but the increase was significant (at > 93%%) only in the case of CEC.
Values of the other properties decreased with depth, the decrease being
significant with KoO and total N contents and with phosphatase, actua!
and potential dehydrogenase activities.

Correlations between different physicochemical properties. pH cor-
related significantly and positively only with the CaCCs content and
negatively with the K;O and humus contents. The CaCQOy content, he-
sides its significant positive correlation with pH, correlated significantly
and negatively with the humus content. There were no significant cor-
relation between CEC and the other physicochemical properties. The
¥.O content correlated significantly and negatively with pH as stated
above, and it also gave significant but positive correlations with the
humus and total N contents. As already shown, the humus content
correlated significantly and negatively with pH and CaCOj content and
positively with the K->O content, whereas the total N content gave sig-
nificant positive correlation only with the K.O content.

Correlations between enzymological and physicochemical proper-
ties. There were significant positive correlations between phosphatase
activity (PA) and K,0 and total N contents. The enzymuitic (cataluse)
and nonenzymatic catalytic activities (ECA and NCA) correlated sig-
nificantly only with the humus content, the significance being negative
with ECA and positive with NCA. Significant positive correlations were
registered between actual and potential dehydrogenese uctivities (ADA
and PDA) und the K,O content. PDA also correlated significantly und
positively with the total N content.

Correlatisns between different enzymoleogical properties. There were
significan: positive correlations between PA and both ADA and PDA os
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Table 2

--Correlation . snatrix of the physicochemienl. and .enzymological properties of the upper part -of the. burried soH profile
{dephts: 0~70 cm; n == 5)

Depth pH CaCo, CEC K0 Humus Total N PA LCA NCA ADA PDA
Depth 1
pil 0.864 1
CaCOy 0.659 0.828 1
CEC —0.385 0271 —-0.593 1
K0 —0.936* —0.974* --0.847 0.370 1
Humus --0.767 —0.985* - 0.845 0.248 0.929* 1
Total v .- - - =0719. 0863 -.0.966* 0419 (3.894* 0,862 1 . .
PA --0.381 —0.756 —0.865 0.183 0.681 0.837 0.867 1
ECA {0.050 0.486 0.396 0,452 —0.344 ~—0.586 - 0490 --0.791 1 .
NCA - 0,029 -0467 -0.386 --0.457 0.324 0.569 0.479 0.786 -0.999* 1 L
ADA 0.147 0321 ~-0.157 0.379 --0.149 - 0.334 0.1668 --0.047 0.302 - 0.291 1
rDA - 0676 ~0.847 - 0.566 0111 0,681 - 0.438 3.733 0.407 -—0.225 0.215 0.430 1

%ee Table 1 for abbreviations.
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well as between ADA and PDA. The correlation between ECA and NCA
was significant and negative,

2. The upper part of the buried soil profile (Table 2).

Depth dependence. Values of the physicochemical prcperties ex-
cepting those of pH and CaCO;z content, decreased with increasing soil
depth, but the decrease wuos Sngflmnt only in the case of the KO
vo*}tent PA and PDA also tended to decrease with dopt however, the
decrease was not significant.

Correlations between different phiysicochemical properties. pH cor-
related significantly and negatively with the K.O and humus contents.
A similar correlation was found between CuCOsz and total N contents.
CEC gave no significant correlation with any other properties, while
the significant correlation of the K.O content was, as stated above,
negative with pH, but it was positive with the humus and total N conr-
tents. We mention again the significant negative correlation between
humus content ind pH und the positive one between humus and KO
contents, and also the significant negative correlation between total N
and CaCOs; contents and the positive one between total N and KO
contents.

Correlations between enzymological and physicochemical properties.
No significant correlations. were registered between. these properties.

Correlations between different enzymological properties. A single
significant, negative correlz»xtion was found, namely thdt between ECA

and NCA.

3. The middle part of the buried soil profile {Table 3).

Depth dependence. pH, CaCQs content and CEC increased, while
the other properuﬁs decreased with increasing soil depth. The increase
was significant with pH and CaCOj; content, and the decrease wiis
significant only with the K0 and humus contents.

Correlations between different physicochemical properties. pH cor-
related significantly and positively with the CaCOj; content and nega-
rively with the KO and humus contents. The CaCOjz content correlated
significantly only with pH. Again, CEC exhibited no significant cer-
relation with any other properties. The significant negative correlation
between K-O and pH, and that between humus content and pH should
be reiterated. At the same time, the correlation between KO and humus
contents was significant and positive. ‘

Correlations between enzymological and physicochemical properties.
No significant correlation was registered between these properties.

Correlations "between different enzymological properties. The sig-
nificant negative correlation between ECA and NCA wis the only sig-
nificant correlation found.

4. The lower part of the buried soil profile (Table 4).

Depth dependence. Excepting pH and NCA, the soil properties ex-
hibited a decreasing trend with depth, but the decrease was significant
only with the K50 and humus contents.



Table 3

Correlation matrix of the physicochemieal and epzymeological propertles of the middle part of the burled soil protile
(lepths: 70190 cm; n = 8)

Depth rH CaCO, CEC K.,O Humus Total N PA ECA NCA ADA PDA
Depth 1
PH 0.768* 1
CaCO, 0.893* 0.911* 1
CEC 0.586 0.568 0.535 1
K0 --0.764% . .0.726* 0607 —0.576 1
Humus --0.833* --0.768* --0.678 --0471 0.956+ 1
Total N -~ 0.338 0.054 --.0.056 0.028 0.154 0.290 1
PA --0.450 0.061 -—0.255 --0.095 0.006 0.083 0.543 1
ECA - 10,022 -0.215  --0.319 -0.186 0277 --0.253 --0621 -0.266 1
NCA --0.108 0.048 0.188 0.117 0.386 0.422 0.672 0.243 ~—-0.954* 1
ADA — - - - — - e — — —
PDA --0,502 -~0.090 -0.257 --0240 0.598 0.529 0.333 0,338 --0.418 0.350 - 1

See Table 1 for abbreviations,
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Table 4

Correlation matrix of the physicechemical and enzymologleal properties of the lower part of the burled =eil prolile
(depths: 190—332cm; 1 = 9)

Depth PH CaCOy CEC E,0  Humus Tctal N PA RCA NCA ADA PDA
Depth 1
pH 0.522 1
CaCO, -0.260 0.574 1
CEC —0.095 0.453 0.467 1
K.0 -0.836* -0.672* 0.037 --0.211 1
Humus -—0.797* —0.667* 0.082 0.008 0.694* 1
Total N —0.605 —0.397 -—0.156 -—0.169 0.679* 0.290 1
PA —0.264 —0.558 -—0.132 -—-0.063 0.221 0.649 —-0.198 1
ECA —0.408 —~0.618 -—0.295 -0.373 0.447 0.639 0.307 0.103 1
NCA 0.370 0.406 0.095 0.303 -0.384 --0.519 -0.259 0.118 --0.957* 1
ADA - — — — — — — — —
PDA —0.320 —0.307 -0.062 0.288 0.354 0.675* 0.182 0.223 --0.100 - 1

—0.190

Ses Table 1 for abbreviations.
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Correlations between different physicochemical properties. Signi-
ficant negative correlations were registered between pH and K-.O con-
tert and between pH and humus content. The CaCOj; content and CEC
did not correlate significantly with any other properties. As already
mentioned, the correlation between KO content and pH was significant
ond negative, but the 'KoO content gave significant positive correlations
with the humus and total N contents. The humus content correlated
significantly with pH (negatively) and KO content (positively). The
total N content showed a single significant, positive correlation, na-
mely that with the K50 content.

Correlations between enzymological and ph Jszcochemzcal properties.
A single significant, positive correlation was registered, namely that
between PDA and total N content.

Cerrelations between dzfjerent emymogoc;leal properties. The only
significant and negative correlation was again that between ECA and
NCA.

5. Comparison of the whole buried soil profile (Table 1) with its
purts (Tables 2—4). For this comparison, ADA could not be considersd
because, as already mentioned, this activity was extremely low or lack-
ing in most layers of the middle and lower prefile parts.

