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SPHINGONAEPIOPSIS GORGONIADESIBNER, [1819])
(LEPIDOPTERA: SPHINGIDAE), AT ITS FIRST CERTAIN REIRD IN
ROMANIA

SERGIU MIHUT" and VLAD DINCA?

Summary. The specie$Sphingonaepiopsis gorgoniad@siibner, [1819]) is recorded
as a certitude for the Romanian entomofauna. Tdlegyi, ecology and distribution of
this species are discussed.

KEYWORDS: Sphingonaepiopsis gorgoniadé&dmania, Dobrogea, distribution.

Introduction. During the period 1-2 May 2005, the authors codidct
lepidopterological material in southern Dobrogeaurtibaveni and Esechioi
forests) (Fig. 1). Among several local speciegeliknown from Romania such as
Cucullia fraternaButler, 1878,Paradrymonia vittata bulgaricale Freina, 1983,
Dasycorsa modestéStaudinger, 1879), we identified one specimermtgihg to
the specieSphingonaepiopsis gorgoniad@siibner, [1819]).

Material: 17, 1. V. 2005, Dumkiveni Forest (southern Dobrogea), leg. S.
Mihut.

By the shape, colour and wing patteBphingonaepiopsis gorgoniades
cannot be confounded with any other hawk moth gsegiesent in Romania (Fig.
2). Due to its wing span (25-32 mm, our specimemi8), this is the smallest
Sphingidae species from Romania.

Type locality: Southern Volga, Russia. Several pebi&s and forms @.
gorgoniadeshave been described (eg. ssporoptera ssp.pfeifferi), but the taxonomic
status of these subspecies is not very clear;ahg stages of most of the described
subspecies and forms seem to be idertitgl://tpittaway.tripod.com/sphinx/s_gor.htm).

! Focal Centre for Biodiversity Monitoring and Coneation, Dorobarilor street, no. 93, ap. 67,
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S. MIHUT, V. DINCA

Ukraine

Bucharest

Bulgaria

The Collecting site
Dumbradveni Forest

Fig. 1. The collecting site oc§phingonaepiopsis gorgoniadés.

Taking into consideration the habitus of the ctdldcspecimen and the
collecting locality, it belongs to the nominal fori@phingonaepiopsis gorgoniades
gorgoniadegHubner, [1819])http://tpittaway.tripod.com/sphinx/s_gor.htm).

Fig. 2. Sphingonaepiopsis gorgoniad@siibner, [1819]),
Dumbriveni Forest (Southern Dobrogea), 1. V. 2005



SPHINGONAEPIOPSIS GORGONIADBSROMANIA

Biology and Ecology. It is a crepuscular species but it may also beeeti
dawn (de Freina and Witt, 1987), generally occgrimopen scrub or steppe areas, in
small and local colonidsttp://tpittaway.tripod.com/sphinx/s_gor.htm).

We collected this species using a light trap (256h&vcury vapor bulb) placed
in a sylvo-steppe type habitat witQuercus pubescensccurring on a limestone
substratum (Fig. 3).

b TSR

Fig. 3. Calcareous slopes witQuercus pubescendabitat ofSphingonaepiopsis
gorgoniadesat Dumbiveni Forest, 1. V. 2005

S. gorgoniadedss a two brooded species, on wing between 1/2\aNd
1/2VII-VIII according to altitude and regional clatic conditions (de Freina & Witt,
1987, http://tpittaway.tripod.com/sphinx/s_gor.htrithe specimen collected by us
belongs to the first brood; it was on wing partely early as the imago is known to
emerge starting second half of May (see above).ldivae feed mainly oalium
(especiallyGalium verunp but were also reported on other species of Rebi&a
(http://tpittaway.tripod.com/sphinx/s_gor.htm)

Digtribution. S. gorgoniadesias a poorly known distribution. It has been
reported from eastern Bulgaria (Beshkov, 1990)a@xp Macedonia, central Greece,
southern Ukraine and Crimea, southern Russia amitheso Urals, Kazakhstan, the
Caucasus, southern Turkmenistan and Turkey to tae $han and Afghanistan
(http://tpittaway.tripod.com/sphinx/s_gor.htm, deiRa and Witt, 1987).
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There are also several old as well as more regaraniirmed reports that
the species may occur in Hungary; however, thesg rater to the Croatian
population, as Croatia was formally part of the #WadHungarian Empire
(http://tpittaway.tripod.com/sphinx/s_gor.htmY his subspecies may also occur in
Mongolia and northern Chinattp://tpittaway.tripod.com/sphinx/s_gor.htm).

According toKarsholt and Razowski (1996). gorgoniadess present in
Romania, probably based on the species’ knownildigion in Eastern Europe.
Konig (2003) also mentions the species from Romaniahbuwtoesn’t mention any
collecting locality. However, due to the lack ofensant records, this species has
been excluded from the Romanian Lepidoptera Cati@ldgrakosyet al, 2003).
Yet, the presence of this species in south-eaemania was to be expected as it
has been quite recently recorded from north-easBergaria (Beshkov,1990),
more precisely near Balcic (northern Black Sea @past very far from the place
where we found it. Taking into consideration thelegical preferences of the species,
it is possible that it is also present in sevethkoplaces in southern Romania.

Acknowledgements. The authors would like to thank Dr. Roger Vila for
his useful comments and suggestions regardingrésept paper.
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NEW DATA CONCERNING THE PRESENCE OF THE SPECIES
BOLORIA AQUILONARISSTICHEL, 1908) IN THE ROMANIAN
ENTOMOFAUNA (LEPIDOPTERA, NYMPHALIDAE)

SERGIU MIHUT" and VLAD DINCA?

Summary. New data about the occurrenceBifloria aquilonaris (Stichel, 1908) in
Romania are given. The authors provide informatiora new site where the species is
present: Ic Ponor area (Western Carpathians). i€eléa on the distribution and the
biology of this species are also given.

KEYWORDS: bogs Boloria aquilonaris protection, Romania.

Introduction. Boloria aquilonaris (Stichel, 1908)is a species widely
distributed in the northern regions of Europe, whit Central Europe its areal is
limited to the mountainous, subalpine and alpingsboccurring in the Alps, Jura,
Vosgi, Ardennes, and Carpathians. Towards Eastpbeies’ areal extends along the
arctic Russia, southern Ural, reaching Westernrigitend the Altai (Tolman and
Lewington, 2002) Therefore,Boloria aquilonarisis distributed almost all over the
Palaearctic, missing from its southernmost regiomith discontinuous (isolated)
populations unevenly distributed — this patterrotaising the allopatric speciation and
the existence of several infraspecific taxa.

In Romania (Fig. 1), the species was until now kmanly from the bogs of
Poiana Stampei (Vatra Dornei) where a local coleumyives — considered to be the
only doubtless population.

In the Ludovic Beregszaszy collection there are $pecimens determined as
B. aquilonariscollected from the Retezat Mountains (Berhina) 4n\ll. 1977 (leg.
Beregszaszy) (8tescu,1995).Because the species was never again recordedsin thi
region, we questioned the presence of the specibsiarea.

A very old record (before 1900) is known from Trgnwania (Rakosyet
al., 2003).
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S. MIHUT, V. DINCA

Being aware of the ecological preferences of tpices and knowing its
phenology, the authors made field trips visitingtaia bogs from the Western
Carpathians in order to sedibloria aquilonarisis present at these locations.

.

Ukraine

Hungary
Moldavia

Ukraine

Serbia

Bulgaria

Fig. 1. Recordings oBoloria aquilonarisin Romania during the last century
m = Ic Ponor (Western Carpathiane)= Poiana Stampei (Vatra Dornei),? = Berhina
(Retezat Mountains).

Materialsand methods. During the field work made in the Western Carpathia
the authors identified a new population belongiagthis species; this population is
restricted to one of the oligotrophic bogs frorP@mor area (Fig. 2).

Identified material: 4 specimens{3, 1 9), Western Carpathians (Ic Ponor), 18.
VII. 2001, leg. & coll. V. Dind & S. Mihu.

Besides the four collected specimens, we also wbddour specimens flying
in the same perimeter. We could find the adulty anbund the bog, being therefore
extremely local.
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Fig. 2. Overview of the habitat doloria aquilonarisfrom the Western Carpathians (July 2001).

Results and discussion. The population oBoloria aquilonarispresent at Ic
Ponor is situated close to the southern limit ®fdtnge in Europe and also represents
the second certainly known location for this spegieour country. The maintenance of
the species in the southern regions of its rangenslitioned by the presence of the
oligotrophic bogs were the larval food plant grov&acciniumoxycoccosand V.
microcarpun). Nevertheless, it seems tigataquilonarisuses other food plants as well
(eg.Polygonum bistorta being polyphagous mainly on herbaceous plartstwicki,
1969).As there are no published studies about the biadbgyy Romanian population
of B. aquilonarisand as we didn't have the opportunity to make sudiudy, we
cannot tell for sure if the larvae of the poputafimm Ic Ponor feed oxdaccinium(which
is reported to be the most common larval food ptardn other herbaceous plants.

It has been noticed that the larvae prefer to corsypung flowers or leaves.
We also observed that in unfavourable conditiomesléinvae may hibernate twice (a
phenomenon usually present at high latitudes bightaltitudes). On bad weather, the
larvae find shelter amon§phagnum(Lepidopterologen-Arbeitsgruppe, 1987), which
is also abundant in the bogs from Ic Ponor area.

B. aquilonarisis threatened in several regions of Europe dtiectalegradation
or disappearance of bogs (exploitation, drainageroghization due to fertilizer
infiltration, etc.).

Despite these facts, the species is not consideree threatened at European
level, being present in 20 countries with a distidn class of 5-15% and stable
populations (van Swaay and Warrg899).
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Conclusions. In our country, the population from Poiana Stamgeaitrongly
menaced by the destruction of the marshlands; utitkse circumstances, the
extinction of this population is quite probablétia near future. Other authors also consider
thatB. aquilonarisis a critically endangered species in RomaniadR4aR002).

Unfortunately, there is absolutely no data regaydine biology of the
Romanian populations belonging to this species.

We believe that the population from Ic Ponor, alifo it is very local and
apparently not very abundant, has real chancesroival because the bogs present
in the region are still not exposed to a high hurpagssure. As long as these
habitats remain unaltered, the species is notsét aithough certain monitoring
actions to survey the evolution of this populatiwauld be extremely useful in
order to prevent its loss or decline in case of &mimlisturbance.

