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STUDIA UNIVERSITATIS BABES-BOLYAI, BIOLOGIA, XLIV, 1-2, 1999

ENZYMOLOGY OF SOILS INOCULATED WITH MICROORGANISMS

STEFAN KISS

SUMMARY .- This review article consists of two parts dealimgth
enzymology of soils inoculated with natural and eferally engineered
microorganisms, respectively.

Part | comprises four chapters reviewing the i@ on soll
enzymological effects of the inoculation of diffategroups of natural
microorganisms. Chapter 1 is devoted to inoculatainplant growth-
promoting microorganisms: MNixing bacteria Rhizobium, Azotobacter,
cyanobacteria); phospate- and potassium-solulglibiacteria; green algae;
mycorrhizal plus saprophytic fungi. The topic ofapker 2 is the inoculation
of biocontrol microorganismsTrichoderma sp. for controlling fungal
diseases of plants caused Werticillium dahliae and Pythium ultimum;
Bacillus thuringiensis for controlling harmful insects of forests;
Pseudomonas fluoresceR413Rif - a prospective biocontrol agent. Chapter
3 deals with inoculation of bioremediating microangsms: hydrocarbon-
oxidising microorganisms for remediation of oil-taminated soils; bacteria
for remediation of soils polluted by emissions frawoking plants; bacteria
for remediation of heavy metal-polluted soils; et enhancing
phytoremediation of contaminated soils. Chapter dscdbes other
microorganisms Rseudomonasp. RCI rif® and Flavobacteriumsp. P25)
inoculated into soil for fundamental studies.

In Part Il, the soil enzymological effects of theo¢ulation of the
following genetically engineered bacteria were eexdd: Pseudomonas
putida PPO301(pR0O103)Escherichia coli W3110(R702), Streptomyces
lividans TK23.1, Pseudomonas fluoresce®586s/FAC510Pseudomonas
fluorescensSBW 25 EeZY.

Introduction. Soils are inoculated with potentially beneficial
microorganisms, with the aim to promote plant gtowb control phytopathogens
and insect pests or to enhance bioremediation.dBeghe potentially beneficial
microorganisms, other microorganisms were also dsedtudying fundamental
aspects of microbial inoculations such as surviffalte) of the inoculated
microorganisms in soil and their effects on phylsichemical and biological soil
properties. The inoculation of microorganisms ithexi direct or indirect. The
direct inoculation means that the soils are treatgth the microorganisms.
The inoculation is indirect when the soils are somith seeds previously treated
with microorganisms.

* Babe-Bolyai University, Department of Plant Physiologiaboratory for Environmental
Enzymology and Microbiology, 3400 Cluj, Romania
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The investigations on microbial inoculation of sdilave intensified in the
last decades which is related to the extensivearonover the risks of accidental
release and intentional use of genetically engagkeranimals, plants,
microorganisms and viruses, including inoculatioh swils with genetically
engineered microorganisme. @.[3, 9, 17, 45, 63, 64, 66]). At the same time, the
soil enzymological effects of the inoculation withatural (non-engineered)
microorganisms continued to remain an importanictopthe investigations.

The present review article consists of two pamsPart |, enzymology of
soils inoculated with natural microorganisms is [degth, whereas Part Il is
devoted to enzymology of soils inoculated with deradly engineered
microorganisms.

The enzymological investigations, in which natural genetically
engineered microorganisms were inoculated intalstéautoclaved) soilse( g.
[12, 27, 39, 61, 65]), are not considered in thidgaw.

PART I. ENZYMOLOGY OF SOILS INOCULATED WITH NATURAL
MICROORGANISMS

The literature data reviewed will be grouped intohépters, dealing with
the soil enzymological effects of plant growth-paiing, biocontrol,
bioremediating and other inoculants, respectively.

I. 1. Soil enzyme activities as affected by inoculation of plant growth-
promoting micr oor ganisms

The microbial inoculants promote plant growth by:

- improving the nutrient status of soil (increasihg tavailable N, P, K
contents);

- producing plant growth hormones and vitamins;

- enriching the soil in organic matter;

- improving the soil structure.

I. 1.1. Inoculation of Kfixing bacteria. 1. 1.1.1. Inoculation of Rhizohtu
The most frequently used name of the commerdiizobiumcontaining
preparations for inoculation of legume seeds isdgin.

Orlyanskaya [48] carried out a field experiment arsoddy-podzolic
soil, using broadbearVicia fabacv. Altai violet) as test plant. Before sowingeth
experimental plots (20.5 Treach) were fertilised with superphosphate (30G1&)y/
and potash salt (150 kg/ha) and the seeds wereeddakwater (control) or in
suspension of Nitragin Rhizobium leguminosarunstrain 74). During the

4
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vegetation period, soil samples were taken fromrltizosphere and analysed for
determination of catalase, invertase, amylase aeasa activities. Table 1 shows
that each rhizosphere enzyme activity at each drostage was higher in the
Nitragin treatment than in the control. It should bdded that the Nitragin
treatment also resulted in higher contents of Bigrovitamins (thiamine,
pyridoxine, nicotinic acid, inositol, biotin andtathenic acid) in both rhizosphere
soil and roots and root nodules, and in increasep yield.

Table 1

Enzyme activitiesin therhizospher e of broadbean plants developed from
non-inoculated and Nitragin-inoculated seeds [48]

Treatment Enzyme activities
Catalase Invertase Amylase Urease
Growth stages
A B C D A B C A B C B C D

Soaking 15 22 29 30 593 373 403 171 2.85 114 0.37844 0.578
of seeds

in water

Soaking
of seeds
in Nitra-
gin sus-
pension

33 30 37 33 763 503 6.03 455 341 256 0.445 0.710 0.816

* Expression of enzyme activities: catalase in miOgfg soil/minute; invertase in mg of
glucose/5 g soil/24 hours; amylase in mg of maltogesoil/24 hours and urease in mg of
ammonia/g soil/24 hours.

** A - 5-6-leaf stage. B - Bud formation stage. Elewering stage. D - Maturation stage.

In two short reports, Retkpovic et al. [52, 53] described field

experiments, in which acid soils were limed atsaté 6, 10 and 14 t CaG@Da,
then sown with alfalfaNledicago sativaseeds, either non-inoculated or inoculated
with a Rhizobium melilotstrain. Soil protease and cellulase activitiesewfeund

to be higher in the inoculated variants. For exampl; cellulase activity
(expressed in mg of glucose/g soil) ranged frond®.% 0.695 in the inoculated
variants and from 0.365 to 0.640 in the non-incmdaones. The number of
proteolytic microorganisms was lower, but the numbef cellulolytic
microorganisms was higher in the soil of the inated variants than in the soil of
the non-inoculated ones.
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In Strnisa and co-workers' [60] experiments, the effechotulation and

fungicide treatment of peaP{sum sativum seeds on the rhizosphere
dehydrogenase activity was studied. For inoculat®hizobium leguminosarum
bv. viciae was used. The pea varieties Karina and Pioneewgéfe tested. The
fungicide (tetramethylthiuram disulphide) was apgliat a rate of 200 g/100 kg
seeds. The experimental variants were: 1. not latedl and not treated with
fungicide (control); 2. inoculated; 3. fungicide#ated and 4. inoculated and
fungicide-treated.

The rhizosphere dehydrogenase activity was ass2yemhd 45 days after
germination. At day 21, dehydrogenase activity \Wwagher in the inoculated and
fungicide-treated variant and lower in the inocedabr fungicide-treated variants
than in the control, in the rhizosphere of both pardeties. At day 45 (flowering
stage), essential differences were found in theodphere dehydrogenase activity
between the two pea varieties. In the case of thenK variety, the highest
dehydrogenase activity was registered in the rpizee of control plants, whereas,
in the rhizosphere of the Pioneer AF variety, debgdnase activity, taken as 100%
in the control, decreased in the following orde#444% (fungicide-treated) >
129.63% (inoculated) > 38.89% (inoculated and fcidgtreated). One can draw the
conclusion that inoculation alone led to increasezbsphere dehydrogenase activity
only at the flowering stage of the Pioneer AF ustrie

I. 1.1.2. Inoculation ofAzotobacter. In the laboratory experiment
performed by Kucharski and Niklewska [35], 400-g-cgiied samples of a
sandy soil were amended with wheat straw (at ret€s15 and 1.5 g/100 g soil)
and inoculated with Azotobacter sp. (5.4.16 cells/lg soil) or with other
microorganisms:Bacillus subtilis (1.1¢ cells/g soil), Streptomycessp. (6.18
cells/g soil) orPenicillium sp. (400 spores/g soil). The control soil samplesew
not inoculated; some controls were not amended stidw and not fertilised; other
controls were amended but not fertilised; thereewalso controls which were
amended and fertilised with urea (10 mg N/100 d).saéill samples were then
incubated at L and at constant moisture content (60% of maxinwaer-
holding capacity) for 150 days. At 30-day interyaie soil samples were analysed
for determination of their dehydrogenase, ureaseaaid and alkaline phosphatase
activities.

Comparison of the results obtained in inoculated aon-inoculated soil
samples has shown that inoculation of each micerousgn led to diminution of
dehydrogenase, urease and acid phosphatase astiiitithe samples amended
with the smaller dose of straw (0.15 g/100 soiljl &m increases in dehydrogenase
activity and to little changes in urease and adidgphatase activities in samples
which received 1.5 g straw/100 g soil. Dehydrogenraxtivity, expressed in nim
6
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H»/100 g soil, presented the following order in tloatcol and inoculated samples:
346 (N-fertilised control) > 285Azobactersp.) > 220 Bacillus subtili > 213
(Streptomycesp. andPenicillium sp.) > 211 (unfertilised control). Consequently,
of the four microorganisms inoculatedizotobactersp. was most efficient in
increasing soil dehydrogenase activity. Finallyshbuld be mentioned that alkaline
phosphatase activity was not affected by any ofrtheulated microorganisms.
Jaraket al.[28] installed experimental plots on a hydromocpiiliack soll
in Padinska Skela (Yugoslavia). The test plant wheat {riticum vulgarevar.
PKB-Mlinarka). The seeds, before being sown int plots, were inoculated with
one of sevezotobacter chroococcusirains designated 3, 10, 20, 76, 84, 86 and
201. The control plot was sown with non-inoculasegds. After harvest, the sall
was analysed for determination of dehydrogenaseitsctit was found that the
activity increased only in the solil, into which deenoculated with strain 86 were
sown. In the case of the other six strains, theesdiibited lower dehydrogenase
activity than the soil in the control plot. Contharinoculation of seeds with the
strains, excepting strain 76, brought about 9.8%3increases in grain yield.

I. 1.1.3. Combined inoculation #fzotobacterand Rhizobium. The
Indian researchers Narula and Gupta [44] used thenamia-secreting
Azotobacter chroococcustrain AC2 for inoculation of cereals aAdchroococcum
AC2 alone or in association with the specific rhizofor inoculation of legumes.
Local varieties of wheatfTfiticum vulgarg, maize Zea maygsand barley lordeum
vulgarg as well as mungbearVigna radiata var. K-851) and chickpeaCicer
arietinumvar. H-208) were studied. The seeds treated AitthroococcunAC2 or
with equal amounts oA. chroococcumAC2 and Rhizobiumsp. were sown in
vegetation pots containing a mixture of garden aod sand (at 2:1 ratio) amended
with 0.5% KHPQ, and 0.1% CaC@ Non-inoculated plants served as controls.

The soil-sand mixtures were sampled after 35 ddyplant growth for
enzymological analyses. The enzyme activities detexd are specified and the
results obtained are reproduced in Table 2. ltvidesmt from this table that soll
invertase and amylase activities were negligibly io all treatments. Inoculations
led to significant decreases in soil phosphatageitgc Arylsulphatase activity was
significantly higher in soil under inoculated planthan in the control soil,
excepting the soil under chickpea inoculated vRthizobiumsp. only: in this soil
arylsulphatase activity was significantly lower rthim the control soil and in the
soil under chickpea inoculated with both chroococcunAC2 andRhizobiumsp.
Levels of significance were at 0.01.
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Table 2

Effect of Azotobacter chroococcum AC2 alone and in association
with Rhizobium sp. on enzyme activitiesin soil planted with wheat,
maize, barley, mungbean and chickpea [44]

Plant Treatment Enzyme activities
Invertase Amylase  Phosphatase  Arylsulphatase

Wheat Control 0.013 0.021 9.59 4,91
A. chroococcum 0.023 0.040 5.00 5.54

Maize Control 0.024 0.046 13.02 1.30
A. chroococcum 0.049 0.050 6.70 1.36

Barley Control 0.001 0.046 12.81 3.70
A. chroococcum ND 0.046 10.58 6.99

Mungbean Control 0.020 0.034 14.25 4.46
Rhizobiumsp. 0.006 0.080 13.12 5.25
Rhizobium sp. +  0.024 0.040 7.97 5.29
A. chroococcum

Chickpea Control 0.010 0.002 9.96 7.24
Rhizobiunmsp. 0.010 0.040 6.09 7.06
Rhizobium sp. + 0.012 0.029 6.15 7.50

A. chroococcum

" Expression of enzyme activities: invertasepimoles of glucose/g soil/3 hours; amylase
in umoles of glucose/g soil/24 hours; phosphatase awtbufphatase inumoles of
p-nitrophenol/g soil/hour.

ND - Not determined.

I. 1.1.4. Inoculation of cyanobacteria (blue-greatgae) For a field
experiment, Dzhumaniyazoet al.[23] used wheat seeds soaked in suspension
of a mixture of seven species of cyanobacteria gffexies names are not given by
the authors) or in a suspensionSifatonostoc linckid. muscorum The control
seeds were soaked in water. The seeds were thaniatavan NP-fertilised non-
irrigated grey soil in Uzbekistan. At the inspicatiand maturation stages of wheat
growth, peroxidase and polyphenol oxidase actwitiere determined in the 0-22-
and 22-50-cm soil layers.

Peroxidase activity measured at the inspicatiogestaas higher in both
soil layers of both inoculated variants than in tomtrol, but at the maturation
stage this activity exceeded the control value anlyhe 0-22-cm layer of the
variant, in whichStratonostoc linckiagf. muscorumwas used for inoculation of
seeds.
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At the inspication stage, polyphenol oxidase atstigave increased values
in the upper soil layer in both inoculated variaamsl in the deeper soil layer only
in the Stratonostodnoculated variant. At the maturation stage, pbmol oxidase
activity of both soil layers exhibited no evideriffetences between the inoculated
and non-inoculated variants.

Taubaevet al. [62] also usedstratonostoc linckid. muscorumfor seed
inoculation. The test plant was cotton. Its inotediaand non-inoculated (control)
seeds (soaked in cyanobacterial suspension and, negpectively) were sown into
an NPK-fertilised irrigated grey soil. The experim® were carried out in
vegetation pots and in the field. Peroxidase angipbenol oxidase activities in
soil were assayed at bud formation, flowering amaturation stages of cotton
growth.

In the pot experiment, both enzyme activities atgabwth stages were
higher in the inoculated variant than in the coptnereas in the field experiment
only polyphenol oxidase activity measured at thed Hormation stage was
considerably higher in the inoculated variant thmathe control.

In the field experiment described by Nafasov [433e seeds were,
before sowing, inoculated witNostoc muscorunfsoaked in the cyanobacterial
suspension) or left non-inoculated, e. soaked in water (control). Seasonal
variation of peroxidase and polyphenol oxidaseviids was determined in the
0-25- and 25-50-cm soil layers sampled in May, dulgl October.

In each month, both activities in both soil layevere higher in the
inoculated variant than in the control. Exceptitnathe reverse was true for
peroxidase activity in the 0-25-cm layer in October

The upper soil layer was more enzyme-active thandbeper one. An
exception was registered, again in peroxidaseifciiv October: in the inoculated
variant the deeper layer was more active than pipemuone.

Peroxidase activity was highest in July, and pofypi oxidase activity
showed increased values in May and October.

Rao and Burns [50,51] used a mixture of six cyantdsa Calothrix
sp., Nostoc sp. 6719,Nostoc muscorumARM-221, Tolypothrix distorta CCAP
1482/2, Tolypothrix tenuisARM-76 and Westiellopsis prolificaARM-365) for
inoculation of a brown earth of silt-loam texture.

Soil, collected from the 0-20-cm layer, was plaoedpecially constructed
multicompartment polybutylchloride columns (5, 1@dal5 cm in height and 15
cm in diameter) that allowed the collection of ssdmples at different depths
without disturbing the adjacent layers. The cyatdr@al mixture was surface-
inoculated on wet soil. The inoculum was equivalent4.1 ug of chlorophyll
alcn?. The columns with the inoculated soil were incedaat 28C in a growth
chamber (18-hour light and 6-hour dark cycle). Dankl light controls served for
comparison. In the dark control, the soil was ida@d, but the columns were

9
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incubated with a PVC plate covering the surfacee Tight control was not
inoculated, but exposed to light. The soil in alunns was maintained water-
logged with 1 cm standing water, to simulate thiecamditions for rice growth.

After 5, 13 and 21 weeks of incubation, soil layeese removed from the
comuns and analysed for a series of microbiolog&@ymological, chemical and
physical properties.

In the inoculated columns, although a mixture ok sipecies was
introduced,Nostoc muscorunARM-221 became dominant. In the light control
columns, the mosBarbula recurvirostrawas dominant and restricted the growth
of blue-green and other algae for the first 13 gedkater, there was partial
disintegration of the moss mat and indigenous graad blue-green algae
developed. By week 21, the total count of blue-grakyae and the count of,N
fixing blue-green algae in the surface soil lay@0(7 cm) in the light control were
identical to the counts recorded in the inoculatelims (2.16 and 1.2.18g dry
soil, respectively).

The enzyme activities (dehydrogenase, urease anttahg@hosphatase)
were determined in the surface (0-0.7-cm) layer andour subsurface layers
(0.7-1.7, 1.7-2.7, 2.7-3.7 and 3.7-4.7 cm). Thailtesare presented in Table 3,
from which one can see that dehydrogenase activityeased in both the
inoculated and light control columns in the surfao# layer. The increase over the
dark control was 3.1- and 1.7-fold after 5 week&; &And 1.6-fold after 13 weeks
and 2.1- and 2.7-fold after 21 weeks for the inatd soil and light control,
respectively. This means that by weeks 13 and 2lstirface soil was more
dehydrogenase-active in the light control (non-iated) than in the inoculated
columns. Dehydrogenase activity decreased with hdaptall treatments at all
times.

Urease activity in the surface soil layer of theadualated columns was
increased 2.5-fold over the dark control after ®kse 2.4-fold after 13 weeks and
2.8-fold after 21 weeks, whereas the increaseisfattivity in the surface layer of
the light control columns was 3.0- and 4.3-folceaft3 and 21 weeks, respectively.
In other words, the surface layer of the light cohtolumns exhibited higher
urease activity after 13 and 21 weeks than the skyer of the inoculated
columns. In all treatments, urease activity of shbsurface soil layers varied to a
lesser extent.

Phosphatase activity increased with time in théaser soil layer of both
inoculated and light control columns as comparethéodark control. The increase
was 1.7- and 2.4-fold after 5 weeks, 3.1- and 6l8-after 13 weeks and 3.1- and
5.5-fold after 21 weeks in the inoculated and ligbhtrol columns, respectively.
Again, the surface soil layer proved to be moreyerezactive in the light control
than in the inocualted columns. Phosphatase actlike urease activity, exhibited
smaller changes in the subsurface soil layers.

10
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It should be mentioned that the aggregate staliilitgx increased from 0.70
(dark control) to 0.75 (inoculated) and 0.76 (ligbhtrol) after 13 weeks, and from
0.79 (dark control) to 0.82 (inoculated) and 0.8jh{ control) after 21 weeks, e.
soil aggregation in the inoculated and light contomlumns was similarly
improved.

Table 3

Effect of theinoculation of soil with cyanobacteria on enzyme activities
in surface (0-0.7 cm) and subsurface (0.7-4.7 cm) soil layers [51]

Enzyme Treatment Soil layer Incubation time
activity* 5 weeks 13 weeks 21 weeks
Dehydrogenase  Dark control Surface 88.98.2 67.6:2.4 50.9:1.1
Subsurface** 27.53.4 13.12.4 9.:0.6
Inoculated Surface 276.4:10.5 81.21.2 107.53.0
Subsurface** 28.51.3 9.G:0.7 9.50.1
Light control ~ Surface 154.910.8 105.82.0 139.1:4.2
Subsurface*  23.23.3 8.30.5 9.80.2
LSD (P=0.05) Surface 44.5 6.6 13.8
Urease Dark control  Surface 0.7%#0.1 0.87%0.1 1.310.2
Subsurface** 1.06:0.3 1.3%0.3 1.46:0.2
Inoculated Surface 1.92:0.1 2.12:0.3 3.61:0.4
Subsurface** 1.29:0.4 1.89:0.3 1.710.2
Light control ~ Surface ND 2.67%0.3 5.60:0.5
Subsurface** ND 1.40:0.1 1.52:0.1
LSD (P=0.05) Surface 0.43 0.78 1.31
Phosphatase Dark control Surface 0.49:0.07 0.84:0.05 0.44:0.05
Subsurface** 0.73:0.09 0.37%#0.04 0.63:0.09
Inoculated Surface 0.84:0.16 1.870.06 1.40:0.13
Subsurface** 0.66:0.06 0.38:0.07 0.66:0.08
Light control ~ Surface 1.18:0.18 2.74:0.07 2.47%0.17
Subsurface** ND 0.37%0.08 0.71:0.06
LSD (P=0.05) Surface 0.21 0.43 0.47

* Expression of enzyme activities: dehydrogenasggnof triphenylformazan/g soil/24
hours; urease irumoles of ammonia/g soil/lhour and phosphataseuimoles of
p-nitrophenol/g soil/hour.

** Average of activities measured in the four sulface layers. All differences in enzyme

activities for subsurface layers within treatmeares not significant apZ 0.05.

LSD - Least significant difference.
ND - Not determined.

11
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Based on this observation and on the finding tfiat 43 and 21 weeks all
enzyme activities were higher in the light contitthn in the inoculated soil, one
can draw the conclusion that, under appropiate iiond of light and moisture, the
indigenous species may be as effective as inocllspecies in bringing about
favourable changes to soil.

I. 1.2. Inoculation of phosphate-solubilising ba@e Burangulova and
Khaziev [6-8, 29] studied the effect of the comnadrcpreparation
Phosphorobacterin  (containing  phosphate-solubglisirbacteria, PSB) on
phosphohydrolase (phosphomonoesterase and RN#s#)esan typical, calcareous
and leached chernozems. Field experiments weredaout in different areas of
Bashkiria. Spring wheat was the test plant. Theysplere: 1. not inoculated and not
fertilised; 2. inoculated; 3. inoculated and feséd with urea (45 kg N/ha) or
superphosphate (60 kg P/ha) and 4. not inoculatédetilised with urea (45 kg
N/ha), ammoniated coal humate (2 t/ha), superptmsd@0 kg P/ha), NPK (45, 60
and 60 kg/ha, respectively) or farmyard-manured t(R8). During the vegetation
period, rhizosphere and non-rhizosphere soil saanplere analysed monthly. The
grain yields were also recorded.

It could be deduced from the results obtained timetculation of
Phosphorobacterin had increasing effect only orrtifmbsphere enzyme activities.
This effect was strongest when inoculation was dost with urea fertilisation.
However, the activities, like grain yields, werglnést in the non-inoculated but
farmyard-manured plots.

Badr EI-Din and Saber [2] used a local strain oBPSBacillus
megateriumvar. phosphaticusfor inoculation of 400-g potted samples of an
Egyptian calcareous soil. The soil samples, comigi®.2% total soluble salts
(TSS), were supplied with sodium chloride to esshiblour levels of TTS: 0.2, 0.4,
0.8 and 1.2%, then fertilised with ammonium phos$pl{@.13 g/kg soil) and sown
with barley seeds. The soil surface was inoculatéth 10 ml of suspension
containing 18 viable PSB cells/ml or with 10 ml of water (noreaulated,
control). During the growth period (60 days), sbimidity was maintained at
about 50% of field capacity. Numbers of PSB andydetgenase activity in the
rhizosphere of barley plants were assayed at 10nafesvals, and dry weight and P
content of the plants were determined at day 60.

The results showed that the numbers of viable RSB were persistently
higher in the inoculated soil and reached theikpdmost at day 40 after sowing,
then declined. The results also indicated thatimabers of these cells decreased
with increasing salinity. The rhizosphere dehydrage activity was also
negatively affected by increasing salinity, butvitédues were only a little higher in
the inoculated than in the non-inoculated soilsocidation also resulted in
increased dry weight and P uptake by the barleytplgrowing at 0.2%-0.8% TSS;
at 1.2% TSS, the seeds failed to germinate in hotiinoculated and inoculated
soils.

12
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The phosphate-solubilising bacteriufBnterobacter agglomeransthe
culture of which was used by Kiet al.[31] for soil inoculation, had been isolated
from wheat rhizosphere. The effects of organic @nend carbon sources on the
survival of E. agglomerangand on several soil parameters were studied.

The silt loam soil used was collected from the Adtizon (0-30 cm) at
Bradford Agronomy Research Center, Columbia, MOn@&as (400 g) of air-dried
soil were placed in 600-ml beakers and 4 g of hyglmpatite (HA) were mixed to
yield soil containing 1% HAE. agglomeransvas cultured in LB medium (peptone
10 g; yeast extract 5 g; NaCl 5 g; distilled wdtdy pH 7.0). The treatments of the
soil-HA mixtures included:

C1 (control 1): 120 ml LB medium; witho&. agglomeransnd additional
energy source;

C2 (control 2): 120 ml culture suspension (3.1d®lls/ml); without
additional energy source;

GL: 120 ml culture suspension + 1% glucose;

PA: 120 ml culture suspension + 1% phytic acid dadedium salt;

GP: 120 ml culture suspension + 1% glycerol-2-phosig acid disodium
salt; and

SS: 120 ml culture suspension + 1% soluble starch.

We remark based on this list of treatments that-inooulated controls
with addition of organic energy sources which coiilthake possible to evaluate
the contribution of the indigenous microbiota te thffects observed in the GL,
PA, GP and SS treatments, were not included.

The beakers were incubated af@&or 55 days. During incubation, the
30% soil moisture content (on dry weight basis) wasntained. Number oE.
agglomeranscells and some soil parameteres, including alkalam acid
phosphatase activities, were determined at da¥8,22 and 55.

In the C1 treatment, in which, as mentioned abawd;. agglomerandad
been added to the soil, no PSB were detedtedthe soil used was devoid of
detectable native PSB. Consequently, in the otha@ro€ulated) treatments all
effects attributable to PSB were caused by theulabedE. agglomerans.

In the C2 treatmenE. agglomeransvas not detectable after 22 days, but it
survived for the 55 days in all organic energytirents, in which, however, the
agglomeranspopulation declined significantly with time. The reival of E.
agglomeransn the GL treatment was about 2 to 15 times greaimpared to the
other treatments at days 10, 22 and 55.

In the C1, C2, GL and SS treatments, alkaline phaisse activity at day 2
was significantly higher than at days 10, 22 andab8 showed a progressive
decrease with time. This decrease correlated wiih decrease in thé.
agglomeranspopulation. In the PA and GP treatments, the #ygtiwas almost
constant, but low during the incubation exceptiiga® day 55.
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Acid phosphatase activity at day 2 was higher thaday 10. After 10
days, this activity continuously increased to dayrball treatments.

Both phosphatase activities were higher in the &d 8S treatments than
in the PA and GP treatments, as well as in ther€&&rments at day 2 than in the C1
treatment.

E. agglomeransin C2 treatment increased P solubilisation congpéoeC1
at day 2; however, with time there was no signiftcdifference in C2 and C1, as
well as in GL and SS. High soil P concentrationsedfeund in PA (at day 55) and
in GP (at days 22 and 55), exceeding 1.5-2.0 tilned® concentrations measured
in the other treatments on the same day.

I. 1.3. Combined inoculation of phosphate-solulritisand associative N
fixing bacteria A combined bacterial preparation consisting ahiature of three
active PSB strains isolated from a typical chernozend Rhizoenterin (a
commercial product, in which peat serves as cawofethe culture of MHixing
Enterobacter aerogengsvas used by Shatokhina and Khristenko [57] for
inoculation of maize seeds before sowing them #iteige production) into a
typical chernozem of heavy loam texture locatedthia forest-steppe zone of
Ukraine.

The experiment was carried out on 12.8pfots and had five variants: 1.
farmyard-manured (40 t/ha) and heavily NPK-fertitigf120 kg N, 120 kg P and 80
kg K/ha); 2. manured (40 t/ha) and NPK-fertilisec dower rate (60 kg N, 60 kg P
and 40 K/ha); 3. the same as variant 2, but sowtim wbculated seeds; 4. manured
(60 t/ha), amended with straw (2 t/ha) and N-fieaid (20 kg/ha); 5. the same as
variant 4, but sown with inoculated seeds.

The experiment lasted 4 years (1992-1995). The(addble layer) under
the maize monoculture was periodically analysed determination of several
parameters, including peroxidase, polyphenol oxidaasnd dehydrogenase
activities. Mean values of the activities measuwledng the 4-year experimental
period showed that inoculation of seeds led togased peroxidase activity (it was
higher in variant 3 than in variant 2, and in vati® than in variant 4), to no
evident changes in polyphenol oxidase activity, amddecrease or increase in
dehydrogenase activity (it was lower in varianthart in variant 2, but higher in
variant 5 than in variant 4).

The 4-year average of silage yields in the fivdardgs presented the order:
variant 2 = variant 4 < variant 5 < variant 1 <igat 3. In other words, inoculation
had a beneficial effect on crop yield and, thus, itate of NPK fertilisers can be
reduced by 50% without affecting crop yield.
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I. 1.4. Combined inoculation of potassium-solulnitisand N-fixing bacteria
In a short report, Ozhiganowa al.[49] summarise the results of an experiment
carried out in the Botanical Garden of the Statevehsity in Kazan (Russian
Federation). Seeds of purple amaranth were incailatth cultures of local strains
of alumo-silicate bacteria (solubilising K fromisidtes) and\zotobacter.

Under the influence of inoculation, the N, P anctéhtents in the over-
ground biomass of budding amaranth plants increaged the yield increases
ranged from 42 to 80%. Considerable (68-241%) aswe were also registered in
soil enzyme activities. Oxidoreductases and hydedawere studied, but their
names are not specified in the report.

I. 1.5. Inoculation of green alga®zhumaniyazov and his associates
[1, 18-23, 41, 42, 62] have carried out laborataryd field experiments for
increasing crop production by inoculation of seadd soil with green algae. Most
attention was paid to the cotton plants as cottoayrction has a great importance
in the economy of Uzbekistan. Inoculation of wheats also dealt with. For
inoculation, suspensions &hlorella vulgaris or of mixtures of this alga with
Scenedesmus obliquugre used.

The technology elaborated by these investigatarsréatment of cotton is
outlined below. The field is fertilised (N 250, P5land K 100 kg/ha). Twenty-four
hours before sowing, the seeds are soaked @hlarella suspension containing
30.10-40.10 cells/ml. The volume of algal suspension for sngkéeeds for 1 ha
of field is 80-100 | in the case of downy seeds 48¢50 | in the case of denuded
seeds.

During the vegetation period, the soil is sprayéith @hlorella suspension
twice, namely at the 5-6-leaf and bud formationgeta using 3 and 2 t of
suspension/ha, respectively, for sprayings. Eachayspg is followed by
application of irrigation water.

For comparison, two controls were used. In onerobnthe seeds were
soaked in theChlorella suspension, but during the vegetation period dileveas
not sprayed with the algal suspension. In the otlatrol, the seeds were soaked
in water. The seeds in both controls were sown MigP;.sKiq-fertilised soil
which, during the vegetation period, was also atégl.

For exemplification of the results obtained, werogjnice a table published
by Dzhumaniyazov in 1979 (see Table 4).

Table 4 shows that the technology applied provduktefficient: excepting
soil respiration, the other soil parameters studigdtluding peroxidase and
polyphenol oxidase activities as well as the yielfl raw cotton increased.
Diminution of soil respiration (evolution of G is attributed to intense
assimilation of CQ by the algae. Another observation was that @igorella
treatment exerted a protective effect against nottdt and other diseases or, at
least, reduced their incidence.
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I. 1.6. Combined inoculation of mycorrhizal and kgghytic fungi Based
on literature data, according to which inoculatwith arbuscular mycorrhizal and
saprophytic soil fungi may cause additive or syigiggrowth enhancement of the
inoculated host plants, Campruét al. [10] performed a pot experiment, using a
selected strain of the mycorrhizal fung@omus intraradicesisolated from a
citrus nursery (Tarragona, Spain) and a straifradhoderma aureoviridésolated
from a compost. The test plant w@grus reshni Three mixtures placed in 1-I pot
containers were used: 1. sphagnum peat and auwgckandy soil (1/1, volume/
volume); 2. sphagnum peat, quartz sand and pétlit¢l, volume/volume/volume)
and 3. fertilised pine bark compost (a commerciabpct) prepared for container-
grown plants in nurseries. The potting mixturesnfgd with C. reshni were
submitted to the following treatments: no inocwati(control); inoculation with
G. intraradices (G.i.); inoculation with T. aureoviride (T.a.) and combined
inoculation withG. intraradicesandT. aureoviride(G.i. + T.a.).

TheG. intraradicesinoculum consisted of 10 g of rhizosphere soifrfrb-
year-old leek Allium porrum pot cultures. The suspension ©f aureoviride
conidia used for inoculation contained 9.&6lony-forming units (cfu)/ml.

After 6 months of growth, the plants were harvesidw shoot dry weight
was recorded. Segments of cleared and stained re@se examined
microscopically and the percentage of the mycoalhiaots was established. The
potting mixtures were analysed to estimate the rernab viable microbial cells
and to determine four enzyme activities, nameloriscein diacetate (FDA)
hydrolysis, trehalase, phosphatase Brd-acetyl-D-glucosaminidase activities in
rhizosphere samples.

The effects of the single and combined inoculatitzmgely depended on
the potting mixtures used. The growth ©f reshnj as indicated by shoot dry
weight, was stimulated by the combined inoculatiwih G. intraradices and
T. aureoviridein potting mixtures 2 and 3. Moreover, there wayergistic effect
of the combined inoculation in potting mixture B3. aureovirideinoculated alone
did not promote plant growth; contrarily, it reddcplant growth, the reduction
being insignificant in potting mixtures 1 and 2 asignificant (P<0.05) in potting
mixture 3. The single inoculation wilB. intraradiceswas effective in promoting
plant growth in potting mixture 3 only.

The percentage of roots colonised ®yintraradiceswas not affected by
T. aureoviridein any potting mixture. Number of viable bacteralls in potting
mixture 3 was significantly higher than in mixturésand 2 in each of the four
treatmentsT. aureovirideinhibited the development of the indigenous fuingall
potting mixtures, but the inhibition byf. aureoviridevs. control and byT.
aureovirideplus G. intraradicesvs. G. intraradiceswere both significant in the
mixture 3 only.
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Table 5 shows that each activity in each treatrmeast highest in potting
mixture 3 and lowest in mixture 1. None of the foemzyme activities was
significantly different in the control and inocugalt potting mixtures 1 and 2, but
the activities behaved differently in potting misdu3. FDA hydrolysis, trehalase
and phosphatase activities gave the highest valube G.i. treatment, an@kN-
acetyl-D-glucosaminidase activity in the controlaking into account the
significance of differences, one can see from T&blleat FDA hydrolysis activity
was significantly lower in the G.i.+T.a. treatmewhereas trehalase activity was
significantly higher in the G.i. treatment thantire other inoculated and control
mixtures 3; phosphatase activity did not exhibgngficant treatment-dependent
changes, whilg-N-acetyl-D-glucosaminidase activity was signifidgrhigher in
the control than in the inoculated mixtures 3.

Table 5

Enzyme activitiesin therhizosphereof Citrus reshni grown in potted
mixtures non-inoculated (control) and inoculated with Glomus intraradices
(G.i.), Trichoderma aureoviride (T.a.) or with both fungi (G.i.+T.A.) [10]

Enzyme activities*
FDA Trehalase  Phosphatasep-N-Acetyl-

Potting mixture Treatment

hydrolysis D-glucosa-
minidase

1 Control  2.23abc  2554a 17.48a 6.11 a
(sphagnum peat + G.i. l1lla 32.29 a 16.40 a 6.46 a
sandy soil) T.a. 1.23 ab 23.47 a 14.03 a 5.64 a
G.i.+T.a. 1.76ab 27.21a 18.64 a 5.69 a
2 Control 5.36d 46.81 a 35.45b 16.73 b
(sphagnum peat + G.i. 4.24 cd 22.37a 46.95b 15.69b
quartz sand T.a. 3.33 bcd 4121 a 4791b 17.38b
+ perlite) G.i.+tT.a. 4.23cd 39.59 a 49.06 b 19.12 b
3 Control  20.08 f 440.04 b 92.11c 100.46 d
(pine bark compost)  G.i. 20.12 f 585.30c 101.62c 80.54 c
T.a. 18.35 ef 441.49b 95.38 c 82.97 ¢
G.i.+T.a. 17.73e 366.78 b 91.49c 81.76 c

* Expression of enzyme activities: FDA hydrolysisiig of fluorescein/2 g soil/4 hours;
trehalase inug of glucose/2 g soil/l3 hours and phosphatase @dtacetyl-D-

glucosaminidase ipg of p-nitrophenol/2 g soil/4 hours.
Numbers followed by the same letter in a columnrentesignificantly different at P=0.05.
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|.2. Soil enzyme activities as affected by inoculation of biocontrol microorganisms

I.2.1. Inoculation of Trichoderma sp. for contrallj fungal diseases of
plants. 1.2.1.1. Inoculation of Trichoderma sp. s Verticillium dahliae.
Shadmanovaet al. [55, 56] have described two experiments, in whilchy
determined some enzyme activities in grey soil§vated with Tashkent-1 cotton
variety. In both experimentslrichodermastrains antagonistic to the agent of
cotton wilt, Verticillium dahliaewere tested.

In the first experiment, a part of the ploisturally infected withV. dahliae
were left untreated (controls) and the others wiszated withTrichodermasp.
(120 kg/ha) or glauconite (675 kg/ha) or with bdttichodermasp. (120 kg/ha)
and glauconite (675 kg/ha). After 20 days, theploere sown with cotton. During
the vegetation period (at 4-5-leaf, bud formatiom dructification stages), soil
samples were collected from the 10-20-cm depthdigtermination of acid and
alkaline phosphatase and cellulase activities ll/Agrawth stages, acid phosphatase
activity was highest in the soil treated with bdttichodermasp. and glauconite,
alkaline phosphatase activity - in thEichodermatreated soil and cellulase
activity - in the glauconite-treated soil. As ttaton plants were affected by wilt to
a lesser extent and the yield of raw cotton washdsg in theTrichoderma+
glauconite treatment, it could be stated that gmidsphatase activity may be
considered as a sensitive indicator of the biocbetficiency.

In the other experiment, the grey soil in vegetapots was, before sowing
of cotton, artificially infected withV. dahliaein the following variants: 1. not
infected; 2. not infected but treated with 60 kg Tafchodermasp./ha; 3. not
infected but treated with 120 kg @fichodermasp./ha; 4. mildly infected (8 g of
infected oats for 200 kg soil); 5. severely infelc{€5.6 g of infected oats for 200
kg soil); 6. mildly infected and treated with 60 kf Trichodermasp./ha and 7.
severely infected and treated with 120 kg ®fichoderma sp./ha. For
enzymological analyses soil samples were taken filwen5-25-cm layer before
applying the treatments specified above and duttireggrowth period of cotton,
namely at the bud formation and fructification €sgAcid phosphatase activity
was found to be highest in the infected dnithodermatreated variants at the
fructification stage, at which invertase activitavg the lowest values. Alkaline
phosphatase activity was less effected by the nreatis. Reduction of the
incidence of cotton wilt was most pronounced in trariant in which acid
phosphatase activity was highest at the fructificastage. Thus, this activity was
found again to be a sensitive indicator of the bl efficiency.

I. 2.1.2. Inoculation of Trichoderma sp. againsttRyjum ultimum In
order to make biocontrol more effective, Morishitamd Chiba [40] have
prepared capsules from sporesToichodermasp., C- and N-nutrients (cellulose
and amino acids) and various granular agents. Dwstorage of these capsules,
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viability of spores is preserved for long time. Whbe capsules are introduced to
soil, the spores and nutrients are released. Dtigetautrients, the germination of
spores and production of antimicrobial substangeth® mycelia are stimulated.

In a greenhouse experiment, cucumber seedlings tkaneplanted in a
soil infected byPythium ultimumand amended with th&richodermacontaining
capsules. The control soil was not amended. Cshugetivity, determined after 2-
month growth of cucumber plants, was higher inaheended than in the control
soil. The increase in cellulase activity can beilaited to the cellulose released
from the capsules: cellulose induced the microlsiahthesis of new cellulase
molecules. It was also established that the amentimecreased the damage
caused by the infection to the cucumber plantsciwvproves thatrichodermasp.
exerted a suppressive effectPythium ultimum

I. 2.2. Inoculation of Bacillus thuringiensis foomtrolling harmful
insects (lepidopterous larvae) of forestSarkisyan [54] has determined
invertase, amylase, phosphatase and catalasetiastii grey forest soils under
Siberian spruce and Siberian larch situated on tdreitory of the Tuva
Autonomous Republic. Plots treated with Insectincammercial preparation
containing the insecticide bacteriuacillus thuringiensis (Bacillus insectuahd
untreated (control) plots were studied. The baatesuspension used for the
treatment was prepared by diluting Insectin (38)ltp to a density of 2@ells/ml.
Soil samples were taken monthly in the May-Octgbertiods of 1976 and 1977.
The seasonal variation in each of the four soilyeme activities determined
showed the same trend in the treated and contaod$.pBut comparison of soil
enzyme activities in the treated and control plasealed that invertase and
amylase activities were two times higher in thetied than in the control plots,
while in respect of phosphatase and catalase tiesithere were no significant
differences between the treated and control plots.

I. 2.3. Inoculation of Pseudomonas fluorescens Rifl-3a prospective
biocontrol agent The soil enzymological effects of the inoculatiohthis strain
were studied by Nasebst al. [47]. Pseudomonas fluoresceR$13Rif (hereafter
referred to as F113Rif) is a spontaneous, rifamgiesistant derivative of the wild-
type F113. F113Rif produces the antifungal compoRddiacetylphloroglucinol
and, like its wild-type parent, inhibit8ythium ultimum(as proved unden vitro
conditions) and, therefore, it may be considerpdogpective biocontol agent.

The experiment was carried out at a field site infdécted by pathogens
such asPythiumand Aphanomycesn order to avoid the possibility that eventual
negative effects of the inoculant on soil propsttimcluding enzyme activities,
could be masked by its disease-suppressing abllig. test plant was sugar beet
(Beta vulgarisvar. altissimg. The seeds were inoculated with F113Rif at a ohte
1P cfu/seed, with the use of a commercial powder tdation. Non-inoculated
seeds served as controls.
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The field site was located near Bandon (CountnkCloeland) on a brown
podozolic soil, the Ahorizon (0-22 cm) of which corresponded to a lodhe soil
was prepared by ploughing in October 1993, andlimasd at the equivalent rate
of 5.5t CaC@ha, 25 kg P/ha and 25 kg N/ha in March 1994 (fiHaof 7.2 in
water). A composite fertiliser was applied 3 day®pto sowing. The fertiliser
supplied nutrients at the following rates (per H®0 kg N, 49 kg P, 173 kg K, 62
kg Na, 37 kg S and 4 kg B. The sugar beet was sowh5 April 1994. A further
addition of N (51 kg/ha) was made 45 days afterisgwThe sugar beet was
harvested on 13 October 19944 181 days after sowing).

The numbers of viable F113Rif cells were determipedodically during
the growth period, and approximately ®1€fu/root system were found several
months after inoculation, but the numbers werewédhe detection limit at harvest
time.

Activities of eight enzymes participating in nuti€C, N, P and S) cycles,
pH and amounts of readily available nutrients wagtermined in the rhizosphere
soil of 15 inoculated and of 15 non-inoculated sugget plants as well as in 5 bulk
soil samples obtained from places half-way betwesws where non-inoculated
sugar beets were grown. All samplings were madm ftke surface horizon, at
harvest time.

The enzyme activities are expressed in pagitrophenol released/g dry
soil/hour, excepting urease activity which is esgexl in mg Nklreleased/g dry
soil/hour.

Mean values of enzyme activities in the rhizosplsaikof inoculated and
non-inoculated plants and in the bulk soil, respebt, were the following:

alkaline3-galactosidase: 0.29, 0.28 and 0.33;
acidB-galactosidase: 0.33, 0.27 and 0.18;
[B-N-acetyl-D-glucosaminidase: 0.30, 0.29 and 0.23;
urease: 0.71, 0.79 and 0.80;

alkaline phosphatase: 1.88, 1.52 and 1.66;

acid phosphatase: 6.99, 5.92 and 4.96;
phosphodiesterase: 0.42, 0.41 and 0.47,
arylsulphatase: 0.25, 0.24 and 0.26.

Statistical evaluation of the analytical data showleat none of the eight
soil enzyme activities was significantly differgat Pz 0.05) in the rhizosphere of
inoculated and non-inoculated sugar beet plant&evise, pH and readily
available nutrients were at similar levels in thezosphere of both inoculated and
non-inoculated plants.

It was also found that the inoculation had no niggagffect on the sugar
beet yield in the absence of stress due to disease.
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All these results suggest that inoculation of Flif3Rd no significant
effect on the functioning of the studied soil eisyn, under typical farming
practices.

1.3. Soil enzyme activities as affected by inoculation of bioremediating
micr oor ganisms

I. 3.1. Inoculation of hydrocarbon-oxidising miorganisms for remediation of
oil-contamined soilslsmailov et al. [25] installed microplots (1 fneach) on a
grey-brown soil (located in the dry subtropical eomf Azerbaijan) and
contaminated them with 4.4 | crude oif/mThe control microplots were not
contaminated. Then, the microplots were submittedetnediation treatments in a
series of variants. N and P fertilisers were usedcmeous solutions of (WSO, and
KH,PQ, at rates of 12 g N and 9 gZCI%/mZ, respectively. Cultures of three
hydrocarbon-degrading microorganisn@afdida guilliermondii916, Pseudomonas
aeruginosa30 and an unidentified bacterium, strain 7) we@iad as inocula (0.8 g of
dry microbial bimass/f). Two biopreparation were also tested. They wértained
from grape marc cut intro small pieces or sawdusi a suspension o€.
guilliermondii (0.5 g of dry yeast biomass to 200 g of grape noarto 100 g of
sawdust). During the experiment (at months 8, 18 3R), soil enzyme activities
(dehydrogenase, catalase, invertase, urease amelagwp were determined. The
phytomass and the residual oil content were alsmaed periodically.

All treatments applied to oil-contamined soil ledihcreased activity of
each enzyme, excepting protease activity which weag low in all variants. Four
treatments, namely addition of biopreparation laggr marc) or 2 (sawdust),
mixture of the three hydrocarbon-degrading micraoigms and (NE,SO, plus
KH,PQ,, gave especially good results in increasing theymatic potential of oil-
contaminated soil. The phytomass obtained aftem8@ths was 3.3 g/frin oil-
contaminated microplots and increased to 7.0-4%& @ oil-contaminated and
treated microplots, but the phytomass of uncontatagh microplots (65 g/fwas
not achieved. Oil degradation was enhanced by &aatment. In 8 months, 56-
76% of hydrocarbons were degraded in the treatemlopibts, but only 49% in
those receiving no remediation treatment. After @éths as after 20 months, the
smallest amounts of residual oil were found in wpdots treated with
biopreparation 1 or inoculated with the mixturetb&é three microbial cultures.
Biodegradation of aliphatic hydrocarbons was fastem that of the other oil
components.