Depth dependence. Some properties behaved similarly in the whole
profile and in its three parts. Thus, pH increased, KoQO and total N
contents, PA and ‘PDA decreased with increasing soil depth. But the
depth dependence .of ‘the other properties was contrary, at least in one
of the profile par’ts to that of the whole profile, which supports the
BOp'lT’XUO" of three parts within the soil profile. Thus, the CaCO3 con-
tent increased within the upper and middle profile parts and decreased
in the lower part, whereas it showed a decredsing trend with increasing
soil depth when the whole profile was considered. CEC decreased depth-
dependently in the upper and lower profile parts and increased in the
middle part and in the whole profile. Within'each profile part, the hu-
mus content decreased, but in the whole profile it exhibited o slight
increasing trend with increasing scil depth. ECA increased with depth
within the upper profile part and decreased within the other two ports
arnd in the whole prefile. At the same - time, - N(tA decressed with depth
within the upper and middle profile parts md increased in the lower
part and in the whole profile. :

C:rrelations bkivcen, different physzoochengal propcrz‘:ies. Scme
correlations were positivé (pH-CaCOjz; KyO-humus, KoO-total N, bumus-
total N) or negative (pH-K,0, pH-humus,’ CaCOs-total M) in each pro-
file part as in the whole profile. The oﬁher cbrrelations gave positive
(or negative) values at least in one of the prohle p&rtb and negatt
{or positive} values'in the whole profile.

Currelations -between enzymological antl ph’z/szcocizemzcm properties.
The correlations were: always positive between PA and X0 and humus
contents, between PDA and KO, Humus hnd total N contents, and al-
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ways negative between PDA and pH. The other cerrelations had a dif-
ferent sense, at least in one profile part, than in the whole profile.

Correlations between different enzymological properties. The cor-
relations PA-NCA und PA-PDA were always positive and that between
ECA and NCA was always negative. Again the other correlations were
positive (or negative) at least in one profile part and negative (or posi-
tive) in the whole profile. ‘

The correlations having the other sense, at least in cne profile part,
than in the whele profile also support the separability of the three
parte within the profile.

Conclusions, 1. Correlation analysis of the physicochemical and en-
zymological properties in the buried soil profile studicd confirmed the
texture-based separation of three parts within the profile. The first,
upper part comprises the youngest soil layers, whereas the third,
lower part consists of the oldest soil layers.

2. Some propertics, however, behaved similarly in all profile parts
and in the whole prefile. Thus, pH increased, XsO and total N con-
tents, PA and PDA decreased with increasing soil depth. There were
many positive correlations (pH-CaCOj;, KoO-humus, K,O-total N, humus-
total N, PA-K,O, PA-humus, PDA-K,O, PDA-humus, PDA-~total N, PA-
NCA, PA-PDA) as well as negative ones (pH-Ko0, pH-humus, CaCO3-
total N, PDA-pH, ECA-NCA).
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RESEARCH ON ENZYMES CATALYSING THE SYNTHESIS AND
HYDROLYSIS OF LEVANS AND DEXTRANS IN SALT LAKE
SEDIMENTS

VASILE MUNTEAN?®

SUMMARY. — The presence in an accumulated form of the enzymes
levansucrase, dextransucrase, levanase and dextranase in (wo sait
lake sediments has been demonstrated. The Privighetorij (Turda) ana
Bdile (Cojocna) (Cluj county) salt lake sediments have been stu-
died. The enzymatic activities were analysed qualitatively and quan-
titatively. Both analyses have indicated the existence of detectable
differences between the two studied sediments concerning the inten-
sity of the enzymatic activity. All the activities were more intense
in the ‘sediment of the Privighetorii lake. In this sediment, a weak
preponderance of the levan- and dextran-synthesising activities has
also been ascertained in comparison with activities leading to hydro-
lysis of these polysaccharides.

Levans are branched polymers of fructose. In the linear chains the
B-fructofuranose residues are linked by B-2,6 linkages; the branch link-
ages are of type B-2,1. Levan synthesis from sucrose is catalysed by the
transferase levansucrase (E.C. 2.4.1.10). Hydrolytic decomposition of le-
van is catalysed by the polysaccharidase levanase (E.C. 3.2.1.65).

Dextrans are branched polymers of glucose, consisting of a-glu-
cose residues bound to each other by 1,6 linkages; the branched link-
ages are of type a-1,4, 0-1,3 and «-1,2. Dextran synthesis from sucrose
is catalysed by the transferase dextransucrase (E.C. 2.4.1.5). Dextran
hydrolysis is eatalysed by the polysaccharidase dextranase (E.C. 3.2.1.11).

The microorganisms are the main producers of these 4 enzymes [1].
The presence of these enzymes in soil was registered {1—3, 6, 7]. We
have no data to attest their presence in an accumulated form in sedi-
ments.

For the salt lake sediments, used as therapeutic muds in balneo-
therapy, levans and dextrans have a great importance. These poly-
saccharides confer to the therapeutic muds a high level of onctuosity,
a characteristic which increases the therapeutic value of the muds. This
fact justifies the interest for studying the enzymes which synthesise
or hydrclyse the two polysaccharides in salt lake sediments.

Material and mecthods. The methods of the cited authors have been applied
in order to demonstrate the presence of the 4 cnzymes in an accumulated form
in the two studied salt lake sediinents. The methods have been adavted to the
particular conditions, first of all to the high salinity of the siudied sediments.
For measurement of the levansucrase and dextransucrase activitics, the sediments
have not been submitted to & special ‘reastment, b2cause the polysaccharides

* Institute of Blelogical Researck, 3400 Cluj, Remaniq
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synthesised by the iwo enzymep were precipitated with ethyl aleohol, thus preven-
ting the negative eflfcct ot a high salt concentration c¢n the accuracy of chroma-
tographic analyses. .

Preliminary tests have demonstrated the impossibility of chromatographx'
revelation of reducing sugars, becouse of the high concentrations of salts, which
interferred with their reaction with AgNOj; Revelation of ketoses with the urea-
o-phosphoric acid reagent was also strongly disturbed by the presence of a high
salt concentration. That is why, {ur assessing lévanase and dextranase activitics,
the sediments were submitted to a desalinisation procedure by keeping them in
a cellophane folio in distilled water for a few days. The degree of desalinisation
was measured with AgNQO; which gives a white precipitate in the presence of
NaCl. When the precipitate did not appear any more in the distilled water
frum the experimental vessel in which the desalinisation was carried  out, i.e.
when “the NaCl present in sediment was exhausted, we started the e}.perm‘gnt
for studying the two polysaccharidases.

The reaction mixtures were prepared from cenirifuged sediment (30 minutes
at 4,000 rotations/minute). The reaction mixiure compositions are presented in
Tables 13. We used the following enzymatic substrates: sucrosz [rom Chemupoi,
levan obtained by a prescript from 1iterature 7], and dextran from Fluka AG
with a ~40,000 Da molecular mass.

The reaction mixtures were incubated at 37°C for 10 days, with daily stip-
ring. After the incubation period the mixtures were centrifuged. (.30 minutes at 8,000
rotations/minutc). The supernatant was filtered, and the filtrate was analysed
quaiitatively for different saccharides by means of paper chromatography, circular
technique, and quantitatively for reducing sugars with the Somogyi-Nelson me-
thod [8, 91

For proving the presence of levansucrase und dextransucrase activities .
the reaction mixtures which initially contained sucrose as substrate, the po»sxbie
synthesised polysaccharides were precipitated with absolute ethyl alcohol, in 2
ratio of 1/5 supernatant/alcochol (vol./vol). After centrifugation (30 minutes at
10,000 rowtions/minute)‘ the sediment was dissolved in 3 ml of distilled water.
Two recurrent precipitations with ethanol followed, in order to remove mono- and
cligosaccharides (sucrose from the initial reaction mixture and other saccharides
resulted from the activities of the enzymes present in sediments). After the

Table 1

Composition of reaetion mixtures for measuring levansuerase and dextran-
suerase activities

' : 109
Reaction Lake Sediment Toluene SUCTose Di;?il(l)ed
mixture a (g) (ml)} solution 2
(ml) (ml)

1 .- Privighetorii 10 3 30 —

2 10 3 — 30

3 ' N 10 3 Cos -

) Bilile . i
4 10 3 - 30
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Table 2

Composltloi: of reaetion mixtures for measuring levanase aetivity

S 0.259, .
Reaction T,ake Sedlm(“ﬂt Toluerne- levan Dlst“(l)ed
mixture aRe (g) (ml) solution ( '1)

(ml)
) 1 10 3 30 _
' Privighctorii
2 10 3 — 0
3 10 3 30 _
Biile .
4 10 3 — a0
§ -- — 3 30 —
Tablse 3

Composition of reactlon mixtures for measuring dextranase aectivity

19/

Reaction Sediment  ‘Toluene de*{gdn Distilled
e . I:Z’J{C 3 H,O
mixture (2 (ml) solution
- (ml)
(ml)
1 10 3 30 -
Prlvighuterid
2 10 3 - 30
3 10 3 30 -
me Biile _ : ‘ »
4 i 10 . T 30
§ 3 30 -

last centrifugation, the sediment was washed three times with ethyl aleohol and
once with ethyl ether. After the evaporation of the alcohol and ether residues,
the precipitates were dissolved in 3.ml of distilled water and were -examined
chromatographically. ) . .