We also consider that further researches madevioufable habitats are
likely to point out the presence of this speciesthaer locations than those very
few known at the present moment.
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STATUS OF THE AVIFAUNA IN THE SIGHSOARA AREA
IN 1948 AND PRESENT: A COMPARATIVE APPROACH

COSMIN IOAN MOGA!?

Summary. This paper presents the actual situation of théaana of the town
named Sighioara and its surroundings compared with the ond948. The
species’ richness, phenological situation and téjmer of species in different
habitat types from the two periods of time chosen @mpared and contrasted.
The status of the avifauna in 1948 was evaluatet fitee manuscript of Fostrat
(1948). The data from Fostrat (1948) were compariéd eata gathered by more
recent studies, carried out in 2003, 2004 and 280®mhenological phases being
covered. The bird species’ composition was affebiethe long term changes in
the habitats from this area. A total number of $p&cies has been recorded for
both intervals under study. The forest clearings tae high anthropic impact on
the forest habitats are documented by the disapeanf some species of large
prey birds Hieraaetus pennatus, Circaetus gallicaad Milvus migran3. As a
consequence of the river regularization speciegingelon the vegetation that
characterises the large flooded areldgcficorax nycticorax, Circus aeruginosus,
Rallus aquaticus, Locustella luscinioides, Acroedyh schoenobaenwsnd Emberiza
schoeniclushave not been recorded anymore, while new spet@pending on the
recently-formed permanent pondsa¢hybaptus ruficollisand Ixobrycus minutus
have occurred.

KEYWORDS: avifauna, long term changes, Sighisoara.

Introduction. Globally, the decrease of biodiversity as welllasincrease
of the number of endangered species pleads foem@ncement of ecological
studies and more focus on conservation strategiesdme threatened species, at
risk of extinction. Among the essential objectives the view of nature
conservation are the identification of speciescE®e communities and habitats at
risk as a result of human activity (Hannetral. 2004).

The replacement of traditional agricultural methadth intensive farming led
to the degradation of numerous natural habitat, megative impact on the avifaunal
species (Béhning and Bauer 1996, Kleijn and SwahdrR003).

Educational-Ecological Association EcoTransilvaniabacarilor St., No. 11A, Sighisoara, Mures,
Romania; E-mail: cimmoga@yahoo.com



C. 1. MOGA

At the landscape scale, the coexistence of a mo$diabitats contributes to
the increase in biodiversity (Tews et al, 2004)ndpdavourable especially for double
territory species such as prey birds. (Newton, 20B2time, the disappearance of
some habitats, as well as the establishment ofhraditats in the landscape, determine
changes in the regional bird species’ compositi@hia the populations’ quota.

This study compares the richness of bird speciesrded in 1948 in the
Sighioara area to the current situation, with focus i@edling birds. The comparison
concerns the phenology of the bird species and thsiribution according to the
habitat types.

Study area. The area under study is located at about 15 lom fthe
Sighisoara town (46°13, 165'; 24°47, 583’), the main teathiypes being represented
by forests, open habitats and wet areas (Fig. 1).

At present, the forest habitats cover the hill stopvith altitudes between
457m and 687m. The forests are heterogeneous,dsoftye and as tree species’
composition. The open habitats are mainly locatedgathe valleys and on the
lowermost third part of the slope of the hills, aodnsist of grass lands and
pastures with bushes, trees and hedgerows, inugemounts. The wet areas are
represented by permanent and temporary ponds basamf the occasionally flooded
areas along the rivers. TBasului and the Bendorfului Valleys represent the main
watercourses in the studied area. The permanerdsppere formed due to the
works carried out for changing the coucdeéhe Tarnava Mare River, and represent
its fossil branches. Due to the same reason, thtmsamally flooded area
corresponding to this river is currently very ligdt Along the smaller valleys and
the Tarnava Mare River, long corridors of allu¥@akst developed.

In comparison, in 1948 the area covered by forests larger, and the
extended meadows of the Tarnava Mare River — whahnot regularised in that time
- showed larger flooded areas with temporary pamiswide canals of common reed
(Phragmites australls However, the permanent ponds were not presethieirstudy
area.

12
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Fig. 1. Study area.

Methods. The current data are the results of field campapgréormed in
the years 2003, 2004 and 2005, when all the phgitalb stages have been
accomplished. The line transect method was usélgeirtase of the open habitats,
while the point counts method in the case of thiedbhabitats (Bibby et al, 2000).
The bird species have been identified by direcenlaion with the binocular 7-
29x50 and based on the features of the males’ song.

The status of the avifauna in 1948 was evaluatech fthe manuscript of
Fostrat (1948). The paper of Salmen (1980) was ufed checking the
phenological assignment of the species.

13
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Results and discussions. A total number of 161 species has been recorded
for the two study intervals (Table 1).

Tablel.
Comparative situation of the avifauna in the Sighisoara Area
Species Avifaunain 1948 | Actual avifauna Habitat

Gavia arctica P - Aqg
Podiceps cristatus - P Aqg
Podiceps nigricolis - P Aqg
Tachybaptus ruficollis - Br Aq
Ixobrychus minutus - Br ReedAq
Ardeola ralloides P - Aqg
Nycticorax nycticorax Br - Aq
Ardea cinerea Br Br Aq
Ardea purpurea P - Aqg
Ciconia ciconia Br Br Op
Ciconia nigra Br Br Op
Anas platyrhynchos Br Br Aq
Anas penelope P P Aq
Anas querquedula P P Aq
Aythya ferina - P Aqg
Aythya nyroca P - Aqg
Aquila pomarina Br Br Fo
Hieraaetus pennatus Br - Fo
Circaetus gallicus Br - Fo
Buteo buteo Br Br Fo
Buteo lagopus Wi Wi Fo
Pernis apivorus Br Br Fo
Accipiter gentilis Br Br Fo
Accipiter nisus Br Br Fo
Milvus migrans Br - Fo
Circus aeruginosus Br - ReedAq
Falco peregrinus P P Op
Falco subbuteo Br Br Op
Falco columbarius - Wi Op
Falco vespertinus P - Op
Falco tinnunculus Br Br Op
Bonasa bonasia Wi - Fo

14
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Species Avifaunain 1948 | Actual avifauna Habitat

Perdix perdix Br Br Op
Phasianus colchicus - Br Op
Coturnix coturnix Br Br Op
Rallus aquaticus Br - ReedAq
Porzana porzana Br Br Wet
Crex crex Br Br Op
Gallinula chloropus Br Br Aq
Fulica atra - Br Aq
Vanellus vanellus - P Wet
Charadrius dubius Br Br Wet
Scolopax rusticola Br - Fo
Actitis hypoleucos Br Br Wet
Larus ridibundus - P Aq
Sterna hirundo - P Aq
Columba oenas Br Br Fo
Columba palumbus Br Br Fo
Streptopelia turtur Br Br Op
Streptopelia decaocto - Br Op
Cuculus canorus Br Br Fo
Otus scops - Br Op
Athene noctua - Br Op
Bubo bubo Br Br Fo
Strix uralensis Br Br Fo
Asio otus Br Br Fo
Asio flammeus Wi - Op
Strix aluco Br Br Fo
Tyto alba gutata P, Occ - Op
Caprimulgus europaeus - Br Fo
Apus apus Br Br Op
Alcedo atthis Br Br Aq
Merops apiaster - Br Op
Coracias garrulus P - Op
Upupa epops Br Br Op
Picus viridis Br Br Op
Picus canus Br Br Fo
Dendrocopos major Br Br Fo
Dendrocopos syriacus - Br Op
Dendrocopos medius Br Br Fo
Dendrocopos minor Br Br Fo

15
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Species Avifaunain 1948 | Actual avifauna Habitat
Dendrocopos leucotos - Br Fo
Dryocopus martius - Br Fo
Jinx torquilla Br Br Op
Galerida cristata Br Br Op
Alauda arvensis Br Br Op
Lullula arborea Br Br Op
Riparia riparia Br Br Op
Ptyonoprogne rupestris Occ - Op
Hirundo rustica - Br Op
Delicon urbica - Br Op
Anthus trivialis Br Br Op
Anthus pratensis Br Br Op
Anthus spinoletta P - Op
Anthus petrosus Occ - Op
Motacilla flava Br Br Op
Motacilla cinerea P - Op
Motacilla alba Br Br Op
Lanius collurio Br Br Op
Lanius minor - Br Op
Lanius excubitor - Br Op
Oriolus oriolus Br Br Fo
Sturnus vulgaris Br Br Op
Bombycilla garrulus Wi - Fo
Garrulus glandarius Br Br Fo
Pica pica - Br Op
Corvus monedula Br Br Op
Corvus frugilegus Br Br Op
Corvus corone cornix Br Br Op
Corvus corax Br Br Fo
Troglodytes troglodytes Br Br Fo
Cinclus cinclus Wi - Aq
Prunella modularis Br Br Fo
Locustella luscinioides Br - ReedAq
Locustella fluviatilis Br Br Wet
Locustella naevia - Br Wet
Acrocephalus schoenobaenus Br - ReedAq
Acrocephalus palustris Br Br Wet
Acrocephalus arundinaceus Br Br ReedAq
Sylvia nisoria Br Br Op

