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STUDIA UNIVERSITATIS BABES-BOLYAI, BIOLOGIA, XLV, 1, 2000

SOIL ENZYME ACTIVITIES AS INFLUENCED BY EARTHWORMS

STEFAN KISS

SUMMARY. - This article is a review of the earthworm-relatsail
enzymological investigations described in the wasénd eastern literature
mostly during the last 40 years. In the review, lifegature data are grouped
into 13 Sections entitled: 1. Comparison of enzyaugvities in earthworm
casts and underlying soil; 2. Comparison of enzgatvities in drilosphere
and matrix soil; 3. Comparison of enzyme activifiesoils containing and
lacking earthworms, respectively; 4. Comparisorrafyme activities in soils
with and without addition of earthworms; 5. Origaf earthworm cast
enzymes; 6. Earthworm-related enzyme activitiesyaling of plant nutrients
in soils; 7. Enzyme activites and earthworms ifissas influenced by
management practices; 8. Enzyme activities andwearins as related to
pesticide degradation in soils; 9. Enzyme actwiiad earthworms in pasture
soils submitted to restoration after removal ofirthtep layer used for
landscape improvement; 10. Enzyme activities arth@arms in urban soils;
11. Enzyme activities and earthworms in mine spa@isomitted to
recultivation; 12. Enzyme activities in earthworrorked dungs, composts,
toxic crop residues and organic industrial wasted; 13. Enzyme activities in
soils treated with earthworm-worked manures.

Introduction. The first study showing that the earthworm castsmore
enzyme-active than the underlying soil was pubtishe 1957 [22]. The
investigations along this line and in new directitrave been amplified by many
research groups and led to a rich literature orrdlations between soil enzyme
activities and earthworms. Some of these investigatwere referred to in
excellent review works on earthworms.g[2, 30, 39, 45, 62]), but an updated
review, considering the western and eastern literatvith an equal emphasis, is
lacking. This is why this review article was eladted. The literature data reviewed
are grouped into 13 Sections. Within Sections 6 h&dsubsections (3 and 4,
respectively) are delineated.

" Babg-Bolyai University, Department of Plant Physiologiaboratory for Environmental Enzymology
and Microbiology, 3400 Cluj, Romania



S. KISS

1. Comparison of enzyme activitiesin earthworm casts and underlying soil

In 1957, Kiss [22] reported that invertase actiwias higher in the
casts ofLumbricus terrestrighan in the most enzyme-active underlying 0-2-cm
soil layer and much higher than in the 5-10-cm fajfgvo neighbouring areas,
covered by dense and sparse vegetation, under domesnd an arable land, on
a neutral, clayey brown forest soil (located in thenity of the town of Dej,
Transylvania, Romania) were studied (Table 1).

Table 1

Invertase activity in earthworm casts and underlying soil [22]

Invertase activity*

Studied area Analysed material

Aa® %
Meadow Earthworm casts 2.70 177.6
Soil from the 0-2-cm depth 1.52 100.0
Soil from the 5-10-cm depth 0.70 46.0
Arable land Earthworm casts 1.73 180.2
Soil from the 0-2-cm depth 0.96 100.2
Soil from the 5-10-cm depth 0.69 71.8

* Invertase activity, determined polarimetricallig, expressed as difference between
optical rotations in reaction mixtures (preparesir20 g air-dried casts or soil + 2.5 ml
toluene as antiseptic + 10 ml 20% (weight/volum&rase solution + 50 ml distilled
water) before and after 24 hours of incubation?gcsag -aJ, =Aa’. The percentage
invertase activity was calculated by taking as 1@B&bactivity measured in the 0-2-cm
soil layer.

Hoffmann [19] sampled three layers (0-10-, 10-2@ 20-30-cm depths)
from a sandy loam soil under meadow vegetationhin Weihenstephan area
(Bavaria, Germany). The 0-10-cm layer consistedasthworm casts and casts +
soil mixture; cast-free soil could not be foundthis layer. In the other two
layers, three materials: casts, casts+soil mixtamd cast-free soil could be
separated. The results of the enzymological anslgsereproduced in Table 2.

Table 2 shows that the absolute activity of eactym® was highest in
the casts, lower in the casts+soil mixture and kivie the cast-free soil. The
absolute activities in each material decreased wébreasing organic matter
content and with increasing soil depth. Based asdhdependences of the
absolute activities and also on the finding that tblative activities, excepting
amylase activity, were not highest in casts atsail depths, Hoffmann [19]
has drawn the conclusion that the increased deBvih the casts are due to
microbial enzymes and, thus, the earthworms themselo not contribute to a
marked increase of the enzyme content in soil.
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SOIL ENZYME ACTIVITIES AS INFLUENCED BY EARTHWORMS

Table 2
Enzyme activitiesin earthworm casts and underlying sandy loam soil under
meadow vegetation [19]

Depth of  Analysed  Organic Enzyme activities*
soil layer material  substance |nvertase B-Glucosidase Amylase Urease
(cm) (%) A.a. R.a. Aa. R.a. Aa. R.a. Aa. R.a.
0-10 Casts 3.95 10.1 127857 722 48 60.8 12.1 153.2
Casts+ 3.87 94 1214 53 685 4.0 517 11.1 1434
soil mixture
10-20 Casts 2.40 35 729 17 354 18 375 52 .3108
Casts+ 1.50 25 833 09 300 10 333 25 833
soil mixture
Cast-free soil  0.98 18 918 04 204 07 357 17 86.7
20-30 Casts 1.77 27 763 15 423 14 395 1.3 7 36.
Casts+ 0.67 1.1 820 13 970 05 373 09 67.2
soil mixture
Cast-free soil 0.51 08 784 0.1 - 0.3 - 05 49.0

* |Invertase,B-glucosidase and amylase activities are expressed! i0.1 N NaS,03
equivalent to the amounts of reducing sugars ardsar activity is expressed in ml 0.1
N H,SO, equivalent to the amount of NHoroduced from the enzyme substrates during
incubation of reaction mixtures and reported to ®fganalysed material (Absolute
activity = A.a.) or to 1 g of organic substancelé®ee activity = R.a.).

According to a report published in the Communiagadioof the
Agricultural University and Experiment Station ire@ (Belgium), Coucke [7]
introducedca. 12 earthworms (the species name is not giver) hb-kg
samples of a garden soil of sandy loam textureeplac glass containers. Other
samples of the same soil, at the same humiditywithbut earthworm addition
were the controls. The casts collected on the cerfaf soil treated with
earthworms and the control soil were submitted twymological and
microbiological analyses.

The results have shown that invertase activity wdidtle higher and
amylase and cellulase activities were much highéne casts than in the control
soil, whereas urease activity was practically tame in the casts and control
soil. Contrarily to the increased amylase and @l activities in the casts, the
numbers of amylolytic, aerobic and anaerobic celjic microorganisms were
lower in the casts than in the control soil. Tlsanhy Coucke [7] considered
that the increased amylase and cellulase activiti¢se casts resulted from the
amylase and cellulase produced by the earthworemdéblves.
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Kozlovskaya and her collaborators [26-34] have meitged enzyme
activities in casts of.umbricus rubellusand Octalasium lacteurrand in the
underlying peat soils and in casts Eitenia roseaand the underlying soddy-
podzolic soils. Investigations on earthworms arngeptsoil invertebrates were
carried out in 85 biogeocoenoses located in diffeEuropean and Asian areas
of the former USSR [27].

Casts oL. rubelluswere more enzyme-active than the underlying peat s
Thus, invertase and urease activities (expressechgnof glucose and Ny
respectively/g dry casts or soil/24 hours dC37vere 80.00 and 3.66, and 8.50 and
1.05 in the casts and soil, respectively [29, 2]., Bean values of cellulase activity
(expressed in mg of glucose/g dry casts or soi&@ at 37C) were also higher in
L. rubelluscasts (2.025) than in the peat soil (1.057) ard.itacteuncasts (1.909)
than in the peat soil (1.080) [26-28, 31, 32, 34].

The enzyme activities underwent changes duringhtdgif casts. Table 3
shows that protease activity was higher in thesoalseach earthworm species than
in the underlying soil. At the same time, proteasti/ity was higher in the 1-month-
old than in the 6-day-old casts of bathrubellusandO. lacteum but further aging
of the L. rubelluscasts led to a decrease in protease activity and, tn the 3-
month-old casts, protease activity declined nearlthe activity of the underlying
peat soil.

Table 3
Protease activity in earthworm casts and underlying soils[27, 33, 34]
Analysed material Age of casts Protease activity*

Lumbricus rubellusasts 6 days 9.79%0.155
1 month 10.56@0.046

g mgmz 9.594:0.077

Peat soil i 6.692:0.109
6.462:0.049

Octalasium lacteunoasts 6 days 6.924+0.136
1 month 12.903:0.120

Peat soil - 5.266:0.127

Eisenia roseaasts 6 days 2.066:0.104
Soddy-podzolic soll - 1.666:0.081

* Expressed in mg NiHN/g dry casts or soil/24 hours at’87

As the age-dependent increase then decrease aheramfivity in casts are
the results of microbial enzyme synthesis therrgietsin, the conclusions has been
drawn that the earthworm casts (and excrementthef soil invertebrates) should
be considered as centres of the microbial actieityhe biochemical synthesis and
decomposition of organic substances [26-28, 3034]L,
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SOIL ENZYME ACTIVITIES AS INFLUENCED BY EARTHWORMS

Sharpley and Syers [68] have determined phosphaietbaty (by
using p-nitrophenyl phosphate as substrate) in fresh eartin casts and the
underlying surface (0-5 cm) soil of silty loam tesd. The casts of earthworms
(dominantly Allolobophora caliginosg were collected from the soil surface at
several sites close to undrained surface run-offtsplin an experimental
watershed (under permanent pasture) located adjaceMassey University
(Palmerston North, New Zealand).

The casts contained appreciably more total, indcgaand organic
phosphorus than the underlying soil. Phosphatasatyaevas much higher in the
freshly deposited (< 14 hours) casts than in thé&ase soil. Thus, this activity
(expressed ipmoles ofp-nitrophenol/g casts or soil/hour) was, after 1 amthys of
incubation, 190 and 60 (after 1 day), and 60 an¢(aftér 5 days) in casts and soil,
respectively. It was also found that release @il tfrom fresitaststo 0.1 M NaCl
at a solution: solid ratio of 50:1 did not changeiry the 5-day incubation at (&
However, the amount of inorganic P released inedbamgnificantly and in parallel
with the decrease in the amount of organic P rekbasiring the first 3 days of
incubation, and these changes were related to aedeged by increased
phosphatase activity. At the same time, little g@mnoccurred not only in the
amount of total P but also in the amounts of inoigand organic P released
from thesoil under identical conditions of incubation.

Studying the seasonal variation of casting actiuitythe experimental
watershed area specified above, Sharpley and St &ave established that
the amount of inorganic P released from freshlyodiégd (< 14 hours) casts to 0.1
M NaCl at a solution:solid ratio of 400:1 at 16 @@ decreased progressively from
a maximum in May to a minimum in August. In paraltee amount of organic P
released showed a reverse trend over the same MgysAperiod. Consequently,
the decrease in the inorganic P was attributedrémlaction in the conversion of
organic to inorganic P because of the lower phasglaactivity as a result of
declining soil temperature (the decrease beingla djreater at 4 than at 4®. In
contrast, seasonal changes in the release of imiorgad organic P to solution from
the underlying soil (0-10 cm depth) were smallahtl6 and 2C.

These investigations were referred to also in 743,

Loquetet al.[42] and Loquet [41] have described investigaticarsied
out on alLolio-cynosuretummeadow permanent since at least 1840. It is situat
in Citeaux Monastery, at 30 km south of Dijon (F&n on a nearly neutral,
leached silty soil. The earthworms living here Ingldo 12 species, of which

" Syerset al. [72] note that the dominant earthworm species wambricus rubellusand not
Allolobophora caliginosas suggested by Sharpley and Syers [68, 69].

7
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Nicodrilus longus longusandN. nocturnus cistercianuare dominant. Earthworm
casts and the 0-6-, 6-20-, 20-40-, 40-60- and @Behd layers of the underlying
soil were sampled several times in the March 19d@dexhber 1976 period, for
different analyses, including determination of irtase, urease, amylase and
cellulase activities.

Invertase activity was higher in the casts thatha&underlying soil, in
which the activity progressively decreased withréasing soil depth. A single
exception was recorded: in March 1974, the 0-6-@it kyer was more
invertase-active than were the casts.

Urease activity was also higher in casts than iy Isot amylase activity
was very low and appreciable cellulase activity \Waking in both casts and
sail, including the 0-6-cm soil layer.

Mulongoy and Bedoret [52] have determined enzymivites in
turret-shaped and granular casts presumably prddbgethe most numerous
earthworm species in southern Nigeria, namdiyperiodrilus africanusand
Eudrilus eugeniae (Eudrilidagjespectively, and in the underlying surface soils
(0-15-cm layer).

Turret-shaped casts and underlying surface soite sempled from four
sites under different plant covers. Three samites (designated A, B and C) are
located at the International Institute of Tropiggriculture in Ibidan (south-western
Nigeria) and the fourth site (D) is located at thigh rainfall substation of this
Institute at Onne, near Port Hartcourt (south-eashigeria). Site A is under
Leucaena leucocephala (Mimosasile B - under non-leguminous vegetation in a
secondary forest, site C - und@eculia africana (Moraceaegnd site D - under
Pueraria phaseoloides (Papilionaceae)

Granular casts and underlying surface soil werepsetsnfrom a plot of
Treculia africana(site C).

All samplings were done during the rainy seasoh9&b.

The results obtained (Table 4) clearly show thagaath sampling site
each enzyme activity was much higher in the earthwgasts than in the
underlying surface soil. In general, no differenee=sre found among turret-
shaped casts or surface soils from different siigsthe turret-shaped casts and
surface soil from site C were relatively low in écphosphatase activity.
B-Glucosidase, urease and acid phosphatase adtivitere not significantly
different in the turret-shaped and granular caatepded from the same site C,
but the granular casts - in comparison with theeteshaped casts - were more
dehydrogenase - and alkaline phosphatase-activiel pltosphatase activity
exceeded the alkaline one in both casts and uridgrbpils.

8
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Table 4
Enzyme activitiesin surface soil and earthworm casts
from sampling sitesA, B, C and D [52]
Analysed  Sampling Enzyme activities*
material site Dehydro- B-Gluco- Urease Acid Alkaline
genase sidase phosphatasephosphatase
Surface A 192 38 6 99 27
soil B 193 19 5 144 20
C 145 11 4 78 27
D 215 20 7 192 65
Turret-shaped A 584 309 34 498 360
casts B 404 134 16 540 124
C 484 119 23 263 127
D 265 69 23 528 137
Granular C 614 129 21 335 202
casts
LSD (5%)** 22 34 2 89 44

* Expressed img reaction product/g soil or casts/hour. Reactiodyicts: triphenylformazan
(dehydrogenase); ammonium (ureagejitrophenol g-glucosidase, acid and alkaline
phosphatases).

** LSD - Least significant difference. Means folegular casts are excluded.

Tiwari et al. [77] have determined dehydrogenase, urease amd aci
phosphatase activities in earthworm casts and Uymgrred sandy soil of
laterite origin, at the Pineapple Research Stahagabunglow (about 30 km
north of Shillong, India). Samplings were done nhdntin the 15 April 1986-15
March 1987 period, during which five earthworm speqAmynthas alexandri,
Drawida assamensis, Megascolides antrophyes, Mewplhoulleti and
Nelloscolex strigosyswere recordedDrawida assamensibeing the dominant
species.

Each activity was found at each sampling date thigker in casts than
in underlying soil. The trend of temporal variatiom enzyme activities was
similar in casts and soil. The maximum values weegistered in July
(dehydrogenase and acid phosphatase) and in Maadel, whereas each
activity was lowest in January.

Tiunov [76] described enzymological studies relatedthe earth-
worms living in a spruce, a lime and a mixed for@giruce, poplar, oak, lime)
located on podzolic soils in the Moscow region (faps Aporrectodea
caliginosawas found to be the dominant species in each eftlinee forests.
Lumbricus terrestrisvas found in the lime and mixed forests.
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Urease activity was determined in the spruce faedtmixed forest soils
and in the casts @&. caliginosacultured in these soils. The spruce forest sod wa
less urease-active than the mixed forest soil. 4dreativity in fresh, 1- and 24-day-
old casts exceeded the urease activity of thersaihich A. caliginosawas cultured.
The cast urease activity in the mixed forest saikwhigher than the cast urease
activity in the spruce forest soil.

Matsumoto and Taniguchi [47] compared enzyme (phasmpno-
and phosphodiesterase) activities in earthwd?he(etima communissimaasts
with those in the earthworm gut. Both phosphatasieifes were much higher
in the gut than in the casts. Thus, the activitiesmsured at pHs 4.9, 6.6 and 8.2
and expressed ipmoles of p-nitrophenol/g material/hour gave the following
values: 160.5, 92.28 and 120.3 in gut and 5.8& @l 6.40 in casts (phospho-
monoesterase), and 5.74, 13.81 and 14.88 in guii@7d 1.85 and 1.70 in casts
(phosphodiesterase). The activities were also nhmigter in the gut than in the
surrounding soil.

In another experiment, Matsumo#b al. [46] have found that phospho-
monoesterase activity (expressed againniles ofp-nitrophenol/g material/hour)
decreased in the order: 184.19 (foregut) > 58.3ddut) > 18.84 (hindgut) > 2.86
(casts). These investigators have also studieeffeet of aging of casts on their
phosphomonoesterase activity. Taking the actiuityfresh casts as 100%, it
decreased to 66, 56 and 43% after 1, 3 and 5 dayggng, respectively, and showed
a slight increase (48%) after 7 days.

2. Comparison of enzyme activitiesin drilosphere and matrix soil

Drilosphere is a thin soil layer around the wallstlee burrows of
earthworms. It separates the burrows from the teighing, matrix soil, devoid
of burrows.

The investigations carried out by Loquettal. [42] and Loquet [41]
for studying enzyme activities in earthworm castsl @ the underlying soil
were referred to in Section 1. On the same perntaneadow and in the same
March 1974-November 1976 period, Loquet [41] haslisd enzymologically
the drilosphere, too.

A soil pit (1.4 m deep and 1.2 m wide) was examiagrd it was found
that the earthwormNicodrilus longus longusind N. nocturnus cistercianjis
burrows did not exceed 1 m in depth. For enzymakiganalyses, Loquet [41
collected the 2-mm wide drilosphere soil layer ebtime burrows at depths of 0-6,
6-20, 20-40, 40-60 and 60-100 cm; samples fronsdinge depths of the matrix soil
were also taken. Invertase, urease and dehydrogewtsities were determined.

10
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The drilosphere enzyme activities changed ratheegidarly in
dependence of sampling depth and time and in casgrawith activities in the
matrix soil. For example, the ratio invertase attiin drilosphere/invertase
activity in matrix soil was highest at the 60-10@-cdepth in June 1975 and
February 1976 and at the 6-20-cm depth in Novenid&r5, April and
November 1976. This activity was higher in the aspihere than in the matrix
soil at all depths in June 1975, but the reverse twee at depths of 20-100 cm in
April 1976. In dependence of depth, invertase ygtiluctuated in the drilosphere
and progressively decreased in the matrix soikloréary 1976.

Urease activity in drilosphere largely differed rfrahat in the matrix
soil at the 40-60-cm depth in June 1975, but tieminces were small in June
and November 1976.

The ratio between dehydrogenase activity in drivesp and matrix soil
at the four depths studied were 1.0, 2.5, 8.3 abdr8spectively, in June 1976.

As specified in a short report, Stehouwet al. [70] have studied
drilosphere and matrix soil at 7 depth intervalsnirO to 50 cm. Alkaline
phosphatase activity, organic C and water-solubdamic C contents decreased
with depth in both drilosphere and matrix soil. Centrations in drilosphere
were 2-3 times higher than in the matrix soil a ghofile surface and up to 80
times higher at the depth of 50 cm.

Tiunov [75, 76] has determined enzyme activitiesdiflosphere of
Lumbricus terrestrimndAporrectodea caliginosand in matrix soil. The inves-
tigations were carried out in a lime and a mixeck$d on podzolic sails in the
Moscow region (see also Section 1). In the limeg$gL. terrestrisdrilosphere
and matrix soils were collected from the 30-cm Hbepthereas in the mixed
forest, bothL. terrestris and A. caliginosadrilosphere and matrix soils were
taken from the 15-cm and 30-cm depthstérrestrig and the 10-20-cm depth
(A. caliginosa.

Urease activity was 2-12 times higher in the dplere than in the
matrix soil. It should be added that this actiwitgs even lacking in the matrix
soil of lime forest. ThéA. caliginosadrilosphere was more urease-active than
the L. terrestrisdrilosphere. Protease activity was also highet {&nes) in the
drilosphere than in the matrix soil. Contrarily|lgkase activity was often lower
in the drilosphere as compared to the matrix soil.

3. Comparison of enzyme activitiesin soils containing and lacking
ear thworms, respectively

Atlavinyte et al [1] conducted field experiments on a soddy-poidzol
soil in the Sirvintu district (northern Lithuanidh the 1975-1977 period. They
used biometers, e. 2-n? microplots, in which the soil to depth of 50 cmswa
isolated from the surrounding soil by means ofagian-resistant metal walls. The
earthworms Allolobophora caliginosaf. typicd were removed from a part of

11
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biometers (biometers 1) which remained free of lemorms during the 3-year
experiments. In the other biometers (biometersthig number of earthworms
was maintained at an average of 150by introduction of earthworms after
sowing of winter rye in autumn 1975, barley in sgril976 and red clover in
spring 1977. Biometers | were sown with the sanaafsl and at the same time
as biometers II. Both biometers | and Il were fisgd with ammonium nitrate,
superphosphate and potash salt at rates (per hNgREKgo (in 1975), N1dPaoKgo
(in 1976) and &K (in 1977).

In August 1977 (3 years after the beginning of éx@eriments), soil
samples were taken from the 0-13- and 13-26-cmhdéiotr different analyses,
including determination of invertase and proteadivisies.

Invertase activity (expressed in mg glucose/g i) & the 0-13- and
13-26-cm soil layers was 32.7 and 26.7 in biomdtén® earthworms) and 32.4
and 25.0 in biometers Il (with earthworms); the responding values for
protease activity (expressed in mg N¥g dry soil) were 0.34 and 0.37, and 0.46
and 0.45, respectively. In other words, the earthvgodid not affect invertase
activity of soil, but led to increased soil proteastivity. It should be added that
under the influence of earthworms the crop yielilse@ased (winter rye with
15%, barley with 27% and red clover with 45%).

Studying the earthwornPheretima communissima the soil of a
reclaimed land near the seashore of the Osaka Byaf), Matsumotat
al.[48] have found that invertase and urease activitiere higher in the
earthworm-worked soil and in the casts than in sbherounding soil lacking
earthworms.

In another study, Matsumoto and Taniguchi [47] himwend higher
phosphomono- and phosphodiesterase activitieseiupiper layer of a soil rich
in Pheretimaearthworms than in a forest soil and a paddy isoivhich no
earthworms lived.

Tiunov [76] has collected soil samples from the(Osein layer and
earthworms Aporrectodea caliginogain spruce, mixed and lime forests on
podzolic soils in the Moscow region (see also ®astil and 2). The field-moist
soils were passed through a 3-mm sieve, then piategots (1 kg/pot) and left
without earthworms or inoculated with 3 earthwormpas/ For inoculation of
each soil, the earthworms, collected from the rethpe soil, were used. The
incubation, at 25-28% (weight/weight) soil moisturentent, lasted 12 days.
Before inoculation and incubation and after incidratthe soils were analysed
for determination of their urease activity. In sofl each forest, urease activity
was higher in the earthworm-containing variant thmthat lacking earthworms.
But the level of soil urease activity was dependamtforest type: the activity
increased - in soils before inoculation and indobaas in those left non-inoculated
or inoculated and incubated - in the order: spifiocest < mixed forest < lime
forest.
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4. Comparison of enzyme activitiesin soilswith and without addition of
earthworms

Subleret al. [71] conducted field experiments in two agroectays
established in 1991 at the Ohio Management Systembiation Area in Pike
county (Ohio). The agroecosystems, each replicated) on 0.4-ha plots, were
a corn-soybean rotation (CS) and a corn-soybearatltedry vetch cover-crop
rotation (CSW) on predominantly silt loam and salwhm soils. The corn in both
systems was N-fertilised at the following rates [#pa): 135 (as Nk} + 44 (as
liquid fertiliser, I.f.) in 1992 and 157 (as l.ft) 1994 in the CS system; 56 (as §)IH
+ 12 (as I.f.) + 28 (as manure) in 1991 and 103.{as = 28 (as vetch) in 1994 in
the CSW system. The liquid fertiliser contained 4884,NO; and 30% urea, by
weight.

In November 1993, earthworms were added (1€)0ionenclosures (6.1 x
6.1 m) within plots of both agroecosystems. Otheclasures, to which no
earthworms were added, served as controls. Theosrel walls, made of
translucent corrugated plastic, were insedad5 cm into the soil and extended
25 cm above the soil. The added earthworms weteatetl from another area,
namely from a no-till corn field in Columbus (Ohiahd were predominantly
immature and adultumbricus terrestris

In April 1994 (.e. 5 months after addition of earthworms), some
earthworm and control enclosures were used for taugirearthworms. It was
found that, in both CS and CSW systems, additiomarthworms led to less
abundant surface-dwelling earthworms (collectedvabd5 cm) and most
abundant deep-dwelling earthworms (collected belévem) than in the control
enclosures (to which, as mentioned above, no earthw were added). Other
earthworm and control enclosures were used forssmilpling at four depths: 0-5,
5-15, 15-30 and 30-45 cm. Besides a series of pgwtmeters, dehydrogenase
activity was also determined.

In the CS system, dehydrogenase activity was iifgigntly lower in
the 0-5-cm soil layer and significantly (P<0.05)ineg in deeper soil layers of
the earthworm enclosure as compared to the cosidbsure. Contrarily, in the
CSW system, earthworm addition led to significaetr@ase in dehydrogenase
activity at the soil surface (0-5 cm) and to indiigant changes in the deeper
soil layers. These findings were interpreted asndeihe consequence of
decreased abundance and activity of surface-dwelBarthworms in the
earthworm enclosures.

The experiment performed by Ross and Cairns [61 hnefly
described in Section 9 should also be mentioneel. her

13
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5. Origin of earthworm cast enzymes

It is a general opinion that the enzymes in earthweasts originate from
two sources: the microorganisms living in gut aadt€ and the earthworm tissues
themselves. Table 5 lists literature data, accgrdi which there are enzymes
produced at least partly or not produced at altifgues of the earthworm species
studied.

Two other sources of cast enzymes can also beagedsIf the enzymes
present in the ingested fooel.d. plant residues) and in the ingested soil resist -
free proteins or as protein-humic complexes - todgosition in the digestive tract,
they will be ejected with the faeces. The experialenerification of these
possibilities received no attention up to now, Whseems to be attributed to the
difficulties in elaboration of methodologies foichua verification.