Based on the results of this field experiment, |slma et al [26] have
carried out a laboratory experiment with the aimverify the effect of the
hydrocarbon-degrading yeast str@landida guilliermondii916 on the remediation
of oil-contaminated soils. 0.5-kg samples of a gveywn soil from the Apsheron
Peninsula were contaminated with 10% (weight/wegightide oil and inoculated
with a yeast suspension @16r 10 cells/g soil) using grape marc (cut into small
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pieces) as a carrier of yeast cells. Rates of gnegre application were 0.5 and 2%
(on soil weight basis). N and P fertilisers (12 gl 9 g FOs/m?) were also added
to the samples. Oil-contaminated but untreated kmmpgerved as controls.
Incubation took place under optimum humidity anthtien conditions at 2&€ and
lasted 60 days, during which the samples were g@eady submitted to
enzymological and other analyses.

Dehydrogenase activity and oil degradation were tmotnse in the
sample treated with 2@east cells/g soil + 0.5% grape marc and theinesin this
sample were especially high during the first 25sdaf/ incubation and decreased
later. During the 60-day incubation, numbers of ftheculated yeast cells
continuously decreased from 1@ ~10%g soil and from 19 to ~10%g soil,
respectively. Finally, oil degradation was 30% ire ttreatment with fOyeast
cells/g soil + 0.5% grape marc, whereas it was 8@tyin the untreated control.

For enhancing crude oil degradation in contaminaseds (leached
chernozem and grey forest soil), two mixed and pue cultures of hydrocarbon-
oxidising microorganisms were tested by Zhdanataal. [67] and Kireava
[32]. Both mixed cultures originated from oil inddal wastewaters. They
containedPseudomonasp., Candidasp. (orArthobactersp.) and an unidentified
Gram-negative rod-shaped bacterium. In pure cufu@andida maltosaand
Pseudomonasp. strain 6 were tested. A biopreparation coingjsbf buckwheat
(Fagopyrum chaff inoculated with one of the mixed culturés¢udomonasp.,
Candidasp., unidentified bacterium) was also studied.eRaif oil contamination
of soil samples ranged from 0.5 to 20% (weightAliBigand rates of inoculation
varied between faand 18 microbial cells/g soil.

Each culture enhaced oil degradation, the mixeduced being more
efficient than the pure ones. The negative eff@fterude oil on soil enzyme
activities were partially or completely removed Hye cultures. Trus, in soil
samples contaminated with 5 or 10% crude oil, treated with a mixed culture or
the biopreparation mentioned above and incubated 3foand 12 months,
dehydrogenase, catalase, invertase and ureasatiestigxhibited significantly
higher values after both incubation times, in corigoa with the values of the non-
inoculated contaminated samples. The activity-iasireg effect of the cultures was
more pronunced at 5 than at 10% oil contaminatmal, due to the biopreparation
than due to the mixed culture. Invertase and uread#vities of the less
contaminated samples treated with the biopreparatioen exceeded after 12
months the activity levels of the uncontaminatedsas.

In a field experiment, Kireeva [33] used plots (02rf) set up on a land
accidentally contaminated with crude oil (due te tiapture of a pipeline in the
Kaltasin district of Bashkiria, Russian Federatiang uncontaminated plots. The
oil content in the upper (0-20-cm) layer of the teoninated soil (grey forest soil of
heavy loam texture) was 9.6% (weight/weight). Thespwere treated with Paprin.
This biopreparation consists of processed biomasshyalrocarbon-oxidising
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Candida and Rhodotorulayeasts grown om-alkanes. It is rich in proteins and
vitamins. The treatment was carried out with susers containing 5 or 50 g of
Paprin/1 water. The test plants were oats (in itisé year), two-row barley (in the
second year) and vetch-barley mixture (in the thadr).

Dehydrogenase activity determined 1, 3, 6 and 18thsoafter the Paprin
treatment followed the order: Paprin-treated comabed soil > uncontaminated
soil > untreated contaminated soil, at each tinfe dctivity increased with time in
the Paprin-treated soil and manifested little tidegendent changes in the other
two soils.

The oil content determined in soil during 3 yeapstmuously decreased
and, after 3 years, the initial 9.6% oil contenswaduced to 4.95 and 1.01% in the
untreated and Paprin-treated contaminated sopecgsely.

The yield of test plants was highest in the Paprgated plots in each year.
For example, the vetch-barley yield (t/ha) was (r6éhe untreated contaminated
plots, 2.80 in the uncontaminated plots and 4.%hdntreated contaminated plots.

Khaziev [30] described a two-year field experimeint, which two
commercial biopreparations (Bacispecin and Devpraibntaining hydrocarbon-
oxidising microorganisms, were used for remediatminan oil-contaminated
leached chernozem. Bacispecin is prepared fBamillus sp. strain 739, whereas
Devoroil is a mixture of several species of hydrboa-oxidising microorganisms.
In each year, after mineral fertilization of thentaminated soil, the plots were
treated with 10 g of Bacispecin or Devoroit/or remained untreated (controls). At
the end of the experiment, the degree of oil deggiad was found to be 71 and
60% (in the Bacispecin- and Devoroil-treated soilsspectively), which is
significantly higher than the 20% oil degradati@gistered in the control soil. In
comparison with dehydrogenase and invertase desvibf the control soall,
dehydrogenase activity exhibited 34 and 9% incieasehe soils treated with the
two biopreparation, while invertase activity showad17% decrease in the
Bacispecin-treated soil and no changes in the Déviveated one.

I. 3.2. Inoculation of bacteria for remediation gils polluted by emissions
from coking plantsDolgova [13, 14] studied a polluted soil (chermog in the
vicinity of a coking plant. The polluting emissiofiem such plants contain a large
variety of organic and inorganic substanceg.(phenol, thiocyanates, $CH,S,
NHs;, pyridine) bound or unbound to soot. For remedatbf this soil, two
biopreparations (cultures of the bacteéfiseudobacterium lacticuistrain 392 and
Pseudomonas liquefaciestrain 399) were tested. Experimental plots wetaup.
Farmyard manure (7 t/ha) and mineral fertilizei3 K§ N, 60 kg P and 90 kg K/ha)
were added to the plots, then they were sown withdrass Poa pratensisseeds
previously treated with strain 392 or 399 (at & @ft2 g of biopreparation for 20 g
of seeds). Seeds not submitted to the bacteriatnient served for comparison.
The phenol oxidase activity, number of phenol-csiitti microorganisms and
phenol-degrading capacity of soil were determinadnd) the vegetation period.
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Each of these three indices increased in the baktezatments as compared with
the untreated control. In addition, the bacteriajparations exhibited an increasing
effect on soil catalase and invertase activities, $Strain 399 was always more
efficient than strain 392.

I. 3.3. Inoculation of bacteria for remediation bkavy metal-polluted
soils. Kucharski and Niklewska [36] have carried out & prperiment, in
which 6-kg samples of a brown soil of heavy loaragdstexture were treated with
Zn at rates of 0, 10, 100 and 1000 ppm (in forniZm$Q, - 7H,0), fertilised with
0.15 g N (as urea), 0.8 g P (as &), 1.6 g K (as KCI + KSQy) and 0.3 g Mg
(as MgSQ 7H,0), and not inoculated or inoculated wiBtreptomyces variabilis,
Pseudomonasp. andBacillus megateriumthe number of the inoculated viable
cells being 1.9.103.4.18 and 2.7.18/g dry soil, respectively. Finally, the soil was
sown with broadbeanvicia fabacv. Dino) seeds. During the vegetation period,
soil moisture was maintained at 60% of water-hajdiapacity.

On the 14th day of growth and after harvesting glants (at flowering
stage), several plant and soil analyses were paeir Thus, dry mass of shoots,
roots and root nodules and some soil enzyme deswtere determined after the
harvest. It was found that in the non-inoculatet, soe Zn at 10 ppm decreased
only the dry mass of nodules, but addition of Zri@® and 1000 ppm caused the
decrease of the dry mass of shoots, roots and eadul

The inoculated bacteria attenuated the negativeetedif Zn on the growth
and development of broadbean, when the Zn rate $@& ppm, but the
inoculations were inefficient at 1000 ppm of Zn.

In the non-inoculated soil, dehydrogenase actidiécreased in parallel
with the rate of Zn addition. Urease activity wast affected by the added Zn,
whereas both acid and alkaline phosphatase aeswuitiere significantly inhibited
at the highest Zn rate only. The inoculated bagtkad no significant effect on the
soil enzyme activities, excepting a single casecuation of Streptomyces
variabilis led to increased dehydrogenase activity in thé tesated with 10 and
100 ppm of Zn.

Another pot experiment for studying the effects &4 and bacterial
inoculation was described by Kucharski [34]. A liglil (leached brown soil of
loamy sand texture) was used and the test plantyelssvy lupine Lupinus luteus
cv. Amulet). Soil samples of 2.5 kg each were &éatith the following fertilisers
(mg/kg soil): P (as KEPO,) 250; Mg (MgSQ - 7H,0) 25; B (HBO;) 2.5; Mn
(MnSQ,7H,0) 2.5; Cu (CuSgbH,O) 2.5 and Mo (NaMoO,) 0.25. Then,
ZnSQ,;7H,0O was added to the pots at rates of 0, 2, 40 a@dnd® Zn/kg soil.
Streptomyces variabiliandPseudomonasp. were inoculated into the soil (2.1:10
and 2.3.16 viable cells/g dry soil, respectively). The soihsvsown with yellow
lupine seeds and its moisture content was kepttanhat 60% of water-holding
capacity during the vegetation period. The plantrewharvested at flowering
stage, then the plants and soil were submittedffiereint analyses.
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Dry mass of shoots and roots of plants that gremominoculated soil was
strongly decreased by the Zn. At the highest Znitead (400 mg/kg soil), the
plants died out.

Inoculation ofS. variabiliswas beneficial for the growth and development
of yellow lupine: the inoculation resulted in maigpn of the harmful effects of Zn
added at rates of 2-40 mg/kg soil, but it exhibitvedprotective effect at the highest
Zn rate.Pseudomonasp. behaved similarly with the difference thastbacterium
was able to exert some protective action eveneaahigphest Zn rate.

In non-inoculated soil, dehydrogenase activity waseased at 2 and 4 mg
Zn and strongly inhibited at 40 mg Zn, whereas ebydirogenase activity was
detectable at 400 mg Zn. Urease and alkaline platapd activities were not
markedly affected by Zn addition, but acid phosphatactivity was inhibited at
the highest Zn rate. Inoculation of both bactega o further increases in
dehydrogenase activity at 2 and 4 mg Zn. At 40 mg dehydrogenase activity
further increased in th8. variabilisinoculated soil and was strongly inhibited in
the Pseudomonasoculated soil. In the inoculated soil, as in th@n-inoculated
control, dehydrogenase activity was lacking at 409 Zn. The other enzyme
activities did not show significant differences Wweén the non-inoculated and
inoculated soil.

I. 3.4. Inoculation of bacteria enhancing phytoreia¢ion of contaminated
soils. Germida and Siciliano [24] have performed a latmgaexperiment, in
which surface (0-15-cm) sample of a sandy loam @oim a site in Outlook,
Saskatchewan, Canada) was initially contaminatell 8dlid 2-chlorobenzoic acid
(2CBA), a model compound, because chlorinated beremds are intermediates
in the degradation of polychlorinated biphenyls ahtbrinated herbicides. Rate of
contamination was 467 mg of 2CBA/kg soil. After tmmination, the soil was
stored moist in metal cans for two years, then rdmdual extractable, "aged"
2CBA was determined and found to be 63 mg/kg §ibsamples (160 g/pot) of
the stored soil were planted with the forage grBssirian wild rye Elymus
dauricug seeds previously inoculated with a 1:1 mixture Rdeudomonas
aeruginosastrain R75 andPseudomonas savastanetrain CB35 (about 10
combined cfu/seed). The other treatments wereod-ptanted and non-inoculated
soil; 2. non-planted but inoculated soil (the seedse autoclaved before being
inoculated and planted); 3. planted but non-indeglasoil (the seeds were
inoculated with autoclaved pseudomonads). The patie placed in a growth
chamber and the soil was maintained at -0.33 kPature capacity. At days 14,
21, 28, 35, 49 and 56 after planting, the 2CBA l@vsoil was determined.

The results proved that the pseudomonad inoculamisanced the
remediation effect of the Dahurian wild rye. Thus, day 56, the residual
extractable 2CBA content (mg/kg soil) was 55 in then-planted and non-
inoculated soil and significantly lower in the atheeatments, namely 47 in the
non-planted but inoculated soil, 33 in the plarttatinon-inoculated soil and 29 in

26



ENZYMOLOGY OF SOILS INOCULATED WITH MICROORGANISMS

the planted and inoculated soil. In other words #ssociation of plant and
pseudomonads was the most efficient and the planeavas more efficient than
the pseudomonads alone in reducing the 2CBA coirestil.

At day 21 after planting, the root system was reeabfrom some pots for
extracting the proteins from the rhizosphere. Txteaets were filter-sterilised and
the filtrates were used for determination of tiBBA-degrading enzyme activity
and their total protein contents. The degradatiayme activity in the rhizosphere
extracts was significantly higher (P=0.001) in thented and inoculated treatment
than in the other treatments, in which the activitgreased insignificantly (P >
0.05) in the order: non-planted and non-inoculatetbn-planted but inoculated <
planted but non-inoculated. Protease treatment h&f thizosphere extracts
eliminated the degradative enzyme activity. Totabt@n contents in the
rhizosphere extracts exhibited little differencesieen the treatments.

Other findings will also be mentioned.

Inoculation of pseudomonads did not affect plamapeeters (shoot and
root dry weight and root length) during the 56-@aperiment.

The 2CBA-degrading enzyme is considered to be aftpbrigin and its
activity is increased in the presence of the inatad pseudomonads.

The soil in each treatment was able to partiallgrdde 3-chlorobenzoic
acid (3CBA), too. The 3CBA-degrading capacity irased significantly (P=0.05)
in the treatments in the following order: non-p&thtand non-inoculated < planted
but non-inoculated < non-planted but inoculated lkng@d and inoculated.
Contrarily, degradation of 2,3- and 2,5-dichloroba&n acids was most pronounced
in the non-planted and non-inoculated soil, nonhgesignificantly influenced by
the remediation treatments.

In another paper, Siciliano and Germida [59] alsmaldwith the
pseudomonad inoculation-enhanced phytoremediatibn ctdorobenzoates in
rhizosphere soil, but in this paper the enzymolagiaspects of the enhanced
phytoremediation were not referred to.

I. 4. Soil enzymological effects of other microorganismsintroduced into soil
for studying fundamental aspects of the microbial inoculations

l. 4.1. Inoculation of Pseudomonas sp. RC1%ifThis bacterium is a
spontaneous mutant (resistant to 1@0of rifampicin/ml) of thePseudomonasp.
strain RC1 - a rhizobacterium capable of inhibititg root growth of winter
wheat. Boltonet al. [4, 5] used this mutant (hereafter referred toR&xl) for
inoculation of four systems: 1. ambient microcosim$act soil-core microcosms
kept in the laboratory at ambient temperature’@222. chamber microcosms:
intact soil-core microcosms kept in growth chamlvéh temperature fluctuations
that simulated average conditions in the fieldfiédd lysimeters and 4. field plots.
The field site is located on the Arid Lands Ecologeserve (in southern
Washington State). The soil is of coarse-silty uext
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For all systems, the surface soil (top 15 cm) veasaved, mixed, sieved,
treated and then replaced. The soil was treatddllagvs: 1. inoculated with RC1
and amended with 1% (weight/weight) dried and cleopglfalfa; 2. inoculated but
not amended; 3. not inoculated but amended ando#.inoculated and not
amended. The amended soil received 1%7cti® of RC1/g dry soil, while the non-
amended soil received 5.5/1¢fu/g dry soil. A solution ot*N-labelled (NH),SO,
was added to the soil of all systems for a finalatrment of 15 atom9%°N, the N
addition being equivalent to 100 kg N/ha. Then, slod was brought to a final
moisture content of 16%, seeded with "Daws" wintbeat, and routinely watered
as the soil dried.

There were two samplings of soil and wheat, naraethe 3-leaf and boot
stages of growth. The 3-leaf stage was reachedyat #18 (ambient microcosms),
45 (chamber microcosms) and 144 (field lysimetend alots) after planting;
sampling depth was 0-15 cm. The boot stage samplagjcarried out at days 67,
110 and 205 after planting, respectively; samptlegths were 0-15, 15-35 and 35-
55 cm. The samples were analysed to determineasdilrhizosphere populations
of RC1, populations of native rhizoplane bactespecies diversity indices of
heterotrophic rhizoplane bacteria as well as selilydrogenase activity and shoot
biomass and N contents.

The population of RC1 in the surface (0-15-cm) Bojikr decreased during
the growth of wheat in all four systems. At theedifl stage, the cfu of RC1 were
higher in the amended than in the non-amendedrsaill systems and presented
the orders: ambient microcosm > chamber microcodield plot = field lysimeter
(in the amended soil) and chamber microcesambient microcosm > field plet
field lysimeter (in the non-amended soil). Butts boot stage, the RC1 population
size was similarly low in all systems, both amendrdon-amended.

Colonisation of wheat roots by RC1 at the 3-leafjstwas not different in
the systems, amended and non-amended. At the taget, st which, as mentioned
above, three soil layers were sampled, the rhinapfgopulation of RC1 decreased
with increasing depth in all amended and non-amgrsiestems, excepting the
chamber microcosm, where the RC1 rhizoplane pdpulatas highest at the 15-
35-cm depth.

The effect of RC1 on the different groups of natilzoplane bacteria was
different. Fluorescent pseudomonas were presettterhizoplane in significantly
lower number in soil inoculated with RC1. Inocutetiof RC1 did not significantly
affect the total number of heterotrophs and the bemof NH,-oxidising bacteria,
but led to significantly increased number of défiérs.

Of the species diversity indices of the rhizopldragerotrophic bacteria,
determined at the 3-leaf stage, the species richia@sl the Shannon-Weaver
indices were not affected, whereas the evennesseguodability indices were
significantly decreased by the inoculation of RC1.
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Soil dehydrogenase activity (Fig. 1), determinedhat 3-leaf stage, was
affected significantly by RC1 in the amended amb#&md chamber microcosms,
but not in any of the non-amended systems. RClulation brought about a
significant (P< 0.05) increase of dehydrogenase activity in theiant microcosm
and a significant decrease of the activity in tharmaber microcosm.
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Fig. 1. Soil dehydrogenase activity as influenced by itadimn of Pseudomonas sp.
RC1 rif® and alfalfa amendment in ambient and chamber roiwsms
and field lysimeters and plots at the 3-leaf stafy@heat growtH5].

1 - Inoculated and amended. 2 - Non-inoculatecam#nded. 3 - Inoculated but
non-amended. 4 - Non-inoculated and non-amended.
Bars labelled with different letters are signifidgrdifferent at P< 0.05.

Inoculation with RC1 had little influence on whesdoot biomass at either
stage of growth. Similarly, the total N and ator® contents of the wheat shoots,
determined at the boot stage, were not influengeiddculation of RC1.

I. 4.2. Inoculation of Flavobacterium sp. P2%he effect of this
bacterium on non-rhizosphere, ectorhizosphere fogphere) soil and
endorhizosphere (rhizoplane and root) enzyme #evivas studied by Mawdsley
and Burns [37].Flavobacteriumsp. P25 (hereafter referred to as P25) is a
spontaneous mutant resistant to three antibiotstseptomycin (250ug/ml),
rifampicin (100ug/ml) and kanamycin (5Qg/ml). A calcareous grassland soil of
silty loam texture, which had been the originalreeuof P25, was used. The test
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plant was winter wheafl(iticum aestivunvar. Avalon). Soil was collected from a
depth of 15-30 cm and, prior to use, it was sief@88 mm). Then, soil samples
(each being equivalent to 10 g dry weight) weregthin tubes and planted (at 1-
cm depth) with a single seedling (germinated framiexe-sterilised seed) and 1 ml
of P25 suspension (1.1@fu) was applied directly to the seedling, immeslia
after planting and before covering with soil. Theperiment also comprised
variants with planted but non-inoculated soil and-planted but inoculated soil (1
ml of suspension containing 1%16fu of P25 was added to the soil surface). The
tubes were kept in a growth chamber®@pand the soil was maintained at 60% of
water-holding capacity. At days 1, 7, 14, 21, 28 85, the non-rhizosphere and
ectorhizosphere soil and endorhizosphere were edsiay determination of four
oligase @- andf-glucosidaseq- andp-galactosidase) and protease activities.

In the planted but non-inoculated soil, there wagesignificant changes in
the four oligase activities of the non-rhizosphsw#, but in the ectorhizosphere the
activities increased during root development sot thp day 35 they were
significantly (P < 0.05) greater (mean: +18%) tlhaaithe start of the experiment. In
the endorhizosphere-galactosidase ami-glucosidase activities doubled over the
35-day experiment, whilfi-galactosidase activity also increased signifiga(® <
0.05) by 37%. In contragB-glucosidase activity decreased by 50% by day 35.

In the non-planted but inoculated soil, no sigmifit changes occurred in
the enzyme activities.

In the planted and inoculated soil, the four ol@astivities exhibited 5-
18% increases in the ectorhizosphere and greafe#0% increases in the
endorhizosphere.

Numbers of the indigenous bacteria expressing onmare of the four
enzymes were also estimated in both inoculated raowtinoculated soil and
compared to non-rhizosphere, ectorhizosphere andorbizosphere enzyme
activities. No relationship was found between nuraba these bacteria and the
increases in enzyme activities.

Changes in the percentage of these bacteria dusotgdevelopment were
also similar in the inoculated and non-inoculateall. sAt the start of the
experiment, the bacteria expressing the differentymes were present in
approximately equal numbers (about ?.t€u/g soil). But by the time the plant
was 35 days old, 60-70% of bacterial isolates ttadnd 3-glucosidase activities
and only 10-20% hadx- and [-galactosidase activities. Exceptionally, the
proportions ofa-glucosidase-positive bacteria over the first 2§sdaere 20-40%
greater in the inoculated than in the non-inocudaieil.

P25 inoculation had no significant effect on soigcto- and
endorhizosphere protease activity up to day 14. élew by day 21 there was a
29% decrease in endorhizosphere protease activibichw became more
pronounced with time so that by day 35 it had &3%6 of the activity measured in
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the endorhizosphere in non-inoculated soil. Budagt 35, soil and ectorhizosphere
protease activity did not show significant diffeces between the inoculated and
non-inoculated soil.

The findings that, in the P25-inoculated soil, alig activities increased in
the ecto- and endorhizospheres and protease wctiddcreased in the
endorhizosphere may be causally related: more s#igaolecules could survive as
active catalysts in the ecto- and endorhizosphdtesto the decreased protease
activity in the endorhizosphere.

PART Il. ENZYMOLOGY OF SOILS INOCULATED WITH GENEAILILY
ENGINEERED MICROORGANISMS

II. 1. Inoculation of Pseudomonas putida PPO301(AB%) and
PPO301.This topic has been dealt with by Shettal[58] and Doyleet al.[15].
Pseudomonas putiddass a common soil bacterium. PPO301(pR0O103) is a
genetically engineered microorganism (GEM) -Pa putida strain containing
plasmid-borne catabolic genes for the degradatidnthe herbicide 2,4-
dichlorophenoxyacetate (2,4-D). The first step e tdegradation pathway is
oxidation of 2,4-D into 2,4-dichlorophenol (2,4-D0plus glyoxylate, and the last
product is 2-chloromaleylacetate. This GEM can materalise 2,4-D, as it does
not express chloromaleylacetate reductase. PlapRid103 was derived from
plasmid pJP4 by the insertion of the tetracyclesistance transposon Tf21and
a subsequent deletion oftlR regulatory gene. The deletion of thfedR gene
resulted in constitutive expression of plasmid pR&11

PPO301, the homologous, plasmidless parental fP&his not capable to
degrade 2,4-D.

Both strains are resistant to nalidixic acid (5@Jml) and the GEM is also
resistant to tetracycline (2&9/ml) and Hg (25ug/ml).

A sandy loam soil, collected from the upper 5 crmaaruncultivated aridic
area in central Oregon, was used for laboratorgexyents. The soil samples were
adjusted to -33 kPa water tension and treated |msviy 1. amended with 500g
of 2,4-D/g soil, oven-dry equivalent; 2. amendethvi00ug of 2,4-D/g soil plus
1% (weight/weight) glucose; 3. amended with 1% gfec and 4. left non-
amended. In each treatment, the soil samples weliated with approximately
10 cfu of either GEM or PS or left non-inoculatedbSamples of soil (50 g, oven-
dry equivalent) were placed into 100-ml vials ancubated in jars at 24 2°C for
53 days. During the incubation, soil chemical, miological and enzymological
analyses were carried out. We quote some of thdtsesbtained.
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2,4-D was degraded only in the soil inoculated witle GEM: in the
studied aridic soil the indigenous microbiota dimt degrade 2,4-D in contrast to
the microbiota of other soils, in which, accorditg literature data, microbial
degradation of 2,4-D takes place. Although the Gie#graded 2,4-D, there was no
apparent increase in its survival relative to tt& Ehe number of both strains
declined initially and then fluctuated betweert a46d 16 cfu/g soil during the 53-
day experiment.

Degradation of 2,4-D led to accumulation of 2,4-DAPue to this
compound which exerted a toxic effect on soil furigithe 2,4-D-amended and
GEM-inoculated soil no fungal propagules were detde after 18 days of
incubation, but in the soil that was not amendetth ®j4-D but was inoculated with
GEM the fungi became nondetectable only at dayGhtrarily, the number of
fungal propagules in the 2,4-D-amended and PS-laten soil remained high
even et day 53.

Soil respiration (C@ evolution) in the case of soil amended with 2,4-D
plus glucose and inoculated with GEM was signifigafower (P < 0.05) during
the first 32 days and delayed relative to resgratin non-inoculated or PS-
inoculated soil amended with 2,4-D plus glucoseisTtielayed rate of CO
evolution was not observed in soil amended witly @hlicose and inoculated with
GEM. These results indicate that acumulation of23P caused the depression of
soil respiration. However, the total amount of &eol CQ reached the same level
after 53 days.

Accumulation of 2,4-DCP - which, as already statazturred only in the
2,4-D-amended and GEM-inoculated soil - affectely tnansiently the numbers of
total heterotrophic, chitin-utilising and spore+fing bacteria.

Dehydrogenase activity increased in the glucosendet soil, but it was
suppressed by addition of 2,4-D, either with orhwiit glucose. After day 18, the
suppression of dehydrogenase activity in soil aradnadith both 2,4-D and glucose
and inoculated with GEM was relieved as 2,4-D wegrdded by GEM and 2,4-
DCP had no effect on this activity. A similar réligf inhibition did not occur in
soil amended with 2,4-D plus glucose and inoculatgd PS or not inoculated.

Neither the GEM nor the PS had any apparent effecthe acid and
alkaline phosphatase and arylsulphatase activitiesspective of the addition of
2,4-D or/and glucose.

Il. 2. Inoculation of Escherichia coli W3110(R7G#)d W3110. E. coli
does not belong to the indigenous microbiota ofssdiherefore, its genetically
engineered strain W3110(R702) was used by DoyleSsodzky [16] as a model
microorganism to detect and measure changes imbiarecology of soil that may
result from the introduction of allochthonous mimrganisms.
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The genetically engineered microorganism (GEM) WRRI02) contains
the plasmid R702 expressing resistance to kanamyaiiracycline, streptomycin,
sulphonamide and Hg. The homologous, plasmidlessnpa strain (PS) W3110
does not contain known genes conferring resistemeatimicrobials.

The soil used by Doyle and Stotzky [16] was the es@midic soil from
central Oregon as that used in the experimentshafrSet al. [58] and Doyleet
al. [15] (see Section 11.1.). The soil samples werngistdd to -33 kPa water tension
with either a glucose solution yielding a final ghse concentration of 1%
(weight/weight) or sterile tap water, then inocathtvith GEM or PSda. 1¢ cfu/g
soil, oven-dry equivalent) or left non-inoculatéslucose-amended soil was used
only for studying soil respiration. Subsamples loé soil (50 g) in 100-ml vials
were placed into jars and incubated at-22C for 33 days. During the incubation,

a series of microbiological analyses were carriat periodically. Four enzyme
(dehydrogenase, acid and alkaline phosphatasergtsilphatase) activities were
also determined. Some of the results obtainedeeifsed below.

The number of PS was significantly lower (P < 0.0@n that of GEM by
day 3, and PS and GEM could not be detected adigs 8 and 7, respectively. The
decline in added bacteria coincided with an inaeiasthe number of protozoa.
Although neither PS nor GEM was detectable after dathe experiment was
continued to assess the changes that might ontlisoernible after amplification
with time.

Transient, but significant differences were foundhie numbers of spore-
forming bacteria, fungal propagules and protozoavéen soil inoculated with
GEM or PS or not inoculated. But, there were naificant differences (P > 0.05)
between the numbers of total, chitin-utilising,lalelse-utilising, nitrate-reducing
and denitrifying bacteria in soil inoculated withef or PS or not inoculated.

Soil respiration was significantly more intense tire glucose-amended
than non-amended soils when the GEM-, PS- and moculated soils were
considered separately. But comparison of the gkramsended soils among each
other and a similar comparison of the non-amenaéd sevealed no significant
differences between respiration intensities of &&M-, PS- and non-inoculated
soils.

The four enzyme activities determined decreasethgluhe first 3 days of
incubation and then stabilised at relatively lowells. There were no consistently
significant differences in the enzyme activitieswieen soil inoculated with GEM
or PS or not inoculated.

II. 3. Inoculation of Streptomyces lividans TK2Zadd TK23.The
effects of these two strains on soil chemical, obaslogical and enzymological
properties were studied by Crawfoetlal.[11]. Streptomyces lividan§K23.1 is
a GEM - a recombinant strain expressing a plJ702hédded extracellular lignin
peroxidase gene cloned from the chromosom8tptomyces viridosporugrA.
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Plasmid plJ702.LP also contains a thiostreptorstasce gene. The parental strain
TK23 (PS) expresses chromosomally encoded resestarspectinomycin.

The soil (silt-loam) used was collected from th8 &m of an uncultivated
field (University of Idaho Arboretum). Five-g airidd soil samples were amended
with the substrate of the extracellular enzyme poed by GEM,i.e.
lignocellulose. Unlabelled lignocelluloséiC-lignin-labelled lignocellulose and
14C-cellulose-labelled lignocellulose were prepareirf poplar live cut twigs, to
which unlabelled or'“C-labelled lignin or cellulose precursor was added.
Unlabelled and labelled plus unlabelled lignoceldd were used in a final amount
of 50 mg/g soil, oven-dry equivalent. Non-amendeill samples were also used.
The amended and non-amended soil samples werer @ithte inoculated or
inoculated with GEM or PS in form of spore suspendn water (approximately
10°-10° cfu/g soil, oven-dry equivalent). The samples weetted to 60% of water-
holding capacity and incubated a®@5During the incubation period which lasted
up to 91 days, a great number of soil chemicalrobiological and enzymological
analyses were performed.

A part of the results registered are summarisébdamext paragraphs.

GEM and PS survived similarly in the studied sailhether it was
amended or not amended with lignocellulose. Viaents of both strains slowly
declined over a 63-day incubation period, but thEipulations increased to the
initial inoculum levels by day 91. It is evidenbi these findings that the presence
of lignocellulose did not give GEM an apparent st advantage over the PS;
expression of plJ702.LP-encoded lignin peroxidas&BM did not provide it with
an environmentally advantageous phenotype.

Cumulative CQ evolution over a 91-day incubation period was
significantly lower (P < 0.05) from non-amended rth&om lignocellulose-
amended soils; in the non-amended soils; €@lution increased significantly in
the GEM- and PS-inoculated soils comparative tonitv-inoculated soil, whereas
in the amended soils there was no significant difiees in C@evolution between
the inoculated and non-inoculated soils.

Cumulative **CO, evolution from **C-lignin-labelled lignocellulose-
amended soils during 30 days of incubation incréabat insignificantly, in the
order: non-inoculated < PS-inoculated < GEM-inotadasoil. During the same
incubation period, the cumulativ’CO, evolution from **C-cellulose-labelled
lignocellulose-amended soils was significantly leighn non-inoculated and GEM-
inoculated soils (evolving the same amount“6f0,) than in the PS-inoculated
solil.

In the **C-lignin-labelled lignocellulose-amended soils, treler of *“C-
label incorporation into humic acids after 30 dayfsincubation was: GEM-
inoculated > PS-inoculated > non-inoculated soibttBinoculated soils gave
significantly higher values, twice that of the nimlculated soil. But after 60 days,
a reverse order was established: non-inoculate@&M-@oculated > PS-inoculated
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soil, the difference between the GEM- and PS-iratedl soils being insignificant.
Incorporation of*“C-label into fulvic acids showed, after 30 days thder: non-
inoculated > GEM-inoculated > PS-inoculated soid another order, after 60
days: GEM-inoculated > non-inoculated > PS-ino@dathe differences between
soils being significant after both incubation pdgo

In the experiment in which the soil was amendedhwiC-cellulose-
labelled lignocellulose, the order BE incorporation into humic acids was: GEM-
inoculated > PS-inoculated > non-inoculated scieraBO days (the differences
between soils being significant), and GEM-inocudate non-inoculated > PS-
inoculated soil after 60 days (with no significadifferences between soils).
Incorporation of“/C into fulvic acids followed the order: GEM-inoctéd > non-
inoculated > PS-inoculated soil after 30 days (witinificant difference between
GEM- and PS-inoculated soils), and non-inoculatedsBM-inoculated > PS-
inoculated soil after 60 days (again, the diffeeedmetween GEM- and PS-
inoculated soils being significant).

The orders of the incorporation 8iC-lignin and**cellulose carbons of
lignocellulose into humic and fulvic acids indicatinat enhancement of
incorporation is attributable to inoculation of GEMut this effect is transient.

The soil microbiological analyses have shown thajeéneral the effects of
GEM on microbial populations and processes weie tadssient.

Soil dehydrogenase activity (Fig. 2) was higherthe lignocellulose-
amended than in the non-amended soils. In the amdemails, the activity
increased during the first 7 days of incubatiomntltontinuously decreased and,
thus, the lowest activity was recorded at the dridaubation period (day 35). The
activity at both days 7 and 35 followed the ordeEM-inoculated > PS-inoculated
> non-inoculated soil. Dehydrogenase activity ie thon-amended soil was not
affected by inoculation.

B-Glucosidase activity increased during the firslags in both amended
and non-amended soils, then tended to decreaseended soils and to increase in
non-amended soils. This activity remained unaffiddg inoculation during the
whole incubation period (35 days).

Arylsulphatase and acid and alkaline phosphataseites, determined
after 3, 7 and 91 days of incubation, were highethe amended than in the non-
amended soils, excepting acid phosphatase activithay 91, at which the reverse
was true. The GEM-inoculated soil was significamtigre enzyme-active than the
other soils only in the following cases: arylsuli#s® activity in amended an non-
amended soils at day 3; alkaline phosphatase yctivamended soil at days 3 and
91. The significantly lowest values were registeredrylsulphatase activity of the
non-amended PS-inoculated soil at day 3 and of nive-amended and non-
inoculated soil at day 91. The conclusion can lasvdrthat the effects of GEM and
PS on the activity of these three enzymes, padiig in the biogeochemical
cycling of S and P, are inexistent or only transien
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Fig. 2. Dehydrogenase activity in soil amended with lggilulose or non-amended
and inoculated with the GEM Streptomyces lividan23.K or with
the parental strain S. lividans TK23 (PS) or nonelated[11].

1 - Amended and GEM-inoculated. 2 - Amended andr@8tilated.
3 - Amended but non-inoculated. 4 - Non-amended3&ti¥-inoculated.
5 - Non-amended but PS-inoculated. 6 - Non-ameadddon-inoculated.

II. 4. Inoculation of Pseudomonas fluorescens 18H8&C510.This
bacterial strain, studied by Meiklest al. [38], is a GEM containing
chromosomally encoded genes for kanamycin resistama luxA and B, the
structural genes for luciferase, originally clonfedm the bioluminescent marine
bacteriumVibrio fischeri This strain lacks function@ixC, D and E genes coding
for the synthesis and recycling of the long-chaattyf aldehyde substrate of
luciferase. Consequently, light emission by thisaist requires addition of
exogenous substrate-fecyl aldehyde).

Twelve-g air-dried samples (microcosms) of a saedyn soil were used.
The soil pH, initially 6.46 (in water) and 5.38 (icaC} solution), was adjusted
with Ca(OH) to 7 to provide more favourable conditions forwtto and activity of
GEM. The microcosms were inoculated with volumesG&M cell suspension,
evenly dispersed, to enable equilibration at saitria potentials of -30, -750 and
-1500 kPa, with a final number of approximately &6lls/g soil in all cases. These
matric potentials were equivalent to moisture cotgef 0.22, 0.070 and 0.041 ml
water/g air-dried soil. A matric potential of -3®& was considered optimal for
microbial growth and activity, -1500 kPa is wiltipgint and -750 kPa was chosen
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as a convenient intermediate. Following inoculatidhe microcosms were
incubated at Z& for up to 3 months, and periodically sampled dstimation of
the number of viable GEM cells, luminescence (mesbun soil suspensions in
phosphate buffer, after addition of-decyl aldehyde, using an LKB 1251
Luminometer), dehydrogenase activity and subsirateeed respiration (5Q.g
unlabelled glucose plus Hc-glucose/g soil serving as substrate). During
incubation, matric potentials were maintained bylitaoh of water lost through
evaporation. Each experiment was duplicated.

Numbers of viable GEM cells decreased during intohaand fell below
detection limits in the two experiments by daysa?d 71 (at -30 kPa), 28 and 45
(at -750 kPa) and 22 and 30 (at -1500 kPa).

The experiments for estimation of luminescence (dudy to the
inoculated GEM), dehydrogenase activity and resipima(both due to GEM and
endogenous microbiota) were terminated after 4&D49 days for -30, -750 and
-1500 kPa, respectively.

Luminescence declined rapidly and was not deteetaftér 12 days (at -30
kPa). Decrease in luminescence were also observed58 and -1500 kPA,
although low but measurable amounts of luminescerere maintained until days
70 and 30 at -750 and -1500 kPA, respectively.

Dehydrogenase activity initially increased then rdased to nearly
constant values for the remainder of the experim@neach matric potential.
However, the level of these nearly constant valuas different at the three matric
potentials, presenting the order: -30 kPa > -758 *P1500 kPa. Similar decreases
were recorded in respiration, although initial Eeses were less than those in
dehydrogenase activity. Statistical analysis indidathat dehydrogenase activity
was affected significantly by time (P < 0.001) amdtric potential (P < 0.01),
while respiration was only affected significantly imatric potential (P < 0.001).

As experiments with non-inoculated soil were notried out, it is not
possible to evaluate the contribution of the inated GEM to the measured soill
dehydrogenase activity and respiration and to askeseffect of GEM on
dehydrogenase activity and respiration of the iadays soil microbiota.

II. 5. Inoculation of Pseudomonas fluorescens SBAEBZY.The
distinctive feature of the investigations perfornisdNaseby and Lynch [46] is
that in one of the experimental variants inoculatid a GEM was combined with
addition of a mixture of enzyme substrates. Thelisth GEM strain carries the
marker genetaczZY, kar andxylE The soil used was a silty loam taken from an
agricultural site at Littlehampton (West Sussex, K. Intact soil cores held in
PVC tubes (60 cm in length and 15 cm in diametegyewextracted from the
ground. In the glasshouse, they were placed inlahatrays filled with wet
capillary matting, covered in polyethylene sheetitgy reduce evaporation.
Additional water was given to the top of the cafEs0 ml per core every 48 hours)
to ensure that the top soil did not dry out anddisseminate bacteria and
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amendments through the soil cores, which were shagea coat of aluminium
foil. Temperatures in the glasshouse were unreguilég-32C).
Six treatments were applied:

1. control: non-amended soil cores, considered aonbn-amended and
non-rhizosphere soil;

2. substrate mix: soil cores were amended withbstsate mix, consisting
of a solution containing 2% (weight/volume) collaicchitin, 2% (w/v) urea and
2% (w/v) glycerophosphate; every 10 days, 100 minof was added instead of
water;

3. seed: soil cores were sown with wheat seeds Avxamna);

4. seed + substrate mix;

5. seed + GEM: fcfu of GEM inoculated per seed; and

6. seed + substrate mix + GEM.

Cores were harvested after 60 days, cut open lesaghand divided into
three arbitrary depth levels, 5-20, 20-35 and 3%#%0 The soil was excavated to
reveal the roots and rhizosphere soil was scrajredtly from the root surface
within the designated depth intervals. Non-rhizesphsoil was scraped from
within the control cores from similar depths. Thel samples were submitted to
enzyme extraction either at pH 5.5 or 8. The pH &&ract was used for
determination of B-N-acetyl-D-glucosaminidase, chitobiosidase and d aci
phosphatase activities, and the pH 8 extract - determination of alkaline
phosphatase, phosphodiesterase, arylsulphataserease activities. ATP content
in the rhizosphere soil was also measured.

The number of viable GEM cells was also determiaad it was found
that the GEM had established as an effective ptipanlaf approximately 5.8.0
cells/g root in all the inoculated soil cores.

Each enzyme activity and the ATP content were atatliin dependence
of soil depth and the treatments applied.

The enzyme activities decreased significantly 204) with depth, except
for acid phosphatase activity, which was similaalatepths.

At the most enzyme-active soil depth (5-20 cm), thder of activity
values in the six treatments was not the same Herseven enzyme activities
determined.

[B-N-acetyl-D-glocosaminidase activity: control < dee substrate mix <
seed + GEM < seed + substrate mix + GEM < seedbstste mix. That is, the
seed + substrate mix treatment resulted in thedsighctivity. GEM inoculation, as
compared to seed and substrate mix treatmentseased the activity but, as
compared to the seed + substrate mix treatmenteased it.

Chitobiosidase activity behaved likg3-N-acetyl-D-glucosaminidase
activity.
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Urease activity: the order was the same as thatded for the previous
two enzyme activities, with the difference thatase activity was higher in the
seed than in the substrate mix treatment.

Acid phosphatase activity did not change with deg#s already
mentioned) and was not significantly affected by ahthe treatments.

Alkaline phosphatase activity: seed + GEM < seexsbed + substrate mix
< seed + substrate mix + GEM < control < substnaite This means that only the
substrate mix alone led to increased activity aspared to that measured in the
control, and seeding and GEM inoculation reducgthé reduction was smaller in
the seed + substrate mix + GEM treatment thanaérséded + GEM treatment.

Phosphodiesterase activity was lowest in the se@EM treatment and
had similar intensities in the other treatments.

Arylsulphatase activity: seed < control < seed bsstate mix + GEM <
substrate mix < seed + GEM < seed + substrate Imigther words, the activity-
increasing effect was greatest in the seed + stbstmix treatment. GEM
inoculation, as compared to seed treatment, ineceand, in comparison with the
seed + substrate mix treatment, decreased thetgpctiv

ATP content, like the enzyme activities exceptingiddaphosphatase
activity, decreased significantly (P < 0.01) witgpth in all treatments. In the upper
soil layer, ATP content presented the order: sabsimix~ seed + substrate mix <
control= seed < seed + substrate mix + GEMubstrate mix + GEM. This order
shows that substrate mix applied without GEM causegtduction in the ATP
content, but when applied in combination with GEhbdulation or with seed +
GEM treatment, the substrate mix had an increasfifegt on the ATP content.

It could be supposed that the three substratelseinmtix, chitin, urea and
glycerophosphate would induce the microbial syrithesf [-N-acetyl-D-
glucosaminidase, chitobiosidase, urease and adiglaaline phosphatase. But the
results, as summerised above, indicate that thstraé mix did increas@-N-
acetyl-D-glucosaminidase, chitobiosidase, ureasel aikaline phosphatase
activities and, unexpectedly, the arylsulphatagdesigg too, but did not cause a
significant difference in acid phosphatase and phodiesterase activities.

Concluding remarks. Comparison of the conditions, under which the
investigations reviewed in Parts | and Il were iearout, reveals a major
difference: the soil enzymological effects of thedulated natural microorganisms
were studied under both laboratory and field cood, whereas these effects of
the genetically engineered microorganisms wereiatudnly under laboratory
conditions. In addition, these effects in dependesfcthe nature of microorganism
and soil were more variable with the geneticallgieaered than with the natural
microorganisms. These observations support theegpeessed in [15-17, 58] that
the effects of the genetically engineered micronigras on the microbial ecology
of inoculated soils can be evaluated only on casedse basis for each genetically
engineered microorganism and each soil.
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DIVERSITY OF SOIL NEMATODE COMMUNITIES
IN THE SUATU NATURE RESERVE

MARCEL CIOBANU" and IULIANA POPOVICI”

SUMMARY. - Specific and trophic structure of nematode camities in
soil of the grassland in the Suatu Nature Reseras analysed. The
specific structure included 97 taxa belonging togéféera, some of them
being found only in a specific sampling year (18871998). Most of the
nematodes are ubiquitous species, often found asstands of the
Carpathians and Transylvania. Seven species are meards for
Romania: Acrobeloides apiculatus, A. tricornis, Aglenchus #&age,
Eudorylaimus paesleri, Rotylenchus buxophilus, Takayai baldaand
Tylencholaimellus eskeiSix species with limited distribution were
identified for the second time in Romania, namefcromoldavicus
skrjabini, Anatonchus hortensis, Axonchium biharignBiphtherophora
brevicolle, Discolaimus perplexarad Trophurussculptus The highest
density of nematode communities was found in theetsarizon. Changes
in the trophic structure of nematode communitiesemeoticed in 1998
(preponderance of omnivores) as compared to 198mifcnce of plant
feeders). The Maturity Index (MI) increased in 1988compared to the
previous estimation, while Plant Parasite IndexIYPRad almost similar
values. The PPI/MI ratio indicated an optimal ugetrophic resources
offered by the grassland ecosystem. These evalgasbow that the
nematode communities studied are in a stable éguith with their
environment.

The increasing information on the soil fauna afuna or slightly man-
affected ecosystems could provide useful insigfits terrestrial habitats [10, 11,
13]. The soil nematodes are important componentallobcosystems. Their
density and diversity are only surpassed by migaoisms.

The analysis of nematode community structure i frequently used
as a tool in ecological studies [1, 3, 6, 7, 9,1%2; 16]; the nematode communities
can be used as models and indicators to assesm#liey of ecosystems [3, 8,
10, 17].

Monitoring of some protected areas by using seihatode communities
represented a point of reference for the evaluatiunprotected habitats.

“Institute of Biological Research, 3400 Cluj-NapoBamania
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The Suatu area is a botanical nature reserve glfos@ biomonitoring
programme which started in 1997. The study of seinatode communities
aimed to identify the specific and trophic struetaghanges of this fauna in two
consecutive years of samplings.

This paper presents the first observations onreilatode communities
developed in the Suatu Nature Reserve.