16




AVIFAUNA IN THE SIGHISOARA AREA

Species Avifaunain 1948 | Actual avifauna Habitat
Sylvia hortensis P - Op
Sylvia borin Br Br Fo
Sylvia atricapilla Br Br Op
Sylvia communis Br Br Op
Sylvia curruca Br Br Op
Phylloscopus trochilus P - Fo
Phylloscopus collybita Br Br Fo
Phylloscopus sibilatrix Br Br Fo
Regulus regulus Wi Wi Fo
Regulus ignicapillus Wi - Fo
Ficedula albicollis Br Br Fo
Ficedula parva Br Br Fo
Muscicapa striata P - Fo
Oenanthe oenanthe Br - Op
Saxicola rubetra - Br Op
Saxicola torquata - Br Op
Phoenicurus phoenicurus Br Br Fo
Phoenicurus ochruros Br Br Op
Erithacus rubecula Br Br Fo
Luscinia megarhynchos Br Br Wet
Luscinia luscinia Br Br Wet
Turdus merula Br Br Fo
Turdus philomelos Br Br Fo
Turdus viscivorus Br Br Op
Turdus pilaris Br Br Op
Parus palustris Br Br Fo
Parus caeruleus Br Br Fo
Parus ater Br Br Fo
Parus major Br Br Fo
Aegithalos caudatus caudatus Br Br Fo
Aegithalos caudatus europaeus - Br Fo
Sitta europaea Br Br Fo
Certhia familiaris Br Br Fo
Passer domesticus Br Br Op
Passer montanus Br Br Op
Fringilla coelebs Br Br Fo
Fringilla montifringilla Wi - Fo
Pyrrhula pyrrhula Wi Wi Fo
Coccothraustes coccothraustes Br Br Fo
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Species Avifaunain 1948 | Actual avifauna Habitat
Serinus serinus Br Br Op
Carduelis chloris Br Br Op
Carduelis spinus Wi - Fo
Carduelis carduelis Br Br Op
Carduelis cannabina Br Br Op
Carduelis flammea Wi - Op
Loxia curvirostra Wi Wi Fo
Miliaria calandra Br - Op
Emberiza rustica Wi - Fo
Emberiza schoeniclus Br - ReedAq
Emberiza citrinella Br Br Op
Plectrophenax nivalis Wi - Op

Legend: Br- breeding species, Wi- winter visitors, passage species, Occ-
occasionally species, Op- open land, Fo- forest, #gpatic, ReedAg- paludal vegetation
(Phragmites australisand Typha latifolig around the permanent and temporary ponds,
Wet-marshy area, with its characteristic vegetation

133
140 125
120 - 111
102
100 -
80 1 m 1948
60 - O Actual
40 -
17
20 - 9 14
0 %
Total no. Breeding Passage and Winter
species species occasionally species
seen species

Fig. 2. Total number of bird species and their phenologl<Qa8,
as compared to the present status.
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In 1948, a total number of 133 species has beerrded, of which 102
breeding species, 17 passage and occasionallyspeeies, and 14 winter species
(Fig. 2). As a result of the current study, a tetamber of 125 bird species was
identified, of which 111 breeding species, 9 passgtecies, and 5 winter species
(Fig. 2).

Concerning the breeding species, 88 of them haea becorded both in
1948 and at the present, 11 species were recosdbteading only in 1948, while
21 species have been registered as breeding onlhenpresent study. The
difference between the total number of breedingcisgein the present and that
back in 1948 is of 9 species. The spe@#®ptopelia decaoctbas extended its
European distribution between 1925-1957, from Budgto Denmark (G. de Lattin
1967, cited by Bnirescu 1970). This species has not been recordédeasing
species in 1948, probably due to its later occueen the colder and more humid
valleys of the studied area, which are not the rsagtble environments for this
thermophile speciedHirundo rustica and Delicon urbica were not mentioned
among the breeding species in 1948; probably thieoawid not take them into
consideration due to their synanthrope nature. Migospecie®ica picawas not
considered, probably as a consequence of its opsgpce. It is worth mentioning
that three large prey birdslieraaetus pennatus, Circaetus gallicand Milvus
migranswere recorded among the breeding species onl948 Thus,Hieraaetus
pennatusvas recorded for the first time as breeding spgeiciehe neighbourhoods
of Sighkoara on the 2%o0f May, 1900, in an identified nest (Leonhard ditey
Salmen, 1982). The same author had found on tfleofl®ay, 1901, a nest with
fresh leaves but lacking eggs, while on tfeo? July, he noticed the presence of
one offspring in the same nest. On thd" 28 June, 1902, Leonhard identified
another nest containing two offsprings. Weber anttuly (2001) have remarked
this species as a breeding one in the neighboushobiedig town (35 km west
from Sighkoara) by recording 3 pairs identified around thehRi and Jidvei
villages. It is possible that the species alsodsér the valleys around Sigbara,
taking into account the proximity of the two arels.1903, Leonhard (cited by
Salmen, 1982) found an egg-containing nest Gifcaetus gallicusin the
neighbourhoods of Sigddara. In Transylvania, this species is rarely agreid as
a breeding one (Salmen, 1982jJilvus migranshas been recorded as breeding
species in the Sigjvara area, on thé'bf May, 1905, based on a nest containing 3
eggs identified in the Greinmerich forest (Leonhaitéd by Salmen, 1982). The
nest was located 50m away from a nest occupiellibyus milvus a species that
was considered a breeding one neither by Fostra®48, nor by us during the
present study. It is worthy to mention the spe&eslopax rusticolawhich was
also recorded as breeding species in the studyoatgan 1948. In 1903, Leonhard
(cited by Salmen, 1982) recorded this species la®eding one in the vicinity of
Sighisoara. On the "3 of May, 1933, Héhr (cited by Salmen, 1982) hasiified a
nest containing 4 eggs on the Breite Plateau, docabout 5 km away from
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Sighisoara. Scolopax rusticolawas also remarked as breeding species in the
neighbourhoods of MediaWeber, 1973), currently been very rarely recoried
the Tarnava Mare Valley area.

Regarding the distribution of the bird specieshia various habitat types, in
1948 most of the species (43) belonged to the tfdraisitat, followed by the open
habitats (42 species) and the wet area (7 spetiespther habitat types containing
small numbers of species (Fig. 3). Most of theantravifaunal species (56) belong to
the open habitats, followed by the forest habitt Epecies) and the wet area
(8species) (Fig. 3).
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Fig. 3. Distribution of bird species according to their ihats in 1948, as compared to the
present status.

Even if there is a small difference between the Imemof breeding species
recorded in the forest habitat in 1948 as compéuetthe present (2 species), the
larger number of species currently living in theeophabitats as well as the
disappearance from the study area of three spetiksge prey birds (see above)
point out the anthropogenic impact on the foreslitags and the extension of the
open lands.

The record only in 1948 of the breeding spediggticorax nycticorax,
Circus aeruginosus, Rallus aquaticus, Locustellacinioides, Acrocephalus
schoenobaenuand Emberiza schoenicluselying on swampy/marshy areas with
extended reed development plead for the formeitemde of large flooded areas
along the Tarnava Mare River that was not submitiedgularisation works in those
times. In the present, due to the change of ther’siwatercourse and to the dams
built along its banks, permanent pori2 - 4 hectares in surface, surrounded by
paludalvegetation (e. g. thgerche and Vaiitori ponds) have formed. As a result, in
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the present study the breeding specieghybaptus ruficollisand Ixobrychus
minutus depending on this habitat type have been recosfseties that were not
mentioned in the evaluation from 1948.

Even if there were changes within some habitatdyfpem one interval to
the other, the coexistence of a mosaic of hahitata relatively restricted area both
in 1948 and at the present, contributes to the Hliersity of species. The
preservation of the habitat heterogeneity is needgda prerequisite for the
conservation of the avifaunal diversity in the mi

Conclusions. A total number of 161 species has been recordethértwo
intervals under study. In 1948, a number of 133cigsehas been recorded, of
which 102 breeding, 17 passage and accidentally aad 14 winter visitors. Under the
present study, 125 species have been registeretijaf 111 breeding, 9 passage, and 5
winter visitors.

In 1948, most of the species (43) belonged todtest habitat, followed by the
open habitats (42 species), the wet area (7 shabiegemporary and permanent ponds
with rich paludal vegetation (6 species), and teeranent ponds (4 species). At the
moment, the open lands host the largest numbeirdbipecies (56), followed by the
forest habitat (41 species), the wet area (8 sg)etlies temporary and permanent ponds
with rich paludal vegetation (2 species), and tenanent ponds (6 species). Now, the
extension of the open lands on account of the t®redollowed by the increase in the
number of species belonging to the open habité)s he forest clearings and the high
anthropgenic impact on the forest habitats arerdented by the disappearance of some
species of large prey birddiéraaetus pennatus, Circaetus gallicasd Milvus
migrans.

The change of the watercourse of the Tarnava Maer Bnd the dams build
along it led to the disappearance of the largedfidcareas with their typical vegetation,
and to the formation of some permanent ponds, ipatigt representing former river
branches. As a consequence, in the present stadpéties relying on the vegetation
characterising the large flooded aredlycticorax nycticorax, Circus aeruginosus,
Rallus aquaticus, Locustella luscinioides, Acroedph schoenobaenuwsd Emberiza
schoeniclups have not been recorded anymore, while new spetigzending on the
recently-formed permanent pondEa¢hybaptus ruficollisand Ixobrycus minutys
have occurred.
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EFFECTS OF COPPER AND ZINC ON STRAWBERFRAGARIA
ANANASSA D FRUIT QUALITY

LAURA GROZA' and CRISTINA DOBROTA?

Summary. Long term experiments were design to evaluateatuder and metabolic
changes when copper and zinc were applied in agjsatution to leaves of strawberry
plants in order to establish the usefulness oft#xia to be cultivated in polluted areas.
Appropriated plant selection and evaluation is ialufor a successful soil use in
contaminated areas. Field-based investigationstramagly needed to clarify whether the
fruit of such contaminated plants can be usedt Fanvested in 2001, 2002 and 2003 were
characterized by lower carbohydrate and ascorlicantent compared to control

KEYWORDS: carbohydrate synthesis, heavy metals, L-ascortiit strawberry,
polluted areas.

Introduction. Contamination of soil, air and water presents @cabgroblem
for human health. Heavy metals polluted areas@ress of contamination of ground
and surface water. Heavy metal contaminated sftes support characteristic plant
species that thrive in these polluted soils. Sofrthase taxa are able to accumulate or
tolerate unusually high concentrations of metals.

Because some plants possess a range of potenttaanmisms that may be
involved in the detoxification of heavy metals,theanage to survive under metal
stresses (Zhat al, 2004). High tolerance to heavy metal toxicity Icorely either
on reduced uptake or increased plant internal stigai®n, which is manifested by
an interaction between a genotype and its enviromnTde growing application of
molecular genetic technologies has led to increasettrstanding of mechanisms
of heavy metal tolerance/accumulation in plantsngret al, 2005).