Demonstration of the presence of dextransucrase in a sample is difficuit be-
cause there is no specific staining reaction for dextran. On the other hand, sucrose,
the enzyme substrate, can also be the substrate of other enzymes (levansucrase,
invertase), so that the identification of the reaction. products is also more* difficult.
It needs a very laboricus method {1}

To evidence thé dextiran, the levan from the solution of the LLsL centrifuged
sediment must: bg removed.. For this, a part of the totil polysaccharide solution,
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obiagined after the third centrifugation, was mixed with an equal amount of o
1%% cxalic acid solution. The mixiure was boiled in a water bath one hour and :
half {4]. The levan present in solution was hydrolysed, but the dextran was not,
uas the control samples proved. The remaining dextran was precipitated theee
times with ethyl alcohol, according to the technique already described. After the
first centrifugation, the quantity of the fructose obtained by oxalic acid hydrolysis
oaf levan was measured in the supernatant liquid by the Somogyi-Nelson method
I8, 81

Because there is no method for direct evidentiation of dextran, it wus
indirectly assessed by demonstrating the presence of glucose in the acid (H.SC,)
hydrolysate of the dextran solution. The remaining polysaccharide fraction was
submitted to hydrolysis with H,SO; The hydrolysis was carried out in equal
amounts of polysaccharide solution and 6N H,SO, in vials hermetically closed
by melting, The acid hydrolysis was carried out by boiling in a water bath for
two hours. After boiling, the hydrolysates were neutralised with Ba(OH);SH.O.
The BaSQO, formed was removed by centrifugation (30 minutes at 8,000 roiations/
minute). The chromatographic analyses and the guantitative measurement of the
gluccése resulting from the dextran hydrolysis were carried out on the supernatant
liquid.

For evidentiation of levanase and dextranase activities, the supernatants of the
reaction mixtures mentioned in Tables 2 and 3 were analysed chromatographicaliy.
For quantitative measurements, the nonhydrolysed amounts of levan and dextran
were once precipitated with ethyl alcohol. After centrifugation, the supernatanis
were analysed for quantitative determination of fructose and glucose, respectively,
which resulted from the enzymatic hydrolysis of substrates, levan and dextran,
respectively.

For the gualitative analyses we used Whaiman 1 chromatographic paper;
volume of the analysed filtrate: 100 21 solvent system: n-propanol-ethyl acetate-
water 6:1:3 (vol/vol.vol)}; development: 2 h at room temperature. The chromats-
grams were differentially revealed for evidentiation of the levansucrase and leva-
nase activities on one hand, and of the dextransucrase and dextranase activities,
cn the other.

For proving the presence of levansucrase and levanase, a reagent containing
urea and o-phosphoric acid, which specifically stains ketoses, free (fructose) and
combined {levan) was used [10]. The developed and dried chrematograms were
sprayed with this reagent and then bheated at 100—110°C until the blue spots of
ketoses appeared.

For detection of the presence of dextransucrase and dextranase, respectively,
the developed and dried chromatograms were revealed using a reagent containing
AgNO,, which specifically reveals reducing sugars, including glucose or interme-
diate products of the dextran hydrolysis [11).

Levansucrase and levanase aetivities are expressed in mg fructose/10 g sedi-
ment dry matter/10-day incubation at 37°C. The dextransucrase and. dextranase
activities are expressed in mg glucose/10 g sediment dry matter/10-day incubation
at 37°C.

Results and discussion. The results of qualitative analyses of levan-
sucrase activity are presented in Fig. 1. The levan spots at the starting
point both in the reaction mixture with sediment from Privighetorii
and Baile lakes can be seen. The lack of levan spot in the reaction mix-
ture without sucrose demonstrates that the spots are not caused by
the polysaccharides possibly present in the sediment. The absence of
the spot in the reaction mixture with sucrose, but without sediment
shows that the levan synthesis occurred only in the presence of sedi-
ments, i.e. of the levansucrase accumulated in sediments.

Fig. 2 represents the chromatogram obtained after levan hydrolysis
with oxalic acid and revealed by means of the urea-o-phosphoric acid
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P ig. 1 Resuits of levansucrase
activity analysis.
Revelation with the wurca-o-
phosphoric acid reagent. Reac
tion mixtures 1~5: see Ta-
ble 1. Control solutions:
6— Levan 0.259, ; 7-- Fructose

19,

Fig. 2. Demonstration of the
complete hydrolysis of leves with
oxalic acid.
Revelation with the urea-o-phos-
phoric  acid resgent. Reaction
mixtures 1--5: sce Table 1.
Control  solutions: 6 — Levan
0.25%: 7 — Fructose 19;.

14 — Blologia 1—2/19%
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reagent. One can see that the hydrolysis was complete, the levan missing
at the starting point in both sediments. The only hydrolytic product
found was fructose.

A chromatogram with the products of levan hydrolysis was revea-
led by means of the AgNOj reagent, and it is presented in Fig. 3. Asone
can see even in this case, fructose is the only hydrolytic product de-
tected. The absence of any spot at peint 6 (194 dextran solution sub-
mitted to the treatment with oxalic acid) demonstrates. that the dextran
wus not hydrolysed during that treatment.

Fig. 4 represents the chromatogram obtained from the solutions of
the alcohol-precipitated polysaccharides after the treatment with cxalic
acid. The spots of reducing sugars are entirely absent. This means that
the precipitation with alechol «ntirely removed them from the solution
cbtained after the treatment with oxalic acid. .

As was earlier specified, the polysaccharides remaining after the
oxalic acid hydrolysis were precipitated with alcohol and then submit-
ted to H.SO,; hydrolysis. The chromatogram with the results of this
hydrolysis is presented in Fig. 5. The spots at points 1 and 3 are caused
by the glucose which resulted {rom the dextran hydrolysis with H,SO,.
The absence of spots in Fig. 4 demonstrates that the spots in Fig. 5 are
caused by glucose molecules resulting from hydrolysis of the dextran
that had been synthesised from sucrose during the incubation period.
The synthetic reaction was catalysed by the accumulated dextransucrase
present in the sediments studied.

The results of the qualitative analyses of levanase activity are
presented in Fig. 6. The chromatogram shows a diminution of the in-
tensity of the levan spets in the active reaction mixtures (I and 3). It
is doubled by the appearance of fructose spots in these samples. This
demonstrates the presence of accumulated levanase in both sediments
studicd. The levanuse hydrelysed the levar with the formation of fruc-
tose as the only hydrolytic product.

"Fig. 7 represents the chromatogram which demonstrates the pre-
sence of the accumulated.dextranase in the two studied sediments. Glu-
cose is the only hydrolytic preduct in the active reaction mixtures (1
and 3). The absence of any spot at point 5 (1%, dextran solution) de-
moenstrates that the dextran used in the experiment was pure; it did
not contain reducing sugars. Thus, the glucose, which gave the spots
in points 1 and 3, resulted from the enzvmatic hydrolysis of dextran
under the action of dextranasé present in both sediments.