Table 5
Production of enzymesin earthworms
Abbreviation for some earthworm geneha: Allolobophora. D. - Dendrobaena.
E. - Eisenia. L. - Lumbricus. O. - Octalasium (Qas$#on)

Enzyme Earthworm Examined material Reference

1 2 3 4
Enzymesin earthworms produced, at least partly, by earthworm tissues
Hydrolases
Hydrolases participating in C-cycle
Cellulase 17 species* Extract from entire worms 78
Chitinase 12 species* The same as above 78
Cellulase, chitinase L. terrestris Extract of foregut and 78

hindgut wall

Invertase, maltase, D. octaedra Extract from homogenate of 54
cellobiase, melibiase, gut and gut content

lactase, amylase,
cellulase, chitinase

Maltase, cellobiase, A. caliginosa The same as above 54
melibiase, lactase,
amylase
Laminarinase L. terrestris, The same as above 55
L. rubellus
Amylase, cellulase, L. terrestris, Extract from tissue of 37
lichenase, chitinase, lipase Allobophorasp., alimentary tract
Pheretimasp.
Glycosidases L. terrestris Intestinal extract 40
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Table 5 (continued)

1 2 3 4
Carbohydrases, lipases A. caliginosa,  Extract from digestive tract 44
A. smaragdina,
Allolobophorasp.,
L. rubellus,
D. veneta
Cellulase E. foetida, Cell-free extract from homo- 18
L. terrestris, genate of entire worms
O. tyrtaeum
Cellulase E. fetida andrei Homogenate from gut wall 43
and from gut wall+gut con-
tent
Cellulase D. vejdovskyi,  Extract from homogenised 79
D. octaedra, gut wall (tissue)
Dendrodrilus
rubidus,
L. castaneus,
L. rubellus,
A. caliginosa,
A. rosea, O. lacteum
o-Amylase, glucoamylase, D. octaedra, The same as above 80
laminarinase, xylanase, L. castaneus,
lichemase, Geellulase, L. rubellus,
cellulase complex (exo- A. caliginosa,
and endd-1,4-glucanase) O. lacteum
Invertase, amylase, Lampito mauritii, Gut-cleaned worms 8
cellulase Octochaetona
surensis,
Drawida willsi
Maltase 3-N-acetylglu- Pontoscolex  In vitro tissue culture of gut 81
cosaminidase, amylase, corethrurus  wall
carboxymethylcellulase,
xylanase, laminarinase,
galactomannanase
Glycolytic enzymes Millsonia The same as above 35
anomala
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Table 5 (continued)

1 2 3 4
Carbohydrases hydrolysing Polypheretima  The same as above 36
oligosaccharides (sucrose, elongata
maltose, cellobiose, lami-
naribiose, gentiobiose),
heterosideso(- andp3-
glucoside-N-acetyl-
glucosamine3-mannoside,

[-xyloside,3-galactoside)
and polysaccharides
(starch, cellulose, lami-
narin, mannan, galacto-
mannan, pullulan, lichenin)
Xylanase, acetylesterase, E. andrei Extract from homogenate of 50
B-glucuronidasey-arabi- entire, gut-cleaned worms
nosidase3-xylosidase
Hydrolases participating in N-cycle
Urease Lampito mauritii, Gut-cleaned worms 8
Drawida willsi
Protease L. terrestris, Extract from tissue of 37
Allolobophorasp.,  alimentary tract
Pheretimasp.
Protease A. caliginosa, Extract from digestive tract 44
A. smaragdina,
Allobophorasp.,
L. rubellus,
D. veneta
Protease D. octaedra, Extract from homogenised 80
L. castaneus,  gutwall (tissue)
L. rubellus,
A. caliginosa,
O. lacteum
Hydrolases participating in P-cycle
Alkaline phosphatase Barogaster Different components of 9
annandalei alimentary canal examined

histoenzymologically

16



SOIL ENZYME ACTIVITIES AS INFLUENCED BY EARTHWORMS

Table 5 (continued)

1 2 3 4
Alkaline phosphatase E. fetida, Fresh faecal material, con- 62
D. veneta, taining acid phosphatase of
L. rubellus, microbial origin and alka-
A. caliginosa line phosphatase produced,
at least partly, by the earth-
worms
Acid and alkaline phos- Pheretima Foregut, midgut and hindgut 46, 47
phomono- and phospho- communissima
diesterase
Alkaline phosphodies- L. terrestris Extract of homogenate from 58-60
terase, acid and alkaline entire worms
phosphomonoesterase
Alkaline E. andrei Extract of homogenates pre- 57
phosphomonoesterase pared during embryonic and
postnatal stages of worms
Alkaline A. andrei Extract of homogenate from 56
phosphomonoesterase midgut
Oxidoreductases
Dehydrogenase, catalase, E. nordenskioldi Extract from entire worms 25
polyphenol oxidase,
peroxidase
Peroxidase O. tyrtaeum, Cell-free extract from homo- 53
L. terrestris, genate of entire worms
E. foetida,
Pheretima
hupiensis,
A. chlorotica
Peroxidase, catalase E. foetida, The same as above 18
L. terrestris,
O. tyrtaeum
Transferases
Glutathione-S-transferase Pheretima Extract of homogenate from 17
posthuma entire worms
Enzymesin earthwormsnot produced by earthworm tissues
Hydrolases
Hydrolases participating in C-cycle
Trehalase, cellulase, pec- E. rosea Extract from homogenate of 54
tinase, xylanase, chitinase gut and gut content
Trehalase, pectinase, xyla- D. octaedra The same as above 54
nase, galactanase
Trehalase, pectinase A. caliginosa The same as above 54
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Table 5 (continued)

1 2 3 4
B-N-acetylglucosa- L. terrestris Intestinal extract 40
minidase
Cellulase, mannanase Pontoscolex In vitro tissue culture of gut 81

corethrurus wall
Cellulase, mannanase  Millsonia anomala The same as above 35

Hydrolases participating in N-cycle

Urease Octochaetona  Gut-cleaned worms 8
surensis
Oxidoreductases
Polyphenol oxidase, E. foetida, Cell-free extract from 18
aldehyde oxidase L. terrestris, homogenate of entire worms
O. tyrtaeum

* A. caliginosa, A. chlorotica, A. icterica, A. longa, #acturna, (Bimastus eiseni),
(D. mammalis), (D. rubica), D. subrubicunda, E. fdat E. rosea, (Eiseniella
tetraedra), (L. castaneus), L. rubellus, L. terrsstO. cyaneum, O. lacteum.

Five species, in which lack of material preventezldetection of chitinase, are placed
in brackets.

Besides producing some own enzymes contributingh® enzyme
content in casts, the earthworms stimulate theumrtich of microbial enzymes,
as demonstrated by Satchetlal.[64].

For culturingEisenia foetideand Dendrobaena subrubicundamedium
was prepared from cellulose board shredded anddmwith distilled water in
proportion of 1 to 9 and the resulting pulp was adeel with phytin (calcium
inositol hexaphosphate) in proportion of 1 to 40lpP(300 g) amended with
phytin was placed over 10 g of fine acid-washeddsanplastic containers, to
which 30 worms were then added. The cultures wepd &t room temperature
for 4 weeks and analysed weekly for determinatidnaoid (microbial)
phosphatase activity at pH 4 and of the amount O Aonsidered as indicator
of microbial biomass.

The results have shown that, in cultures of botthesmrms, there was a
significant correlation (r=0.93) between acid pHuspse activity and ATP
content. Based on this finding the conclusion waawd that the acid
phosphatase activity observed reflects the effdctearthworm activity in
increasing microbial biomass.
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6. Earthworm-related enzymes activitiesin cycling of plant nutrientsin soils

The investigations proving that the earthworm enzymrontribute to the
cycling of plant nutrients in soils will be reviedegrouped according to the
nature of the nutrient elements.

6.1. Nitrogen cyclingSyerset al. [72] have carried out investigations
on 900-cm plots in an experimental watershed under permapesture in New
Zealand (see Section 1) and on an adjacent arsts &gpredominantlizumbricus
rubellus and underlying soil samples (from depths of 0-8 48-22 cm) were
collected weekly in the April-October 1977 periattlaanalysed for determination

e.g. of exchangeableNH; -N and NO; -N contents and urease activity. These
three parameters were found to be appreciably higheasts than in underlying
soil. In casts, theiH; - N content was always greater than t@; - N content, but

in casts incubated for 6 days at 4 andCl@he NH; -N content continuously

decreased during the incubation, while te; -N content decreased only during
the first 4 days of incubation. Urease activity waighest at day 1, then
continuously decreased in parallel with the dedngasnH; -N content. All
these changes were a little more intense at 16ahdl€. In the underlying soil,
the duration and temperature of incubation had \itttg effect on thenH; -N

and NO; -N contents and urease activity.
These investigations were also referred to in 743,

6.2. Phosphorus cyclinggharpley and Syers' [68, 69] investigations,
referred to in Section 1, have convincingly provkd role of earthworm cast
phosphatase in conversion of organic P into plaatk@ble, inorganic P. This
role also results from the investigations descrilbydMatsumoto and co-
workers [46,47] and referred to in Sections 1 and 3

Based on an experiment, in which 1.5-kg samplesa cfandy soill,
collected at Zwijnaarde (Belgium), were amendedhwitesh lettuce leaves
without or with addition of twd_umbricus terrestrisind maintained at 15-20
for 5 weeks, Devliegher and Verstraete [10] haatest - commenting the
results of the experiment - that "P-availabilityiicreased in the presence of
L. terrestrisdue to the production of phosphatases and theatioti of microbial
phosphatase production".

A similar conclusion was drawn by Ross and Cairéi (see Section 9).

Ganeshamurthyet al. [14] studied a red and a black tropical soil
(India) and the earthwormrawida assamensisNo or ten worms per pot were
added to 500-g soil samples, then the pots werg kégonstant soil humidity,
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at 28C for 4 weeks. The soils were analysed weekly. atadytical results have
shown that under the influence of earthworms thehamgeable P and $S
contents increased significantly in both soils. Tinereases were explained by
admitting that some of the ester-bound P and S weegmatically hydrolysed
to inorganic P and S thereby contributing to tlaemilability.

6.3. Sulphur cyclingSee the preceding paragraph.

7. Enzyme activities and earthwormsin soils asinfluenced by management
practices

Gehlen [15] determined dehydrogenase, catalase alkdline
phosphatase activities and number of earthworm&6irsoils, namely in four
arable (cereals), four vegetable (cabbage, catetitice, potato etc.), four
orchard (apple) and four vineyard soils, at seveacallties in Nordrhein-
Westfalen and Rheinland-Pfalz (Germany). On eaghtam neighbouring plots
were selected for studies. One plot was under cuioreal management and the
other plot was under organic-biological or bioladidynamic management. Soll
samplings were done four times: in springs andrantuof 1984 and 1985.

All enzyme activities in soils of all cultures, all sampling dates, were
significantly (P < 0.05 or P < 0.01) higher undmidgical management than under
the conventional one.

The number of earthworms in all arable soils (Asampling dates), in
all soils under vegetables (in autumn 1984, anspiting and autumn 1985), in
all vineyard soils (in autumn 1985), as well aséme soils under vegetables (in
spring 1984) and in some orchard soils (at all denpmlates) was higher under
the biological than under the conventional managemna general, the enzyme
activities were more intense and the earthwormsweore numerous in the
orchard soils than in the other soils.

Taking into consideration the results obtainedlirsails at all sampling
dates, it was established that the correlationsngntioe three enzymes activities
were positive and more pronounced (r=0.72-0.83) thase between each enzyme
activity and number of earthworms (r=0.47-0.48).

Fraseret al. [12] determined protease, phosphatase and arjsisipe
activities as well as number and biomass of eatmgan samples of a stony
silt loam soil collected from three experimentatesi on the Winchmore
Irrigation Research Station in the mid-Canterbegion (New Zealand).

The first site is a flood-irrigated, grazed pastiedilised with super-
phosphate at rates of 0 (control), 188 and 376akgfimually for 37 consecutive
years. The second site had been intensely culliveith arable crops for the last 11
consecutive years. The third site was a wildernessby which had not been used
for agriculture and was covered with native gradsexbs and introduced species.
20
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For enzymological analysis, the soil was samplechfdepths of 0-5, 5-10
and 10-20 cm. The earthworm populatidkp@rrectodea caliginosa, A. rosea,
Lumbricus rubellus, Octalasion cyaneumere taken for analysis from the top
soil layer (to a depth of approximately 30 cm).

Protease and arylsulphatase activities decreasiglarsphatase activity
increased with increasing soil depth in the soilpabture and wilderness. The
activities showed a nearly even distribution in@0-cm layer of the arable soil.

The enzyme activities and the number and biomasgaothworms
varied in dependence of sites (Table 6).

Table 6

Site-dependent increasing order of soil enzyme activities and earthwor ms
(compiled based on data from [12])

Soil enzyme activity Soil depth Site*-dependent increasing order
and earthworms (cm)

Protease 0-5,5-10 and 10-20 A<W<P(0)<P(188)=P(376)

Phosphatase 0-5 A<W<P(376)<P(188)<P(0)
5-10 and 10-20 A<W<P(0)=P(376)=P(188)

Arylsulphatase 0-5 and 5-10 A<W<P(0)<P(188)=P(376)
10-20 A=W<P(0)=P(188)=P(376)

Number of earthworms 0-30 A<W<P(0)<P(188)<P(376)

Biomass of earthworms  0-30 A<W=P(0)<P(188)<P(376)

* A - Arable. W - Wilderness, P (0) - Pasture (aofjt not fertilised. P (188) and P(376)
- Pasture fertilised with 188 and 376 kg superphaspha, respectively.

It is evident from this table that the site depemude of soil enzyme
activities, especially protease activity and tHatarthworms are similar.

The experiments conducted by Subletr al. [71] for studying soll
dehydrogenase activity and earthworms in a coraay and a corn-soybean-
winter rotation were already dealt with in Sectibn

8. Enzyme activities and earthworms asrelated to pesticide degradation
in soils

Park et al. [58-60] have studied.umbricus terrestrisobtained from
stock cultures at the Indiana State University émré Haute (USA). For removal
of gut content with its microbiota, the worms weraged by incubation for 24
hours on moist filter paper. Then, approximatelyg26f live earthworm biomass
(3.5-5 g dry weight) was homogenised in 1:4 (wéighime) 0.1 or 0.05 M Tris-
HCI buffer (pH 8.8) with addition of no or 0.1% fm X-100 and centrifuged at
13,000g (6°C) for 10 minutes. The supernatare.the extract from the homogenate
of entire worms) was used as source of phosphadiphosphomonoesterase. Bis-
(p-nitrophenyl) phosphate (BNPP) apehitrophenyl phosphate (NPP) served as
enzyme substrates. These compounds are not idacticganophosphates, but
their hydrolytic productp-nitrophenol, is toxic to plants and animals.
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It was found that the earthworm extract exhibitethbphosphodi- and
monoesterase activities, producipenitrophenol from both BNPP and NPP,
which means that.. terrestrisis able of toxic bioactivation of nitrophenyl
phospho-ester xenobiotics.

Contrarily, another enzyme, found in earthworms, toan participate
not in toxic bioactivation of xenobiotics, but imeir detoxification. This enzyme,
glutathione-S-transferase (GST), the activation wdfich in the earthworm
Pheretima posthumavas studied by Hanst al. [17], catalyses dealkylation,
dearylation and dehalogenation of insecticidesby tonjugation with glutathione,
these reactions being the primary steps in detakifin.

Hanset al [17] collected mature earthworms from the camgais of
the Industrial Toxicology Research Centre in Luckn@dndia). The earthworms
were introduced in potted soil, to which no insgdé (control) or aldrin,
endosulphan or lindane was added in a concentratibpng/g. The pots were kept
at 25C at 70% relative humidity for 4 weeks. After 1a@d 4 weeks, GST was
extracted from the earthworms, from the guts ofclwhthe soil was previously
removed. Then, the worms were homogenised in 0.0%alvie phosphate buffer
(pH 6.6). The homogenate was centrifuged at @0 5 minutes. The supernatant
was the GST-containing extract. GST activity wakemheined using 1-chloro-2,4-
dinitrobenzene as substrate.

The residual insecticide concentrations in eartimgoand soil were also
determined.

The extract from earthworms kept in the controll sxhibited GST
activity, but this activity was significantly lowehan that registered in extracts
obtained from earthworms of the insecticide-treat®itl This means that each of
the three insecticides tested has induced syntlédiBST in the earthworms.
The insecticide-induced increase in GST activityswgenerally, at a maximum
after 1 week, then the activity declined. Thuseraft weeks of exposure to anyone
of the three insecticides, GST activity declinedear the control values.

The increased GST activity was accompanied by thiot@e conjugation-
caused increased accumulation of each insecticidearthworms and by a
simultaneous decrease of the insecticide concéontrat soil.

9. Enzyme activities and earthwormsin pastur e soils submitted to
restoration after removal of their top layer used for landscape
impr ovement

Ross and Cairns [61] have dealt with the restanatiba pasture soil
(silt loam) at Judgeford, Wellington area (New Zeal). The top (0-15-cm)
layer of this soil had been removed to be usedhfuiscape improvement in urban
areas. The remaining soil was rotary hoed to 15epth to mix the AB and B
horizons. The resulting mixed subsoil was colleeed packed into pots with each
containing 24.9 kg oven-dry weight of soil.
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The restoration experiment comprised addition ofrtheeorms,
Allolobophora (Aporrectodea) caliginogd00 per pot) and sowing of ryegrass,
Lolium perenng100 seeds per pot). Lime and fertilisers (P, Ky&e elements,
and N as urea) were added at sowing and duringxXperiment. Four treatments
were applied: 1. no earthworms and ryegrass (duddeak); 2. no earthworms, with
ryegrass; 3. with earthworms, no ryegrass; 4. wihthworms and ryegrass. The
pots were maintained in a glasshouse and wategetarly.

The experiment started in October 1978 and lasietesl3 months. The
soil was analysed at approximately 4-monthly irdakxv The results obtained in
enzymological analyses are reproduced in Table 7.

One can deduce from Table 7 that in subsoil alowattnent 1), xylanase,
urease, phosphatase and sulphatase activitiesnabbclbut invertase activity
increased during the experiment. The presencerthfve@rms resulted in increased
cellulase and sulphatase activities. Generallyptisence of ryegrass enhanced all
enzyme activities. The additional presence of ®amims further stimulated
invertase, amylase, urease and phosphatase astiviti

The conclusion was drawn that the earthworms -tduéeir stimulating
effect on biochemical activities - contribute te tlestoration of pasture productivity
after topsoil removal.

Table 7
Influence of earthworms and ryegrass on soil enzyme activities[61]
Enzyme Duration Treatment**
activity* (months)
Earthworms absent Earthworms present
Ryegrass Ryegrass Ryegrass Ryegrass
absent present absent present
1 2 3 4 5 6

Invertase 4 170 aA 600 bA 140 aA 760 cA
8 280 aB 810 bA 290 aB 1250 cB
13 290 aB 1360 bB 380 aB 1570 bC

Amylase 4 36 aA 43 abA 61 abA 65 bA
8 60 aA 78 aB 96 abB 130 bB

13 43 aA 110 bC 55 aA 150 cB

Cellulase 4 7 aA 24 bA 23 bA 26 bA

8 11 aB 27 bA 18 abA 31 bA

13 6 aA 43 bB 8 aA 42 bB

Xylanase 4 15aC 90 bA 17 aA 87 bA
8 9aB 110 bA 11 aA 140 bA

13 5aA 120 bA 10 aA 110 bA
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Table 7 (continued)

1 2 3 4 5 6
Protease 4 19 aA 32 bA 21 abB 26 abA
8 19 aA 28 abA 25 abB 32 bA
13 14 aA 31 bA 12 aA 37 bA
Urease 4 190 aB 340 bB 180 aA 300 bA
8 180 aB 240 bA 170 aA 290 cA
13 160 aA 340 bB 150 aA 420 cB
Phosphatase 4 620 aB 800 bB 640 aB 840 bB
8 540 bA 580 bA 460 aA 690 cA
13 570 aA 910 bB 580 aB 910 bB
Sulphatase 4 84 aB 100 aB 95 aA 100 aA
8 56 aA 74 bA 95 cA 80 bcA
13 68 aA 79 abA 79 abA 87 bA

* Expressed in pmoles of reaction product/g dr{/sstond. Products: "glucose"” (invertase,
amylase, cellulase); "xylose" (xylanase); "tyroSiferotease); ammonium-N (urease);
p - nitrophenol (phosphatase, sulphatase).

** a, b, c (effects of treatments) : any two meavithin a row not marked with the same
letter are significantly different (P < 0.05).
A, B, C (effects of the duration of experiment)yawo means within a column not
marked with the same letter are significantly défe (P < 0.05).

10. Enzyme activities and earthwormsin urban soils

Based on the values of catalase, xylanase andeuagtisities in soils of
12 places and on the abundance of earthwormslma&od2 places in Bonn-Bad
Godesberg (Germany), Frunat al. [13] found that none of the soil enzyme
activities correlated significantly (P > 0.05) witthe number and fresh biomass
of earthworms. The most frequently found earthwowese Lumbricus terrestris
andAllolobophora caliginosaSee also page 131 in [23].

Studying soils in the city of Dorsten, located fa horthern rim of the
Ruhr industrial area (Germany), Keplin and BrollO]zhave determined
dehydrogenase activity of the 0-8-cm soil layer arelnumber and dry biomass
of earthworms (the earthworms with their gut cohteeare dried at 6% for 24
hours). Seven lumbricid species were identifiednienly, the studied soils were
used as gardens, grassland and arable land. Switlidgenase activity, like the
number and dry biomass of earthworms, decreased dircient garden land to
grassland and arable land. Thus, in the most debgdiase-active soil (97 mg
triphenylformazan/g soil) of the ancient gardere ttumber and dry biomass of
earthworms were 224/mand 19.4 g/ respectively. The corresponding values
in the least active formerly arable land (at presknub woodland) were: 54 mg/g
soil, 57/nf and 2 g/rhy respectively. See also page 131 in [23].
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11. Enzyme activities and earthwormsin mine spoils submitted to
recultivation

Miller et al. [51] studied 12 technogenic soils located in thiEnk
Bergheim zone, within the surface-mined brown aala in the Rhine region
(Germany). These soils were recultivated after pedition of mine spoils
(loess) as dry materials 20 years previously. Sthaétime, four of them were
used as grasslands, four as maple and hornbeastsfared four as arable lands.

Dehydrogenase activity was highest in the grasséamild, intermediary
in the forest soils and lowest in the arable sdlsmerous earthworm burrows
were observed in the grassland and forest soilsphly a few occurred in the
arable soils. See also page 190 in [23].

In a similar study in the same surface-mined brameal zone of the
Rhine region, Schneideet al [65] compared about 10- and 25-year-old
recultivation spoil (loess) plots used as arablel$aor forests. Dehydrogenase
activity (expressed ipg triphenylformazan/5 g dry soil) in the 5-10-cnyda
was[1100 in both 10- and 25-year-old arable spoil platei[1200 and1320 in
the 10- and 25-year-old forest spoil plots, respebt.

Total number of lumbricid earthworms (belongingseven species) in
the 0-10-cm soil layer of the 10-year-old arabld #orest spoil plots was 60 and
141 /nf, respectively, whereas in the same layer of thge2-old arable and
forest spoil plots 223 and 339 earthwornfs/raspectively, were recorded.

On the basis of these and other data, it was re@nded that
agricultural recultivation of brown coal mine spoih the studied region should
begin with forest recultivation; under such comii, the arable soils will reach a
"maturity stage" more rapidly. See also page 1923h

By using coal mine spoils from the Nazarovo BasRibéria),
Bezkorovainaya [5] carried out a pot experimentstady the role of
earthworms in decomposition of litters produced diy tree species: aspen
(Populus tremuly birch Betula fruticosg, Siberian larch Larix sibirica),
Siberian pineRinus sibiricg, Scotch pineRinus sylvestrisand Siberian spruce
(Picea obovatp Each pot contained 2.5 kg of spoils. Litter @@ry weight)
and five earthwormdsHjseniasp.) were placed on the surface of spoils. Pats wi
spoils and litter, but without earthworms were toatrols. After moistening, the
pots were exposed to hydrothermal conditions simidathe natural ones. The
experiment lasted 3 years (1985-1987). The littard spoils were submitted
yearly to different analyses.

It was found that decomposition of each litter valignulated in the
presence of earthworms and, as expected, the desitiop degree was more
advanced in deciduous than in coniferous litterghe presence of earthworms,
protease and urease activities of litters increalkd increase was highest in the
urease activity of birch litter: it was 1.5-3-fold comparison with the other
litters and 2.5-fold compared with the control hiditter. See also pages 183-
184 in [23].
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12. Enzyme activitiesin earthwor m-worked dungs, composts, toxic crop
residues and organicindustrial wastes

12.1. Dungs Businelli et al. [6] have determined five hydrolase
(amylase, acid and alkaline phosphatase, phospdtedise, arylsulphatase)
activities as well as dehydrogenase activity intcggoduced byLumbricus
rubellusfrom: cow and horse dungs (Sample 1), cattle amsehdungs (Sample 2),
horse dung (Sample 3), cow and sheep dungs (Sath@ed municipal waste
compost (Sample 5).

Hydrolase activities were high and virtually thengain all samples. But
dehydrogenase activity was low in Sample 5, whichs vattributed to the
particularly high concentration of heavy metalqezsally lead in the municipal
waste.

The investigations of Benedettét al. [3] indicate that during
bioconversion of pig dung into a manure under i@ of Eisenia foetidathe
high protease and urease activities in the fresly deadually decrease.

12.2. Compostdn contrast to findings of Benedetdt al.[3], Seregina
and Lysak [66] have found that urease activitye iikvertase and dehydrogenase
activities, exhibited some increases during compgsof cattle dung, sewage
sludge and dung+sludge mixture in the presenceldéd earthworms. It should
be emphasised that such increases did not ocdineimbsence of earthworms.
Catalase activity was low and remained practiaatighanged during composting in
both absence and presence of earthworms.

The wet vermicompost prepared from cattle dung,t pead straw
(Lazarchiket al.[38]) exhibited high dehydrogenase and catalaseities.

Korotkova [24] carried out experiments for modgjliermicomposting
of dung-peat mixture under climatic conditions dfeBia. Vermicomposting was
conducted at 6% or at 20-2%C. The vermicompost obtained at ®8vas more
protease- and catalase-active than that prepazgd28#C.

For estimation of compost maturity, Forstetral. [11], soil scientists
of the Bayreuth University (Germany), have measuteldydrogenase activity,
arginine ammonification, respiration (g@®volution) rate and several chemical
parameters of six composts obtained from diffepanént materials, the composting
technology and time being also different. Desigmatparent materials and age of
composts are specified below: S - barley and wteav, (15 months; B - spruce
and pine bark, 4 weeks; HB - hope rape from brewsste and spruce bark, 1 year;
Z - household and garden waste in the presendgsehia foetida6-9 months;
O - household and garden waste (no earthworms pdded8 months; and
PS - paper dust, minicipal sewage sludge and wibawings, 12 weeks.

26



SOIL ENZYME ACTIVITIES AS INFLUENCED BY EARTHWORMS

It was found that for estimation of the maturitytbbse composts, the
chemical data were contradictory. But a combinatioh the values of
dehydrogenase activity and arginine ammonificaiias considered sufficient to
estimate compost maturity and, implicitly, the angences of applying a compost
to soil. A high dehydrogenase activity and negat@rginine ammonification
indicate immaturity of composts, while low dehydeogse activity and positive, but
low arginine ammonification are characteristicenafture composts.

The values in Table 8 allow to establish the folloyvincreasing order
of maturity of the six composts studied: B < PSB#Z < S < O. It results from
this order that compost Z, in which the househald garden waste had been
worked byE. foetidaduring 6-9 months, was less mature than composbtajned
from household and garden waste after compostitigputi earthworms but during
18 months.

Table 8 also shows that respiration rate would giveostly other order
of compost maturity. It was pointed out that resipim rate did not contribute to
the assessment of compost maturity.

Table 8
Dehydrogenase activity, arginine ammonification
and respiration of composts [11]
Compost Dehydrogenase Arginine Respiration***
activity* ammonification**
S 2.06b 13.5cd 2.16d
B 295¢c -185a 2.19d
HB 5.64 e 35.3d 2.35d
Z 4.63d 784 e 1.49b
O 0.83 a 5.3 bc 0.95a
PS 5.89 e -12.9 ab 1.81c

* Expressed in mg triphenylformazan/g dry conyfsshours.
** Expressed inug NHj; — N/g dry compost/hour.
*** Expressed in mg C@g dry compost/24 hours.

Means within columns followed by the samitelr are not significantly different at
the 1% level.

The three composts studied by Serra-Wittlirg al. [67] were
prepared from the organic fraction of the municipalid household wastes in
the town of Bapaume (France). The C1 compost wdairss by 6-week
fermentation, followed by 7 months of maturatiomr Rhe C2 compost, the
fermentation period lasted 10 weeks, followed by@aith maturation. The LC2
compost was prepared as follows: after fermentatiopart of the C2 compost
was lumbricomposted witkisenia andreifor 2 months, then was subjected to
1-month maturation without earthworms.
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Activities of seven hydrolases participating in t@e and N-cycles
(cellulase B-glucosidasep-galactosidase3-N-acetylglucosaminidase, protease,
urease, amidase) and two oxidoreductases (dehythsgge peroxidase) were
determined in the composts.

Protease activity was higher in the older C1 commffam in the younger
C2. Urease and peroxidase activities did no digignificantly between these
two composts. The other six activities gave higlaues in C2 than in C1, up to
10 times higher for cellulase and amidase.

Little differences were registered in enzyme atigi of C2 and LC2.
Thus, cellulase}-glucosidasep-galactosidase, protease, urease and dehydrogenase
activities were a little higher, whilg-N-acetylglucosaminidase, amidase and
peroxidase activities were a little lower in C2rtha LC2, but all differences
were statistically insignificant. As C2 and LC2 weprepared from the same
municipal wastes and had the same age (10 weeksienghs), one can deduce
that the effect oE. andreion enzyme activities in compost was not long-tagti

Based on enzymological and chemical analyses cigewludge during
its vermicomposting, Beniteet al.[4] have established that the ratio between
dehydrogenase activity and water-soluble organitbara content may be
considered as an index which makes it possible iminduish between
hydrolytic and maturation phases in the sewagegslwdmposting process.