To avoid metal toxicity, organisms have evolved hatsms including
efflux of metal ions from cells and sequestratioto iinternal cellular compartments.
Members of the ubiquitous cation diffusion faciiita(CDF) family are known to
play an important role in these processes (€bal, 2004). The plant CDF family
member metal tolerance protein 1 (MTP1) from th&iNihyperaccumulator hlaspi
goesingens€TgMTP1)may suppress the Zn sensitivity of the plant. Egpion of
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TgMTP1leads to lowering of Zn accumulation and an inseeilm Zn efflux from
the cells (Kinuet.al2004).

Metal immobilization away from metabolically actigges within the cell
represents the last step in both the homeostasigetdls and the detoxification of
metal in excess. The vacuolar storage of Zn wasmaal, but no Zn accumulation at all
was observed idrabidopsis halleriprotoplasts after Zn exposure. Specific metal
tolerances were also found at the cellular levethie hyperaccumulating plants,
highlighting that specific adaptations to metaldaxist in the cells as well as in
the whole plants (Marques al. 2004).

Plant physiological processes such as seed geiorindti et al., 2005,
plant growth and chlorophyll synthesis (Lehmeatnal, 2009 and mitochondrial
respiration (Changet al., 2005) seem to be inhibited by heavy metals such as
copper and zinc.

The ecological hazards related to the heavy metasnot dependent on
their total contents in the soil but rather ontfieim of bonding and therefore their
bioavailability (Burzynsket al.,2004).

The present study is focused on the ability ofvabexry plants to tolerate
different concentration of Zn and Cu, two cationsick are often associated in
polluted areas. These heavy metal represent thategte potential source of
contamination in the mine tailings ared$ie aim of our research was to identify
the condition which may associate an important fopdduction with an effective
absorption and translocation of heavy metals.

The quality of fruit is given by their carbohydraséemd L-ascorbic acid
(vitamin C) content. Although plants are the mainrse of vitamin C in the human
diet, there is still a limited understanding of hglants synthesise L-ascorbic acid
(AsA) and what regulates its concentration in défe plant tissues. In particular,
the enormous variability in the vitamin C contehistorage organs from different
plants remains unexplained. Possible sources of AsAlant storage organs
includein situ synthesis and long-distance transport of AsA sgiieel in other
tissues via the phloem (Hancoekal.,2003).

In plants, L-ascorbic acid (AsA) is essential ftiopsynthetic activity via
the detoxification of superoxide and hydrogen pmlexin chloroplasts in the
absence of catalase (Noctor and Foyer, 1998)..i8s4s0 crucially involved in the
regeneration ofi-tocopherol and zeaxanthin and the pH-mediated tatdo of
PS Il activity In addition to its general antioxidafunctions, AsA has been
implicated in cell division, cell wall metabolisntell expansion, and plant-
pathogen interactions (Smirnoff and Wheeler, 2000).

Appropriated plant selection and evaluation is i&utor a successful soil
use in contaminated areas. Field-based investigmatioe strongly needed to clarify
whether the fruit of such contaminated plants caniged.
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Materials and methods. Long term experiments were design to evaluate
tolerance and changes in carbohydrate accumulatidnascorbic acid level when
Zn and Cu were applied to strawberry plants in otdeestablish of usefulness of
this taxa to be cultivated in polluted areas.

The field experiment was located in Viile Satu Makethe Institute of
Horticultural Research and Production at 12 kmadist from the Turt mine tailing,
(nonferrous metals). The strawberry field wasatdil in year 2000 using Redgauntlet
cultivar. Redgauntlet is a Scottish variety witge, handsome, fruit fair in flavor, easy
to pick, which is least subject Botrytis It is liked for the fresh fruit market, being
considered too large for best processing.

Plants were grown in a mixture of sand 7, 6% (me&djwmade 2 to 0.2 mm),
48, 0% fine grade(0, 2 to, 02 mm), 20, 7% ultrafirede <0, 002 mm, clay < 0, 01mm,
and 1, 37% humus at a pH of 6, 3, with B4, 5 ppm, K_ 148, 0 ppm, interchangeable
Ca 4, 79 (ml/100g), interchangeable Mg 0, 69 (nMA0Plants were watered daily and
fed weekly with a complex nutritive solution coniag 1:1:1 NPK. The culture was
treated with Elbatan as herbicide, and with 1%,@u 5-1% Topsin, 1% Systhane and
0, 05 — 0, 08%.Demitan as insecticides.

Ten different treatments have been used with egpgoer each, as follows; ¥
control (HO), V> — CuSQ ¢ = 5.10%, Vs — CuSQ ¢ = 5.1G%, V,— CuSQ ¢ = 5.1G%,
Vs— ZnSQ ¢ = 5.10%, Vs — ZnSQ ¢ = 5.1G%, V; — ZnSQ ¢ = 5.1G%. Besides, 3
mixed treatments have been tested consisting ef ®uSQ + ZnSQ ¢ = 5.10%, V, —
CuSQ + ZnSQc¢ = 5.16%, and o — CuSQ + ZnSQ ¢ = 5.1G%. The metals were
applied monthly in agueous solution to leaves.

Morphological measurements were performed dailytalToarbohydrate
content (according modified Bertrand method, 198B) L-ascorbic acid were
measured consecutively three years (2001, 20023)28fer the ripening of the
fruit. The procedure for the determination of abtoacid was based in its reducing
reaction on mono (1, 10-Phenanthroline)-iron @iy following the spectrophotometric
determination of tris (1, 10-Phenan-throline)-i(ih The absorption spectra measured
against reagent blank shows its maximum absorptic&i0 nm (Schilt, 1969). The
results were statistical analyzed.

Results and discussion. The content of total carbohydrate of strawberry
fruits differ according to the applied treatmentr ost of the variants the copper
and zinc treatment induce an inhibition of the oasdrate synthesis, the recorded
values being lower than the control, as presemiddble 1.

Increasing the applied copper concentration, thal tamount of fruit
carbohydrate decreased. Compared to control, tbrease is between 14, 82% for
variant \, (CuSQ ¢=5.10'%), and 56, 8% for the variant,{CuSQ c=5.102%).

All the samples treated with zinc solutions hadsteged lower carbohydrate
concentration than the control. The difference amegbto the copper treatment consists
of increase of carbohydrate concentrations withritreased zinc concentration applied.
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Table 1.
Influence of copper and zinc on total carbohydrate content (%) of strawberry fruit
Total carbohydrate content g% % of r t ot

Variants Annual avarages  General control  comparedt compared tcSignifica
2001 2002 2003 avarage control control nce

V,; martor 8,1 6,4 7,3 7,266 100 - - -

V, CuSQ ¢=5.10"% 6,9 6,3 6,4 6,533 89,908 0,921 -2, 234 0
V3 CuSQ ¢=5.10°% 4,2 6,2 56 5333 73,394 -0,966 -1, 799 0
V, CuSQ ¢=5.10% 3,5 59 4,6 4,633 63,70 -1 -2, 280 0
Vs ZnSQ, ¢=5.10%% 3,5 54 3,9 4,266 58,715 -0,959 -2, 835 *
Vs ZnSQ, ¢=5.10°% 3,9 6 4,2 4,7 64,678 -0,937 -2,274 0
V; ZnSQ, c=5.10°% 6 6, 3 6 6,1 83,944 -0,882 -2 007 0
Vg CuSQ+ZnSQ, 4,2 58 4,6 4,86 66,972 -0,970 -2, 489 0
c=5.10"%

Vo CuSQ+ZnSQ, 3,9 56 4,1 4,533 62,38 -0,928 -2, 709 0
¢=5.10%%

V10 CUSQ+ZnSQ, 3,6 52 3,9 4,233 58,256 -0,952 -3,127 *
c=5.10°%

t significance at degrees of freedor¥
0 — no significance

* — significant differences

r - correlation coefficient

The mixed treatments §\X/,0) induced the highest inhibition of the carbohyelrat
synthesis in fruit, directly correlated with thetaleconcentration applied.

As can be seen in table 1, there are differencamgrthe results obtained
during the three years of the experiments, probdbé/to environmental conditions.
In 2003 we had registered values with small difieess compared to control, that
year being warmer (with and average of 1.2°C) aettar than the previous years.
Annual variation in soluble solids and phytochermamanposition was also observed
by other researchers among nine strawberry gematygdch was likely attributable
to variations in solar radiation and air tempemiiel Pozaet al, 2006)

Table 2 presents the influence of copper and zinascorbic acid content of the
strawberry fruit. As can be seen the content ajrbgcacid differ according to the applied
treatment. For all the variants, the heavy megdltinents induce a lower level of the
ascorbic acid than the control. Comparing the &ffetthe two microelements applied, it
may be seen that zinc has a stronger influencehkearopper on this parameter. Increasing
the applied copper concentration, the total amolusscorbic acid increased. Compared to
control, the increase is from 38, 73% for varian{GUSQ c=5.104%), to 98, 73% for the
variant \, (CuSQ ¢=5.10°%). The same, increasing the zinc concentrationetred of
ascorbic acid increase from 36, 82 at varian(¥SQ c=5.10'%) to 51, 11% at variant
V7 (ZnSQ ¢=5.10°%).

L-Ascorbic acid (vitamin C) in fruits and vegetablés an essential
component of human nutrition. Surprisingly, onlgiied information is available
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about the pathway(s) leading to its biosynthesiplents. It was reported the
isolation and characterization of GalUR, a genenfistrawberry that encodes an
NADPH-dependent D-galacturonate reductase. Theee eaidences that the
biosynthesis of L-ascorbic acid in strawberry frogcurs through D-galacturonic
acid, a principal component of cell wall pectingpEession of GalUR is correlated
with changing ascorbic acid content in strawberntfduring ripening and with

variations in ascorbic acid content in fruit offelient species of the genus Fragaria.