The results of quantitative measurcments of the studied enzymatic
activities are presented in Table 4. The quantities 'of levan and dextran
synihesized {rom sucrose by levansucrase and dexiransucrase present
in scdiments; as well as the quantities of the fructose and glucose re-
sulted from the levan and dextran hydrolysis by levanase-and dextra-
nase, respéetively, are of 1-—2 mg fructose (glucose)/10 ‘g sediment dry
matler/10-day ineubation at 37°C. - - . ;
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Fig 3. Demonstration of the
rediicing properiies of the fpro-
ducts vesulting from hydrolysis
‘of levan with ozalic acid.
Revelation with the AgNO,
reagent. Reaction mixtures
1—5: sec Table 1. Control
solutions:  6--Dextran 19
submitted to the treatment
with oxalic acid: 7- Tructose

53¢
1o,

Pig. 4. Demonstration of the
absence of reducing sugars in
solutions of vesidual polysac-
charides precipitated with ethyl
alcobol, after hydrolysis of
levan with oxalic acid.
Revelation with the AgN_a;
reagent. Reaction mixtures
1—5: see Table 1. Coentrol
solutions: 6-Fructose 19%;
7— Glucose 19,

211
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Pig. 5. Results of dextram-
suerase acsivity analysis. Demone
stration of the presence of glu-
cose as the only product obtasned
after the H,S0, hydrolysis of
the residual  polysaccharide
[fraction,
Revelation with the AgNO,
reagent, Explanations: see
Fig. 4.

T*ig. 6. Resulls of levanase
activity analysis.
Revelation with the urea-o-
phosphoric acid reagent. Re-
action mixtures 1-5: see
Table 2. Control solution:
6 —Fructose 19,



ENZYMIS IN SALT LAKE SEDIMENTS 213

ava
5%

Pig. 7. Results of dextranase activity anal.sis.

Revelation with the AgNO, reagent. Reaction
mixtures 1—5: see Table 3. Control solutions:
6-— Glucose 19,; 7--Fructose 19

The results of quantitative measurements confirm those of the
qualitative ones. It is obvious that all the 4 activities are more intense
in the sediment of the Privighetorii lake. In the Baile lake sediment,
the intensity of synthetic and hydrolytic activities is very close (1. 036
mg glucose/10 g sediment for dextransucrase and 1.062 mg glucose/10
g sediment for dextiranase) or even identical (1.336 mg fructose/10 g
sediment for levansucrase and levanase).

In the Privighetorii lake sediment, for both levan and dextran, the
ratic between synthetic (levansucrase and dextransucrase) and hydro-
Iytic (levanase and dextranase) activities is always higher than 1. Be-

Table 4

Results of the quantitative measurement of the 4 enzymatic activities

Activity (mg monosaccharide/10 g scediment)

Lake
Levausucrase Dextransucrase  Levanase Dextranase

Privighctorii 1.859 1.355 1,401 1,118
Bille 1,336 -1.036 1.336 1.082
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cause of the importance of the two polysaccharides in the formation
of mud onctuosity, a parameler which enhances the therapeutic pro-
perties of the sediments, we can appreciaste that from this point of
view the Privighetorii lake sediment is superior to that of the Baile
lake.

Conclusions. 1. The preserce of the 4 enzymes catalysing the syn-
thesis and hydrolysis of levans and dextruns (levansucrase, dextransu-
crase, levanase and dextranase) in an accumulated form in the salt lake
Privighetorii (Turda) and Baile (Cojocna) scdiments has been demons-
trated. According to the available data, the present report is the first
one on the presence of these 4 enzymes in an accumulated form in
sediments.

2. The Somogyi-Nelson method for qguantitalive measurement of
reducing sugars has been proved to be applicable for the evaluation of
the activity of the 4 studied enzymes in salt lake sediments. The quan-
itutive data obtained by means of this method confirmed the resulis
of chromatographic analysis.

3. Intensity of the 4 enzyme activities is of 1—2 mg fructose {glu-
cose)/10 ¢ sediment dry matter/10-day incubation at 37°C. In the Biile
lake sediment, there were no significant differences found between the
levan- and dextran-synthesising (levansucrase and dextransucrase) and
hydrolysing (levanase and dextranase) activities. In the Privighetorii
lake sediment, the synthetic activities were more intense than the hydro-
lytic ones. The superiority of the Privighetorii lake sediment, as com-
pared to that of the Baile lake, can be stated based on the importance
of levans and dextrans in the formation of a high level of onctuosity,
which enhances the therapeutic qualitiés af lake sediments used in balneo-
therapy. ’
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BIBLIOGRAPIY OF ENVIRONMENTAL ENZYMOLOGY
IN ROMANIA. II

STEFAN KISS*, MIHAIL. DRAGAN-BULARDA* and DANIELA PASCA*s °

The first Bibliography of Environmental Enzymology in Romania
was published in the volume ,Fifth Symposium on Soil Biology (Iasi,
1981)* (Romanian National Society of Soil Science, Bucharest, 1984,
pp. 183—207). The papers appeared after the publication of this volume
and those not included in the first Bibliography are listed in the pre-
sent Bibliography.

Bibliography II is regarded as a continuation of the first Biblio-
graphy. Therefore, aj as in the first Bibliography, the papers are grou-
ped into 8 chapters; b) the papers are numbered in continuation of the
last paper from the first Bibliography (paper 234); and c¢) as in the first
Biblicgraphy, diploma theses, doctoral dissertations, abstracts and sum-
marics of papers, unpublished contractors’ reports and papers under
press are not included; if a paper covers topics belonging to two or
more chapters, it is specified only in onc chapter but it is also referred
to, by its number, in the other chapter(s).
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99—107.
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tatile fizice, chimice si biologice ale materialului de halda rezultat
prin degradarea solurilor de pe versanti (Exploatarea miniera Ca-
pus-jud. Cluj) (Physical, chemical and biological properties of spoil
heap materials resulting from degradation of soils on slopes (The
Cdpusg Mining Enterprise — Cluj district)), Simp. ,Exploatarea in-
tensivd a terenurilor agricole in panta“ (Cluj, 1979), Inst. Agron,,
Cluj, 1979, pp. 87—94.

237. BLAGA G. NASTEA S., RAUTA C., BUNESCU v, MICLAUS V., DOBAI R,
Izuchenie fizicheskikh i khimicheskikh svoistv antropogennogo pro-
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KISS S, DRAGAN-BULARDA M., PASCA D, Activity and stability of
enzyme molecules following their contact with clay mineral surfaces,
Stud. Univ. Babes-Bolyai, Bicl., 1986, 31 (2), 3—29; Stud. Univ,
Babes-Bolyai, Chem., 1988, 33 (1), 27—30.

Sece also papers 251 (p. 419), 275 (p. 23). 284 and 286,

8. MISCELLANEA

MANOLACHE E., DRAGAN-BULARDA M, KISS S, Cercotiri microbiclo-
gice si enzimologice in Pestera Tauscare si Pestera Mure din Valea
Firii (Microbiclogical and enzymological researches in the Taugoure
Cive and in the Great Cave of the Firea Valleyj, Stud. Univ. Di-
bes-Bolyai, Biol., 1991, 36 (1), 39—51.

See also papers 284 and 288,
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Vasile Cristea, La conserva-
fion de la nature en Roumanie (Nalure
Conservation in Romania), Universita
degli Studi, Camerino, 1995, 107 pages
with 37 figures in the text,

The book represents a successful and
welcome  synthesis on the main prob-
lems ¢f nature conservation in Romania.
It is based on various sources of in-
formation, among which the author se-
lected 149 bibliographical titles. This
valuable book with excellsnt drawings
was published under the patronage of
Camerino University (Italy) as the 18th
number {rom the series ,L'uomo e "nm-
biente*.

The text is accompanied by 37 figures
representing: maps, graphs, portraits of
Romanian naiure conservation rOMu-
ters, {irst page reproductions [rom sumeo
important legislative papers on nature
protection in Romania, protected plants
and animals, parks and nature reser-
vations, ethnographical and archacolo-
gical museums.

The first chapter deals briefly with
the physico-geographic characteristics of
romania, regarding geographic co-ordi-
nates, relief, petregraphy, hydrogranhi-
cal system and climate.

In the second chapter entitled , His-

torical  KFeo-Prolecting Retrospections®,
there are successively exposed the ac-
tivities on nature protection carrvied on

by Ro

manian  scienti and  culiive
peopie. Thero are als ‘ofly mentin-
ned not only the legisialions cn nature
protection in Momania, but also
timate of the dynamics ¢f the numbor
of reservatinns d\ulﬂ*', 1040—1001
ther with their surfece recorded in @
suggestive adjoined toble

The third chapier is the largest of
ail, describing the ,Protecied Unils  of

5 1

tego-

Romania®.