Site description. The Suatu Botanical Reserve, established in 1832,
surface of about 9.2 ha, is situated in the Trarayhan Plain (Cluj county), at an
altitude of 370-430 m above sea level, closed to\iflage bearing the same
name. This reserve shows a marked steppe chapaoted by the presence of
xerophyllous plants, some of them being enderAstragalus péterfji or rare
(e.g. Astragalus monspessulanysSalvia nutans Nepeta ucranicaetc.) for
Romania. The plant associati®alvio nutantis-Festucetum rupicolé&2olyomi,
1937) So6, 1964 characterises this nature reserve.

Material and methods. Soil samples were collected during the
summers of 1997 and 1998, with an open corer @M length and 2.2 cm in
diameter. Five replicates, each composed of teas¢cavere collected from the
top 10 cm of soil. The nematodes were extracteddnyrifugation method [8],
fixed and preserved in 4% formaldehyde solution.

The taxonomic classification and the ordering ehgra into feeding
groups followed Bongers[2]and Y e atet al.[18], respectively. The
Maturity Index (MI) and Plant Parasite Index (P®RBre calculated according to
Bongers[3]and Bongeetal[4].

Results and discussion. The specific structure of the soil nematode
communities in the Suatu Botanical Reserve inclugiédaxa belonging to 74
genera. One taxon was identified only to the farfélyel (Table 1). There are
slight differences in the structure of nematode wmmities identified in the two
successive years (Table 1). Most of the nematodesubiquitous species,
commonly found in grasslands of the Carpathian Mans and Transylvania
[14, 15].

Seven species are new records for the Romaniaratodm fauna,
namely: Acrobeloides apiculatus, A. tricornis, Aglenchusagfriae,
Eudorylaimus paesleri, Rotylenchus buxophilus, Takagai balda and
Tylencholaimellus eskénarked with ** in Table 1)

Six species with limited distribution in Romaniane found here for the
second time: Acromoldavicus skrjabini, Anatonchus hortensis, mokoum
bihariensis, Diphtherophora brevicolle, Discolaimpsrplexansand Trophurus
sculptus(marked with * in Table 1).

46
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Table 1
Specific structure of soil nematode communities (D%) in the
Suatu Nature Reserve
Taxon Sampling year Taxon Sampling year
1997 1998 1997 1998

Acrobeles complexus 1.26 0.72 Diploscapter coronatum 0.06
Acrobeloides 0.38  Discolaimus perplexans 0.15 0.30
A. apiculatus** 0.10 Ditylenchus 2.67 1.67
A. buetschli 0.05 0.10 Dorylaimoides 0.40 0.78
A. nanus 5.69 0.23 D.elegans 0.86 1.34
A. tricornis** 0.15 Eucephalobus 1.01 0.17
Acrolobus emarginatus 0.24  E. oxyuroides 0.10 0.52
Acromoldavicus 0.25 1.50 Eudorylaimus 0.96 2.76

skrjabini* E. carteri 0.19
Aglenchus agricola 277 0.13 Eudorylaimus paesleri**  0.01
A. fragariae** 0.10 Eumonhystera 0.13
Alaimus 0.20 0.17 Filenchus 10.47 10.55
A. parvus 0.05 0.05 Funaria 0.05
Amplimerlinius 0.24  Geomohystera villosa 0.17
Anaplectus granulosus 0.96 0.15 Gracilacus 0.60 0.85
Anatonchus hortensis* 0.49  Helicotylenchus 1.31
Aphelenchoides 1.81 2.06 Heterocephalobus elongatu9.05 0.05
Aphelenchus avenae 4.13 2.33 Heterodera 0.15
Aporcelaimellus 0.81 2.29 Longidorella 0.30 2.26

obtusicaudatus Longidorus 0.35 0.38
Aporcelaimus 0.10 Malenchus 0.13
Aulolaimus 0.27  Meloidogyne 0.05
Axonchium bihariensis* 1.76 3.22 Mesocriconema 0.86 3.22
Bastiania gracilis 0.05 M. rusticum 0.30
Boleodorus thylactus 0.50 0.96 Microdorylaimus 0.15
Bunonema reticulatum 0.26  Mononchus truncatus 0.05
B. richtersi 0.03  Mylonchulus brachyuris 0.50 1.56
Cephalobus 141 154 Nygolaimus 0.15 0.49
C. persegnis 0.25 0.05 Panagrolaimus rigidus 0.25 0.51
Cervidellus 0.10 Paramphidelus 0.10 0.16
Chiloplacus 1.26 0.56 P.dolichurus 0.70 0.68
Coslenchus costatus  5.89 4.65 P. uniformis 0.05
Criconemoides informis 1.86 0.08 Paraphelenchus 0.35 0.13
Cylindrolaimus 0.05 pseudoparietinus
Diphtherophora 1.15 Paratylenchus 7.55 3.09
D. brevicolle* 1.31 Paraxonchium laetificans 0.15 0.10
D. communis 0.35 0.49 Pelodera 0.03
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Table 1 (continued)

Taxon Sampling year Taxon Sampling year
1997 1998 1997 1998
Plectus 0.81 0.55 T. ettershergensis 0.96
P. acuminatus 0.45 0.15 Tripyla 0.05
P. parvus 0.27  Tripylina arenicola 0.60 1.43
Pratylenchus 0.86 0.28 Trophurus sculptus* 0.05
Prionchulus punctatus 1.18 Tylenchollaimellus eskei** 0.25 2.04
Prismatolaimus 0.75 0.20 Tylencholaimus 0.45 8.06
intermedius T. minimus 1.06
Rhabditidae 0.12 T. stecki 0.05
Rotylenchulus borealis 1.51 0.37 Tylenchorhynchus dubius 3.98 5.52
Rotylenchus 5.58 17.66 Tylenchus 237 1.02
R. buxophilus** 12.00 Tylocephalus auriculatus  0.55 0.87
Steinernema 0.10 0.49 Wilsonema otophorum 0.45 0.17
Takamangai balda** 0.50 2.38 Ypsylonellus vexilliger 2.37 0.76

Note: * Species with limited distribution; ** Nevecords for the Romanian fauna.

The dominant nematode taxa weRotylenchus, R. buxophilus,
Filenchus, Paratylenchus, Coslenchus costatus, #eoides nanusand
Tylenchorhynchu$he generaFilenchus and Rotylenchusare eudominant.
R. buxophilushad the highest contribution to the nematode conities.

The highest densities of nematodes were foundhé god horizon
(1043 ind./100 g dry soil and 3839 ind./100 g dojl,sin 1997 and 1998,
respectively).

The trophic structure of the nematode communitd®wed the
dominance of plant feeders followed by bacteri@dirs, hyphal feeders and
omnivores in samples collected in 1997 (Table Rarges in this structure took
place during 1998, when the decreasing order aoflifgegroups was: plant
feeders > omnivores > hyphal feeders > bacteriedides > predators. A high
contribution of the omnivorous nematodes in 199& wa defavour of plant
feeding and bacterial feeding ones.

The values of Maturity Index (MI) increased in 89& comparison to
1997, while those of Plant Parasite Index (PPIl)ewaimost similar in both
estimations (Table 2). These values reflected #&lestaquilibrium of soil
nematode communities in this grassland.

Values of the ratio PPI/MI indicated an optimalings of trophic
resources offered by the grassland ecosystem [5].
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Table 2

Trophic structure (%), Maturity Index (M), Plant Parasite Index (PPI) and
PPI/MI ratio of soil nematode communitiesin the Suatu Nature Reserve

Sampling year

1997 1998
Bacterial feeding 19.83 11.50
Hyphal feeding 12.23 15.80
Plant feeding 59.03 49.40
Omnivores 7.40 16.0
Predators 1.41 5.60
Insect parasites 0.10 0.50
M 2.68 3.35
PPI 2.50 2.57
PPI/MI 0.96 0.77

Conclusions. 1. A relatively high specific diversity of nematode
communities was found in the soil of grasslandhim $uatu Nature Reserve (97
taxa belonging to 74 genera). Most of the nemat@tesubiquitous species,
frequently found in grasslands of the Carpathiants Eransylvania.

2. Seven species are new records for the Romdaiama, namely:
Acrobeloides apiculatus, A. tricornis, Aglenchusagfriae, Eudorylaimus
paesleri, Rotylenchus buxophilus, Takamangai badda Tylencholaimellus
eskei.Six nematodes with limited distribution in Romamiare found here for
the second time, namelyAcromoldavicus skrjabini, Anatonchus hortensis,
Axonchium bihariensis, Diphtherophora brevicollasélaimus perplexanand
Trophurus sculptus

3. Changes in the trophic structure of nematodenconities were
noticed in 1998 as compared to 1997: the plantifigedroup had significant
contributions in 1997 and the omnivores in 1998.

4. The values of the Maturity Index (M) increased 998 as compared
to those from the previous year, while the PlamaBite Index (PPI) had almost
similar values. Both values reflect a stable efdiim of the nematode
communities with their environment. The PPI/MI caithdicated an optimal use
of trophic resources offered by the grassland estesy.
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DIPLOPODE DE PE VALEA ARIEBULUI

DELIA CRISAN’

SUMMARY. - Diplopods from the Aries Valley. A number of 25
species of diplopods belonging to 8 families anor@ers were collected
from the Arig Valley within the Alba county. We emphasise the
occurrence oKarpatophyllon dacicumCeuca, 1964 which is endemic to

the Apuseni Mountains.

Raul Aries Tsi are izvoarele in Muii Bihorului din Masivul Apusenilor,
in final varsandu-se in Muke Au fost colectate numeroase exemplare de
diplopode incepand de la valea Bistrei, Tn amenpéni langi comuna Pgaga,
in aval. Pentru colectarea materialului au fost lasgie numeroase capcane
"Barber" de dtre un colectiv al Catedrei de zoologie din Clujgdaa, in diferite
staiuni din spaiul mai sus mefionat. Capcanele au fost ingropate in diferite
ecosisteme, ca: lunci cu salcagniplopi, paduri de foioase, de amestgicde
conifere, incepand de la §2ga, Slciua, Brezegti, Bistrasi valea Bistrei (Fig. 1).
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F i g. 1.Harta raului Aries, de la izvoare pahla comuna Buru
(numai pe parcursul jud. Alba).

* Universitatea BaheBolyai, Catedra de zoologie, Muzeul zoologic, 3@0§-Napoca, Romania
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Ord.GLOMERIDA Leach, 1815
Fam.Glomeridae Leach, 1815

Glomeris pustulatd.atreille, 1804

Posaga. 76 ¢+132 ¢, 9.VIII.1997. Silciua. 155 ¢+2¢% 2, 22.1X.1998.
Specie ce preférbiotopuri, mai mult sau mai go deschise, sub pietre, sub
lemne putrezite, injoluri sub frunzar, sau chiar sub pernele deahniu Este o
specie central-europearai; la noi se mai cungte de la Cluj-Napoca.

Glomeris hexastichB8randt, 1833

Silciva. 12, 23.1X.1998 Bistra. 83 & + 42 ¢, 22.1X.1998. Prefer, mai
cu seard, marginile de pduri, crangurile, tufiurile, sub pietre, sub trunchiuri
cazutesi, bineineles, sub frunzar. Este o specie central-eur@Gpezate are 0
larga raspandiresi Tn tara noastr [2].

Glomeris connex&.L. Koch, 1847

Bistra. 385+2%2 2, 1.VII.1998. Valea Bistrei. 333, 22.1X.1998.
Posaga. 33 3+102 ¢, 22.1X.1998. Se intalge in frunzarul pdurilor de
amestec, sau chiar in cele de conifere, sau sobhiwri cizute, uneori n litief,
rareori sub pietre. Est¢aceasta tot o specie central-european

Glomeris prominengttems, 1903

Bistra. 43 3+3¢% 2, 2.VI1.1998. Se gpete in frunzarul pdurilor de
foioase, uneori in humusul de sub acestea, la adéde cdiva cm. A fost
descrid de la Tynadsi se pare & este 0 specie enderijda noi disindu-se mai
cu seari in Transilvania.

Ord. POLYDESMIDA Leach, 1815
Fam.PolydesmidaelLeach, 1815

Polydesmus complanatdisinnaeus, 1761)

Posaga.35 ¢+12, 9.VII.1997; 53 5 +52 2+23 juv., 2.VI.1998Silciua.
1s, 2.VI.1998.Brezeti. 28 g, 2.V1.1998. Thieste mai cu seamin pidurile de
foioase, uneors§i in cele de conifere. Nu rareori ajunge priivaaiele cu arini,
prin crangurisi pe la margini de gmluri; rareori in locuri deschise, sub Btice
lemne sau sub pietrgi, in parcuri neingrijite. Pe verticapoate ajunge péra
2000 m altitudine. Fiind o specie trogldfilpoate fi intalni si Tn pesteri. Este o
specie europedn

Polydesmus montaniaday, 1889

Valea Bistrei.33 &, 22.1X.1998.Pasaga. 23 &, 9.VII.1997. Se pareac
are aceleq preferine casi P. complanatusn Carpai nostri. Se intalngte mai
frecvent in pdurile de conifere, mai rar in cele de foioaSeaceast specie
patrunde uneori in peri. Descrig initial de la noi, acum se mai cutasi din
Ucrainasi Polonia.
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Polydesmus schassburgengerhoeff, 1889

Posaga. 115 a+12, 9.VII.1997. Brezati. 275 3+162 ¢, 2.VII.1997.
Este tot o specie deaguri de foioase, aflandu-se mai cu ségoe la liziere.
Descrig din faunatarii noastre, ea a mai fost m@nat si din Ungariasi
lugoslavia.

Fam.ParadoxosomatidaBaday, 1889

Strongylosoma stigmatosu@ichwald, 1830)

Silciva. 14, 1.VI1.1998. Bistra. 1a8+12, 2.VI.1998. Aceadt specie
prefei regiunile calcaroase dirigiurile de foioase, rareori mai poate fi int&init
prin livezi sau prin pgeri. Este o specie tipic central-est-european

Ord. CHORDEUMATIDAC.L. Koch, 1847
Fam.Mastigophorophyllidad/erhoeff, 1899

Karpatophyllon dacicunCeuca, 1964

Brezagti. 463+522+5 juv., 23.1X.1998. Este 0 specie moritan
intalnitd in frunzarul @durilor de foioase, cu trunchiurizute, mai mult sau mai
putin putrezite; rareori, in cele de conifere. Spamedemid in Murtii Apuseni

[1].

Este necesar de nm@nat urnditoarele aspecte referitoare la confofiaa
gonopodelor anterioare la exemplarele colectaté. &ac ne referim la
portiunile distale ale gonopodelor anterioare, se alasea, la un exemplar (Fig.
2-A), ramura interf sau lobul medial este mulitit, iar varful telopoditului are
forma ovak. La alt exemplar, din aceggopulgie (Fig. 2-C), se vedeigamura
interni, sau lobul medial, este normal dezvoltat (as@mor cu cel de la forma
tipica) (Fig. 2-B), pe cand varful telopoditului este ragit, cu aspect de fruiz
(Fig. 2-C). Referitor la gonopodele posterioarepsate metiona G ramura
interma este curbat mult posterior, la t indivizii studiai (Fig. 2-E), restul
aspectului acestor gonopode este mai mult sau otei @seninator cu forma
tipica (Fig. 2-D).

Mastigona transsilvanicurderhoeff, 1897

Brezgti. 43 3+172 248 juv., 1.VI.1998. Silciua. 18+5% 2+2 juv.,
1.V1.1998.Bistra. 24 ¢, 22.1X.1998. Specie ce poate fi intédnih padurile cu
lemne @zutesi putrezite, uneori sub scaarcopacilor; deseori poate figta si
sub pietrelesi carbunii din focurile relativ recent stinse de la gjiar de gduri.
Se mai cunage si din Ungariasi Bulgaria.
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Fam.Craspedosomida6&ray, 1843

Craspedosoma transsilvaniciverhoeff, 1897

Brezeti. 18+1%, 2.VI.1998. Pasaga. 138+92 ¢+5 juv., 9.VII.1997.
Silciua. 28 3+1%, 1.VI.1998. Bistra. 35 3+122+63 juv., 25.1X.1998. Se
ntalnate Tn @durile de foioase, mai cu seana marginile lor. Nici sub pietre
nu este ra De asemenea, cgd specia precedeiit poate fi gsita printre
carbunii stirgi din focurile relativ recentitute. Este o specie central-europgean

Fig. 2.Jumitatea distai a gonopodelor anterioare ldarpatophyllon dacicur€euca,
1964.

A - Pottiunea terminal a gonopodului anterior dreptiaut posterior, al unui
exemplar mascul de la Breglze

B - Pottiunea termind a unui gonopod stang anteriofizut posterior, al
exemplarului tipic de la &@soara

C - Aceeai portiune a gonopodului stang anteriofizut posterior, al altui
exemplar de |la Bregée

D - Gonopodul posterior stangjaut posterior, al exemplarului de lad8goara

E - Gonopodul posterior stangiaut posterior, al altui exemplar de la Brgke
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Fam.Chordeumatidac€.L. Koch, 1847

Melogona transsilvanicurerhoeff, 1897

Silciva. 18, 1.V1.1998. I, 23.1X.1998. Acea#t mici si sprinteri
specie este relativ frecvanin frunzarul @durilor de foioasei Tn gradinile si
parcurile neingrijite. Poate fi intalaiprimavara, dar nici vara nu este Zar
Frecveni in Transilvania. Probabiliexistesi in Ungaria [3].

Ord.JULIDA Leach, 1814
Fam.JulidaelLeach, 1814

Cylindroiulus luridus(C.L. Koch, 1847

Silciua. 233+22 2, 1.VI.1998. Brezgti. 953+322, 1.VI.1998.
Bistra. 63 a+72% ¢, 23.1X.1998. Este, poate, cea maspandii specie dintre
diplopodele dintara noast. Se intalngte unde gseste condiii favorabile de
viata, in frunzar, sub trunchiurazute, sub pietre. Pe vertidgloate ajunge pén
la 1500 m altitudine. Este o specie central-vestgeai.

Enantiulus nanugLatzel, 1884)

Silciva. 14, 1.VI1.1998.Brezgti. 33 8+3¢ ¢, 2.V1.1998. Specie care
prefef cu predilede frunzarul umed algaurilor de foioase. De obicei, pe céate
0 suprafg, relativ mi@, dacé se insist, pot fi colectda mai muli indivizi. Este
0 specie vest-central-européan

Haplophyllum mehelyiVerhoeff, 1897)

Brezati. 18+12, 2.VI.1998. Specie tipicde frunzar care, se parey ¢
prefeti solul pietros, urcand, uneori gaaproape de 2000 m altitudine. Este o
specie central-vest-européan

Leptoiulus trilobatugVerhoeff, 1894)

Posaga. 28 3+22 ¢, 9.VIL.1997. Silciua. 638 3+3 juv., 1.VI.1998.
Brezati. 75 ¢+1¢%, 2.VI.1998.Bistra. 165 ¢+9¢% 2+3 juv., 3.VI.1998. Este o
specie de frunzar de foioasede piduri de conifere. Poate fi ntalaiti sub
trunchiuri @dzute sau sub pietre. Pe verticgoate ajunge pénla 2000 m.
Specie central-european

Allopodoiulus verhoeffiJawlowski, 1931)

Brezati. 3¢ &, 2.VI.1998.Silciua. 12, 1.VI.1998.Bistra. 23 3 +6¢ 2,
2.V1.1998.Valea Bistrei.12+1 juv., 2.1X.1998. Specie caraiiste in frunzarul
umed. Rareori se poateigy sub pietre sau sub trunchiutizate si putrezite.
Specie central-european
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Unciger transsilvanicugVerhoeff, 1899)

Silciva. 24 &, 1.VI.1998.Bistra. 15 +2 juv., 22.1X.1998Valea Bistrei.
1la+19, 1.V1.1998. Este 0 specie care nu este fedat un anumit biotop; ea
poate fi intalnit atat in frunzarul gdurilor de foioase, sub trunchiurizute, cat
si In parcuri, giidini, cimitire si chiar in locuri deschise. Specie central-
europeaa.

Megaphyllum peltyururfLatzel, 1884)

Posaga. 263+2%2 2, 9.VIL.1997. Bistra. 1a+12, 22.1X.1998. De
obicei, aceastspecie este intalditin pidurile de conifere, mai cu seamsub
trunchiuri @zute si putrezite. Mai rar, poate fi intal@itin padurile inalte de
foioasesi chiar sub pietre. Poate fi intalifn Apuseni, Carpga sudici si
lugoslavia.

Megaphyllum imbecilluniLatzel, 1884)

Posaga. 28 43+2, 9.VI.1997. Brezgti. 2543, 2.VI.1998. Bistra.
23 3+19?, 23.1X.1998. De obicei, aceasmica specie populeazfrunzarul
padurilor de foioase, uneori in ndmmare de exemplare, pe cate o supfiafa
relativ mic, cu umiditate accentuatEste o specie central-europgan

Megaphyllum unilineatur(C.L. Koch, 1838)

Posaga. 534+92 2, 1.VI.1998. Silciua. 238 3+2 juv., 1.VI.1998.
Bistra. 15+2 juv., 23.1X.1998. Specie de jaaaltitudine care poate fi intalait
la margini de pduri, cranguri, Tn pdurile de salcami din terenurile nisipoase,
sub pietre sau in lunci. Este o specie centralpmad.

Megaphyllum transsilvanicuifyerhoeff, 1897)

Silciva. 18+5¢% 2, 2.VI.1998. Specie frecvenfn pidurile de foioase,
gasindu-se, uneorigi in frunzarul celor de conifere. Este o specietredn
europeaa.

Megaphyllum projectum dioritanu(Verhoeff, 1907)

Silciva. 23 3+3¢2 2, 1.VI.1998.Brezgti. 3¢ 3 +12, 2.VI.1998. Posaga.
383+22 2, 9.VI.1997. Bistra. 43 3+102 ¢+11 juv., 23.1X.1998. Valea
Bistrei. 18+1%, 1.VI.1998. Este o forthce poate fi intalnit pretutindeni, atat in
paduri de foioase caf in cele de conifergi chiar mai sus. Este o fotntentral-
europeaa.

Ommatoiulus sabulosykinnaeus, 1758)

Posaga. 443+122 2+4 juv., 1.VL.1998. Silciua. 42 2+6 juv.,
1.V1.1998. Brezgti. 553+6%2 2, 2.VL.1998. Bistra. 183+22 2+12 juv.,
23.1X.1998. Specie tipic euritdpcare poate fi intalnitaproape peste tot unde
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se gisesc diplopode, atat in cAmp deschis, sub pietréesane putrezite, ct
n paduri de foioase sau chiar de conifere (de prefedim marginile lor). Pe
verticak poate fi Intalni de la nivelul ndrii pam la 2000 m altitudine. Se
cunoate din Spania parin sudul Uralilor [4].

Ord. POLYZONIDAGervais, 1844
Fam.PolyzonidaeGervais, 1844

Polyzonium germanicuf@randt, 1831

Silciua. 1s+1, 1.V1.1998. Brezati. 15, 1.VI.1998. Bistra.
73 3+12% 2+3 juv., 23.1X.1998. Aceastspecie tiieste in frunzarul pdurilor
de foioase, aflandu-se n sol, sub detritusul depitura de frunze; rareori poate
fi Intalnita in padurile de coniferai chiar sub ptura de mechi. Femela are gij
de poni, inrulandu-se in jurul ei. Este o specie europedm Frana pam in
Urali.

Deci, s-au colectat de pe valea Aulei 476 de indivizi incadtain 25
de speciki 0 subspecie, cuprinse ih 5 ordid familii.
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FAUNISTIC AND ECOLOGICAL STUDIES ON THE CICADA
POPULATIONS (NSECTAHOMOPTERAAUCHENORRHYNCHA
CICADELLIDAEAND CERCOPIDAR ALONG THE SUPERIOR

COURSE OF THE SOMEUL CALD RIVER (ROMANIA)

VALENTIN POPA* and ROXANA COJOCNEANU’

SUMMARY. - In the studied area we have identified 37 cicadeiss
belonging to 2 families, 9 subfamilies and 31 ganérhe ecological
analysis shows that the greatest biodiversity imébin the meadow at
Smida.The biodiversity index decreases from Smiddhto gorge area
according to the increase in altitude. The mostlama@cosystems are the
spruce forest at Doda Pilii and the spruce foresthe right slope in the
gorge. Concerning the different types of ecosysteéngshighest similarity
index is between the swampland at Doda Pilii ardphsture at Smida.

In the biological literature there are few dataneerning the cicada
fauna in the Somell Cald basin, and this determined us to carry sugh a
research. In our country studies have been perfibimsimilar ecosystems from
other mountainous regions, such as the Bucegi Missk] and the Retezat
Massif [3].

The zone studied by us is situated in the BihouMains, between the
Vladeasa Massif and the @il Mountains, at an altitude between 1200-1700 m
above sea level. Here, the spruce forms more a&r dessistent forests, due
especially to extensive deforestation. Besidescgprather tree species, such as
the birch Betula pubescepsfound especially in the swampland in association
with Sphagnunsp., willow (Salix purpure mountain alderAInus incandalso
grow in this area.

The geological substratum of the area is variadthe sector between
the Fantanele Reservoir and the confluence witked/&lirei, there are cropping
out substantial metamorphic formations from thecBnabrian belonging to the
Bihor Autochthonous. Frequently, layers of sedimgntrocks of Mesozoic age
may cover them, extending predominantly at thengriof the fluvial network
mentioned before. Thus, the relief of the zone wehe mark of a lithological
puzzle structure with the individualisation of sospecific metamorphic forms.
On the other hand, there are other totally diffefemms developed on the
soluble rocks (Fig. 1).

" Babg-Bolyai University, Department of Zoology, 3400 jMapoca, Romania
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Jictdy
1544,

Fig. 1. The Somgil Cald - Ic Ponor zone with the sampling sites.

In 1998 we have collected biological material fram area extending
between the narrow valley of the SamleCald gorge and the end of the Smida
Reservoir (Fantanele Lake). The samplings hadewdgollecting the biological
material from varied ecosystems, in order to stilndybiodiversity of the species
in the studied area. Also, we have collected matdrom ecosystems with
resembling biotopes, in order to compare the faoomposition of these
ecosystems.

The stations chosen are specified below.

Station |. Smida

At this station we have collected many samplesabse of the great
number of ecosystems and habitats present here.

Spruce forest situated on the right bank of the SgmieCald river, near
the end of the reservoir. The area, located attdnde of approximately 960 m
above sea level displays small channels and mipredsions, heavily supplied
with subterraneous water, which has stimulatedathendant growth of the peat
mossSphagnunsp. Aside fromSphagnunsp., here we can also find the birch
tree Betula pubesceps

Combinations of mesophilous and mesohygrophiloussgands are
found in the meadow on the right bank of the SareCald river, at
approximately 965 m above sea level, in an enclased which occupies 2 ha.
Here we have chosen a few sampling sites, deschibleav.

62



CICADA POPULATIONS ALONG THE SOMEBUL CALD RIVER (ROMANIA)

Meadow with Festuca rubra- here we could find=estuca rubraand
Nardus sticta with a dominance of efficient fodder specidgostis tenuis,
Anthoxanthum odoratum, Trifolium pratehse

Salicetum purpureaassociation aSalix purpuredsle in the meadow.

Area with hygrophilous vegetation situated very close to the river
bank, where the humidity is high.

Sphagneturl - situated in close vicinity of the grasslandsamthe
fringe of a swampy spruce forest. The area is cetapyl covered by a layer of
Sphagnunsp. We have also collected material in the proximityhis sector, to
check the existence in this biotope of a mixturepEcies from the neighbouring
meadow.

Sphagnetun? - situated upstream from the mesohygrophilous mwad
complex (pastures) in a microdepression with waiecess in spring and
autumn.

Pasture- a land where the herbivorous animals of the bithats graze.
From phytocoenological point of view, the compasitiof this land resembles
that of the downstream mesohygrophilous meadow mp

Station 11. Doda Pilii

Spruce forest on the place called "la cuptoareSituated on the
southwestern slope of the mountain and on the seralice on the left bank of
the Somsul Cald valley. At the foot of the mountain, on latfarea (at an
altitude of 970 m above sea level), there can hendoa typicalSphagno-
Piceetumassociation, with a well developed herb layer dwatdd by the peat
moss, but with a small number of species and witmynspecimens of dried
spruce.

Swampland- a community formed by species GarexandJuncus on
grounds of high relative humidity, as a result loé tgreat number of springs
found here.

Station I11. Ic Ponor

Mixed forest- the predominant tree species &@gus sylvaticaand
Picea abiesThe samples in this biotope have been collectpéaally from the
low herbaceous and shrubby vegetation.

Coppice- a community ofAlnus incanapopulates this ecosystem. It is
situated at 1000 m above sea level, on a flat l&od,with small secondary
riverbeds. A great floral diversity and a luxuriat@velopment of the herb layer
characterise this ecosystem.
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Station V. The Gorge

At the entrance of the gorge on the left side we have sampled
biological material from the herbaceous vegetasind from the trees situated at
the fringe of the spruce forest on the left slopthe mountain.

The left side of the gorge here we have sampled biological material
from the spruce forest, which covers the northépesof the mountain. Among
the herbaceous plants that populate this spru@stfeve mention the endemic
speciesPulmonaria rubra, Symphytum cordatamdCardamine glanduligera

The right side of the gorgethe sampling has also been made from the
spruce forest, which covers the southern mountendiut the composition of
the herb and shrubby layers is different from tfahe opposite side of the gorge.
Here we mainly find communities ®faccinium myrtillusandLuzula sylvatica.

Material and methods. The samples of the biological material have
been collected using an entomological net whenectiig from herbaceous
vegetation, and by using the umbrella net, whetectihg from the trees. We
have collected both qualitative and quantitativengas. At all sampling sites,
we have taken samples of the same size (100 mdws).biological material
collected was kept in recipients containing 70%oldéd. The determination of
species was carried out based on the morpholotgasilires, especially of the
genital system, according to the literature [4,7h, The components of the
genital system have been preserved as permanges sising Canada balm, and
are kept in the collection of the Department of [6gy.

We have calculated the relative abundance (R.Aéb)ech species,
using the formula: R.A.% = NiX100/N, where Ni - nber of individuals of the
species i and N - total number of individuals ibi@coenosis.

In the ecological study of the cicada populations ave used the
following ecological indices: the numeric dominanicglex: D = nX100/Nt,
where n - the number of individuals of the spegjdst - the total number of
individuals from all the ecosystems in the studaeda; the Shannon - Weaver
diversity index, calculated using the formula: HZ piXlog pi, where pi is the
proportion of individuals of species i; log - dealrogarithm; the equitability
index, calculated with the formula: e = H/Hmax; Hm= logS, where S
represents the total number of species in a biazienand the Morisita
ecological similarity index, calculated with therfwla: Idm = Zxi X yi/
(11 +12) X N1 X N2; 11 =3xi X (xi - 1)/N1 X (N1 - 1); 12 =Zyi X (yi - 1)/IN2 X
(N2 - 1), where xi - number of individuals of species iagality 1; yi - number
of individuals of species i in locality 2; N1 - &tnumber of individuals in
locality 1; N2 - total number of individuals in lality 2.
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Results and discussion. The results of our research are included in
Table 1. The material collected in the area tatdl$3 individuals, belonging to
37 species, 2 families, 9 subfamilies and 31 gerferam systematical point of
view, the most represented family Gicadellidae (Latreille, 1825), with 7
subfamilies and 33 species, comparedCircopidae(Leach, 1815), with 4
species. This family distribution is absolutely mat. The small number of
species from the familZercopidaeis not due to its weak representation in this
area, but to the fact that the number of speci&mpgeg to this family is much
smaller compared to the famiicadellidae In the Central European fauna only
24 species o€ercopidaehave been recorded [5].

Regarding the distribution of species in subfassilithe best represented
in number of species is the subfamideltocephalinagFieber, 1896), with 19
species, followed by the subfamilyyphlocybinagKbm. 1868), with 8 species,
the other subfamilies being less represented (Figle explanation is similar to
that regarding the families.
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F i g. 2 Distribution of the cicada species in subfamilies

1 — Deltocephalinae. 2 — Macropsinae. 3 — Evacaa¢hin
4 — Cicadellinae. 5 - Aphrodinae. 6 — Dorycephalina
7 — Typhlocybinae. 8 — Aphrophorinae. 9 - Cercopinae
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Table 1

Cicada species(Homoptera, Auchenorrhyncha, Cicadellidae
and Cer copidae) identified along the superior course

of the Somesul Cald river

Species Taxa Number of  Stations and sampling sites
number individuals
Family Cicadellidae Latr. 1825
Subfam. Deltocephalinae Fieb. 1896
Tribe Balcluthini Baker, 1915
GenusBalcluthaKirk. 1891
1 Balclutha punctatalhnb. 1782 2M,2F Smida, meadow whstuca
rubra
1M Gorge entrance, the fringe of
the spruce forest
10 M,12 F  Right slope of the gorge,
spruce forest
1F SmidaSalicetum purpureae
ass.
1F SmidaSphagnetum
4M,5F Doda Pilii, spruce forest at "la
cuptoare"
1F Smida, meadow with
hygrophilous vegetation
1F Ic Ponor, mixed forest
1F Ic Ponor, coppice
2 Balclutha saltuellasKbm. 1868 1F Smida, meadow witlestuca
rubra
Tribe Athysanini van Duzee, 1892
GenusEuscelisBrullé, 1832
3 Euscelis obsoletusbm. 1858 1M,1F Smida, meadow with
hygrophilous vegetation
GenusStreptanuRib. 1942
4 Streptanus sordidugett. 1828 1M Smida, meadow witlestuca
rubra
GenusSpeudotwttibRib. 1942
5 Speudotettix subfuscul&sll. 1806 1M Ic Ponor, mixed forest
GenusElymanaDe Long, 1936
6 Elymana sulphurell&Zett. 1828 6M,6F Smidgphagnetum 2
12 M, 10 F  Smida, meadow wiffestuca
rubra
4M,1F Smida, meadow with
hygrophilous vegetation
1F Ic Ponor, coppice
1F Smida, pasture
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Table 1 (continued)

7

10

11

12

13

14

Cicadula quadrinotatd-. 1794

GenusRhopalopyxRib. 1939

Rhopalopyx preyssleH. S. 1839

GenuddiodonusBall. 1936
Idiodonus cruentatuBnz. 1799
Tribe Deltocephalini Fieb. 1869
GenusDeltocephaluBurm. 1838
Deltocephalus pulicarigall. 1806
Tribe Doraturini Rib. 1952
GenudsDoratura J. Shib. 1871
Doratura stylataBoh. 1847

Tribe Macrostelini Kirk. 1906
GenusMacrostelesFieb. 1866
Macrosteles sexnotatizll. 1806

GenusSagatuRib. 1948
Sagatus punctifronBall. 1826

Tribe Paralimnini Distant, 1908
GenusVerdanusRib. 1947
Verdanus abdominalig. 1803

114 M, 32 F Smid&phagnetun2
100 M, 34 F Smida, meadow wiEestuca
rubra
7M,2F SmidaSphagnetuni, border
area
25M, 12 F Smida, meadow with
hygrophilous vegetation
48 M, 6 F  Doda Pilii, swampland
204 M, 50 F Smida, pasture
1F SmidaSphagnetum

1M Smid&phagnetum, border

area
9M,5F SmidaSphagnetun
1M Doda Pilii, spruce forest at "la
cuptoare
1F Smida, pasture
4M,2F Smida, meadow wifrestuca
rubra

2F Smid&phagnetun2

4M,6 F Smid&gphagnetun

5M,15F Smida, meadow whbstuca
rubra
11 M, 13 F SmidaSphagnetun2
1M,1F Smida, meadow wiffestuca

rubra

1F Smida, pasture

2F Smida, meadow wHestuca
rubra

2M,1F Smid&alicetum purpureae
ass.

57 M, 57 F Smid&phagnetunz

29 M, 55 F Smida, meadow wifestuca
rubra

9M, 11 F SmidaSphagnetuni, border
area
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Table 1 (continued)

68

15

16

17

18

19

20

21

GenusArthaldeusRib. 1947
Arthaldeus pascuellusall. 1826

GenusSorhoanuRRib. 1947

Sorhoanus xanthoneuriseb. 1869

GenusTurrutusRib. 1947
Turrutus socialisFl. 1861

GenusJassarguZachv. 1934

Jassargus (Arrailus) alpinuBieb.1869

GenusPasammotettixaupt, 1929
Psammotettix confiniBhlbm. 1850

Subfam. Macropsinae Evans, 1935

GenudMacropsisLewis, 1834
Macropsis marginatad.S. 1836

Macropsis planicollisThms. 1870

Subfam. Evacanthinae Crumb, 1911

Genustvacanthud.e P.S. 1827

1M,1F SmidaSphagnetun
2M,8F Smida, meadow with
hygrophilous vegetation
13 M, 22 F Smida, pasture
1M,1F Doda Pilii, swampland
2M,6 F Smid&phagnetun2
36 M, 15 F Smida, meadow wikfestuca
rubra
4M,1F SmidaSphagnetuni, border
area

10 M, 12 F Smida, meadow with
hygrophilous vegetation
7M,9F Smida, pasture
1M,2F SmidaSphagnetun

23 M, 34 F Smid&phagnetun2
4M,1F SmidaSphagnetuni, border
area
43 M, 32 F Smida, pasture
28 M, 5 F Doda Pilii, swampland
1F Smida, meadow withestuca
rubra
1F SmidaSphagnetum

1M,6F Smid&phagnetur2
10 M, 13 F Smida, meadow wikfestuca
rubra

5M,3F SmidaSphagnetuni, border

area
11 M, 15 F SmidaSphagneturng
2F Smida, meadow with

hygrophilous vegetation
3M4F  Doda Pilii, spruce forest at "la
cuptoare"
7M,13 F SmidaSphagnetum
3F Smida, pasture

2M,1F Smida, meadow withstuca
rubra

5F Smid&alicetum purpureae
ass.

1M,2F Smid8alicetum purpureae
ass.
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Table 1 (continued)

22

23

24

25

26

27

28

29

30

Evacanthus interruptuks. 1758

Subfam. Cicadellinae Latreille, 1825
GenusCicadellaLatreille, 1817
Cicadella viridisL. 1758

Subfam. Aphrodinae Haupt, 1927
GenusStrogyllocephalugl. 1861
Strogyllocephalus livengett. 1838
Subfam. Dorycephalinae Oman, 1943

GenusEupelixGerm. 1821
Eupelix cuspidatd. 1755

Subfam. Typhlocybinae Kbm. 1868
GenusEmpoascaNalsh, 1862
Empoascds.str.)vitis Gothe, 1875
Empoascds. str.)pteridisDhlbm.1850
Empoasca (Kybos) butleEdw. 1908
GenusErythria Fieb. 1866

Erythria montandonPut. 1880

Erythria manderstjerniKkbm. 1868

GenugrorcipataDe Long & Caldwell,
1936

3F
1M
OM, 22F

8M,10F

3M, 1F
IM1F

2M,3F
1M,5F

22M,4F

5MA4F

1M

1M

2F

2M,1F

3M1F
7M, 4F
3M,17F

1M,6F

1M

Right slope of the gorge,
spruce forest

Doda Pilii, spruce forest at " la
cuptoare"

Gorge entrance, herbaceous
vegetation

Ic Ponor, mixed forest

Smida, meadow wiestuca
rubra

SmidaSphagnetuni, border
area

SmidaSphagnetun

Smida, meadow with
hygrophilous vegetation
Doda Pilii, swampland
Smida, pasture

Doda Pilii, spruce forest at "la
cuptoare"

Smida, meadow with
hygrophilous vegetation
Smida, meadow witRhestuca
rubra

Doda Pilii, spruce forestlat "
cuptoare"
Doda Pilii, swampland
SmidaSphagnetun
Smid&alicetum purpureae
ass.

Left slope of the gorge, spruce
forest

Right slope of the gorge,
spruce forest
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Table 1 (continued)

31 Forcipata citrinellaZett. 1828 1F Right slope of the gorge,
spruce forest
GenusEupteryxCurtis, 1833
32 Eupteryx auratd. . 1758 3M,3F Ic Ponor, coppice
33 Eupteryxsp. (?) 2M,1F Ic Ponor, mixed forest
Family Cercopidae Leach, 1815
Subfam. Aphrophorinae A.&S. 1843
GenusAphrophoraGerm. 1821
34 Aphrophora alniFall. 1805 2F Ic Ponor, coppice
GenusPhilaenusStal, 1864
35 Philaenus spumariuk..1758
Var. xanthocephala 2F Ic Ponor, coppice
1F Right slope in the gorge,
spruce forest
6 M, 3F Left slope in the gorge, spruce

forest
1M,2F Doda Pilii, spruce forest at " la
cuptoare"
2M Ic Ponor, coppice
1M Ic Ponor, mixed forest
Var. lateralis 1M,1F SmidaSphagnetum
Var.leucocephala 1M Left slope in the gorge, spruce
forest
1M,1F SmidaSphagnetuni, border
area

GenusNeophilaenusdaupt, 1935
36 Neophilaenus lineatuss. 1758 1M,1F Smidé&phagnetun2
15 M, 23 F SmidaSphagnetumt
1M,1F Doda Pilii, spruce forest at " la

cuptoare"
4F Smida, meadow with
hygrophilous vegetation
1F Ic Ponor, coppice
Subfam. Cercopinae Leach, 1815
GenusCercopisFabr. 1775
37 Cercopis sanguinolentdcop. 1763 1F Doda Pilii, spruce forest at " la
cuptoare"

The 37 species identified here are spread diffgren the studied
ecosystems and habitats, as shown in Table 2.

Analysing Table 2, it can be observed that theatgit number of
species (25) in the studied six ecosystems wagdeddn the meadow, due to
its richer and more diversified trophic basis, canggl to the other types of
ecosystems. The cicada feed especially on the espeuni Poaceae The
importance of the trophic basis for the cicada coamities also results from the
structure of the coenosis in $phagnetumass. situated in a spruce forest
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(Sphagnetuni), and eéSphagnetunass. situated in a pastuf@phagnetunz). In
the pasture oSphagnetunass., a number of 13 species were identified,enhil
the spruce forest oBphagnetunass. only 10 species were observed. In the
pasture onSphagnetumrass., the cicada move easily outside the arearedve
with Sphagnunsp, to feed. The cicada do not feed $phagnunsp., but in the
Sphagnetunass. there are intercalations@drex and Juncus especially in the
pasture onSphagnetun2. The abundance of these species is greaterithan
Sphagnetuni, situated in the spruce forest. In the meado®mida we have
sampled biological material also from ti&alicetum purpureaassociation,
which forms a small isle inside the ecosystem. filmmber of species collected
here is small (5 species); they are monophagotsti\strelated to the trophic
basis: Sagatus punctifrons, Macropsis marginata, Macrogsignicollis and
Empoasca butleri In the pasture, the number of species is moreicextl
compared to the meadow, due to the intense graZing.ecosystem with the
smallest number of species (4) is the spruce faneshe left bank of the gorge,
with northern aspect, where the herbaceous vegptas less abundant.
Comparing the faunistic richness in each statiothefspruce forests, we have
found that the number of species is greatest ati&nfiollowed by the station
Doda Pilii and station Ic Ponor, the less abundagion in number of species
being the gorge area. This decrease in faunistenddnce is positively
correlated with the increase in altitude betweendtation Smida and the gorge
area. Regarding the spreading of species in e@sgsiit can be concluded that
there is a great number of species located in glesiacosystem (stenobiont
species): Balclutha saltuella, Conosanus obsoletus, Streparsordidus,
Idiodonus cruentatus, Macrosteles sexnotatus, Tusrisocialis, Psammotettix
confinis, Macropsis marginata, Macropsis planicellEmpoasca butleridll of
these species are praticolous and, thus, stroetgied to the trophic basis of the
meadow, whereaSpeudotettix subfusculus, Strogyllocephalus liv&mgthria
montandoni, Erythria manderstjernii, Forcipata ditella, Eupteryx aurata,
Eupteryx sp. (?) are sylvan species, rarely surpassing the tfoliests.
Aphrophora alniand Cercopis sanguinolentare euribiont species, but in the
studied area we have found them in small numbérs.Species that are spread
in two ecosystems aEempoasca vitimndDoratura stylata Empoasca vitihas
been collected from ecosystems with distinct notidiand biotic conditions
(spruce forest, meadow) which indicates that thelogical valence of this
species is largeDoratura stylatais a praticolous species, which is indicated by
its spread only in meadow and pasture. The othecisp inhabit more types of
ecosystems, and have a wide ecological valencen Faanistic point of view,
the presence dEupteryxsp.(?) is very interesting because of its penipsha
This species is closely related Eupteryx stachydearurfHardy, 1846) but its
penis shape is different.
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Concerning the relative abundance (R.A.%) (Tabje iR has been
observed that the highest value is f@ophilaenus lineatuéR.A.% = 16) in the
spruce forest. In this ecosystem we have found aiher species with high
relative abundance valueslassargus alpinusand Evacanthus interruptus
(R.A.%= 14). In the spruce forest the lowest rglathbundance value is attained
by Balclutha punctata(R.A.% = 0.13). From the mixed forest we mention
Evacanthus interruptufR.A.% = 75), andeupteryxsp. (?) (R.A.% = 12.5). In
the coppice the most abundant speciegupteryx aurata(R.A.% = 46.15),
followed by Aphrophora alniandPhilaenus spumariuéR.A.% = 15.38), which
are hygrophilous species. In the meadow, the mbsindant species are
Cicadula quadrinotata(R.A.% = 33.8) andverdanus abdominaligR.A.% =
23.9), and the less abundant specieBadclutha saltuela(R.A.% = 0.1).
Cicadula quadrinotatashows the highest values of the relative abundante
in pastures and in swamplands, which proves thigt at eurinygric species. In
the literature it is mentioned as a rare speciethi® Transylvanian fauna [1].

Calculating the numeric dominance we have foundt thicadula
qguadrinotata (34.9%), Verdanus abdominalis (15%), and Sorhoanus
xanthoneurug10.09%) dominate all the ecosystems in the studiea.

The values of the ecological diversity and equiitgbindices are
presented in Table 3. The highest ecological dityeisdex is recorded for the
Smida meadow (0.92), followed by the spruce foatstmida (0.91) and Doda
Pilii (0.87). The lowest diversity index is recoddéor the spruce forest in the
gorge area (0.38). High values of the diversityeidre found in the coppice
and swampland (0.66). The spruce forest accommedaner species of cicada.
Compared to the meadow, the pasture at Smida Hawex diversity index
(0.52), and the species found here have a few nuofhiadividuals (e = 0.2).
Concerning the degree of the representation of epeties in biocoenosis
(equitability), the richest species in individuale those that inhabit the coppice
(e = 0.59). There are few species that live in ¢lgissystem, but these species are
very exigent regarding the humidity factor. Swamplas also an ecosystem
with high relative humidity, but here the equit#igilis lower. This fact is
probably due to trophic bases with poorer qualdynpared to the coppice, the
interspecific competition being much more accemdaihe lowest equitability
index has been recorded for the pasture at Smidia. froves that the cicada
populations are strongly affected by grazing.
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Table 3

Values of the Shannon-Weaver diversity index (I1') and equitability index (¢)

in the studied ecosystems and stations

Type of ecosystem

Swampland

Meadow Pasture

Coppice

Mixed forest

Spruce forest

Doda Pilii

Ic Ponor Ic Ponor Smida Smida

B. *

RB.*

Doda Pilii

Smida

Stations

0.66217201 0.924658  0.528251  0.66478523

0.379116706

0.87816604 0.34127722 0.42187161

0.91286

0.30596258

0.202608

02495858  0.274637681  0.59430829 0.316655

0.2357982

0423256  0.59444821
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11

25

11

12

Number of species

* Right bank of the gorge.