Table2.
I nfluence of copper and zinc on ascor bic acid content (mg/100g) of strawberry fruit
Variants Ascorbic acid content (mg/100 g) % of r t t
Annual avarages General control comparedcomparer significance
2001 2002 2003 avarage to control to control
V,control 110 100 105 105 100 - - -
V, CuSQ c=5.10"% 53 32 37 40,66688, 7301 0,957 -17,545  ***
V3 CuSQ ¢=5.10°% 65 38 47 50 47,619 0,982 -10,718  ***
V, CuSQ c=5.10°% 108 98 105 103, 66698, 7301 0, 974 -2, 00 0
Vs ZnSQ, ¢=5.10"% 48 31 37 38, 66686, 8254 0,986 -30, 347 ***
V¢ ZnSQ, ¢=5.10% 59 39 47 48, 33336,0317 0,993 -19,126 ***
V. ZnSQ, ¢=5.10% 68 43 50 53,66661,1111 0,969 -10,917 ***
Vg CuSQ+ZnSQ, 104 96 105 101, 66696, 8254 0, 811 -1, 89 0
c=5.10"%
Vo CuSQ+ZnSQ 89 67 75 77 73,33330,988 -7, 766 *x
c=5.10%%
V10 CuSQ+ZnSQ, 76 58 65 66, 333%3,1746 0,992 -16,086 ***
¢=5.10%%

t significance at degrees of freedord
0 — no significance

* — significant differences

** _ distinct significant differences
*** yery significant differences

r - correlation coefficient

Reduced pectin solubilization in cell walls ofrisgenic strawberry fruit with
decreased expression of an endogenous pectat@éraseesulted in lower ascorbic acid
content. (Agiuset al., 2003). Our results may be explained by the interacif heavy
metals with cell wall molecules leading to lowesa@bic acid content.

Condusons 1. Different concentrations of copper and zinc appli@shthly in
aqueous solution to leaves, induced an inhibitibrthe carbohydrate synthesis, the
recorded values being lower than the control.

2. Increasing the copper concentration, the totabuat of fruit carbohydrate
decreased.. The difference compared to the comgagment consists of the increase of
carbohydrate concentrations when zinc concentraiivease.
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3. For all the variants, the heavy metal treatmigatsce a lower level of the
ascorbic acid than the control. Comparing the &ffetthe two microelements applied, it
may be seen that zinc has a stronger influencetteaopper on this parameter.
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THE PHOTOCHEMICAL ACTIVITY RELATED TO THE
XANTHOPHYLL CYCLE DURING PHOTOINHIBITION AND TOTHE
RECONVERSION PERIOD IN THE GREEN ALGMougeotia sp.,
STRAIN AICB 560

VICTOR BERCEA %, EDWARD MUNTEAN 2 NICOLAE DRAGO S,
BOGDAN DRUGA?! and CATALINA VASILESCU *?

Summary. The effect of various light intensities on PSHbtochemistry and xanthophyll
cycle and also their recoverythe darlare presented. The green alaugeotia ., strain
AICB 560 displayed a slower growth. Under 1500pmiak” light the fluorescence has
been enhanced the first 60 minutes, especigllgriel then has decreased according to the
exposure time. The quantic efficiency and PS Ihticgield were equal to the control.
Chlorophyll a has decreased, chlorophyll Has enhanced and the high content of
anteraxanthin, lutein and carotens was highligfitbd. presence of zeaxanthin proves the
operation of the xanthophyll cycle. It becomes tional the lutein— lutein 5.6-epoxide
interconvertibilily with photoprotective role. THg000 pmol.iis® light caused the
increase of § the decrease of k- R, and K/Ry, certifying the installation of
photoinhibition. The level of zeaxanthin and antenthin has grown, and this certifies the
increasingof the excess excitation energy dissipation. Thatgochemical activity has
dramatically decreased by exposure to 4500 pris'mThe xanthophylls of the
xanthophyll cycle were maintained at high valusswall as the protein content. The
recovery of the photochemical activity was morei@isvin those variants treated with the
first two lights, and it has a bimodal graphic shafhe level of violaxanthin increased by
the epoxidation of zeaxanthin, whose concentrdtiaa decreased, as well as the
anteraxanthin concentration. It was proved thd B&hage irreversibility in dark

KEYWORDS: chlorophyll fluorescence; carotenoid; growth cur#LC analysis;
recovery period.

Introduction. The organisms that develop oxygenic photosyntluesigert the
light energy into chemical energy. The light isabed into thylacoidal membranes of the
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algae and higher plants by means of the light-Bangeantenna complexes that bind the
chlorophyll (LHCs) in connection to the reactiontegof PS | and PS II.

When the photosynthetic apparatus absorbs the ®Xagst over the
necessary of the photosynthesis process, thelitgdimes the subject of irreversible
photooxydative damage. These selective damagest #diffe PS 1l reaction center
proteins, this leading to the potential decreaseplobtosynthesis level and to
diminution of plants growth and productivity (Powland Critcheley, 1980; Powles,
1984).

Under excess light violaxanthin is quickly convdrtéde-epoxidation)
through anteraxanthin, to zeaxanthin, while theosjip reaction (epoxidation) is
renewed under low light. This reversible sequerida@®two independent reactions
is namedkanthophyll cycle (Demming-Adams and Adams, 1996). The carotenoids
that participate to this cycle are present exckigivn the thylacoidal membrane
which suffers concentration changes due to thet.liglccording to Demming-
Adams (1990) the xanthophyll cycle has an importate in the protection of the
photosynthetic apparatus against the damagdke photoinhibition, through the
involvement of zeaxanthin in the dissipation of #haess energy as heat (non-
photochemical energy). Alternatively, in the zeakan epoxidation reactions
(reactions that take place only in dark), the ligaabxygen radicals such as singlet
oxygen are consumed (Siefermann-Harms, 1987; Sehirmhd Lichtenthaler
1996; Schubert al., 1994; Young, 1991).

In this article there are represented the connestidbetween the
photochemical activity of PS Il and the xanthoplayltle activity during the various
light intensities induced photoinhibition and tieeanstruction way of these activities in
the absence of light.

Materials and methods Strains and growth conditions. The green alga
Mougeotia sp. Agardh, strain AICB 560, derives from the |.C.Bluj-Napoca
Collection of algae cultures (Draget. al., 1997). Strain AICB 560 was grown in
Bold (BBM) nourishing solution, under air agitatingpntinuous illumination with
560 umol.nt.s', at a 26C temperature. The cultivation period was of 21sdd)e
development of the algal suspension was estimatebidwing the growth curve on
the basis ofAlog; of the optical density (Stein, 1973).

The luminous treatment. The 1500, 3000 and 4500 pmofsil PAR
(photosynthetically active radiation) light inteimss were applied for 120 minutes,
at room temperature (illumination period). As ligddurce there have been used
500W halogen bulbs. The suspension was magnetistiied during the whole
period of light exposure in order to homogenize ¢e#, and they were covered
with a water filter to avoid the heating. The deywhent of the photochemical
activity during the recovery period (post-illumiitat) was also investigated.
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Pigments and proteins analysis. Pigments analysis was performed in the
end of each luminous treatment and recovery peflde: alga suspension was
grinded and extracted with acetone in presence af@ The chlorophylls
(chlorophyll a and chlorophyll _b and carotenoids contents were
spectrophotometrically estimated on the basis sgliion specific coefficients
(Arnon, 1949; Lichtenthaler and Wellburn, 1983).eTproteins were detected by
Lowry et al. (1951) method, by hydrolyzing the algal suspemsio water bath for
one hour with 0, 1 N NaOH, and then performingréeection with Folin reagent.

Carotenoids analysis by HPLC. The algal suspension was concentrated by
filtration, and the pellet was saponified with &3&KOH in ethanol solution (1:1
ratio with the algal suspension), at room tempeeatior 10 hours. The carotenoids
were extracted with ethylic ether by repeated wasland then they evaporated.
The resulted residue was suspended in 5 ml ettgtte; and it was used for
(HPLC). The analysis was performed on two systems:

- System 1 — for carotenoids identification: bugit Altex 110 A pumps
(Kontron AG), Altex mixing chamber, Altex automagcadient controller, Waters
990 photodiode matrix detector and Waters 990 $mft data gathering and
processing.

- System 2 — for quantitative analyses: the Agliehd0 system includes
degasor, the quaternary Aglient G1311A pumps systeththe Rheodyne injector
equipped with 20ul loop, EC 250/4.6 Nucleosil 12@58 column, an UV/VIS
Agilent G1314A detector and a Chemstation Agliesftvgare. The used gradient:
10 min: 10% B / 90% A; 20 min: 70% B / 30% A (A repents the
acetonitrile:water mixture, which is 9:1; B is elttacetate). The chromatograms
represent the major carotenoids according to thentien time. The separation
analysis was performed at 450 nm wavelength, &€ 38mperature and 144 bar
pressure.

Chlorophyll fluorescence analysis. The fluorescence of chlorophyll has
been measured with a PAM-210 fluorometer, accortin§chreibeet. al. (1986).
Fluorescence parameters and quenching analysis pexfermed applying the
saturation pulse method. The quantic yiefdphotochemical energy conversion
were detected by aF/FRy, while the ratio E/Fy (R/Fu = Fu-Fo/Fm) expresses the
photochemical quantic production of the closed PSehction centers. The
fluorescence parameters of the algal suspensiavengin normal conditions were
used as control sample.

Results and discussions. 1. The growth process. The growth curve of
Mougeotia cultures in 560 umol.ths® light is represented in Fig 1. The cultures
displayed a slower growth, especially between tlagsd9 and 13, with an
exponential growth rate (R) = 0.175, a medium glovate (R) = 0.069 and a
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generation period (g) = 5.7. The HPLC chromatogmactuding major carotenoids
in the algal suspensions considered to be contmign the lutein and carotenes
dominance. On the other hand, there was detedt®d@ncentration of violaxanthin
and a significantly growth of anteraxanthin coneatiin. The lack of zeaxanthin is
due to the medium light intensity in the growthipdr which is not in excess, and
consequently, the xanthophyll cycle is not workinghe chlorophyll _a
concentration was also very high because of theiumeéhtensity of the growth
light (Table 1).
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Fig. 1. Exponential growth curve and carotenoids chromatogrealgal suspensions
grown in normal conditions and thought to be cdstro

2. PS Il phocotchemical activity during illumination period. Under 1500
umol.m?.s* light thechlorophyll fluorescence increased during the BiGminutes
and then gradually decreased in time (Fig. 2.). Vakeies were superior to the
control. The PS Il quantic efficiency and also gtetosynthetic performance of
the entire electrons carrier chain (yield) werewlemual to the control values. The
increase of the variable fluorescence certifiesittoeement of oxidized Q (the
plastoquinone volume increases), contributing tdment of the harvestingte
of the excitation energy by the antenna and to-higintained energy harvesting
efficiency by the reaction centers

Concentration of chlorophyll_ adecreased, while concentration of
chlorophyll bincreased under light action (Table 1). Betweémalor carotenoids
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detected there was observed a high content ofaaethin, lutein and carotenes.
It also was noted the presence of zeaxanthin, @edaf for the xanthophyll cycle
operation under tested light intensity. Xanthophyliterconvertibility process in
the sense of violaxanthin (di-epoxide)} anteraxanthin (mono-epoxide)
zeaxanthin (without epoxide) by addition i@moval of the epoxide group, was
obviously intensified with the production in highnzentration of the intermediary
product. With this reaction, the lutein lutein 5.6-epoxide interconvertibility reaction
becomes functional. The xanthophylls which deriranf a-caroten and also lutein
are LHG structural constituents, and contribute to thesigegion of the light
energy excess (Niyogwyt al., 1997). The content of cell proteins obviously
increased (Table 1). Xanthophylls are related ¢octiorophyll of the membranous
integrated protein complexes — LHC which absorb &madsfer the excitation
energy to the photosynthetic reaction centerse used in electrons’ transport, this
reactions having the role of converting light eryerg chemical energy to be used
for fixing CO,and producing carbohydrates.
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Fig. 2. Development of the chlorophyll fluorescence unds@alpmol.rf.s™.
Fo= minimal fluorescence;F= maximal fluorescence; = variable fluorescence;
Yield = quantic production.