There are mentioned the m-~in activi-
ties undertaken N the Caom-
miltze for the Nature Monu-
ments of Romania, afler having  boen

previously identified and rigorously in-
ventorised all the plant and animal spe-
cies considered to be rare, relicts or
endemic. There have heen also exami-
ned the vegetal, geological, palesntolo-

1996
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gical and speleological formations with
a special scientific importance.

The book presents the following pro-
tected objects in Romania: two present
and planned national parks having a
temporary statute, the Retezat National
Park and the Janube Delia Reserve;
two natural parks; 46 scientific reserva-
tions; 5372 nature reservations having a
mixad phytotaxonomic, forestry, zoolo-
gical, paleontological, geological and spe-
loological characteristic; 340 landscape
reservations; 134 natur;‘ monuments re-
presented by associations, rare  species
of wplants and animals or on pomt of
disappearing, secular trees, unique geo-
logical and speleolozical formations, ete.

In each analysed unit, there are in-
cluded vurious data regarding the sur-
face of reservations, the physico-geogra-
phic and geological aspects, the protec-
ted plants and animals, the specific
plant associations, etc.

In the last chapter, there are moentio-
ned the main ,Institutions Carrying on

a Sccondary Eco-Protecting  Activity*
which are represented by anicil gar-

dens, zoological parks, natural  Thistory
musaums, ethnographical and archieslo-
gical museums, monasteries. cte.

The book ,La consecrvation de la na-
ture en Roumanie“, elaborated with a
high sense of responsability by Professor
Dr. Vasile Cristea, addresses iteelf te oll
the lovers of nature and to those who
want to know not only the biodiversity
and richness of nature menuments, but
also their aestetical potonti with
a special intrmsm value,

alities
I0AN 7O

Cristean, Simone
Denaeyer JeanPaul Herre-
mans, Trina Goia, Geretirea na-
taril si protectia mod ului in Rm’urﬂa
Editura Ciluj Univ Pross, Clhil-Na-
poca, 1996, 565 pagl m 71 lustratill
Lucrarea este rezultawul unei f{ructuoa-
se colaborari dintre doud cadre univer-
sitare clujene si doua personalitati stiin-
tifice de prestigiu, un profesor uni ;
tar si un secretar general al Rezervatiilor

Vasile
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naturale, ambii din Belgia, cure se deove-
desc a fi propagatori activi ai ocrotirii
naturii sj protectiel mediului.

in primul capitol ol luerdrii — ,Ocro-
tirea naturii si protectia mediului, pro-
bleme majore ale !lumii contemporane”
(V. Cristea) — sunt prezentate argu-
mentat rezultatele impactului dintre om
si natura, exemplificate prin supraex-
ploatarea speciilor st o habitatelor, de-
teriorarea ecosistemelor in urma activi-
tatiler economice st sociale, intensificaren
po'luﬁr}i cu cfecte nocive asupra sanatatit
aturii i omulul, 1 care s2 mai adauga
si catasirofs wice de naturd
fizied, climalica, antropicd, demografica
si tehnologici.

ideram ca deosebiy de utiia
cefini slerej acti

eco-protective intrey
ificatie biclogicq,
co-esteticd siocultur Sooaratd
aceste aciiuni hine dirijate  contribuie
atdt la conscorvarca genofondului si bio-
diversitatit ecosistemelor, cat si la ¢
gurarva perpetearit speciilor,  pastrarca
nealterata o f{rumusetilor naturii,  cu
efecte benelice pentru sinatatea omulul.
in strénsa corelalic cu problematicile
analizate in capitolul T al lucridrii, capi-
tolul I[ — trategiile globale inocro-
tirea naturii si proteciia mediuluis (J.-P.
Herremans) — trateaza succint doanr
evelutia si dinamica postglaciarda o for-
matiunilor forestiere in functie de {uc-
torii pedo-climatici de practicile agro-
silvo-pastorale deslasurate de om, core
au determinat accentuarea diversitatii
ecosistemelor. De asemenea, acest
tol mai prezinti argumentnt  influe
negativd pe care o avut-o asupra nalurt
revolutia industriala si stiintifica care
a succedat perioadei antericare, deter-
minand atdt destramarea sistemului ngro-
silvo-pastoral, c¢at =i pauperizaren fio-
rel si faunei spontane. Sunt prezeniate
modificdrile recente pricinuite de ¢m la
nivelui o-ecosistemelor, precum < u
nul de gestionare rationald a pdduci!
pajistitor 11 a diverselor culturi

Una dintre importantele problomaticd
cu implicalii majore fn economia um
cste abordaid in capitelul 11T —
cultura biologicd, o alternntivad  pentru
o dezvoltare durabila® (S ve Se
trece in revistd esecul agriculbiurii  in-
dustriale, care pe termen scurt o inre-
gisirat o crestere a productivitdtii, dar
care ulterior s-a diminuat simtitor, da-

Tunom
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toritd degradarii solurilor, poludri

i pan-

zelor freatice in deosebi cu pesticide,
repercutdndu-se negativ si asupra calitatii
alimentelor. Sunt mentionate metodelc
de remediere @ acestor carenle  prin
practicaren unei agriculturi mai  apro-
plate de noturad, utilizindu-se tehnicile

de fertilizare {raditionale, procedee ex-
perimentate cu succes de citre  unele
tarl din nordul Furcopel. Sunt mentio-
nate in lucrare practicile de cultura peo
baza principiflor agriculturii  biologice,
precum si avantajele el privind produc-
tia cerealiera si animala.

Cea mai mare parte a luerdrii este
consiterata capitolelor IV si V), ecare tra-
teard despre principalele probleme  ale
ocrotivit naturii in Bomania,

Capitolul 1V — | Ocrotirea naturii in

Romaéania~ (V. Cr constituie o

ca) -

zentar pe oscurt o prinen
ticularitati fizico-geografice si 1
tivele istorice eco-protectesre dir
mania, sunt analizate. pe baze de  date
cu exemplificar! judicios solectate, £96
obicctive protejate, care adiipostese specii
de plante si animale rare sou endemico,
precum si formatiuni geologice 4i speo-
logic~ unice. De asemenea, mai sunt evi-
dentiate si principalele | Instituti
desfasoard o activitate  eco-protecicare
secundara®.

Capitolul V, , Politica ecologicd in Ro-
mania* (Irina Goia), trateazd despre mo-
dul d= organizare a ocrotirii naturii si
protectia mediului atdt in trecut, cat i
in prezent., Se evidentiazd, de asemenen,
rolul partidelor ecologiste si al organi-
zatiilor neguvernamentale, precum si in-
strumentul legislativ aplicat in Roménia
pentru ocrotirea naturij.

Consideram ca lucrarea referntd, r~u
un continut unitar si bogat argumentata,.
prezintd interes moior rtat pentru prac-
ticieni, c8t si pentru cei ce iubesc na-
tura cirora li se si adresearza.

IOAN POP

Gerd W. Littig (Editor), Pro-
ceedings, 10th International Feat Con-
gress Lucridrile celui de ol 10-lea Con-
gres Iniernafional de Turvd) (Breme
1096), E. Schweizerbart'sche .
buchhandlung (Nigele u.  Ohormillor),
Stuttgart, 1996, Vol. 1, VIIT + 273 pa-
gini cu o figurd si un tabel: Vol 2, XIV
+ 558 pagini cu 131 figuri si 104 tobele;




RECENZIL

Vol 3, VIII -+ 116 pagini cu 6 tabele;
Vol. 4, VIIT + 149 pagini cu 30 figuri
si 17 tabele incluse in text.

Contributiile stiintifice si tehnice alv
celui de al 10-lea Congres International
de Turbd, Bremen (27 mai — 2 junie
1996) sunt reprezentate sub forma a4
volume: Abstracts — Rezumate Vel 1),
Proceedings — Lucrart complete (Vol. 2},
Summary Papers — TLucrari in rezumal
Vol 3) si Late Contributions — Contri-
butii ulterioare Vol 4).