* Left bank of the gorge.

The Morisita ecological simila-
rity indices between the same
types of ecosystems from dif-
ferent stations, as well as
between different ecosystems are
presented in Tables 4 and 5.
Comparing the values of the
similarity indices recorded in the
same type of ecosystem (spruce
forest) (Table 4), it is noticeable
that the highest degree of resem-
blance (0.63) is found between
the spruce forest at the station
Doda Pilii and the station on the
right slope of the gorge. The
high degree of resemblance
between the two stations is due
to the high relative humidity,
which determines the presence of
hygrophilous species, both in the
phytocoenoses and the cicada
communities. The simila-rity
index between the spruce forests
at Smida and Doda Pilii is 0.49.
The resemblance between the two
spruce forests consists especially in
the compo-sition of the herb and
shrubby layers, which is important
for the cicada communities. Great
eco-logical differences can be
obser-ved between the spruce
forests found on the right and left
slopes of the gorge (0.17). These
considerable ecological differences
are due to the distinct aspect of the
two slopes. The right slope,
having southern aspect, is more
exposed to the sun, and has a
more diversified floristic
composition, compared to the left
slope, which has northern aspect.
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The similarity index of the various ecosystemsh(€zb) shows that the
highest degree of resemblance (0.82) is betweerswizenpland at Doda Pilii
and the pasture at Smida. Probably, this greatasityiis due to the fact that in
the pasture there are many isles wiphagnumsp., in which as in the
swampland, there are also fou@@rex sp. andJuncussp. A high similarity
index (0.79) is also recorded between the pastu@d the meadow. The
similarity index between the meadow and sprucestoat Smida is 0.44, which
is higher than the indices for the other sprucedts. This may be explained by
the spatial proximity of the two ecosystems at Sitie cicada being able to
easily move from the meadow into the forest, anad ithe opposite direction.

Table 4

Values of the Morisita similarity index between different stations
of the same ecosystem

Spruce forest

Stations Smida Doda Pilii R.B.* L.B.*
Smida
Doda Pilii 0.49
R.B. 0.09 0.63
L.B. 0.01 0.01 0.17
*Right bank of the gorge. *Left bank of the gorge.
Table 5

Values of the Morisita similarity index between different types of
ecosystems and stations

Type of ecosystem Coppice Mixed forelsteadow Pasture Swampland

Stations Ic Ponor Ic Ponor Smida Smida  Doda Pilii

Spruce foresEmida 0.13 0.004 0.44 0.24 0.3
Doda Pilii 0.23 0.11 0.06 0.008 0.03
R.B. * 0.15 0.19 0.01 0 0
L.B.* 0.09 0.95 0.0003 0 0

Mixed forestIc Ponor 0.02

Meadow Smida 0.0003 0.0006 0.79 0.66

Pasture Smida 0 0 0.82

Swampland Doda Pilii 0 0

* Right bank of the gorge. * Left bank of the gorge
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Conclusions.1. Along the superior course of the SgoieCald river, from
the Ic Ponor - Gorge area, we have identified 2€igs of cicada, belonging to
2 families, 9 subfamilies and 31 genera.

2. Most of the species belong to the fan@igadellidae

3. The most abundant cicada fauna lives in the owed@5 species). In
spruce forests, mixed forests and the coppice,ntimber of species, as the
number of individuals, is more reduced.

4. In the gorge area, where the average temperé&ureuch lower
compared to Doda Pilii and Smida, the numbers etigs and individuals are
very reduced.

5. More abundant populations in the gorge arearepeesented by
Evacanthus interruptusand Philaenus spumariyswhich proves that these
species are adapted to lower average temperatures.

6. The spread of the species in the studied zong eainfluenced
directly by climatic factors and also indirectly the trophic basis, which is less
abundant in the gorge area compared to Smida add Biii, where the Some
valley is wider and the herbaceous vegetation iserabundant and diversified.

7. The greatest relative abundance has been recéodé&leophilaenus
lineatus in the spruce forest, fdEvacanthus interruptusn the mixed forest,
while Cicadula quadrinotatas abundant in more ecosystems.

8. The dominant species in the studied zoneGimdula quadrinotata
Verdanus abdominaliandSorhoanus xanthoneurus

9. The highest ecological diversity index has beetorded for the
Smida meadow and spruce forest, and the lowestoorike spruce forest on the
right bank of the gorge.

10. The highest ecological similarity index hasrbesgistered between
the spruce forest at Doda Pilii and the sprucestoom the right slope of the
gorge, where the humidity is higher, favourabléygrophilous species, and the
temperature is relatively low. The highest ecolabisimilarity index between
different ecosystems has been noted between theysaad at Doda Pilii and
the pasture at Smida, due to the high resemblahtieedrophic basis in these
two ecosystems.
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OMALIUM IMITATORLUZE, 1906 COLEOPTERA: STAPHYLINIDAE,
OMALINAB, A RARE SPECIES IN ROMANIA'S FAUNA

ADALBERT BALOG"

SUMMARY. - Omalium imitatoris recorded for the first time in the
Fagaras Montains. This record is the second one on theroecce ofO.
imitator in Romania's fauna. Depiction of the aedeagukisfdpecies is a
novelty for the coleopterological literature of otwuntry. Some aspects
concerning morphology and distribution®f imitatorare presented.

Omalium imitator was described by Luze in 1906 from the Alps.
Occurrence of this species in our country waslfinstcorded by Téth in 1982
[4]. The species was found in the MaramuMountains. Other data on the
presence of this species in Romania's fauna aravaitable.O. imitatoris not
mentioned at all or is referred to only rarely le tEuropean coleopterological
publications [1-5].

In June 1998, | took part, together with the zomtsgK. Manfred
(Austria) and K. Horst (Germany), in a field resdain the Bgaras Mountains.
In the area called Saua Caprei (situated at 12@baone sea level), | caught, by
means of Reiter sieve, a male staphylinid specimdrich, following its
preliminary examination, seemed to belong to thectigs Omalium imitator
Detailed laboratory examination of the body andhef microscopic preparation
of genitalia of the specimen indicated that itsliprmary identification asO.
imitator was correct. Correctness of the identification wasfirmed by experts
of the Natural History Museum in Budapest.

Description of the species. Omalium imitatoris 2.5-3 mm in length.
The head is quite long, flattened in dorso-venttahe, with no pubescence, it is
smaller than the prothorax (Fig. 1). The ocelli arell developed, the short
mandibulae are asymmetrical (the left one is signpleereas the right one has
an interior protuberance). The elytrae are longantthe prothorax, which is
sloping. The posterior angle is 90° and the lomiital ditches are scarcely
shiny. A dense and fine punctuation is presenteretytrae. The head is black,

“Baba-Bolyai University, Department of Zoology, 3400 jMapoca, Romania
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but the body is reddish-brown with yellowish-browegs and antennae. The
aedeagus has a characteristic form: it is rountthensuperior part, cubic in the
middle part and has two excavations in the infepant (Fig. 2).

Fig. 1.Male of Omalium imitator.

a b c

Fig. 2.Aedeagus ocDmalium imitator
a - Dorsal view. b - Lateral view. ¢ - Ventral view.
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Up to now O. imitatorwas recorded mostly from the south-eastern part
of Central Europe. It occurs in areas situated2®01m above sea level or at
higher altitudes. It can be found in 5-10-cm théclow spots.

Conclusions. 1. O. imitator, a rare species in the coleopterological fauna
of Romania and of the other European countries, raesrded for the first time
in the Figaras Mountains. According to present knowledge, theseimtains are
the southern boundary of the occurrenc®oimitator.

2. Depiction of theO. imitator aedeagus is a novelty for the
coleopterological literature of our country.
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REPRODUCEREA|I COMPORTAMENTUL FEROMONAL LA
OSTRINIA NUBILALISiBN. (LEPIDOPTERA: CRAMBIDAE
IN CONDITII DE LABORATOR.

6. DURATA DE VIATA AADULTILOR, OVIPOZITAREASI
FECUNDITATEA PENTRU DIFERITE GENERAII
LA DOUA LINIl DE CRESTERE

ALEXANDRU CRISAN" si GHEORGHE STAN™

SUMMARY. - Reproduction and Pheromonal Behaviour of Ostrinia
nubilalis Hbn. (Lepidoptera: Crambidae) under Laboratory
Conditions. 6. Adult Longevity, Oviposition and Fecundity in
Different Generations of Two Srains. Two strains (ON-2C and ON-7G)
of the Ostrinia nubilalis phenotype Z were reared under laboratory
conditions for 4 and 16 generations, respectivélye adult longevity,
oviposition behaviour and female fecundity were eistigated in the
populations of these strains. The female longewiyg greater than that of
the males and the virgin adults lived longer thiam mated ones. In the
generations 0 to 3 (G0O-G3) the mean adult longayiadually decreased.
The circadian period of oviposition was localisedthie first part of the
scotophase and it was comparatively examined \wighperiodicity of the
mating and pheromonal behaviour, under laboratad, feeld conditions.
In the GO-G3 of the ON-2C strain we recorded a gahdiminution of the
egg masses laid/female/day (2.1-0.9) and of thal tegg masses
laid/female (12.7-5.6), but in the ON-7G strain tregiation interval was
between 2.0-0.9 and 20.4-2.1, respectively. Theegaincreased from G4-
G5 and in the G10-G16 they were close to thoserdecbin GO. For the
two strains, ON-2C and ON-7G, the mean number gfskgg masses
varied on the intervals of 22.6-28.9 (with meanufedity of 161.2-286.7
eggs) and 21.7-36.2 (with mean fecundity of 52G:22ggs), respectively. In
the two strains the mean length of the oviposjeriod was 15.0 and 15.9 days,
respectively, and a very narrow interval of vaviatiwas recorded for all
generations. A positive, significant correlationswacorded between fecundity
and the number of egg masses/female in the GO-6&4&0-G16. Excepting
GO0-G3 of the ON-2C strain, the same type of cdioelavas obtained between
fecundity and female longevity. But, in the G4-G8@egative correlation was
recorded between these parameters. The obtairedudgest the existence of
three phases in the growth @fstrinia nubilalis acclimatization (GO-G3),
accomodation (G4-G9) and stabilization (over G10)the first phase the
rearing techniques and laboratory conditions hawamgortant role to ensure
a good quality of the laboratory population.

" Universitatea BahgBolyai, Catedra de zoologie, 3400 Cluj-Napoca, Boia
™ Institutul de Cercetri Biologice, 3400 Cluj-Napoca, Romania
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Ostrinia nubilalis Hbn. (sfredelitorul porumbului) este o specie
diunatoare cu areal larg, pe mai multe continente, prasgmnalat peste tot,
acolo unde se cultivporumbul, principala plafitgazdi. Cerceiri referitoare la
biologiasi ecologia acestei specii 0 semnateaa diunator si la alte specii de
plante cultivate, cum sunt: ardei, cartofi, tomateqj, fasole, micris, canep,
bumbac [1, 3, 7, 8, 16]. ltiél a fost considerato specie mono-oligofag strict
legati de porumb, este practic o specie poffafiind intalnita frecventsi pe
buruieni. Atacul este eurimer, cu exdapradacinii, fiind afectate practic toate
partile plantei.

Datorita importanei sale economice, majoritatea ceXdédr au urmarit
studiul comportamentului feromonagi secverele comportamentului de
reproducere la acedsspecie. Aceste aspecte au fost investigafgentru rasa
feromonad din Transilvania [3-5, 18, 19]. Mult mai o s-a analizat influga
factorilor internisi externi asupra ceéerii, dezvoltrii si reproducerii in condii
naturale [7, 16]. Cerc&t privind influenta unor factori asupra reproducerii, in
condtiile cresterii controlate in laborator, sunt relativtme [6, 10]. Unele din
aceste studii se refela performarele reproductive, asociate n special cu durata
de viga a adufilor sau comportamentul de ovipozitare [9, 14],ecar fost
analizat in special Tn camp [8].

Lucrarea preziftrezultatele otinute in studiul ovipoZitrii, fecundittii
si longevititii adultiilor de Ostrinia nubilalis pentru diferite geneti® din dowa
suse crescute in conglicontrolate de laborator.

Material si metode. Datele studiului au la bazcercelri efectuate in
perioada 1986-1990. Materialul biologic a provetit populaii de O. nubilalis
aclimatizate Tn condile cresterii in laborator, pe digtartificiala, pe o sgi cu 4
generdi (ON-2C) si 0 alta cu 16 genetia(ON-7G). In condiii de laborator au
mai fost crescutei alte sye provenind de la populadin Transilvania sau din
sudul tarii. Condiiile pentru crgterea larvelorsi experimentarea adilbr au
fost: temperatura de 24 +°Q; regimul fotoperiodic de 17:7 ore (lundin
ntuneric); intensitatea luminii > 950 Ix. in fotaf si 0,5-2 Ix. Tn scotofay
umiditatea relati¥ > 75%. Du@ Tmpupare, pupele s-au sexais-au merinut
separate, in congli doar puin modificate fai de cele de cgtere (intuneric
continuu; 22 + IC; UR > 50%). Emergea s-a inregistrat zilnic, iar adiils-au
pus n vase de stiglin care a existat hartie de filtru ca supbrg-au hénit cu
soluie de glucoz sau fructoz 10%. Din aceste vase s-au constituit perechile de
aduti pentru studiul ovipoZziirii.

In studiul ovipozidrii s-au folosit una sau mai multe perechi de adul
iar depunerea pontelor a fost uinita permanent, la intervale de 15 minute, pe
toati durata scotofazei. S-a inregistrat periodicitzitaca de depunere a pontei
si ritmul circadian, la nivelul diferitelor geneiia
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Durata de vigh a fost urndrita separat pe sexe, la aglwlirgini, sau pe
perechi de adtlin cazul celor imperechga

Datele au fost prelucrate statistic. A fost estinvaloarea coeficientului
de corelde, iar difereele dintre variante s-au apreciat prin testul de
semnificaie Duncan's New Multiple Range Test (D'sNMRT; P=60005).
Durata de viat la nivel populéonal s-a apreciat cu ajutorul rg& mediei
ponderate, pentru fiecare sex, in toate geilera

_ 2N X
N+

(n = durata medie de vig n, = nunirul de zile corespurtoare intervalului
duratei de vig a indivizilor genergei studiate; x= nunirul de indivizi care au
trait n; zile; Ny = numirul total de indivizi din geneti respecti).

n

Rezultate si discutii. Durata de viaa a adulilor. Longevitatea adtilor
este un indice biologic cu influgndirecé asupra potaralului de reproducere a
speciei.

Pentru sga ON-2C datele amute au prezentat o vati@ caracteristi@
intre sexesi intre generdi, in funcie de statutul reproductiv (Tabel 1). Adul
virgini au t@it in medie mai mult decéat cei imperecfie@r femelele mai mult
decat masculii.

Tabel 1

Durata de viaa a adukilor virgini §i impereched de Ostrinia nubilalis
la primele 4 generai ale susei ON-2C, in condiile cregsterii controlate in

laborator
Generga Durata de vig (X zile)
Adulti impereches Adulti virgini~
33 99 Media Min. Max. 33 Q¢ Media Min. Max.

GO 85a 98a 92a 3(3) 15(15) 9.6a 10,8a 10,2a 7 (6) 18 (19)
Gl 59 89 74b 3(3) 17(12) 82b 98b 90b 5(5) 14 (18)
G2 51b 80c 6,6c 2(4) 10(15) 6,6c 950 81c 5(6) 15(14)
G3 59b 83b 7,1b 2(2) 15(14) 8,7b 101a 94b 6(5) 20 (24)

" Aceeai litera indici difererte nesemnificative in cadrul acelgigrupe
(Duncan'sNMRT; P=0,05).
" Pentru minimsi maxim, prima cif reprezini masculii, iar cifra din parantsz
femelele.
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Datele olgnute implica cateva constati. In primul rand, ele aratca
aclimatizarea unei sa noi la creterea in condi de laborator determino
diminuare a comportamentulgi a adapirii in primele genergi. De fapt, in
cerceliri preliminare, atat masculii cét femelele deD. nubilalispentru primele
generdi din laborator au avut o dutatle viaa medie mai mig decat a adtilor
din camp. Depsirea socului de colonizare este diferila fiecare specie n
functie de biologia, ecologigi comportamentul acesteia, dar la majoritatea
speciilor studiatai crescute in laborator, in primele 3-4 gefieratalitatea se
reduce, crge mortalitatea (mai ales la nivelul stadiului danvi) si se
diminueaz comportamentul de reproducere, fecunditaidertilitatea. Cele mai
profunde modifidri se manifest insi la nivelul stadiului de la#; asociate fiind
si cu acceptarea unei noi surse de Brdntervine astfeki gradul de fagie al
speciei in funtie de complexitatea relai cu planta gazd In general, speciile
polifage sunt mai pin pretenioase la adaptarea in laborator, dar modelul
diminuarii vitalitatii si comportamentului in primele gengraste caracteristic la
toate speciile, durata fiind cea diféritin funagie de combinga reyita intre
valorile optime ale factorilor intergi externi. La specidamestra brassicaale
exemplu, perioada criticeste pentru primele 5 gengrdl7]. Tehnica de
crestere prezint pentru unele specii o importéardeosebit, dar nu n ga masur
Tncat 4 explice modelul de cgeeresi dezvoltare Tn aceste prime gengér&hiar
la O. nubilaliso diminuare a umiditii in cabinetele termostatate a determinat o
reducere a duratei de vdaa nivelului de imperechesge a fecunditii. Aceast
"tatonare” a valorilor optime in primele geng@rapoate afecta modelul
comportamental. Intervin aici o serie de aspecidnul adaptarea, in reia cu
influenta seledei, aclimatizrii sau "domesticirii" [11].

PentruO. nubilalis datele din Tabel 1 agato aparerit revigorare a
populgiei incepand cu G3, fenomen fal confirmatsi pentru sga ON-7G.
Aceste date sunt asénitoare cu cele amute de ai cerceétori, pentru sge
din sudultarii sau din Asia [1, 15], dar |la acestea nu a existmonitorizare atat
de preci§ a evoluiei factorilor care influeteaz crestereasi dezvoltareasi a
valorilor parametrilor prin care acestea se poeepr Datele noastre privind
longevitatea adtilor se refek numai la cei himiti. La acatia, durata de vid a
crescut semnificativ fa de cei nehiniti. O hrard pe baz de hidrai de carbon
este deosebit de importéria aceast specie, prezea ei determindnd o gtere
a duratei de via de 2,4 orisi a ovipozitirii de 3,5 ori, comparativ cu adiil
nehaniti. Pentru cei himiti numai cu ap distilaé diferertele au fost mai mici
[20]. Un model ase#mator a fost okinut si in cercelri similare efectuate la
populaii din SUA [9].

In cazul sgei ON-7G modelul de supraviére a aduilor pentru
primele 4 genera a fost similar cu cel inregistrat pentru cedlalisi. Mai mult,
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pentru genettéa a 3-a (G3)ocul aclimatizrii a avut impactul cel mai redus din
toate cele 16 genaiia Pentru G4-G5 modelul se asearh cu cel din G1, se
realizeaz apoi o cretere in medie a procentului de supravie care s-a
meninut pard in G14 cam la nivelul GO. In G15 a avut loc a ©igdidere a
duratei medii de via, dupi care in G16 din nou s-a atins, aproape, nivelul di
G3. Deosebirile dintre cele ddwswe au fost semnalate in special la durata
maxima de viga a adufilor, pentru cea de-a douasauaceasta a fost mai mare la
nivelul tuturor genetdlor. De asemenea, dapG1l0 procentajul maxim de
supraviguire s-a inregistrat parla adutii de 5-7 zile. Expli@m aceste aspecte
in special prin perfemnarea metodei de agteresi de control a factorilor de
mediu.

Evoluia duratei de via pentru cele 16 geneiiala adutii imperechea
si virgini este prezentatin Tabel 2.

Tabel 2

Durata de viaa a adukilor virgini gi impereched, in relafie cu generga
la Ostrinia nubilalis pentru sgya ON-7G cu 16 genera (1989-1991)

Durata de viti (X zile)
Generga Adulti imperechesi Aduli virgini™~

33 ¢ Media Min. Max. 33 2@ Media Min. Max.
GO  10,6a 112a 10,92 2(4) 19(23)  104a 122a 113a 3(4) 20(26)
GL 79b 10.8b 94b 1(2) 20(21)  84b 11,1b 9,8b 3(4) 21(23)
G2 54c 7.8c 66c 2(3) 10(20)  7.3c 84c 7.9c 4(3) 17(19)
G3  11,4d 16,6d 14,0d 2(4) 27(28)  11,6d 13,4d 12,5d 4(6) 26(29)
G4  73b 94f 84e 2(2) 17(17) 92 11,2b 102b 5(4) 16(22)
G5 87e 103b 95b 2(2) 19(19) 104a 12,1a 11,3a 4(5) 21(19)
G6  82e 95bf 89be 1(2) 15(17)  9,.9a 123a 11,1a 3(4) 18(22)
G7  93f 1272a 10,8a 2(2) 16(20) 10,6a 13,4d 12,0d 3(2) 19(27)
G8  104a 12,8 11,3a 3(3) 20(21)  11,3d 12,9f 12,1d 4(5) 23(28)
G9  102a 115a 10,9a 3(4) 17(18)  11,8d 131df 12,5d 5(6) 20(19)
G10 11,3d 126ae 11,9f 3(7) 19(19)  12,6f 14,5e 13,6e 7(8) 24(27)
G1l 11,2d 12,2a 11,7f 4(5) 16(19)  124f 144e 13.4e 6(6) 26(29)
G12 96af 10,0b 9,80 5(4) 14(15)  12,3f 12,8f 12,6d 5(7) 18(19)
G13 106a 12,9¢ 11.8f 6(7) 20(21)  12,8f 13,7d 13,3e 8(7) 26(24)
G14 95af 12,6a 11,1af 3(4) 22(21) 1359 14.8e 142f 6(6) 24(24)
G15 7,6b 92f 84e 3(3) 17(19)  104a 11,6d 11,0a 5(5) 21(23)
G16 12,1g 15,1d 13,69 3(6) 20(24)  11,8d 14,9e 134e 7(6) 25(23)

" Aceeai litera indica diferernte nesemnificative in cadrul acelgigrupe
(Duncan'sNMRT; P=0,05).

™ Pentru minimsi maxim, prima cifé reprezini masculii, iar cifra din parantaz
femelele.
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Se poate considerd a O. nubilalissocul de colonizare gioneaz deci
numai la nivelul primelor 3 genegiiadupa care a existat o stabilizare a duratei
medii de vi&i Tn jurul valorilor de 10,6 zile pentru adulacuplai (11,6 zile la
femele; 9,7 zile la masculyi 12,4 zile pentru cei virgini (13,2 zile la femgle
11,5 zile la masculi). Aceste valori sunt in mei@ mici decét cele inregistrate
pentru aduli altor populaii ale acestei specii [14]. Analizand datele dibeial
de mai sus se poate afirma ocdati depsit socul de colonizare, specia s-a
adaptat la crgerea in condii de laborator. Cu cat nuirul de genengi este mai
mare, calitatea populdor este mai bua la nivelul parametrilor biologici, dar
este afectat comportamentul. Pe dé pHrte, modifiéri mai pronumate sunt la
nivelul stadiului de lar¥ si mai puin evidente sunt modificile referitoare la
durata de vig a adufilor. Susa deO. nubilalisa avut doar 16 genetia numar
prea mic pentru a desprinde concluzii cu valoaréringional cerg.
Comparand longevitatea adldr acuplai cu cei virgini, a existat o
corespendea intre datele de la nivelul figei generdi, durata medie de viaa
celor acupld fiind Tn medie mai mig decét a celor virgini.

Comportamentul de ovipozitare condiii de laborator, 180. nubilalis
secvera de acuplare dureaintre 1-4 ore, perioadin care are loc transferul
spermatoforului. Dup acuplare, cele dausexe se despast raiman astfel, n
pozitii retrase, pai la sfagitul scotofazei. Nu a avut loc un comportament de
ovipozitare Tn aceghscotofaz in care a avut loc acuplarea. Depunerea pontei s-
a initiat in scotofaza imediat uttoare.O. nubilalisdepune osle sub fornd de
grupe de o#l (ponte), echivelentul oogdilor de la speciile de noctuide, incluse
ntr-o mad cleioad translucid care se solidifit dup ovipozitare. In acest fel
ouidle sunt protejate pe periaade maturare.

Ritmul circadian al ovipozitii este prezentat in Fig. 1. Nu au fost
diferernte in modelul de ovipozitare in fuie de genenga din care a provenit
femela observat Totwsi s-a observat & odati cu crgterea nurirului de
generdi perioada circadiah a fost relativ mai scuttla nivel populdonal,
rezultat al adagtii la noile condiii din laborator unde ritmicitatea regimului
fotoperiodicsi delimitarea net dintre scotofaz si fotofaza au imprimat aceast
caracteristis.

In Fig. 1 sunt prezentate sintetit alte date otinute Tn studiul
comportamentului de reproducere a spe@ienubilalis in condiii de laborator
si cdmp. Perioada de ovipozitare este localiat prima parte a scotofazei,
perioad care se suprapune cu curba de zbor a mascgiliilemelelor. Perioada
de zbor a masculilor este mai mare, iar in parteaniloc a scotofazei se
suprapune cu zborul de curtare. Bupmitierea scotofazei se decl@az
activitatea locomotoare care este deci intieeleu ovipozitarea (pentru femelele
acuplate anterior), dagi cu zborul comportamental in r@k cu maturizarea
sexuad si hrinirea. Aceadgtactivitatea locomotoare de la ihceputul scotofazei
este in legtura cu reproducerea (chemare, curtare, acuplare).
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Fig.1.Ritmul circadian al comportamentului de ovipozittaeDstrinia nubilalis,
evaluat ca procentaj deispuns (%R) din nuinul total de femele observate
A - In condiii de laborator in relge cu zboruki imperechere& - In laborator
in fungie de genetge. C - In cAmp comparativ cu periodicitatea captiir
la capcana luminoag4CL) si la capcanele feromonale (CF).
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In condiii de camp, perioada de capturare a mascuiléemelelor de
O. nubilalisin capcana luminoagFig. 1 C) se suprapune astfel cu perioada de
zbor din laborator, in timp ce perioada de captumasculilor la capcanele cu
feromon sexual sintetigi cu femele virgine se suprapune cu perioada de
imperechere din laborator. Datele noastre coidfitm comportament similar
observat la poputile speciei din Bulgaria [12] sau din SUA [16].

Ritmicitatea de depunere a pontei pedahirata de vigi a femelei nu a
scos in evidega deosebiri marcante intre gengranai ales pe intervalul G5-
G16, doar & incepand cu G8 a crescut rirai mediu de ponte depuse zilnic.
Deosebirile au fost similare la ambelgesye intervalul GO-G3, dar marcate de
0 varigie care nu a fost caracterizate corespondeiintre aceleg generaii.
Fenomenul poate fi pus in lEgra cu aclimatizarea difetita celor doa suse si
unele discordaa n ceea ce priyte valorile absolute ale factorilor din laborator.

Asadar, pentru sia ON-2C datele agimute au evidetiat o similaritate a
modelului pentru cele 4 gen@iadar se poate constaté pe linia GO-G3 s-a
obtinut o modificare a trendului curbei generale, defgnt de evolia duratei
medii de viagi a adufilor. In rest, aspectul cel mai interesant esteatlede
vitalitatea genetei. Astfel, pentru G2-G3 care reprezingjenerdi cheie n
aclimatizarea n laborator, odatcu Tmkitranirea femelelor s-a diminuat
progresivsi numarul mediu de ponte/fem&ldepuse zilnic. Se pare insi acest
aspect nu este o caracteriste speciei. Mai mult, este deosebit de interesant
comportamentul "nnere a pontei”, astfel neexistand difgeemari (in ceea ce
priveste nunarul mediu de ponte depuse zilnic), intre femele@eel zilesi cele
de 15-16 zile. Consid&m c acest model comportamental este spegifare o
deosebit valoare adaptatiivpentruO. nubilaliscare este o specie cu fecunditate
redud. Acest model de ovipozitare combinat cu stratelgidncorparare a élor
ntr-o mad de protegie, capacitatea de imperechere a masculului Tnnmodte
nopi (fiecare femel se imperechedzo singud daé pe noaptei dominant o
singuti daf pe durata de via) si durata de vig relativ lungi, suplinesc
prolificitatea mai mié& si numarul redus al imperecherilor multiple (nu au existat
difererte privind ovipozitarea la femelele cu un singurrapgoforsi cele cu 3
spermatofori Tn bursa copulatoare).

Datele referitoare la comportamentul de imperexf@rau evidetiat ci
la O. nubilalisa predominat net un singur spermatofor/feéinaiat pentru adtii
din laborator ca$i pentru cei din camp. In laborator, maxim 8-15,8# femele
au prezentat 2 spermatoferil,4% au avut 3 spermatofori. Rezultatele congord
cu cele okinute pentru femelele din cAmp, capturate la cagednminoase [7].

In ceea ce priwde ritmicitatea nurirului de ponte depuse zilnic, pe
toati durata de vig, datele arato corelaie cu evoltia mediei longevittii, la
nivelul fiecirei generai.
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Pentru sga ON-2C datele sunt prezentate Tn Tabel 3. In ¢autimnelor
4 generdi se obser¥ o diminuare progresiva nunarului mediu de
ponte/femel, pentru GO-G3, la fel cai in cazul evoltei longevittii. Intre
longevitatea femelelogi numarul mediu de ponte pentru primele 3 gefiera
existat o corelge pozitiva relativ strans (r = 0,8648). O coretee similai a
existatsi intre media longevitii si media celui mai mare nuinde ponte/femal
(r=0,8928).

Tabel 3
Ritmicitatea depunerii pontelor fertilgi numadrul total de ponte depuse de

femelele de Ostrinia nubilalis in condi de laborator, pe toait
durata de viag, pentru primele 4 genewd, la suga ON-2C (1987-1988)

Numar mediu de ponte/fem@ki  Numir total de ponte?”~  Numar mediu

Generga Interval” Interval” de zile de
Media Min. Max. Media  Min. Max. _Ovipozitare
GO 2,1a 0,3 3,4 12,7a 0,7 28,9 15
Gl 1,5b 0,2 3,2 6,7b 0,8 17,2 18
G2 0,8c 0,2 2,0 9,6¢ 2,6 15,6 14
G3 0,9c 0,2 1,8 5,6d 1,8 12,4 13

" Aceeai litera indici difererte nesemnificative in cadrul acelgigrupe
(Duncan'sNMRT; P=0,01).
“” Min.,, Max. - Media pentru valorile minime, respegctmaxime, din 5
repettii/generaie
(30 femele/repate).
“Numarul total de ponte depus de o fetnpk toai durata de vig.

La nivelul sgei ON-7G, modelul comportamental nu a fost semaiific
diferit pentru primele genetia(Tabel 4). In schimb, incepand cu G7 se coastat
o crestere semnificati¥ a nunarului mediu de ponte/fem&l deci, implicit, un
numir mai mare de femele care depun mai multe ponteste®ea fecunditii,
odati cu crgterea nurarului de genendi succesive in condi de laborator,
confirma existena unei caliiti optime a populgei hranite in laborator.

In ceea ce privte nunirul total de ponte depuse de o felinpé toai
durata de vigi, datele prezentate in Tabelelgi3} evideniaza existena unui
interval larg de varige, atat ca diferae intre indivizi catsi in fungie de
generde. Datele noastre suger@aexistena unor populgi de o calitate de
categoria medie-banBar b ule s cu [1] a almut in medie, pentru susi din
sudultarii crescut in laborator pe alt tip de deetrtificiala, intre 8,1si 11,5
ponte/femel, valori apropiate de cele fibute de noi. In schimb rezultatele nu
confirmid observédile altor autori care, in congile cresterii de genengi
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succesive n laborator, au nregistrat @adsce progrestv a nunirului de
ponte/femel [13]. Neexistera unei graddi (cresctoare sau descregoare)
sugerea ca generéia nu a influerat calitatea ovipozitii, iar valorile oliinute
sunt dependea de calitatea cgterii la nivelul fiecrei generdi. Luand datele in
ansamblu se poate spune chigr & existat o crgere a nurdrului de
ponte/femel, odafi cu crgterea nurirului de genendi. Aceste rezultate
concordi cu cele obnutesi la alte specii, dar trebuie precizateste necesatwo
crestere dirija.

Tabel 4

Ritmicitatea depunerii pontelor fertilgi numarul total de ponte depuse de
catre femelele de Ostrinia nubilalis Tn condiide laborator, pe toait
durata de viag, la siya ON-7Gcu 16 generdi (1989-1991)

Numér mediu de ponte/fem®ki  Numar total de ponte? ™ Numir mediu
Generga Interval” Interval” de zile de
Media Min. Max. Media ~Min. Max. Ovipozitare
GO 1,52a 0,8 2,4 11,4a 0,8 24,8 20
Gl 1,14b 0,2 1,6 7,5b 0,9 14,4 18
G2 1,04be 0,3 2,6 2,1c 1,7 9,2 13
G3 0,92e 0,4 1,6 10,6a 4,3 12,8 25
G4 1,05be 0,3 1,9 7,0bh 1,8 10,8 16
G5 0,94e 0,3 1,8 5,1d 2,7 16,4 15
G6 1,11be 0,3 2,0 7,8b 35 24,2 15
G7 0,99 0,7 2,0 6,6h 4,8 22,6 15
G8 1,66a 1,0 2,4 7,7b 7,2 18,6 14
G9 1,36a 0,2 2,8 10,3ai 4.4 26,4 15
G10 1,73c 0,2 2,4 13,1e 8,2 30,4 16
G11 1,96cd 1,0 29 12,4f 10,4 22,8 13
G12 1,70ac 1,0 2,4 9,2i 7,5 16,4 10
G13 1,64a 0,6 2,7 14,4e 6,2 26,5 16
G14 1,33a 0,4 2,8 10,5ai 4,2 22,8 16
G15 1,45a 0,4 2,2 7,1b 3,1 28,4 15
G16 2,02d 0,8 3,8 20,49 8,4 34,2 18

" Aceesi litera indici difererte nesemnificative in cadrul acelgigrupe

(Duncan'sNMRT; P=0,01).

™ Min., Max. - Media pentru valorile minime, respgeenaxime, din 5

repettii/lgeneraie (30 femele/repeie).
Numgrul total de ponte depus de o fethpe toai durata de vig.

Fecunditatea femelelorTermenul este acceptat conform cengietr
moderne, ca nulin total de oé@/femeh (oui depusesi oua rimase Tn ovare la
moartea femelei). In acest studiu ne referim numaiuile depuse, incorporate

in ponte.
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Pentru sgg ON-2C datele evid@iaza o fecunditate cuprirasin medie
intre 160-300 oiffemek (Tabel 5). Fecunditatea cea mai mare s-a nragjistr
pentru femelele din GO, inregistrandu-se apoi oirdiagre pentru urétoarele 3
generdi. Pentru primele 4 gendainale acestei linii de cgtere a existat o
strdnd corelaie pozitiva doar intre fecunditatgi numirul de ponte/femal
(r = 0,9472), iar corefam dintre fecunditatesi longevitatea femelelor a fost
nesemnificatiy.

Tabel 5
Fecunditatea femelelor de Ostrinia nubilalis
in condkii de laborator la sga ON -2C
_ Numir de od/ponti (X) __ Numir de ponte?  Numr total de oa/ ?
Generdga  Media Min. Max. (X) (X)
GO 22,63a 13,7 31,5 12,7 287,40
Gl 28,52h 21,6 35,4 6,7 191,08
G2 26,83c 15,4 38,2 9,6 257,57
G3 28,95h 15,3 42,6 5,6 162,12

" Aceeai litera indica difererte nesemnificative in cadrul acelgigrupe
(Duncan'sNMRT; P=0,01).

” Min., Max. - Media pentru valorile minime, respeanaxime, din 5 repeii/generaie
(30 femele/repate).

Pentru sga ON-7G (Tabel 6) datele privind fecunditatea arat
diminuare progresiy doar pentru primele trei gengdiaiar pentru G3 se
confirma vitalitatea populgei din laborator, datele fiind in concordancu
longevitatea mare a adidr si numarul de ponte depuse. Pentru primele 4
generai a existat o strariscorelaie pozitiva intre fecunditatesi numarul de
ponte/femel (r = 0,9614), sau intre fecunditate longevitatea femelelor
(r = 0,9532). Pe intervalul G4-G9, corgdaa fost negativ si nesemnificativ
intre aceti parametri. Datele confirin existena unei faze de “igiere a
acomodrii" [2, 11] la noile condii de cratere in laborator. DUp aceast
perioad, pe intervalul G10-G16 intre parametrii de mai awsxistat din nou o
corelaie pozitiva, dar cu valori mai reduse (r = 0,8434, respectiv0,7866). Pe
de alti parte, incepand cu G10, valoarea medie a fedcitiifiiimeld a atins
valori peste 30@i 400 oudi/femeh. Aceste date nu confifhrezultatele ofinute
de R aun[13], iar modelul de dezvoltar®lanubilaliseste ase#amator cu cel
al specieiM.brassicae Pentru asigurarea heterogétiiteste in& nevoie de o
mprosptare cu material biologic din natusau efectuarea unei seledupa
modelul realizat la spech. brassicad17].
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Tabel 6

Fecunditatea femelelor de Ostrinia nubilalis
in condrii de laborator la sga ON -7G

Numgir de ouilggnﬁ(i)* __ Numir de ponte ~ Numir total de o@/ ?

Genergia Media Min! Max. (X) (X)
GO 22,16a 16,78 27,54 11,4 252,62
G1 23,52a 17,23 29,81 7,5 176,40
G2 25,09¢c 19,02 31,16 2,1 52,69
G3 36,16d 32,08 40,24 10,6 383,29
G4 30,40eg 26,08 34,72 7,0 212,80
G5 32,34be 28,46 36,18 51 164,83
G6 26,42c 23,30 29,54 7,8 206,08
G7 27,24c 24,74 31,74 6,6 179,78
G8 21,74af 16,14 27,34 7,7 167,39
G9 24,58ac 19,64 29,52 10,3 253,17
G10 23,94a 21,70 26,18 13,1 313,61
G11 26,04c 20,92 31,16 12,4 322,89
G12 25,09¢c 20,90 29,28 9,2 230,83
G13 28,549 22,62 34,46 14,4 410,98
Gl14 23,76a 20,72 26,80 10,5 249,48
G15 20,78f 14,54 27,02 7,1 147,54
G16 20,63f 16,72 24,54 20,4 420,85

" Aceeai litera indici difererte nesemnificative in cadrul acelgigrupe
(Duncan'sNMRT; P=0,01).
” Min., Max. - Media pentru valorile minime, respieanaxime, din 5 repeii/generaie
(30 femele/repdie).

Cunoaterea detaliilor referitoare la longevitatea aithi, corelati cu
capacitatea lor reproduciivofera informaii asupra populgilor obtinute in
laboratorsi diregia in care ele pot fi folosite in studiul complek speciei.
Aceste date devin cu atat mai importante cu céat sitinute de la specii
importante din punct de vedere economic.

Concluzii. 1. La ambele linii de cstere, durata medie de viaa
femelelor a fost mai mare decéat a masculilor, darita virgini au trait in medie
mai mult decéat cei imperechiea

2. Perioada circadidnde ovipozitare a fost localizain prima parte a
scotofazei, iar durata ei s-a redus adedi crgterea nurirului de generd.
Pentru primele 4 genaiiala ambele linii, s-a Tnregistrat o diminuaregresivi
a nundrului de ponte depuse de o fetiei si a numrului total de ponte depuse.
Durata medie a perioadei de ovipozitare a fostgje zile la sga ON-2Csi 15,9
zile la sga ON-7Gsi a variat in limite foarte ihguste in furede generge.
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3. Pentru primele 4 gengiias-a inregistrat o diminuare progresia
numarului de ponte depuse zilnit a nundrului total de ponte depuse pe toat
durata de vig. Incepand cu genaiide 4-5 valorile au crescut, iar pe intervalul
G10-G16 s-au apropiat de cele din GO.

4. Nunirul de oud/pont si fecunditatea femelelor au variat pe intervale
mai inguste #ra dependeta de genenge sau sus Totwi, linia de crgtere cu 16
generdi a nregistrat valori absolute mai mari la niMetuturor parametrilor,
explicgia fiind asociat cu stabilirea unor valori optime pentru factorére
influenteaz cresterea.

5. In ohinerea unei caliti optime a unei poputa de laborator pentru
O. nubilalis,datele obinute sugeredzexistena a 3 faze: aclimatizare (G0-G3),
acomodare (G4-G9) stabilizare (peste G10).

BIBLIOGRAFIE

1. Barbulescu, AContribuii la cresterea sfredelitorului porumbuluiOstrinia
nubilalis Hbn.) pe diete artificiale "An. Inst. Cercet. Cereale Plante Tehn."
(Fundulea)44, 1979, 377-381.

2. Boller, E.F,Chambers,D. LQuality aspects of mass-reared insetts
Ridgway R.L,Vinson,S. B. (EdB)ological Control by Augmentation of
Natural Enemiesp. 219-235, Plenum Press, New York, 1977.

3. Crisan,A,Roman,M.C,,Stan,G,Comwl.,Onisor,A.,,Chis, V., C
iupe, H, Oprean, [Field researches on the behaviour of the European cor
borer, Ostrinia nubilalisHbn. (Lepidoptera: Pyralidaein relation to synthetic
pheromone blend$Stud. Univ. BabgBolyai, Biol.", 33 (2), 1988, 49-60.

4. Crisan, A, Stan, GReproducereai comportamentul feromonal I®strinia
nubilalisHbn. (Lepidoptera: Crambida&) condiii de laborator. 1.Comportamentul
de chemare al femelé€Bul. Inf. Soc. Lepidopterol. Rom.5 (3-4), 1994, 245-255.

5. Crisan,A,Stan, G, C hsjV, Reproducereai comportamentul feromonal la
Ostrinia nubilalisHbn. (Lepidoptera: Crambida&) condiii de laborator. 3. Testarea
olfactometriéz a raspunsului masculilor la feromonul sexual natugalsintetic
"Bul. Inf. Soc. Lepidopterol. Rom.§ (3-4), 1995, 291-304.

6. Crisan, A, Stan, G, Roma n, M.eproduceregi comportamentul
feromonal la Ostrinia nubilalis Hbn. (Lepidoptera: Crambidae)n condiii de
laborator. 5. Observéi preliminare privind influema unor factori asupra
comportamentului de Tmperecher8Bul. Inf. Soc. Lepidopterol. Rom."7 (1-2),
1996, 41-58.

7. Elliott, W. M, Mating frequency of the female European corn bdBstrinia
nubilalis (Lepidoptera: Pyralidae)) southwestern Ontarjd'Can. Entomol."109,
1977, 117-122.

95



8.

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

96

A. CRISAN, G. STAN

Elliott, W. M, Dirks,V. A Postmating age estimates for female European
corn borer mothsOstrinia nubilalis (Lepidoptera: Pyralidaa)sing time-related
changes in spermatophoré€an. Entomol."111, 1979, 1325-1335.

Leahy T.C.,,Andow, D. AEgg weight, fecundity, and longevity are increased
by adult feeding irDstrinia nubilalis (Lepidoptera: Pyralidae), "Arintomol. Soc.
Amer.", 87, 1994, 342-349.

Loughner, GE,Brindley, T Adating success of the European corn
borer, Ostrinia nubilalis,as influenced by environmental factof&\nn. Entomol.
Soc. Amer."64, 1971, 1091-1094.

Ochieng-0dero,J. P. Rges adaptation occur in insect rearing systems, or
is it a case of selection, acclimatization and dstication 7 "Insect Sci. Appl."15,
1994, 1-7.

Pavliov,A K, Mutlak, H AStudies on the population dynamicsQxtrinia
nubilalis Hbn. (Lepidoptera: Pyralidagdy using pheromone, light traps and the
cage methodsin Proc. Symp. "Noctuid Sex Pheromones Commuitaf heory
and Application" (Sofia, September 12-16, 1994949 7-18.

R a u n, E. SEuropean corn borerin S mit h, E. D. (Ed.Jnsect Colonization
and Mass Productigm. 321-337, Acad. Press, New York, 1966.

Royer L,McNeil,J. NMale investment in the European corn bo@strinia
nubilalis (Lepidoptera: Pyralidae)mpact on female longevity and reproductive
performance;Funct. Ecol.",7 (2), 1993, 209-215.

Salama-S amir ARearing the corn borerOstrinia nubilalisHbn. on a
semiartificial diet "Z. Angew. Entomol."65, 1970, 216-218.
Showers,W.B.,,Reed, G L,Robingd.F,Derozari, M. BFlight
and sexual activity of the European corn bofé&nviron. Entomol."5, 1976, 1099-
1104.

Stan,G,Chg, V., Morar, M.,Studiul capaciiii reproductive laMamestra
brassicaelL. (Lepidoptera: Noctuidae)influerra varstei asupra Tmperecherii n
relasie cu generda, la doui linii de crestere in laborator "Bul. Inf. Soc.
Lepidopterol. Rom."7 (1-2), 1996, 61-79.

Stan, G, Cr§an, A,Reproducereai comportamentul feromonal 1®strinia
nubilalisHbn. (Lepidoptera: Crambida&) condiii de laborator. 2.Comportamentul
de curtare "Bul. Inf. Soc. Lepidopterol. Rom.§ (1-2), 1995, 51-66.
Stan,G,Crgan,A., Chg, V., Reproducereai comportamentul feromonal la
Ostrinia nubilalis Hbn. (Lepidoptera: Crambidaejn condiii de laborator.
4.Influerra varstei masculilosi a perioadei de testare asupra comportamentului de
raspuns la feromonul sexual naturalsintetic "Bul. Inf. Soc. Lepidopterol. Rom.",
7 (1-2), 1996, 23-39.

Stan G,Crkan A, Chis V, Stan, G GlInfluerra hranei asupra
fecunditzii, fertilitasii si duratei de viai a adulilor de Mamestra brassicak.
(Lepidoptera: Noctuidaeyi Ostrinia nubilalis Hbn. (Lepidoptera: Crambidae),
"Stud. Cercet. Biol., Ser. Biol. Anim.", 1999 (stifpar).



STUDIA UNIVERSITATIS BABES-BOLYAI, BIOLOGIA, XLIV, 1-2, 1999

EFECTUL NaCl ASUPRA METABOLISMULUI CELULELOR
DE DIGITALIS LANATACULTIVATE IN VITRO
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SUMMARY .- Effect of NaCl on the Metabolism of Digitalis lanata
Céls Cultivated in Vitro. Two cell lines ofDigitalis lanata 18 and 6-
C100, were grown in high-level NaCl media. They evisolated on usual
media - the cell line 18, or on media containinglesterol (as screening
agent) - the cell line 6-C100. Both cell lines wetdtivated on Murashige-
Skoog's medium with or without NaCl (8.5, 17, 38, &d 68 mM). We
studied the effect of salt stress on cell growtlgtew content of cells
(FW/DW), proline accumulation, peroxidase activigs well as on the
biosynthesis of cardenolide (digitoxin), dependimgthe NaCl concentration
and on the cell culture age. High NaCl conceninati¢65 and 68 mM)
determined changes of cell metabolism, irrespdgtiviethe cell culture age
and treatment length. Thus, both cell growth andling synthesis were
inhibited in both cell lines. The cell water contstrongly decreased under
the salt stress, especially in the cell line 18 ThIl line 6-C100 was more
tolerant to NaCl as compared to cell line 18. Atengification of the
peroxidase activity was also observed, especialthé cell line 6-C100. As
regards the cardenolide accumulation, NaCl haddahee effect as the abiotic
elicitors. Addition of 8.5 mM NaCl to the cell cutfe medium strongly
stimulated the digitoxin biosynthesis. Thus, thiéltee 18 accumulated 20.7
ug digitoxin/g DW (43 times more than the contralld the cell line 6-C100
accumulated 12.fg digitoxin/g DW (17 times more than the contraliter
12 days of treatment.