Lutein, which is a zeaxanthin structural isomeffeding from it only by
one double bundle, has one de-epoxidated cycle pgr¢analogous to
anteraxanthin), and may have a role in energy ph$isih. The xanthophyll cycle
which implies lutein 5.6-epoxide seemed to take@la the parasite plafuscuta
which lacks neoxanthin. The violaxanthin de-epos@&@perates on 5.6-epoxide
which is de-epoxided to lutein that has a photamidte function by loosing
epoxide (Bungardt al., 1999).

The illumination with 3000 pmol.ths® lead to the increase of the
chlorophyll florescence during the first 60 minutéSig. 3). The long-term
exposure, over 60 minutes, caused the incremelfy,oflecrease of \; R, and
FV/FM ratio (PS Il photochemical efficiency) and alsaqagntic yieldat electrons
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linear carrier. Generally, the fluorescence valwese over the control values. The
decrease of variable fluorescence certifies theredse of oxidized R (the
plastoquinone volume decreases), helping to theedse of PS Il excitation energy
catching rate, and the F\{fFratio distinguishes a low quantic yieddl the closed
reaction centerof PS Il. The development of the chlorophyll flustcence
parameters after 60 minutes exposure period, iesrtithe inducement of
photoinhibition in the photosynthetic apparatus.tBy decrease of the F\{/Fatio

it is proved the inducement of the PS Il photosystphotoinhibition, and
implicitly the photosynthetic capacity decrease.
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Fig. 3.Development of chlorophyll fluorescence under 30@bl.m2s” light intensity.

The major plant carotenoids are luteifiscarotene, vilaxanthin and
neoxanthin g-carotene is related to PS Il reaction center, avkdnthophylls are
related to the LHg antenna proteins. The increase of lutein conteadd to the
decreasef violaxanthin concentration and increment of ta@rotenoids content
(Pogson and Rissler, 2000). The decrease of viothika content is related to
plastochinone oxidation state (Pflindel and Bild884).

After exposing the algal suspensions to 3000 pnfoshlight intensity
there was observed a significant increase of caoids content (Table 1). The
concentration of xanthophylls implied in the xarghyll cycle, such as zeaxanthin
and anteraxanthin increased, this certifying therdasingof the excess energy
dissipation at the level of photosystem’s anteriftae high B-carotene content
explains the excess energy dissipation at the vl Il reaction center. The cell
protein content decreased below control valuesl€Tib
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Table 1.

Quantity of chlorophylls and carotenoids, and the etention time (minutes) in
Mougeotia suspensions undewarious light intensities.

Parameters Control 1500umol.m?%s*  3000punmol.m?%s*  4500umol.m?%s*
con rt con rt con rt con rt

chlorophylla mol.10° 1522 - 9.43 - 7.33 - 7.95 -
chlorophyllb mol/mol chl.a  0.37 - 0.39 - 0.36 - 0.39 -
neoxanthin* 2.13 2.05 8.83 1.82 12.61 1.85 4.65 51.8
violaxanthin 0.61 3.45 1.96 3.45 4.42 3.45 0.58 83.4
anteraxanthin 3.12 10.53 80.59 10.91 102.38 10.645.853 10.71
lutein 32.1 10.85 92.69 11.06 76.61 10.87 34.40 .910
zeaxanthin - - 5.70 11.36 8.66 11.15 3.07 11.19
lutein 5, 6-epoxid 1.23 1433 1.01 14.55 1.30 14.30- -
a-carotene 1.36 15.7 8.23 15.87 7.76 15.68 0.65 915.6
B-carotene 6.46 15.87 38.96 16.02 39.53 15.83 1.95 5.841
9Z-- carotene 1.36 16.01 7.13 16.16 7.76 15.98 0.65 .9815
15 Z§-carotene 0.34 16.23 2.74 16.38 3.53 16.19 - -
alb 2.64 - 2.51 - 2.71 - 2.51 -
a+b/c 4.47 - 0.88 - 0.81 - 2.65 -
Proteine (g.d s.u.) 4.84 - 5.18 - 4.41 - 5.69 -

Legend: * = carotenoids are expressed in mmol/miarophyll a
a = chlorophylla; b = chlorophyllb; ¢ = carotenoidgon = contentyt = retention
time

The photosynthetic activity dramatically decreaattdr exposing the algal
suspensions to 4500 pmol’s® light, and fluorescence parameters were reduced
in value comparatively to the control (Fig. 4). Thhenimal fluorescence was value
situated over the maximal fluorescence which wasntaimed at a low value,
distinguishing the low quantity of closed, @cceptors.
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Fig. 4. Development of chlorophyll fluorescence under 4f@bl.m2s” light intensity.

The low values of minimal fluorescence explain tixéative state of @
acceptor, and the life period it short (Laisk al., 1997). The photochemical
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efficiency of the reaction centeed the electrons linear transport quantic yield
were significantly reduced during light exposuréiiai certifies the installation of
the stable photoinhibition or photoinactivation tetaat the level of the
photosynthetic apparatus, leading to the cell photthetic capacity decrement. In
these conditions, there are two processes that gldae in order to adjust the
photoinactivation: a — the changes in photochenactVity regarding the capacity
of charges stable separation and b — the constenbf non-photochemicakttivity
(down regulation) which contributes to photopratmet by reducing
photoinhibition targets (Oxborough and Baker, 2000)

The chlorolphylls content of the photosynthetic appus increased due to
the increment of the chlorophyll boncentration, which lead to the change in
components ratiogTable 1). Major carotenoids concentration has igmtly
decreased except lutein and anteraxanthin. Theopidbition that was produced
by excess light affected very much the carotendse Xanthophylls of the
xanthophyll cycle were maintained at high valuesd #he lack in 5.6-epoxide
certifies photodamages at the level of photosysterastennae after
photoinhibition, contributing to the photochemiealivity decrease. The content of
cell proteins has significantly increased (Table 1)

3. PSII photochemical activity during the recovery period. The chlorophyll
fluorescence is an important indicator at the I@fgdhotosynthesis. Chlorophyll is
the antenna’s major pigment drivirthe absorbed energy toward the reaction
centerwhere the photochemical conversion of the excite¢ioergy takes place.

During the recovery period, when the light is laki after exposing the
algal suspensions to 1500 pmof.sT, the fluorescence parameters displayed
values upper than the control values, with two pe#tk30 and 90 recovery minutes
(Fig. 5). The fluorescence bimodal aspect certifiesenergized state whish is still
maintained at the level of thylacoidal membrandse Thylacoids photosynthetic
performance in the recovery period expressed thrahe indicators #/Fy and
AF/F'yy was slowly reduced comparatively to the control.

The decrease of chlorophylls content causes theedseof light-
harvestingpolypeptides (Maxwelkt al., 1995). The carotenoids concentration has
significantly enhanced during the recovery peridetween the xanthophylls of the
xanthophyll cycle, it was distinguished the inceeas violaxanthin due to the
drastic decrease of anteraxanthin (Table 2). Thainwcontent increased through
the disappearance of lutein 5.6-epoxide element Thoxanthin content has
significantly increased, but the carotenes werentaaied at same values. To
observe that in this period the xanthophyll aneilutycle operates very efficient
in order to produce violaxanthin by zeaxanthin egatton and to produce lutein
by consuming the quantity of lutein 5.6-epoxide.eTihcrease of violaxanthin
content is related to the reducing state of plagtame. The low pH leads to the
increase of plastoquinone reduction and thus tb&xanthin quantity increases.
The content of cell proteins has significantly éesed, being situated below the
control values (Table 2).
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Fig. 5. Development of chlorophyll fluorescence in the very period after exposing the algal
suspensions to 1500 pmol’rs* light.

The chlorophyll _acontent was significantly reduced, leading to the
changing of the ratios between the photosynth@i@eatus components (Table 2).

Table 2.
Quantity of chlorophylls and carotenoids and the réention time (minutes) in
Mougeotia suspensions during the recovery period.

Parametrii Control 1500 pmol.m?s®  3000pmol.m?%s®  4500pmol.m?.s*
con rt con rt con rt con rt

chlorophylla mol.10° 15.22 7.33 6.03 8.25
chlorophyllb mol/ mol chl.a  0.37 0.39 0.38 0.38
neoxanthin* 2.13 2.05 29.642 2.22 9.201 2.06 0.56 .142
violaxanthin 0.61 3.45 59.285 2.81 5.366 3.42 5.60 3.49
anteraxanthin 3.12 10.53 11.663 10.42 81.128 10.32.88 10.27
lutein 32.08 10.85 143.23 10.81 53.448 10.61  21.9010.59
zeaxantin - - 6.662 11.09 4.050 10.89 1.18 10.87
lutein 5, 6-epoxid 1.25 14.33 - - 0.787 14.09 1.73 14.1
a-carotene 1.36 15.72 7.059 15.67 6.007 15.48 1.25 5,521
p-carotene 6.46 15.87 35.295 15.82 31.750 15.63 6.2715.67
9Z-B- caroten 1.36 16.02 7.059 1596 6.007 1577 1.25 5811
15 Zf§-caroten 0.339 16.23 - - 2.574 15.98 0.63 16.02
alb 2.64 2.53 2.61 2.57
a+b/c 4.47 0.88 1.07 5.05
Proteins (g.d s.u.) 4.84 3.83 4.15 5.35

Legend: * = carotenoids are expressed in mmol/miarophyll a
a = chlorophylla; b = chlorophyllb; ¢ = carotenoidgon = contentrt = retention time

During dark-recovery (dark-adaptation) after expesio 3000 pmol.fs?,
the fluorescence parameters enhanced in the firstniButes, attending a rapid
decrease and then an increase after a physiolagibalance of 90 minutes (Fig.
6). The minimal and maximal fluorescence distinjat the existence in equal
concentrations of the {Jeaction centers oxidized and reduced state, and even so
the photochemical efficiency of the closed reactientersand the photosynthetic
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performance were maintained below the control aluBemoval of the
photoinhibition effects was significant in the i) minutes of recovery.