Rezultatele cercetiarilor originale, fun-
damentale si tehuico-aplicative  repre-
zintad stridaniile depuse de marea lami-
lie a cereetitorilor turbei din 40 de tari
de pe toate continentele Terrel. Infor-
matiile cuprinse in cele { volume ilus-
treaza in special preocuparile cercetato-
rilor in ultimii 4 ani, cuprinzand perica-

cdr dintre cel de al 9-lea Congres
International de Turbia (Uppsala, Sue-
dia), avand ca tema [ Turba in natura
si In industrie -—- o problemd de echi-

Hbrut st ocel de al
ternational de Turba (Bromen. Germo-
nia), avand ca tema generala |, Utilizaren
turbei — prezenf, trecut si viitor".

i0-lea Congros In-

Congresul al 10-lea este primul cor-
gres care are foe in Germania, locali-
zarea find pe deplin justificata de pro-
zenla gipanticelor depozite do turba din
nord-vesiul Germanici, precum si oa in-
stitutiilor stiintifice avate pe  studiul
turbel -— nord-vestul Germaniel consti-
tuind un adevarat centru al cercetarilor
fundameoentale i de utilizare g turbel.

Structura celor 4 volume, ca sioa lu-
crarilor congresului se axeazrd pe 6 di-
-ctil, coresbunzand comisiilor de  spe-
cialitate ale Comitelului International

do Turba Cele 21 de teme generale, In
care wu o fost incluse peste 250 luorari
stiintifice, suni cuprinse in cele 4 vo-

Jume.

Cantitatea enormit de
zontale sub forma  de  comunicdari  in
plen, postere, conferinte, expozitii teh-
nice siomal sles discutii au o putut i
accesibile datorita programului stiintilic
riguros respectiat, precum st cordialitadii
care caracterizeazit familia cercetatorilor

informatii pre-

turbei, permiland realizarea de  nume-
roase intalniri intre colegl si contacte

cu participanti si specialisti din toata lu-
med,

Denumirile ceior 6 comisii de <peecia-
litate si ale principalelor teme abord e
sunt specificate in cele ce urmeaza.
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Comisia [: Stratigrafia, inventarierea
si conservarea turbariilor, in  care au
fost incluse patru teme:

. Tipurile, geneza st clasificarca mlas-
tinilor de turbd, cuprinzand cercetdri
botanice, ecologice, pedologice, noi sis-
teme de clasificare in functie de genezn
turbei, zonarea si succesiunea vegetatiei;

2. Distributia globala si resurselc mlas-
tinilor, cu referire la analizele carlogra-
fice, geografice, reconsiderarea resurse-
tor de turba;

3. Criteriile de conservare a diferite-
lor tipuri de mlastini de turbd; discuta-
rea de noi criterit stiintifice, ecologice,
oducationale si de recreere, proiectarea
unor sisteme de prezervare, biodiversi-
tate, masuri de remediere pentru resta-
bilirea functiilor ecosistemlor naturale
cu turbarii;

4. Turbdriile ca arhive istorice; stra-
tigrafia turbei ca indicator al evenimen-
telor climatice, datarea cu radiocarbon
in investigatii geochimice si geobotani-
ce, lito- si cronostratigrafice, mlastinile
arhive ale poludarii atmosferer cu metale
grele,

Comisia 11 Utilizarea  industriala  a
turbei, cu urmitoarele 4 teme:

5, Standrorde internationale pentru fur-
b, produsi de turbd si substituenti de
turba;

6. BExtractia si tratarea turbei, produsii
de turba cu valoare suplimentard; im-
bunalatirea normelor de colectare, mo-
delele economice pentru recoltarea tur-
bei, prevenirea puiverizarii  in timpul
utilizarii turbei;

7. Ambalaie pentru turbd si reciclarea
materialelor de ambaiaj;

8. Turba ca resursdt eneractied; istoria
extragerii wurbel, dezvoltarea productici
de turba in programele de bioenergic.

Comisia I1T: Utllizavea turbei  si &
turbariilor in agricultura, horticultura <t
silviculiurd, avand trei teme generale:

9. Ulilizarea intenstud si evtensivd in
aqgriculture -— beneficiile si riscurile cco-
sistemelor de turbarii; dezvoltarca agri-
culturii in turbariile tropieale, schimbu-
rile in ecosistemele turboase in urma
drenarii sioutilizaril agricole, fertilizanti
cu P si N pentru o agricultura durabild
in mlastinile ombrogene;

10. Siiviculiura pe turbari si balanta
carbonului; cfcctele  drenajului asupra
spélarii suspensiilor solide si a nutrien~
tior, conditit optime de drenaj;



240

11. Turba si produsii competitivi Iin
horticulturd; turba — mediu indispensa-
bil in horticultura, influenta gradului de
uscare asupra prorietétilor fizice.

Comisia 1V: Caracteristicile chimice, fi-
zice si bicologice ale turbei, cu urmatoi-
rele 4 {feme

Caracteristiciic chimice ale turbei,
solurilor turboase, produsilor de turba,
substantelor balncologice — not miectode

analitice; transformarea C si N i swc-
lurile turboase drenate, biochimia hu-

musului din turbd, continutul In metale

grele, schimburi de substanie intre plan-
te si tarbd, cercetari ecologice in mias-
tinile monlane, potentialul enzimatic ol

unor miastini cligetrofe, acumuiarea o
— proces al degradarii solurilor turbos-
se drenate, utilizarea analizelor chimice
diseriminatorii pentru clasificarea turbd-
riilor;

13. Cerceidri recente asupra propricid-
tilor fizice ole twrbel si evaluarea lor;
cercetari  hidrogeologice in zone natu-
rale si culilvate, variabilitatea propric-
titilor fizice si condiliile de crestere
plantelor, inftuentele antropogenc, Dvo-
prietdtile fizice ale wurbet micinats ;
suriatort manetice si cercelart sirat
fice:

14. Cunostinte bivlogice actuale asupra
tipurilor de turbd; activitaten microbiana
a turbei dz Sphagnuwm magellanicum, ae-
tivitatea biojogica a 'Lc‘7ilm' humici izo-
lati din turea sis

15. Tehrnologia chimzca a4 turbei; carac-
teristici fizico-chimize ale turbel st tch-
nologii moderne de pretucrare, preducra-
rea turbet -- o api bicizhnologic
particularitaiile steuciuraie o prepriotas
tile [lizico-chimice oo substantelor hu-
mice.

Comisia V@ Pianif.oarea ulilizari ur-
bariilor in apgricutbura, avand ca tome:

16. Balanta carboenulud in furbard
raport cu schimbarea qlobald a aces
analize de radiocarpon, dinumica

et

mlastinile occanice, fixwrea CO. atmos-
feric de catre planteie  din miastiz

fluxul oxidului nitros sl metanuinl
intr-o turkdric montani,

17. Managementul ccosistemelor de tur-
barédi naturale si modijicate; restauraren
proceselor de turbificare si revitalizarea
proceselor de inmlastinire,  continutul
biomaszi microblene si activitatea micro-
organismelor in soluriie turboase, struc-
tura si functiile microorganismeior  in
miastini virgine si modificate, structura
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si functiile ecosistemelor turbouase cu
diferite utilizari, monitoringul gceoecolo-
gic in depozitele de turba, biodiversita-
tea «i importania ambientald a (urbarii-
lor, situatia ecologica si posibilititile de
revitalizare a miastinilor oligotrofe, re-
vegelarea naturald in miastini exploa-
tate, istoricul sistemelor de protectie a
miastinilor, cresterca secundard a turbe
si rostaurarca miastinilor;

18. Cartarca turbarifior — conditie pre-
liminard pentry pianificarea  utilizdrii
turbet.

Comisia VI: Balneologin, S
terapeutica turbei, avand trei teme:

Terapia cu iurbd in contexrtul re-
zervelor de el tament, aditivi s“
indeypdrtaren rez ’u“.lm'; .xf'\rm terapiel
cu turba In Iurooa il les i-
cindg

20. Utilicarea

medizing 1

n terapeuticd a lurbel

si a substanielor cvirase din tu rb.'i; ro-
rexuliate  din
b \110*‘ cu

Jm"'rﬁ? !

humice
sninei.

reuma
arodusi din
u'“bu fce

lui substantelor
degradarea
urba J5Upra
N

!

17 m

efeetul
ismului,

auuprn o

red Pro cceselor en-
zima cnlel organismu-
tul, clesificarea pw\,:).vnuhor balneole-
cice, preparate din Sphagmon ca agenti
antivleerosi, preparate antistres, analge-
zice, titumarale, hepatoprotectoare,
modolirea unor sisteme organo-minerale
anatoage namoluiug !c-rzx,)mmc, complexe
de acizi humict din turbd cu proprietati
curative siocu eficienta protilasticd;

21, Turba i prevaaicle din furbd in
medicna veterinara; rolul preparatelor
humice in reglarca metabolismulul pro-
teic la pui, preparate cu influenie fizio-
togice s1 biochimice.