For vermicomposting a 1:1 mixture of two sewagelgks were used,
namely an anaerobically digested sewage sludge tinemvastewater treatment
plant of a paper mill and an aerobically digestathitipal sewage sludge. The
mixture (1 kg fresh weight) was placed in 1-| cdliical plastic container. The
surface of the mixture was covered with 100 g (fregight) of vermicomposted
sewage sludge to act as a microbial inoculum amitdeide suitable conditions
for earthworms. Then, teRisenia foetidawere added to the vermicomposted
material.

During the vermicomposting period (10 weeks), thasture content of
the mixture was maintained at 75-80% and the coataiwere kept in darkness
at room temperature. Enzyme activities and chengeshmeters of sludge and
biomass of earthworms were determined weekly. Affter vermicomposting
period, the containers with compost and worms wefteat room temperature
for further 8 weeks to complete the stabilisatibroanic matter. At the end of
the 18th week, the enzymological and chemical aeslyvere repeated.

Four hydrolytic enzymeptglucosidase, urease, protease, phosphatase)
activities and dehydrogenase (DHase) activity vdetermined. Of the chemical
parameters analysed, the content of water-soluiglanic carbon (WSC) should
be emphasised.
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The activities showed a decreasing tendency duhiadirst 4-7 weeks
of composting; then, they remained practically letgbonstant) up to the end of
the composting period and even at week 18.

Each enzyme activity correlated significantly (®.81) with WSC. The
correlations among enzyme activities were alsoifstgmt (P < 0.01), excepting
a single pair (urease-phosphatase) with insigmificarrelation.

As DHase activity reflects the overall microbiatieity and as it has
been stable (constant) after 5 days of vermiconmumpsBenitezet al. [4] used
this activity, more precisely the ratio betweersthctivity and WSC as an index
which allows to distinguish two phases in the adeament of the
vermicomposting process. The time - during whids thdex exhibits, after an
initial increase, a decreasing tendency and théhwarm biomass shows an
increasing trend - corresponds to the hydrolytiaggh During the next,
maturation phase, the time-dependent changessnirtiex are not significant.
Benitezet al. [4] have found that the hydrolytic phase lastedegks and the
maturation phase comprised weeks 8-18. During st B weeks of the
composting period (weeks 8-10), the earthworm besvdid not increase and
began to decrease.

12.3. Toxic crop residuebor disposal of cassava peel, a toxic crop residu
M b a [49] utilised the earthworiBudrilus eugeniaeThe bitter cassavaianihot
utilissima) is widely grown in Nigeria and other tropical ctiigs for its large
tuberous roots rich in food carbohydrate. The ohthe roots has a high cyanide
content and, as cassava peel, forms a toxic waste.

Air-dried cassava peel samples (200 g each) weredinced to plastic
pots with perforated bottoms and watered to fiedghacity. Eight sub-adult
E. eugeniaewere added to each pot. The developing worm asdtuvere
watered every other day and amended with 100 grafrigd cassava peel at
monthly intervals. After 4 months, the worms andamns were separated by
hand and the worm culture residue was submitteddifferent analyses,
including measurement of dehydrogenase and acidpblfadase activities. For
comparison, two controls were used: air-dried @ael decomposed peel (peel
allowed to decompose without earthworms for 8 menth

The earthworm biomass, determined several timemgliuhe 4-month
culturing, increased continuously with time.

The cyanide content in the worm culture residue alasut 50% of that
measured in the air-dried peel and was similahab in the decomposed peel.

Dehydrogenase activity (expressed in mg 2,3,5-mnptetrazolium
chloride reduced/100 g dry weight) and acid phossd®activity (expressed in
mg phenol/g dry weight) showed the order: 14.0-daied peel) < 59.3
(decomposed peel) < 127.3 (culture residue) and(dirodried peel) < 24.6
(decomposed peel) < 182.0 (culture residue), réisede Thus, the earthworm-
worked cassava peel became less toxic and morenenagtive.
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12.4. Organic industrial wastesSatchell [62] and Satchell and
Martin [63] used paper mill waste, rich in celluboand poor in phosphate, for
culturing Eisenia foetida, Dendrobaena veneta, Lumbricus llubeand
Allolobophora caliginosa.

The culture medium was prepared from 40 g of stedl paper waste
(pH 6.8; water content 85%) amended with 1 g phytin (calcium inositol
hexaphosphate) serving as P source. Identical amofirthe mediumi(e. 40 g
paper waste + 1 g phytin) were placed in smallthelye tubs, then 20 earthworms
were introduced in separate tubs for each wornmiepddo worm was added to the
control medium.

The cultures were left for 24 days for the wormsmark through the
medium, and samples of the fresh faecal materidl ginthe control medium
were then collected for determination of phospleatdivity. It was found that
phosphatase activity was higher in the faecal ritef each worm species than
in the control medium. When phosphatase activitys wwasayed in reaction
mixtures buffered to provide a pH range of 2-10p fpeaks could be registered
in the faecal phosphatase activity, namely at apbliB8-5 and about pH 9-10,
respectively. These findings were interpreted by $sliggestion that the acid
phosphatase in earthworm faeces is of microbiaimriwhereas the alkaline
phosphatase was produced, at least partly, byaitteveorms themselves.

13. Enzyme activitiesin soilstreated with earthworm-worked manures

A vermicompost prepared from cattle dung, peatstralv was used by
Lazarchik et al. [38] for manuring soddy-podzolic soils. Pot aneldi
experiments were carried out. In the manured #wl,green biomass of the test
plants €. g.lettuce) showed a 35-40% increase. Enzyme aet$vdlso increased
in the manured soils.

Serra-Wittlinget al. [67], who determined nine enzyme activities in
the C1, C2 and LC2 composts (see Subsection Hsp)determined the effect of
these composts on enzyme activities in a loamysaailpled from the 0-20-cm layer
of a bare experimental plot at Grignon (France).

Fresh soil samples (50 g each) were amended witlhr B0% of compost
(weight/weight). Soil samples without compost anthpost samples without soil
(prepared from 25 g compost and 25 g inert samieddor comparison. Then, all
samples were moistened to 95% water-holding capaied incubated in the dark at
28°C for 189 days. During the incubation, the same rEnzyme activities were
determined as those measured in the compostsifbsecion 12.2).

The results obtained may be summarised as follows.
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The enzyme activities were higher in the compdsis in the soil, except
for urease which was similar in the composts aild so

In the soil-compost mixtures, the enzyme activitiese not additive.

The C-cyle enzyme (cellulas@;glucosidase 3-galactosidase anfi-N-
acetylglucosaminidase) activities were not affedtgdaddition of C1, but C2 and
LC2, at 30% additions, increased these activities.

The N-cycle enzyme (protease, urease and amidetba)ies in soil were
stimulated by the 30% compost addition, but theemse was only transient for
urease and amidase.

Dehydrogenase activity was the only activity whighcreased
significantly in soil-compost mixtures as the rat&eompost addition increased.

Peroxidase activity in soil increased at both cosh@aldition rates, the
increase being lower with C1 than with C2 and LC2.

No significant differences were observed in enzyaeévities of the
s0il-C2 and soil-LC2 (lumbricompost) mixtures. hretabsence of soil, a single
important difference was found between C2 and L@Rer 189 days of
incubation, urease activity was greater in C2 thdrC2.

Govedaricaet al. [16] conducted a field experiment on a calcareous
chernozem soail in Yugoslavia. Three 1-ha plots wisestl. The first plot was treated
with 5 t of earthworm manure; the second received @f green manure - rape
(Brassica napus oleifejaand the third, serving as control, was not meauihe
test plant was wheat. At the beginning, middle end of the growing period, soll
samples were taken from the 0-30- and 30-60-cmhdejor enzymological and
microbiological analyses.

Earthworm manuring increased dehydrogenase actiwvitylarge extent
and protease and urease activities to a lessentextehe 0-30-cm layer at all
sampling dates and in the 30-60-cm layer at two pfiagn dates. Green
manuring increased dehydrogenase activity, as aith@orm manuring, but it
had a negligible effect on protease activity anstrang decreasing effect on
urease activity at both soil depths and at all dengmlates. In other words, the 5
t of earthworm manure enhanced more positivelyetieymatic potential of soil
than did the 15 t of green manure. Total humbema@froorganisms was also
higher in the earthworm-manured than in the greanured soil.

For studing remediation of oil-contaminated sdls;eeva [21] carried
out a field experiment. Microplots on a grey foresil in Bashkiria (Russian
Federation) were contaminated with 0, 8, 16 and 25 crude oil/nt, then
treated or not treated with Biohumus. Biohumus isampost which was
prepared from cattle, pig and horse dungs mixedh wawdust and chopped
straw and inoculated witkisenia foetida then subjected to maturation for 6
months. Biohumus was applied several times at @itds8 t/ha. The test plants
were oats and barley. Enzyme activities were detexdnin the 0-20-cm soil
layer 1 and 12 months after the Biohumus treatment.
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Enzymological analysis of soil samples showedithagrtase, phosphatase,
dehydrogenase, catalase, peroxidase and polypbginalse activities decreased
and urease activity increased in parallel withrdte of crude oil contamination.
Biohumus attenuated the negative effects of cruljleénareasing each enzyme
activity in each plot. The only exception was ueeaactivity as in the
contaminated plots Biohumus diminished the oil-icetll high urease activity.

Biohumus enhanced oil degradation. Grain yieldsaif and barley, in
both the second and third years, were significahibyher in the Biohumus-
treated contaminated plots than in the untreatedaccinated plots. The yields
in the third year in plots contaminated with 8 at®l 1 of crude oil/rh and
treated with Biohumus attained the yield obtainedhe uncontaminated plots.
But in the plots contaminated with 25 | of crudd/mf and treated with
Biohumus, the yields were about 60% of those ofutheontaminated plots. See
also pages 32-33 in [23].

Concluding remarks. It is considered since Charles Darwin that the
earthworms play an important role in soil fertilifyhe mechanisms by which the
earthworms play this role is multiple as comprehesg reviewed by Syers
and Springett [74].

Our present article dealt with only a single aspelztted to contribution
of earthworms to soil fertility. This, enzymologicaspect was the objective of
investigations performed by many research groussaries of countries under
different climatic conditions. The conclusion whiclan be drawn from the
results of these investigations is that the agtivif earthworms leads to
increased enzymatic (catalytic) potential of sdilés potential having a major
biological significance as the biochemical readion the living systems,
including the soils, are catalysed by enzymes.
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NEW MORPHOMETRIC DATA AND GEOGRAPHICAL
DISTRIBUTION OF CRICONEMATID SPECIES
(NEMATODA CRICONEMATIDAEIN ROMANIA

IULIANA POPOVICI"and MARCEL CIOBANU"®

SUMMARY. - Twenty nematode specigsgmatodaCriconematidagfrom
several habitats in Romania are studied undeiigherhicroscope. Details of
the main taxonomic characters for seven spe€iasanemoides annulatus,
C. informis, C. morgensis, C. parvus, Mesocriconkimanovae, M. rusticum
andCriconema demajiare discussed and their morphometric data asngiv
in tables. Distribution maps for all recorded spedn Romania are provided
and their preferences for certain habitats areninee.

Ecological surveys of soil nematodes throughout Ruen provided a
rich variety of criconematids from over one hunddifferent study sites. So far,
several species belonging to tl@riconematidaehave been reported from
Romania [17, 19-21]. More recently, seven newlhorded species belonging to
the generdMesocriconemandOgmawere described and illustrated [22].

The present paper refers to new morphometric dde&tails on
taxonomic characters of seven species and the geluigal distribution of all
known criconematid species in Romania.

Material and methods. Sampled sites containing criconematid species
are briefly described in Table 1. Nematodes weteaeted using the centrifugal
method of de Grisse [8], killed and preserved #¥aformaldehyde solution,
mounted in anhydrous glycerin [24] and examinedeurtle light microscope.

All measurements in Tables 2 an&r@ inum; dimensions and ratios of
the species are presented as mean and limit values.

The main taxonomic characters used are those umegthy de Grisse
[6,7], Andrassy [1, 2], Raski and Luc [23], Loof5]land Loof and de
Grisse [16].

Results and discussion. Twenty nematode species belonging to the
Criconematidagfamily were identified in the study sites. The m&ixonomic
characters of some species with large ranges @tiars and the geographical
distribution of all recorded species in Romania@esented below.
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Criconemoides annulatus Cobb in Taylor, 1936
(Fig. 1A; Table 2)

This species is characterised by numerous, finedypate body annuli
with 6-14 anastomoses present, large bodies argl dprar. Submedian lobes
present as submedian pseudolips (lip-like); vulivapke, closed, anterior vulva
lip without lobes, spermathecae round to ovaledilwith sperm; tail conical-
rounded with three-lobed terminus. Morphometricadate presented in Table 2.
Details on its intraspecific variation have alreden discussed [18].

Distribution and habitat The first report on this species in Europe,
except for the Island of Spitzbergen [14], was frBomania [17]. It has a very
restricted distribution in Romania (site no.(#pble 1, Fig. 1A) and was found
in soil of a spruce forest at depths of 10 — 60 cm.

Criconemoidesinformis (Micoletzky, 1922) Taylor, 1936
(Fig. 1B; Table 2)

The present measurements (Table 2) are identicahéorange of
variability given in the literature [7, 11].

Submedian lobes lip-like; body annuli smooth toyvéinely crenate
with few anastomoses; vulva simple and closed; taihical. Almost all
specimens from grasslands in Romania have largemgtieecae filled with
sperm, while specimens found in forest soils hadeeiempty spermathecae or
with few sperm or the spermathacae were not obde@essland soils seem to
be more favourable for the development of fertitgylations of this species
than forest soils, possibly due to the high diwgrsof nutrients. This
phenomenon was also observed and discussed by tees&and Loof [9].

Distribution and habitat This species was found at the following sites:
1-3,18, 22, 29, 30, 58, 60, 62, 85 and 1U&ble 1) in varying habitats from the
sand dunes of the Danube Delta to the subalpinssigrads, also in mine spoll
dumps under bioremediatiofFig. 1B). It was previously reported in some
faunistic and ecological studies [17, 20, 21] and data confirm its wide
distribution in the Northern Hemisphere [10].

Criconemoides morgensis (Hofmanner and Menzel, 1914) Taylor, 1936
Syn.:C. pseudohercyniensiapud Popovici,1992
(Fig. 1A; Table 2)

Body cylindrical, robust, slightly curved ventrallgody annuli smooth
to crenate with 1-14 anastomoses, two or threelasnocessively connected;
submedian lobes lip-like; vulva closed, anterigr With two lobes; vagina
straight; spermatheca filled with sperm; tail cahaounded, with the last 2-3
folded annuli Details on morphometric data are given in Table 2.
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Distribution and habitat This species was found at only one site, no. 101
(Table 1, Fig. 1A) and was reported from Romani] [inder the namé€.
pseudohercyniensis

Criconemoides parvus Raski, 1952
(Fig. 1A; Table 2)

The presence of this species in Romania was éginted by Popovici
[19]. More information on the only specimen (a féehéound is given in Table 2.

Anterior end truncate, submedian lobes absent; bardyuli without
anastomoses, margins of annuli very finely crerfatere visible on tail). First
annulus 4um in diameter, mid-body 2dm width; esophagus 7@m long; vulva
closed; spermatheca filled with sperm; body wafidat the level of vulva; tail
rounded, um long.

Distribution and habitat This species was found in sandy soil with high
moisture content (site no. 101) (Table 1, Fig. 1A).

Mesocriconema crenatum (Loof, 1964) Andrassy, 1965
(Fig. 1C)
Morphometric and taxonomic details are describg@2i).
Distribution and habitat The species was found at site 73 (Table 1,
Fig. 1C), in subalpine area.

Mesocriconema curvatum (Raski, 1952) Loof & de Grisse, 1989
(Fig. 1D)
Morphometric and taxonomic details are presentefPRj.
Distribution and habitat The species was found at sites no. 38, 45, 54
and 63 (Table 1, Fig. 1D).

Mesocriconema kirjanovae (Andrassy, 1962) Loof & de Grisse, 1989
(Fig. 1D; Table 3)

Head with small and rounded submedian lobes; lapates small but
visible; stylet robust; vulva open, anterior vulfa with two acute projections;
vagina straight; spermathecae oval filled with spdail conical pointed.

Morphometrics (Table 3) fall within the range givienBrzeski [4].

Distribution and habitat The species was found only at site no. 102
(Table 1, Fig. 1D). It was previously reported fr&amania [19].
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Mesocriconema rotundicauda (Loof, 1964) Loof, 1989
(Fig. 1C)
Details concerning morphometrics and taxonomic atters are
described in [22].
Distribution and habitat.The species was only found at site no. 73 in
natural subalpine habitat (Table 1, Fig. 1C).

Mesocriconema rusticum (Micoletzky, 1915) Loof & de Grisse, 1989
(Fig. 2A; Table 3)

Submedian lobes large truncate. Annuli smooth; aubpen; vagina
straight, tail rounded. Morphometric data are giiremable 3.

Distribution and habitatM. rusticumis wide spread and was found in
30% of the study sites (no. 1-3, 5, 10, 12, 18220,27-29, 39-44, 47, 48, 55, 64,
67,74, 76, 79, 85, 92, 95, 101 and 10ble 1). It was found in both natural and
disturbed habitats (Fig. 2A).

Mesocriconema solivagum (Andrassy, 1962) Loof & de Grisse, 1989
Syn.Criconema dubiunapud Popovici, 1987
(Fig. 1C)

Details concerning morphometric data and taxonoaofiaracters are
given in [22].

Distribution and habitat This species was collected at sites no. 1, 4, 64,
78 and 80 (Table 1, Fig. 1C). Two specimens (fries 0. 1 and 4), previously
identified asCriconema dubiunide Grisse, 19674y Popovici [17], belong to
this species.

Mesocriconema xenoplax (Raski, 1952) Loof, 1989
(Fig. 2B)
Details concerning morphometric data and taxonoaofiaracters are
presented in [22].
Distribution and habitat This species was found in sandy soil only in
the Danube Delta (sites no. 101,103-105, 107 a®jl Mable 1, Fig.2B). These
habitats experience very dry conditions duringgliamer and early autumn.

Xenocriconemella macrodora (Taylor, 1936) de Grisse & Loof, 1965
(Fig. 2B)

Morphometric data and taxonomic characters of apats from Romania
[17] fall within the range of the species varidyilgiven by de Grisse [7].

Distribution and habitatThis is the most common criconematid species
in Romania (Fig. 2B), found in over 50% of thedtsites (no. 1, 5, 8, 10, 18, 19,
22-25, 27, 29-31, 33, 34, 36, 41-44, 46, 49, 5068360, 61, 64, 66, 69, 75-77, 81-
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84, 87-95, 97-99) (Table 1). It was also previouglgorted from Romania [17,
20, 21]. The wide distribution of this species iarRania is in contrast with the
statement by Escuer and Bello [10] that it prefekediterranean climate.

Criconema annuliferum (de Man, 1921) Micoletzky, 1925
(Fig. 1A)

Measurements of specimens from Romania were prslyioeported
[17] and fall within the range of variability givdsy de Grisse [7].

Distribution and habitat.This species is the second most common
criconematid species in Romania (identified in 36f4he listed sites). This
species shows preferences for natural habitategf®rand grasslands), from
sites no. 1, 3, 6, 7, 9, 11, 12, 14, 15, 17, 2132932-35, 41-43, 44, 48, 52, 53,
55, 61, 64, 69, 72, 76, 77, 80, 83, 84, 97-100plgd, Fig. 1A).

Criconema demani Micoletzky, 1925
(Fig. 1B; Table 3)

The measurements (Table 3) fall within the rangetlsd species
variability already published [7].

Distribution and habitatC. demaniwvas mostly found in soil from forest
ecosystems (sites no. 10, 56 and 71) (Table 1,1H}.Its presence in Romania
was formerly reported [17, 20].

Criconema longulum Gunhold, 1953
(Fig. 1D)
Popovici[l7, 20] already reported morphametata and first notes
on its distribution in Romania.
Distribution and habitat.C. longulumwas identified only from sites
no. 56-59 and 71 (Fig. 1D), representing timberlpeuce forests and dwarf
scrub in the subalpine area of the Carpathian Monst(Table 1).

Criconema princeps (Andrassy, 1962) Raski & Luc, 1985
(Fig. 1C)
Morphometric data of this species from Romania @aia on its relative
abundance in different habitats were previouslpreg [17, 20, 21].
Distribution and habitat.C. princepswas found in small numbers, in
15% of the listed sites (n8, 5, 29, 32, 33, 53, 55, 58, 59, 61, 64, 69, 20and
83) (Table 1, Fig. 1C).
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Ogma danubiale Andrassy, 1985
(Fig. 2C)

The characters and morphometrics of the specimmmsdfin Romania
correspond well with those of the original desdoipt [3]. Details on the
specimens from Romania are presented in [22].

Distribution and habitatO. danubialéfrom Romania was found in sand
dunes in the Danube Delta Biosphere Reserve,est 8d. 103 and 106 (Table 1,
Fig. 2C).

Ogma menzeli (Stefanski, 1924) Schuurmans-Stekhoven & Teunisk@38
(Fig. 2C)

Morphometrics and data on relative abundance o #®pecies in
Romania were previously reported [17, 20, 21].

Distribution and habitat The species was found in 34% of the study
sites viz. no. 8, 10, 12, 16, 22, 26-31,33, 3585/56, 74-77, 80, 82, 83, 86-88, 92,
95-99 (Table 1, Fig. 2C). It was found only in matuecosystems from the
Carpathians.

0. menzelis widely distributed in Europe [2] and not restied to the
Atlantic area only, as reported by Escuer and B ¢10j.

Ogma murrayi Southern, 1914
(Fig. 2C)
Morphometric data, the presence and relative amowlaf this species
from Romania were reported [17, 20, 21].
Distribution and habitat This species was infrequently found in natural
habitats such as beech, oak, spruce forests asdlgmds (sites no. 6, 8, 13, 16,
55, 77 and 105) (Table 1, Fig. 2C).

Ogma zernovi Kirjanova, 1948
(Fig. 2C)

Ogmazernoviwas described from Russia [13] and subsequentiy fr
Spain [12].

The specimens from Romania differ slightly from dbopreviously
reported and details are given in [22].

Distribution and habitatThe species was recorded only from habitats in
the subalpine areas of the Retezat Mountains,t@ sio. 60, 62, 64 and 65
(Table 1, Fig. 2C).
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4 Criconemoides annulatus

m Criconemoides morgensis
A Criconemoides parvus

e Criconemo annuliferum

e Criconemoides informis
O Criconemo demani

O Mesocriconema crenatum

A Mesocriconema rotundicouda
® Mesocriconema solivagum

e Criconema princeps

®m Mesocriconema curvatum
A Mesocriconemo kirjanovae
o Criconema longulum

Fig. 1A - D.Distribution maps o€riconemoides, Criconenand Mesocriconema
species in Romania (geographical degrees)
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Fig. 2 A - CDistribution maps ofMesoriconema, Xenocriconemelad
Ogmaspecies in Romania (geographical degrees).

General remarks on criconematid distribution in Roma. The
Criconematidaespecies from Romania were the most prevalent &ssgnds
(32 % of sites), followed by deciduous forests¥@8and coniferous forests (17.5 %).
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The most frequently found species wefe macrodora(51.5 %), C.
annuliferum(35 %),0. menzel{34 %) andM. rusticum(31 %) (see also Figs.1 and
2) and CinformisandX. macrodorawere the most widely distributed species in
Romania.

Mesocriconema crenatum, M. rotundicauatad Ogma zernowvere found
only in the subalpine areas of the Carpathiandewhi kirjanovae, M. xenoplax, C.
morgensis, C. parvusndO. danubialewere found only in the sandy soils from the
Danube Delta Biosphere Reserve.

Conclusions. 1. Twenty criconematid species from several h#biin
Romania are identified in 108 study sites.

2. Details on the main taxonomic characters for esewspecies
(Criconemoides annulatus, C. informis, C. morgerSisparvus, Mesocriconema
kirjanovae, M. rusticumand Criconema demai are discussed and their
morphometric data are given in tables. The ranfdsedr variability are important
for taxonomic studies of tHericonematidadamily.

3. Distribution maps for all recorded species imaania are provided. Their
prevalence in grasslands and deciduous foreststesl.nThe most frequently found
species arXenocriconemella macrodor&riconema annuliferumOgma menzeli
and Mesocriconema rusticunCriconemoides informisind X. macrodoraare the
most widely distributed species in Romania.
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ECOLOGY OF TERRESTRIAL ISOPODS
IN THE NATURE RESERVE SARITA-BELIOARA, ROMANIA

NICOLAE TOMESCU *, GAVRIL ARDELEAN ",
DANIELA MURE SAN" and VALENTIN POPA"

SUMMARY. - In the Sérita-Belioara Nature Reserve, located in the
Gilau — Muntele Mare Massif, we have collected teria@ssopods using
pitfall traps, in four ecosystems: meadow, roclgagiopen ecosystems),
spruce and beech forests. Six species of tertasty@ods live in these
ecosystems, of which four species are syNRmtfacheoniscus politus,
Trachelipus wachtleri, T. arcuatamdArmadillidium carniolengeand two
are praticolous specieE. (hodulosusindA. versicolor quinqueseriatym

In the open ecosystems of the Nature Reserve, riftgbjtion of
grazing has favoured the expansion of the herbadager, especially in
the meadow, which caused, at the soil surface,fdheation of a
microclimate resembling that in the litter layettioé forests. Under these
conditions, the species of sylvan isopods havendgt their spread
outside the forests, presenting large populatiorteeé meadow and the
rocky areas where they are the dominant specidbelmeadow there
live three sylvan specieB.(politus, T. wachtlerandA. carniolenspand
a praticolous on€l( nodulosus In the rocky area there live four sylvan
speciesP. politus, T. wachtleri, T. arcuatamdA. carniolenspand two
praticolous onesT( nodulosusand A. versicolor quinqueseriatymin
the meadow the dominant speciedTiswéachtleri(84.3%), and in the
rocky aredA. carniolensg73.9%). In the spruce and the beech forests there
live only sylvan species®( politus, T. wachtlerand A. carniolensg The
presence of sylvan species in open mountain eemsgsivhere grazing is
prohibited shows that these species are not gtrigflvan. Their
distribution in hilly and plane zones only in fases determined by the
microclimate that is formed under the litter layarmicroclimate that
presents small variations of humidity and tempeeatu

The sex ratio in the isopod populations of the MaReserve varies
between 20-80% and 40-60% males: females. The wéltie specific
density and equitability is low in the meadow, pekea and the spruce
forest, due to the great differences that existrgmibe sizes of the
populations of isopod communities from the threzsgstems.

*Babes-Bolyai University, Department of Zoology, 3400 jiNlapoca, Romania
**University of Baia Mare, Department of Biology8@0 Baia Mare, Romania
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The research on the ecology of terrestrial isopaaisfocussed mainly on the
populations of terrestrial isopods that live inggtand, meadow ecosystems and in
the forests from hilly and plane zones [1-8,10-12, 15]. We have studied the
isopod communities and the distribution of spedfeselation to the ecological
factors that exist in these types of ecosystems.rd@search concerning the terrestrial
isopod fauna from mountain ecosystems is less @éxtenn Romania there are
mountains on a large surface of the country, thigsype of research will contribute
to a better analysis of the ecology and biologg@bod species.

The research has been carried out in 1996 in that&8elioara Nature
Reserve. The Reserve is located in thau@illuntele Mare Massif, in the Apuseni
Mountains at an altitude over 1200 m. The annuetage temperature is 4.25
and the rainfall varies between 850-900 mm. Thdog@al substratum is made of
limestone covered by brown and rendzinous soil.

The terrestrial isopod samples have been colleciedour types of
ecosystems: meadow, rocky area, spruce and baesisfo

The meadowis located on a plateau with an inclination ofegmes. The
herbaceous plants are tall (40-60 cm) and covéi089% of the soil surface, grazing
being prohibited in the Nature Reserve. A relagivétick layer of detritus,
composed of decaying herbaceous plants, coverutfare of the soil. The detritus
layer maintains the water in the soil and prevexisessive warming of the soil
surface during summer. A microclimate is formedtlta surface of the soll,
resembling that located under the litter layemef deciduous forests from hilly and
plane areas.

Therocky area is located on slopes with an inclination of 35d&Qrees.
The soil layer is thinner and discontinuous, beirigrrupted by outcrops of rock.
The herbaceous vegetation has a lower density qedhpathe plateau meadow. In
this area there also are isolated trees. Thersexigreater ecological diversity, with
many microhabitats, due to the diversity of theromelief, the thickness and the
discontinuity of the soil, the inclination and thspect of the slopes, the presence of
isolated trees etc.

Spruce forest mixed with juniper shrubs. In the forest there arany
clearings with abundant herbaceous vegetationrddheced density of the trees has
favoured the formation of a herbaceous layer aisthé forest. The litter layer is
composed of fallen spruce leaves and decaying ¢ewha plants.