Pentru obinerea unor candti sporite de metabali secundari valorg
pentru industria farmaceudigprin intermediul culturilor de celule vegetalefees
necesar ameliorarea contilor de cultué. Intre aceste conilise Thscriu compotga
mediului nutritivsi elicitorii biotici si abiotici.
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In urma atacului aggitor patogeni (bacterii sau fungi) asupra plantelor
compuyii (denumii si elicitori biotici) produyi de astfel de agénpot € induc
modificari Tn manifestarea anumitor gene care vor conduacéinal la apatia
mecanismelor de agare. Dintre aceste mecanisme face pagimteza de fitoalexine
si, In unele cazurii a altor metabali secundari [7]. Din numeroase date rezoitsi
alti factori de stres cum sunt: modificale pH-Iui, ale presiunii osmoticeldura ori
frigul, razele UV, precunsi saruri ale metalelor grele, pot sndua raspunsuri
aseninatoare, ei incadrandu-se in acgetasi a elicitorilor, fiind denumi elicitori
abiotici. Marirea sintezei metabdlor secundari, caaspuns la diferite tipuri de stres,
de exemplu prin elicitare, pare a fi o caractetisgeneral a culturilor celulare
vegetale [10, 11].

Suspensiile celulare d®igitalis nediferefiate din punct de vedere
morfologic produc n general cattitfoarte mici de cardenolidg, dupi un anumit
interval, pot &-si piarda aceast capacitate [15]. Dupautorii respectivi, manifestarea
metabolismului secundar al culturilor celulare Dmyitalis este integrat intr-un
program de exprimare a genelor care conduce laatiparea celuldr. Totui,
biosinteza de cardenolide poat# a&hbd loc si in culturi celulare deDigitalis
nediferemiate [6, 8].

Liniile celulare deDigitalis lanata selectate de noi [8] au sintetizat diferite
cantiiti de cardenolide (digoxinsi digitoxind). Unele dintre ele, ddpdoi ani de
subcultiviri succesive pe acgldip de mediugi-au pierdut complet capacitatea de a
biosintetiza astfel de comguiar altele au acumulat, in caatitheinsemnate, doar
digitoxina [9].

Prin modificarea compaii mediilor nutritive ale suspensiilor celulare de
Digitalis, respectiv a balasi hormonale [19] sau a nivelului calciului [6lageyit o
sporire semnificativ a acumurii de cardenolide. Cu toatei dn literatura de
specialitate nu am Tntalnit date cafieateste utilizarea elicitorilor abiotici in culturi
celulare deigitalis lanatg primele experimente, efectuate de noi cu suéfatupru,
au dat rezultate progtoare [9].

Clorura de sodiu este utilizelh majoritatea cazurilor pentru elucidarea unor
aspecte care privesc rezigtepelulei vegetale fade stresul salin. P&iin prezent ea
nu a fost intrebuiata ca si agent de inducere sau de stimulare a proceselor
metabolismului secundar in culturi de suspensgiilast vegetale.

In lucrarea de fa am investigat influgga stresului salin asupra mai multor
procese fiziologice (csgere celulat, viabilitate celulat, activitate peroxidazic
precumsi sinteza de prolihsi de cardenolide) la dadinii celulare, 18i 6-C100, de
Digitalis lanata, in fungie de concentte NaClsi de varsta culturilor celulare.
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Material si metode. a) Culturile celulare Liniile celulare 18i 6-C100 de
Digitalis lanatg olginute anterior [8], au fost crescute intr-un medichid
Murashige-Skoog (MS)[17], cu 1 mg/l 2,4sD2 mg/l BA, in vase Erlenmeyer
de 300 ml ce cameau 50 ml mediu nutritiv. Ele au fost subcult/kt un interval de
14 zile, raportul dintre inocyi mediul proasft fiind de 1:6. Vasele de cultuau
fost meninute pe un agitator rotativ orizontal (100 rpmd Eptoperioad de 16 orai
la o temperatir de 25C. Pentru testarea efectului clorurii de sodiuy sealizat
dou tipuri de experimente. Tn primul experiment, irsele cu suspensii celulare
aflate In ziua a 10-a de culiys-a introdus cate 1 ml dintr-o sfidude NacCl, de o
anumiti concentrge, astfel ca in aceste vase concéilirale sare &ajungi la un
nivel de 17, 34i 68 mM. Tn vasele martor s-a introdus 1 ml dé distilat. n al
doilea experiment, NaCl a fostagjat la mediul nutritiv inainte de autoclavare, in
concentréi de 8,5, 17, 34i 55 mM.

In scopul determimii cresterii celulare si a raportului substain
proasjta/substari uscai (S.p./S.u.), utilizat ca un indice al ¢cimitului celular Tn
ap, s-a recoltat (prin filtrare}i cantrit biomasa celul@r (proaspta si uscal).
Probele respective au fost utilizage pentru analizele biochimice. Viabilitatea
celulad s-a determinat prin metoda de colorare cu alb&stans [2].

b) Analize biochimiceActivitatea guaiacol-peroxidazia fost determinét
spectrofotometric ddpmetoda datde Boucheti colah [4]. Prolina a fost extréas
ntr-o soluie apoas de acid sulfosaliciligi s-a dozat spectrofotometric [1].

Extragia si dozarea cardenolidelor s-a realizat @lugetoda datde Jones
si Veliky [14]. Cardenolidele au fost extrase din $atyg uscat, cu 20 ml etanol
(70%) prin refluxare la 7C timp de 20 min. Identificarea glicozidelor catditice
s-a realizat prin compararea cromatogiiadie@xtractelor cu probe etalon de digéxin
digitoxina si lanatozida C. Pentru determinarea cantiiafacile cromatografice au
fost citite la 380 nm cu un densitometru DESAGA 60. Curba etalon a fost
realizai pentru concenttiade 0,2 - 0,6.g digitoxina/spot.

Toate experimenteke analizele au fost repetate de trei ori.

Rezultate si discutii. Asa cum aitam si mai sus, dup doi ani de
subcultiviri succesive pe acsglaip de mediu, suspensiile celularegitalis lanata
au fincetat & acumuleze cardenolide, respectiv digaxi®]. Singurul glicozid
cardiotonic care mai este sintetizat de majoritateapensiilor celulare este
digitoxina, dar in cantiti extrem de mici (sub fig/g S.u.).

Cresterea celulas

Liniile celulare alese de noi fac parte din #&lguupuri diferite care au fost
izolate fie de pe mediifa agent de selge - linia 18, fie de pe medii cu colesterol
(ca agent de selge) - linia 6-C100. Ele etaleaanumite caracteristici fiziologice,
asa cum sunt cierea celulds; cortinutul celular in afpsi acumularea de digitoxin
care le deosebesc net una de alta [9]. In ceedvestp craterea, linia 18 atinge faza
stgionaf in ziua 14-a de cultiy zi Tn care ea acumulgazantitatea maxigde
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biomas celulai (10,08 g/l S.u.). Linia 6-C100 atinge faza respédh ziua a 10-a
(8,4 g/l S.u.), In a 14-a zi aflandu-se n plirdstade declin al ciclului celular (6,78
g/l S.u.) [9].

Adaiugarea clorurii de sodiu la culturile aflate Tnezaui10-a de cultira avut
ca efect general inhiftd creterii celulare care a depins atat de linia ceiyldeci
implicit si de stadiul de dezvoltare a ei, gatde concentiga de NaCl (Fig.1). Se
obsend astfel @ linia 18 este mult mai sensibila agiunea stresului salin n
comparde cu linia 6-C100. Biomasa celulaas acesteia a &ut cu peste 20% ta
de martor, atunci cand celulele au fost crescutaddii nutritive cu 68 mM NaCl
pentru o perioatlde 24 sau 98 de ore (Fig. 1A). La linia 6-C10GQj temomentul
introducerii NaCl suspensiile celulare se aflastadiul stéonar, acest proces este
mult mai atenuat, dapprimele dodé zile de tratament constatandu-se chiagaag
stimulare a crgerii celulare la concentimale NaCl de 1%i 34 mM (Fig. 1B).

120 4 A 140 - B

100 4 NaCl 120 4 NaCl
] |17 mm
034 mm
60 @68 mM
40 -
20 -

80 - W17 mM
60 4 034 mm

@68 mM
40 m

Substanta uscata
% fata de martor

20

Substanti uscata
% fata de martor

24 48 72 96 24 48 72 96
Timp de cultura (ore) Timp de cultura (ore)

F i g.1.Efectul NaCl asupra cgeerii celulare n culturi de suspensii celulare de
Digitalis lanata.

NaCl a fost agligati in mediul suspensiilor Tn ziua a 10-a de caltiar celulele
au fost recoltate dd4, 48, 73i 96 de ore.
A - Linia celulad 18. Valoarea absolut martorului (g/l S.u.): - 8,45 (24 ore -
ziua a 11-a); 9,22 (48 ore - ziua a 12-a); 9,8%0fe2 ziua a 13-a); 10,08 (96 ore
- ziua a 14-a).
B - Linia celulaé 6-C100. Valoarea absaiuad martorului (g/l S.u.): - 8,30 (24
ore - ziua a 11-a); 7,88 (48 ore - ziua a 12-80 772 ore - ziua a 13-a); 6,78
(96 ore - ziua a 14-a).

Inhibitia creterii celulare este mult mai puteri@tunci cand suspensiile
celulare deD. lanatasunt cultivate de la ihceput in medii nutritivearlaos de NacCl
(Tabel 1), timp de 12 zil&Si In acest caz, tot linia celufad8 s-a dovedit a fi mai
sensibif, cantitatea de substaruscai scizand cu 60% in prezena 55 mM de
NaCl. La linia 6-C100, in aceg&ariant, biomasa celulars-a diminuat cu 40%. La
ambele linii celulare, inhiba creterii celulare a fost propgionak cu nirirea
concentrgei de NaCl.
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Procesul de inhibe estesi mai accentuat in cazul gamutului celular in ap
(S.p./S.u.), In special la linia 18, indiferentrdementulsi de concentriga in care
NacCl a fost agligati la mediul de cultdral suspensiilor (Fig. & Tabel 1). De fapt,
sub influema stresului salin se produce o deshidratare aetmiutieshidratare ce are
loc Tn paralel cu cygerea concenttiei de NaCl. Ea este mai fouevidend in cazul
suspensiilor celulare ale liniei celulare 6-C1@0zare, chiagi in condiii normale de
culturd, raportul S.p./S.u. este mult mai redus pe intrelg celular, féi de linia 18.
Inhibitii ale createrii celulare sau dderea cotinutului celular in afy casi rezultat al
stresului salin, s-au constagata alte culturi deesuturisi celule vegetale [3, 16, 21,
27]. Dar, in experimentele respective s-au utilimtdtdeauna linii celulare, d@ror
tolerand fata de NaCl a fost indésprin cultivari repetate ale celulelor respective pe
medii cu adaos de sare. In contrast cu ele, ka ¢ieiulai 6-C100 deD. lanataeste
posibil ca acest caracter de tolefiagi se fi imprimat ca urmare a gterii celulelor
pe medii in care agentul de séle@ fost colesterolul [8], deoarece ele nu au fost
cultivate anterior pe medii cu NaCl.

Tabel 1

Efectul concentraiei de NaClsi al duratei de tratament asupra activiii
peroxidaziceyi a viabilitarii celulare la dout linii celulare (18si 6-C100)
de Digitalis lanata

Durata de tratament* NacCl Peroxidaz Numirul celulelor vii
(ore) (mM) (ug guaiacol/g S.p.) (%)

18 6-C100 18 6-C100

24 0 10,84 17,28 89,7 80,2
17 11,27 17,80 81,6 76,2

34 13,55 25,92 68,2 69,0

68 7,37 14,86 49,3 52,9

48 0 13,73 19,69 88,4 76,1
17 19,50 26,34 82,2 72,3

34 22,24 40,37 72,5 63,9

68 18,40 32,69 61,9 57,8

72 0 16,88 22,76 83,5 68,8
17 24,31 20,87 77,6 65,4

34 30,89 32,32 69,3 57,8

68 21,94 28,53 58,5 49,5

96 0 20,09 24,94 78,7 63,4
17 24,11 24,19 71,6 59,0

34 30,14 27,43 59,8 50,7

68 16,07 20,45 47,2 39,3

* Soluia de NaCl a fost introdésn ziua a 10-a de cultyriar celulele au fost recoltate
dupi 24, 48, 73i 96 de ore.
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100 1 A 120 q B
90 4
» 80 .
£ 70 NaCl g NaCl
SE 604 3E
% g ) W17 mM v E H17 mM
,;';';. 40 O34mm dg D34 mm
i 30 4 268 mM “E 268 mM
=20 4 &
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ol / d
24 48 72 9 24 48 72 9
Timp de cultura (ore) Timp de cultura (ore)

F i g. 2.Efectul NaCl asupra cgimutului celular Tn ag (S.p./S.u.) In culturi de suspensii
celulare deDigitalis lanata.

NaCl a fost agligati in mediul suspensiilor in ziua a 10-a de caltiar celulele au
fost recoltate dup24, 48, 72i 96 de ore.
A - Linia celulai 18. Valoarea absoluta martorului: - 20,61 (24 ore - ziua a 11-a);
21,82 (48 ore - ziua a 12-a); 23,15 (72 ore - 2i8-a); 24,47 (96 ore - ziua a 14-a).
B - Linia celulai 6-C100. Valoarea absailé martorului: - 16,78 (24 ore - ziua a 11-a);
17,57 (48 ore - ziua a 12-a); 18,61 (72 ore - aitd-a); 19,15 (96 ore - ziua a 14-a).

Activitatea peroxidazitsi corvinutul in prolin:

Glicofitele, pentru a contracara efectul pregeim mediu a unor ioni toxici
cum sunt cei de Nai CI, trebuie 8 dgina anumite mecanisme de adaptare care s
faci fata stresului osmotigi toxic [18]. In acest sens, merit fie reinuti doi
markeri ai stresului salisi anume: activitatea peroxidazi¢l2] si nivelul prolinei
[26]. Amandoi sunt lega de efectele secundare ale stresulgg @um sunt:
hiperacumularea peroxidului de hidrogen@kJ, a radicalilor superoxidici (Psi a
radicalilor hidroxil (OH) ce sunt responsabili de un larg evantai de frtur
celulare [24]. Peroxidazele, prezente in toate ewtinpentele celulare, catalizéaz
descompunereaB, [23], iar prolina Tnitura radicalii hidroxil [25].

In contextul celor atate mai sus este explicabibporirea activitii
peroxidazice a celor dalinii celulare deDigitalis lanataca urmare a cultiirii lor in
medii cu sare (Tabel 2). Un proces a&eftor s-a observai la alte culturi celulare,
aa cum sunt cele de tomate [22], crescute Tn domsifnilare. Totyi, Th cazul
suspensiilor celulare db.lanata se mai remaicfaptul @ intensitatea activtii
peroxidazice scade atunci cand celeadmii sunt cultivate Th medii cu concentira
de NaCl mai mari de 34 mM. Fenomenul este explicdboarece, la acest nivel de
salinitate (68 mM NacCl), viabilitatea scade marcéatambele linii celulare
aproximativ in acesapropotie, dei numirul de celule vii ale liniei 6-C100 este
permanent mai mic decét cel al liniei 18 (TabelDijerenta se datore@zn special
decalajului de fazin care se dgesc cele daulinii pe parcursul ciclului lor celular.
Astfel, in timp ce linia 6-C100 igtrdin ziua 11in faza de declin, linia 18 se
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Tabel 2

Influenza concentrgiei de NaCl asupra crgerii celularesi a coryinutului celular
in api (S.p./S.u.) la doilinii celulare (18si 6-C100) de Digitalis lanata,
dupai 12 zile de tratament

NaCl (mM) Substaid uscai (g/l) S.p./S.u.
18 6-C100 18 6-C100
0 9,22 8,30 21,82 17,57
8,5 8,99 8,27 19,16 16,53
17 7,75 7,22 16,19 14,65
34 6,47 6,63 12,66 12,51
55 4,33 5,21 8,73 10,72

afla in aceeg perioad de timp in& in stadiul linear de cgteresi ajunge in faza
stgiona@ numai in a 14-a zi de culturDe asemenea, trebuie subliiafaptul c
linia 6-C100 preziritin mod constant o activitate peroxidéziai mare decat linia
18, chiarsi atunci cand este cresguh condiii normale de cultur. Este posibil ca
activitatea crescéita enzimelor respective gonstituie ing un factor de tolerai
pentru linia 6-C100 fa de stresul salin, avand in vedegeperoxidazele, printre
altele, modifia proprietitile peretelui celular. Ele pot cataliza legarearitdtendr a
extensineisi a pectinei, ceea ce va conduce in finaliual de alte procese, la
rigidizarea peretelui celular [5].

Un alt proces care s-a observat la celule de ggtenmigorarea dimensiunii
lor [3], care se datoreazdup opinia autorilor, pierderii extensibiiii peretelui
celular casi rezultat al adatii lor la sare. Dg celulele liniei 6-C100 d®.lanatanu
sunt adaptate la conidide salinitate, ele au tafudimensiuni mai mici decét cele ale
liniei 18 (date nepublicate). Probabi ¢i aceast particularitate, care imprin
celulelor o rezisten sporit la anumii factori de stres, a fost dobaradivt ca urmare
a craterii lor pe medii cu colesterol.

In ceea ce priwte acumularea de prolireste de remarcat nivelul ei mult
mai ridicat in celulele liniei 6-C100 tfade linia 18, cultivate in condinormale.
Totwsi, cantitatea acestui compus scade prapwal cu ndrirea concentrgei de
NaCl, in ambele linii celulare (Tabel 3). In gehdmmulte linii celulare adaptate la
condiii de salinitate se consfiati in urma cultivrii lor pe medii cu concentiia
marite de NaCl are loc o acumulare spgoe prolirk, in comparge cu liniile
sensibile [13, 18]. Astfelaceste ptin probabil ca prolinaasconstituie, in cazul
suspensiilor celulare d@.lanata unul din mecanismele de aéare faa de stresul
salin. In acest sens exist alte exemple in care nivelul prolinei nu este de ridicat
pentru a juca un rol semnificativ in mecanismulagiérare a plantelor impotriva
stresului salin [20].
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Tabel 3

Efectul concentraiei de NaClsi al duratei de tratament asupra acumirii
de prolini Tn douz linii celulare (18si 6-C100) de Digitalis lanata

NaCl (mM) Prolirs (UM/g S.p.)
48 ore de tratament* 12 zile de tratament**
18 6-C100 18 6-C100
0 10,85 15,29 10,85 15,29
17 9,74 15,29 8,73 14,74
34 9,33 13,94 7,42 12,95
55 8,27 13,36 6,49 11,27

* Solutia de NaCl a fost introdasn suspensiile celulare aflate Th ziua a 10-audera.
Celulele au fost recoltate dug8 de ore.

** NaCl a fost adugat in mediul de cultdr Thainte de autoclavare. Celulele au fost
recoltate dup 12 zile de cultu.

Sinteza de cardenolide

Dupa cum se obse#wdin Tabelul 4, cele dauinii se deosebesc una de alta
si prin cantiitile de digitoxirh acumulate de celulele cultivate pe medii fsare.
Astfel, linia 6-C100 acumuleanivele mai ridicate din acest compussiCalaosul
de NaCl in ziua a 10-a de cuftux avut ca efect o stimulare putefinécsintezei de
digitoxina la ambele linii, totgi, la linia 18 se remaiico acumulare mai mare a
acestui cardenolid (de 9 ori mai mare decét laanafea de linia 6-C100 (de 7 ori
mai mare decét la martor). Aceastimulare a avut loc ddp72 de ore de la
introducerea clorurii de sodiia sé&zut apoi in paralel cu cfterea concenttii de
NaClsi cu durata de tratament. #erea a fost mult mai intehfa linia 6-C100 la
care nivelele NaCl de 68 mM (dup2 de ore}i, respectiv, de 34 68 mM (dup 96
de ore) au produs inhiia totak a sintezei de digitoxin

Introducerea clorurii de sodiu de la inceput Tndindecelor dod linii
celulare a avut un efect oarecum similar cu cetrideanterior. Astfel, dupl2 zile
de tratament tot celulele liniei 18 acumukeegle mai mari caniiti de digitoxira, In
compardge cu cele ale liniei 6-C100. Intensitatea stiriubiosintezei de digitoxi&
a fost Ing cu mult mai mare decét in primul experiment, litlaacumuland 20 jig
digitoxina/g S.u. (de 43 ori mai mult decat martorul), ianidi 6-C100 - 12,6ug
digitoxina/g S.u. (de 17 ori mai mult decat martorul). Denss@ea, se remdic
aceed influenta negatid a concentndlor sporite de NaCl asupra sintezei de
cardenolide. Tn acest sensstie, dag NaCl este considetaglicitor, & elicitorii nu
stimuleaz intotdeauna biosinteza metablolr secundari, dar potisndua sau &
nlture represia lor.
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Tabel 4

Efectul concentraiei NaCl si al duratei de tratament asupra sintezei de
digitoxing la douz linii celulare (18si 6-C100) de Digitalis lanata

NaCl (mM) Digitoxina (uM/g S.u.)
Durata de tratament (ogeziua de cultui)
48 ore* 72 ore* 96 ore* 288 ore**
(ziua 12) (ziua 13) (ziua 14) (ziua 12)
18 6-C100 18 6-C100 18 6-C100 18 6-C100

0 0,48 0,71 0,70 0,88 0,74 0,92 0,48 0,71
8,5 - - - - - - 20,70 12,40
17 0,48 0,80 6,76 6,00 4,51 5,43 2,20 0,98
34 0,42 0,65 5,25 4,65 3,05 0,00 0,32 0,00
55 - - - - - - 0,00 0,00

68 0,33 0,58 3,16 0,00 0,00 0,00 - -

* Solutia de NacCl a fost adgat la suspensii aflate in ziua a 10-a de caltiar celulele au
fost recoltate dup48, 72si 96 de ore.
** NaCl a fost introdus in mediul nutritiv Thainte de autoclavare.

La acest nivel al experimentelor efectuate deests extrem de dificil de a
explica modul in care NaCl poate grodud stimubri asa de puternice ale sintezei
unui cardenoligi anume a digitoxinei, la liniile celulare @egitalis lanatacare erau
aproape lipsite de aceastapacitate. Dificultatea este sporii de cungtintele
extrem de reduse asupra modului in care un sextnatelular este convertit intr-un
semnal intracelular care este apoi transmis laenugrecursi asupra modifidrii
exprimérii genelor responsabile de manifestarea metabolisnmsecundar. De
asemenea, nu putena gacem nici o coretie Tintre diferitele procese ale
metabolismului primar, cu cele ale metabolismubgusndar, respectiv cu sinteza de
cardenolide. Singura relatare, pe caretmelen despre testarea efectului NaCl asupra
unor suspensii celulare ce sintetizegizanumii metabolii secundari, se refedoar
la L-DOPA. Acest compus este de fapt un aminoaafdcolicsi este precursor al
mai multor metabafi secundari, ga cum sunt alcaloizii [28].

La fel de dificil este deaspunssi la intrebarea: de ce linia 18, mai slab
productiva, sintetizeaZ ca tispuns la stresul salin caétitmai mari de digitoxia fata
de linia 6-C100 ? Ceea ce putem afirmd it certitudine esteacacest agent de
stres, NaCl, a @ionat ca un elicitor abiotic veritabil asupra anobdihii celulare de
Digitalis lanata
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Concluzii. Modul in care cele dadinii celulare, 18si 6-C100 deDigitalis
lanataau Espuns la stresul salin a depgnsle particularitile lor morfo-fiziologice.
Ele au fost probabil dobandite in urmastesi celulelor pe medii cu saérfi agent
de seletie (colesterol), medii de pe care au fost izoldteele dintre aceste
proprietiti, asa cum sunt raportul mic dintre substarproaspta si cea uscat
(continutul celular in af, precurrsi activitatea peroxidaziccrescut, se pare&i-au
conferit liniei 6-C100, selectatde pe mediu cu colesterol, o tolgesporit la
stresul salin. Sub influga NaCl multe procese metabolice stifeodificari. Astfel,
este inhibat cresterea celula, scade camutul celular in afy se ndreste activitatea
peroxidazié si se migoreaz cantitatea de prolin Insi aspectul cel mai important
este legat de constatarea MaCl, Tn concettda mici si moderate, indiferent de
momentul Tn care estezadjat in mediul de cultdi; a stimulat puternic biosinteza de
digitoxina la ambele linii celulare, comportandu-se ca uriteti abiotic veritabil.
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RELATIONS BETWEEN GROWTH, CHLOROPHYLL CONTENT
AND NITRATE DISTRIBUTION IN ZEA MAYS GROWING
UNDER NITROGEN LIMITATION

CRISTINA DOBROTA"

SUMMARY .- The utilization and translocation of nitrogen were investigated
in exponentially growing, nitrogen-limited Zea mays L. plants. The plants
were supplied with nitrogen (N) daly a exponentialy increasing,
suboptimal, relative nitrogen addition rates (RAR). Contents of starch,
glucose, fructose and the relative growth rate (RGR) were measured. The
distribution of nitrate in the plant organs was aso determined. At a growth
rate ranging from optimal to 50%, the carbohydrates accumulated. Growth
below 50% of optima N concentration in the medium caused decreased
contents of glucose and fructose and increased levels of starch. The
chlorophyll content increased in pardle with the RGR. At low levels of
nitrogen added in the medium, more than 60% of the dry matter and
nitrate accumulated in the roots. As the nitrogen content of the medium
was increased, the dry matter and the nitrate were redistributed in the
plant. Thus, a 35% nitrogen introduced in the medium, 22.15% and
26.08% of the dry matter and the nitrate, respectively, were found in the
roots, while 64.39 and 66.3%, respectively, were concentrated in the
leaves.

The quantitatively most important mineral elements required by the plants
are nitrogen and phosphorus. Limitation of either of these two elements results in
extensive changes in the CO, assmilation rate, and especiadly in the rate of
carbohydrate utilisation. The overal consequence is that the carbohydrates
accumulate. However, other types of nutrient deficiencies can also lead to the
carbohydrate accumulation, as shown for magnesum [17] and potassum [7]
deficiencies. The general view is that the processes associated with carbon
utilisation (especialy growth and respiration) are more sensitive to these types of
nutrition deficiencies than is photosynthesis.

I Babey-Bolyai University, Department of Plant Physiology, 3400 Cluj-Napoca, Romania
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Plant hormones play a dominant role in the regulation of growth and
development, including source-sink relationships and plant yield. Environmental
factors such as light, temperature, humidity and nutrients can influence the
synthesis, degradation and action of hormones and it is likely that the primary
responses of plants are due to changes in hormonal balance [9]. Plants subjected to
different degrees of nutrient limitation may not only show quantitative differences
in growth rate, but they present differences in chemical composition [18] and
morphology, e.g. in shoot/root ratio [3], aswell.

Although hormona control of carbohydrate partitioning is primarily
exerted on sink-related processes, the activity of source processes is aso to some
extent under hormonal control. Stomatal conductance and photosynthesis are often
decreased by application of ABA, but thereis considerable interspecific variation in
this respect [12]. IAA has been reported to enhance photosynthesis and stomatal
opening [1]. Enhanced photosynthesis was, however, not found when Robinson
et al. [13] studied the effect of IAA on protoplasts. Kinetin and GA have aso been
reported to enhance photosynthesis, e.g. in the experiments conducted by Waring
et al. [18] on maize leaves.

The intention of this work was to investigate the process of acquisition and
utilisation of nitrate in plants adapted to conditions of controlled, growth-limiting
nitrogen supply. Specia attention was paid to: 1. adaptation of growth to growth-
limiting nitrate availability, 2. distribution of nitrate in the plant organs according to
nitrogen limitation and 3. the effect of nitrogen limitation on accumulation of
carbohydrates and on chlorophyll content.

Materials and methods. Maize plants were cultivated in a sterile K
medium [8] in Erlenmeyer flasks, under conditions of 12 hours of light, 21°C and

70% humidity. The plants were grown in open glass vessdls. Contamination by
algae or bacteria was negligible. Growth rate was determined as fresh weight
increase. The relative growth rate, RGR, was expressed as percentage fresh weight
increase /day, calculated from the formula

RGR =100(InWa-InW:)/(t-t,)

where W, and W; are the fresh weights at start (t;) and harvest (t,), respectively.

Two different treatments were used to induce N deficiency. In one
experiment, multiple series of exponentialy growing cultures were maintained at
different suboptimal rates determined by the daily dose of N. In the other
experiment, cultures with sufficient N were transferred to N-free media in a study
over time.
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1. Effects of suboptimal N supply. Multiple series of exponentialy
growing cultures were maintained at different suboptimal rates determined by the
daily dose of N. Theresfter, growth-limiting amounts of N, together with ample
amounts of al other essentiad nutrients, were added daily at rates that were
increased exponentially with time. The relative rate of N addition (RAR) was
adjusted in a series of culturesto 5, 15, 25 and 35% /day according to the formula:

RAR = 100(InN2-InN1)/(t2-t1)

where InNx-InN; represents the increase in N bound in new biomass during the
period t>-t;. The cultures were harvested once a week. Part of the harvest was
analysed, and the rest was used to start a new set of suboptimals. Before having
been used in the experiment, the cultures were allowed to adapt several weeks to
their specific RAR and corresponding RGR.

2. Effects of N starvation over time. Plants were precultured for 1 week
in a N-sufficient medium, thereafter they were transferred to N-free but otherwise
complete medium [6]. The medium was completely renewed every 24 hours and
the RGR determined. Aliquots of 1.5 g fresh weight were harvested for
determination of carbohydrate and chlorophyll contents.

For determination of starch, the plant material, immediately after
harvesting, was dried at 60°C for 24 hours. The starch content was determined by

quantification of glucose before and after cleavage of the polysaccharide to glucose
by amyloglucosidase. The principle of the glucose assay is that, in the presence of
hexokinase, glucose is converted to glucose 6-phosphate, which reduces NADP' to
NADPH. The amount of NADPH formed is stoichiometric with the amount of
glucose and is determined spectrophotometricaly a 340 nm. Each sample
(25-50 mg) was dissolved in a mixture of 5 ml dimethylsulphoxide and 1 ml 8M
HCl and shaken in a60°C water bath for 40 min. The solutions were then cooled to

room temperature and their pH was adjusted to 5 with 5M NaOH and their volumes
were completed to 25 ml. The extracts were filtered and 0.2 ml of the extract was
used for the assay, which was carried out according to [2].

For determination of glucose and fructose, the dry and ground samples
were dissolved in 20 ml digtilled water in 50-ml Erlenmeyer flasks and shaken in a
water bath at 60°C for 2 hours. The samples were then cooled to room temperature

and their volumes completed to 25 ml. After filtration, 0.5 ml of the extracts were
used for the quantitative analysis of glucose and fructose according to [2]. Glucose
was determined as described for the starch assay. Fructose was phosphorylated by
hexokinase and the concentration of glucose 6-phosphate was determined before
and dafter converson of fructose 6-phosphate to glucose 6-phosphate by
phosphoglucose isomerase.
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The chlorophyll content, from an acoholic extract, was determined
photocolorimetrically at 660 nm.

The distribution of dry matter and nitrogen in the plant organs was
monitored for plants supplied with insufficient nitrogen.

The nitrate content in agueous extracts was determined photoco-
lorimetrically with phenol-disulphonic acid.

Results and discusson. As can be seen in Table 1, al measured
carbohydrates showed a significant negative correlation with the RGR ( r = - 0.893,
P = 0.01). The chlorophyll content increased in pardle with the RGR (Table 2).
When optimaly growing plants were transferred to a N-free but otherwise
complete medium, starch, glucose and fructose began to accumulate after 24 hours.
At high levels of starch accumulated in the cdll, the chlorophyll content decreased.
The relationships between RGR values and levels of glucose, fructose and starch
were similar in the two sets of experiments, as were the relationships between
chlorophyll content and starch levels.

Table 1

Starch, glucose and fructose contentsin dry weight (DW) of maize plants grown
at different relative addition rates (RAR) of N in the culture medium

RAR RGR Starch Glucose Fructose
(% / day) (%/ day) (mg/lgDW)  (mg/g DW) (mg/g DW)
5 4.4 140 12 14.2
15 16.8 125 10.3 15.9
25 220 89 85 135
35 325 58 6.5 11.2
Table?2

Chlorophyll content and dry weight (DW) percentage in fresh weight (FW)
of maize plants grown at different relative addition rates (RAR) of N in the
culture medium

RAR (%/day) RGR (% / day) Chlorophyll content DW (% of FW)
mg/gFW  mg/g DW

5 4.4 0.28 30 9.0
15 16.8 043 4.8 8.3
25 220 0.48 7.8 7.6
35 325 0.58 9.9 58
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The relative growth decrease in response to N deficiency inducing starch
accumulation in the chloroplast is in accordance with earlier reports of
Thorsteinsson and Tillberg [16]. The results obtained from the two different
approaches also matched each other consistently.

The increases in glucose and fructose levels are due to sucrose hydrolysis,
since they accumulated in a synchronised manner (although in different amounts)
[19].

The changes in the levels of glucose, fructose and starch in the differently
N-stressed plants indicate that these carbohydrate pools may be involved in the
synchronisation of the photosynthesis and the carbon utilisation, indirectly
measured as RGR.

Fig.1 shows the distribution of dry matter and nitrate contents in organs
of maize plants supplied with insufficinet nitrogen; at low levels of nitrogen
added in the medium, more than 60 % of the dry matter and nitrate accumul ated
in the roots. As the nitrogen content of the medium was increased, dry matter
and nitrate are redistributed in the plant. Thus, at 35% nitrogen introduced in the
medium, 22.15 % and 26.03 % of the dry matter and the nitrate, respectively,
were found in the roots, while 64.39% and 66,3%, respectively, were
concentrated in the leaves.
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Fig. 1. Distribution of dry matter (DW) and nitrate (N) contents (% of total amount)
in organs of maize plants grown at different relative addition rates (RAR) of N in the
culture medium.

The present knowledge regarding the regulation of sucrose synthesis
pathway and the regulation of starch synthesis [7, 11] impels the following
hypothetical sequence of eventsin the first 70 hours of starvation. The decreased
assimilate utilisation in the cytosol (lowered RGR) causes accumulation of glucose
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and fructose. When the assimilate demands decrease, it has been reported that the
activity of the sucrose phosphate synthase (SPS) decreases [7]. The mechanism for
this response is still obscure. The decrease in SPS activity aso leads to increased
levels of the sucrose phosphate precursors and triose phosphate (TP) as described
by Stitt and Heldt [15]. Alternatively, a similar effect could be obtained by an
increase in hexose-phosphate pools via phosphorylation of glucose and fructose
by nuclectide triphosphate-dependent kinases [5]. Increased levels of fructose
6-phosphate contribute indirectly to inhibition of fructose-1,6-biphosphatase
(FBPase) activity and to elevation of the TP content. Since TP can move fredly
across the chloroplast membrane in exchange for phosphorus (P), increased
cytosolic TP levels induce a corresponding elevation in the chloroplastic TP levels.
The increased chloroplastic TP/P, ratio that follows stimulates the activity of ADP
glucose pyrophosphorylase, thereby inducing starch synthesis[11].

The decrease in the glucose and fructose level s after the starvation period is
possibly due to a decrease in the pathway of sucrose synthesis either at the sucrose
phosphate synthase(SPS) or the FBPase-controlled reactions. Alternatively, the
decreased glucose and fructose levels could be due to an extensive accumulation of
TP or other sugar phosphates.

In both experimenta models used, the plants showed a strong negative
correlation between the chlorophyll content and starch level. The physiological
significance of such negative corrdation has been debated in the literature. Some
authors have found negative correlation [10, 16], while others have not [4].
Inconsistencies reported in the literature in the negative correlaion between CO,
assmilation rate and leaf starch content might be due to interspecific differencesin
TP threshold levels for the activation of the starch synthesis pathway in different
species and tissue maturation stages. For example, leaves with high threshold levels
(and poor starch accumulation) might show a better negative correlation between
CO; assimilation rate and soluble sugar levels rather than starch, as has been shown
in the wheat [7]. Sawada et al. [14] suggested, for soybean leaves, an adternative
explanation: the photosynthetic apparatus of the leaf might differ in sengitivity to
starch concentration depending on the species and on the maturation stages.

Conclusions. 1. N deficiency, developed in both of the two culturing
methods employed, caused a decrease in assimilate utilisation with accompanying
elevations in glucose, fructose and starch contents. A severe deficiency can even
inhibit the export of sugars from the chloroplast and/or decrease the activity of the
pathway of sucrose synthesis. The accumulation of starch is accompanied by a
corresponding decrease in the chlorophyll content. The results support the
hypothesis that the photosynthesis can be regulated by end product inhibition in
responseto aN deficiency.
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2. The nitrate digtribution in the plant organs is directly related to the

nitrogen content of the culture medium. At low levels of nitrogen, the nitrate
accumulates in the roots, while at higher suboptimal levels the nitrate concentrates
in the leaves.
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HISTOLOGICAL AND ULTRASTRUCTURAL MODIFICATIONS
INDUCED BY TWO ALKYLATING AGENTS ON THE WISTAR
RAT KIDNEY

CRISTINA PASCAE VIOREL MICL AUS™ CONSTANTIN CRACIUN?,
ERIKA KIS*, VICTORIA DOINA SANDU*, DANA PU  SCASIU™
MIRCEA PU SCASIU*** and VERONICA CR ACIUN*

SUMMARY. — The alkylating agents are widely used in the theraf
many types of cancer. Carboplatin and Cyclophosjdeatnelong to that
family of drugs, the anticancer activity of whichdue to their capacity of
interacting with DNA, RNA, altering their structdrand functional
integrity and blocking the DNA, RNA and protein #iyesis.

Our investigations tried to evaluate comparativibly histological
and ultrastructural modifications induced by simiflbses of Carboplatin
and Cyclophosphamide on the Wistar rat kidney.

The microscopic examination demonstrated the appearaf
certain histological alterations, the intensityayty and extension of
which were different, depending on the type of stdtic and the moment
of the sacrification.

Carboplatin induced an oedema of the Bowman'’s spaoelated
with the appearance of a polymorphous granular mahtmside it; the
uriniferous tubules appeared dilatated, with ndsrgsocesses of the
epithelial cells, and full of a hyaline material.

Cyclophosphamide had a less severe nephrotoxmitysisting of
the appearance of a glomerular stasis, mesangidenwe zonal
tubulonephrosis correlated with the presence ofairte material inside
the tubules.

By electron mycroscopy, it could be noticed thathboytostatics
induced grave nuclear alteration (the nucleus hpdcaliar shape and an
obvious pycnosis tendency), the appearance of acalapytoplasm
completely vacuolised, and wide areas of intratallulysis. The
mitochondria were affected, too, they being swoled having a rarefied
matrix. Some uriniferous tubules appeared partalgompletely affected
by a necrosis process. In some cells, the brustiebavas affected, the
microvilli being swollen and destroyed here andréheand the basal
infoldings appeared hypertrophied. All these maadifions were graver in
the group treated with Carboplatin.

DBabe;-Bonai University, Department of Zoology, 340@jaapoca, Romania

m University of Agricultural Sciences and Veterindgdicine, Department of Histology, 3400
Cluj-Napoca, Romania

Tstate University of Oradea, Department of Histold®§00 Oradea, Romania
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Alkylating agents are drugs widely used nowadayshie anticancer
therapy. They have the capacity of interacting WitNA and RNA, altering
their structural and functional integrity. The aetbplasic activity of these
cytostatics is based on the alkylating reactiorhulie NH groups in the struc-
ture of the nucleotide residues of the nucleic aclls a consequence of this
kind of chemical reactions, the drugs bind to DNAd&RNA, finally inducing
their fragmentation [3, 11]. The alkylating reaasoblock both the reading of
the genetic message and the replication of DNA [8].

Carboplatin and Cyclophosphamide belong to thisilfaof anticancer
drugs. They are successfully used in the chemaililed many types of
malignant diseases, and, owing to their immunosggive activity, in
transplantations of tissues and organs. Althoughctiemotherapy with these
two cytostatics tried only to obtain a remissiontleé malignant tumours in
different organs, their action not being selectiedficient doses of these
cytostatics induce many and very grave complicatiormost of the tissues and
organs. The most affected are the germinal and topwigtic tissues, the
digestive mucosa and the organs involved in theetabolisation and
eliminations. According to previous studies, thdnidy is the principal organ
which eliminates the two cytostatics and their rhelitdes. Therefore, our
studies tried to establish the histological andastructural modifications
induced by equivalent doses of Carboplatin and @prebsphamide,
administered in a single therapeutic dose on th&tairat kidney.

Material and methods. Our experiments were carried out with the
following nine groups of healthy adult male Wistats, weighing 190 40 g
and maintained under bioclimatic laboratory cowdis, with no food for 18
hours before the treatment, but having watkfibiturnm

-group U — untreated (control) group;

-group G, C,, C; and G treated i.v. with 400 mg Carboplatin Zimody
surface and sacrificed 24 hours, 4, 11 and 18 dfigsthe treatment;

-group R, P,, P; and R treated i.v. with 40 mg Cyclophosphamide /kg
body weight and sacrificed 24 hours, 4, 11 andd&after the treatment.

The animals were not fed for 18 hours before tlegifszation. Having
sacrificed the animals, we took fragments from kigney. For microscopic
examination the fragments were fixed in 10% neutyaehol, processed by the
paraffin technique and the sections ofid were stained by the hematoxylin-
eosin, Masson-Goldner trichrome and PAS method$ [ROr ultrastructural
investigations fragments of kidney were prefixed 2% glutaraldehyde
solution and postfixed in 2% osmic acid solutionheTfragments were
dehydrated in acetone and then embedded in Vestép@he ultrathin sections
were obtained using an LKB III ultramicrotome anere/contrasted with uranyl
acetate. Examination of the sections were perforimed TESLA-BS-500
electron microscope [1, 7, 12].
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On the stained and contrasted sections we studiadidroscopic and
electronomicroscopic examination the histologicahd a ultrastructural
modifications induced by the two drugs in concomawith the moment of the
sacrification.

Results and discussion.The microscopic and electronomicroscopic
examination of the kidney sections obtained fromn thts treated with the two
alkylating drugs showed the appearance of certaistolbgical and
ultrastructural modifications, the intensity, grignvand extension of which were
different, depending on the type of cytostatic ati® moment of the
sacrification.

Thus, at the level of groups treated with Carbaplabme discrete
changes already appeared 24 hours after the tregthmh in the cortex and
medulla of the kidney, but they had a zonal charathe affected areas being
limited. In some renal corpuscles a PAS-negativéyrporphous granular
material appeared, demonstrating a slight altaradiothe ultrafiltration of the
plasma with the appearance of the proteins in urinesome renal tubules,
especially in the proximal convoluted tubules ie ttortex, incipient necrosis
processes of the tubular cells appeared and, iti@uda PAS-negative hyaline
granular material was also evident (Fig. 1).

+ ", “‘ - —‘ ‘A“ d - - =3 L i ) .. - .
F i g. 1.Granular material inside Fig. erular stasis correlate
the proximal convoluted tubules with diffuse intravascular coagula-
(x 480). tion phenomengx 480).
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In group G, sacrificed 4 days after the treatment, it coukdnioticed
that the granular material in the Bowman’s space inareased slightly, the
amount of this material not being very significaf@esides, an obvious
glomerular and interstitial stasis correlated withiffuse intravascular
coagulation phenomena appeared (Fig. 2). Such phemo of diffuse
intravascular coagulation appeared in the capiiéain the medulla, too (Fig. 3).
Big PAS-positive hyaline thrombi could be seen,eesly in the tubules
between the cortex and medulla.

-

Fig. 3.Phenomena of diffuse intra- Fi g 4.Two lobated rehél corpuscles
vascular coagulation in capillaries and one atrophied corpuscle in the
in the medullgx 180). cortex(x 180).

After 11 days, the intravascular coagulation phesmuen had
disappeared, but it could be noticed a mesangi@ma and, in some areas, a
mesangial hypercellularity correlated with somerabiosis processes at the
level of endothelial and mesangial cells. Mosthaf tenal corpuscles appeared
lobated and a few of them were atrophied (Fig. 4).

The areas occupied by affected renal tubules wetesignificantly
larger than in the group sacrificed after 4 dapsifthe chemotherapy, but some
tubules were a little dilatated, as a consequerdeeourinary stasis, and the
epithelium of these tubules was more affected.
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The electron microscope investigations of the kjdire this group
demonstrated the presence of some ultrastructuradlifications which
consisted in the appearance of some nuclei witlirragular contour and the
chromatin condensed to the periphery. The cytoplesntained many vesicles
and large areas of intracellular lysis disposeceisfly in the upper cytoplasm.
Many mitochondria had suffered a process of swglltheir matrix becoming
less dense, rarefied (Fig. 5). Besides, the numiblgsosomes decreased.

F i g. 6.Big hyaline thrombus which
mitochondria with rarefied matrix in includes the tubular epithelium
the tubular cell{x 8820). (x 480).

After 18 days from the chemotherapy (group) i€ could be noticed a
sclerosis of many glomerules correlated with aaration of their contour, with
the appearance of some interstitial lymphohistieafiltrations, with sclerosis
processes at the level of arterioles and glomemanesinterstitial nephritis. The
cylindric thrombi inside the renal tubules appeatsgline, some of them
including the tubular epithelium as a consequeridde necrosis processes of
the cells (Fig. 6). The PAS reaction showed thesgmee of a PAS-positive
material inside the mesangium, the glomerules appeeetracted and lobated.
The Bowman'’s capsule was irregulate, thickened Wi&5-positive material,
and in many renal corpuscles it had a "double eitlaspect.
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Concerning the groups treated with Cyclophosphamithe first
histological modifications appeared 24 hours frdra treatment.Thus, at the
level of renal corpuscles it could be seen a discetasis correlated with a
mesangial oedema, the glomerules having a swolpech. In some proximal
convoluted tubules proteins appeared in urine @mnaequence of the alteration
of the ultrafiltration. Such phenomena of proteitbulonephrosis could be
noticed only in the cortex of the kidney and hambaal character.

In group B, sacrificed 4 days after the treatment, the meahongdema,
glomerular stasis and tubulonephrosis processesistgrt and had a zonal
character (Fig. 7).

& oA EET
Fig. 7.Mesangial oedema which F i g. 8.Interstitial lymphohistiocyte
induced a lobated aspect of the infiltration (x 480).
renal corpusclegx 480).

After 11 days, all the modifications had a decrdasgensity, and here
and there some phenomena of lymphohistiocyte fitiatsnephritis appeared
(Fig. 8).

The electron microscope examination showed the aaxppee of some
nuclear modifications concerning the shape (pyantsidency). In some cells
the nucleus had a peculiar aspect, this phenomieeinily less pronounced than
in groups treated with Carboplatin. The mitochoadsiere swollen, having a
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rarefied matrix. The basal infoldings of some cedispeared significantly
swollen (Fig. 9), this aspect being correlated wiith swelling of the microvilli
(Fig. 10). A few cells in the proximal convolutegbtiles were vacuolised in
their upper cytoplasm and had their brush bordatighg or completely
destroyed, the cellular components being dischairgedhe lumen of the renal
tubule, where it contributed to the formation of thrombi.