Amploarca si o complexitatea cercetir:-
wir cuprinse in cele 4 volume constituic
surs® unice de documentiare peniru cer-
cotiiorii turbei din l{am noastra, permi-
tand otedatd <incronizarea investipatii-
jor noostre cu coie din principalels ine
stitut corcetare o turbei din lume.

DANIELA PASCA

o e

and Car-
Environmen.

Brunell Ceccanti
los CGarcia (Editors),
tal Biochemistry in Practice, Vol, 1 —
\V(lwtr’x and  Soil  Management (1994},
Istituto per la Chimicu del Terreno, Pisa,
1905, N 173 pages, including 42 fi-
gures, 7 ‘tables, 5 colour photos and
Subjeet indaox,
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This volume is a special publication
in the framework of the scientific coope-
ration between Consiglio Nazionale detle

Ricerche (Italy) and Conssjo  Sunerior
de Investigaciones Cientificas (Spain)

in the period of 1989—1992. The coniri-
butors comprise 9 Italian scientists from
Florence, Pisa, Rome and Viterbo, :nd
9 Spanish scientists from Barcelona,
Murcia and Santiago de Compostela.

The volume consists of 6 chapters.
each containing a subchapter of Refe-
rences. Even the titles of chapters, sub-
chapters and sections, specified below,
will clearly demonstrate the sustained
commitment of the authors of chaplers
to the practical solution of envircnmen-
tal problems, based on the apunlication
of knowledge of basic biological pro-
COSS2S,

Chapter 1, entitled ,Biomonitorins the
Environment and Its Functionality™ (pp.
1—24) was elaborated by B, Cerounti,
(. Masctandaro and €. Garcia, This is
the introductory chapier, comprising 3
subchapters and 5 sections:  Prologue:
environmental ccology (Conceptual ap-

proach to the biosphere status*: Glo-
bal change and biochemical cveles); Per-

turhations  (Nature-induced; Man-indu.
ced); Biomarkers of ecosystem  pertie-
bations and recovery (Conteni of  the
chanters).

In Chapter 2 {(Op.
1.. Badalucco, F. De Cesare. M. Bonmati
and P. Nannipieri deal with _Soit Bio-
technologv*, Titles of the 3 subchautors
and 9 sections are the following: In-
troduction; Soil inoculation  (Microbind
inccula and plant nutrition; Microbial
inoculer and bLiological control: Microbial
inoctla and physical soil properties:; Risk
assessment); boil enzyvmes (Enzymes and
agricultural residue degradation; Enzy-
mes and solubilization of  phosphorus;
Enzymes invelved in pesticide degrada-
ton; Enzymes and biological  control:
Enzymes and phenolic waste); Enzymoes
in arable soils; Conclusions.

Chapter 3, .,Composting: Biochemistry
and Characterization™ (pp. 51—78), writ-
ten by C. Garcin, 1. Hernandez, ¥. Cos-
ta and B. Ceccanti, is divided into J
subchapters and 7 sections: Introduction:
Compositing process (Characterization of
a1 composting process — CO, emission;
Lpid fraction of wastes; The biochemis-

—30) 8 Groan,

try of composting — changes in ATP:
changes in enzymatic aetivity): Huamie

16 Biciogia T 2/1996
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substances (Biochemistry of humic sub-
stances; Extraction and {ractionation),;
New technologies to characterize a com-
posting process (Use of pyrelysis-pas
chromatography (Py-GC) in composting:
Controlled ultrafiltration on membroene;
Isceleciric focusing (IEF); Conclusions.
Chapter 4, , Anaerobic-Aerobic Treat-
ments of Agricultural Wastes* (pp. 79—
112), is described by G. Masciandaro in
4 subchapters with 8 sections: Introdsic-
tion (Agricultural wastes and environ-
mental quality; Needs of waste recye-
ling in soi Biological treatments (7
roble — lagoons; composting; Anaerobic
— microbiclogy and biothemistry: bio-
gas production; Anaerobic-aerobic); Pre-
posals (A practical case: pig  slurry:
Anaerobic test lo evaluate comvost sla-
bility; Humic acid formation during
angereblo-aerobic process); Conclusions.
A. Benedetti, A, Pigliclia and S. Ca-
i deal with ,Waste Treated Soil :
o Production® (Chapter 5, pp. 110--
in 5 subchapiers, only Subchap

130)
3 being divided into secticns (3). T}}vn‘

titles are the  following:  Introduaction;

Animal wasle and vermicompost; L
ther menl and chromium  toxicity

uptuke by crops; Cr mobility in the «
Effects of Cr on microproanisms);
search on the chromium bicavoiki
Organic {raztion of olive-uil wasle
ters: Conclusions.

EooGil-Sotres, ML CL Leiros, M. C
sar-Coepeda, AL Saga and M. V. Gol
Sangregerio have structured Chaples 4
JThe Importance of  Soil  Biochemicul
Properties in the Reclamation of Ligrite
Mining Land" (pp. 131—170), into 3 sub-
chapters with ¢ sections:  Introductio:
‘The characteristics of spoil; Spoil
nagement); Revegetation-induced chan-
ges in spoil (Evolution of biechemicud
properiies — evolution of microbial 1x
pulations; evolution of biological
vity: decomposition processes: summi:
The dynamics of organic matter in mi-
nesoils; Evoluition of physical and che-
mical properties - physical properties;
chemical properties;  Pollution-neutr:
zing properties): Summary and concli-
sions.

Due to the muitidisciplinary charaet
of the investigations described in Exn
ronmental  Biochemistry in Practice,
this volume is a very useful sowree of
information for a broad cirele of

er

MRS
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ders: soil biochemists (including enzy-
maologists), microbiologists, chemists, phy-
stsists, plant physiologists, phytopatho-
logists, zoologists, pesticide scientists,
toxicologists, environmental engineers.

STEFAN KISS

Francisco Guitian Oijea
{Idiror), Recuperacion de las Escombre-
ras de la Mina de¢ Lignitos de Meirama
(A Coruia) (Recovery of the Spoil Ben-
ches of the Lignite Mine in Meirama
{1 Corusaj}, Universidade de Santiago de

Compostela, 1995, 286 pages inclu-
ding 81 figures, 48 tables and 26

coiour photos.

The volume consists of  Introduction
and Epilogue written by the Editor and
of 9 chapters. The Editor and most of
the Authors of chapters are professors
(2. Benito Rueda, F. Gil Sotres, M. C.
Leiros de la Pena and S, Seoane La-
bandeira) or researchers (A. Sad Sarria
and . Varela Martine?) of the Univer-
sity of Santiago de Compostela (Galici,
Spain). M. C. Trasar Cepeda is collabo-
rator of the Agrobiological Research In-
stitute of Galicia in Santiago de Com-
posteli. F. Herranz Villafruela is direc-
tor of the Lignite Mining Enterprise in
Meirama, Province of A Coruia, Galicia,
NW Spain (Lignitos de Meirama S.A ),
and P Galun Regalado is head of  the
Studiss

nartment for Environmental
of this enterprise.

The volume describes the complex in-
1985 for

vestigations perforined  since
recultivation of s»oil benches  of  the
Meirama opencast lignite mine.

Chapter &, ,,The deposit of lignites of
Yesiramat (pp. 15—41), elaborated by I
Herrminz Villafruela, is divided into 5
subchapters (Geographic localisation and!
characteristics of the deposit; The mine
materiais - lignites, clays, sands  and
sandy  clays, colluviums; Mining sys-
toms and management of the mine; Spoil
enches of the mine: Necessity for rye-
habilitation of spoil benches.  Legisia-
Toan.

n Chapter 2 (op. 43—67), M. C. Leiros
d la Pesa, I’ Galan Regalado, M. C.
Trasar Cepeda and . Gil Sotros doa)
with ,The natural environment of the
mine”, under the following subchaptor
headings: Description of the area: Geo-
fogy; Topography and geomorphology;
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Climatology; Soil science; Agriculfural
popgntia}ity of the earths and actual
utilisation of the soil; Autochthonous

vegetation; Fauna.