The beech forestis made up of trees that are 70-80 years old.dEneity
of the trees is high, and the herbaceous layeeng scarce. A thick and uniform
layer of litter, made almost exclusively of fallbaech leaves covers the surface of
the soail.
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Materials and methods The isopods were collected using pitfall traps.
In each ecosystems we placed 7 pitfalls. The [stfedve been placed at the end
of May, and emptied three times, once every monhtie. captured animals were
conserved in 70% alcohol and studied in the laboyatWe have captured a
total number of 1785 individuals. We have studieel distribution of species in
the Nature Reserve, the numerical abundance aativeebbundance, sex ratio,
diversity and equitability.

The ecological indices of quantity have been gdtatily calculated.

The relative abundance has been calculated usiniptmula A=n/N-100,
where n= number of individuals of species i, N = total raenof individuals.

To calculate the diversity we have used the ShaiWeaver index:
H'= -Zpi-log pi, where pi = the proportion of the indivas of species i, and log is
the decimal logarithm. The equitability has beeltutated using the following
formula: e=H'/H\a Hma=10g S, where S represents the total number ofepaca
biocoenosis.

Results and discussionThe isopods that we have collected belong to
six species (Table 1), of which four species ateagy(Protracheoniscus politus,
Trachelipus wéachtleri, T. arcuatuand Armadillidium carniolense and two
species are praticolous.(nodulosusindA. versicolor quinqueseriatym

The distribution of species in the four ecosysténgried. The size of
the populations in a biocoenosis also varies gréatdble 1).

In the meadow, which is an open ecosystem (withregts), three sylvan
speciesk. politus, T. wachtle@ndA. carniolensgand only one praticolous species
(T. nodulosusrepresent the isopod fauna. From the numericalt @b view the
dominant species i§. wachtleri (a sylvan species), the population of wich
represents 86.4% of the isopod fauna of the studbeed. On the contrary, the
other two sylvan speciesdP( politus and A. carniolensg have a very low
numerical representation, which suggests the faet the values of the
ecological optimum of these species are differeminfthe ecological optimum
of T. wachtlerj although in many coniferous and deciduous fordststhree
species coexist and are represented by large piopsi¢9, 13].

In the rocky area all the six species are prebeinin different proportions.
The ecological diversity found here is also refldcin the structure of the isopod
communities. The sylvan specids wachtleri and A. carniolenseare again
numerically dominant, in spite of the fact thatstlalso is an open ecosystem.
The two praticolous species are also present haaesmall number, proving that
there are few microhabitats that provide them wfitimum life conditions.
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In the two types of forests we found the same conities of sylvan
speciesk. politus, T. wachtlerandA. carniolensg but with much more numerous
populations in the spruce forest, due to the mbrma@dant herbaceous layer and a
great number of glades. Analysing the distributibthe six species, we observe that
the sylvan specidB. politus, T. wachtlerand A. carniolensere present in all four
ecosystems, which suggests that the boundariekeaf écological valences are
broader compared to those of the other spetigmdulosuss present in both open
ecosystems (meadow and the rocky area), Bndrcuatusand A. versicolor
guingueseriatuniive only in the rocky area.

The presence of sylvan species in the open e@regsat the Seita-
Belioara Nature Reserve, which is located in a n@inous area, suggests that
these species are not strictly sylvan. Their distion, limited to forest
ecosystems from hilly and plane zones, is deterdnimainly by the constant and
moderate temperature values and the lack of exeeskicrease of humidity
during summer, conditions which exist only undex litter layer of the forests,
and not in the open ecosystems encountered here.

The values of the numerical abundance (Table lyedaied to the sizes of
the populations existent in an ecosystem. In tlaeit&dBelioara Nature Resenve,
politus andA. carniolenseéhave more numerous populations in the rocky anea a
the spruce forest,. wachtleriin the meadow and the spruce for@sthodulosusn
the meadowT. arcuatusandA. versicolorhave a low numerical abundance, which
suggests that in the examined area the value® @nbironmental factors are at the
boundary of the ecological optimum of the two spgci

The relative abundance, calculated for the comtiegnof isopod species
from each ecosystem, indicates the numerical dowo@afT. wachtleriin the
meadow and the spruce forest (84.3 and 83.18%.ectdagly), and of A.
carniolensein the rocky areas (73.9%). We consider that Hier heech forest the
values of the relative abundance are not reledastio the small number of isopods
collected here (22 individuals). From the total fwemof individuals which we have
captured, 59.8% belong T wachtleri(1064 individuals), 28.0% A. carniolense
(500 individuals), 5.6% P. politus (101 individuals), 5.6% 7. nodulosug102
individuals), 0.2% belong t®. arcuatus(4 individuals) and 0.8% té.. versicolor
guinqueseriatum(14 individuals). For the species with populatiomkich are
numerically reduced, the general ecological faciorthe studied ecosystems are
less favourable, and their presence in small ptipakais probably due to the small
number of microhabitats in which the ecologicaltdex are maintained within the
optimum range.

In order to evaluate the abundance of the teredssopod fauna in the
four ecosystems, we have also calculated the aseragnber of isopods
captured with each trap, taking into consideratiom total number of isopods
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sampled in each ecosystem. The most numerous igugmdations were found
in the meadow (X=102.7), then in the rocky areasgX2) and the spruce forest
(X=62.2). We are able to conclude that in the opeuntain ecosystems, where
grazing is prohibited, there are optimum ecologicanhditions for the isopod
populations, including the sylvan species, andehmpulations are much more
numerous compared to the isopod populations that ith forests located in
mountainous areas.

The sex ratio has been calculated for four spe@iesy which we have
collected over 100 individuals (Table 1). For &l tpopulations of the species
that we have studied, we found that the femaleg wezdominant: 60-80%. The
great percentage of females in the populatione@gtosystems from the Nature
Reserve constitutes an advantage for the speciggimasing their reproductive
potential. In the mountainous areas, the low teatpees and the late spring
frost increase the mortality rate of the isopodgoaing ages.

For the isopod communities that live in the meadow the rocky area
the values of the diversity and equitability indsme lower (Table 2). Although
in these ecosystems there live more species codhgtaréhe spruce or beech
forest, with a number of three species of terrakigsiopods living in each ones
(Table 1). These low values indicate the numerti@iinance of only one
species the population of which has a major coutidh to the biological
activities that take place in the biocoenosis.

Table 2
Values of the Shannon-Weaver diversity index (H') ad
equitability index (e) in the different types of eosystems

Index Type of ecosystem
Meadow Rocky area  Spruce forest Beech forest
H' 0.22292 0.37172 0.24374 0.46005
e 0.37026 0.47767 0.51090 0.96422

Conclusions 1. In the Sarita-Belioara Nature Reserve, located in the
Gilau-Muntele Mare Massif, at an altitude over 120Qtmaye live six species of
terrestrial isopods: four sylvan speci€s politus, T. wachtleri, T. arcuatwsd
A. carniolensg and two praticolous specie3.(nodulosusand A. versicolor
guinqueseriatum

2. In open ecosystems (meadow and rocky areas)pibeominant
species are the sylvan ones. Their presence hggesis that in mountainous
open ecosystems the climate conditions are sinoldnose existent in the litter
layer of the forests from hilly and plane zonesevetthese species are frequent.
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3. The presence in mountainous open ecosystempeaies that are
generally considered sylvan indicates the fact these species are not strictly
sylvan, and their distribution only in the forets hilly and plane zones is
determined by the temperature and humidity thae tee within the optimal
range.

4. The highest value of the numerical and relatiBandance has been
recorded forT. wachtleriin the meadow and the spruce forest, and Aor
carniolensein the rocky areas. From the total number of aagtundividuals
(1785), 59.8% belong td. wachtlerj 28.0% -A. carniolense5.6% -P. politus
5.6% -T. nodulosus0.8% -A. versicolor quinqueseriatur.2% -T. arcuatus

5. The sylvan species are numerically predominamiéuntainous open
ecosystems where grazing is prohibited. It is resmgsto extend the prohibition
of grazing in mountain areas, in order to prothetdpigeous fauna.

6. Females (60-80%) mainly represent the populatioh terrestrial
isopods from the Sicita-Belioara Nature Reserve.

7. The values of the diversity and equitability egs the existent
differences regarding the size of the populatiofisthe terrestrial isopod
communities, differences which are emphasized énntleadow, rocky areas and
in the spruce forest.
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INFLUENTA VARSTEI ASUPRA COMPORTAMENTULUISI
CAPACITATII DE REPRODUCERE LAMAMESTRA BRASSICAE
(LEPIDOPTERA: NOCTUIDAEIN CONDITII DE LABORATOR
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SUMMARY. - Influence of Age on Mating Behaviour andReproductive
Capacity of Mamestra brassicae L. (Lepidoptera: Notuidae)
under Laboratory Conditions. Under laboratory conditions, at 22 an
optimum calling behaviour dflamestra brassicael.. was recorded in the
females of 2-5 days and the percentage of femé#iegcgradually decreased
with age increase. On the other hand, an age se@scertained an increase
of the calling duration, the number of calling ®and an early initiation of
calling. At 24C, in the females of one day, 53.6% of them showetkar
calling behaviour. An optimum of successful matimgs obtained for adult
moths of 2-5 days and the number significantly eaeed at the age greater
than 10 days. In the mating tests with adult maththe same age or of
different age, the data obtained showed that tesepice of young sexually
mature males was necessary for achievement ofsafotenatings and great
fecundity. The oviposition pattern dependend onalemeproductive status.
In mated females the length of oviposition perioddgally decreased with
age increase; the percentage of eggs laid in teeday after copulation
increased, too. In the virgin females a typical egfgntion behaviour with
adaptative value was recorded. Fecundity, as motiaiber of eggs laid and
eggs from ovaries, was influenced by adult age.dfitenum fecundity was
recorded in females of 3-6 days and the presencgowfig males was
necessary. The fertility of eggs was greatest enfémales of 2-5 days and
decreased with age increase.

Varsta este unul din factorii interni (fiziologidu semnificéie deosebit in
modelarea comportamentului de reproducere la aseletr aturi de easi ali
factori din aceast categorie (ritmul circadian, hrana, rniml de imperecheri,
expunerea la mediatori chimici, densitatea pajmijJahormonii) influeneaz

;Institutul de Cercetri Biologice, 3400 Cluj-Napoca, Roméania
_ Institutul de Chimie "Raluca Ripan”, 3400 Cluj-NapoRomania
Universitatea BabgeBolyai, Catedra de Zoologie, 3400 Cluj-Napoca, Roia
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comportamentul general. Fiecare se¢yén parte este controlaheuro-endocrin,
dar o serie de factori ecologici modifianodelul specific asigurand valoare
adaptatié pentru specie. La nivelul reproducerii, comportatme de chemare
(eliberarea feromonului sexual) este o setveeclanatoare, dar intre ea cele
care se succed (curtarea, acuplarea, ovipozitaxes o strans dependeti.

Cercelrile referitoare la influeta varstei addlor asupra reproducerii
prezinh atat o importafd teoreti@ cat mai ales una pradiicin relaie cu
introduceregi apoi extinderea metodelgir procedeelor biotehnicg biologice Tn
monitoring, management sau combatere la specii decte cu importai
economid saustiintifica. Studii aprofundate au fostcute Tn special la lepidoptere
[1, 6-9, 11, 12, 21].

Mamestra brassicak. este o specie importarin agricultud, dar in ceea
ce private influena factorilor ecologici asupra comportamentului sstudiat in
special factorii externi. Influga véarstei a fost analizatdoar la nivelul
comportamentului de chemare [2§]] asupra Tmperecherii in réla cu sya
crescui in laboratosi generaa din care a provenit materialul biologic [18].

Lucrarea prezidtrezultatele ofinute in perioada 1980-1994 cu privire la
influenta varstei addilor de M. brassicae asupra cheamii, Tmperecherii,
ovipozitarii, fecundittii si fertilitatii. Studile au fost &cute la diferite linii de
crestere Tn laboratogi numir mare de genetia

Material si metode Cresterea speciei in laboratorAdultii folositi n
experimentri au provenit din poputa de larve crescute in laborator (23 %1
16:8 ore regim fotoperiodic; UR > 70%) pe dietafiaitle [16, 19], in condii
specificesi dupa "metoda cutiilor Petri a sistemului celular" [17]. Meimerea
heterogenittii la susele din laborator a fost asigutgirin control dirijat al crgerii
larvelor si al seledei adutilor pentru reproducere, cu material biologic pmive
din 5 linii de crgtere (LF, LG, C, LV, V) [17]. In fiecare an au fastlimatizatei
introduse Tn laborator alte linii noi. Pupele, segape sexe, s-au mewt la 22C
si Tntuneric continuu, emerggnadufilor s-a inregistrat zilnic (in unele sitiiade
doua ori/zi), iar adufii au fost pyi Tn vase de stiglsau cyti speciale, Tn funie de
varianta experimental In interior s-a introdus hartie de filtru ca st soluie
de glucoz 20%, ca sutsde hraa.

Condriile de experimentare Observéile directe asupra secvetor
comportamentale sau vasele de Tmperechere &atih scotofat, in intervalul
care coincide cu perioada circadiaa activiiti de reproducere la aceastpecie
[14, 15], valorile unor factori climatici esgati fiind: temperatui constarnt - 22 +
1°C; fotoperioada de 16:8 ore lurditntuneric; umiditatea relativ>70%. Pentru
femelele de 0-2 zile, comportamentul de chemarestsidiatsi la 24°C. Montarea
experietelor a fost dcuta in fotofaz.
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Influerra varstei asupra comportamentului de reproducetemporta-
mentul de chemare a fost studiat prin metoda ofigiedirecte cu stenografierea
elementelor comportamentaleinregistrare pe casetofon [14, 15]. Studiul seaff
pe femele de 0, 1, 2....15 zile, observate indalidau in grup. Chemarea in riela
cu varsta femelelor a fost caracterizgrin periodicitate, % chemare, durata
chenidrii, ora medie a perioadei de chemare, ora megier@madei de iniere a
cheniirii, modelul de chemargi numirul de reprize de chemare/femeDatele
finale reprezirt valori medii pentru un nuiin mare de femele (Fig. 1). Acest nim
a depsit frecvent valoarea optimului de inforgi& necesar in prelucrarea
matematié a datelor, iar femelele au provenit din diferibgescrescute in condi
similare. In aceled condtii s-a studiatsi comportamentul de curtare. S-a nre-
gistrat periodicitatea, durata, ora medie a pedbalt activitate. S-au studiat
imperecherile multiple dependent de varsta tddulsi capacitatea de supravie-
tuire. In acest caz s-au folosit perechi de @diar nunirul mediu cumulat de
spermatofori a fost evaluat duf, 2, 3....15 zile din momentul Tn care s-au farma
perechile cu adtlde 0 zile. Evaluarea nuimului de spermatofori s-a@dut dug
metoda descrispentru acest tip de cergef{17]. In studiul imperecherii, ifial s-a
folosit cate o singudrpereche de adifvas, dar ulterior s-au folosit dayerechi,
constatand £ procentajul de acufpi rewsite si fecunditatea au fost mai mari (chiar
semnificativ pentru unele linii de stere in laborator). In acest studiu datele
reprezind valori medii ale testelor de acuplare, difeets fiind analizate intr-un
alt studiu. In cadrul comportamentului de ovipaatén relasie cu varsta adtilor
s-a analizat modelul de depunere allony perioada de ovipozitare, duraga
eclozarea.

Pentru primele ddusecvere, chemarai imperechere, s-a inregistrat ora
medie a perioadei de ii@re a cheririi (respectiv imperecherii), reprezentand ora
medie (in exprimare zecinaala intervalului de timp dintre primg ultima femek
care au iniat chemarea la nivelul unei poptilaobservate in acelgacondiii
(respectiv, intervalul dintre primg ultima acuplare). Ora medie a perioadei de
chemare (respectiv de imperechere), in exprimaiienaé [22], s-a estimat ddp
relaia:

[(t )]
XH = —ti
N
(t = ora obserarii, la nivelul unei scotofaze de 8 ore, nétde la 0 la 8; n/t=
numarul de femele in chemare, respectiv acuplate, imembul obserarii; N =
numarul total de femele in chemare, respectiv de pgrdahnivelul variantei
experimentale).
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Durata medie a cheimii, fara a lua Tn considerare reprizele de chemare
(intervalul de timp Tn care a existat o posttipica de chemare, sepatate o ali
postud printr-o activitate locomotoare in care chemareaarfost evided), s-a
estimat dup relgia:

_[X(Di£15)
¢ N

(D; = durata individual de chemare (min.); £ 15 = se adasgu se scad 15 minute
in funaie de postura femelei respective Tn momentul oliseta intervale de 15
minute; N = nuriirul total de femele in chemare). Similar s-a evajuaurata
mperecherii.

Influerra varstei asupra fecundiii si fertilitasi. Fecunditatea a fost
acceptat ca nunir total de od/femek (oud depuse + auexistente in ovare la
moartea femelei), iar fertilitatea se réfda ouile viabile din care au eclozat
larvele. De asemenea, s-a inregisfiéo de pont sterii. Numirul de od din
ovare a fost inregistrat la moartea femelelor gréegii, iar clasificarea s-aitut
dupa metoda descrig17].

Prelucrarea datelor Datele okinute au fost prelucrate statistic. Spre
deosebire de teste experimentale similare undenaf@ este furnizatde nunir
relativ mic de variante sau repitidatele din acest studiu reprezinalori medii
pentru un nurdir foarte mare de adulpentru a atenua vatia individuak a
raspunsuluisi a modificirii comportamentului in contiile cresterii insectelor in
laborator. Pentru analiza vai& s-a folosit Duncan's New Multiple Range Test
(D'sNMRT; P=0,05), cu transformareatiald asirului de date in log (x+1).

D

Rezultate si discutii. Varsta femeleloi comportamentul de chemare
Rezultatele ofinute sunt prezentate in Fig. 1. Intervalul optientou eliberarea
feromunului sexual s-a nregistrat pentru femebide2-4 zile, nivelul meit
nandu-se ridicai la femelele de 5-8 zile. S-a observat comportdarderchemare
si la femelele de o zi. Datele confifirstudiile citologice efectuate asupra structurii
si dezvoltrii glandei feromonale la aceaspecie [10].

PentruM. brassicaenu s-a observat un comportament de chemare la
femelele proasjt emerse (O zile), iar Tn alte investigaici pentru femelele de o
zi. Procentul a crescyt curba a fost simildr pentru femelele de 3-5 zile [20].
Referitor laM. brassicae studii citologicesi fiziologice ale glandei feromonale
[10] au a#tat & la femelele de o zi celulele glandei feromonalat dormate,
eliberare de feromon sexual are $oiin prima zi, dar maximul s-a inregistrat in
zilele 2-3. Datele noastre sugergaxistena la M. brassicaea unui compor-
tament de chemare (cu predominarea dnierslabe)si la femelele de o zi. De
altfel modele similare au mai fost evidiewe si pentru alte speciilacanobia
suasa Autographa gammaAgrotis ipsilor), autorii sugerand acla femelele
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proasjit emerse existfrecvent un comportament de "chemare #14P1, 22] si
chemarea este evidénka femelele de 2-3 zile. Factorul care induce cub
pronunate modifiéri la nivelul localizrii perioadei de chemare este tempe-
ratura [15]. De aici rezditsi diferentele ohinute de difeti autori. Modelul
comportamental de sintezi eliberare a feromonului sexual este dependent de
speciesi este determinat genetic fiind sub control neurdeerin. Exist insi o
serie de factori interngi externi care modifit acest comportament. La specia
Choristoneura rosaceanaodelul de chemare a fost corelat cu v&istaodificat

de influena temperaturii constante sau fluctuante [4].

Varsta | Nt Ichemare]l Pefioada de chemare in SF
P 0 3 {5 8
{zile) §bgs (%)
; ! ! i ! |
0o Ja3o0 | o ; :g% ]
1 285 | 536 I .
2 | 260 | 885 IR
3 | 300 [ 867 .
4 300 | 800 ﬁll | ! ' w
HE L R R A B
5 | 2% | 792 L ; 4: ._,’__Q
8 200 | 750 L | e——
7 | 200 | 700 L ——
] ¢ n
O I TN R e s o
9 [es |ens g | | hj#
] L
! (.
10| 10 |50 bt e———
1 100 | 583 i [ [ }
EREY |
— O L A B
I A A —r=—ay
s [ wofwo | ¢ [ T

F i g. Linfluerya varstei asupra nivelulyi periodicitisii comportamentului
de chemare al femelelor diéamestra brassicae.
Banda neagdrreprezint scotofaza de 8 ore, iar benzile maitBukeprezint locali-zarea
perioadei de chemareisgile indica ora medie a perioadei de chemare).
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Perioada de chemare la aceéagtecie este localizata sfasitul scotofazei
[14]. Odat cu craterea varstei chemarea s-giati mai timpuriu, iar ora medie a
perioadei de chemare la nivel popigiaal s-a deplasat spre inceputul scotofazei.
Acesta este un comportament cu valoare adapiadintru specie, oferirganse mai
mari, pentru acuplare, femelelor mai in Véist competia lor cu cele tinere. O
semnificaie similag, in relaie cu crgterea varstei, o are gterea duratei cheirii

si a numarului de reprize de chemare / fetnérabel 1).
Tabel 1

Influenta varstei adukilor de Mamestra brassicae asupra
comportamentului de chemare in condii de laborator
Datele repreziitvalori medii pentru testele efectuate la diferite
linii de cresteresi generdi, in perioada 1983-1993

Varsta )
00 Ora medie a cheinii "

(zile) N o P Do NRen
1 820 6,28 7,68 86,4 a 36a
3 760 5,27 7,46 92,8Db 42D
5 565 5,04 7,29 99,7b 4,6 bc
7 540 4,21 6,78 1156 ¢ 51cd
9 420 4,08 6,24 1213 cd 5,7 de
1 384 4,01 5,92 128,9d 6,1 ef
13 280 4,37 541 116,6 ¢ 6,4 f

" len - Ora medie pentru perioada detigrie a cherdrii la nivel populaional. Ry, - Ora
medie a perioadei de chemare. Faza de intunedtofaza) de 8 ore este natae la

0 la 8, cu exprimare zeciniz orei [22].
Dcy - Durata chedrii. Aceeai literd indica diferene nesemnificative in fuie de

varsti, pentru aceki parametru (D'sNMRT; P=0,05).
™ NRcy - Numirul de reprize de chemare/fetn@h chemare.

Cercelrile arati ca exist doua grupe de specii: a) cele la care modelul de
chemare a variat dependent de vaiaarstei [5, 6, 20, 21]; b) specii la care
modelul de chemare nu a variat corelat cu varsta][1

In cazul primei categorii, la specidioryctria abietella cca. 20% dintre
femelele observate au fiait chemarea iacdin ziua 1. Pentru varsta de 2-10 zile nu
au existat vari@ mari (pentru varsta de 9-10 zile chemarea adbitr mai mare ca
n rest) [5]. Pentru specidgrotis ipsilonpe intervalul 1-4 zile, odatcu crgterea
varstei, au crescut procentul de femele in chentangta chedrii, numarul de
reprize de chemare (calling bouts)/fefiniel chemare, iar chemarea s-giaimai
timpuriu, fapt care aratci femelele mature sunt mai competitive decat cakrdi
[21]. Modelul de chemare al speciehilo suppressalis variat de asemenea cu
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varsta [6]. Nurarul de femele in chemare a fost mair@proximativ egal pentru
varsta de 1-5 zile, ddpare a stzut semnificativ. Nurirul de reprize de chemagie
lungimea acestora a crescgbula femelele maidtrane (pe intervalul 1-5 zile), dar
pentru intervalul de peste 6-8 zile @zad din nou.

Caracteristic pentru grupa a doua este spexipeyresia pomonellda
care nu au existat diferenprivind % chemare, ora medie a perioadei de chemar
si durata cheridrii pe intervalul varstei de 0-6 zile [2]. GBla alte specii, in paralel
cu craterea varstei chemarea s-giatimai timpuriu, iar durata cheinii a crescut.
Trebuie precizatzcobservdile au fost ficute pe grupe de femele de 0-1; 1-2; 2-3;
3-4; 4-5; 5-6 zile (totgi la cei 3 parametri aminti au existat diferege
semnificative intre femelele de 0-1 zleelelalte grupe). L&rapholitha molesta
femelele proastt emerse (1-9 ore) nu au avut un comportament dmate, dar
pe intervalul 1-6 zile modelul a fost similar [1].

Relaia dintre imperechere (acuplarg) varsta adufilor. Datele sunt
prezentate sintetic in Fig. 2. Un model comportaaiesimilar cu cel observat
pentru chemare I¥. brassicaes-a observati in cazul imperecherii. Eliberarea
feromonului sexual (chemarea) este setveare declagaz raspunsul mascu-
lilor. In urma derudrii a doui faze caracteristiceagpunsul la distaa si curtarea)
are loc Tmperecherea. Existn sincronism in timp al modelelor comportamentale
acuplarea fiind caracterizati ea de o irtiere mai timpurie odatcu cragterea
varstei, in paralel cu gperea duratei (Tabel 2).

Tabel 2

Influenta varstei adukilor de Mamestra brassicae asupra comporta-
mentului de imperechere in condii de laborator
Datele repreziatvalori medii pentru rezultatele tibute Tn toate experimentele
efectuate la diferite linii de ogteresi generai (1983-1993)

Varsta adullor (zile) (3: %)

1.1 1.3 31 32 3:3 5:1 5:3 71 72 1.5 35 1.7 27 1.9 3.9

lac 6,61a 6,38a 6,44a6,18b 5,77bc 5,32cd 5,18c 5,02cd 4,92d 6,32a 6,2806,08b 6,16b 5,92b 4,98d
Pac 7,62a 7,64a 7,78a7,52a 7,24b 7,22b 6,39c6,18c 5,38d 7,65a 7,12b7,18b7,28b 6,32c 5,98e

Dac 68,2a 76,1b 68,4a56,3c 68,5a 64,8a 76,8082,2b 70,6a108,5d 94,8e 84,2b 78,5b 101,8d 118,34f

" P - Parametrii analiialac - Ora medie pentru perioada detigre a acugii la nivel
populaional. Px»c - Ora medie a perioadei de acuplddge - Durata acugkii (in
minute). Faza de intuneric (scotofaza) de 8 o st de la O la 8, cu exprimare
zecimad a orei [22]. Acees litera indica diferente nesemnificative intre variante, in
cadrul aceluigi parametru (D'sNMRT; P=0,05).
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Fig. 2.Influerva varstei aduilor de Mamestra brassicasupra
Tmperecherii Th condi de laborator
Banda neagrreprezini scotofaza de 8 ore, iar benzile maitguteprezint localizarea
perioadei de imperecherédgtile indici ora medie a perioadei de imperechere).

Pe lang sincronismul evidarat intre secveele de chemare - curtare -
acuplare, cercétile efectuate la speciile de lepidoptere, undstexi comunicare
evidenti prin feromoni sexuali, s-a dovedit clad masculii sunt deja prétiti
pentru acuplarei chiar manifest un comportament caracteristic chiar Thainte de
eliberarea feromonului deatce femed (in acest caz perioada lor de activitate este
mai largi) [15]. Aceasta are o valoare adaptatieosebit pentru specie. Cg in
cazul cherarii, imperecherea este influgii de varsta adtilor.
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La M. brassicaecerceirile noastre referitoare la comportamentul de
reproducere al diferitelor linii de ctere in relge cu genenga au ajitat &G
imperecherea poate fi influgith doar de genetia, intre linii nefiind diferete
semnificative pentru o acegagenerde si varst a adufilor [18]. In schimb,
temperatura este un factor extern deosebit de banorcare poate modifica
puternic un model almut in relaie cu varsta (Fig. 3). Trendul curbelor referitoare
nivelul imperecherii in retee cu varsta s-a modificat semnificativ datosturtirii
duratei de vig sub influema temperaturii ridicate. Din Fig. 3 se desprigiden alt
aspect interesant. Astfel, se pot observa madicin evoldia trendului curbelor in
functie de sex, mai prongat pentru intervalul varstei de 6-12 (14) zile. f®ate
constal ca o Tmperechere este g#téd In condiiile in care cuplul este format in
special cu femele tinere, mature sexual.

Odat cu craterea varstei a crescut ninal de spermatofori transgniin
secverra de imperechere, corelat céderea procentajului de supraviee (Fig. 4).