-

a Fig_To

F i g. 9.Basal infoldings of some tubular F i g. 10.Swollen microvilli of the tubular
cells appear significantly swollen cells in the proximal convoluted tubules
(x 8820). (x 17640).

In group R, sacrificed afterl8 days from the treatment, tiséological
aspect was comparable with that which appeardueicantrol group.

These histological and ultrastructural modificaionpresented
demonstrate and confirm the nephrotoxicity of theae alkylating agents. The
gravity, extension and dynamics of the lesions wadiféerent. Thus, the
modifications induced by Cyclophosphamide were lpsse, affecting small
areas, and they did not aggravate significantlyinguthe 18 days of the
experiment, on the contrary, they decreased. Thesdts are in concordance
with previous studies concerning the nephrotoxiaity Cyclophosphamide,
according to which this cytostatic has a glomeraad tubular toxicity and
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induces significant structural and functional madifions only when it is
administered in high dose or a very long periotiroé [2, 13, 15].

In the groups treated with Carboplatin, the lesiarese much more
serious, affecting wide areas and they progressivehd significantly
aggravated during the experiment. According topifevious investigations, the
nephrotoxicity of this anticancer drug is minimdtem it is administered in low
doses, while high doses induce a glomerular andlautioxicity which could
affect the function of the kidney [2, 4-6, 9, 14].

Our results demonstrate that the two cytostatiose he nephrotoxic
effect, they affecting both the structures involirdhe ultrafiltration process
(arterioles, capillaries, mesangium, Bowman'’s chgsand the epithelium of
the uriniferous tubules. But, Cyclophosphamide désss severe nephrotoxicity
than Carboplatin.

Conclusions 1. Both Carboplatin and Cyclophosphamide have a
nephrotoxic effect which is more increased in thgecof Carboplatin.

2. From the point of view of nephrotoxicity Cyclamphamide is better
tolerated than Carboplatin.

3. The nephrotoxic effects consist in the alteraboth of the structures
involved in the ultrafiltration process and the thplium of the uriniferous
tubules.

4. Cyclophosphamide has a moderate nephrotoxithity, histological
and ultrastructural modifications not being verg\g during the experiment.

5. Carboplatin is more nephrotoxic, the lesionsuceti by it being
grave enough, affecting significantly the structanel function of the kidney.
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ATTENUATION OF THE FLUOCINOLONE-ACETONID-N
INDUCED HISTOLOGICAL ALTERATION OF
HYPOTHALAMIC-PITUITARY-ADRENAL AXIS
BY PROPRANOLOL IN WHITE WISTAR RATS

~ kK

ERIKA KIS® CONSTANTIN PUICA™, CRISTINA PASCA’,
VICTORIA DOINA SANDU" and |0SIF MADAR

SUMMARY. - The hypothalamic-pituitary-adrenocortical (HP#y)stem
and sympathoneural and adrenomedullary systemsnmajer effector
systems that serve to maintain homeostasis dutiegss Corticotropin-
releasing hormone (CRH) in the paraventricular eusl (PVN) of the
hypothalamus, a determinant of both HPA and auténaesponses to
stress, is under the control of many neurotranemsitand neuropeptides.
Norepinephrine (NE) and epinephrine (E) potentlymstates CRH
neurons in the PVN. Acetylcholine, serotonin, ilgekines, tumour
necrosis factor and prostaglandins all have been shown to stimalat
y-aminobutyric acid and substance P to inhibit eith&kH or ACTH
secretion. The hypothalamus is generally believedbé site of the
negative feed-back mechanism by which glucocodeaounterregulate
neuroendocrine responses to stressors; NE and Ehaught to be the
potent endogenous stimulators of CRH in the partaieetter nucleus of
the hypothalamus. The presence of noradrenergi@drahergic synapses
on CRH cells in the PVN suggests close anatomical functional
interactions between central adrenergic and nonadgéc activity and
HPA function. In the present study in mature malistef rats histological
alteration of HPA axis manifested by an intensifma of the
neurosecretory activity in PVN, an increase of udell basophilia at the
level of adenohypophysis, and an enhancement ofnadtrsecretory
activity were produced by Fluocinolone-acetonid-Nreatment.
Fluocinolone-acetonid-N is a topical dermocortieostd widely used in
the treatment of some skin diseases (dermatosespical and
experimental data clearly demonstrate that, dymetoutaneous absorption
capacity of epicutaneously applied topical glucticosteroids, there
appear different systemic adverse side-effectsdbsstheir beneficial
actions. When daily dermocorticosteroid treatmemt three days was
associated with Propranolol administration (& s.c./100 g b.w/day) in
rats, the above-mentioned parameters were significattenuated as
compared to the corresponding dermocorticostereiatéd controls. It is
concluded thap-adrenoreceptor stimulation significantly partidgs in
stress-induced alterations of the HPA axis.

DBabes-Bonai University, Department of Zoology, 3400 j(Mapoca, Romania
" Biological Research Institute, 3400 Cluj-NapocaniRwmia
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Stress-induced activation of the hypothalamic-patyi-adrenocortical axis
is attended by release of -corticotropin-releasingrmone (CRH) from
paraventricular nucleus of the hypothalamus, folldwby adrenocorticotropin
(ACTH) and glucocorticoid release. Among many polssineurotransmitters
released in the PVN during exposure to varioussstres, norepinephrine (NE)
[11] and epinephrine (E) [2, 9] are thought to hmept stimulators of CRH
neurons in the PVN. NE and E in the PVN are deriviein medullary
noradrenergic and adrenergic cells and, to a nestent, from locus ceruleus.
Noradrenergic and adrenergic terminals in the PyhNapse on CRH neurons,
administration of NE and E into PVN substantiallycriease expression of
MRNA for CRH in the PVN and for proopiomelanocorfROMC) in the
anterior part of pituitary gland and plasma ACTHlose-dependent manner [4].

It is well established thgb-adrenoreceptors are activated to the same
degree by epinephrine and norepinephrine, and &mofol is a specific
3 -adrenoreceptor blocking agent without sympathortisvaetivity [2,7,8].

In order to test the possible role®adrenoreceptor-mediated effects of
Fluocinolone-acetonid-N upon hypothalamic neurastecy, pituitary and
adrenal secretor activity, in the present studydjnxeamics of these parameters
was compared in dermocorticosteroid-treated (sBsgroup and Propranolol-
treated stressed groups.

Materials and method. The experiments were carried out on mature
(60-day-old) male Wistar rats. The animals weretkapder standardized
bioclimatic conditions and fed on a common rat chawth waterad libitum.

Commercial Fluocinolone-N ointment ("Antibiotice" ./S, lasi),
containing 25 mg Fluocinolone-acetonid-N/100 g piarit, was applied
topically to the skin at 2 cinfor three consecutive days, by smearing 50 mg
ointment/100 g b.w. on the inguinal region, thelydaiose of Fluocinolone-
acetonid-N being equal to 1245/100 g b.w.

Propranolol pharmaceutical solution ("Sicomed" SBuMcharest) was
utilized by injecting s.c. daily doses of 5y from this B-adrenoreceptor
blocking agent/100 g b.w./3 days, simultaneouslythwapplying daily
epicutaneous treatment with Fluocinolone-N ointment

After 16 hours of fasting and 24 hours followinge tltessation of
treatments, the animals (Fluocinolone-treated gréiyocinolone+Propranolol-
treated group), together with controls (Untreatedug, Propranolol-treated
group) were sacrificed by exsanguination.

The brain, the pituitary gland and the adrenal latightered animals
were fixed in Bouin liquid and afterwards processediew of being embedded
in paraffin. The fragments were sectioned at thdclret-Austria type
microtome with a thickness of . For rendering evident the hypothalamic
neurosecretion, the staining of the sections wadenty means of the Kluver—
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Barrera method, the staining of consecutive cellghe pituitary gland was
carried out by the method of Hurduc and co-worlkard the staining of adrenal
gland was made by means of hematoxylin-eosin mefh@fd The histological

preparations obtained were examined on the IgRGtonic microscope.

Results and discussions. In the Fluocinolone—treated group PVN shows
an intense neurosecretory activity, respectivelynarked accumulation of
neuropeptides in the cellular pericaryon both imvpeellular neurons and
magnocellular ones (Fig.1) and, at the same timentense loading of nervous
fibres with neurosecretion can also be seen. THalaebody and nuclei are
intensely hypertrophied. Anterior pituitary glanidosvs aspects of hypertrophy
and hyperplasia, respectively an increase in glandasophilia, which results
in an alteration of the relation between cellsfamour of the basophil ones.
Certain beta-cells show intensely vacuolized c@epla, with a foamy aspect.
These are the so-called Crooke's cells (Fig.2), ctvhare present under
conditions of the organism’s exposure to variougdies of stress. In our case
they are due to an excess of glucosteroids.

R .
VLR o B

F i g. 1.Intense neurosecretory activity in F i g. 2.Crooke's cells in anterior
parvocellular and magnocellular pituitary gland(x 900).
neurons of PVNx 270).
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F i g. 3.Atrophy of fasciculata zone and of F i g. 4.PVN with a normal or reduced

the reticularis one, hypertrophy of neurosecretory activityx 270)
neurons secreting cathecolaram

(x 270)

The examination of the histological aspect of #drenal gland in
Fluocinolone-treated group allows us to noticedtinectural alterations induced by
this ointment. Compared to the untreated groupstiessed rats, remarkable
decrease in width of adrenal cortex is noticed anseems to be due to an
important loss of parenchymal cells from the fadeita zone and reticularis one
(Fig.3). The fasciculata zone is narrower but mowenpact than in the control
group. Although a decrease of the cortical zonagasnst the medullary one takes
place, its compact structure suggests an intergetsey activity. Under normal
conditions, the increase in plasma concentratiagiwfocorticoids determines the
inhibition of hormonal secretion by a negative f&sadk mechanism, but under
the conditions of our experiment the glucocortisostiow a reactivity specific of
both the stressing factors, determining an activatif the axis indifferent of the
plasma level of glucocorticoids, and the endogergiusocorticoids which, in
high concentrations, determine an atrophy of thszi¢alata zone and of the
130



ATTENUATION OF THE FLUOCINOLONE-ACETONID-N INDUCELHISTOLOGICAL ALTERATION

reticularis one. In the medullary zone an intensgretory activity takes place,
which manifests itself by dilatation of blood vessassociated with an increase
in volume of neurons secreting cathecolamines 8kig.

The administration of Propranolol to Fluocinolomeated rats seems to
be sufficient to prevent almost all these morphablpgical alterations. In
PVN, neurons with a normal or reduced neurosegredotivity are visualized
(Fig.4), beside neurons with a cell body full ofur@secretory granules,
moderate or slightly increased quantity of neurostecy granules being present
along the nervous fibres. Anterior pituitary glapbsents an aspect which is
closer to that of the group of controls, noticingwever, a slight hyperplasia of
beta basophil cells (Fig.5), the Crooke’s cells heing present. At the same
time, in Fluocinolone-treated group a Propranol@atment normalizes the
relative adrenal weights and the histological stree of the gland is almost
normal (Fig.6).
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F i g. 5.Slight hyperplasia of basophil F i g. 6.The normal histological structure
pituitary cells(x 900) of the adrena(x 270)
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Literature data [13] as well as our results haweated that the excess
of glucocorticoids, determined either by a treatmeith glucocorticoid-based
drugs, or based on the action of different factak stress, induces
histophysiological alterations of the hypothalamigophyseal-adrenal axis.

Under normal conditions, the main CRH producerstlaeeparvocellular
neurons of the paraventricular nucleus [5]. Therosecretion reaches the
median eminence by paraventriculo-infundibular ddyrwhere they discharge
into the primary capillaries of the hypothalamigbphyseal portal system
arriving at last in adenohypophysis [1, 12] . Datahe bibliography [3] as well
as our results show that under conditions of stassintense discharge of
neurohormones takes place and, implicitly, of CRidlifferent of the plasma
concentration of glucocorticoids, which is reflettby a volume increase of
secretory neurons from the paraventricular nucldwesglucocorticoids acting in
this way as factors of stress. Morever, an incredsglasma concentration of
cortisol, determined either by administration afiggicorticoids or by the action
of some factors of stress, ascertains the appeadrerooke’s cells. These cells
are ACTH-secreting basophil cells, with an excentnucleus and foamy
cytoplasma full of granules. Their occurrence cgpmds to the
adenohypophysis exhausting phase.

At the level of the adrenal gland, an intensificati of the
catecholamine-secreting activity is observed, oédie by the hypertrophy of the
secretory cells in the medullary zone of adrenahd! This explains the strong
reaction of paraventricular hypothalamic nuclei efhi present a rich
catecholamine innervation. Experimentally, it wasmodnstrated that under
conditions of stress a strong discharge of adme@adind noradrenaline takes
place, stimulating the CRH secretion, and actinghencorticotropic cells by the
agency off3-adrenergic receptors, fact demonstrated by théhegis blockage
after administration of Propranolol which is betadking [7,8]. The present
findings suggest the possibility that under dernnticosteroid treatment
conditions in mature rats th@-adrenoreceptor stimulation plays a major
conditioning role in HPA axis hyperactivity of exssively released
corticosterone and catecholamines. In fact, theee dvidence that
B-adrenoreceptor blockade with Propranolol redutes Hyperactivity of the
HPA axis in human subjects, while adrenaline adshiaiion stimulates the
ACTH and cortisol release in man, and intraceredntncular infusion of
adrenaline [9] and noradrenaline [11] enhancesréiease of CRH into the
hypophysial portal circulation. This is consistevith the recent findings that
o;-adrenoreceptor blockade prevents the immobiliraitimuced CRH release
from the median eminence [6]. Unilateral or bilatesurgical or chemical
lesions of the ventral noradrenergic bundle orhaf brain stem between the
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locus ceruleus and rostral portion of medulla deseeNE concentration and
tyrosine hydroxylase and CRH immunoreactivity is #VN and decrease CRH
levels in hypophysial-portal blood. Beside, it Hmsen reported that adrenaline
exerts direct stimulatory effects on steroidogenasprimary cultures of bovine

adrenocortical cells [9].

Conclusions. 1. In mature male Wistar rafisadrenoreceptor activitin
vivo plays an evaluable facilitating role in intensifiion of HPA axis activity,
elicited by short-term epicutaneous treatment Witfocinolone-N ointment.

2. B-Adrenoreceptor blockade vivo with Propranolol, applied s.c.
simultaneously with  epicutaneous Fluocinolone-atietdN treatments,
suppresses the HPA axis structural and functinagorders, elicited by
transcutaneous absorption of epicutaneously apgéechocortosteroid.

3.The results obtained demonstrate the antistiiésst @f Propranolol,
which supports the recommendation of using thisgdru combination with
dermocorticosteroid treatment.
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INTRAHYPOTHALAMIC INJECTION OF INSULIN
DOESNOT ALTER THE PLASMA GLUCOSE LEVEL
IN STREPTOZOTOCIN-DIABETIC RATS

CRISTIAN SEVCENCU"and NINA SILDAN™

SUMMARY. - Insulin receptors are widely distributed in the brain and
one of the regions with high insulin content is the lateral hypothalamus
(LH).We have previously reported that the injection of 0.2 pl of insulin
into the LH leads to a significant decrease in plasma glucose level. The
aim of the present study was to establish if this hypoglycemic effect still
appears if insulin is injected into the LH of streptozotocin (STZ)-diabetic
rats. Male alhino Wistar rats were treated with STZ (4 mg/100 g, i.p.) and,
after three days, 0.2 ul of insulin was injected into the LH of the animals.
Blood samples were taken from the caudal vein 5, 15 and 30 minutes after
the injection of insulin, and plasma glucose concentrations were
determined. In our experiments, after a small and insignificant
hyperglycemic effect produced by the implantation of the needle into the
LH, the plasma glucose levels tended to return to the initial values after
the injection of insulin. The conclusion is that the hypoglycemic effect of
theinsulin injected into the LH is blocked by a pre-treatment with STZ.

Early studies on glucose uptake in the nervous tissue postulated that
insulin is not required for brain glucose metabolism.

This early perception of the brain as an insulin-insensitive tissue is no
longer valid. It is now well-established that insulin and its receptors are widely
distributed in various brain areas. Regions having high concentrations of
extractable insulin closely correspond to those having high content in insulin
receptors. These are the cerebral cortex, olfactory bulbs and hypothalamus [14].
More recently, Garcia-De Lacola et al [4] have established that proliferative
chick embryonic neuroretina expresses hybrids of insulin receptors/IGF
receptors with high affinity for insulin, which can mediate the effects of
proinsulin and insulin in the proliferative stage of neurogenesis. However, the
roles played by insulin in the brain and the mechanisms involving the brain
insulin receptors remain still unclear.

“Babag-Bolyai University, Department of Animal Physiolp§#00 Cluj-Napoca, Romania
Biological Research Institute, 3400 Cluj-Napocanfania
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In 1992, Schwartz et al. [14] proposed a key role for insulin as a
signal for the central nervous system (CNS) in the regulation of energy balance
and body weight. A strong support for this hypothesis is the observation that
insulin induces a state of negative energy balance leading to weight loss when it
is administered into the brain [8, 20].

Consistent with previous observations, McGowan et al. [9] reported
adecrease in body weight after intrahypothalamic infusions of insulin.

Establishing that CNS infusions of insulin to diabetic rats reduced both
hyperphagia and over-expression of hypothalamic NPY mRNA, Sipols et al.
[17] concluded that a deficiency of insulin in the brain is an important cause of
diabetic hyperphagia. However, Rizk et al. [13] showed that, in obese mice,
the hypothalamic expression of NPY mRNA was significantly higher, whereas
the expression of insulin receptors remained unaffected.

Another effect of intrahypothalamic administration of insulin is a
decrease in plasma glucose level. Iguchi et al [6] reported a significant
hypoglycemic effect after the injection of insulin into the ventromedial
hypothalamic nucleus (VMN).

In concordance with these results, we have also obtained a significant
decrease in plasma glucose level after the injection of the insulin in the lateral
hypothalamus (LH) [12].

According to their observations, Iguchi et al [6] suggested that both
VMN and LH are insulin responsive glucoregulator centres and these structures
regulate blood glucose concentrations by controlling the hepatic glucose
metabolism.

In the present experiments, in order to verify a possible pancreatic
involvement in this effect, we blocked the B-pancreatic islets with streptozotocin
(STZ), before the intrahypothalamic injection of insulin, to see if a
hypoglycemic effect still occurs.

Material and methods. Male albino Wistar rats (200-300 g) were used.
The animals had free access to food and water until the day of the stereotaxic
operation.

Three days before the injection of insulin into the LH, the rats were
treated with STZ (4 mg/100 g, i.p.). The plasma glucose level from the initial
samples of the experimental series (230.8 mg/100 ml on the average) confirmed
that the animals were diabetic.

Before the experiments, the rats were anaesthetised with Nembutal
(35 mg/kg) and then placed into the stereotaxic apparatus.

136



STUDIES ON STREPTOZOTOCIN - DIABETIC RATS

After a small hole was made in the skull, the needle of a microsyringe
was implanted into the brain according to the following coordinates [1]: 2 mm
posterior to bregma, 1.3 mm lateral to the midline and 8 mm ventral to the
horizontal zero plane. Then, 0.2 pl of insulin (0.008 1U) was injected into the
LH, and blood samples were taken from the caudal vein, 5, 15 and 30 minutes
after the injection.

The plasma glucose concentrations were determined enzymatically,
using the method of Werner et al.[19].

Following the experiments, the animals were killed by perfusing their
hearts with 40% neutral formalin. The fixed brains were cut for anatomical
control, following the same coordinates as those used for the injection.

Results. As we reported previously [12], in untreated animals the
implantation of the needle induced a small but significant decrease in plasma
glucose level (Fig. 1).

‘ —&@— Diabetic rats —ll— Normal rats ‘
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Fig. 1. Plasma glucose concentrations after stereotaxiedipn of 0.2 pl
of insulin into the LH.
1 - Base-line glucose level. 2 - Sample at 5 minutes after the implantation of the
needle. 3, 4,5 - Samples at 5, 15 and 30 minutes after the injection of insulin.

After the application of insulin, the glycemia continues to decrease, and
30 minutes after the injection we registered a marked hypoglycemic effect,
which was not an extension of the mechanical stimulation produced by the
needle.
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As can be seen in Fig. 1, in STZ-diabetic rats, after a small
hyperglycemic effect produced by the implantation of the needle, the plasma
glucose level tends to return to the initial value. Since the changes of glycemia
are transient and insignificant, we may state that in STZ-diabetic animals the
intrahypothalamic injection of insulin does not produce the hypoglycemic effect
observed in the untreated animals.

Discussion. In the nondiabetic state, insulin produces an increase in
plasma insulin concentrations inducing a decrease in plasma glucose levels when
infused into the brain [7].

In the present experiments, the hypoglycemic effect of insulin injected
into the LH of the norma rats, an effect probably produced through the
activation of some parasympathetic fibres innervating the pancreas [5, 11] is
blocked by a pre-treatment with STZ.

In good agreement with our results, there is evidence that in STZ-
diabetic rats, the intracerebroventricular infusion of insulin a a dose of
3 mU/day for 6 days does not alter circulating insulin and glucose levels [15].

Although the major effect of STZ isto induce a diabetic state, mainly by
the reduction of pancreatic insulin content and the decrease of serum insulin
concentration, there is also evidence for a direct involvement of the autonomic
nervous system (ANS) in potentiation of the STZ-induced hyperglycemia. Thus,
between the factors that contribute to the pathogenesis of the diabetes, Dunbar
et al [3] mention an increase in the activity of the sympathetic components of ANS.

Part of the mechanisms underlying the control of plasma glucose levels
are undoubtedly related to the activity of the ANS. This contral is focussed both
on the regulation of the pancreatic production of insulin and glucagon and on the
hepatic glucose metabolism.

Consistent with ANS influences on the hepatic glucose metabolism,
Shimazu et al. [16] mention that chemical and electrical stimulation of both
VMN and peripheral sympathetic nerves innervating the liver leads to hepatic
glucose output by rapid activation of the key glycogenolytic enzyme, glycogen
phosphorylase. This results in hyperglycemia and a marked reduction in liver
glycogen content. In contrast, the stimulation of LH and of the parasympathetic
vagal pathways innervating the liver leads to hepatic glycogenesis by activation
of the key enzyme, glycogen synthetase, resulting in a decrease of plasma
glucose level.

Corroborating these data with the observation of Dunbar et al. [3]
that the diabetes is expressed by a decrease in the activity of ANS
parasympathetic components, one could state that, beside the destructive effect
on the B-pancreatic cells STZ might also affect, in one way or another, the
control of LH on the activity of hepatic glycogen synthetase.
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Studies by Dunbar et al [3] reveal that, in diabetic state, a defect in the
sensitivity of the hypothalamus to glucose and insulin may occur, and this defect
might be consistent with our hypothesis on STZ-induced alteration of LH.

Indeed, there are several lines of evidence which indicate an analogous
mechanism of STZ action on pancreatic islets and on nerve cells, by means of
depleting intracellular NAD™ and inhibiting cellular functions [18].

On the other hand, studies on ultrastructural and morphometric changes
in different hypothalamic nuclei of STZ-diabetic rats showed severe aterations
in neuronal profiles, such as: accumulation of glycogen, axonal and dendritical
changes, dilated and fragmented endoplasmic reticulum and loss of neuronal
organelles|[2].

Taking into consideration al these functional and structural changes
induced by STZ treatment, the fact that the hypoglycemic effect of insulin
injected into LH is blocked by a pre-treatment with STZ may be evaluated from
at least two points of view.

First, it is known that the stimulation of LH leads to pancreatic insulin
secretion and that insulin has an excitatory local effect on neuronal discharge
when it is applied in the LH [10], probably transmitted to the pancreas through
parasympathetic fibres [5, 11]. Thus, it is logical to presume that at least part of
the hypoglycemic effect induced by insulin injected into the LH is due to its
stimulating effects on this structure, reflected in an increased pancreatic insulin
production. Our present experimental results seem to support this interaction
between insulin, LH and the pancreatic production of insulin, since a previous
alteration of cellular functions both in LH and in pancreas by STZ treatment
blocks the hypoglycemic effect of the insulin injected into LH.

Second, taking into consideration the interactions between LH and the
hepatic glucose metabolic pathways mentioned above, we can also suggest that
part of the STZ inhibition of the hypoglycemic effect of insulin injected into the
LH might be due to the suppression of some neuronal functionsin LH produced
by STZ and, hence, to the elimination of the LH control on the hepatic glucose
metabolism.

This last opinion is a hypothesis that has to be verified by further
experiments.

As a conclusion of the present study, we may state that, since the
hypoglycemic effect of the insulin injected into the LH is blocked by a pre-
treatment with STZ, the endocrine pancreas is one of the target organs for the
hypothalamic signals generated in response to the injected insulin.
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ELECTROLYTIC LESIONING OF THE LATERAL
HYPOTHALAMUS BLOCKS THE HYPOGLYCEMIC EFFECT
OF INTRAHYPOTHALAMIC INJECTION OF INSULIN

CRISTIAN SEVCENCU"

SUMMARY .- The roles played by insulin in the brain andntsractions

with hypothalamic structures are still subjects defbate. Intracerebral
administration of insulin induces, among other &Be a decrease in
plasma glucose concentration. In one of our previmports, we have
mentioned that, 30 minutes after the injection intobe lateral

hypothalamus (LH), insulin induced a significant @ase of the
glycemia. The present study aimed to determine venettat effect strictly
involved the LH, or the hypoglycemia still appearben the LH is

electrolytically destroyed. In our experiments, #hectrocoagulation itself
had a hyperglycemic effect and the injection ofilimsinto the destroyed
area was not followed by a significant decreaseplasma glucose
concentration. Thus, we may conclude that the LH rdmurtes to the
regulation of plasma glucose level and is undouptédsolved in the

hypoglycemic effect mentioned above.

The presence of insulin in the brain and its gbild cross the blood-
brain barrier have been clearly demonstrated [P3¢re are also several lines of
evidence which support the concept that insulin,abrleast insulin-related
molecules, are produced by neurons in the aduh fsa7, 11].

Intracerebral insulin acts on brain insulin receptavhich have been
extensively studied in order to better understdwdspecific functions of insulin
in the central nervous system (CNS) [1, 21]. Besiwe"classical" CNS insulin
receptor, a recent study mentions a new class ffliinsulin-like growth
factor | hybrid receptors expressed by prolifemtihick embryonic neuroretina
cells, and probably involved in the action of thedlly produced proinsulin[11].

Although the current understanding of the roleygthby insulin in the
brain is not complete, there are many experimedédh which suggest that
insulin is involved in crucial processes in the CN3ws, insulin has been
shown to stimulate biosynthetic activities, neweall and fibre outgrowth, and
neuron-specific enzyme levels [2, 10, 20]. It alonulates glycolytic key
enzymes in cerebral cortex, such as hexokinas@lamsphofructokinase [8].

Inhibiting norepinephrine release from nerve temsn26], as well as
its neuronal reuptake [24], insulin clearly actsaaseuromodulator. Consistent
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with these findings, it has also been shown thaulin acts on peripheral
sensory nerves [4], and, in the CNS, increasingufitake of tryptophan in the
brain cell, it interferes with serotoninergic patws [30].

Recently, it has been proposed a key role for inag a signal for CNS
in the regulation of the energy balance and bodighteand the mechanisms
underlying this process seem to involve centrabafirs of feeding, such as
serotonin, bombesin, galanin, norepinephrine and NB, 22, 23, 27].

In concordance with this hypothesis, the most ssijge action of
insulin is the reduction of food intake and bodyight when it is infused into
the brain, particularly in hypothalamic regions [13}]. At the same time, and
probably part of the mechanisms underlying theseorexic effects,
intrahypothalamic injection of insulin leads toectease in plasma glucose level

[9].

We have also previously reported that 0.2 pl olulins (0.008 IU)
injected into the lateral hypothalamus (LH) indu@e@8% decrease in plasma
glucose level, 30 minutes after the injection [19].

The present experiments were designed to providbeiuinformation
about LH involvement in that effect.

Material and methods. Male albino Wistar rats (200-300 g) were used.
They had free access to food and water until the ofathe stereotaxic
operations.

The animals were anaesthetised with Nembutal (3&ghgand then
placed into the stereotaxic apparatus.

After a small hole was made in the skull, the etmig (0.2 mm coated
diameter size) was implanted into the LH accordmthe following coordinates
[3] : 2 mm posterior to bregma, 1.3 mm lateralite midline and 8 mm ventral
to the horizontal zero plane. For the electroliggioning of the LH, a 2 mA, 15-
second anodal current was used.

Five days after this operation, the needle of aresiringe was
implanted into the destroyed hypothalamic area @2dul insulin (0.008 1U)
was injected.

Blood samples were taken from the caudal vein,55arid 30 minutes
after the injection.

The plasma glucose concentrations were determimexyn@atically,
using the method of Werneat al[29].

Following the experiments, the animals were killad perfusing their
hearts with 40% neutral formalin. The fixed braiwwsre cut for anatomical
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control, following the coordinates used for the iamation of the electrode and
the needle.

Results. As we reported previously [19], in normal rats thplantation
of the needle induced a small but significant daseein plasma glucose level

(Fig. 1).
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Fig. 1.Effects of insulin injected into the LH area of LHkated rats comparatively to
those obtained after the injection of insulin itite same area of normal animals.

After application of insulin, the glycemia contirsut decrease, and 30
minutes after the injection we registered a markgpoglycemic effect, which
was nhot an extension of the mechanical stimulgtimauced by the needle.

As can be seen in Fig. 1, the implantation of teedbe produced an
opposite effect in the rats subjected to electioligsioning of the LH. The
injection of insulin in the destroyed area inducad insignificant decrease
(p>0.05) in plasma glucose level. Thus, we may katecthat intrahypothalamic
injection of insulin in LH-lesioned animals doest ppoduce the hypoglycemic
effect observed in normal rats.

In the present experiments, we have also obsehegdttie electrolytic
lesioning itself produced a significant increaseta peripheral glycemia. This
hyperglycemic effect is illustrated in Fig. 2.
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Fig. 2.Effect of the LH lesioning on plasma glycemia.

Discussion. As we have already mentioned, in one of our previou
articles [19] we reported a significant decreasepiasma glucose level 30
minutes after an injection of insulin into the LH.

These findings are consistent with other reportd 21 28].

The aim of the present experiments was to estalflible hypoglycemic
effect mentioned above is due to the action oflinsan this hypothalamic area,
or the hormone injected into LH diffuses and exé@dsactions on some other
hypothalamic structures known to be involved in¢batrol of energy balance.

The fact that the injection of insulin into the @felytically destroyed
LH region is not followed by a significant decrease plasma glucose
concentration leads us to the conclusion that thésLundoubtedly related to the
hypoglycemic effect of insulin injected into thiea.

This conclusion is consistent with the observatiohsguchi et al [9]
who obtained similar hypoglycemic effects as we, ditter the injection of
insulin both in the LH, and in the ventromedial bttpalamic nucleus (VMN).
Making an attempt to interpret the lowering of piasglucose concentration
after the injection of insulin into the LH, theyrdenstrated the preservation of
the hypoglycemic effect of insulin injected inteethH of the VMN-ablated rats.
Their first conclusion was that the effects wereadwee to the diffusion of insulin
from the LH into a biologically active VMN receptarea, and the second one
that the "insulin sensitive glucoregulator" postetaby them consists of at least
two components - VMN and LH.

Our present results confirm the role of LH as acgiagulator centre,
and there are also some other lines of evidencehahipport this hypothesis.
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Thus, electrical and chemical stimulation of LH deato hepatic
glycogenesis by activation of the key enzyme, giyosythetase [25].

Furthermore, iontophoretic applications of insuliiicose or glucose-
insulin mixture alter the electrical activity of significant proportion of the
neurons in the LH. When insulin is applied alonéyas an excitatory effect on
the neuronal discharge [16, 17].

It has also been demonstrated that the infusiomsafiin into the third
cerebral ventricle leads to an increase in plasmalin concentration inducing a
decrease of plasma glucose level [28] via stimoatf the vagal nerves [6, 18,
28].

Taking together, these data represent an experanenpport which
explains both the hypoglycemic effect of insulifetted into the LH and the
lack of the response when insulin is applied ite &lectrolytically destroyed
LH region. Thus, if insulin is a signal for CNS [2&hen one site of its action is
the LH, since it stimulates the neuronal dischaigethis structure. This
excitatory effect would induce the activation ofgdgen synthetase, as well as
an increase in plasma insulin concentration, bdtthese actions leading to a
decrease in plasma glucose concentrations. WheehHhis destroyed, none of
these effects occur, and the glycemia remainsestabl

If we accept the hypothesis that the LH has glupaatory functions
and its stimulation induces hypoglycemic effectsent it is obvious that its
destruction would determine an increase in plaslmeoge concentrations, and
our results seem to demonstrate this effect.

Finally, it can beconcluded that the LH contributes to the regulation of
plasma glucose level and is undoubtedly responfiblthe hypoglycemic effect
of insulin injected into this brain region.
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ESEU ASUPRA EVOLUIEI LA NIVEL MOLECULAR

LENUTA RAKOSY-TICAN

SUMMARY. - Essay on the Evolution at Molecular LevelAlthough all
organisms are highly complex and the evolutioniiémnt components can
be followed, the most exciting data were revealedhle analysis of DNA,
RNA and protein molecules. This essay is mainlyi$sed on two questions:
1) how and to what rate did DNA sequences evol@de2amow may changes
at the level of DNA affect organism properties.

Different genes evolved with various rates and rite of sequence
evolution is greater for the DNA that lacks funaoti@hrough transposition
and unequal recombination families of related geree arised.
Transposons can affect the phenotype of the omamyscausing mutations,
which are mostly not advantageous to the organisemsposable elements
persist merely by their capacity to transpose f{fseDNA"), rather than by
changing organism adaptability. Enzymes with newcfions may arise
through DNA sequence fusions or internal duplicetio

The new insights provided by DNA, RNA and proteimalgsis are
currently incorporated in population genetics avmligion.

Introducere. Analiza structurii, organiii si functionarii materialului
ereditar d o nou dimensiune diverditii vietii. Materialul genetic reprezifitun
subiect de studiu fascinant, el reprezentand,timainstana, baza informgonak
a tuturor caracteristicilor unui organism. sDerganismele vii au 0 compo&
complex, fiind alcituite din numeroase tipuri de molecule cum ar fidk,
hormoni steroizi, alcaloizi, glucidg altele, care auitutsi fac obiectul unor studii
evolutive comparative, datele cele mai interesasuat furnizate de analiza
macromoleculelor de ADN, ARM proteine [13, 18].

Astfel, studiul electroforetic al proteinelor auaddate interesante pentru
genetica poputalor privind fluxul de gene, variabilitatea geregtisi selegia
naturafi. Prin secvetibnarea ADN sau cu ajutorul enzimelor de res&ric-au
obtinut date privind polimorfismul la nivelul nucledélor. Studiile la nivel
molecular au adus informiin plus privind relgile filogenetice dintre specii.

“Universitatea BabeBolyai, Facultatea de biologigi geologie, Catedra de ecologie-genétic
Colectivul de inginerie genetiovegetad, 3400 Cluj, Roméania
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In acest eseu vor fi abordate, Th mod speciali gwobleme: a) care este
viteza de evoltie a secvegelor de ADNsi b) cum anume modificile evolutive ale
secverelor de ADN pot afecta proprigile organismului.

Variabilitatea secvertelor de ADN

Analiza ADN cu ajutorul enzimelor de resti®; dei relativ grosied, a
evideniat o variabilitate intraspecificconsiderab#l la nivelul nucleotidelor. Astfel,
Langley si colab. [12] au utilizat 8 enzime de redigcpentru a evidaia
variabilitatea unui fragment de ADN de 12 Kb (kéae) la drosofila; fragmentul
respectiv includeasi locusul pentru enzima alcooldehidrogeha®Pentru 18
cromozomi analiz§ autorii menionai au identificat 4 situsuri polimorfe.
Extrapoland aceste date la intregul genom autaripjans la concluziaacun
individ de drosofila ar trebuiagprezinte, in medie, 4 din 1000 de situsuri inestar
heterozigat. Un studiu mai detaliat a fost realizat dere Kreitman [11], care a
determinat Tntreaga secvy&na bazelor azotate pentru locusul enzimei
alcooldehidrogenaz incluzand secveele de control adiacente, pentru 11 gene
individuale izolate de I®rosophila melanogastegolectad de pe patru continente
diferite. Electroforetic s-au distins doalele notate Adhsi Adh®. Aceste doaalele
au prezentat o frecveinclinala paraled in funaie de latitudinei determira sinteza
a 2 izoenzime cu activitate diferitCele dod alele difed in privinta unei singure
nucleotide, care deterndirinlocuirea aminoacidului treorinde dtre lizini. Tn
plus, secveta analizat a prezentat un polimorfism silgws abundenti o mare
variabilitate la nivelul intronilor. Alela Adha prezentat o variabilitate mai mare
decat alela Adh Analiza secveei acestor alele |-a determinat pe Kreitmain s
presupua ci alela Adf a luat ngtere din alela Adhprintr-o mutgie punctiforna,
Tnlocuind codonul pentru treordincu cel pentru lizih Presupunerea lui
Kreitman este stisuta si de faptul @ la alte doa specii deDrosophila este
prezeni numai alela Adh Analiza acestor alele |-a determinat pe Kreitmsin
presupua ci, cel pdin de dod ori in istoria acestor gene, au avut loc recogbin
intragenice. Prin analize ulterioare, Hudsg@n Kaplan [9] au sugeraticau
avut loc cel ptin 5 evenimente de recombinare intrag&nfénd posibile chiar
150.

Viteza de evoldie a secvetelor de ADNsi proteine

Analiza secveelor de aminoacizisi nucleotide pentru diferite gene
omoloage la diferite specii a evidit faptul & unele secvae de ADN evoluedz
Cu vitez mai mare decét altele.

In mod oarecum surprigtor, secvetele unor proteine nefutionale
evolueaZz mai rapid, iar modificarea codonilor sinonimi estai frecven.
Aceste date stis asa-numita teorie neutralist evoldiei. Pentru exemplificare,
recam, in Fig. 1, harta determiriatu ajutorul enzimelor de restiie pentru
secvema netranscris de spéere (NTS), a genelor ARNr, comparativ la gim
maimue.
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Fig. 1.Harta evidenata cu ajutorul enzimelor de restrie pentru secvea netranscris,
de spdere (NTS), a genelor ARNr, comparativ la gmaimue: A) organizarea secven-
relor repetate catnand secvee transcrise pentru ARNr 18828S, ITS = introni,
ETS = exoni; B) prezentarea comparatavsitusurilor de recungéere pentru
7 enzime de restrie, a NTS, la oni maimue; zona intrerupt reprezint
0 poriune care nu a fost analiza [7] modificat).

Unele secvae de ADN au damas neschimbate o periéaldingi de timp.
De exemplu, o parte a sect@irgenei care controleartmul circadian la drosofila a
fost regisita ca secved multipla, repetat in ADN-ul pasarilor si mamiferelor, dar
funcia acestor secven la vertebrate nu este cunodc@ parte dintre genele care
afecteaz segmentarea la drosofila (Ultrabitorax, Antenn&pedh.) prezint o
secveri codificand 60 de aminoacizi, care a fost ideratfigi in ADN-ul broatelor
si omului [8].

Un exemplu interesant este reprezentat de sieislariintiere, acele regiuni
ale genelor unde estetiaia transcripia de @tre ARN polimeraz. ARN polimeraza
| transcrie numai secvegxle de ADN care codific ARNr. Situsul de iniere a
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genelor ARNr este foarte diferit in privénsecvetelor de nucleotide la drosofila,
omsi XenopusARN polimeraza Il transcrie numeroase gene caddica ARNm,
deci este desteptat ca situsul de imre al acestor gené su varieze prea mult. S-a
identificat, Tntradesr, o secveta "consens" a situsului de fi@re pentru diferite
gene, atat la acegapecie, ca$i la organisme foarte diferite. Conservarea fignc
acestor situsuri de iiere a fost demonsteagi experimental, sistemul de transcigp
a ADN uman fiind capabilastranscriein vitro gena pentru proteina constititia
firului de matase de l@ombyx mori

Maodific ari evolutive ale localizirii si numarului de gene

Relgiile de linkaj dintre gene evolugaprin rearanjamente cromozomiale
cum ar fi inversiile, translogde, fuziunile sau ruperile (fisiunile) de cromord
Cantitatea totél de ADN crgte foarte mult prin poliploidizare. Dar, prin studi
ADN repetitiv s-au identificati alte mecanisme care pot modifica localizagea
numarul de secvere de ADN. La toate eucariotele s-au identificatiliache gene,
cu secvete de nucleotide identice sau foarte similare. Btuinde copii ntr-o
familie de gene variazintre 2si 10°; in genomul uman familia Alu prezinmai
mult de 500000 de copii, intre care exdbar diferere minore ale bazelor azotate.
Numirul de familii de gene per genom este, adeseaatdea sute, iar copiile unei
familii pot fi grupate pe un singur cromozom saispérsate pe mai mul
cromozomi. Refim, mai jos, familia de gene pentru globine umarstriduita pe
trei cromozomi (Fig. 2).

Unitatea alétuitdi din genele pentru ARNr 18§ 28S, impreuf cu
secverele de sp@ere (NTS), reprezentate schematic mai sus, sé&riependem de
cateva sute de ori pe un cromozonX&nopuspe cand la om, aceasamilie de
gene este disperggbe 5 cromozomi difeii Diferentele privind nurarul de copii
ale secveselor repetitive sunt, in cea mai mare parte, cdifeeertelor de nirime a
cromozomilor la diferite specii. In cadrul genuRlethodonspeciile difef in ceea
ce private cantitatea de ADN per celuluneori de 3 ori, aceste difeterfiind
nsqite de diferere corespuritoare ale dimensiunilor cromozomilor.

Cromozom 16 £ Y& Yoa2wal a2 ol 01

l

Cromozom 11

Cromozom 22 Mioglobina

L == |

Fig.2.Reprezentarea schematia distribuiei cromozomiale a familiei de gene
pentru globine uman@7] modifica).

154



ESEU ASUPRA EVOLUIEI LA NIVEL MOLECULAR

Existena famililor de gene ridi¢ o serie de intreini: cum se modifig
numarul de copii ale unei gene in evog? Cum sunt transferate unele copii in noi
situsuri in genom? Care sunt efectele fnutni de copii? Care sunt mecanismele
care guverneazaseminarea secveealor genelor membre ale unei familii?

Crossing-overul inegali evolutia genelor duplicate

Crossing-overul inegal intre cromozomi omologi faeeun cromozomas
poarte o delge, iar ceflalt gena duplicat Daa crossing-overul inegal apare intre
doui secvere deja duplicate, rezultatul va fi o copie pe unn@zomsi alte trei
copii pe cromozomul omolog. Cu céat nimi de copii, situate in tandem, este mai
mare, cu atat devine mai probabil crossing-overedjal. Un cromozom care paart
un anumit nuriir de copii poate deveni fixat intr-o popiigaprin drift genetic sau
prin selede naturai. Pe de alt parte, genele duplicate pot evolua divergent ca
urmare a mut#ei, driftului genetic sau selgei naturale. Filogenia genelor poate fi
diferiti de cea a speciilor care le pdarDe exemplu, analiza secvyen de
aminoacizi a indicat & mioglobina si cateva din laturile hemoglobinei
vertebratelor au luat gi@re prin duplicarea succesiva genei unei globine
ancestrale (Fig. 3).

Alaturi de genele funionale, familia de gene pentru globine tioe si
gene non-funionale sau pseudogen®)( Pseudogenele prezintcomparativ cu
genele fungonale, numeroase substituncluzand codonii terminali, care previn
translaia in polipeptide funtonale. Pseudogenele din familia de gene pentru
globine umane prezifnisecvere de nucleotide omoloage, atat cu intronii,sc&u
exonii genelor fungonale.

5 @) o e Gy Ay 3 B

Fig. 3.Reprezentarea arborelui filetic al genelor penttolgne umane
(cifrele reprezink momentul dupligii, Tn milioane de ani, conform
estimirilor bazate pe "ceasul molecular{]7] modifica).
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Numeroase gene structurale prezipiseudogene. Unii ceraedri au
calculat, estimativ, perioada de cénd anumite gmnelevenit non-funionale.
Astfel, pseudogen®a?2 de lasoarecesi Wal de la om se paré @au devenit non-
functionale dup o perioad de aproximativ 4 milioane de ani dupe au afirut
prin duplicare, iak’32 de lasobolan a devenit sil¢gioas: imediat dup apariia sa.

Poliploidizarea, aseinitor duplicirii, creste nundrul copiilor unei gene,
copii care pot prelua furicdivergente. De exemplu, gé din familia Salmonidae
(pastravul, somonii etc.)si cei din familia Catostomidaeprovin din stimosi
comuni care au devenit tetraploizi cu aproximativrgilioane de ani in uriin La
ambele familii unele din genele duplicate au filgivergente.

1. Transpozitie conservativi:

Element transpozabil ADN tintd

- -

— B

2. Transpozitie replicativi:

a. prin replicarea ADN b. prin revers - transcriptie

Element transpozabil ADN tintd Element transpozabil ADN tintd

-+ - | —F

| |

copie
ADN [ ]

Revers £ transcriptie

/. /I

Fig.4. Reprezentarea schematia celor trei modele teoretice de realizare a tpowiei.
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Elementele genetice mobile

Descoperirea cea mai uimitoare a geneticii moteeud fost cea referitoare
la existega unor secvge de ADN care se pot dupliga apoi reinsera in alte
situsuri ale genomului. Aceste elemente mobile6[220] includ: epizomii (acele
plasmide care au capacitatea de a se integraritozoonul bacteriagi care se pot
replicasi atunci cand nu sunt inseratg)transpozonii (= elemente transpozabile),
care se replic numai cand sunt inserate in cromozom. Prezeementelor
transpozabile se recuny@ prin existeta unor secvem scurte, direct repetate
("direct repeats"), de o parjede alta a transpozonului in ADfihta. Secverele
inserate sunt excizate cu odrébarte sazuti de numai 18° - 10% gamet, viteza
transpodaiei fiind, in general, de aproximativ 6 10* /gamet (Fig.4). In anumite
condiii viteza transpoziei creste, considerabil. De exemplu, genixd 1, rezultat
din incrucsarea femelelor de drosofila linia M (care nu prezielemente P in
cromozomi), cu masculi ai liniei P (care prezietemente P), va fi altuita din
indivizi care au in celulele lor citoplagnde tip M si cromozomi putttori de
elemente P. La agtedescenden viteza de transpaze a elementelor P este de 20
de ori mai mare, decét la gtele care preziatcitoplasna de tip P. Aceste date
experimentale sugereaea liniile P dispun de anumite mecanisme citoplasreati
de reglare a vitezei transpgiei. La procariote s-a demonstrdi anele elemente
transpozabile, o dainserate ih genom, pot inhiba (represa) ifsaitor elemente
in imediata lor veciitate. Un astfel de mecanism este, probabil, pregelat
eucariote. Fenomenul a fost denumit imunitate despozie. Cand inhikia
afecteai situsurile unui singur cromozom, ea pédaténumirea deepresie de tip
cis. Atat la procariote, céfi la eucariote s-a descris o0 represie de tip trans
("trans-acting repression™), atunci cand segerinserate scad viteza de inigea
altor secvete transpozabile, in alparte ih genom.