.The spoil materials of the mine* (pp.
69—96), written by S. Secane Labandoci-
ra, E. Benito Rueda, M. C. Leirds de
la Pena, F. Gil Sotres and F. Guitidn
Ojea is the topic of Chapter 3. compri-
sing 3 subchapters: Morphology and com-
positicn; Physical properties; Chemical
properties; Biochemical properties — en-
zyme activities, ATP content; Environ-
mental problematics of the spoils.,

In Chapter 4 (pp. 97—123), 1>. Galin
Regalado reviews ,.The works for reco-
very of spoil benches®. The subchapier
titles are specified below: Works pre-
vious to revegetation; Selection of plant
species -—— grasses, legumes and  their
mixtures; Seeding methods: Selection of
ligneous  species; Works for  following
up the development of vegetation:
Integration into the landscape: General
conclusions on the recovery works.

Chanter Z, ,,The mine soils* (po. 125—
157) was elaborated by M. C. Leiros de
la Pera, C. Varela Martinez, . Gil So-
tres, M. C. Trasar Cepeda and S. Seoane
Labandeira. It consists of 4 subchapters:

Evolution of the physical properties;
Evolution ¢f the chemical propertios:

Evolution of the biochemical propertiics
— rewpiration, ATY content, enzvmatic
activities, mincralisation of nitrogen,
forms of nitrogen and phosphorus; Syn-
thesis.

,The organic matter of mine soils™ s
the fitle of Chapter 6 (pp. 150—181). The
Authers, M. C. Trasar Cepedn, AL Saa
Sarrii, M, C. Ieirés de la Posa and F.
Gil Sotres, have delineated, within this
chapter, three subchapters: Structure
and cemposition of the humic substan-
ces: I

Evolution of the humic substances;
Synthesis.

In Chapter 7, F. Gil Sotres, M. C. l.ei-
ros de la Penns, M. C. Trasar Cepoda
and I2. Benito Rueda deal with the ,,Mo-
diliciition of the contamination risk in
the recovered spoil benchest (pp. 185
211). The subchapters are ontitled  as
follows: Maodification of the risk for dis-
persion  of solid particles; Degradation
of organic materials —  pl-de
variation of enzymatic asuivity, o
kinetics, thermodynamic data; Rotention
of cations; Sorption of anions; Svnthesis.
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Chapters 8 and 9 were written by P.
Galan Regalado. Chapter 8 is devoted
to ,,The vegetation of mine soils“ (pp.
213—244) and comprises 5 subchapters:
Bioclimatic and biogeographic characte-
ristics of the study area; Methodology;
Evolution of the introduced (planted) ve-
getation; Colonising spontaneous vege-
tation; Conclusions.

Chapter 9 deals with the ,Fauna of
the reclaimed lands: colonisation and
evolution of the vertebrate communities”
(pp. 215—283), in the following subch '.p-
ters: Community of the amphibians;
Community of the reptiles; Community
of the birds; Community of the mam-
mals; Discussion; Conclusions.

In each chapter, the subchapters are
followed by Bibliography.

The investigations described in this
volume may serve as a model for re-
cultivation of spoils resulting from open-
cast mining of coal. The fruitful co-ope-
ration between the University of S m-
tiago de Compostela and the Lignite
Mining Enterprise in Meirama also has
a model value.

The recultivation success manifesting
itself in the rapidity of the pedogenetic
processes in the Meirama lignite mine
spoils should be attributed to the appro-
priate soil management practices applied
by the Authors of the volume. The
favourable properties of the parent ma-
terial and the favourable climat'c con-
ditions in the region of the Meirama
mine also contributed — as the Authors
point out — to the recultivation success.

This excellently printed volume with
its beautiful photos and accurate figu-
res is a valuable source of information
for all experts interested' in the multi-
disciplinary activity of land rehabilita-
tion.

STEFAN KISS

Wolfgang Baizer, Auswir-
kungen langjahriger Klarschlammdiin-
gung und daraus resultierender Schwer-
metallakkumulationen auf den mikrobio-
logischen Status verschiedener Bd&den
(Effects of Long-term Sewage 'Sludge
Fertilisation and of the Resulting Heavy
Metal Accumulations on the Microbio-
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logical Status of Different Soils), Wis-
senschaftlicher Fachverlag, Giessen, 1993,
IV + 192 pages including 85 tables and
30 figures.

The investigations described in the
book were performed in Germany, at
four locations (Rauischholzhausen, Spe-
yer, Braunschweig and Baumannshof),
where experimental plots on different
soils had been submitted to long-term
fertilisation with sewage sludges and
compared with NPK-fertilised or farm-
yard-manured plots. Besides these field
experiments, laboratory ones were also
carried out. Thus, the accumulations in
soils of the heavy metals originating
from sewage sludges were modelled in
laboratory experiments, in which soil
samples ware treated with solutions of
Cd, Zn, Cu, Ni, Pb, Cr and Hg chlori-
des at different rates.

The effects of sewage sludges on soils

were evaluated by analysing a great
number of physicochemical, microbiolo-
gical, enzymological and other bioche-

mical parameters. For example, the en-
zymological parameters comprised de-
hydrogenase, catalase, B-glucosidnse,
urease, protease and alkaline phospha-
tase activities playing an important role
in the biogeocycles of C, N and P.

The results have shown that long-term
fertilisation of soils with sewage slud-
ges, like treatment of their samples with
solutions of heavy metal chlorides, affec-
ted unfavourably their biological qua-
lity which was attributed, in principal,
to accumulations of heavy metals and,

in part, to a decrease in pH. These
effects were sensitively indicated
by diminutions in dehydrogenase,

alkaline phosphatase, urease and cata-
lase activities and in substrate-induced
respiration of soils.

Based on these findings, the Author
recommends that for long-term fertili-
sation with sewage sludges their maxi-
mum admissible heavy metal contents
should be lowered in comparison to the
values admitted by present regulation.

The book presents much interest for
agronomists, soil microbiologists and
biochemists and even for decision ma-
kers in problems related to environ-
mental protection.

STEFAN KISS



Tiparul executat la Imprimeria ,,ARDEALUL* Cluj
sub comanda nr. 70082



in cel de al XLI - an (1996) STUDIA UNIVERSITATIS BABES-BOLYAI

apare Tn urmatoarele serii:

matematica (trimestrial)
informatica (semestrial)
fizica (semestrial)
chimia (semestrial)
geologia (semestrial)
geografia (semestrial)
biologia (semestrial)
filosofia (semestrial)
sociologia (semestrial)
politica (anual)
efemeride (anual)

studii europene (semestrial)
business (semestrial)
psihologia-pedagogia (semestrial)
stiinte economice (semestrial)
stiinte juridice (semestrial)

istorie (trei aparitii pe an)
filologie (trimestrial)

teologie ortodoxa (semestrial)
teologie catolica (anual)

educatie fizica (anual)

In the XLI - year of its publication (1996) STUDIA UNIVERSITATIS

mathematics (quarterly)

computer science (semesterily)

physics (semesterily)
chemistry (semesterily)
geology (semesterily)
geography (semesterily)
biology (semesterily)
philosophy (semesterily)
sociology (semesterily)
politics (yearly)
ephemerides (yearly)

BABES-BOLYAI is issued in the following series:

european studies (semesterily)
business (semesterily)

psychology - pedagogy (semesterily)
economic sciences (semesterily)
juridical sciences (semesterily)
history (three issues per year)
philology (quarterly)

orthodox théologie (semesterily)
catholic théologie (yearly)

physical training (yeary)

Dans sa XL - e année (1996) STUDIA UNIVERSITATIS BABES-BOLYAI

parait dans les séries suivants:

mathématiques (trimestriellement) european sciences (semestriellement)
informatiques (semestriellement) affaires sciences (semestriellement)
physique (semestriellement) psychologie pedagogie (semestriellement)
chimie (semestriellement) sciences économiques (semestriellement)
geologia (semestriellement) sciences juridiques (semestriellement)
géographie (semestriellement) histoire (trois apparitions per année)
biologie (semestriellement) philologie (trimestriellement)
philosophie (semestriellement) théologie orthodoxe (semestriellement)
sociologie (semestriellement) théologie catholique (annuel)

politique (annuel) éducation physique (annuel)
ephemerides (annuel)