Un model comportamental similar cu cel dgi fakxinut la M. brassicae
pentru toate secvexe reproducerii a fost evidgst la diferite nivele de
aprofundarei la alte specii de lepidoptere cu activitate nowtu
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F i g. 3.Influerya varstei masculilor (Ayi a femelelor (B) in funie de temperatuf,
asupra imperecherii [IMamestra brassicak, condiii de laborator
In testele experimentale, masculii sau femelele dderite varste s-au pus la
mperecheat cu femele, respectiv masculi, de 1e2i= minim 200 perechi/vagst
Linia de cratere (sya) LV, genergile 10-14.
73



G. STAN, S. MIHUT, V. CHIS, I. COROIU, A. CRSAN

@
q
=)

o o

~7
i
T

o
]
4
wn

Nt cumulat spermatofori (/d) ®
=~
]
T 1 ¢ 1 3“ v ¢ 7 1
/e supr&ie}uire

~

A
b
wu

Ll §

S S T A S T S S N S
varstcd'o"

F i g. 4.Numirul cumulat de spermatofori transgnde masculii déMamestra brassicge
toatz durata de viai si relasia cu evolda nivelului de supravigire.

Perechi de adtilpusi la imperecheat la varsta de O zile.

In cadrul acugrii in relaie cu varsta adtilor semnaim cazul speciei
Spodoptera littoralig7] unde exist difererte ih ceea ce prigte varsta la care cele
doua sexe ating maturitatea sexudh ambele cazuri femelele au fost atractive
la varsta de o zi, dar masculii numai la varst2-@czile. O valoare maxiina fost
atingi pentru varsta de 3 zile a ambelor sexeEhRdas insulanaacuplarea a fost
absent la varsta de o zi a celor dogexe, indiferent de combitiée facute, iar
valoarea cea mai mare s-ginbt pentru addii de 4 zile [8].

In ceea ce priwte Tmperecherile multiple, nuimul acestora in general
creste odall cu craterea varstei. Modelul este infoarte diferit de la o specie la
alta, dependent de durata dey/m aduilor si factorii internisi externi implicai Th
experiment. L&S. littoralis masculii care au &t maxim 26 zile au transferat in
medie 5,2 spermatofori, iar ndml mare al acestora (4,sb6) s-a inregistrat pe
intervalul varstei de 14-26 zile [7]. Un model diznia fost okinut si la specieE.
insulana[8].

Ovipozitareasi varsta adufilor. La femelele deM. brassicag acuplatesi
care au depus peanffertila, ovipozitarea s-a itfiat chiar din a doua zi dép
imperechere. In contlle noastre de experimentare, rirml mediu cel mai mare
de ou depuse in zilele succesive de ovipozitare s-gistrat la femelele de 4 zile,
cu un procentaj destul de majiepentru femelele de 3 zile (Fig. 5). Odlaiu
Thaintarea in varat nivelul de ovipozitare s-a diminuat progresiv.
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F i g. 5.Dinamica ovipoziirii i supraviguirea la femelele acuplate
de Mamestra brassicae.
Adulti pusi la imperechere la varsta de 0 zile. Datele répexalori medii, iar liniile
verticale marcheazntervalul de varige pentru 36-64 serii experimentale din diferite li
de crateresi generai (1983-1993).

Existi diferene semnificative intre modelul de ovipozitare al ésior
acuplate care depun parfertila si femelele virgine (Fig. 6). Conform datelor
prezentate in figdr decalajele sunt prontate la nivelul de maxingi terminarea
ovipozitarii. Fenomenul a fost atenuat in ceea ce glévimitierea ovipozirii, desi
dominant femelele virgine au tid@t mult mai tarziu ovipozitarea, rata zilhia fost
redus si a durat mai multe zile corelgitcu o durat de viaa mai mare a acestora.
Fenomenul de tmere al odlor are valoare adaptafivdeosebit si caracterizeaz
si alte specii.

Ca durat de timp in care a avut loc ovipozitarea, modgilydrocentajul
de femele care au ovipozitat au fost corelate cstadiemelelor (Fig. 7). Femelele
tinere acuplate (2-3 zile in momentulti@fii ovipozitarii) au depus nugrul cel
mai mare de duin ziua a doua ddpacuplaresi ovipozitarea a durat mai multe
zile. Pentru femelele cu varsta de la 3 zile n puscentul maxim de dudepuse
s-a inregistrat in ziua imediat uttoare acuglrii, iar durata ovipozitrii s-a redus
treptat, asociat cu afterea varsteiSi la alte lepidoptere nocturne a existat un
model asernator, dar variabil in funie de speciei dependent de o serie de
factori internisi externi. La toate speciile imperecherea stimaleazpozitarea
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care crgte progresiv pe perioada matatiit sexuale [3], dup care descite
treptat. Femelele virgine depunateila o rai micd, dup o perioad de reterie,
dar frecvent rata cgte odai cu craterea varstei [11]. In medie o ferael
imperecheatdepune de cel pn dow ori mai multe oa decéat una virgin La alte
specii femelele neimperecheate ovipoziezinic, dar tot la o rat semnificativ
mai mici decét cele acuplagetoate odle sunt sterile [9].
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F i g. 6.Reprezentarea comparaiia dinamicii ovipoz'ﬁri’i femelelor virgine
si acuplate deMamestra brassicakm condiii de laborator
Alte explicaii - ca in Fig. 5.

Fecunditatea, fertilitateasi varsta adufilor. In acest gen de cerget
efectuate la insecte, fecunditatea este acé@egaatunirul total de od/femek (oua
depuse pe toatdurata de vid + nun@rul de od existente in ovare la moartea
femelelor). Dominant in ludri setine cont cel mai mult de nuimul de o depuse,
bazat pe faptulacintre cele doicomponente exigto relaie strang [17]. Astfel,
fecunditatea femelelor acuplate a fost semnificetiicati in perioada optith a
maturittii reproductive. Diminuarea procentajului de suemire se coreledzatat
cu diminuarea nuanului de od depuse ca$i cu golirea ovarelor. Femelele cu
durati de viai lunga, care au depus un nammare de cliau avut, la moartea
acestora, ovarele goale (sau cu unarfoarte redus de @y (Tabel 3).
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Tabel 3

Influenta varstei adukilor de Mamestra brassicae asupra nurirului
de spermatofori transmii, fecundititii si fertilit atii, in conditii de laborator
Datele repreziatvalori medii pentru testele efectuate in periob@23-1993

Varsta Fecunditatea (x @)
33 00 Nurrir de od depuse Oud/ovaré’ Nurrr %f
(xAS) - spermatofofi’
Imature  Corionate

1 1 870,9 +28,4 +; 0 0; 1 4.8 86,4
3 3 1680,5 +118,2 o; + 0 3,1 92,5
5 5 1412,8 +168,8 + | 24 96,4
7 7 1108,4 +174,6 + I; 1 1,6 88,3
9 9 1005,5+214,4 ++ I; 1 0,7 72,8
11 11 982,3+112,2 +++ I} 0,5 74,5
13 13 706,8 + 164,2 +++ [\ 0,7 62,3
1 1 964,8 + 38,4 o; + 0 58 82,7
1 2 1612,5 +116,2 o] 0 4,1 96,3
1 3 1512,7 £ 84,5 0; + 0;1 51 95,2
3 1 1528,4 +£138,9 o] 0 3,2 93,4
3 2 1584,2 +176,2 o] 0 21 92,5
3 3 1418,7 £212,8 o; + 0; 1 2,4 96,9
5 1 1226,5+174,1 o; + | 2,3 94,1
5 2 1104,6 +132,8 + 0; 1 15 86,2
5 3 1074,8 £224,5 + | 1,1 91,4
7 1 1229,5 + 158,3 +; ++ I; 1l 0,6 88,2
7 2 1176,5+170,0 ++ | 0,8 84,1
7 3 986,4 + 175,5 +++ | 0,4 86,4
1 5 1312,1 3242 0 + i 31 90,4
2 5 1176,3 + 286,5 + (0] 2,6 91,2
3 5 1342,2 +324,8 0; + | 14 88,3
1 7 1014,2 + 346,7 o; + I; 1 1,6 86,5
2 7 987,5+322,2 + ] 18 82,4
3 7 1078,4 £ 284,9 ++ 1] 1,4 79,8
1 9 879,6 +322,1 + 115 1 1,4 74,7
2 9 912,5 +294,8 + I} 1,2 78,6
3 9 848,4 + 345,4 +++ I; Iv 0,9 76,2

Cifrele repreziritvarsta la care adiils-au pus la imperecheat.

Evaluare la moartea femelelor (notarea repiezmbim 50% din femele, pentru du
imaturesi mature [18]). Od imature:o - absenti - foarte ptine, izolate (p&nla 20);
++ - multe;+++ - foarte multe. Oimature (corionate]) - oui absentel - ola puine
(2-50); 1l - nr. mic de o#i (51-100);lll - nr. mare de cau(101-150);lV - oui multe
(>150 - frecvent abdomen plin).

Numar de spermatofori transghpe durata de via.
" %f - Procentul de fertilitate a alor depuse.
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Fig. 7.Modelul de ovipozitare IMamestra brassicapentru femelele acuplate,
n fungie de varsta la care au fost puse la imperecheat.
Datele repreziitvalori medii, iar liniile verticale marcheamtervalul de varige pentru
12-18 serii experimentale din diferite linii de giexesi generai (1990-1993).

In condiiile Tn care s-au pus la imperechere ddué aceeg VAarse,
numarul cel mai mare de audepuse s-a inregistrat pentru varsta de 3-6Fige (
8). Si femelele cu véarsta de imperechere de 2 zile ausiein nurér mare de
oud, dar s-a constatat un interval de vagidoarte larg. Incepand cu varsta de
acuplare de 7 zile, fecunditatea s-a redus progme$at cu s@derea procen-
tajului de supravigiire. Un trend similar a avyi curba fertili&itii. Referitor la
ponta sterdl se impun unele obsemiaAstfel, un nunar variabil de od sterile
(depuse) au marcat fecunditatea practic peatqegrioada de ovipozitare.
Numarul lor a crescut odatcu craterea varstei, dar awsterile au fost prezente

si la femelele tinere (1-2 zile). In procentaj d&-8,6% au fost evideiatesi la
femelele de 3-6 zile.
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F i g. 8.Influerya varstei asupra fecundifi si fertilitarii la Mamestra brassicae

condtiile variantelor experimentale de imperechere culadie aceeg varst.
Datele repreziatvalori medii, iar liniile verticale marcheaintervalul de varige
pentru 74-96 serii experimentale din diferite lohd crgteresi generai (1987-1993).

Modelele fecunditii si fertilitatii au avut o evoltie interesaratin condiiile
in care s-au pus la imperechere tdel varste diferite (Fig. 9). Nuirul cel mai mare
de ou depuse a fost Tnregistrat in caiildi in care s-au imperecheat masculi de 2-4
zile cu femele de 2-3 zile. Nivelul s-a nieat ridicat si pentru masculii de o zi
impereche@ cu femele de 2-3i chiar de 8 zile. In schimb, gterea varstei
masculilor, pe intervalul 5-8 zile, a indus o dioane a fecunditii chiar in condiile
imperecherii cu femele de 2-3 zile. Un alt aspetdrésant se refeda fertilitate.
Pentru un nivel al fecunditi relativ acelai, fertilitatea s-a meinut ridicat cand
imperecherile au fostidute intre masculi dtrani si femele tinere, dar a &ut
semnificativ in cazul acupilor dintre adufi tineri si femele fatrane. Rezultatele
ohiinute confirna faptul & fertilitatea este strict dependerde véarsta femelelor.
Pentru aduii tineri cresterea procentajului de pansterii este asociatcu acupri
nereyite sau cu o capacitate mai rexlde fertilizare a spermei. Reducerea cajiiicit
de fertilizare se diminueazsemnificativ oddt cu craterea varstei, astfeligi la
femelele mature sexual, care au ovipozitat numaiferile si Tn numar mare, la
batrAnee a crescut nuiirul de ou sterile.
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F i g. 9.Influerra varstei asupra fecundiii si fertilitGsii la Mamestra brassicae
condfiile variantelor experimentale de imperechere culadle varste diferite
Alte explicaii - ca in Fig. 8.

Daa nivelul fertilitatii este asociat cu calitatea femelelor, fecundita&iste
influentata si de calitatea masculilor. Astfel, un nivel ridicat fecundittii a
implicat neaprat prezeta adufilor tineri si maturi sexual, chiar in cortilie
Tmperecherii cu femele maitbane.

Modelul de ovipozitargi nivelul fecundititii femelelor deM. brassicae
a fost patial influentat si de comportamentul de imperechere (Fig. 10). Nu au
fost diferene intre femelele cu o singuimperecherai cele cu 2-3 acupti, pe
toati durata de vi@. In schimb, dat prima acuplare a avut loc dug-5 nopi,
s-a modificat trendul curbei de ovipozitare adet crgterea duratei de supra-
vietuire la nivel populgonal. Pentru femelele neacuplate modelul se a&@am
cu cel din Fig. 6.

Un comportament asemator cu cel prezentat pentM. brassicaea fost
descrissi la alte lepidoptere, dar exisparticularititi specifice chiar dacel se
aseartina mult la noctuide [12]. L&. littoralis evoluiile numarului de ou depuse
si supraviguirea au fost corelate atat cu varstascét rata de imperechere [7]. La
Mythimna separataumirul de od/femek a fost mic (10-250) pentru véarsta de 1-5
zile si mare (820-900) la femelele de 20 zile [13]. Ihistb, laBombyx moria
existat o corelge semnificativ negativ(r = -0,928) intre fertilitatgi varsa [11].
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F i g. 10.Modelul de ovipozitargi evolyia numirului de oui depuse de femelele de
Mamestra brassicqee toafi durata de viaz, in fungie de statutul reproductiv
Adulti pusi la imperecheat la vérsta de 0 zife.- O singudi acuplare/durata de ia
(N=420).B - 2-3 acuglri/durata de vig (N=380).C - 2 imperecheri, prima acuplare
dupi 3-4 nopi (N=240). D - Femele virgine (N=464). Valori medii din testele
experimentaledtute pe material biologic din diferite linii de gieresi generdii (1987-
1993). Liniile verticale indigintervalul de varige.
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Cunoaterea particularitilor comportamentale ale unor specii importante
din punct de vedere economic, asociat cu probifiedsi longevitatea lorsi Th
functie de valorile factorilor ecologici prezintvaloare practic deosebit in
vederea elabarii unor modele predictive in cadrul tamilor de monitoringsi
management.

Concluzii. 1. Un comportament optim de chemare (eliberareanfer
nului sexual) laM. brassicaea fost evidetiat pentru femelele de 2-5 zile. La un
regim termic de 2€, 53,6% din femele au prezentat o pdstie chemarai la
varsta de o zi. La 22, peste varsta de 5 zile procentajul de femetdémare s-a
redus progresiv odatcu cratere varstei (aceasta a indjio crestere a duratei
chendirii, a nundrului de reprize de chemagieo initiere mai timpurie a cheani).

2. In ceea ce prigte periodicitatea a existat o similaritate intrerolresi
acuplare. Procentul cel mai mare de amipéusite s-a olinut pentru femelele de
2-5 zile, nundrul s-a redus semnificativ peste varsta de 10skzis fost absente
peste 13 zile, varstla care 45% din femele erau tgtin chemare. Rezultatele
obtinute in testele de Tmperechere cu fdid aceeasi vagsti de varste diferite au
evideniat ci varsta masculilor este esiafi in realizarea acupilor reuite.

3. Modelul de ovipozitare a fost diferit la fermel@mperecheate care au
depus porit fertila si cele virgine. In primul caz, odatcu crgterea varstei a
crescutsi procentajul de po#tdepud in prima zi dup acuplare, iar durata de
ovipozitare s-a redus progresiv. Pentru femelelming s-a observat un
comportament de tieere al pontei (cu valoare adaptatipentru specie),
ovipozitarea s-a intins pe dutrate timp aproape dubsi la o rafi zilnica mica.

4. Fecunditatea nu a fost influati de nunirul de acuglri, dar varsta a
fost un factor intern cu o semnifiga mare. In condile in care imperecherea a
fost analizat pe perechi de adulde aceeq varst, fecunditatea cea mai mare s-a
obtinut pentru femelele de 3-6 zile. In varianta cul@die varsi diferitd, nivelul
cel mai mare al fecundifi s-a inregistrat pentru combtiedintre masculi de 1-4
zile cu femele de 1-8 zile. Datele suge#iea¥ realizarea acuflilor rewite este
dependeritde prezeta masculilor tineri.

5. Fertilitatea pontei a fost mare pentru addé 2-5 zilesi a sézut mult
odat cu craterea varstei. Prezenunui procentaj mai mare de posterib s-a
obtinut si in cazul adullor de 1-2 zile, c&nd ovipozitarea a avut locitreamediat
urmatoare dup acuplare.
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STUDIA UNIVERSITATIS BABES-BOLYAI, BIOLOGIA, XLV, 1, 2000

USING OF ALLELOMORPHIC FEATURES IN IDENTIFYING
THE TWO SPECIES BELONGING TO THE GENUBOMBINA
(ANURA: DISCOGLOSSIDAEFROM TRANSYLVANIA

IOAN GHIRA " and GYONGYVER MARA "

SUMMARY. - The paper analyses the allelomorphic features wénse
Bombina populations, living in Transylvania (Romania) aimd Hungary
between 150 and 1700 m altitude, in order to ashallhich of them are the
most important for the determination of belongingobmbinaor variegata
species, or for the determination lmdmbinalike or variegatalike hybrids.
The analysed material consists of 259 toads (124t ackles, 110 adult
females and 27 juveniles) belonging to the gddmimbina.The populations
found in the plain areas belongidombinaspecies: Marghita with 98.18 % of
the features and Parassapuszta with 94.57 % éédhares. The most hybrid
populations were found in the hilly regions: Clujtw71.15% and Ciuc with
69.65% of the features belonging B variegata The mostvariegata
population was not found at the highest altitudevas expected (Soarbele —
1400-1550 m above sea level), but in Cégapat 1000 m altitude, with 93.42%
of the features belonging tariegata Two features are the most important for
species determining: the length of the leg (the-térsal articulations are/are not
in connection) and the presence/absence of thal dpats.

M é h e |y [9] was the first to report in 1905 thatural hybridisation
between two European species of fire-bellied to&tenbina bombingL.) and
Bombina variegatdl.).

Artificial hybrids were obtained in laboratory ahéterospecific pairs in
amplexus were observed in field [10], but fertilitiyhybrids was unknown and the
morphology of F1 hybrids did not resemble mostrimexiate forms found in nature
[13]. Several authors, among them Michal okvi$10,11], Stugre n [16],
Lac[4] and M a d e j [7] conducted studies ofrphological variation in the
contact zone of their ranges. Furthermore, the dadl and the mountain
populations oBombinahave different mating calls [5], which traditionahave
been regarded as effective barriers to gene exehangany amphibian species.

" Babe-Bolyai University, Department of Zoology, 3400 jMapoca, Romania
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It has been suggested that the mixture of spetiasacters is due to
interspecific crosses and backcrosses [10,12lJugtrenand Van c e a [17]
sustain that interspecific crosses explain the umixbf species-specific characters
when both species occur together (sympatrics)reoatleast ineffectively isolated
reproductively, when living in different neighbaugi habitats. Moreover, the
phenotypical heterogeneity with toad populations,ddmixture of characters of the
other species can not be entirely explained by assimption of interspecific
Crosses.

The newly developed molecular technigques could englae question of
hybridisation. The application of protein electromsis demonstrated that the fire-
bellied toads and yellow-bellied toads do interdrerest of Cracow [18].

Molecular evidence suggests that these taxa haame digerging for 3-5
million years [8]. During this period, their behaur, life history and
morphology diverged extensively, and many of thdifferences are thought to
be adaptations to their respective habitats. Bri®l variegatalays larger eggs
that develop more quickly [15], and also has thicklkdn and longer legs [7].
The more quiescent behaviour Bf bombinatadpoles is likely to give them a
survival advantage oveB. variegatain the presence of invertebrate predators
found in ponds [3].

SzymuraandBarton [19] examined thdaegpatof genotype
frequencies - in particular, cline shape and lirkagsequilibra among marker
loci - to estimate the strength and nature of sieleavhich maintains the hybrid
zone in southern Poland. They cited the hybrid zonBombinaas a typical
example of a tension zone. At the same time, thggested two lines of evidence
for the occurrence of endogenous selection agayisids: embryonic mortality and
morphological aberrations. However, their evidenes limited to a single study
with small samples, and the conjecture of lowerttegs from such phenotypic
aberrations is doubtful [2].

The structure of narrow hybrid zones depends aladlven the balance
between selection and recombination. Selection sswbmbination typically
maintain the distinct adaptations and coadaptat@nthe pure taxa. Those are
typically maintained by selection favouring diffetegenotypes in different
environments, by selection against hybrids or bphlioation of both. Yet, the
dispersal in hybrid zones creates mixed populationshich recombinations can
act. If the selection is not too strong, a widegeanf recombinants is produced. The
break-up of parental gene combinations then fredigidual genes from the effects
of the selected loci with which they were origigathssociated: the effective
selection acting on each gene becomes weaker,catite shybrid zone becomes
wider. With sufficient hybridisation, particularlfit recombinant genotypes can
establish themselves, further broadening the hyboide, or even allowing the
creation of hybrid taxa. However, if selectionusfisiently strong, then the integrity
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of the two gene pools can be maintained despitedhénuous production of hybrid
genotypes. A strong barrier to gene flow will beimtained because individual
alleles will be trapped in a largely unrecombinemhagic background. Barriers to
gene exchange can be strengthened by geneticiammrfiat habitat preference [6].
These authors demonstrate the effect of habitatrdggneity and a habitat
preference on the genetic structure of the hyboikez between fire-bellied and
yellow-bellied toads.

The problem of hybridisation and the charactesst€ this hybrid zone
betweenB. bombinaand B. variegataare not yet clarified. Therefore, we have
analysed the allelomorphic features of seven ptipak of Bombina genus,
between 150 to 1700 m altitude in order to establibich of them are the most
important for the determination of belongingotmmbinaor variegataspecies, or for
the determination dfombinalike or variegatalike hybrids.

Material and methods. The analysed material consists of 259 toads
(122 adult males, 110 adult females and 27 juvehitelonging to the genus
Bombina.The specimens were collected in 10 different gaplgical populations
as follows (see also: Fig. 1):

l. Sacaramb: 19 individuals (16 males, 3 females); the popatats from
Hunedoara county, 20 km north-east from Deva i@ khetaliferi
Mountains, at 950 m altitude;

Il. Céampusel: 45 individuals (18 males, 27 females), from theteRatul
Calcaros Mountains (Hunedoara county), at 1000titucé;

I"l. Soarbele Valley,at 1400 m altitude, an@aul Soarbele,at 1550 m
altitude, in the Retezatul Calcaros Mountains (Hioaea county): 32
specimens (22 males, 10 females);

V. Ciuc region: 48 individuals (27 males, 21 females), in Hargltounty:
Soimeni - 12 km north-east to Miercurea-Ciuc at 750 mtudie, and
Arm dseni, at 20 km south-east from Miercurea-Ciuc at 750 titudie;

V. Cluj region: 44 individuals (22 males, 14 females, 8 juvepilesulted
from Baci Valley, 7-8 km west from Cluj-Napoca (Cluj county), ai035
m altitude, andFanatele Clujului, 10 km north from Cluj, 450 m

altitude;

VI. Petreu: 48 individuals (8 males, 21 females, 19 juvenjl@km south-
west from Marghita (Bihor county), at 150 m alti&y

VII. Parassapuszta 23 individuals (9 males, 14 females) from thelypo

Valley, the Bérzsdny Mountains, Hungary, at 200ltituale.
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The Bombinaspecimens were studied morphologically accordmghe
method of St u g r e n [16]. This method consistanalysing 9 allelomorphic
characters, but we considered only 5 of these aritief 3 features were added
(Table 1). The proportions of the characters wgpmessed as percentages: 0% for
pure Bombina bombinand 100% for pur@ombina variegataThe results were
compared to the theoretical features of pBmmbina bombing0 %) andB.
variegata(100%) populations (Table 2).

Table 1

The allelomorphic features of the two species of gas Bombina
living in Romania (after[16] modified)

No. Allelomorphic feature B. bomhina B. variegata
1. Colour of the light spots on the Red, orange, yellowish Yellow
lower surface of the body
2. Colour of the upper part of the Black Light

thumb and of the tips of the toes
(right and left)

3. Relation between the light tarsal Separated United
and sole spots
4. The proportion between head HL>HW HL<HW

length (HL) and head width (HW)
5. Patterns of the lateral and lower White spots around tiLateral and ventral war

surface of the body lateral and ventral warts without white spots around
6. Patterns of the upper surface of tRegularly disposed da Scattered dark tubercles
body tubercles
7. Dorsal warts Flat, sleek, lenticular Cone-shapegied
8. Tibio-tarsal articulations when the Not touching Touching
femur and the tibia are perpendi-
cular

The results were statistically analysed: beforengushe tree diagram
analysis, the differences betwddombinapopulations were checked by the analysis
of variance (ANOVA and Duncan tests).

Results. The variation of characters is summarised in T&hleThe
population of Scaramb is the puresBombina variegatawith 93.42% of the
characters belonging twdriegatd. The head length is larger than the head width,
this being a typical feature for the yellow-belliead. In the majority of specimens,
the dorsal tegument has visible tubercles and dneatiwarts are cone-shaped. The
specimens do not show any white spots around thealaand ventral warts. In
78.91% of them the yellow spots reach the tip efttes. IlBombina variegatathe
posterior leg is longer than By bombina[12,14] because of its more terrestrial life.
In the toads of &aramb the tibio-tarsal articulations are connected4.21%,
showing a larger leg.

Table 2
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The percentage of the eight allelomorphic featurem the seven studied
populations of Bombina, in comparison to the theoretical pureBombina
bombina and B. variegata populations
Char.1 — Char.&he number of the respective allelomorphic feaagéenTable 1

Char.1 Char.2 Char.3 Char.4 Char.5 Char.6 Char.7 Char.8 Total

Populations “er) k) () (k) (6) (%) (k) (%) (%)
PureB.v. 100 100 100 100 100 100 100 100 100
Sacaramb 100 84.21 100 100 78.94 84.21 100 100 93.42
Campuyel 100 75.09 93.75 95.53 97.41 73.8 100 100 92.18
Soarbele 100 21.87 81.25 100 87.5 375 100 100 178.5

Ciuc region 91.66 68.75 100 0 100 91.66  83.33 100 1.1¥
Cluj region 100  34.09 100 0 100 29.54 93.18 100 6%9.
Marghita 0 10.41 0 0 0 4.16 0 0 1.82
Hungary 0 34.78 0 0 0 8.96 0 0 5.43
PureB. b 0 0 0 0 0 0 0 0 0

The population of Campal shows 92.11 %Bombina variegate&haracters.
The head is wider than longer and the dorsal spetsveakly formed in 75.89 %.
The corn-shaped dorsal warts are pointed at 93af8pecimens and lenticular in
three females. F u h n [1] shows tlBdmbina variegatdemales’ spins can be
underdeveloped. There are no white spots on tie dnedl the yellow spots of the
tarsal and sole regions are united. The yellowssgaztch the tip of the toes in 97.41
% of the specimens and in 73.8 % of them the ti#nisal articulations are
connected.

The populations of Soarbele Valley andull Soarbele havdBombina
variegata characters in 78.51 % of individuals. The heatyscally "variegatd
being more wide than long. The dorsal tegumenphasounced spots even kidney-
like in most specimen®( bombinacharacter), only in 21.87 % the dorsal spots are
totally absentB. variegatacharacter). The corn-shaped dorsal warts are gointe
81.25 % of the specimens.

In Ciuc region the populations haBevariegatacharacters in 71.15 %. The
heads are typicaB. variegata In 68.75 % the dorsal spots are missing, the
remainder having kidney-like spots and small omles;dorsal warts are pointed.
These populations have lateral and ventral wan®woaded by white spots. The
yellow ventral spots are united (tarsal and sol€)3.33 % of specimens. The tibio-
tarsal articulations are connected in most speani@h.67 %), which prove the
adaptations to a more terrestrial habitat.
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The populations of Cluj region have in 69.65 Gariegatd characters. The
analysed specimens have clearly visible and kidikeydorsal spots in most of the
specimens. The tibio-tarsal articulations are cot@te only in 29.54 9%, the
remainder having shorter legs. There are whitesspotthe ventral and lateral
tegument and the yellow-orange spots between tmgladole are united.

The B. bombingpopulation close to Petreu (Marghita, Bihor colhigs in
1.82 %B. variegatacharacters. The specimens’ hed8stombinacharacter) are
longer than wide. The dorsal tubercles are obvialmspst all specimens have two
kidney-like spots. The lateral and ventral warks feit and surrounded by white
spots. The leg is shorter and the tibio-tarsat@gtions are connected in only
4.16% of the toads. The colour of the ventral sfgotiark orange; the tarsal and sole
spots are not united. The ventral tegument is pnatkmtly black.