La o anumif specie, diversele famili de elemente transpoeabibt
reprezenta 10% din ADN total, sau chiar mai mbitosophila melanogaster
prezink cel puin 30 de famili de elemente transpozabile, carpraant
aproximativ 50% din ADN mediu repetitiv [7].

Elementele transpozabile care se régiin revers-transcrije (transcrigie
inversl) se numesai retrotranspozoni (v. schema reddh Fig. 4b) [1, 19].
Asemanator retrovirusurilor, cu care se asea®) retrotranspozonii se repligrin
revers-transcrigs ARN in prezeta reverstranscriptazei. Gena pentru enzima
reverstranscriptaz notaii "pol", a fost identificat, atat la retrovirusuri, caf in
elementele transpozabile Ty de la drojdii; o segvesimilaa face parte din
elementul "copia" de la drosofila. De asemeneayesegle de nucleotide ce
alcituiesc numeroase familii de ADN repetitiv, cumidamilia Alu de la mamifere,
indica formarea acestora prin revers-transip

O serie de date experimentale sugerafizexisi numeroase situsuri de
insetie a elementelor transpozabile, pe care aceswmauf@ la intAmplare. Toki,
unele experimente indiad unele regiuni ale cromozomilor sunt mai susceptibi
la insetia transpozonilor, decét altele.
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Care sunt efectele transpozabile din perspectivavelutiei?

Unele elemente transpozabile pot purta gene cuteeféenotipice
adaptative. De exemplu, genele care canfezisteri la medicamente (indeosebi
antibiotice)si cele care permit metabolizarea unui substratsumit frecvent purtate
de epizomii bacteriilor. Se paré aceste gene sunt, de fapt, gene ale gazdei care au
fost "capturate” de elementele transpozabile. Najea elementelor transpozabile
nu poard, ing, informaie genetié care & afecteze fenotipul organismului. Singura
informatie pe care o poairtpare a fi cea necedgpropriei lor repliéri. Deoarece
numirul de copii ale unui transpozon poatest@eprin transpozie, propotia
genomului algtuit din familii de elemente transpozabile poatsster, aparent,ifa
nici o limita. Varianta (elementul transpozabil) care este taap cu frecvers
mai mare va altui cea mai mare parte a familiei de elemente prewebilesi,
deci, se poate spuné prezinfi un avantaj adaptativ. Acesta este primul exemplu
cunoscut de aicine a selaei naturale la nivel molecularsi(nu la nivelul
organismului intreg). Aceste secyemu sunt utile organismului, dimpotjvele
exisé deoarece se propagutonomsi, de aceea, au fost denum®N egoist
("selfish DNA") [3, 15]. ADN-ul egoist poate fi ceitlerat ca parazit al genomului n
care rezid. ADN egoist este diferit de ADN-ul lipsit de fures care se replic
Tmpreurd cu genele funmnale, dar nu cgge in propatie la nivelul genomului;
Dover [4] a propus pentru acesta din aitarmenul de ADN ignorant.

Elementele transpozabile pot afecta organismul gféectul lor mutagen.
Ele pot purta secvem promotoare ("promoter") determinand reactivarea gene
represate, situate diugocul lor de insgre. Transpozonii pot, de asemened, s
stopeze fun@narea unor gene prin intreruperea fie a saevettructurale, fie a
unei secvere de control (de reglare). Agt, sestie &2 multe din mutantele clasice
descrise la drosofila, cum ar fi white, bitoraxntswle fapt, cauzate de ingarunor
transpozoni. Rearanjamentele cromozomiale (inverdélaii) sunt frecvent
determinate de recombinarea intre doi membri aii damnili de elemente
transpozabile. Rédh, in Fig. 5, modelul teoretic care ar putea egplin astfel de
efect. Segmentele pe care le pot transporta traospoprin mecanismul redat
schematic in Fig. 5, sunt adesea de cateva miade hzotate; dawn astfel de
segment, impredncu transpozonul, se ingdintr-o alé gers, este clar & va aboli
functia geneitinta. De exemplu, multe din ingéle in locusul white, la drosofila,
au o lungime de 14 Kb (kilobaze). Asamitor majorigitii mutdiilor, si cele cauzate
de transpozoni nu sunt favorabile organismului, @arculturile bacteriene
mertinute in chemostat s-au desgiimutgii avantajoase.

Un alt aspect interesant este cel @-aumitelor pseudogene procesate,
care se pareacau luat ngtere prin revers-transctip transpozonilor (supai
suginuta de absega intronilor). Astfel de pseudogene procesate demaris la om,
soarecesi la alte mamifere. Ele sunt situate inaghiarte ih genom, in timp ce
pseudogenele afriuite sunt adiacente copiilor fuianale.

Elementele transpozabile se pot multiplica In gesicapoi se potaspandi
n populgile gazdei, extrem de rapid. De exemplu, elementellipsesc din
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populaule de drosofila colectate Tn anii cincizeci, aeatui secolsi mertinute de
atunci n laborator. In schimb, toate popiilanaturale, din intreaga lume, paart
aceste elemente. Datele experimentaleeoria matematic sugereax ca aceste
elemente nu s-au pierdut Tn popiilla mertinute in laborator. Dacelementele P ar
fi reprezentat o #isatura ancestral, atunci ele ar trebuiasfie prezentssi la alte
specii Tnrudite cibrosophila melanogastecum ar fi de exemplD. simulans S-a
demonstrat, iris ca elementele P lipsesc la aceste specii Tnrudite.gip de
specii, mai indeptate din punct de vedere filogenetic, pdatementele Ri se
banuieste & acestea au reprezentat sursa de 'igfepentruD. melanogaster

Tn Tn
~

355

Tn = transpozon

/\

@—

Delectia Tnsia
sccventelor B
81 I

!: x

P +—+35

Insertia Tn si a secventelor
BsiC

Fig. 5.Modelul teoretic al recombifmii a doi dintre membrii unei familii de elemente
transpozabild7].
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Dad elementele transpozabile se pot multiplisa de repede, exisbare
factori care pot limita nuanul de copii? Da& da, care sunt age factori? Vom
Tncerca & raspundem acestor intr@h in paragrafele care urmeéaz

Evolutia marimii genomului

Cantitatea de ADN per genom haploid vatidaarte mult la diferite
organisme, existand difenenmari chiarsi intre speciile inrudite. Cantitatea de
ADN nu influeneaz fenotipul organismelor, dar afect@amarimea celulelorsi
viteza diviziunii celulare. Atat durata interfazefitsi cea a mitozei cresc o datu
cresterea cantiitii de ADN. Speciile care au valoarea C (= cantitale ADN per
genom haploid) mare se dez¥athai incet decat speciile care au valoarea G.mic
Plantele efemere au valoarea Canin timp ce speciile perene au valoarea C mare.
Specia de salamandRiethodon vehiculumcare are valoarea C de aproximativ
doui ori mai mare dec@. cinereusatinge la maturitate acegaimensiune cuP.
cinereus dar nundrul de celule este redus la jatate. Acest aspest implicatiile
lui Tn evoldie au fost ptin investigate. Se paré eaiunea selegei naturale asupra
vitezei de dezvoltare afectéazvoluia cantititi de ADN.

Este de presupusi dliferenele dintre populdle unei specii in privira
numarului si localizarii secvenelor repetitive de ADN pot reduce imperecherea
cromozomilor omologi la hibrizi, reducand astfeftifdatea acestorai ducand,
deci, la specige. Exist, totwsi, destul de ptine date careassusina aceast ipotez;
dimpotriva, hibrizii intre unele specii inrudite de ierburare difed intre ele cu
valori de paa la 50% din cantitatea de ADN, prezird Tmperechere norniah
cromozomilor, formarea de chiasgiesegregare normal S-a presupusicin acest
caz, ADN omolog din cromozomi se imperecligéz timp ce secveele repetitive
intersttiale, care au lungimi diferite, formeazisuciri colaterale (Fig. 6).

. :glfi
¥ 5 8

Fig. 6. Modelul care ar putea explica imperecherea nothgalinor cromozomi care
difera Tn privirva cantitifii de ADN; in timp ce secvgate omoloage se recunosc,
zonele neomoloage formé&azsuciri laterale[7].
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Amplificarea nurdrului de copii ale unei gene se parg afecteaz
capacitatea de adaptare pe seama varfbildantitative a produsului genei
respective, de exemplu a unei enzime.Jaodusul genei, aflat ih exces, reduce
capacitatea de adaptare, sgdenatural va favoriza mecanisme de compensare a
dozei, care vor reduce activitatea uneia sau anmudtor copii ale genei. Exit
dovezi @, la unele specii tetraploide desfyecum este crapulGyprinus carpid,
cantititle de ARNsi enzime sunt reglate sub nivelul celor de la spdipioide
fnrudite. ARNr, de exemplu, este degradat mai repked speciile tetraploide.
Dimpotriva, seletia naturai va favoriza crgerea nurérului de copii ale unei gene
al cirei produs este necesar in cdtititnari, cum este ARNr pentru care exigt
genom sute de gene.

Modele ale evoltiei numarului de copii ale unei gene

Dad excesul de copii ale unei gene reduce adaptaditdrecveta in
populaie a unui cromozom cu copii va fi afectat de viteza de apaie prin
crossing-over inegai de viteza de eliminare prin timea selegei naturale. Dat
efectul nundrului de copii estesa de mic, incat poate fi ignorat, cum este cazul
ADN satelit care nu codifcproteine, unul sau altul dintre cromozomi, purtand
numar diferit de copii ale genei, se va fixa in popel@a urmare a @anii driftului
genetic. Crossing-overul inegal geneieaazn nunar variabil de copii cu
probabilitate mai micin cazul genelor unice, comparativ cu familiile[tigenice,
deci este mai probabil ca o popidasi ramara la stadiul unei singure copii, pentru
0 perioad mai indelungdat Prin urmare, pentru acele regiuni ale cromozamilo
care au o ratcrescui de recombinare, copiile unice ale genelor suntprababile
decéat secvenle repetate, dacacestea din urinnu sunt favorizate de sefec
naturafi. Secverele Tnalt repetitive apar cu o probabilitate mareria acele zone
ale cromozomilor care au o #ade recombinare 8zufi. Aceasta ar putea explica
abundera ADN mediusi nalt repetitiv in apropierea centromerilor, lapetele
cromozomilorsi pe cromozomul Y, toate avand oaratizuti a crossing-overului.

Marimea familiilor de gene care "proliferédziia elemente transpozabile
este determinatde ratele de transpar si delgie. Walsh [21] a modelat
matematic modificarea nuimului de pseudogene procesate, de tipul celorsare
inserate prin revers-transaigy dar nu pot &si formeze propriile copii in
continuare. Walsh a calculat procentul reprezatggiseudogenele procesate din
ADN total si a constatatiele pot reprezenta aproximativ 9% din ADN-ul total

Controlul ADN egoist
Dupi cum am ¥zut, elementele transpozabile pot fi consideratazpaai
ADN gazdi. Cum poate fi prevendit multiplicarea lor nelimitdi? Craterea
numarului de copii ale transpozonilor are docomponente: cgterea in cadrul
genomuluisi raspandirea lor Tn popuia (de la g@rinti la urmai). La organismele
cu reproducere asexdatevoldia nurirului de copii presupune modificarea
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frecvenei unor clone care prezinun nunar diferit de copii. Dag elementele
transpozabile scad adaptabilitatea gazdei, esterbabii fixarea unei clone ce
conine mai ptine copii ale transpozonului. Probabil din ackastuz,
procariotele prezifit mai puin ADN mediu repetitiv decét eucariotele. La
organismele cu inmtile sexuat, recombinarea aduce n agelgenom inseii
provenind de la indivizi difefi, de aceea distriia nunirului de copii Tn populée
este ase#mitoare unui caracter cu determinism poligenic. Datementele
transpozabile nu afectéazadaptabilitatea, se poate demonstra matematic ¢
genomul va deveni saturat cu transpozoni. sfotin general, elementele
transpozabile au efecte negative asupra organisndelorit mutaiilor pe care le
induc. Dad adaptabilitatea gazdei scade aidat crgterea nurarului de copii ale
transpozonilor in genom, ndnul mediu de copii va tinde spre echilibru intreara
de apattie prin transpozie si rata de eliminare prin selge. Echilibrul va fi stabil,
Cu excefgia situaiei in care efectul nefavorabil per elementt® dai cu nunarul
de elemente. Nufinul de elemente transpozabile per genom poateeatingaloare
de echilibru sazuti, daé rata de transpoi a fieérui element este regiatde
exemplu da& rata de apaie scade pe #sui ce nunirul de elemente csee. La
nivel genic, sela@ va favoriza, dimpotriy; elementele cu o fade transporie
mai mare. Imunitatea de transp@giin configuréde cis, poate fi itelead, in acest
context, ca 0 compéie intre transpozoni pentru anumite zone ale cromdar
(aseminator competiiei teritoriale intre animale). Un element mutardre poate
exclude forma non-mutafjtva prezenta un avantaj selectiv, dar valoareatiice
avantaj este foarte #&uti (dupi unele calcule ). Daci o secvetdi mutani
reduce transpoga in intregul genom (atat in configtieacis catsi trans), atat a
transpozonilor competitori c&i a celor asefmitori acestora, probabilitatea ca
frecvena acestei secvendi creasg este foarte mic

Seledia la nivelul intregului organism favorizéanu numai elementele
transpozabile care reduc frecwertranspoziei, dar si orice alti proprietate a
organismului care are efect represor. In gtdlmp, sele@a la nivel genic va
favoriza ADN-ul cel mai egoist. S-alifga @, la nivelul organismului, sea lupt
evolutiva intre genomul gazdsi elementele transpozabile, asedioare "cursei
Tharnmarii" coevolutive In care sunt antrenate pradpradatorul, parazituki gazda.
Se poate spunea,dn aceadtlupti, ADN egoist este in avantaj.

Evolutia familiilor de gene

Caracteristica cea mai remarcabd famililor de gene este aceea a
uniformitatiic memobirilor lor, familii avand mii de membri fiinébarte omogene n
ceea ce privge secvetele de nucleotide. De exemplu, seaaeNTS, redait
anterior (Fig. 1), din gena pentru ARNr 18528S este dispidsla om pe 5
cromozomi difetti, si este foarte omogén Omogenitatea este valabihumai
pentru copiile prezente fintr-un organism individu8livergena evolutii a
speciilor este ingita de evoltia concertda a membrilor unei familii de gene. In
cadrul unei specii, genele membre ale unei familievoluea¥ independent. Acest
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fapt se poate explica prin aceaatai membrii unei familii de gene, de la fiecare
specie, descind dintr-o secy&nde nucleotide ancestial Mecanismele
intraspecifice, de omogenizare a membrilor uneiliede gene, sunt: transpai,
crossing-overul inegal conversia genelor.

Evolugia concertata prin traspozfie

Actiunea omogenizatoare a transgiezieste ilustrdt de pseudogenele
procesate, care nu mai sunt capabile fermeze copii adionale. Toate
pseudogenele procesateirape prin transpoge, vor fi omogene. Familile de
gene procesate prezina diferend a secvetelor de nucleotide de numai 5-15%. In
schimb, copiile multiple ale elementelor transpdeatrescsansa mutgilor, deci
ele vor varia mai mult in secuwade nucleotide, cu céat naral lor este mai mare.

Evolugia concertata prin schimb inegal

Crossing-overul inega$i conversia genelor sunt mecanisme care pot
determina evoltia concertat a familiilor de gene. Nu sgie aproape nimic despre
efectul acestora asupra adaptaliijt a variabilititi secvenelor pentru care
familile de de gene devin omogene; dar, estestéptat ca mutdle unor astfel de
gene § afecteze adaptabilitatgunele caractere fenotipice. Dover [5] a introdus
termenul de deriv moleculad pentru fixarea Th popuia a unei variante anume
dintr-o familie de gene. Autorul mgonat a presupusacmecanismele de
omogenizare pot face ca specia e/olueze divergent in privia trasiturilor
fenotipice. Deriva molecularar putea determina spetiga daé@ intr-o populée se
fixeazi o variani dintr-o familie de gene care cauz&aterilitatea hibrizilor.

Evolutia adaptativa din perspectiva moleculara

S-au ficut puine ledituri intre evoltia genomuluisi evoluia caracterelor
fenotipice. Majoritatea aspectelor legate de dimlugenomului (substitii
silertioase, evoltia pseudogenelor, evola secvetelor netranscrise) nu au efecte
fenotipice. Pentru a analiza evidula nivel molecular in legura cu evoldia
caracterelor fenotipice, este necesasesanalizeze evaia genelor structuralg a
secverelor lor reglatoare. O descriere la nivel molecudaevoltdiei necesi
analiza modului in care evolugéastructurasi functia proteinelor, a modului in care
evolueaZz organizarea lor Tnac biochimice, a regdkii expresiei lor in diferite
tesuturisi in diferite momente ale dezvaldi ontogenetice.

Evoluria genelor structurale si a proteinelor

Majoritatea proteinelor sunt &taite din cateva sau mai multe subéunit
regiuni continue, compacte ale macromoleculei caralisting sp&l unele de
altele. Adesea, subufile au fungii diferite sau au acegiafunctie care se
desfisoafd, mai mult sau mai pin, independent. Pentru multe proteine éxist
corespondes intre subuniiti si exonii care algtuiesc gena respeciivS-a sugerat
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cd, Tn acest caz, probabil gene separat@irdu fuzionat ulterior, in sensul sunt
transcrise impredrin ARNm. In acest proces, au putaitapaé funaii enzimatice
noi.

Duplicarea genelor, in totalitate sau numai penaieu potiuni, poate
asigura proteinelor structugi functii noi. Multe proteine cofin secvere repetate
de aminoacizi, ceea ce se poate interpreta ca findltatul alungirii genei prin
duplicaii interne succesive. Imunoglobulinele vertebratelsunt molecule
complexe care recunosgi leagi molecule s#ine, denumite antigene.
Recunogterea antigenului este fuie subuniitilor "variabile" ale proteinei, in
timp ce subunittile constante au rol in legarea antigenului. Omal@gcvetelor
acestor dodutipuri de subunitti indica probabilitatea apaiei lor prin duplicarea
unei gene primordiale.

Evoluria divergenta a funcrie proteinelor

Majoritatea vastului repertoriu biochimic al orgamelor vii pare #fi luat
nagtere prin divergeta structural si functionak a unor gene duplicate succesiv. De
exemplu, majoritatea proteazelor la eucariote auesge de aminoacizi destul de
similare pentru a sugera omologia lor. Aceste eezimlud proteazele digestive:
tripsina, chemotripsia, carboxipeptiday, fosfolipaz; in plus, cateva enzime cu rol
in coagularea sangelgii dizolvarea cheagurilor de sange au semvémrudite cu
proteazele digestive (Fig. 7).

Evoluria activitasii enzimelor

Adaptarea biochimicse poate realiza fie prin modificarea structunieiu
enzime, fie prin modificarea acti@iti acesteia, fie pe ambelgicSe stie, in@,
destul de ptin despre evolin activititi enzimelor. Importata cunoaterii acestei
evoluii se poate exemplifica prin cazul adaptinsectelor erbivore la comgii
toxici prezefi in plantele cu care sedmesc. De exemplu, unele specii de plante
din familia Apiaceaecortin furanocumarine liniare toxice, cum ar fi xantota.
Aceste plante sunt consumate de specii specialimtiesecte, cum sunt larvele
lepidopterului Papilio polyxenes Aceasi specie degradeazrapid xantotoxina
ingeraéi In compyi lipsiti de toxicitate. O adt specie Spodoptera frugiperdecare
nu este adaptata xantotoxid, poate degradg ea aceastmoleculi, dar cu vite
mult mai micé. Activitatea de detoxificare a xantotoxinei estezend in tesuturile
ambelor specii, dar este mult mai mare la nivetdttlui digestiv al larvelor de
Papilio polyxenesSpecializarea trofica acestei specii a fost itisdde modificarea
activitatii si a specificititi de tesut a unui mecanism biochimic care pare a fi larg
raspandit la lepidoptere.
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Plasminogen

Tripsina Ralikreina
gucarioti

Activatorul tisular
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nogenului
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Fig. 7.Reprezentarea arborelui filogenetic probabil al matelor (A)i structura

unor proteine in care subunitatea proteazfoeprezentat ca o bari) este asociat

cu subunidzi neproteazice de tip C, K, &F (B). Aceste suburiti apar in diferite

combinaii, sugerand @ genele care le controleaz-au format prin asamblarea
diferitelor tipuri de exon{ [7] modifica).
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Transferul orizontal de gene

Cu excepa fluxului de gene care are loc prin hibridareacsfor strans
inrudite, modifi@rile genetice care apar la o anumipecie sunt, arareori,
transmise la alte specii. Fluxul de infotimageneti@ are loc vertical (in interiorul
specieisi prin specigéie). Totwi, unele date moleculare, mai recente, sugéregz
cel puin ocazional, a avut loc pe parcursul evieiusi un transfer de informee
genetid@ intre taxoni indeptati din punct de vedere filogenetic, deci pe orizEnta
[17]. In etapele timpurii ale evaiei, in stadiul apatiei si diversificirii
organismelor unicelulare un astfel de transferuieelsi fi jucat un rol important.
Fuziunea celularsi nglobarea celulelor mai mici deitee cele mai mari, prin
agiunea unor substém chimice sau a unor agerfizici (camp electric),
asendnatoare celor utilizate a#ti in experimentele de inginerie gengtiar fi putut
reprezenta mecanismele unui astfel de transfer Mdifel, in istoria evoluti& a
celulei eucariote un pas deosebit de insemnat @ ifioerporarea de celule
procariote casi simbionti intracelulari (endosimbiai), luand, astfel, ngere
cloroplastelesi mitocondriile [14]. Asocierea devine compleatunci cand o parte
sau Tntregul genom al endosimbiontului se integréazgenomul celulei gazd
Asa este cazul virusurilggi plasmidelor. Virusurilesi plasmidele pot purta gene
care afectedizfenotipul gazdeki, uneori, agoneaz ca vectori de transfer intre
specii neinrudite. Un vector natural de gene astbacteria Agrobacterium
tumefaciensbacterie folosit ca vectosi in experimentele de transformare geraetic
(geni&) a plantelor. Cazul cel mai uimitor de transferuaki gene intre specii
diferite este cel al genei pentru leghemogladpimolecud caracteristit soiei
(Glycine max si altor leguminoase. Raportul introni - exagiio mare parte a
secverei de aminoacizi sunga de asettnitoare cu hemoglobinele vertebratefor
cele ale unor nevertebrate, incéat pare posibilesea @ fi fost transferat de la
animale la plante [10]. Deocamaaeste greu de apreciat daacest transfer de
informatie geneti@ Tntre specii a avut un rol important in ev@wsau, dimpotrig,
este doar o curiozitate a evidi Tn schimb, transferul orizontal de gene geagre
temeri legate de eliberarea Tn mediul natural ardsgnelor transformate genetic in
laboratoarele de inginerie genéfiprin posibila migrare a transgenelor de la o
specie la alta.

Concluzii. Secverele de ADN variaz, in cadrul populglor, n privinta
situsurilor care altereazrodusul final al genelasii a celor care nu altereaacest
produs.

Viteza de evoltie a genelor este difefjtfind mai mare pentru secuefe
de ADN lipsite de funge.

Familiile de gene iau giere prin transpotge si prin recombinare inegal
prin aceste mecanisme, precwin prin conversie geni; familile de gene
evolueai frecvent Thn mod concertat.
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Elementele transpozabile afecteazganismul, indeosebi, prin inducerea
mutdgiilor. Transpozonii se meim Tn genom prin capacitatea lor transpozabil
(ADN egoist)si nu prin conferirea unui avantaj organismului.

Fuziuneasi duplicarea interin a secvetelor de ADN pot da rggere la
enzime cu fun@ noi.

Modificarea mutgonak, adaptatis, a structuriki activitatii enzimelor este
0 caracteristi€importani a evoluiei.

Alaturi de transferul de gene pe verticad-a demonstrai existena unui
transfer pe orizontd| intre specii. Importaa acestui transfer pentru evidunu
este, ing, pe deplindmurita.

Noile date de biologie molecufaau fost deja incorporate n teoriile
evoluioniste.
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ACTIVITATEA DEHIDROGENAZICA IN SOL CA TEST
ECOTOXICOLOGIC PENTRU POLUANI ANORGANICI
SI ORGANICI

ALIONA POPA ©

SUMMARY. - Dehydrogenase Activity in Soil as Ecotoicological Test
for Inorganic and Organic Pollutants. In a laboratory experiment,
samples of an alluvial soil were treated with saftbivalent heavy metals
(Hg*, cd*, zn**, PE*, C&* and CG") and organic substances (the
detergents "Rex" and "Ariel", the herbicide 2,4-®veell as with fuel ol
and phenol) at the following three rates (per 108irgdry soil): 0.001,
0.01 and 0.1 g heavy metal; 0.1, 1 and 2 g deter§ed01, 0.01 and 0.1 g
2,4-D; 0.1, 1 and 5 ml fuel oil; and 0.001, 0.0dahl1l ml phenol.
Untreated samples were the controls. After 24 hofilscubation at room
temperature, actual and potential dehydrogenasétiast of the samples
were determined with the TTC reduction method.

The results have shown that both actual and potetgfeydrogenase
activities were inhibited by the heavy metals. Exiceglly, Zrf* at its
low and medium rates stimulated the actual actividg’ was the
strongest inhibitor of both activities. The degrdeinhibition correlated
with the rate of heavy metal addition. The detetgeat their low and
medium rates stimulated both dehydrogenase aesyiti"Ariel",
manufactured with addition of enzymes, was moraugatory than "Rex"
containing no added anzymes. At the high rate, "Reanifested an
inhibitory effect, whereas "Ariel" had no effect tire two activities. 2,4-D
and phenol behaved like the detergent "Rex". Thiediligras inhibitory at
its each rate and the degree of inhibition incréasith increasing rate of
fuel oil addition.

The conclusion has been drawn that dehydrogenaséatyads a
sensitive indicator of soil pollution and, conseufle it may be used as an
ecotoxicological test for both inorganic and orgapollutants.

Activitatea dehidrogenazica solului, consideratdrept un indicator
global al actividitii biologice a microorganismelor, a fost deja faldsca test
ecotoxicologic pentru evaluarea efectelor potil@nasupra microbiotei solului
(v. de ex. luctrile de sintez [1, 2, 4-23]).

PUniversitateaBabg-Bolyai, Catedra de biologie vege#aB400 Cluj, Romania



A. POPA

In prezenta lucrare ne-am propuscentribuim, prin date experimentale
noi, la demonstrarea valorii actisii dehidrogenazice a solului ca test
ecotoxicologic pentru poluginanorganicisi organici. Intr-un experiment de
laborator, am modelat poluarea solului prin tratgpeobelor de sol cuasuri de
metale grele bivalente (Hg Cd*, zrn**, PB*, Cd* si CU*"), cu detergeti
"Rex" si "Ariel", ierbicidul 2,4-diclorfenoxiacetic (2,4-]) precum si cu
motorira si fenol.

Material si metode. Experimentul a fost efectuat cu un sol aluvial,
nisipos, slab ielenit (pH/HO=7.5; pH/KCI=7.0) de I&odorét (Cluj). Probele
de sol colectate de la adancimea de 5-15 cm alakzde § se usuce la aer, apoi
au fost cernute (printr-o ditu ochiuri de 2 mm). S-au cérit cate 100 g sol la
care s-au aaigat garurile metalelor grele sub foirde soltii: HgCl,, Cd(NG;),-
4H,0, ZnCh, (CH,COO)Pb3H,O, CoSQ-6H,O si CuSQ:5H,0. Au fost
preparate sotii in trei concentrai (0,001%, 0,1%si 1%) din fiecare sare.
Variantele experimentale au fost tratate cu catemlOsoluie din cele trei
concentréi ale girurilor metalelor grele prezentate in Tabelul 1.

Tabel 1

Schema variantelor experimentale realizate in vedesa urmaririi activit atii
dehidrogenazice in sol ca test ecotoxicologic pentpoluanti anorganici

Varianta Sol lonul Concentrda finala a ionului
(9) metalic metalic (g/100 g sol)
V1 100 0,001
V2 100 Hg** 0,01
V3 100 0,1
V4 100 0,001
V5 100 Cdo* 0,01
V6 100 0,1
V7 100 0,001
V8 100 zn** 0,01
V9 100 0,1
V10 100 0,001
V11 100 P 0,01
V12 100 0,1
V13 100 0,001
V14 100 Co™* 0,01
V15 100 0,1
V16 100 0,001
V17 100 cut 0,01
V18 100 0,1
V19 100 - -
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Din fiecare substa# organié@ studiali au fost preparate sgiuapoase

in trei concentrd. Esantioanele de sol au fost tratate cu cate 10 nokisadlin
cele trei concentta ale substatelor organice, incéat in variantele experimentale
s-a ajuns la concentiide finale ale substgelor organice prezentate in Tabelul
2. Cele trei cantiti de motorira au fost dizolvate in cate 10 ml acetau care
s-a tratat solul. Dup evaporarea acetoneigsamtioanele cercetate au fost
completate cu cate 10 mlagistilat.

Tabel 2

Schema variantelor experimentale realizate in vedesa urmaririi activit atii
dehidrogenazice n sol ca test ecotoxicologic peatpoluanti organici

Varianta Sol Concentrda finala a
(9) Substata organida substarei organice
(g sau ml/100 g sol)
V1 100 0,19
V2 100 Detergent "Rex" @ra enzime) 19
V3 100 29
V4 100 0,19
V5 100 Detergent "Ariel" (cu enzime) lg
V6 100 29
V7 100 0,001 g
V8 100 2,4-D 0,01g
V9 100 0,1g
V10 100 0,1 ml
V11 100 Motorina 1ml
V12 100 5 ml
V13 100 0,001 mi
V14 100 Fenol 0,01 ml
V15 100 0,1 ml
V16 100 Martor -

Esantioane de sol netratate au servit ca martori.
Variantele experimentale astfel realizate au fostibate la temperatura

laboratorului, timp de 24 ore, diipcare s-au dcut analizele enzimatice.
Activitatea dehidrogenazic (actuak si potertiala) a fost determinét prin
metoda reducerii TTC [3}i se exprid in mg formazan/3 g sol (substan
uscat)/24 ore la 37C.
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Rezultate Rezultatele efectului polugilor anorganici asupra activiii
dehidrogenazice in sol sunt prezentate in Fig. 2 Se evidetiaza formarea
formazanului in majoritatea amestecurilor de tieacare au cainut TTC.
Excepie face varianta de sol aluvial traiatu concentrga maxina (0,1%) a
ionului Hg?*. Tn acest caz este consenminat inhibitie totah a activititii
dehidrogenazice actuale. Este evident efectul neghtonilor metalici (in cele
trei concentrai studiate) asupra activiiii dehidrogenazice actuale potertiale
n sol.

0.8 1

mg formazan/3 g sol substanR¥s uscat3ata

Cu Martol

B 0.001% 00.01% £0.10%

Fig. 1.Activitatea dehidrogenazicactual: determina& prin metoda TTC - test
ecotoxicologic pentru polugiranorganici intr-un sol aluvial

Dupi cum se obseivin Fig. 1, cel mai toxic ion s-a dovedit a fi Hig
activitatea dehidrogenaziactuak fiind puternic inhibat de concentt#a 0,01%
a acestuisgi total inhibat de concentrga 0,1%. In ordinea descresgare a
toxicitatii fata de activitatea dehidrogenazitn solul studiat urmeazonul Ci*.
La concentrai ale acestuia de 0,0 0,1%, activitatea dehidrogenaziactuai
a fost abia decelaliil Excepie de la efectul inhibitor al ionilor metalelor tge
asupra activitiii dehidrogenazice in sol face ionulZnlLa concentrga 0,01% a
ionului se inregistreazo stimulare nesemnificativa activititii dehidrogenazice
actuale, iar la concentia 0,001%, activitatea dehidrogendzéctuad a crescut
de 2,1 ori fga de martor.
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Se poate afirma i adaosul de glucdz a stimulat activitatea
microorganismelor care sintetizéazlehidrogenazele, indiferent de adaosul
ionilor metalici. Adic valorile activittii dehidrogenazice poté@ale sunt mult
mai mari decat acelea ale activiitdehidrogenazice actuale.

1.4+

mg formazan/3 g sol substan3% uscat¥s

Hg Cd Zn

# 0.001% 00.01% £0.10%

Fig. 2.Activitatea dehidrogenazigpoteniala determinad prin metoda TTC - test
ecotoxicologic pentru polugiranorganici intr-un sol aluvial

Comparativ cu martorul, in fiecargamtion tratat cu unul din cei 6 ioni
testai, activitatea dehidrogenazig@oteniald a atins un nivel inferior. Cele mai
mici valori au fost consemnate la variantele tetat concenttéle 0,01si 0,1%
ale ionilor Hg" si CUu?*. lonul C3* s-a dovedit a fi cel mai pn toxic, la
concentréile 0,01 si 0,001% fnregistrandu-se cele mai ridicate valale
activitatii dehidrogenazice potéale dintre gantioanele tratate cu ioni metalici.

La toate variantele de sol studiate se coastaistena unei corelgi
negative lineare intre concenteaionului de metalsi intensitatea activitii
dehidrogenazice, atat actuale, cft potertiale. Valorile coeficietilor de
corelagie sunt cuprinse intre r = -0,590 (p > 0,05) laamtele tratate cu Zhsi
r =-0,985 (0,05 > p > 0,01) la variantele traueCd".
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Rezultatele prezentate in Figsil2 ne indrepitesc 4 afirmam c testul
dehidrogenazic poate fi folosit cu succes la estaacalifiti biologice a
solurilor, la aprecierea gradului lor de poluaresabstare anorganice.

Patru dintre cele 5 substanorganice testate (deterger’Rex" si
"Ariel", 2,4-D si fenolul), in concentrile mici si mijlocii folosite, stimuleaz
activitatea dehidrogenazicactuai si potertiala Tn solul aluvial studiat.
Concentrgile cele mai mari ale celor patru subggmrganice inhié in toate
cazurile ambele tipuri de activitate dehidrogenadig. 3si 4).

Dintre cei doi detergen dupi cum se obsedy "Ariel" are efectul
stimulator cel mai puternic. Aceasbbservéde denoi biodegradabilitatea mai
mare a detergentului "Ariel", probabil datérédaosului de enzime la qamutul
acestui detergent. Chiar dagu se cunage natura acestor enzimérd indoiak
ca este vorba despre hidrolaze, prgdrezultai Tn urma actividtii lor oferind o
surg suplimentai de nutriei pentru microorganismele din sol responsabile de
activitatea dehidrogenazia acestuia.

mg formazan/3 g sol substan3% uscat¥,

Martor

Fig. 3.Activitatea dehidrogenazicactuat: determina& prin metoda TTC - test
ecotoxicologic pentru polugirorganici intr-un sol aluvial
Concentrégile substarelor organice: "Rex$i "Ariel": A = 0,1%, B = 1%, C = 2%, 2,4-D
si Fenol: A =0,001%, B = 0,01%, C = 0,1%; Motarit =0,1%, B = 1%, C = 5%.
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Astfel, la concentiga de 0,1% a detergentului, activitatea
dehidrogenazit actuaii a crescut de 1,4 ori ("Rex"), respectiv de 1,7B or
("Ariel"). Activitatea dehidrogenazic poteniala a fost stimulat usor, ea
crescand de 1,13 ori ("Rex"), respectiv de 1,3(UAriel"), in toate cazurile
cresterile fiind raportate la martorul netratat. Reatdte analizelor noastre
recomand detergentul "Ariel" ca fiind un produs superiongiunct de vedere
ecologic.

14
12

1
0.8

0.6

0.4

mg formazan/3 g sol substanR¥. uscat¥s

Motorin¥ay Fenol Martol

B A OB BHC

Fig. 4.Activitatea dehidrogenazigoteniala determina& prin metoda TTC - test
ecotoxicologic pentru polugirorganici intr-un sol aluvial
Concentrégile substarelor organice: "Rex$i "Ariel": A = 0,1%, B = 1%, C = 2%; 2,4-D
si Fenol: A =0,001%, B = 0,01%, C = 0,1%; Motarit =0,1%, B = 1%, C = 5%.

lerbicidul hormonal 2,4-Dsi fenolul se inscriu pe acegacurbi a
efectelor asupra activiii dehidrogenazice in sol (stimulare la 0,0601,01%,
inhibitie la 0,1%), iar valorile lor absolute sunt apropia

Al cincilea compus organic testat (motorina) irthilactivitatea
dehidrogenazi; atat cea actual cat si cea potetiald, la toate cele trei
concentréi folosite. Aceast constatare subliniazodat in plus efectul deosebit
de nociv asupra activiii microbiene in sol, exercitat de poluarderivati din
petrol.
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Intre intensitatea activitii dehidrogenazicgi concentréia substatelor
organice testate s-a stabilit exigeemnor corelgi negative. Valorile limig ale
acestei coreld sunt r = -0,398 (p > 0,05) (activitatea dehideogzi@ actuad la
varianta tratdt cu detergentul "Ariel"}i r = -0,980 (0,05 > p > 0,01) (activitatea
dehidrogenazicpoteniala la varianta tratatcu ierbicidul hormonal 2,4-D).

Deci, intensitatea activitii dehidrogenazice a solului scade adat
cresterea concentreei substarei organice. Totg, pentru concenttale testate
de noi, efectul inhibitor, comparativ cu martoreltratat, este manifest numai la
concentrdile cele mai mari, cu excéip amintii a motorinei. Existe@a
corelaiei negative intre cei doi parametri (intensitadetvitatii dehidrogenazice
si concentrda substatei organice) aratfara dubiu &, pe nésura creterii
concentréei peste limitele experimentate de noi, toate wrbsle testate se
compori ca veritabili poluafi, care au drept efect&berea intensitii activitatii
microbiene globale in sol. Deci, metoda poate fcoreandat ca test
ecotoxicologic pentru poludrorganici.

Concluzii. 1. Testul reducerii TTC, folosit ca test ecotakigic pentru
poluani anorganici, demonstreaefectul inhibitor al ionilor metalici tesiamai
ales la concenttidle 0,01si 0,1% ale acestora asupra actitiitdehidrogenazice
a solului. lonul H§" s-a dovedit a avea cel mai puternic efect toxia. L
concentréda de 0,1%, activitatea dehidrogenazictuad este total inhibat

2. Unicul caz in care nu numai nu se constatvreun efect inhibitor, ci
dimpotrivia, este stimulat activitatea dehidrogenazicactual, este acela al
ionului Zr* in concentrge de 0,001%.

3. Folosind activitatea dehidrogendzitn sol ca test ecotoxicologic
pentru poluati organici, am regit si facem o apreciere a cdtii ecologice a
detergerilor "Ariel" si "Rex". Astfel, putem afirma & din punct de vedere
ecologic, detergentul "Ariel" este superior detatgkii "Rex", probabil datorit
adaosului de enzime la gamutul primului.

4. Cu excepa motorinei, celelalte patru substanorganice in
concentréile mici si mijlocii folosite stimuleaZ activitatea dehidrogenazic
actual si potertiala in solul studiat. Concentide cele mai mari ale acestor
patru substae organice inhif in toate cazurile ambele tipuri de activitate
dehidrogenazic

5. Atét ierbicidul hormonal 2,4-D, c&i fenolul, administrate in
concentréi de 0,001si 0,01%, stimuleaz activitatea dehidrogenaic in
schimb Tn concenttig de 0,1% sunt foarte toxice, ambele sulystdeterminand
saderea de 1,73 de ori a actiitit dehidrogenazice actuale, respectiv de 2,75 de
ori a activititii dehidrogenazice potéale, comparativ cu martorul netratat.
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6. Motorina inhild activitatea dehidrogenazi@actuad si potertiala la
toate concenttéle aplicate (0,1, ki 5%), dar niciodét atat de puternic cum o
inhiba concentrgdile maxime de 2,4-Bi fenol.

7. ntre intensitatea activiii dehidrogenazicesi concentraile
substarelor anorganicesi organice s-au stabilit corelanegative. Cele mai
semnificative coreld s-au stabilit in cazul activitii dehidrogenazice potéale
la variantele tratate cu €o(r = -0,985; 0,05 > p > 0,01), respectiv la varée
tratate cu 2,4-D (r = -0,980; 0,05 > p > 0,01).
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MICROORGANISME IZOLATE DIN FILOSFERA PLANTELOR
DE OVAZ CRESCUTE PE MATERIAL DE HALDA
DE LA O MINA DE PLUMBSI ZINC

JUDIT PAPP’

SUMMARY. - Microorganisms | solated from the Phyllosphere
of Oat Plants Grown on Lead and Zinc Mine Spoils. Microflora
of oat Avenasp) leaves was studied. Malt extract agar was used as
nutrient medium, the inoculated media were incubatmder
aerobic conditions. It has been found that the rgeferming
microorganisms belong to six different groups: sbdped Gram-
negative bacteria, nonsporogenous Gram-positive tebac
endospore-forming Gram-positive bacteria, Gram{p@sicocci,
yeasts and filamentous fungi. The nutrient mediumdusade it
possible to evidence a more frequent occurrenceodfshaped
Gram-positive bacteria and Gram-positive cocci th#mt
expectable based on literature data.

Frunzele plantelor superioare sunt colonizate tiith microorganisme
saprofite, care altuiesc o microflok epifiti foarte specifig, cunoscut sub
denumirea de filosfér Microorganismele de pe suprgfafrunzelor snatoase
joaca un rol important in viga plantei gazil exercitdnd efecte favorabile sau
agionand in dezavantajul plantei. Unele microorgaeiditosferice fixeaz N,
atmosferic si o parte din azotul fixat poate fi utilizatde plani.
Microorganismele filosferice intervin in protec plantei gazal prin stimularea
plantei de a produce fitoalexigeprin capacitatea lor de a intra in competcu
agenii patogeni. Unele microorganisme saprofite elibgtecompui organicisi
anorganici care sunt accesibili plantei, alteledpio substaie care regledz
cresterea plantelor.

Microorganismele filosferice degradéazstratul ceros extern al
membranei cuticulare, determinand steeea permeabilitii si astfel, probabil,
Tmbatranirea timpurie a frunzelor [5, 9, 11-13]. Undlacterii de pe suprata
frunzelor, In special cele din genurikseudomonasi Erwinia, la temperaturi
sczute secrét pe suprafea foliara o proteid de nucleare (ice-nucleation
protein) care sergée ca nucleu in jurulacuia se depun cristale de gked.a
temperaturi cuprinse intre 42 -5°C, pot agirea deteriafri grave care duc la
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lezareasi moartea frunzelor, respectiv a plantelor [10,. IZh punct de vedere
ecologic, cea mai importantfuncie a microflorei filosferice este legade
capacitatea lor de a utiliza unele subgggmoluante ajunse pe frunze din aerul
atmosferic, neutralizand astfel tamea acestora [12]. Modificarea namlui
bacteriilor si, Tn general, schiniile aprute in compozia microflorei
filosferice pot furniza inform@ valoroase referitoare la gradul de poluare al
mediului [12]. Numeroase microorganisme din filo&fesunt rezistente la
anumite metale grele, iar in cazul unor metalegxleHg) au capacitatea de a
transformasi elimina din mediu aceste metale. Aceste microoigrae pot fi
utilizate ca bioindicatori ai pofiii mediului cu diferite metale [1-3].

Lucrarea de fid prezint grupele de microorganisme care s-au putut
izola din filosfera unor plante de culiucrescute pe material de halgrovenit
de la o mid de plumbsi zinc si contine date referitoare la diversitatea
populdiilor filosferice in fungie de compozia variantelor experimentale.

Materiale si metode. Pentru studierea microflorei filosferice s-au faos
plante de o0&z (Avenasp) oltinute din semite seminate pe material de hald
provenit de la mina de plumzinc din Rodna (jud.Bistra-Nasaud). Materialul
de hald utilizat conine doar urme de substerorganice, este lipsit de congpu
cu azotsi foarte grac in compsi cu fosfor (0,004 g /100 g substaa
uscaf). Continutul Tn metale grele este relativ ridicat (0,09lg, 0,15 g Zn,
0,26 g Mn, 1,02 Tsi 3,41 g Fe/100 g substaruscad). Cortinutul in Ca, Mggi
K prezinti, de asemenea, valori mari (13,2 g CaO, 5,2 g MId07 g K0O/100
g substata uscat), iar pH-ul este 8,5 [7]. La materialul de halstau adugat:
sol nativ cu fertilitate szuta de la baza haldei de steril, cernoziom, adseiban
substare organicai anorganice conform Tabelului 1.

Solul nativ cofine 4,43% humus, 0,183% N total, 1,51 mgOR
10,46 mg kO si 2,83 mg carbon#@100 g substa#i uscas; pH=7,45.

Seminele au fost seamate in doa loturi. Primul lot de semte a fost
semiinat la 27 februarie 1998, iar cel de-al doilealéo® iunie 1998. Lotul al
doilea a fost seamat pe aceka material de haldl pe care au crescut plantele
primului lot, dug Tndefrtarea resturilor cu excep celor radiculare. In cazul
fiecarui lot, s-au efectuat periodic studii asupra comige populaiilor
filosferice dezvoltate pe supradgplantelor de aiz.

Cultivarea microorganismelor filosferice s-a efettpe mediul de mgl
agarizat (Merck, lot 3857020), care a fost prepdiat4,8 g malagarizat, 0,5 g
agar-agasi 100 ml aj distilat.

Mediul de cultus s-a sterilizat prin autoclavare la £21 timp de 30
minute. Mediul de cultdr steril s-a repartizat in cutii Petri sterile, idnpa
solidificarea mediului cutiile s-au #®arat cu 0,1 ml de lichid abut prin
spilarea unei frunze de &z in 2 ml de ap de robinet fiai si sterilizat la
121°C, timp de 30 minute. In cazul firei variante s-au inoculat cate dozutii
Petri. Incubarea a avut loc la temperatura d€ 2Ba durat 72 ore.
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Tabel 2
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Dupa incubare, s-a studiat aspectul
macroscopicsi microscopic al coloniilor
de microorganisme dez-voltate. Studiul
macroscopic s-a efec-tuat Iluand Tn
considerare anumite ca-ractere
morfologice ale coloniilor (for-i
margini, luciu etc.). Pentru studiul
microscopic s-au preparat frotiuri care s-au
colorat dup metoda Gramgi s-au examinat la
microscopul cu imersie.

Pe baza caracterelor morfolo-gige
tinctoriale ale microorganis-melor filosferice
izolate s-au putut delimita 6 grupe: basfena
Gram-negative, bastogg|a Gram-pozitive
nesporogene, bastgpa Gram-pozitive
endosporogene, coci Gram-pozitivi, drodii
fungi filamentgi.

Rezultate. Cresterea si  dez-
voltarea plantelor este influgr in mare
masum de cantitatea si calitatea
substarelor nutritive existente in sl de
gradul de poluare al mediului incorjtor.
Caracteristicile mediului afecteaz nu
numai ciclul de viga al plantelor gazi
darsi compoziia populaiilor rizosfericesi
filosferice ce se dezvalt pe seama
excreiilor radi-culare, respectiv foliare ale
plantelor.