250 ——F0 —o -FM —aA—FV - -x- -FV/FM ——— Yield
E 200 -
e}
150 -
S
100 -
50 -
i
o}
15 30 60 920 120 min

Fig. 6.Development of chlorophyll fluorescence duringrdevery period after exposing the algal
suspensions to 3000 umols® light.

The assimilator pigments content of the algal sosipéis during the
recovery period after being exposed to 3000 pmbkmlight has significantly
decreased. The chlorophylls quantities have deedebsading to changes of the
ratio between the photosynthetic apparatus’ elesyéiis having consequences on
the photosynthetic capacity and performance (Tahl€arotenoids concentration
was reduced in thylacoids. Lutein and neoxanthiantjties have also decreased,
while the decrease of the carotenes was insignific@n the other hand, the
violaxanthin quantity enhanced through zeaxanthipoxilation whose
concentration decreased as well as anteraxanthaviblaxanthin and lutein cycle
operates in the photosynthetic balances recovemanwhile, the cell proteins
concentration decreased (Table 2).

During dark adaptation after irradiating the algakpensions with 4500
umol.m?s?* light, the development of chlorophyll fluorescenparameters is
presented in fig. 7. The increase of the chlordpliybrescence parameters and of
photosynthetic performance in 90 minutes of dar&paation was recorded, and
after that the photosynthetic activity was redubedause of the absence of light
necessary for the photochemical processes. Thenminfluorescence finally
reached the control values. Holding the variahleriésscence at low values because
of the maximal fluorescence that remained low, emsj#es the low photochemical
efficiency of the closed reaction centéhsit dominate the membranes’ structure,
while it is distinguished the photodestruction vessibility at the level of PS Il that
which is hardly removed in dark.
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Fig. 7.Chlorophyll fluorescence development in the recpyriod after exposing the
algal suspensions at 4500 pmof.gt light.

In the end of the recovery period at the 4500 pmbk® light-treated
variant there was observed a substantially increfshlorophyll_a this leading to
ratios changes between the pigment compounds (PabMajor carotenoids were
also significantly reduced. There was observedaiive recovery of the carotenes
compounds that were strongly inhibited by excesbgrg. The xanthophylls cycle
that took place produced a high quantity of violgkén due to the zeaxanthin
epoxidation and through decrease of anteraxantbimeat. It also started to
operate the lutein cycle by decrease of lutein einand enhancement of lutein
5.6-epoxide concentration. The accumulated hightepro quantity during
illumination maintained at high values during dadaptation of the photosynthetic
structures, indirectly distinguishing the photodestions that take place at the
level of the photosystems antennae (Table 2).

Conclusions.PS Il photochemical activity during the illuminatigeriod
under various light intensities rapidly reacts ke tstability state assessed by
photoinhibition. The high light intensities proporially modify the chlorophyll
fluorescence parameters.

Thus, at lower experimented light intensities, therease of variable
fluorescence certifies the increase of plastoquenealume, contributing to the
increment of the energy harvestirage by the reaction centers. The PS Il open macti
centergproportion was reduced, this meaning that a big gfahe excitation energy
was non-photochemically dissipated. Among carotendihere were the high
anteraxanthin, lutein and carotenoids content é&ulthe presence of zeaxanthin that
were emphasized, as a proof for the xanthophylecytalso becomes functional the
interconvertibility reaction luteir> lutein 5.6—epoxide.

The long excessive light exposure lead to the aszef I, the decrease of
Fu, Fv, photochemical efficiency and quantic yield, réggl in the decrease of the

41



V. BERCEA, E. MUNTEAN, N. DRAGG, B. DRUGA, C. VASILESCU

cell photosynthetic capacity. Also the concentratdthe xanthophylls involved in
the xanthophyll cycle such as zeaxanthin and axdethin increased, this
certifying the intensification of the excess extita energy dissipation at the level
of photosystem’s antenna. The protein content veaseiglly maintained at high
values.

The PS Il photochemical activity in the dark ad#ptaperiod remained
tributary to those effects that were induced byiows experimented light
intensities. At the variants that were exposedatdr moderated-intensity of light,
the recovery of the photochemical activity was Bigant comparatively to the
control. To notice that during this period the apghyll and lutein cycle operates
at high efficiency in order to produce violaxantHiy epoxdatingzeaxanthin,
respectively producing lutein by decreasithg lutein 5.6-epoxide content. The
increase of violaxanthin content is related to rib@uction state of plastoquinone.
The cell proteins content has decreased.

At the strong-light exposed variant, the recovefytlee photochemical
activity was difficult and slow, distinguishing thérreversibility of the
photodestruction at the level of PS I, these badidifficultly removed in dark. The
xanthophyll cycle produced a high quantity of vi@athin by epoxidating the
zeaxanthin and by decreasing the anteraxanthirecbnthe high proteins quantity
accumulated during illumination was also maintaim¢cigh values during dark
recovery.
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EXCITATION PRESSURE AND ENERGY NONPHOTOCHEMICAL
DISSIPATION UNDER EXCESS LIGHT INVlugeotia sp., GREEN
ALGA STRAIN AICB 560

VICTOR BERCEA!, BOGDAN DRUGA!, CATALINA VASILESCU?!
and NICOLAE DRAGOS?

Summary. Excitation pressure effects on PS Il under liglsess and nonphotochemical
dissipation of excitation energyyjgconcomitantly with violaxanthin de-epoxidation
green algaMugeotia §p. are presented. Light intensities of 1500, 30@D4500 pmol.m

2 s were applied for 120 minutes in the alga expoakgtowth phase. The excitation
pressure on PS Il reaction centers enhanced ufé imol.nf.s*, increasing the
number of closed (reduced),Qvhile the photochemical reactions decreased gnétq
high light, the excitation pressure decreased,gbedrelated to gincrement, which
denotes a @ reoxidation, possible due to stromatic reactaht tperate on
plastoquinone pool through the chlororespiratione T, enhanced meaning that the
reaction centers were gradually closed with theosue period. Violaxantin de-
epoxidation that was observed by absorption chaagé®5 nm enhanced with the
exposure period leading to zeaxanthin enhancerbeirtg correlated with \g De-
epoxidation was correlated with the tylacoidal memb conformational changes
displayed by the absorption changes at 535 nm@ham. During the post-illumination
period, ¢ has decreased with the reduction of thédghe absence of light.

KEYWORDS: chlorophyll fluorescence; PS Il and PS | reacti@mters; primary
acceptor; redox state; violaxanthin de-epoxidation.

Introduction. Under photooxidative conditions, light absorption
performed through chlorophyll is the main causalamages. The processes that
absorb and stock light energy with great efficieacg located into thylacoids. PS
Il is susceptible to photooxidative damages, anel hcovery of processes is
difficult because of the photoinbibition. Thylaceidontain specific constituents
and some processes related to a photoprotectiee Toke light-harvesting system
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develops a great structural flexibility between tdifferent states: one for light-
harvesting, and another one for excess excitatiengy dissipation as heat.

The energy dissipation requires the existence o€ thembrane proteins
and particular-type carotenoids which causes thenection between the two
states. Under excess light there appears the misohafor photoprotective
reduction of light —harvesting efficiency (Koblizekal., 2001).

Xanthophylls are related to chlorophyll — as swuak entities — into the
LHC complexes which absorb and transfer the exoitaénergy that is necessary
for the photosynthetic transport of the electroasthie reaction centers, these
reactions converting the light energy into chemarargy. The xanthophylls cause
the de-excitation of theinglet chlorophyll {Chl) - accumulated in the LHC
complexesunder excess light and were measured as NPQ. NR@neement is
correlated with zeaxanthin and anteraxanthin swmhgtarting from violaxanthin.
Singlet zeaxanthin and anteraxanthin can direcitept the excitation energy from
chlorophyll. Excited chlorophylls are returned tbet basic state through
nonradiative heat dissipation (Niyogial., 1997).

Zeaxanthin and anteraxanthin are synergisticaltyjngcwith the trans-
thylacoidal ApH gradient in dissipation of the excitation enemgcess, but the
precise photoprotection mechanism is still unkngWnayer and Bjorkman, 1990;
Hortonet al., 1991; Gilmore and Yamamato, 1991; Konigeal, 1995).

In this article there are presented the effecwxaftation pressure on PS I
photochemical activity under excess light and tbephotochemical dissipation of
the excitation energy correlated with violaxantti@repoxidation.

Material and methods. Srains and growth conditions. The green alga
Mougeotia sp. Agardh, strain AICB 560, derives from the Collentiaf Algae Cultures
of 1.C.B. Cluj-Napoca (AICB) (Dragoet al., 1997).Stain AICB 560 was grown in
nutritive Bold (BBM) solution, under continuous astirring and continuous
illumination with 560 pmol.M.s* at 26C.

Light treatment. The 1500, 3000 and 4500 upmofsi PAR
(photosynthetically active radiation) light inteimss were applied for 120 minutes,
at room temperature (illumination period). As liggdurce there have been used
500W halogen bulbs. The suspension was magnetistiigd during the whole
period of light exposure in order to homogenize ¢b#, and they were covered
with a water filter to avoid the heating. The deywhent of the photochemical
activity during the recovery period (post-illumiitat) was also investigated.

Chlorophyll fluorescence analysis. Chlorophyll fluorescence was measured with
PAM-210 fluorometer like Schreiberal. (1986). Fluorescence parameters and quenching
analysis were performed by saturation pulse methadho PS Il excitation pressure was
estimated by 1)Algal suspensions growth in normal conditionsenesed as controls.