The population of Parassapuszta (Hungary) has %4Sharacters oB.
variegata The dorsal tubercles aBe variegatalike in 34.78% and the tibio-tarsal
articulations are connected only in a few specim@®9%). The colour of the
ventral spots is orange, the tarsal and sole spetseparated. The lateral and ventral
tegument is predominantly black and has warts saded by white spots.

For the comparison of tHeombinapopulations, we used the tree diagram
analysis (Table 3 and Fig. 1).

Table 3

Values of the Duncan test following the ANOVA tesfF=31.001;
df=63: p< 0.0001), showing the significant statistal differences
among theBombina populations

PureB.v. Sicaramb Campygel SoarbeleCiuc Cluj  MarghitaHungary Purd.b.

PureB.v.

Sicaramb  0.2361

Campyel 0.1462 0.7183

Soarbele 0.0277 0.2483  0.3842

Ciuc 0.0257 0.2346  0.3707 0.9328

Cluj 0.0100 0.1238 0.2120 0.6332 0.6701

Marghita  0.0000 0.0000 0.0000 0.0000 0.000.0001

Hungary 0.0000 0.0000 0.0000 0.0001 0.000D001 0.8432

PureB.b. 0.0000 0.0000 0.0000 0.0000 0.000@001 0.9232 0.7834
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Tree Diagram for 9 Variables
Unweighted pair-group average

Euclidean distances

B.V.
SACARAMB :|_
CAMPUSEL

SOARBELE

Cluc

CLUJ
MARGHITA

HUNGARY

0.0 0.5 1.0 1.5 2.0 2.5

Linkage Distance

Fig. 1.Tree diagram of the sev@ombinapopulations for the eight analysed features.

Conclusions.1.Two of the seven studied populations belong@dmbina
bombina the population of Marghita (98.18 % of the feati)rand the population of
Parassapuszta - Hungary (94.57 % of the features).

2.The populations of#aramb and Campel belong toB. variegataand

have 93.42 % and, respectively, 89.58% charact@s\ariegata
3.The population of Soarbele though living near @&l at a higher
altitude exhibits fewer characters®fvariegata(76.16 %) than that of Camyai
(93.42 %), a fact yet unexplained.

4.The populations of Ciuc and Cluj regions are natoybrid populations
betweenBombina bombinaand Bombina variegata.In this populations the
"variegata characters are predominant (71.15% and 69.658bectively).

5.The belonging tBombina bombinar B. variegatacan be established on
the basis of two characters: the length of the(thg tibio-tarsal articulations
are/are not in connection) and the presence/absentlee dorsal spots. The
dendrogram analysis of the two features, confirntiig statement, proves to be
similar to the dendrogram of all the features.

91



10.

11.

12.

13.

14.

15.

16.

92

I. GHIRA, G. MARA

REFERENCES

F u hn, I.Fauna R.P.R.Amphibia,14(1), Ed. Acad. Rom., Bucugg, 1960.

G ol I ma n n, G.Die Hybridzone des europaischen Unken. Ein natiekch
Laboratorium der EvolutionsbiologiéStapfia“,47,1991, 103-108.

Kruuk, L. E.B.,Gilchrist, Mechanism maintaining species differentiation:
predator-mediated selection inBombinahybrid zone;Proc. Roy. Soc. London264,
1997, 105-110.

L & c, J.Verbreitung der Unken (Tiefland-UnBambina bombingL.) und Berg-Unke
Bombina variegata(L.)) in der Slowakei und Problematik deren gegéigen
Kreuzung"Biol. Prace Slov. Akad. Vied7(3), 1961, 5-32.

L 6 rc h er, K.Vergleichende bio-akustische Untersuchung an derrfeddGelbbauch-
unke,Bombina bombinandBombina variegata, "Oecologia3, 1969, 84-124.
MacCallumC.J,NurnbergerBarton, N.H,Szymura,J. M,
Habitat preference in thBombinahybrid zone in Croatia"Evolution”, 52, 1998, 227-
239.

M a d e j, Z.,Studies on the fire-bellied toaBgmbina bombingand yellow-bellied
toad (Bombina variegajaof Upper Silesia and Moravian Gat&cta Zool. Cracov.",
9(3), 1964, 291-334.

Maxon,L E.R.,Szymur a, J. Quantitative immunological studies of the albu-
mins of several species of fire-bellied toad, g&arsbina, "Comp. Biochem. Physiol.",
63,1979, 517-5109.

M é h e ly, L.Die herpetologishen Verhéltnisse des Mecsek Gebingd der Kapela,
"Ann. Hist. Mus. Hung."3, 1905, 256-316.

Michalows ki, JRozmieszczenie geograficzne kumalmmpinaOken) miedzy
Wislg Skawa i Raba (Wojewodztwo Krakowskid)cta Zool. Cracov."3(3), 1958,
247-283.

Michalowski, JStudies on the species characterBombina variegaté..) and
Bombina bombindL.), "Acta Zool. Cracov."6(3), 1961, 51-59.

Michalows ki, Jlsolationsmechanismen und Bastardungsmaoglichkbéeden
Amphibien;'Biol. Zentralbl.", 83, 1964, 561-585.

Michalowski, J., Mad ej, Studies on the relationship Bbmbina variegata
(Linneaus) andBombina bombinalll. Taxonomic characters of both species frobola
ratory and in interspecific hybrid$Acta Zool. Cracov."14(9), 1969, 173-200.
Nidrnberger,B,Barton,N.H,M@allum,C.J,,Gilchrist, J,Ap@by,
M., Natural selection on quantitative trait in tB®mbinahybrid zone}'Evolution", 49,
1995, 1224-1238.

R afinska, AReproductive biology of the fire-bellied tohmbina bombinand
Bombina variegata (Anura: Discoglossidaeig size, clutch size and larval period
lengthdifferences;Biol. J. Linn. Soc.",43, 1991, 624-630.

S tu g r e n, B.Eidonomische Untersuchungen Bombina Oken(Amph., Disco-
glossidae)aus dem Gurghiu-Tale (Siebenbirgeiool. Jahrb. Syst."86(4/5), 1959,
382-394.



17.

18.

19.

ALLELOMORPHIC FEATURES IN IDENTIFYING THEBOMBINASPECIES

Stugren, B,V anc e &, Geographic variation of the yellow-bellied toad
(Bombina variegat&).) from the Carpathian Mountains of Romania amel ISSR"J.
Herpetol.",2(3-4), 1968, 97-105.

Szymura, J. MHybridization between discoglossid to&tsnbina bombinandB.
variegatain southern Poland as revealed by the electrogiotechnique "Z. Zool.
Syst. Evol. Forsch.'14, 1976, 227-236.

Szymura,J. M,Barton N.Hhe genetic structure of the hybrid zone between
the fire-bellied toadsBombina bombinaand B. variegata: comparisons between
transects antbetween logi"Evolution”, 45,1991, 237-261.

93



STUDIA UNIVERSITATIS BABES-BOLYAI, BIOLOGIA, XLV, 1, 2000

BIOMETRIC STUDY OF THE SHREWSSORICIDAE, INSECTIVORA
IN TWO HILLY ZONES OF THE SOMEUL MIC BASIN (ROMANIA)

VICTORIA NISTREANU

SUMMARY. - Researches were carried out in theuGédnd Bomida hilly
zones of the Sorgal Mic basin. In both zones, six shrew species were
recordedSorex araneus, S. minutus, Neomys fodiens, N. dumrizocidura
leucodonand C. suaveolensTen body and skull measurements, important
from biometric and taxonomic points of view, werada on each individual.
The differences between the adult and subadulgemeps were found to be
significant (P < 0.05) in most of the ten biometraits determined, but the
differences between the males and females werdficigm only in some
biometric traits, those of the males being gred&tgceptionally, none of the
ten biometric traits of males and females was faanitly different in the
Crocidura suaveolengopulation from the Baida zone.

In the two studied zones, the populationsSaofrex araneusand
S. minutusare morphologically similar to the populations nfrothe
northern part of Romania and Central Europe, while €rocidura
leucodonandC. suaveolenpopulations are similar to those from different
regions of Romania and Central Europe.

There are only few data published on the inseativbammals living in
the north-western part of Romania [4, 9, 13]. Tisisvhy we have initiated
researches, especially biometric ones, concerriirgshrew populations from
this part of Romania.

Materials and methods. The researches were carried out in the hilly
zones around the localities @iland Bomida in the Somgul Mic basin. Giéu is
situated at 4814' North latitude and 232' East longitude at an altitude of 420 m
above sea level, and this zone represents the-eastiern gate of the Apuseni
Mountains. Borida is situated at 464' North latitude and 231' East longitude
at an altitude of 350 m above sea level, on thetemesbottom of the
Transylvanian Plain.

* Academy of Sciences, Institute of Zoology, 2028iGhi, R. Moldova
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The shrews were caught with live traps in sevenaks$ of ecosystems
with different plant associationSalicetum albae, Carpino-Fagetum sylvaticae,
Quercetum robori-petreagasture with brush vegetatioGrataegus monogyna,
Cornus mas, Rosa canina, Pyrus pyraster, Malusesyis, Viburnum lantana
and cultivated lands. All the caught individualsreveneasured and weighed.
Ten body and skull measurements, important froombioic and taxonomic
points of view, were made: body length (BL), ta&hgith (TL), hindfoot length
(HFL), body weight (BW), condylobasal length (CBlhreadth of brain case
(BBC), interorbital constriction (I0C), height ofrdn case (HBC), mandible
length (ML) and mandible height (MH). The biomettiaits were registered in
mm, excepting body weight which was recorded i@y each biometric trait
the following statistical parameters were considerenean §), standard
deviation (SD), minimum and maximum values (Min-NaKignificance of the
differences between the biometric values of thdtaahd subadult age groups
and of those of males and females was calculatecimg Student'stest.

Results and discussion. In both hilly zones, six shrew species were caught
[1]. The species and the number of the caughtithas were the followingSorex
araneus34, S. minutusl1, Neomys fodiend, N. anomalus3, Crocidura leucodon
47 andC. suaveolen83.

In Tables 1-4, referring t8orex araneus, S. minutus, Crocidura leucodon
and C. suaveolensNS and S indicate nonsignificant and signific@&0.05)
differences, respectively, between the age groagslts vs. subadults; A/SA)
and between the sexes (males vs. females; M/F)ré&8udts obtained faleomys
fodiensand N. anomaluswere not taken into consideration because of thallsm
number of the caught individuals belonging to thiea® species.

Table 1 shows that, in both @il and Bofida populations ofSorex
araneus significant differences were found between theilltaéind subadult
individuals concerning three biometric traits: bddpngth, hindfoot length and
interorbital constriction. The differences betwedhlr biometric traits of males
and females of botB. araneugopulations were significant only in the height of
brain case and mandible length.

The values of biometric traits, especially thoséady and condylobasal
lengths and body weight of th®. araneusindividuals from the GHu and
Bontida zones are greater than those indicate& faraneudiving in other regions
of the country [4, 6-8]. The biometric values af h araneusndividuals caught by
us are close to those recorded for the Centralfeans. araneugpopulations, but
the maximum value of the condylobasal length isgne[10, 11]. The body and
hindfoot length values are lower and the maximutoeraf condylobasal length
is greater as compared to values registered inEtist Europears. araneus
populations [2].
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Table 1

Statistical parameters of the biometric traitsof Sorex araneus

Zone and number of the caught individuals
B'Otgﬁt”c Giliu (26) Bonida (8) Giliu+
Bontida (34)

Xx+SD | Min-Max |A/SA | MIF | x+SD | Min-Max |A/SA| x#+SD

BL 67.635| 63.5-70.9 S NS 62.738 52.1-77.9 S 66.482
+2.379 +7.965 +4.711

TL 43.923 | 39.7-48.6 NS NS 42.000 36.6-46.6 NS 43.471
+2.453 +3.179 +2.718

HFL 12.250 | 11.4-13.2 S NS 11.863 10.3-13.3 S 12.159
+0.432 +1.087 +0.648
BW 7.196 6.0-9.5 NS NS 5.675 4.4-7.7 S 4.838
+1.014 +1.322 +1.257

CBL 19.831 | 18.2-21.3 NS NS 19.025 18.3-20.0 S 19.641
+0.682 +0.688 +0.757
BBC 8.577 7.5-9.9 NS NS 8.775 7.4-9.8 NS 8.623
+0.657 +0.900 +0.507
I0C 4.158 3.3-5.0 S NS 3.988| 3.4-4.6 S 4.188
+0.495 +0.464 +0.486
HBC 5.692 5.0-6.2 NS S 5.5 5.2-5.9 NS 5.647
+0.373 +0.2 +0.347

ML 9.792 | 8.2-10.9 NS S 9.825| 9.0-10.5 NS 9.800
+0.682 +0.557 +0.647
MH 4.515 4.1-49 S NS 4.613 4.3-5.1 NS 4.538
+0.211 +0.280 +0.228

The males oSorex minutuhave significantly greater body length than
the females, whereas the differences between ther diiometric traits are
nonsignificant (Table 2).

The values of biometric traits of the @il and Bomida populations of
S. minutusare close to those recorded for the Suceava rdgjcend are lower
than those mentioned for other regions of Romahi8&]. Our results are similar
to those described for the Central Europ&rminutuspopulations, excepting
the condylobasal length, the minimum value of whglower, and the mandible
height, the minimum value of which is greater i 8. minutusindividuals
caught by us [10, 11]. In comparison with tBeminutugndividuals from East
Europe, those captured by us have greater limitegabf the body length and
much greater limit values of the condylobasal larigt 5, 12].
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Table 2

Statistical parameters of the biometric traitsof Sorox minutus

Biometric trait

Zone and number of the caught individuals

Gilau (9) Bonida (2) Giliu+

Bontida (11)

Xx+SD | Min-Max | M/F | x+SD | Min-Max X £SD

BL 52.044 | 47558.1| S | 53.450 52.2-54.7 52.300
+3.661 +1.768 +3.317

TL 30.178 | 33.2-41.2 | NS| 39.400] 38.5-40.3 39.218
+2.427 +1.273 +2.209

HFL 10556 | 9.9-11.2 | NS| 10.050| 9.9-10.2 10.464
+0.456 +0.212 +0.461

BW 3.511 2.7-45 NS| 2950 | 2.9-3.0 3.409
+0.744 +0.071 +0.703

CBL 11.867 | 95-153 | NS| 16.650| 16.5-16.8 12.736
+2.528 +0.212 +2.977

BBC 7278 | 7.0-7.7 NS | 7.550| 7.4-7.7 7.327
+0.222 +0.212 +0.237

10C 3.256 | 3.0-35 NS | 3.150 | 3.1-3.2 3.236
+0.151 +0.071 +0.143

HBC 4267 | 4.0-45 NS | 4.750 | 4.7-4.8 4.354
+0.180 +0.071 +0.254

ML 5.611 4.4-7.8 NS| 7.950| 7.881 6.036
+1.358 +0.212 +1.541

MH 3.2 3.0-3.3 NS | 3.150 | 3.1-3.2 3.191
+0.1 +0.071 +0.094

One can see from Table 3 that the differences letwke adult and
subadult individuals ofrocidura leucodorare significant in seven biometric
traits (Giku population) and in four traits (Boda population). In the Giu
population, the males have significantly greatedyblength, hindfoot length and
breadth of brain case than the females, but irBihtida population, only two
biometric traits (tail length and height of braiase) are significantly greater in
the males than in the females.
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Table 3

Statistical parameters of the biometric traitsof Crocidura leucodon

Zone and number of the caught individuals
B";gﬁt”c Gilau (24) Bonida (23) Giliu+
Bontida
(47)
X £SD | Min-Max |A/SA | M/F | x+SD | Min-Max |A/SA| M/F | x+SD
BL 64.821 |53.677.8] S | S | 68609563813 S NS 66.674
+8.467 +7.240 +8.040
TL 34.754 |28.739.4| NS | NS | 32922 | 274400 | NS | S 33.857
+3.089 +3.369 +3.325
HFL 11.333 |105128| S | S 11.296 | 9.6-126 | NS | NS 11.315
+0.653 +0.861 +0.754
BW 6229 |2E511.0 | S NS | 7.643 | 3.0-135 | NS | NS 6.921
+2.459 +2.971 +2.801
CBL 19.179 184200 NS | NS | 10.043 | 18.1.-200 | S NS 19.113
+0.412 +0.614 +0.519
BBC 9200 8799 |S | S | 9078 |8798 NS | NS 9.140
+0.389 +0.288 +0.345
l0C 4608 4250 | S NS | 4596 | 4.3-4.9 NS | NS 4.602
+0.259 +0.146 +0.209
HBC 5292 |4658 | S NS | 5101 | 4857 NS | S 5.243
+0.376 +0.241 +0.318
ML 9.823 |9.2106 | S NS | 9930 | 92109 | S NS 9.878
+0.324 +0.370 +0.348
MH 4575 |4352 | NS | NS | 4517 | 3951 S NS 4547
+0.227 +0.308 +0.269

The variability limits of the

biometric trait valsein the studied twcC.
leucodonpopulations are wider than those recorded forrathdéeucodorpopulations

in the country [4, 5, 8]. The values of body anddydobasal lengths of the. leucodon
individuals caught by us are greater and the vititialimits of body weight are wider
than those described for Central Europ&arleucodonpopulations [10, 11]. In the
Gilau and Borida populations o€. leucodonthe body and hindfoot are shorter and
the condylobasal length is greater in comparisdh thie East Europedd. leucodon
populations [2, 12].
Significant differences were found between the taalndl subadulCrocidura

suaveolensindividuals in eight biometric traits (Gil population) and five traits
(Bontida population). The differences between the bidmetits of males and females
were significant in two traits (body weight and rdéate length), while no significant
difference was found between the biometric tréits)ales and females of the Bula
population (Table 4).
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Table 4

Statistical parameters of the biometric traitsof Crocidura suaveolens

Biometric trait

Zone and number of the caught individuals

Gilau (16) Bonida (17) Giku+

Bontida

(33)
X #SD | Min-Max |A/SA | MIF | x+SD | Min-Max |A/SA | M/F | x +SD

BL 55.844 | 50.7-64.2] S NS | 58.982 | 52.5-66.1 | S NS | 57.461
+3.442 +4.299 +4.163

TL 34538 |32.8-38.4] S NS | 32.624 | 29.6-345 | NS | NS | 33552
+1.602 +1.591 +1.847

HFL 10.569 | 10.0-11.6] S NS | 10453 | 9.7-11.1 | NS | NS | 10.509
+0.665 +0.501 +0.580
BW 4188 | 3249 | S S 3594 | 2.7-51 S NS | 3.882
+0.609 +0.766 +0.747

CBL 16.525 | 15.9-17.9] S NS | 16.712 | 15.2-17.1 | S NS | 16.621
+0.686 +0.598 +0.639
BBC 8156 | 7688 S NS | 7.706 | 6.3-8.2 NS | NS | 7.924
+0.405 +0.590 +0.551
10C 3813 | 3241 | NS | NS | 4076 | 3.848 S NS | 3.948
+0.280 +0.315 +0.323
HBC 4556 | 4054 | S NS | 4.871 | 4.2-5.7 NS | NS | 4.718
+0.432 +0.400 +0.439
ML 8456 | 7692 | S S 8.418 | 7.6-95 S NS | 8.436
+0.429 +0.488 +0.453
MH 3775 | 3441 | NS | NS | 3935 | 3642 NS | NS | 3.858
+0.259 +0.226 +0.252

The biometric trait values, especially the minimumits, of the C.
suaveolensndividuals captured by us are lower than thos¢hefC. suaveolens
individuals from other regions of the country [4, Bhe C. suaveolenidividuals
from the Giku and Bofida zones have the minimum value of body lengthliema
and the maximum value of condylobasal length gretitan those from Central
Europe [10, 11]; they have the minimum value ofdfiiot length lower and the
maximum values of tail and condylobasal lengthsagnein comparison with the

East Europeaf. suaveolenpopulations [2, 12].

Conclusions. 1. In the studied two hilly zones (@il and Borida) in the
Somaeul Mic basin, six insectivore mammal species wemrdedSorex araneus,
S. minutus, Neomys fodiens, N. anomalus, CrocikweodonandC. suaveolens
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2. The differences between the adult and subadelgaoups were found to
be significant in most of the ten biometric traitstermined, but the differences
between the males and females were significant omlome traits, those of the
males being greater. Exceptionally, none of themiimic traits of males and
females was significantly different in tiocidura suaveolengopulation from the
Bontida zone.

3. In the Giiu and Bomida zones, the populations 8brex araneusnd
S. minutusare morphologically similar to the populationsnfréhe northern part of
Romania and Central Europe, while tGeocidura leucodonand C. suaveolens
populations are similar to those from differentioeg of Romania and Central
Europe.
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AN ORIGINAL DATA ACQUISITION SYSTEM FOR MONITORING
THE BIOELECTRIC ACTIVITY OF FROG HEART

CRISTIAN SEVCENCU"and ANDREI PATRICIU™

SUMMARY. - An electrical signal generated by the frog hear foa the
first time photographically recorded in 1883. Sirtben, the recording
devices and methods have been continuously imprded of the most
powerful signal recording and processing technigube computer-based
data acquisition. During the last years, part of work was focused on
designing and improving a data acquisition systB@S) to be used for
the study of the signals generated by the selfagacnyocardium. An
original four-modular DAQS was built and our redogs show that its
capacities in signal acquisition and processingcaraparable to those of
other similar tools.

The first step towards the study of certain eleatrsignals generated by
the heart became possible in the 1880s, aftecdhstruction of a devica.é.
the Lippmann capillary electrometer) capable toudreqvoltage fluctuations
from living structures. To record the traces forttier analysis, photographic
methods were used [15].

In the years that followed, parallel to the evalatiof the acquiring tools,
the signal storage methods have also been improved.

The transposing of the traces reflecting a biogtegrocess on film or
photographic paper directly from the screen ofdbelloscope [7] was for many
years the single recording method and it is sti#di[1, 11]. The construction of
memory oscilloscopes made possible the storagehef ttaces and their
reactivation for ulterior measurements [4-6].

In the last decade, due to the explosion of theptaational techniques, a
new generation of data acquisition methods has beseloped and they are
widely used today [2, 3, 9, 14, 16].

" Babes-Bolyai University, Department of Animal Physiology, 3400 Cluj-Napoca, Romania
™ Aalborg University, Center for Sensory-Motor Interaction, 9220 Aalborg, Denmark
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Combining an astonishing data transferring speeth wiractically
unlimited storage capacities of the harddisks, tmmputer-based data
acquisition systems (DAQS) became powerful tootstii@ study of biological
signals all over the world.

Beside these characteristics, one of the most itapbfacilities offered by
the PC is that the information, once stored onhidm@ldisk, can be actually used
any time. Moreover, many programs may also protessdata by means of
sophisticated analyzing software including, forrapée, harmonic analysis and
statistical methods.

Our first attempt to acquire electrical signals gyated by isolated frog
hearts was performed by means of an ECG recoraer. aCtive electrodes and
an indifferent one were properly placed into a seHde perfusion chamber
filled with Ringer solution. An ECG trace, similea the human one, appeared
on the screen of the apparatus.

The next step we made was to adapt the perfusicmigues to the
requirements of a direct extracellular recording. sblve the problems of the
electrode attachment to a moving organ, as welb @nsure a proper tensioning
of the heart during the recordings, we had to desighovel perfusion device.
Firstly, the signals were recorded with the ECGaaipfus. We connected then
its amplifier module to a self made data acquisitimard, which was able to
communicate with the PC by means of a proper progrehe results of that
work were previously reported [12, 13]. New impnments were made, both
regarding the perfusion device and the acquirinffwsoe package, thus
resulting our present DAQS.

We describe here the main technical characterisfitiis system and the
methods we used to monitor electrical signals gerdrby the frog heart.

Material and methods. Animals. The hearts can be prepared from any
frog species. The size of the animals is not ingrdrbecause the fitting devices
from the perfusion chamber are adaptable to the Feayth.

The data acquisition system. Our system consists of four main modules.
These are: the perfusion module - which ensuregptbper conditions for the

requested value, the data acquisition (DAQ) boawvehich pre-processes and
transmits the data to an IBM compatible PC - thertfo component of the
DAQS (see, for illustration, Fig. 1).

The perfusion module consists of a perfusion tabikand a perfusion
device. Each reservoir (R1,R2 and R3) of the p@fusank can contain any
requested solution, one of them always being th&ti one for the reference
cardiac activity. The Ringer solution can be ind§areplaced by one from the
other reservoirs by manipulating their taps (2).
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Three plastic tubes (3) connect the reservoirhatperfusing head (4),
where the cardiac cannula (6) will also be fittdddisplacement device (5)
adapts the position of the perfusing head to therthgize, thus ensuring the
organ’s proper tensioning. Made from steel, thisncda also plays the role of
the reference electrode and it is connected aitiral amplifier by means of an
electric cable.

The active electrode (7) consists of a steel sprintp an end in form of a
hook and the other one straight. It has this speddgign because it must
accomplish three tasks. Thus, the hook end stabgiphof the ventricle and
acquires the electrical activity of the tissue. Fpeng middle ensures a counter-
force which opposes to the ventricular contractma brings the heart to its
initial length in the relaxing period. The straigirid of the electrode serves for
fixing it into the perfusion chamber by means gfiacers (8) connected to the
amplifier.

A transparent Plexiglas lid covers the perfusioransher (9), thus
ensuring a damp atmosphere around the heart.

To amplify the electrical signals acquired by mearsthe devices
described above, we used the amplifier of a Catdiip2 apparatus. To do that,
both electrodes were connected to the originalesabf its ECG module. The
exit of the amplifier was further linked to the emtce of the DAQ board. This
connection between the ECG apparatus and the DA kadlows not only the
transmission of the amplified signals to the PQ, dlso a visual control of the
electrical activity of the heart on the ECG screfocording to the stability of
the signals watched on this screen, one could lestahe right moment to start
the PC monitoring.

The DAQ board is an electronic device which playe trucial roles in
the acquisition process: those of a digital volenaind a transmission element.

The IBM compatible PC must have the minimum charastics to be able to
rule Windows 95, which is necessary for the acggitiabView 4.1-based software
package.

The heart preparation begins with the isolation procedures.

The frog is killed by pithing and the heart is digered. The hook end of
the active electrode is implanted into the ventacmass. The tip of the cannula
is introduced into the base of the venous sinusclwis then tightly bound
around the metallic pipe.

After the removal, the heart is placed into thefymon chamber. To
avoid the formation of air bubbles into the hedine flowing of the Ringer
solution must be started before fitting the canratldahe perfusion head. The
straight end of the electrode is then fixed inw pincers from the perfusion
device.
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By manipulating its displacement device, the peadiudiead is positioned
according to the length of the heart. Thus, ateahd of these operations, the
organ must stay in horizontal position, gently tened by the spring zone of the

C. SEVCENCU, A. PATRICIU

active electrode (see Fig.1).

The two electrodes are then connected to the calflabe amplifier
module. Starting from this moment, the self-padimgelectrical activity of the

ventricular tissue may be watched on the scre¢necECG.

After the stabilization of heart beating, the PCnitaring may start by
triggering the acquisition program.

1
‘/N.
R1 R2 R3

DAQ [~

IBM
PC

board

Signal
amplifier

——

Fig. 1.Schematic diagram of the data acquisition system.

1 - Perfusing reservoirs. 2 — Taps. 3 - Plastiesu8 - Perfusing head.
5 - Displacement device. 6 - Perfusion cannulakefie electrode.

7 - Active electrode. 8 — Pincers. 9 - Perfusioancher.
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Results and discussion. The perfusion device. In chronological order, the
first result of our work was the realization of @iiginal perfusion device.

In comparison to the classical Fihner model, whiek the only one used
in our laboratories, the new one has important awements.

Thus, the perfusion can be successively performech three different
reservoirs which can be filled with three differasotutions. As we have already
mentioned, one of them must always contain the &isglution under normal
conditions of temperature and pressure, for manigorthe reference
bioelectrical cardiac functions. If the effectsanfy disturbing substance have to
be tested, this can be solved in the Ringer saiuiom one of the other two
reservoirs. By simply stopping the initial Ringeurient and starting at the same
time that containing the tested factor, the secsmidtion will pass through the
perfusing head, instantly replacing into the caanbk normal Ringer one.

This perfusing method has two main advantages.

First, the concentration of the disturbing substaisca strictly controlled
factor, whereas by adding drops in the cardiac wlantihe final concentration of
the solution which enters the heart remains unknown

Second, the technical characteristics of the prnfuslevice allow an
almost instant replacement of a solution with aeptbne from a second
reservoir, with a very short transition period (5é@ 4).

Moreover, we have thought of a third reservoir ® tsed for serial
perfusions, such as a pretreatment with a bloakkwied by a perfusion with its
specific antagonist. For example, one could testeffect of epinephrine after the
heart was previously perfused with fisblocker, propranolol. Thus, the reservoir
R1 (see Fig. 1) would contain normal Ringer solytie2 - Ringer with propranolol
and R3 - Ringer with epinephrine, the perfusingeofiking R1, R2, R3.