Plantele de ciz cultivate pe materialul de
haldi provenit de la mi-na din Rodna au
prezentat varia in dezvoltarea lor in funie
de compozia variantelor experimentale
(Tabel 2). In cazul primului lot, procentul de
ger-mindie a fost mai szut, iar plantele erau
mai puin dezvoltatesi nu au ajuns in faza
de inflorire. La cel de-al doilea lot, procentul
de germinge la majoritatea variantelor a
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fost de 100%, plantele erau bine dezvoltatau ajuns in faza de inflorire, pe
multe agrand chiarsi spicuri. Aceste rezultate s-ar putea datora fapith Tn
cazul primei serii experimentale variantele eragctfte de un grad ridicat de
poluare cu metale grelg condtiile de cultivare erau nefavorabile, ceea ce a
influentat negativ crgerea normal a plantelor, acestea neputand suptavie
timp Tndelungat. Plantele din lotul al doilea semzvoltat pe acejamaterial de
haldi casi plantele primului lot, dar cultivarea lor s-a effieat in perioada de
vara si, in acelai timp, ele au beneficiati de substatele anorganicei organice
eliberate de plantele din lotul precedent, coghpare probabil au exercitat un
efect favorabil asupra aiterii acestor plante.

Tabel 3
Microorganismele izolate din filosfera plantelor dewiz
Tipuride| Grupa | Aspectul macroscopic al coloniilor Aspectitnoscopic al celulelor
colonii
1 Bacterii | Colonii galbene, lucioase, bombateBastonae Gram-negative, cu lungi-
netede, cu margini regulate mea de 1,7-2,m
2 Bacterii [ Colonii de culoare roz, lucioase, |Bastonge Gram-negative, cu lungi-
bombate, netede, cu margini regulateea cupringintre 1,5i 2,6 um
3 Bacterii [ Colonii albe, lucioase, bombate, |Coci Gram-pozitivi, cu dimensiuni
netede, cu margini regulate de 0,8-1,3um
4 Bacterii | Colonii alb-cenyii, mate, rugoase, | Bastonae Gram-pozitive, avand
plate, cu centrul adancit, margini |lungimi de 1,8-3,21m, se grupedz
ondulate n larturi, endosporogene
5 Bacterii [ Colonii alb-glbui, plate, cu luciu | Bastonge Gram-pozitive, cu lungi-
slab, margini neregulate mea de 1,5-3,im, nesporogene
6 Drojdii | Colonii de culoare portocalie, Celule elipsoidale, cu dimensiuni
lucioase, netede, bombate, cu de 4-4,5um
margini regulate
7 Drojdii | Colonii albe, lucioase, netede, Celule ovale, cu dimensiuni de
bombate, cu margini regulate 2,5-3,3um
8 Drojdii | Colonii albe, lucioase, netede, Celule elipsoidale, cu dimensiuni
bombate, cu margini regulate de 4,5-6,5um
9 Micro- | Colonii albe, pufoase, cu spori de | Hife segmentate, 1=7,0-8}im,
micete |culoare neagr @=1,5-4,0um, spori alungi cu
lungimea de 2,5-3,0m
10 Micro- | Colonii verzi,cu margini albe Hife nesegmentateg=3,0-4,0um,
micete sporangii negre cu dimensiuni
de 16-20um, spori sferici de
1,5-2,0um
11 Micro- | Colonii negre Hife nesegmentateg=1,5-2,0pum,
micete spori sferici cu ornamentasi
dimensiuni de 1,5-2,Am

Microorganismele izolate de pe suptafdoliaia a plantelor de diz
reprezini numai o parte din microorganismele filosfericepalece nu exist
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mediu de cultitr cu o compozie favorabii pentru dezvoltarea tuturor
microorganismelor care dlwiesc microflora frunzelor. Microorganismele
izolate din filosfera plantelor de & sunt prezentate in Tabelul 3.

Din datele tabelului se poate obserige mediul de malagarizat s-au
putut cultivasi izola 11 tipuri de colonii de microorganisme §ferice. Aceste
microorganisme pot fi grupate in 6 categorii: baate Gram-negative,
bastonge Gram-pozitive nesporogene, basten@ram-pozitive endosporogene,
coci Gram-pozitivi, drojdiisi fungi filamentai (micromicete). Majoritatea
coloniilor (5 din 11) apain grupei bacteriilor, iar nuanul coloniilor de drojdii
este egal cu cel al micromicetelor. Aceste rezailéaint Tn conformitate cu datele
din literatura de specialitate, dupare bacteriile sunt principalele componente
ale populdilor filosferice, urmate de drojdgi fungi filamentai [5, 6, 9]. Este
mai neobgnuita prezema in microflora filosferig a diferitelor grupe de bacterii
Gram-pozitive. Aceste microorganisme sunt rar fitélin microflora frunzelor
verzi giniatoase, dg prezena lor a fost semnalatsi de ati cerceéitori n
filosfera arboreluQuercus ilex4].

Tabelul 4 prezirit observdile referitoare la distribtia coloniilor de
microorganisme in filosfera celor 17 variante sateli Din datele tabelului reiese
ci bastongele Gram-negative care forméazolonii galbene, lucioase au fost
izolate in majoritatea cazurilor, exeepficand variantele 3i 17. Bacteriile
Gram-negative care se prezirgub formi de colonii de culoare roz au fost
depistate numai la varianta 2. Este surgitimare frecveta ridicati cu care s-au
putut izola cocii Gram-pozitivi, agta fiind, Tmpreud cu bacteriile Gram-
negative, principalii componénai populaiilor filosferice. Aceste bacterii,
asenanator bastongelor Gram-pozitive, se caracterizegxin rezisteti crescui
fata de factorii nefavorabili ai mediului Tnconitior [8].

Bacteriile Gram-pozitive endosporogene sunt Titilloar Tn unele
cazuri, iar cele nesporogene au fost identificatmai la varianta 6. Nu s-au
putut izola bacterii din filosfera plantelor apaénd variantei 17.

In cazul drojdiilor se poate observa frecigemai mare in microflora
frunzelor a drojdiilor albe, drojdiile care forméiazolonii portocalii fiind mult
mai rar depistate. Fungii filamentoreprezini, alituri de bacterii, o grup
semnificatid Tn compozia populaiilor filosferice. Majoritatea micromicetelor
izolate formeaz colonii albe, pufoase, care in cursul sporogeng@zing spori
de culoare neagr Micromicetele care formeazolonii verzi sunt mult mai rar
observate, iar colonii negre de fungi filamamtgs-au dezvoltat numai din
filosfera variantelor %i 16.
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Tabel 4

Distribufia microorganismelor in microflora frunzelor de @z

Varianta Tipuri de colonii Nr. tipuri
experimenta 1 2 3 4 5 6 7 8 9 10 11de colonii
1 + - + - - + - + + + + 7
2 -+ o+ - - - -+ o+ - - 4
3 + - - + - - - + + - - 4
4 + - - - - - - - + - - 2
5 + - + o+ - - - - - - - 3
6 + - + - + o+ - - +  + - 6
7 + - + - - - + - + - 4
8 + - - - - - - -+ - - 2
9 + - + - - - - - + - - 3
10 + - + o+ - - - + o+ - - 5
11 + - - - -+ - - - - - 2
12 + - + o+ - - - + - - - 4
13 + - -+ - - - -+ o+ - 4
14 T T R 3
15 + - + - - + - - + - - 4
16 + -+ o+ - - - -+ 4+ o+ 6
17 - - - - - -+ - -+ - 2

La majoritatea variantelor, diversitatea pogilta filosferice se rezum
la 4 tipuri de colonii diferite de microorganism&opulaile mai puin
diversificate, cu 3, respectiv 2 colonii microbiesent, de asemenea, mai bine
reprezentate, in timp ce poptila filosferice cu o diversitate mai ridicasunt
destul de rar intalnite. Astfel, comunite microbiene algtuite din 5 tipuri de
colonii au fost evidegiate in cazul variantei 10, iar cele cu 6, respettcolonii
diferite au fost observate la variantelg 86, respectiv 1.

Concluzii. 1. Materialul de hald provenit de la mina Rodna are un
continut ridicat de metale grele, ceea ce a avut urctefeegativ asupra
dezvolarii plantelor din primul lot, acestea nu au pututpsavigui timp
indelungat, chiar dada materialul de halds-au adugat adsorbansi substarge
nutritive. Tn cursul crgerii lor, plantele din primul lot au eliberat Theiiu
substare care se pareacau influenat favorabil dezvoltarea plantelor care au
aparut din semirgele seminate dup indeprtarea resturilor plantelor din primul
lot.
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2. Microflora filosferi@ a plantelor de diz cuprinde 6 grupe de
microorganisme care se pot cultiva pe mediul dg agdrizat: bastoga Gram-
negative, bastoga Gram-pozitive nesporogene, bastenaGram-pozitive
endosporogene, coci Gram-pozitivi, drojgiiimicromicete. Cele mai frecvente
microorganisme in filosfera plantelor sunt badenBram-negative, urmate de
coci Gram-pozitivisi fungi filamentai.

3. Pe mediul de cultarutilizat s-au putut evideia bastonge si coci
Gram-pozitivi cu o frecvgsi mult mai ridical decét s-ar putestepta pe baza
datelor din literatura de specialitate.

4. Diversitatea popufélor microflorei filosferice se rezum in
majoritatea cazurilor la 2, 3, respectiv 4 tipugi @blonii microbiene, popuiide
cu un grad mai mare de diversitate fiind mai radentiate.
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THE EFFECTS OF SOIL MANAGEMENT PRACTICES ON THE
ENZYMATIC ACTIVITIES IN A BROWN LUVIC SOIL

ALINA SAMUEL %and STEFAN K|SST

SUMMARY .- Actual and potential dehydrogenase and catalasetias
were determined in the 0-20-, 20-40- and 40-60-agerds of a brown
luvic soil submitted to a complex tillage, cropatdn and fertilisation
experiment. It was found that no-till - in compariswith conventional
tillage - resulted in significantly higher soil gmzatic activities in the
0-20-cm layer and in significantly lower activiti@s the deeper layers.
The soil under maize or wheat was more enzyme-attivee 6- than in
the 2-year rotation. In the 2-year rotation, highezymatic activities were
registered under wheat than under maize. In theaB-yotation, the
enzymatic indicators of soil quality decreased,etieling on the nature of
crops and kind of fertilisers (mineral NP or farmyamanure), in the
following order: minerally fertilized (m.f) wheatn.f. oats-clover
mixture> farmyard-manured maize> m.f. soybean>aholver>m.f. maize.
It should be emphasised that farmyard-manuring @ken- in comparison
with its mineral (NP) fertilisation - led to a si§jpant increase in each of
the three enzymatic activities determined. Eachviagtin both non-tilled
and conventionally tilled soil under all crops dath rotations decreased
with increasing sampling depth.

The effects of tillage, crop rotation and fertli®n on soil enzymatic
activities were studied in many countries, inclgdiRomania (see the reviews
published by [1, 2, 4, 6, 7, 9]). In order to ohtanew data on the soil
enzymological effects of soil management practiweshave determined some
enzymatic activities in a brown luvic soil submitteo a complex tillage, crop
rotation and fertilisation experiment at the Agtiatal and Animal Breeding
Experiment Station in Oradea (Bihor county).

BUniversity of Oradea, Department of Plant Biolo§y00 Oradea, Romania

™ Babg-Bolyai University, Department of Plant Physiologyaboratory for Environmental
Enzymology and Microbiology, 3400 Cluj, Romania
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The first enzymological data on this soil were Iglited byStefanic
and his collaborators [10-12]. They studied thd sozymological effect of
mineral (NP) fertilisation and liming and found thtatalase activity was higher
while dehydrogenase, invertase and phosphatasatiastivere lower in the NP-
fertilised and limed soil samples than in the uiifeed limed onesS$tefanic
also dealt with the effect of compost applicatiow arrigation on the enzyme
activities in this soil, but he published no paperthese investigations (personal
communication, 1999).

Materials and methods. The ploughed layer of the studied brown luvic
soil is of mellow loam texture, it has a pH valded, medium humus (2.32%)
and P (22 ppm) contents, but it is rich in K (83m)p

The experiment started in 1992. The experimenilt foccupying
3.84 ha was divided into plots and subplots for parative study of no-till and
conventional tillage, rotations of 2 and 6 yearsd anineral (NP) fertilisation
and farmyard-manuring.

The crops of the 2- and 6-year rotations are fipdcin Table 1. Each
plot consisted of two subplots representing thdilh@nd conventional tillage
variants. The plots were annually NP-fertilisedrates of 120 kg of N/ha and
90 kg of P/ha, excepting, in each year, a maize¢ (dothe 6-year rotation)
which received farmyard manure (50 t/ha) insteadndaferal fertilisers. The
plots (and subplots) were installed in three rejoeis.

Table 1
Crops of the rotations of 2 and 6 years
Rotation of Rotation of 6 years
2 years
Year Plots Plots
1 2 1 2 3 4 5 6
1992 | Wheat Maize Maize Soybean  Clover Wheat Maize Flax

(FYM)

1993 | Maize Wheat Soybean Maize Maize Oats- Hemp Wheat

(FYM) clover

1994 | Wheat Maize Oats- Maize Flax Maize Wheat  Soybean
clover (FYM)

1995 | Maize Whea Maize Maize Wheat Soybean Maize Oats-
(FYM) clover

1996 | Wheat Maize Flax Wheat  Soybean Maize Oats- Maize

clover (FYM)

1997 | Maize Whea Wheat Soybean  Maize Maize Clover Oats-

(FYM) clover

*(FYM) - (farmyard-manured)
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In October 1997, soil was sampled from the 0-20-4@- and 40-60-cm
depths of the subplots. The soil samples were altbto air-dry, then ground
and passed through a 2-mm sieve and, finally, émednzymological analyses.
Three enzymatic activities (actual and potentighydieogenase and catalase)
were determined according to the methods describel3]. Dehydrogenase
activities are expressed in mg of triphenylforma¢BiRF) produced (from 2,3,5
- triphenyltetrazolium chloride, TTC) by 10 g ofilstn 24 hours, whereas
catalase activity is recorded as mg gDxldecomposed by 1 g of soil in 1 hour.
The enzymatic activity values were submitted tdistiaal evaluation by the
two-wayt - test [8].

Results and discussion. Results of the enzymological analyses are
presented in Table 2, and those of the statisdealuation are summarised in
Table 3.

The effect of tillage practices on the enzymatiovaies in soil. Each of
the three enzymatic activities determined was 8itly higher (at least at
p<0.02) in the upper (0-20-cm) layer of the notedilsubplots than in the same
layer of the conventionally tilled subplots. Theveese was true in the deeper
(20-40- and 40-60-cm) layers. These findings atil ar subplots under each
crop of both rotations.

The effect of crop rotations on the enzymatic dm#s/ in soil. For
evaluation of this effect, the results obtainedhiea three soil layers analysed in
the two subplots of each plot were considered taget

- The soil enzymological effect of the same crafnéntwo rotationsAs
maize and wheat were crops in both rotations, & p@ssible to compare the soil
enzymological effect of the 2- and 6-year rotatiofise soil under both plants
was more enzyme-active in the 6- than in the 2-yetation. But in the soill
under maize, the difference between the two ratatiwas significant (p<0.05)
only in the case of potential dehydrogenase agtivithereas in the soil under
wheat each activity was significantly higher (p<®).th the 6 than in the 2-year
rotation.

- The soil enzymological effect of different crapshe same rotation
The 2-year rotation. Actual and potential dehydrape activities were
significantly higher (p<0.05 and p<0.01, respedyiyewhile catalase activity
was unsignificantly higher (p>0.05) in the wheatl gban in the soil under
maize.
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Table 3

Significance of the differences between enzymatic activities
in a brown luvic soil submitted to different management practices

Management practices Soil Soil depth Mean activity values in Significance of
enzymatic  (cm) management practices the differences
activity* a b (a-b)
1 2 3 4 5 6 7
No-till () versus conven- ADA 0-20 6.72 5.69 1.03 0.01>p>0.002
tional tillage (b) 20-40 3.67 4.37 -0.70 0.002>p>0.001
40-60 1.72 251 -0.79 0.001>p>0.0001
PDA 0-20 2552 2251 3.01 0.02>p>0.01
20-40 15.36 16.61 -1.25 0.02>p>0.01
40-60 5.27 6.14 -0.87 0.001>p>0.0001
CA 0-20 166 148 0.18 0.01>p>0.002
20-40 1.00 1.25 -0.25 0.01>p>0.002
40-60 044 0.63 -0.19 0.02>p>0.01
The same crop in the two
rotations
Maize in 2-year rotation (a) ADA 0-60 298 331 -0.33 0.10>p>0.05
versus maize in 6-year  PDA 13.99 15.61 -1.62 0.05>p>0.02
rotation (b) CA 0.82 0.97 -0.15 0.10>p>0.05
Wheat in 2-year rotation (a) ADA 0-60 444 516 -0.72 0.02>p>0.01
versus wheat in 6-year  PDA 14,11 15.83 -1.72 0.02>p>0.01
rotation (b) CA 120 1.26 -0.06 0.02>p>0.01
Different crops in the
same rotation
2-year rotation
Maize (a) versus wheat (b) ADA 0-60 298 444 -1.46 0.05>p>0.02
PDA 13.98 14.11 -0.13  0.01>p>0.002
CA 0.82 1.20 -0.38 0.10>p>0.05
6-year rotation
Wheat (a) versus soybean (b)ADA 0-60 5.16 452 0.64 0.05>p>0.02
PDA 15.83 16.03 -0.20 0.002>p>0.001
CA 126 091 0.35 0.002>p>0.001
Wheat (a) versus maize (b) ADA 0-60 5.16 3.31 1.85 0.0002>p>0.0001
PDA 15.83 15.61 0.22 0.05>p>0.02
CA 126 097 0.29 0.001>p>0.0001
Wheat (a) versus maize ADA 0-60 5.16 353 1.63 0.002>p>0.001
(FYM)** (b) PDA 15.83 16.96 -1.13  0.05>p>0.02
CA 1.26 1.17 0.09 0.01>p>0.002
Wheat (a) versus clover (b) ADA 0-60 5.16 4.16 1.00 0.01>p>0.002
PDA 15.83 13.60 2.23 0.05>p>0.02
CA 126 1.01 0.25 0.02>p>0.01
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Table 3 (continued)

1 2 3 4 5 6 7
Wheat (a) versus oats-  ADA 0-60 5.16 4.83 0.33 0.01>p>0.002
clover (b) PDA 15.83 15.73 0.10 0.10>p>0.05
CA 126 135 -0.09 0.10>p>0.05
Soybean (a) versus maize ADA 0-60 452 331 121 0.01>p>0.002
(b) PDA 16.03 15.61 0.42 0.05>p>0.02
CA 091 0.97 -0.06 0.10>p>0.05
Soybean (a) versus maize ADA 0-60 452 3,53 0.99 0.05>p>0.02
(FYM) (b) PDA 16.03 16.96 -0.93  0.10>p>0.05
CA 091 117 -0.26 0.05>p>0.02
Soybean (a) versus clover ADA 0-60 452 416 0.36 0.05>p>0.02
(b) PDA 16.03 13.60 2.43 0.02>p>0.01
CA 091 1.01 -0.10 0.02>p>0.01
Soybean (a) versus oats- ADA 0-60 452 483 -0.31 0.01>p>0.002
clover (b) PDA 16.03 15.73 1.30 0.001>p>0.0001
CA 091 135 -0.44 0.001>p>0.0001
Maize (a) versus maize  ADA 0-60 3.31 353 -0.22 0.01>p>0.002
(FYM) (b) PDA 15.61 16.96 -1.35 0.002>p>0.001
CA 097 117 -0.20 0.02>p>0.01
Maize (a) versus clover (b) ADA 0-60 3.31 4.16 -0.85 0.01>p>0.002
PDA 15.61 13.60 2.01 0.02>p>0.01
CA 0.97 101 -0.04 0.10>p>0.05
Maize (a) versus oats-  ADA 0-60 3.31 483 -152 0.01>p>0.002
clover (b) PDA 15.61 15.73 -0.12  0.10>p>0.05
CA 0.97 1.35 -0.38 0.01>p>0.002
Maize (FYM) (a) versus  ADA 0-60 3.53 4.16 -0.63 0.05>p>0.02
clover (b) PDA 16.96 13.60 3.36 0.02>p>0.01
CA 117 101 0.16 0.01>p>0.002
Maize (FYM) (a) versus  ADA 0-60 3,53 4.83 -1.30 0.02>p>0.01
oats-clover (b) PDA 16.96 15.73 1.23  0.01>p>0.002
CA 1.17 135 -0.18 0.05>p>0.02
Clover (a) versus oats-  ADA 0-60 416 4.83 -0.67 0.10>p>0.05
clover (b) PDA 13.60 15.73 -2.13 0.05>p>0.02
CA 1.01 135 -0.34 0.05>p>0.02

* ADA - Actual dehydrogenase activity. CA - Catalase activity.

PDA - Potential dehydrogenase activity. ** (FYM) - (farmyard-manured).
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The 6-year rotation. Significant and unsignificdifferences were
registered in the soil enzymatic activities depagdon the kind of enzymatic
activity and the nature of crop. Based on thesdemdifices the following
decreasing orders of the enzymatic activities cdndcestablished in the soil of
the six plots:

actual dehydrogenase activity: wheat > oats-cloveoybean > clover >
maize (FYM) > maize;

potential dehydrogenase activity: maize (FYM)soybean > wheat
oats-clover maize >clover;

catalase activity: oats-clovevheat>maize (FYM)> clover maize=
soybean.

It is evident from these orders that each of thegkots presented either
a maximum or a minimum value of the three soil enagic activities.
Consequently, these orders do not make it posdibleestablish such an
enzymatic hierarchy of the plots which takes intocant each activity for each
plot. For establishing such a hierarchy, we haydieg the method suggested in
[5]. Briefly, by taking the maximum mean value @fch activity as 100%, we
have calculated the relative (percentage) actsiitithe sum of the relative
activities is the enzymatic indicator which is ciolesed as an index of the
biological quality of the soil in a given plot. Tingher the enzymatic indicator
of soil quality, the higher the position of plossin the hierarchy. Table 4 shows
that the first three positions are occupied by ¢hgdots in which actual
dehydrogenase activity, potential dehydrogenaseitgcand catalase activity,
respectively, were the highest. The soil undemtieerally fertilised maize plot
occupying the last position can be considered eetlst enzyme-active soail.

Table 4

Enzymatic indicators of soil quality in plots of the 6-year rotation

Position Plot Enzymatic indicator

of soil quality

1 Minerally fertilised (M.f.) wheat 286.67

2 M.f. oats-clover mixture 286.35

3 Farmyard-manured maize 255.08

4 M.f. soybean 249.53

5 M.f. clover 235.62

6 M.f. maize 228.04
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The effect of fertilisation on the enzymatic atitigi in soil. The two
maize plots in the 6-year rotation could serve farmparing the soil
enzymological effect of mineral (NP) fertilisati@md farmyard-manuring. One
can see from Table 2 that the enzymatic activittese always higher in the 0O-
20-cm layer and were generally higher in the 20ad 40-60-cm layers of the
farmyard-manured subplots in comparison with thiepkats that had received
mineral (NP) fertilisers. When the three soil layevere considered together
(Table 3), each of the three enzymatic activitiess viound to be significantly
higher (at least at p<0.02) in the farmyard-manyskd than in the minerally
fertilised plot. In concordance with these findingsable 4 shows that the
farmyard-manured maize plot occupies position 3enehs the other maize plot
is placed on the last position in the hierarchplofs in the 6-year rotation.

Variation of soil enzymatic activities in dependerd sampling depth
Each activity in both non-tilled and conventiondiljed subplots under all crops
of both rotations decreased with increasing sargplepths.

Our results are in good agreement with the liteeatdata reviewed by
[1, 2, 4, 6, 7, 9] and constitute novelties for #reymological characterisation
of a brown luvic soil submitted to complex managahmractices.

Conclusions. 1. No-till - in comparison with conventional tillag-
resulted in higher enzymatic activities in the Ge20 soil layer and in lower
activities in the 20-40- and 40-60-cm soil layensder each crop of both
rotations.

2. The 6-year rotation - as compared to the 2-yetation - led, in
general, to higher enzymatic activities in the $jlers under maize or wheat.

3. Farmyard-manuring - in comparison with mingidlP) fertilisation -
proved to be more efficient in increasing enzymadttivities in soil layers under
maize in the 6-year rotation.

4. The soil enzymatic activities decreased withréasing sampling
depth.
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ENZYMOLOGICAL RESEARCH ON SEDIMENTS FROM THE URSU
AND NEGRU SALT LAKES (SOVATA, MURES COUNTY)

VASILE MUNTEAN", DANIELA PASCA*, RADU CRISAN+,
STEFAN KISS+* and MIHAIL DRAGAN-BULARDA

SUMMARY. - Seasonal enzymological analyses were performed over a 5-year
period on sediments from the Ursu and Negru lakes (Sovata, Mures county).
The following 7 enzymatic and nonenzymatic catalytic activities were measured:
phosphatase, catalase, nonenzymatic H,O,-splitting, 2,3,5-triphenyltetrazolium
chloride (TTC) reduction in nonautoclaved (dehydrogenase activity) and autoclaved
samples, without or with glucose addition. The assessment of the enzymatic
potential of the sediments was made by calculating an enzymatic indicator of
their quality. The studied enzymatic and nonenzymatic catalytic activities were
significantly high through all seasons, with irregular seasonal variations. The
evolution of this potential, which tended to decrease during the 5 years of
research, was followed.

The locality Sovata is situated in a central submountain area of Romania, at
46°35' North latitude and 25°4' East longitude. In terms of geology, the zone
consists of sedimentary formations of Badenian, Sarmatian and Pannonian age,
deposited at the bottom of the tertiary sea which covered the region many millions
of years ago. Salt massifs, which are genetically related to salt lakes, have an
important place in the stratigraphy and tectonics of the region. Badenian age salt
deposited at the bottom of tertiary sea lagoons millions of years ago was
subsequently covered by more recent Sarmatian and Pannonian deposits. The
geographical and physico-chemical data concerning the two lakes are cited from
Gastescu [4].

The Ursu lake is one of the largest heliothermal salt lakes in Europe. It was
formed in a sinking depression, as the consequence of an intense process of
salt dissolution, at the end of the XIX century (1870-1880). The lake has a
surface of approximately 40,000 m* and a maximum depth of 18.4 m. It has
a several cm deep surface layer of very poorly mineralised water, resulting from

* Institute of Biological Research, 3400 Cluj, Romania
** Babes-Bolyai University, Department of Plant Biology, 3400 Cluj, Romania
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rainfall and from the Topia and Auriu rivulets which flow into the lake. The
salt concentration increases linearly up to theétdep3 m, where it reaches over
300 g/l and maintains this value up to the sedimarface. NaCl dominates, but
SO, HCO;, C&*, Mg, F&*, F€* ions are also found. The Ursu lake shows an
inverse thermal stratification up to the depth ah3nd, then, a direct thermal
stratification up to the maximum depth.

The Negru lake has an anthroposaline origin, bdomgned in an
abandoned mine dating from the time of the Rombrsas a surface of about
3 800 nf and a maximum depth of 6.8 m. Salinity from thetdeof 3 m to the
bottom is over 120 g/l.

The finely granulated and colloidal iron sulphidehr sapropel type
sediment, which is found in considerable amounge@slly in the Ursu lake,
has been used ever since the beginning of the ryeftiuits curative qualities.
Today Sovata is a modern balneary resort, knowatliEurope, especially due
to the use of therapeutic mud from the Ursu lakehim treatment of various
rheumatic, posttraumatic diseases of the locomaygstem, gynecologic,
neurologic disorders etc.

The interest in understanding the properties ofsb@iments from the
two lakes is therefore justified. Our research icds the enzymological studies
on Sovata salt lake sediments, initiated severatsyago [1, 2, 6, 7, 9]. This
paper presents the results of seasonal enzymolog®earch performed during
the period 1990-1994 on the sediments of the twidadees.

Materials and methods. Sediments of the Ursu and Negru salt lakes
from the balneary resort Sovata (Mureounty, Romania) were studied
enzymologically over a 5-year (1990-1994) periau.the Ursu lake sediment
samples were taken and analysed every year ings@immer and autumn from
7 places: raft, balneary sector, Northern gulframte of the Northern gulf,
spillway of the rivulet Auriu, zone to Alugiand the basket of natural
regeneration of mud utilised in balneotherapy. Sampaken from all places
were analysed in winter 1992 as well. In the Ndgke sediment samples were
gathered from three places: zone of the spillwaymafd used in balneary
treatment, central zone and tail of the lake. Asadywere carried out in spring,
summer and autumn. In 1991 only spring and sumarepkes of sediment from
the same places were analysed and in winter 198liment sample from the
central zone of the lake.

The following 7 enzymatic and nonenzymatic catalyctivities have
been measured: phosphatase, catalase, nonenzy@tsplitting capacity in
autoclaved samples, TTC (2,3,5-triphenyltetrazoligtroride) reduction in
nonautoclaved (dehydrogenase) and autoclaved samythout or with glucose
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addition. The sediment samples were centrifuged0f0 r.p.m./30 minutes.
After the removal of the supernatant, the dry madied the 7 enzymatic and
nonenzymatic catalytic activities specified wereasweed in the sediments. In
order to determine the nonenzymatic catalytic &as; parts of the samples
were autoclaved at 120°C for 1 hour in three comsez days.

Phosphatase activity was assayed according to kiredrand Erd e i
[8], in reaction mixtures consisting of 2.5 g sedith+ 2 ml toluene (antiseptic)
+ 10 ml 0.5% disodium phenylphosphate solution @rndl distilled water. A
technique based on K a p p e n’s method [5] wasiexpfor determination of
catalase activity, in reaction mixtures composedl& g sediment + 10 ml
distilled water + 2 ml 3% KD, solution or 2 ml distilled water. A similar
technique was used for determination of nonenzyammad©,-splitting capacity,
but the sediment was previously inactivated by @atong. TTC reduction in
nonautoclaved (dehydrogenase) and autoclaved sample assayed according
to the method of C a si det al [3]. Composition of the reaction mixtures was:
0.5 g sediment + 1 ml distilled water or 1 ml 3% apse solution + 0.5 ml
3% 2,3,5-triphenyltetrazolium chloride (TTC) sotutior 0.5 ml distilled water.

The activities were expressed as follows: phospgleatgtivity in mg
phenol/2.5 g dry sediment/24 hours at 37°C; cagadasivity and nonenzymatic
H,O.-splitting capacity in mg bD./1.5 g dry sediment/1 hour at 20°C; TTC
reduction activities in mg triphenylformazan/0.5dgy sediment/24 hours at
37°C. For each enzymatic and nonenzymatic cataiiivity the coefficient of
variation was calculated [14].

Results and discussion. In all the analysed samples, the presence of all
7 enzymatic and nonenzymatic catalytic activitiemswoted. On the basis of
absolute values of enzymatic and nonenzymatic ydatahctivities, the mean
seasonal and annual values were calculated. Thealtseshow a higher
phosphatase activity in the sediments of the Néajka as compared to that of
the Ursu lake. This is obvious in all seasons, \eyear. The greatest difference
is found in 1990, when the annual mean phosphaitetséty in the sediment of
the Ursu lake (1.954 mg phenol/2.5 g dry sedimisntnly 27.58% of that from
the sediment of the Negru lake (7.084 mg phenotj2iby sediment).

In the sediment of the Ursu lake, the annual eiarubf this activity is
regular, increasing until 1992, then decreasing 4894, and its variation is low
(minimum 1.954 mg phenol/2.5 g dry sediment in 1888 maximum 2.555 mg
phenol/2.5 g dry sediment in 1992). In the sedinwnthe Negru lake, these
variations are larger (minimum 3.634 mg phenol{ dry sediment in 1991 and
maximum 8.409 mg phenol/2.5 g dry sediment in 129%) the evolution is less
uniform.

201



V. MUNTEAN, D. PASCA, R. CRBAN, S. KISS, M. DRGAN-BULARDA

The intensity of nonenzymatic ,8,-splitting is generally lower, but
close to that of catalase activity, sometimes exareeding it. This is true for all
the 5 years of research. Both activities are highe¢he sediment of the Negru
lake than in that of the Ursu lake between 19912198 the case of catalase
activity, the greatest difference is noted in 198fen the annual mean value of
this activity in the sediment of the Ursu lake Q& mg HO./1.5 g dry
sediment) represents only 75% of the annual mehreaund in the sediment
of the Negru lake (64.118 mg,6,/1.5 g dry sediment). In 1990 and 1994, the
catalase activity from the sediment of the Ursuelak by 1.5% and 4.3%,
respectively, higher than in the sediment of thgidake.

The intensity of the nonenzymatic TTC reductionngh no exceptions,
lower than that of dehydrogenase activity, but l#sel is however high,
generally over 1 mg formazan/0.5 g dry sedimente Tighest values of
nonenzymatic activity were registered in 1990, whien annual mean exceeds
3.5 mg formazan/0.5 g dry sediment (Ursu lake) 2mdg formazan/0.5 g dry
sediment (Negru lake), respectively.

The relatively high values of the nonenzymatigOksplitting activity
and TTC reduction activities, respectively, coudddxplained by the presence in
the sediments of highly reduced substaneeg &Gulphides) and humic acids,
which can act as electron donors-acceptors andredimce tetrazolium salts
[11, 12, 15, 18].

Glucose addition has a constant but weak stimgataifect on
dehydrogenase activity in the sediments of botledald possible explanation
could be the presence in these sediments of =ritigi high amounts of organic
substances, which provide a good development afomiganisms, their activity
being characterised by the maintenance of a relstikiigh level of the actual
dehydrogenase activity.

The greatest difference between the actual anchjiatelehydrogenase
activity is found in both lakes in 1993. In thisayethe potential dehydrogenase
activity in the Ursu lake (6.666 mg formazan/0.8rg sediment) is by 36.9%
higher than the actual dehydrogenase activity &.2@® formazan/0.5 g dry
sediment). In the Negru lake, the potential dehgdnase activity (5.633 mg
formazan/0.5 g dry sediment) is by 42.6% highenttie actual dehydrogenase
activity (3.233 mg formazan/0.5 dry sediment).

On the basis of the mean values of the enzymaitic reamenzymatic
catalytic activities studied, the enzymatic indazatof sediment quality (EISQ)
were calculated, according to the formula preseirted previous paper [10].
Figs. 1 and 2 show the seasonal and annual evolatithe sediment enzymatic
potential in both lakes, as it is reflected by Bi8Q values.
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F i g. 1 Seasonal and annual enzymatic indicators of sediimddrsu lake

Only in the case of the Ursu lake and only forykars 1990, 1993 and
1994, an increase in the enzymatic and nonenzyroatidytic activities may be
noted in the order spring < summer < autumn. Fer#st, seasonal variation is
aleatory. The relatively high values of EISQ in tein(1992) in both lakes
(0.430 in the Ursu lake and 0.452 in the Negru)lakeght be surprising. The
explanation for this could consist of the highegriia of these ecosystems, due
to which the organic matter sedimented at the ehdhe warm season is
decomposed at a lower rate, providing the supporthife maintenance of a high
microbial and, consequently, enzymatic activitygluisively in the cold season.
Also, due to the particular thermal conditions i@ithlermia in summer, inverse
thermal stratification, but with somewhat highettbm temperatures in winter
and in transitional seasons), the lakes from salgifis, like those studied by us,
show a thermal stability of the depth water horizdinthrough the year, with
temperature differences between seasons not excedir [4].

It is noteworthy that EISQ never exceeds the valu@.500 (half of the
maximum theoretical value). So, globally, the seatimof neither lake can be
enzymologically evaluated as very good. In the sifemtion system of salt
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lakes from Romania, based on the enzymatic indicatdues of sediment

guality, taking as a calculation basis the meane&bf enzymatic and catalytic
nonenzymatic activities during the period 1990-1,984 Negru lake is ranged at
the position 21 (EISQ = 0.421) and the Ursu lakehat position 24 (EISQ =

0.409) [10]. As we shall show in the following pathe term of good,

enzymatically active sediment, may be given todbdiment from certain areas
of the Ursu lake.
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Fig. 2.Seasonal and annual enzymatic indicators of sedimedegru lake.

The mean annual values of enzymatic and nonenzgntaialytic
activities in the sediment from each sampling Bitéicate some particularities.
Important differences are found in the intensityeakymatic activities between
the sampling sites from the same lake. Three aemadistinguished in the Ursu
lake (raft, balneary sector and spillway of the iAutvulet), whose sediments
have much more intense activities than those frtmeroareas. In the first three
areas, the sediment is black and unctuous, beied imsbalneotherapy. In the
case of the Negru lake, the differences betweenhitee sites are not so great,
due to the smaller size of the lake and, consetyydantthe higher homogeneity
of the sediment, which is black, unctuous, lik¢hia case of the three sites of the
Ursu lake.
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The relatively high values of the variability caeiénts for each activity,
at the level of the whole lake or of each samp#itg, values which frequently
exceed 40%, illustrate a marked instability of #tadied activities. Catalase
activity and nonenzymatic J@,-splitting activity are more stable. The annual
variability coefficients for each sampling site geally have lower values than
those established seasonally for all the sites lake. The phenomenon can be
explained by the higher homogeneity of the samtdken from the same site
and is more obvious in the case of the Negru lalce a the three sites with a
higher enzymatic potential (raft, balneary sectad apillway of the Auriu
rivulet) from the Ursu lake.

Enzymological studies on the sediments from bo#tedawere also
carried out during the period 1977-1982 [6]. Thensa7 enzymatic and
nonenzymatic catalytic activities were investigateding the published data of
the cited authors, we calculated EISQ for the pkinoquestion. Fig. 3 shows the
evolution of the enzymatic potential of the seditsgnom the two lakes studied
over the whole period.

05 1

04 +

Enzymatic indicator of sediment quality

03 t } t f !
1977-1982 1990 1991 1992 1993 1994

‘ —O—Ursu —l—Negru

F i g. 3.Evolution of the enzymatic potential in sedimehta®Ursu and Negru lakes.

The sediment of the Ursu lake has a decreasingeteydof EISQ
values. The value of 0.461 of EISQ in 1977-1982releses to 0.383 in 1994.
The evolution is not linear. The enzymatic potdriigoractically maintained at
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the same level until 1990 (EISQ = 0.462), but adsemddecline occurs in 1991,
when EISQ reaches the minimum value recorded forthole period (0.379). A
slight increase follows in the next two years, with reaching the initial

potential, then this decreases again in the lasty®ars during which research
was carried out. The need to know exactly the divevalution of the sediment

from the Ursu lake is illustrated by the observatibat, although contradictory,
literature data confirm the existence of a cloggimgcess whose amplitude is
differently estimated [13].

The sediment of the Negru lake shows a spectacntaease in the
intensity of enzymatic and nonenzymatic catalytitivities between 1982 and
1990, the EISQ value increasing from 0.339 to 0.4&& maximum for the
whole period). Then, the evolution of the enzymatitential of the sediment
from the Negru lake parallels that of the sedimgotiential of the Ursu lake,
during the last year of research the EISQ valuhénfirst lake being even lower
(0.367 compared to 0.383). During the first resegreriod (1977-1982), the
therapeutic mud used for balneotherapy at the Smariatorium was spilt in the
Negru lake, which might explain the very low enzyim@otential of this lake's
sediment. The spill stopped in 1986. As the marikedease in the enzymatic
potential is noted in the period during which tipél stopped, we may conclude
that the natural regeneration of the sediment usedalneotherapy was
effective. In fact, even if the evolutional tendgneas decreasing in the last
years, due to the very low initial EISQ value, kalthe Ursu lake, the enzymatic
potential of the sediment from the Negru lake hadnereasing tendency over
the whole period of research.
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mit insgesamt 631 registrierten Algen-Die angefihrte generelle phykologische
stammen, die seit 1970 nach und nach admachliteratur und die fur jede einzelne
der Algenflora Rumaéniens isoliert undsystematische Abteilung angegebenen
weiterkultiviert wurden. speziellen Literaturlisten sind fur die
Sammlungen von Algenkulturen spielenweitere Information und die Orientierung
heute eine immer bedeutendere wisserauf dem Gebiet der Algenkunde besonders
schaftliche Rolle nicht nur im Hinblick auf wertvoll.
die Erweiterung unserer Kenntnisse Uber Der eigentliche Katalog der Algen-
diese Uberaus artenreiche und mannigfaltiggammlung bildet den 2. Teil des Buches.
Gruppe Niederer Pflanzen, die, wie imDie im Katalog angefuhrten 631 Kkulti-
vorliegenden Buch, wenigstens in 16 systevierten Algenstamme sind nach den 16
matische Abteilungen gegliedert wird, systematischen Abteilungen der Algen
sondern sie liefern auch ein leicht zugéanangeordnet. Fir jeden einzelnen Stamm
gliches und wertvolles Untersuchungsmawerden Autor, Jahr und Standort der Iso-
terial zur Durchfuhrung genetischer undierung, das jeweils verwendete Kultur-
stoffwechselphysiologischer Analysen, zumedium und die fir die taxonomische
Klarung phylogenetischer Fragen Uber diédentifizierung der Art verantwortlichen
Abstammung der Eukaryonten, aber auchutoren angegeben. In einer kurzen
fur weltweit unternommene BemihungenEinfihrung Uber Status und Funktion der
zur besseren wirtschaftlichen Nutzung deGammlung, Erhalt der Kulturen und
Algen. Demgemf besteht ein wachsendesverwendete Kulturmedien wird darauf
wissenschaftliches Interesse fur Sammlurhin-gewiesen, dadie allen Interessenten
gen von Algenkulturen, und es ist einohne Einschréankung zugangliche
besonderes Verdienst der Autoren, die ListSammilung keine nutzrerischen
der in der Kollektion kultivierten Algen- zwecke verfolgt. Die Algensammiung
stamme in einem Katalog zu verdf-steht fiir Aus-bildung, wissenschaftliche
fentlichen. und sonstige, nicht profitbringende
Das Buch gliedert sich in zwei Teile, Zwecke unentgelt-lich zur Verfiigung,
wobei im ersten, allgemein theoretischefyobei  die  NutzniBer nur  die
Teil, die Grundkenntnisse uber die allge-ransportspesen und teilweise die Kosten
meinen Merkmale der Algen hinsichtlichfyr den Erhalt der Kulturen (Glaswaren,
Morphologie der Thalli, Feinstruktur der chemikalien u.s.w.) zu tragen haben.
Zelle, Ernahrung, Fortpflanzungstyp und pgy vorliegende Katalog der Algen-
Habitat durch kurzgefite und mit ori- sammilung des Instituts fiir Biologische
ginellen Abbildungen illustrierte Beschrei- Forschungen ist zweifellos ein verdienst-
bungen der verschiedenen systematischejpller Beitrag der Autoren zur Erfassung
Abteilungen vermittelt werden, der alsder in Ruménien isolierten Algen und eine
Leitfaden insbesondere fir interessiertgvertvolle Informationsquelle fiir  Stu-
Studenten und sonstige Nutzpée der denten, Algologen und sonstige Inte-
Kollektion gedacht ist. Dazu werden inressenten auf dem Gebiet der Algologie.
einem Worterverzeichnis die wichtigsten
Fachbegriffe der Phytologie erlautert. Ein
Sachverzeichnis und ein Artenindex MARTIN KEUL
erleichtern die Benutzung des Katalogs.
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RECENZII

Nagy-Toéth Francisc, Adriana Barna,are included in recent monographs in
Alge verzi unicelulare(Chlorococcales). other taxonomic units, have been retained.
Determinator (Unicellular Green Algae For each of the 310 species (within 135

(Chlorococcales)Determinator)Presa genera) there are given brief descriptions
Universitas Clujeari, Cluj, 1998, 200 based on their morpho-structural features,

pages with 7 tables and 310 figures in th&€iNg accompanied by elements of
text. ecology and chorology (especially for
Europe), as well as by their principal
synonyms. All the species included in the
determinator are accompanied by
drawings in black ink, which illustrate
both the phenetic characters of the thalli
and their wide variability, and provide

for specialists, being the first determinatorS€duences of tf(ljeir life g:fycle? Wpen t?ri]s is
of algae published in Romania, but it Carpecgﬁ_sarty ar_}_h S|gn|r|]9an to_r er
also be used by teaching staff or studentgentification. The graphic part is com-

leted by a number of diagrams illus-

interested in this field. p

The authors establish first the taxonomidating €ither the main characters of some
position of theChlorococcaleswithin the ~Jenera from some families or subfamilies
class Chlorophyceae (Euchlorophycege (Chlorella, - Raphidaelis, —Kirchneriella,
division Chlorophyta,based on morpholo- _(I?”t‘c'gﬁln'a'" Tvtiltraftrlum, t#qu?fma'
gical and structural characters. At the'® lrac orde_ a’t estella or their life
same time, it is mentioned that there ar&YCles Pediastrum.

new electron microscopical and bioche- 11€ book is accompanied by a
mical criteria which are used in theSE€/€Ctive bibliography including a series
taxonomy of the order of works from the international literature

On the basis of diacritical charac-and by an index of taxa.

teristics of theChlorococcalesorder, sub- ; t‘{]hefim{)?hrte:ntcr:]e 03]: 1tge book is also dlf[e d
orders to subfamilies are briefly presented.0 € fact that the SPecies presente

Emphasising the importance of morpho2r€ the most common ones, wide-spread in

structural criteria, including electron pools, lakes, rivers, ponds and in soils,

microscopic ones and also referring to th | any %them occumtng In thg Rc;rr;ania;g
tendency towards the involvement of!oré. 'Ney represent approximately

multiplication processes, the authors(1/5) of ~all Chlorococcales species,

C timated to be known at present in the
present the determination key of the 15°S .
families of theChlorococcalesincluding  Werld (1000-1500 species), the group

a diagram with the possible evolutionary?@ving a large ecological tolerance, its
lines within the order, based on recenf"€mpers being found from glaciers and
literature ' ong-lasting snow to thermal waters.

The main part of the book (pp. 18-180)
consists of the determination keys of
infrageneric taxa within the 15 families,
hierarchically organised according to the
degree of evolution of the thallus, a
criterion according to which some families
(Hormontilaceae, Ankistrodesmacgaihat

The book is a remarkable contribution
of the Cluj algological school, its authors
being senior scientists of the Biological
Research Institute in Cluj-Napoca.

The book is written in the first place

LAURA MOMEU and ANA RASIGA
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CRONICA

Centenary of Soil Enzymology

The first paper on soil enzymes appeared one hdndras ago, more precisely
on 15th of November 1899, in the Centralblatt fimk&riologie, Parasitenkunde u.
Infektionskrankheiten, Zweite Abteilung: Allgemejiandwirtschaftlich - technologische
Bakteriologie, Garungsphysiologie, Pflanzenpathielamnd Pflanzenschutz (Band V, No.
22, Seiten 745-754).

The paper entitled "The Destruction of ChloropliyllOxidizing Enzymes" was
elaborated by Albert F. Woods (co-worker of theifian of Vegetable Physiology
and Pathology, U.S. Department of Agriculture). MoEhis experiments were carried
out for studying oxidase and peroxidase enzymésawves of a series of plants. But as he
wrote "l have also determined by experiment that the oxidizing enzymes, especially the
peroxidase may occur in the soil and, as a rule, are not destroyed by the ordinary
bacteria of decay. These enzymes enter the soil through the decay of roots and other parts
of plants which contain them. The peroxidase also endures drying for a long time without
injury.” He reiterated in the Synopsis of Conclusions tiiae oxidase and peroxidase
may remain in the soil uninjured for several months'.

In the light of present-day soil enzymology, Woodesults on occurrence,
persistence and resistance of soil enzymes ard fiallings. His statement on plant
origin of soil enzymes is only partly true, as seiizymes may also originate from
microorganisms and animal residues.

Woods' paper, due to its historical importance fandamental value, deserves,
| think, these commemorative lines.

STEFAN KISS
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