Another new element of our system is the mobildéysémg head. Its main
role is to fit the cardiac cannula into the perfmschamber, at the same time
supplying it with the solutions which flow from theservoirs. Taking into
consideration that the hearts may have differen¢ssiwe had to think of a
technical formula in order to ensure the adaptshilf this attachment device to
the heart length. Thus, instead of fixing the pgirfg head into the perfusion
chamber, we have connected it to a thread basgldaiment device which ensures
its foreword and backward movements, as the heragth would require.

When one has to record signals generated by a mpaset, tissue or
organ, a major problem is the attachment of thetmldes so that the motion
artifacts should be reduced or eliminated. Différenethods have been
established to solve this demand and we mentior be# using of suction
[8-10] or the calcium removal in order to inhibietcontractions [8].
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Part of our solution to this problem is based omgis metallic cannula
instead of the classical glass one. Anyhow, thistniae strongly bound to the
sinus wall, so that it can also serve as a referetectrode.

The other half of the problem, that of a proper atable contact between
the ventricular tissue and the active electrodes walved by the particular
design of this electrode (see the description akenwve Fig. 1). As we have
previously presented, during the isolation procedurthe hook end of this
electrode is implanted into the ventricular masfieAthe isolation, the heart
with the electrode hanging on its tip is attachedhe perfusing head by means
of the cardiac cannula. The second attachment peinepresented by the
pincers, where the straight end of the electrodixésl. The next operation is to
move backward the perfusing head till the sprinddi@ of the electrode remains
gentle stretched even during the relaxing peridds $tate of permanent tension
ensures the indispensable tissue-electrode caaitang the whole cardiac cycle.
The elastic force accumulated by the spring dutive contraction also serves
for bringing the heart back to its initial length.

The DAQ board. We have mentioned before that this electronic a@evic
was designed to ensure both the digitization ofsigaals and their transmission
to the PC.

As a digital voltmeter, the DAQ board receives ameplified signals and
converts them into numerical values. This taskcisieved by means of a 10-
byte analog-to-digital converter, which is includedo a 80C 552 Philips
microcontroller.

As a transmission element, the DAQ board sendseal time the
converted data to the PC by means of its seriakfarte. The communication
protocol was by software established at 57600 lddgtehus being transmitted
150 values per second.

The software package. The data acquisition and processing are performed
by means of a self-designed, LabView-based soévpaickage which consists
of two parts.

One of the programs receives the value stringstseitie serial interface
and transforms them into analog graphic representatThus, the signals rule
on the monitor almost in real time. Parallel tds throcessing task, the program
also saves the data into dedicated files on thedlsic.

The software package also contains a program dasbigm display the
recordings made by the first one. Thus, an evatatip bioelectrical process
determined, for example, by changing the Ringeutgm with one containing a
disturbing factor, may be seen from the beginniigtie end. Due to the
facilities of this program, any segment from sucteeording may be zoomed
and analyzed.
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Recorded signals. To illustrate the performances of our DAQS, we khal
further present some of the recordings obtainedsdinyy it.

As we have mentioned above, from a whole recordirig¢ch can be very
condensed if the experiment lasted for a long pe(minutes or even hours),
one could choose and magnify only a small segment.

In Fig. 2, three steps of magnification - a, b andccan be seen.

b
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Fig. 2.Three magnification steps of a bioelectric recording acquired
from frog ventricular myocardium.

In the cell ¢, a single zoomed wave is presenteds@s 0 and 1 illustrate
how the signal parameters can be measured botmptitade and in duration.
The numbers from the palette below the picture esgmt the units of the
measured points, which are translated into absehitees of amplitude and time
after the calibration.

The c cell shows a single bioelectrical wave reedrftom the ventricular
myocardium. According to Weidmann [15], this woulghresent a so called
"injury action potential”, which was for the fir8tne photographically recorded
in 1883.
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More recently, in 1992, Neunlist and Z¢§10], using an original optical
method, obtained an integrated transmembrane [atewetcorded from frog
ventricular epicardium. Although this signal, beiagquired from a volume of
tissue approximately 200 um in diameter, may diffem that of individual
cells [8], it expresses the main characteristica afiell known cardiac action
potential. Thus, the authors describe a fast depatton period with a rise time
that can range from less then 1 ms to 20 ms, & ffagolarization period
followed by the depolarization plateau and, finathye late repolarization phase.
The maximal amplitude was reported to be of ab®@t 1120 mV and the total
duration of this integrated action potential ranfredn 700 to 900 ms.

The individual signals acquired in our laboratoyyrnbeans of the previously
described DAQS also seem to present the chardictetips of an action potential.

1332+
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Fig. 3.Individual signal acquired from self-pacing frog ventricular myocardium.
a; b; c; d; e - Specific phases in the developroétiie signal.

As can be seen in Fig. 3, the signal starts withpéd up-stroke (phase a)
that was found to last for 25 - 30 ms. The maxispke amplitude (point b)
range from 25 to 30 mV. After a rapid decreasehefamplitude (phase c), the
subsequent characteristic plateau follows (phasEidally, the potential returns
to its base-line value by means of a prolongededesing period (phase e).

As a characteristic of their recording devices, NBst and Zou [10]
reported a peak-to-peak noise level of 2-7% frogretttion potential amplitude.

In our recordings, the maximum level of the pealpéak noise was 5%
of the signal amplitude.
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As we have already mentioned, a difficult recordomgblem is the fixing
of the electrodes into/on the tissue when the baigtal signals are acquired
from a moving organ.

The authors cited above have recorded their sidnyateeans of an optical
fiber which was positioned on the surface of thetsiele. When this fiber was
not properly fixed by suction, a major motion axtif appeared some 50 - 100
ms after the upstroke of the action potential.

Although our signal is always followed by the vénttar contraction 90 -
100 ms after the spike, no motion artifact appéses Fig. 3). Since the motion
artifacts were totally eliminated, we may concltiaket our technical solution related
to the attachment of the electrodes is a valuaide o

Finally, we illustrate the capacities of our DAQSreflect the effect of a
disturbing factor on the cardiac bioelectric agyiviAs ca be seen in Fig. 4, a
change in the signal shape, as well as in the émgyis developing next to the
vertical bar. This sign marks the moment when thiemal Ringer solution was
replaced with the one containing the tested substafhus, the picture above
shows the transition from a normal self-pacing wieanlar activity to that
determined by the administration of methanol soliwveRinger solution. Without
discussing here the physiological mechanism ofdffisct, we only mention that
our devices and methods seem to surprise well énsugh a process during its
development.
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Fig. 4.Effect of methanol on the bioelectrical activity of the frog ventricle.
The vertical bar marks the substance administration.
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As aconclusion of the present work, we believe that our DAQS rbay

considered a valuable tool for the study of theyfheart bioelectrical activity
either alone or in relation to other cardiac paranse
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CHARACTERISATION OFNICOTIANA PLUMBAGINIFOLIA
TRANSFORMANTS, CONTAININGMETC
GENE FROMESCHERICHIA COLI.
I. ANALYSIS OF NUCLEIC ACIDS

GABRIELA ISPAS " LENUTA RAKOSY-TICAN *,
MICHAEL JACOBS ™and VALERIE FRANKARD **

SUMMARY. - Nicatiana plumbaginifolia plants, transformed witmetC gene
from Escherichia coli have been characterised at nucleic acid level. The
transformed nature of the analysed plants has jbeeed.

Amino acid biosynthesis is an essential processpfant growth and
development. The essential amino acids: lysineeottine, methionine and
isoleucine derive all from aspartate, via a braddbiesynthetic pathway.The main
sulphur- containing amino acids in plants and alsimge methionine and cysteine.

Methionine is synthesised in plants and microorgiaside novo, from
cysteine and O-phospho-homoserine (plants) angectisely, from cysteine
and O-succinyl-homoserine (bacteria). In contiasanimals methionine represents
the essential sulphur-containing amino acid atioeigrecursor of cysteine.

The steps of methionine biosynthesis in plants,rdtsgam from cysteine
are presented in Fig. 1. The precursor O-phospnaskerine represents the
crossing-point between aspartate, methionine aiedrime pathwayCystathionine
gamma synthase (CS) may use either cysteine or sulphide as &asukupplier. The
enzymecystathionine gamma synthase (CS) catalyses the first committed step that
consists in a transsulphurylation reaction betwegsteine and O-phospho-
homoserine to form the intermediate cystathionind & regarded as a major
regulatory point in the pathway [6]. Cystathionitieavage bycystathionine beta
lyase (Cbl) yields ammonia, pyruvate and homocysteire. the next step,
homocysteine is methylated hgethionine synthase (MS) leading to methionine
production. Most of the enzymes involved in metmerbiosynthesis are localised
in chloroplast. Onlymethionine synthase appears to be localised in the cytoplasm
[4]. The localisation otystathionine beta lyase enzyme is still a debate.

I Babes-Bolyai University, Faculty of Biology and Geology, Department of Ecology and Genetics, 3400
Cluj-Napoca, Romania

““'Free University Brussels, Institute of Molecular Biology and Biotechnology, Laboratory of Plant
Genetics, B-1640 Brussels, Belgium
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Fig. 1.Branched pathway of methionine synthesisin plants.

Enzyme assays performed on chloroplast-enrichetidres show that the
majority of the Cbl activity, if not all, is locaked in the plastid [2]. An attempt to
identify the cystathionine beta lyase localisation in plant cells is the experiment
initiated in the Laboratory of Plant Genetics (Fuéversity Brussels).

The strategy of this work is based on the followidga: if a Met-
auxotrophic mutation at thebl level in plants may be complemented by a TP —
metC construct, implying a chloroplastic localisatioor fMetC (cystathionine
beta lyase enzyme in bacteria), the Cbl enzymelisech in chloroplast is
necessary and sufficient for methionine biosyn#hesi

The strategy followed in our experiments is presgimt Fig. 2. The goal of
our work is the characterisationroftC transformants, obtained in the Laboratory of
Plant Genetics (Free University Brussels). In ortter prove the successful
complementation of the auxotrophic mutation, tvem$formants (fand T,) and the
wild type (B) Nicotiana plumbaginifolia have been analysed at biochemical and
nucleic acid level.

The work presented in this paper points on two npawblems: 1. the
presence ofmetC insertion(s) in analysed plants and 2. rifetC transcription level
inT,and T,

114



CHARACTERISATION OFNICOTIANA PLUMBAGINIFOLIA TRANSFORMANTS

Mutation at cbl level

Chloroplastic localization
for MetC enzyme

Nicotiana plumbaginifolia
Met auxotroph TP-metC construct

Transformation with
Agrobacterium tumefaciens

MetC transformants
T1land T4

cbl mutation

Met+ autotroph
TP-metc insertion

DNA extraction RNA extraction

Southern analysis

Northern analysis

TP-metC insertion

metC transcription level

Fig.2. Step by step strategy.

Materials and methods. Plant material. Nicotiana plumbaginifolia
plants, auxotrophic for methionine, carrying a niota at cbl level [5], have
been transformed usirfggrobacterium tumefaciens technique.
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A pBIN vector has been used, containing: 1. th&C gene from
Escherichia coli (coding for cystathionine beta lyase enzyme) utitkeicontrol of a
CaMV 35S promoter; 2. theptll gene (neomycin phosphotransferase) for the
selection of transformants, based on their resistaon kanamycin-containing
medium; 3. the transit peptide (TP) correspondimdhe spinach Rubisco small
subunit, fused in frame witinetC gene.

Hindlll

RB
OCS@ nptl| Hocs@

0.5kb 1.2kb 0.3kb

Fig.3.The metC construct.
LB - Left border. p35S - CaMV promoter. TP - Tramsptide. metC - Cystathionine beta
lyase gene frorizscherichia coli. OCS - Octopine synthase terminator. Pnos - tagpal
synthase promoter. nptll - Neomycin phosphotraaséegene. RB - Right border.

The recoverednetC transformants (and T,) are able to survive on
medium without methionine. This is a direct prdadittthe exogenousetC gene
complements the cbl mutation in auxotropKiglumbaginifolia mutans, due to the
fact that the MetC enzyme targeted in chloroplassufficient to reinstall the
autotrophy for methionine.

DNA and RNA analyses. Nicotiana plumbaginifolia genomic DNA was
extracted from leaves using the technique deschigddellaportaet al. [1]. The
DNA was digested using three different enzymesREcBamHI and Hindlll. On
the agarose gel (0.8%), 1@ DNA was loaded on each slot.The total RNA was
isolated and RNA electrophoresis was performed rdoap to Goldberg [3].
Standard Southern and Northern blot techniques bese used, with 0.4 N NaOH
as a transferring agent. For DNA and RNA transfesitively charged nylon
membrane, purchased from Boehringer, has been Tikedprehybridisation and
hybridisation were performed in Church buffer (25%1 sodium phosphate buffer,
5% 5 M sodium chloride; 0.2% 0.5 M EDTA, 7% SDS).

The BamHI fragment of theetC gene (Fig.3) was used as a probe for
Southern and Northern analyses. The BamHI fragrokitte metC (1.2 kb) was
separated on 0.8% agarose gel, electroeluteduathef labelled witha-*P-dCTP,
3000 Ci/mmol, using Rediprime Kit from Amersham.
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Results and discussionSouthern analysis. For the analysed transformants
(T1 and T) three radioactive signals, corresponding to lineet different restriction
enzymes used, EcoRI, BamHI and Hindlll, were oleijrat the expected locations:
1.2 kb for BamHI, 0.9 kb for EcoRI and 1.5 kb fand#ill (Fig.4).

Hind IlI EcoRlI BamHlI
T4 P, T; T, P Ta T4 P, T
& e i
1.5 kb[J _;l' .
A\‘ v ":‘I = O3 -8 .’ 3
12kbD € FEloet PR E e . -

F i‘g . 4. Southern analysis using metCprobe.

The restriction enzymes used for DNA analysis batBamHI fragment
of themetC gene at the following positions:

Restriction enzyme | Restriction site in BamHI fragingl..2 kb)
BamHl 0/1187 bp
EcoRlI 891 bp
Hindlll 12 bp
P, T: T

Fig. 5.Northern analysisusing met Cprobe.
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Corresponding to the cutting pattern of EcoRI aadnBil in the BamHI
probe, the radioactive probe will hybridise withethwo corresponding plant
genomic DNA fragments : 0.9 kb for EcoRI and 1.2d&bBamHI.

In the case of Hindlll the first restriction sitelocated in thenetC gene at
position 12 bp, and the second restriction sitedated after thenetC terminator.
The Hindlll fragment will comprise themetC gene andDCS terminator, having a
size of 1.5 kb. The corresponding radioactive digearecovered after the
hybridisation with BamHI probe at the expected fioca 1.5 kb.

Northern analysis. A very strong signal was obtained for the analysed
transformants, while no signal was present fonihe type (Fig. 5).

The transcription rate fanetC gene in the transformants is imposed by
the 35S promoter. This high inducible promoterwafica high transcription rate
of themetC gene. As a fact, a large amount of mMRNA codingMetC protein
will be produced and, consequently, the radioadtigeal will be very strong in
the Northern analysis, even after a short expotaune

Due to the small homology between thetC gene and thebl gene, the
radioactivemetC probe will not hybridise with the endogenous CH#RA from
wild type. No signal for Pwas obtained in the Northern analysis. Nevertiseles
a small amount of Cbl-mRNA will be produced in wtlghe, under the control
of thecbl natural promoter.

Conclusions.1. The analysediTand T, plants contairmetC gene from
Escherichia coli. The transcription rate of this gene in the transfnts is very
high, due to the presence of the 35S promoter.

2. The absence of hybridisation with the radioactnetC probe in the
case of the wild type is most likely due to thet that the homology between the
metC bacterial gene and the endogenohbisgene is not sufficient to allow the
hybridisation under the established conditions.
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CERCETARI ENZIMOLOGICE ASUPRA MMOLURILOR DIN
LACURILE SALINE DE LA BAZNA SI BLAJ
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SUMMARY . —Enzymological Research on Mudsfrom the Salt Lakesin
Bazna and Blaj. Seasonal enzymological analyses were performedunts
from two salt lakes in Bazna (Sibiu county) andjBRba county). Four
enzymatic activities (phosphatase, catalase, actodl potential dehydro-
genase), as well as nonenzymatic catalyti©.rplitting capacity were
measured quantitatively. The studied enzymatic reamenzymatic catalytic
activities were high through all seasons, withgualar seasonal variations.
The enzymatic indicators of mud quality were caltaed. The mud from the
salt lake in Bazna had a higher enzymatic potettieh that from the salt
lake in Blaj, according to the values of the enzjenandicator of mud
quality. Other four enzymatic activities (maltaselobiase, invertase and
lactase) were determined qualitatively. The reaflthe qualitative analyses
confirmed those of the quantitative ones in respéthe higher enzymatic
potential of mud from the salt lake in Bazna.

In tara noastr s-au efectuat numeroase ceideénzimologice asupra
sedimentelor lacurilor saline, Tn special asuprlaa folosite Tn balneoterapie
[1-3, 5, 6, 8, 9, 11-16]. Lucrarea deaf&i propune & lairgeasé sfera cercétilor
ntreprinse de autorii ciia prin studierea unui lac deja cunoscut pentritatdé
terapeutice aleamolului siu (Baznaki a unuia Tn& neintrat in circuitul balnear
(Balta Sirata de la Blaj).

Sedimentul lacului salin de la Bazna este fologitrdulé vreme ca
namol terapeutic, pentru tratarea unor @fed reumatismale degenerative,
inflamatorii, post-traumatice, neurologice periferi ginecologice etc. aholul
lacului Balta Srati de Iang Blaj nu este exploatat intr-un mod organizat in
balneoterapie, dar cdlitle lui curative sunt atestate de localnicii caresézonul
cald practid@ impachetri cu ramol, cu efecte benefice asupraritor de ginatate.

PUniversitatea "BabeBolyai", Catedra de biologie vegefal3400 Cluj, Romania
“ Institutul de Cerceiri Biologice, 3400 Cluj, Romania
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Material si metode. Asupra #@molurilor din lacurile de la Bazna (jud.
Sibiu) si Blaj (jud. Alba) au fost efectuate cer@étenzimologice cantitativei
calitative sezoniere in perioada 1996-1997. Dinllde la Bazna au fost prelevate
si analizate probe deamol din trei puncte: nord, centru (de unde se getta
namolul pentru tratament) sud. Din lacul Balta 8ati de la Blaj gantioanele au
fost prelevate din daypuncte: norgi sud.

Au fost determinate cantitativ ugtoarele activiiti enzimatice si
catalitice neenzimatice: activitatea fosfatazimetoda Kramewi Erdei [10]);
scindarea enzimatic (activitatea catalaziy si neenzimatie a HO, (metoda
Kappen [7]); reducerea clorurii de 2,3,5-trifertiiézoliu (TTC) in probe neauto-
clavate fira adaos de glucézactivitatea dehidrogenaZiactual) sau cu adaos de
glucoz (activitatea dehidrogenaZigoteniald) (metoda Casidai colab. [4]).
Activitatea fosfatazit se exprii in mg fenol/2,5 g #mol substatdi uscai;
capacitatea de scindare a(d se expriri in mg HO, descompugl,5 g ramol
substati uscal; activitatea dehidrogenazicse exprim in mg formazan/0,5 mg
namol substati uscai.

Analizele enzimologice -calitatitve au cuprins atitle maltazid,
celobiazi@, zaharazig si lactaziéa. Determinarea acestor actiifitenzimatice s-a
efectuat prin cromatografie pe hartie, tehnicautind (Wright si colab. [17]).
Intensitatea activitilor enzimatice stabilit pe baza spoturilor de culoare date de
monozaharidele formate Tn urma hidrolizei substifatu enzimatice a fost
marcad cu semne de +.

Rezultate. Toate cele cinci activiti determinate cantitativ au avut valori
decelabile in toate sezoangida toate punctele studiate. Exdepface activitatea
dehidrogenazit actuad, care nu a putut fi evidgata in punctele nordice de
prelevare din ambele lacuri, in sezoanele dejvam, toamia si iarna, respectiv
activitatea dehidrogenazigoteniala, fara valori decelabile in partea de nord a
lacului Balta @rata de la Blaj, priivarasi toamna (Tabelul 1). Valoarea maxira
activitatii dehidrogenazice actuale este consemmmata in partea de sud a lacului
Balta Sirati (8,822 mg formazan/0,5 gmol substata uscaf). Valoarea maxima
activitatii dehidrogenazice pot@ale este inregistratprimavara, in centrul lacului
de la Bazna. Se poate afirma, degijrcsedimentele ambelor lacuri studiate éxist
0 activitatea dehidrogenazia crei intensitate depinde mai foude adaosul unor
surse suplimentare de carbon, probabil datgitzerei in aceste amoluri a
unei cantifiti suficiente de substan organice, care asiguo dezvoltare buha
microorganismelor a acor activitate respiratorie este agurati prin testul
reducerii TTC.

Activitatea fosfatazit inregistreaz atat valoarea maxiin4,068 mg fenol/
2,5 g ramol substatdi uscal — toamna) casi cea minidi (0,111 mg fenol/
2,5 g rimol substatd uscai — iarna) in partea de sud a lacului de la Bazna.
Desigur, valoarea maxirinregistrai toamna este datodaacumuirii in sediment
a resturilor organice, la stgtul perioadei de vegeia.
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Intensitatea minith a capacitii de scindare a ¥D, este consemrat
primavara, in partea de sud a lacului Bal#a% de la Blaj (8,093 mg D, des-
compud/1,5 g rimol substatd uscai — activitatea catalazicrespectiv 20,232 mg
H,O, descompugl,5 g imol substatd uscai — scindarea neenzimatjc Valorile
maxime ale acestor actist sunt inregistrate iarna in partea de sud a ladella
Bazna (43,010 mg 4@, descompusl,5 g rimol substati uscal — activitatea
catalazi&), respectiv vara, in partea de nord a acgllaa (70,653 mg kD, des-
compud/1,5 g rimol substatd uscai — scindarea neenzimatjcAsadar, pe lang
0 activitatea catalazicremarcabil, noim o si mai intend activitate de scindare
neenzimatig a HO..

Pe baza valorilor absolute ale actitfior enzimaticesi catalitice neenzi-
matice s-a calculat indicatorul enzimatic al @alinamolului (IECN), care rezuit
din impartirea la nunarul activitatilor studiate a sumei raporturilor dintre valorile
realesi cele teoretice maxime [12].

In Fig. 1si 2 sunt reprezentate grafic valorile indicatorilenzimatici
sezonieri ai calitti namolurilor din fiecare punct de prelevare din cebegdlacuri.
Se poate observa waloarea cea mai ridiéat potefialului enzimatic inregistrat
sezonier in cele trei puncte de prelevare din IBezha se intalgte primivara, in
zona centrala lacului (IECN = 0,453). Valoarea cea madizsiti a acestui poteial
este consemn@toamna, in partea de nord a lacului (IECN = 0,188)prinztoare
este evolta potenialului enzimatic in partea de sud a lacului, clowalescres-
citoare ale IECN dinspre pritwara spre toamii, cu un maxim consemnat iarna.
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F i g. L.Indicatorii enzimatici sezonieri ai calit¥43ii n¥anuddi din cele trei puncte
de prelevare din lacul de la Bazna
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IECN

0,0

Nord
EPrimavara CVara EToamna Elarna

F i g. 2.Indicatorii enzimatici sezonieri ai calit¥3ii n¥znuddi din cele dou¥a
puncte de prelevare din lacul de la Blaj

In cazul lacului Balta Bati de la Blaj, amolul din partea de sud are un
potenial enzimatic superior celui akmolului din partea de nord. Valorile maxime
ale IECN sunt inregistrate vara (0,527 — sud, &8p8,476 — nord). In celelalte
sezoane indicatorii enzimatici ai cafit namolului defisesc valoarea de 0,300 Tn
sud, iar in nord se situesin jurul valorii de 0,200.

In Fig. 3 sunt reprezentate valorile indicatordozimatici anuali ai calitii
namolurilor din fiecare punct de prelevare, respectiglorile indicatorilor
enzimatici globali pentru cele dalacuri studiate. In lacul de la Bazna poiznl
enzimatic cel mai remarcabil este consemnat in zentrad (IECN = 0,367), de
unde sesi extrage #@molul folosit pentru tratamente in stee. Potetialul
enzimatic cel mai $zut se inregistreazn partea de nord a lacului (IECN = 0,281),
fapt explicabilsi prin impactul semnificativ al factorului antropién aceadgt
parte a lacului deversandu-se intermiteimaolul recuperat de pe pacigfin urma
tratamentelor aplicate in gitmme. Sedimentul lacului Baltaifati de la Blaj are
valori ale IECN mai apropiate (0,369 in sud, reipé€;295 in nord).

Calculai pe baza valorilor medii globale ale actiitor enzimaticesi
catalitice neenzimatice determinate n fiecare pulecprelevare din cele dbu
lacuri, in fiecare sezon, indicatorii enzimaticolghli ai caliiti namolurilor din
cele dod lacuri (Fig. 3, C) caracterizeaia modul cel mai cuprirazor potenialul
enzimatic al sedimentelor lacurilor studiate. Peaa baz se poate afirmaic
potenialul enzimatic al amolului din lacul Balta &ata de la Blaj (IECN = 0,332)
este superior celui alamolului din lacul de la Bazna (IECN = 0,326), dar
diferena este destul de niic
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IECN A IECN B IECN c

0,40 0,404
0,33

0,32
0,304

0,31

0,30
Nord Centru Sud Nord Sud Bazna Blaj

Blaj

Bazna

F i g. 3.Indicatorii enzimatici ai calit¥3ii n¥molului dinete dou¥a lacuri de la
Bazna ¢ i Blaj studiate
A ¢i B—IECN anuali pentru fieare punct de prelevare.— IECN globali

Intr-o lucrare citat anterior [12] s-adcut o clasificare a 56 de lacuri saline
din Romania, pe baza valorilor indicatorilor enziiciaai calititii sedimentelor lor.
Desi clasificarea s-aitut in urma determiinii a 7 activifiti enzimaticesi catalitice
neenzimatice (f& de cele 5 studiate in cazul déifse-a mai analizat capacitatea de
reducere neenzimadica TTC in amestecuri de reigccu sau #ra adaos de
glucoz), modalitatea de calculare a indicatorilor permiportarea la aceast
clasificare. In acest sistem, lacul Balta® de la Blaj s-ar situa pe locul 34, avand
aceesi valoare a IECN cu lacul Balta Alpiar lacul de la Bazna pe pgaiimediat
urmatoare, naintea lacului Nou Format de la Ocna &ibiu

In ceea ce priwte activitatea enzimelor determinate calitativ,utegele
obtinute sunt prezentate in Tabelul 2. Se poate denstatoate cele 4 oligaze
determinate au putut fi evidgste in ramolul celor dod lacuri. Si de aceastdat
namolul lacului Balta $rati de la Blaj este mai activ pe plan enzimologic,
comparativ cu cel din lacul de la Bazna, trei difecpatru activitti enzimatice
evideniate fiind mai intense n primul.

Tabel 2
Rezultatele analizelor enzimatice calitative
Lacul Locul Activitatea enzimatit determinat
prelevirii  Maltazici  Celobiazia Zaharazia Lactazida
Bazna Centru ++ + + +
Blaj Sud +++ ++ ++ +
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Concluzii. 1. Este consemriagxistena unor actividti enzimatice destul
de intense in sedimentele celor #@ldacuri studiate, care variaan funaie de
anotimpsi de locul de prelevare. De asemenea, se inreggstom nivel ridicat al
activitatii catalitice neenzimatice de scindare £k

2. Pe baza valorilor indicatorilor enzimatici gltie calitatii namolurilor
din cele dod lacuri studiate se poate afirmar@molul din lacul Balta &ati de la
Blaj (IECN = 0,332) este superior celui din lacidzBa (IECN = 0,326). Obser-
vatia are o importaii deosebit, luand Tn considerare faptudl camolul din lacul de
la Blaj nu este exploatstiintific in balneoterapie, ci numai empiric, dire local-
nicii care 1i atribuie caliti terapeutice.

3. Analiza calitativi a celor patru oligaze (maltazcelobiaz, zaharaZ si
lactaz) creste complexitatea aprecierii potelului enzimatic general alamo-
lurilor din cele dod lacuri studiate, rezultatele analizelor calitatbemfirmandu-le
pe cele ale analizelor cantitative.

4. Cercetrile efectuate ilustre@zimportana sistemului de clasificare a
lacurilor saline pe baza valorilor indicatorilorzenatici ai califiti namolurilor,
care permite identificareg recomandarea folosirii Tn balneoterapieaaolurilor
mai active din punct de vedere enzimaticare sunt terapeutic mai eficiente, fapt
dedus empiric, in urma unei Indelungate tiiadih acest sens se impune aien
lacul Balta Srati de la Blaj.
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INDUCTIA ENZIMATIC A IN SOL CA TEST ECOTOXICOLOGIC
PENTRU POLUANIT ANORGANICI SI ORGANICI

ALIONA POPA "

SUMMARY. - Enzymatic Induction in Soil as Ecotoxicdogical Test for
Inorganic and Organic Pollutants In a laboratory experiment modelling
soil pollution, salts of bivalent heavy metals HgCd?*, Zn**, PF*, C*
and Cd") and organic substances (the detergents "Rex™Arnidl", the
herbicide 2,4-D as well as fuel oil and phenol),pa¢ential pollutants,
were added to samples of an alluvial soil for stogtheir effect on the
induction of microbial synthesis of levansucraser8se, as specific substrate
of levansucrase, served as inductor. Rates ofdiéiams (per 100 g air-dry
soil) were the following: 0.001, 0.01 and 0.1 gJyemetal; 0.1, 1 and 2 g
detergent; 0.001, 0.01 and 0.1 g 2,4-D; 0.1, 15amdifuel oil; 0.001, 0.01 and
0.1 ml phenol; and 10 g sucrose. Soil samples,hishano pollutant or no
sucrose was added, were the controls. All sampdesesenting 20 and 17
experimental variants (treated with heavy metatiand potential organic
pollutants, respectively) were moistened to 60%ater-holding capacity and
incubated at room temperature for 18 days, thelysethto determine their
levansucrase activity by means of circular papssrohtography.

The results have shown that the heavy metal idnisiied activity and
synthesis of levansucrase in the order?* B> Co*> Zn**> PF*>CL#".
Both detergents enhanced activity and synthesisleefinsucrase, the
enhancing effect of the detergent "Ariel" (manufeet! with addition of
enzymes) was more pronounced than that of theggetefRex" (containing
no enzymes). 2,4-D strongly inhibited, while fuél and phenol slightly
inhibited the activity and synthesis of levansuerdhe effect of heavy metal
ions, detergents and 2,4-D increased with incrgasite of additions, but the
effect of fuel oil and phenol did not change in efmence of the rate of
additions.

The conclusion has been drawn that induction of rohiel
levansucrase synthesis in soil may be used asotox@ological test for both
inorganic and organic pollutants.

* Universitatea "BabeBolyai”, Catedra de biologie vegetal3400 Cluj, Roméania
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Ideea indutiei secveriale a sintezei enzimelor déte microorganismele
din sol a fost formulét pe baza unor cer@et n care probe de sol au fost
compostate cu mekasZaharoza din melasagionand ca substrat enzimatic, a indus
sinteza microbiaha levansucrazei dextransucrazei care au catalizat apoi sinteza
polizaharidelor levarsi dextran. La randul lor, aceste polizaharide adu
sinteza microbiah a levanazeki dextranazei, polizaharidaze care catalizeaz
hidroliza levanuluii, respectiv, a dextranului. Dat fiindi ¢evanulsi dextranul
contribuie la agregarea particulelor de sol, lari@mrea structurii favorabile a
solului, levansucrazai dextransucraza joacun rol pozitiv, iar levanazai
dextranaza au un rol negativ din punctul de vedérfertilitatii solului [1]. La
aceste cercaéti se fac referirisi intr-o lucrare de sintézasupra activitii si
importanei agricole a polizaharidazelor din sol [2].

In prezenta lucrare s-a studiat posibilitatea fioiogductiei sintezei
microbiene a levansucrazei in sol ca test ecottogio pentru poluatn
anorganicki organici.

Material si metodi. S-a efectuat un experiment de laborator pentru
modelarea polirii solului. S-a lucrat cu acealasol aluvial (probe de 100 g,
uscate la aerdi cu aceiai poluani anorganicisi organici, care s-au folost
pentru studierea activtii dehidrogenazice [3].

Ca inductor a servit substratul specific al levanszei, zaharoza, care s-a
adiugat sub forrnde pulbere in cantitate de 10 g/100 g sol us@ara

Pentru studierea poluglor anorganicisi organici s-au realizat 26,
respectiv, 17 variante experimentale. Schema terpeszentatin Tabelele %i 2.

Solul fiearei variante experimentale a fost umezit la 60% din
capacitatea de tieere a apei. Compostarea a avut loc la temperaameereii
a durat 18 zile.

Dupa compostare, probele de sol au fastate & se usuce la aer, apoi li
s-a determinat activitatea levansucrazio acest scop, s-au preparat amestecuri
de reade din céate 3 g sol + 2 ml toluen (antiseptic) +rfiDsoluie apoas de
substrat (zahar@z10%, greutate/volum). Drept martori au servit aeesi de
reagie la care, in locul sotiei de zaharay, s-a adugat ag distilaéi (10 ml); s-a
preparati un amestec de rege martor fira sol (constand numai din sake de
zaharo1 si toluen). Schema amestecurilor de teseste redétin Tabelul 3.
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Tabel 1

Schema variantelor experimentale realizate in vedea urmaririi induc tiei
enzimatice in sol ca test ecotoxicologic pentru panti anorganici

Varianta  Sol Zaharoz lonul metalic Concenttia finak
(9) (9) a ionului metalic
(9/100 g sol)
Vi 100 10 Hg?* 0,001
V2 100 10 0,01
V3 100 10 0,1
\Z! 100 10 c 0,001
V5 100 10 0,01
V6 100 10 0,1
V7 100 10 72 0,001
V8 100 10 0,01
V9 100 10 0,1
V10 100 10 PI7* 0,001
V11 100 10 0,01
V12 100 10 0,1
V13 100 10 cot 0,001
V14 100 10 0,01
V15 100 10 0,1
V16 100 10 C 0,001
V17 100 10 0,01
V18 100 10 0,1
V19 100 10 Sol martor compostat cu zahatoz -
V20 100 - Sol martor necompostat cu zaharoz -
Tabel 2

Schema variantelor experimentale realizate in vedera urmaririi induc tiei
enzimatice n sol ca test ecotoxicologic pentru penti organici

Varianta  Sol  Zaharoz Substara organié Concentrga finak a substaei
)] )] organice (g sau ml/100 g sol)
Vi 100 10 Detergent "Rex" 0lg
V2 100 10 . . 1g
V3 100 10 (fara enzime) 2g
va 100 10 Detergent "Ariel" 0lg
V5 100 10 ) 1g
V6 100 10 (cu enzime) 29
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Tabel 2 (continuare)

Varianta ~ Sol  Zaharoz Substara organié Concentrgéia finaki a substatei
(9) (9) organice (g sau mi/100 g sol)
V8 100 10 001g
V9 100 10 01g
V10 100 10 Motorina 0,1 mi
Vi1 100 10 1ml
V12 100 10 5 ml
V13 100 10 Fenol 0,001 ml
V14 100 10 0,01 ml
V15 100 10 0,1 ml
V16 100 10 Sol martor compostat cu -
zaharoz
V17 100 - Sol martor necompostat -
cu zaharox
Tabel 3
Schema amestecurilor de reae pentru determinarea activititii
levansucrazice in solul variantelor experimentalegalizate
n vederea urmiririi induc tiei enzimatice
Numarul ~ Concentrg@a poluantului it Sol  Toluen Zaharoi, soluie Apa distilaé
amestecului  variantele experimentale (g) (ml) 10% (ml) (ml)

de reage

1 Minima* 3 2 10 -

2 3 2 - 10

3 Mijlocie* 3 2 10 -

4 3 2 - 10

5 Maxima* 3 2 10 -

6 3 2 - 10

7 Sol martor compostat cu 3 2 10 -

8 zaharo# 3 2 - 10

9 Sol martor necompostat 3 2 10 -

10 cu zaharox 3 2 - 10

11 Martor fird sol - 2 10 -

* Vezi Tabelul 1 pentru concentia ionilor metalicisi Tabelul 2 pentru concentia
substarelor organice.
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Amestecurile de regie au fost incubate la 82 timp de 10 zile, apoi
analizate pentru evidgarea levanului. Prezem levanului indi& activitatea
levansucrazit, deoarece levanul s-a format suliatea levansucrazei. Analiza
a fost efectuat prin metoda cromatografiei pe hartie, tehnica uad. S-a
folosit hartie Whatman 1. Din faza apdasamestecurilor de re@e s-au aplicat
cate 14ul (in cate doa reprize a 7ul) pe punctele de start ale hartiilor
cromatografice circulare. Dapuscare, cromatogramele au fost developate intr-un
sistem de dizolvgnalcituit din n-propanol, acetat de egilapa distilati in propotie
de 6:1:3 (volum/volum/volum). Developarea a avatleptemperatura camergi
a durat 2 ore. Final, cromatogramele au fost pidaér cu un reactiv ceimand
ureesi acid o-fosforic; acest reactiv evidgaza, in mod specific, cetozele libere
si combinate, inclusiv levanul [4].

Rezultate Pe cromatogramele redate in Fig. 1-6, levand asir de
identificat, fiind spotul observabil la punctul gart (R=0).

Fig. 1.Activitatea levansucrazicin solul variantelor experimentale tratate cu¥ig
Amestecurile de rede 1-11: vezi Tabelul 3.
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Fig. 2.Activitatea levansucrazicin solul variantelor experimentale tratate cu’Cu
Amestecurile de rede 1-11: vezi Tabelul 3.

Fig. 3.Activitatea levansucrazidn solul variantelor experimentale tratate cu
detergentul "Rex(fabricat fira adaos de enzime).
Amestecurile de rede 1-11: vezi Tabelul 3.
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Fig. 4.Activitatea levansucrazidn solul variantelor experimentale tratate cu
detergentul "Ariel'(fabricat cu adaos de enzime).
Amestecurile de rede 1-11: vezi Tabelul 3.

Fig. 5.Activitatea levansucrazidn solul variantelor experimentale
tratate cu ierbicidul hormonal 2,4-D.
Amestecurile de rede 1-11: vezi Tabelul 3.
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Fig. 6. Activitatea levansucrazidn solul variantelor experimentale tratate cu noto.
Amestecurile de rede 1-11: vezi Tabelul 3.

Rezultatele s-au stabilit pe baza cortiparspoturilor de levan la
diferitele amestecuri de reée

A. Compararea amestecurilor de mgaccu sol martor 7-10 afatca
spotul de levan este cel mai intens la amestecutage 7, in care solul a fost
compostasi incubat cu zaharéz ceea ce insearma in timpul compodirii a
avut loc indugda sintezei microbiene a levansucrazei i pastrat activitatea
si dupd terminarea compasii. La amestecul de rega 8, coninand sol
compostat cu zaharézdar incubatdra zaharoi, se observun spot mai slab de
levan care s-a format in timpul compwst Amestecul reate 9, preparat din sol
necompostat, dar incubat cu zahérafe asemenea aigirezema unui spot mai
slab de levan care s-a format subuaea levansucrazei preexistente (prexémt
sol Tnhainte de compostare).Tn schimb, amestecuéaee 10, in care solul nu a
fost nici composta$i nici incubat cu zaharaz arat absera spotului de levan.
Adaugam c levanul este absesiin amestecul de rege 11 (martor 4ra sol),
ceea ce dovegt c zaharoza folosita fost un preparat pur, lipsit de levan.
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B. Compararea amestecurilor de t@gad, 3si 5 (cortinand sol tratat cu
cele trei concentta de poluant, apoi compostat incubat cu zaharay cu
amestecul de refie 7 face posibil stabilirea efectului poluantului asupra
activitatii si induaiei sintezei microbiene a levansucrazei. Comparameastecurilor
de reage 2, 4si 6 (in care solul a fost tratat cu polugintompostat cu zahargzdar
incubat fira zaharo#) cu amestecul de rg#e 10 de asemenea permite sesizarea
efectului poluantului asupra actitit si sintezei levansucrazei.

Toti ionii de metale grele au inhibat activitatgasinteza levansucrazei,
in urmitoarea ordine: Hg> Cdf*> Co*> zn**> PI*> CU#*. In Fig. 1si 2 redim,
pentru exemplificare, cromatogramele ilustrand viatea levansucrazic in
variantele experimentale tratate cu®H@ionul metalic cel mai inhibitori in cele
tratate cu Cti (jonul metalic cel mai gin inhibitor).

Efectuand comparile A si B, putem constataicefectul inhibitor al Hg'
este, in mod foarte evident, mult mai puternic deefial CG*. Totodal, efectul
inhibitor creste cu crgterea concentti de Hg" si Zn**. Astfel, din amestecurile de
reacie 5si 6, in care solul a fost tratat cu concetigrenaxind de Hg* (0,1 g/100 g
sol), levan nu s-a evidéat (vezi Fig. 1), ceea ce dovetieci Hg?' in aceast
concentréie nu numai & a oprit inducerea sintezei microbiene a levanzgira
dar a inactivagi levansucraza preexistérin sol.

Se poate vedea din cromatogramele redate in Rg433a detergenii
"Rex"si "Ariel" au stimulat activitateai sinteza levansucrazei. Efectul detergentului
"Ariel" (fabricat cu adaos de enzime) a fost mainurtat decéat cel al detergentului
"Rex" (fabricat fra adaos de enzime). Efectul a crescut cytemea concenttiei,
fiind cel mai evident la 2 g detergent/100 g sol.

lerbicidul hormonal 2,4-D (acid 2,4-diclorfenoxiéick a inhibat activitatea
si sinteza levansucrazei (Fig. 5). Gradul de inl@bia crescut cu #nrea
concentraei de 2,4-D. Astfel, amestecurile de régad si 6, in care solul a fost
tratat cu 2,4-D in concentra maxina (0,1 g/100 g sol), aratbsera levanului,
ceea ce insearnca 2,4-D in aceast concentrie a inactivat levansucraza
preexisterit si a oprit indugia sintezei microbiene a levansucrazei.

Din Fig. 6 se poate deducgmotorina a cauzat o skamhibitie a activittii
si sintezei levansucrazei, iar gradul de infidbhu s-a schimbat, Th mod evident, Tn
functie de concentta motorinei.

Efectul fenolului a fost similar cu cel al motorine

Concluzii. 1. lonii metalelor grele au inhibat activitatga sinteza
levansucrazei, in ordinea: Hg Cd*> Co*> Zré*> PE*> CU.

2. Detergeni "Rex" si "Ariel" au stimulat activitateasi sinteza
levansucrazei, efectul detergentului "Ariel" fiindai pronumat decét cel al
detergentului "Rex".
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3. 2,4-D a inhibat puternic, iar motorirsa fenolul au inhibat ntr-o
Masum@ mica activitatessi sinteza levansucrazei.

4. Efectul ionilor metalelor grele, al detergior si 2,4-D a crescut cu
marirea concentrgei lor, in timp ce efectul motorinegi fenolului nu s-a
schimbat in funge de concenttge.

5. Indugia sintezei microbiene a levansucrazei in sol pbdtdosita ca
test ecotoxicologic atat pentru poltisanorganici cagi pentru cei organici.
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Constantin Toma, Rodica Rugin
Anatomia plantelor medicinale. Atlas
(Anatomy of Medicinal Plants. Atlas),
Editura Academiei Romane, Bucstie
1998, 320 pages including 155 plates.

This book, the Authors of which are
well-known and reknown plant anatomists,
is the first treatise on anatomy of medicinal
plants in the Romanian literature.

As the Authors emphasise in the
Preface, the histo-anatomic analyses, by
means of macroscopical and microscopical
methods (the microscopical methods using
sometimes microchemical reactions, too),
play a key role in determination of the
medicinal plant species, of their organs,
fragments and powders, and present a
major theoretical and practical importance
for many human activities relatezg. to
pharmaceutics, food industry, agronomy,
silviculture, forensic science.

The book consists of two parts (the
general and the special parts).

The General Part (pages 23 - 54) is
entitled "General Histology and Anatomy"
and comprises 12 chapters and 3 addenda.
The chapter titles are the following: 1. Meri-
stems and definitive primary tissues; 2. Meri-
stems and definitive secondary tissues;
3. Primary structure of the root; 4. Transi-
tion from the structure of root to that of the
stem; 5. Secondary structure of the root;
6. Anomalies in the structure of root; 7. Pri-
mary structure of the stem; 8. Secondary
structure of the stem; 9. Anomalies in the
structure of stem; 10. Structure of the leaf;
11. Structure of the seed; and 12. Structure
of the fruit. One of the addenda deals with
the chemical composition of the plant cell,
whereas the other two are keys, namely for
the determination of dried fragments of
plants and plant organs and for the deter-
mination of strongly fragmented plants
(plant powders).

RECENZII

The Special Part (pages 55 - 306) con-
tains the description of 128 plant species,
of which 111 are native and 17 are exotic.
The structure of vegetative organs (root,
rhizome, stem, leaf) and, for some plants,
the structure of reproducing organs (flo-
wer, fruit) are described in the alphabetical
order of the families, genera and species,
starting with Pteridophytes (2 families, 2
genera, 2 species) and continuing with
Gymnosperms (4 families, 4 genera, 4 spe-
cies) and Angiosperms (44 families, 102
genera, 122 species). The descriptions are
accompanied by 1154 original drawings
and 285 drawings reproduced from papers
of other authors. The drawings are grouped
in 155 plates as already mentioned. Due to
the rich illustrations, the book is really an
atlas, beside being a treatise, too.

The bibliographical list comprises 78
tittes of books and articles published in
Romania or in many other countries.

The book ends with a 2-page abstract
in English; Alphabetical index of the com-
mon names of the species cited in the text,
with mention of the family; Alphabetical
index of the genera and species, with men-
tion of the family; and Etymological index
of the scientific terms used.

Based on the excellent quality of this
comprehensive and updated book, | warmly
recommend its publication in world-wide
spoken languages.

Anatomia plantelor medicinale is a
valuable source of information for a broad
circle of readers: students and researchers
in biology, pharmacology, agronomy, silvi-
culture, ecology, biochemistry, medicine;
highschool teachers; experts in valorifi-
cation of medicinal plants, in toxicology
and legal medicine; and also for other
readers interested in the medicinal plants.

CORNELIA DELIU
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Cristina Dobrod Masamichi
Y amas hitaCrestereasi dezvoltarea
plantelor (Growth and Development of
Plants), Casa de editarGloria, Cluj, 1999,
223 pages with 41 figures and 5 tables in
the text.

The book is structured into five parts
and 17 Chapters which cover the topic of
plant growth and development at four
levels of organisation: cell, tissue, indivi-
dual and community levels.

Part 1, comprising Chapters 1-3, pre-

and transduction. The influence of low and
high temperature, flooding and oxygen
shortage, salinity and gravitation are also
discussed.

In Part V, Chapter 16 deals with
growth and development at community
level in relation to the growth rate and the
habitat productivity. The primary plant
strategies, the morphological plasticity, the
cellular acclimation and the stored growth
are presented. Chapter 17 describes techni-
gues for measuring plant growth such as:
direct sampling techniques, relativised

sents the processes expressed at cell levelmeasures of growth, indirect sampling

concerning growth and development such
as: the unequal division, the cell polarity,
the role of cytoskeleton, the physiological
mechanism of cell expansion, the cell wall
structure, the genic control and the influ-
ence of growth regulators on cell division
and on cell expansion.

In Part Il, Chapters 4-7 deal with
aspects related to embryogenesis, meristem
organisation and functioning, differen-
tiation of vascular tissues, and the compe-
tence and determination processes in
shoots, roots, leaf and flower development.

Part Ill, with Chapters 8-10, describes
plant growth and development at indivi-
dual level presenting: iterative growth
through modules, the formation of bran-
ches, leaves and floral organs and the func-
tional integration of plant organs.

Part IV, containing Chapters 11-15,
concerns the environmental influences on
plant growth and development. Photomor-
phogenesis, phototropism and photoperio-
dism are presented as growth and develop-
mental responses to thle light perception

140

techniques, plastochron index, physiolo-
gical measurement, remote sensing and
modelling techniques.

The book written by Lecturer Cristina
Dobroti and Professor Masamichi
Yamashita is remarkable through the inte-
grating conception and the clarity of expla-
nation of such complex processes as plant
growth and development are. Each chapter
ends with conclusions which are very
useful for a better understanding of intim-
ate mechanisms and processes. This com-
prehensive book, based on a rich and up-
to-date bibliography comprising 239 titles,
and also on personal investigations of the
authors, is a very valuable source of infor-
mation for students in biology, agronomy
and forestry and experts working in
different fields of plant sciences.

CORNELIA DELIU
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L. Rakosy-Tican Utilizarea tehni-
cilor de electrofuziune in hibridarea
somatici a plantelor (Electrofuson Tech-
niques and Their Use in Plant Somatic
Hybridization), Presa UniversitarClujea-
na, Cluj-Napoca, 1998, 187 pages with 57
figures and 14 tables in the text and with 8
tables enclosed.

This comprehensive book reviews
the state of the art of electrofusion
techniques and their use in plant somatic
hybridization. The book is highly original
representing the Ph. D. thesis of the author
(Babeg-Bolyai University, 1994). Its publi-
cation was made possible under a TEMPUS-
PHARE project entited "Masters' Degree
Course in Plant Genetic Manipulation"
(S-JEP-09697-95), funded by EU.

The book is structured into two
parts.

Part |, "Electrofusion of higher plant
protoplasts”, presents: recent advances in
plant protoplast electromanipulation (dielec-
trophoresis, electrorotation, electrofusion,
electroporation and electrostimulation of
plant protoplasts); basic studies on cereal
mesophyll protoplast electrofusion and
ultrastructural studies of electrofused plant
protoplasts (transmission electron micros-
copy).

Part Il, "Plant somatic hybridization
through electrofusion techniques”, deals
with: theoretical aspects of higher plant so-
matic hybridization and its perspective in
plant breeding; studies on plant regene-
ration from isolated protoplasts (potato

mesophyll protoplastsiNicotiana africana
cell suspension-derived protoplasts);
studies on asymmetric somatic hybri-
dization of Nicotiana africana and
Solanum tuberosum cv. Désirée, through
mass electrofusion; studies on asymme-
tric somatic hybridization oN. africana
andN. tabacum KY14; and technique used
for electrofusion of preselected protoplast
pairs to produce intraspecific somatic
hybrids inNicotiana.

Associate Professor LefauRakosy-
Tican’s book, summarizing more than 11
years of research in plant protoplast
electrofusion, is addressed to students and
scientists in biology, biotechnology and
agronomy, interested in the achievements
of a modern and spectacular branch of
plant genetic engineering.

The book may be characterised by a
series of qualities: the novelty of the topic
both for Romanian and international
biological literature, basic and up-to-date
information supported by 387 references,
originality of research, logical division into
parts, chapters and subchapters and clarity
of the descriptions, simple, concise and
attractive style, richness and originality of
illustrations and a very beautiful cover.

The book has a table of contents in
English. But taking into consideration its
excellent qualites mentioned above, |
strongly recommend its translation into
world-wide spoken languages.

DORINA CACHI TA-COSMA
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Lenuta Rakosy-Tican (Editor),
Plant Genetic Engineering - Lab Ma-
nual. Inginerie genetié vegetah - caiet
de lucrari de laborator, Presa Universi-
tard Clujeara, Cluj-Napoca, 1998, 167 pages
with 27 figures and 22 tables in the text.

The lab manual edited by Associate
Professor Lenta Rakosy-Tican is a collec-
tion of methods described to be used for
practical work in plant genetic engineering
laboratories. It was published under the
TEMPUS-PHARE project S-JEP-09697-95:
Masters’ Degree Course in Plant Genetic
Manipulation. This manual is the result of
a very successful co-operation of well-known
specialists in plant genetic engineering and
their Romanian colleagues, who joined
their efforts in European spirit in order to
set up a teaching laboratory in this modern
field of biology.

The manual comprises four chap-
ters. First, | present their authors:

Chapter |: Lenta Rakosy-Tican
(Universitatea "BabeBolyai", Cluj); Paul
Anthony (University of Nottingham, UK)
and loana Dinu (Institutul de Cercetaie
Produdie pentru Cultura Cartofului, Byav);

Chapter II: Dr. Michael R. Davey,
Paul Anthony and Nigel Blackhall (Uni-
versity of Nottingham, UK) and @in
Andras (Ph.D. student, Universitatea "Babe
Bolyai", Cluj);

Chapter llI: Dr. Gunther Hahne and
Jean Molinier (CNRS, Strasbourg, France);
and

Chapter IV: Professor Michel Jacobs
and Fanny Frulleux (Vrije Universiteit,
Brussel, Belgium).

The contents of the chapters (and
subchapters) are specified below:

Chapter I: Plant tissue and pro-
toplast culture (Plant genetic engineering
laboratory design; Sterilization techniques;
Inoculation of plant explants - organ cul-
ture; The use of hemocytometer to deter-
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mine total cell counts in a cell suspension;
The use of fluorescein diacetate (FDA) to
determine cell viability; Protocol for sun-
flower hypocotyl protoplast isolation and
culture; Isolation and culture of protoplasts
from cell suspension dPassiflora giberti;
Isolation and culture of protoplasts from
seedling leaves dPassiflora edulis; Elec-
trofusion of plant protoplasts - experimen-
tal protocol; Protocol for cereal protoplast
electrofusion);

Chapter II: Mutagenesis - Transfor-
mation - Cryopreservation - Analysis of
chromosomes and transgenes (Screening for
mutation inArabidopsisthaliana; Screening
of Arabidopsis thaliana for barbiturate mu-
tants; Leaf disk transformation of lettuce;
Histochemical staining of tissues for GUS
activity; Protocol for protoplast isolation and
fusion in rice; Cryopreservation of rice cell
suspension cultures; Examination of the
chromosomes of cultured cells; Examina-
tion of the meiotic chromosomes of
Tradescantia sp.; PCR analysis of trans-
genes);

Chapter Ill; Bacterial transformation
and DNA analysis (Introduction of a
plasmid into Agrobacterium tumefaciens
and test in plants; Small-scale preparations
of a plasmid DNA; How to write a Lab
Report?); and

Chapter IV: Analysis of mutants
(Callus initiation inDaucus carota; Influ-
ence of hormones on growth of cell
suspensions; Protoplast isolation, transfor-
mation and fusion; Characterisation of bio-
chemical mutants; Characterisation of
resistant mutants oNicotiana sylvestris;
Segregation of kanamycin resistance in
Arabidopsis thaliana transformants; Ex-
pression of endogenous and exogenous
Adh genes inNicotiana plumbaginifolia
transformed wittArabidopsis Adh).

This manual in A4 format is comb-
bound and its chapters are printed on
different coloured papers. It was especially
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designed to be used in the laboratory and to
allow an easy way to find and follow prac-
tical information and also to stimulate the
students' practical work and skill develop-
ment.

Finally, I consider that the labo-
ratory manual edited by Associate Pro-

Enzymes in the Environment: Activity,
Ecology and Applications Edited by
Richard P. Dick, Oregon State Univer-
sity, Corvallis, OR, USA, 1999, 164 pages.

This volume comprises the Preface
written by the Editor, and the abstracts of
papers presented at the International
Conference on Enzymes in the Environ-
ment, held in Granada (Spain), July 12-15,
1999. The abstracts are preceded by the
Conference schedule.

As Professor R.P. Dick empha-
sises in the Preface "The core of the
conference was on enzymes or enzyme-
mediated processes as biological catalysts
in soil, sediments and aquatic ecosystems.
The conference had two broad themes:
microbial ecology and environmental
enzymology".

Ten symposia were organised. Their
tittes (and numbers of oral and poster pre-
sentations) are specified below: |. Enzy-
mes in soil systems (3 and 32); Il. Lim-
nic systems (3 and 18); lll. Plants and
soil enzymes (3 and 15); IV. Enzymes in
solid/liquid phases (4 and 7); V. Nutri-
ent oyeling and organic matter decom-

fessor Lenta Rékosy-Tican is the best
book of its kind in Romania. Therefore, |
warmly recommend it to all laboratories of
plant biotehnology for teaching and
research work.

DORINA CACHI 74-COSMA

position (4 and 30); VI. Enzymic metho-
dologies (3 and 12); VII. Bioremediation
and extracellular enzymes (5 and 23);
VIII. Bioremediation - genetically desig-
ned organisms and enzymes (3 and 1);
IX. Marine ecosystems (4 and 4) and X.
Enzymes as environmental sensors (4 and
30).

The past and present of environ-
mental enzymology are outlined in the
inaugural lecture "Biochemical context
of enzymes in the environment" (J.N.
Ladd) and its future is discussed in the
closing lecture "Environmental enzymo-
logy in the 21th century” (R. G. Burns).

Two lists are enclosed to the
volume. The first is a list with the names
and addresses of the corresponding
authors (166 persons from 32 countries,
including Romania). The second list is
the author index (457 authors).

This volume is a valuable source of
information for all experts working in
different fields of environmental science
and technology.

STEFAN KISS and ELENA
MANOLACHE
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