Violoxanthin de-epoxidation, respectively light-dading zeaxanthin-forming
were analyzeth vivo by measuring the absorption changes at 505 (Bilger et
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al., 1989); Q quinone acceptor state at 320 nrm, (QQw); state of PS | reaction center at
700 nm (Melis, 1989).

Results and discussons. The indicator function of chlorophyll fluorescenise
proved by the fluorescence emission that is cormgiéary to other alternative de-
excitation ways, which are the photochemistry aedt Hdissipation. Regarding the
fluorescence emission there are two competitiveegsses of de-excitation, that are
fundamentally different:

- photochemical energy conversion in PS Il reactmers,

- the energy non-photochemical losses in antenni dmel reaction centers.

Due to the both mechanisms the maximal fluoresderaecreased. Fluorescence
decrement implies the photochemical rate intemgjfgind the enhancement of the excess
excitation energy dissipation rate.

The excitation pressure in PS Il reaction centBaeced, with a bimodal aspect
on the graphic, under 1500 pmof.gt, this meaning the enhancement of the proportion of
reduced Q whose lifetime is longer and the decrement ofqaitmical reactions and of
open reaction centers (Fig.1). The excess liglstesalBS Il reaction centers closure because
of the excitation pressure enhancement (Maxael., 1995). In the presence of,Ghe
lifetime of the excitation is determined by othempetitor processes for decrease of
excitation energy such are the thermal dissipaties (Laisk and Oja, 2000).
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Fig. 1. Evolution of excitation pressure in PS IIMbugeotia strains.

At high light used in this experiment, the excibatipressure was decreased
emphasizing the decrease of the photosyntheti¢refeclinear transport activity.
This decrement was correlated withguencher which means an intensification of
the Qa oxidation reaction, possibly due to the stromatiactants that act on the
plastoquinone pool by chlororespiration.

Under 1500 pumol.iis® light the PS Il open reaction centers was reduced
proportionally to the light-exposure period whickeans that a part of excitation
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energy was nonphotochemically dissipated (Fig.T2js decline proves that the
photochemical conversion of quanta was saturatedet)3000 umol.rs? light,
the Q. open reaction centers excelled control valuess theaning that the
excitation energy was efficiently converted durithge photochemical reactions
leading to the stimulation of the photosynthetiecalons transport. Under 4500
pumol.m%s? light, the concentration of Qopen reaction centers maintained within
control values, certifying the balance between fitetochemical and non-
photochemical reactions in PS II.

The changes that occurred in the absorption atrd@0emphasize the high
quantity of primary acceptor in oxidized state\)Qhis state being correlated with q
evolution (Fig. 3). This oxidized state makes arepton from the rule in some moments
of excess light exposure, such is between 60-90tesirat 1500 pmol. s light intensity.
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Fig. 2. Evolution of photochemical quencher during illumioatfor 120 minutes.
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Fig. 3. Absorption changes occurred at 320 nm regardingtiox state of the Qprimary
acceptor.
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The photoinhibition state is related to the reactienter and antenna alteration
and leads to the decrease of PS Il photochemicdlption. By decreasing the variable
fluorescence the non-photochemical dissipatiomefeixcitation energy was intensified
(gn). Thus, the dissipation was much more intense rub8@0 pmol.ifi.s* and 4500
pumol.n?.s® light and lower under 3000 pmolag® (Fig. 4.). This means that the
reaction centers were gradually closed with th@sxre time, leading to the decrease of
the photosynthesis performances by decreasingtieytlic electrons transport. In this
case, the energization state of the thylacoidal lon@nes is raised as well as the rate of
closing the PS Il reaction centers in light (Kogkigt al., 2001).
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Fig. 4. Evolution of nonphotochemical quencher during illaation for 120 minutes.
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The protection of photosynthetic apparatus agdiasiages takes place through
the dissipation of the excess excitation energghlwban be measured witkigduced by
the pH of the thylacoidal lumen as a result oftedes transport (Rubaghal., 1993). When
the photochemical decrease is insufficient, theitaskm excess must be non-
photochemically decreased \)Jq this being a physiological protective mechanism
called"down regulation”, which maintains constéet light-independent excitation lifetime
and reduces the effects of inactivation (Lazar919ettoet al., 2002). Between the
components of the excitation energy dissipationhangism, g is the reversible reduction
of the photochemical efficiency factor providingfection against photoinhibition.

The dissipation of the excess excitation energpramuced directly in the
chlorophyll-carotenoid antennary complexes for R&d PS Il. These processes need a
high proteins concentration in the thylacoidal memb. The molecular mechanism of this
process is based on: simple and direct excesat@ienergy transfer from chlorophyll to
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zeaxanthin, activated by the pH gradient; -protonatependent chlorophyll de-excitation
is indirect and non-stoichiometrically modulatedzbgxanthin (Demming-Adams, 1990).

The violaxanthin de-epoxidase that was examinedigir absorption changes at
505 nm emphasizes its intensification with lighpasure time leading to zeaxanthin
enhancement. Enzyme activity, namely the enhandaesheeaxanthin, correlates with the
dissipation of the excitation energy)XdFig. 5). The absorption changes at 505 nm are
related to the xantophyll cycle activity and itlige to the absorption differences between
violaxanthin and zeaxanthin (Niyogdial., 1997). The de-epoxidase activity is controlled
by the pH of the thylacoidal lumen coupled with thembranal protons lead by the ATP
synthesis (Pfiindel et al., 1994). There is a dosaection between the gomponent of
the excitation dissipation mechanism and the \@ithin de-epoxidation to zeaxanthin,
respectively the absorption change at 535 nm (Rebah, 1993). Xanthophylls are
located exclusively in the pigment-protein lightuggsting complexes (LHC), emphasizing
the implication of the PS Il antenna in the exaitatlissipation. In factggderives from the
structural changes regarding the pigments cou@ingHC I, that is synergistically
influenced through LHC Il polypeptides protonatamd violaxanthin re-replacement by
zeaxanthin.

The conformational changes that occur in the tbidat membrane are shown in
Fig. 6. There is a similarity in the evolution bétabsorption changes at 505 nm and 535
nm. These changes are due to the membrane erierglzatH absorption, respectively
LHCs protonation in the presence of zeaxanthiririgetd the structural features alteration
(Niyogi et al., 1997; Mlleret al., , 2001). The pH decrement leads to the cytochrome b/f
reduction inhibition and to plastoquinone reductemhancement. The result is the
enhancement of violaxanthin content by decreabmglastoquinone oxidation rate in the
cytochrome b/f (Pfindetd al., 1994). The absorption changes at 535 nm depetiteb
balance between the activity of the in-dark ATPstoning reactions and light that
produces membranes energization (Biget., 1989).

The activity of PS | reaction center distinguishbe oxidative state
dominancy, that correlates with the intensificatiminthe electrons carrier chain
guantic yield (Fig. 7). Within 60 and 90 minutesth occurred a decrement of the
oxidative state, this being correlated with therdase of fluorescence, and of
guantic yieldin the photosynthetic chain (Berce al., 2006). The LHC Il
aggregating state is shown by absorption changeé@Gahm.
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Fig. 6. Absorption changes at 535 nm regardind the thytidonembranes redox state.
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Fig. 7. Absorption changes at 700 nm regarding thgleaction center activity.
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During the post-illumination period (darkness pdjiog has decreased
after illumination with 1500 pmol.is®, excepting the peak from 90 minutes; by
keeping the algae in dark for recovery; it alsont@ned over control values in the
variant exposed at 3000 pmofrs* with a minimum at 60 minutes and remained
constant to the variant exposed at 4500 pmakm(Fig. 8). This evolution
displays a liniar correlation with the quantic ieMWhere g was decreased, the
proportion of open @ was significantly reduced and thus the photochainic
conversion efficiency of the quanta was reduced.

In the absence of light, theyqcoefficient that shows the non-
photochemical dissipation of the excess excitatamergy has significantly
decreased in those variants treated with 1500 @00 8mol.nf.s® light (Fig. 9).
The slow relaxation of the energy dissipation digtishes the fact that the q
component acts, correlated with PS Il photoinatitive In the variant treated with
4500 pmol.nt.s! light, the non-photochemical dissipation of theitation energy
in the dark maintained at high values, displayingnaximum at 30 minutes, this
certifying that at the level of PS Il took placars® photodestructions that can be
very heavily removal through dark relaxation.
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Fig. 8. Evolution of photochemical quencher during the recg\period of 120 minutes.
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Condusons. The competitive processes of de-excitation whicferrdo
photochemical energy conversion from PS |l reaatienters and to non-photochemical
losses of excitation energy in antenna and thdioeamenters contribute to fluorescence
decrement under excess light.

The excitation pressure on PS |l reaction centéraresed under 1500 pmofrs
!ight, keeping a high proportion of reducetl,@hose lifetime is protracted while the
number of photochemical reactions and open reactioters decreases, this certifying that
a part of the excitation energy was non-photoctelyidissipated.

Under high light, the excitation pressure decredisitiguishing the decrement of
the photosynthetic electrons linear transport iactiVhis decrease was correlated with the
0p enhancement, this proving the re-oxidation af €@nters, maybe due to the stromatic
reactants that act on the plastoquinone pool throhlgprorespiration.

By decreasing the variable fluorescence, the notephemical dissipation of the
excitation energy (g enhanced, meaning that the reaction centers gradeially closed
with exposure time leading to the photosyntheticfopmances decrement through
electrons non-cyclic transport decrease.

The violaxanthin de-epoxidation activity obsendegbtigh absorption changes at
505 nm intensified with the exposure time leadioghie enhancement of zeaxanthin
content and being correlated with excitation eneliggipation (). The de-epoxidation
was related to the thylacoidal membrane conformatichanges and the LHC I
aggregation state displayed by the absorption esaatgh35 and 700 nm.

During the post-illumination periathe photochemical quenchgrdgcreased in
the dark, and the open,@roportion decreased, thus the photochemical csiome
efficiency of light quanta also decreased, beitatad to the quantic yield. In dark, the
non-photochemical dissipation of the excess eiaitanergy was also reduced.
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DIVERSE HEPATIC ULTRASTRUCTURAL MORPHOLOGY
INDUCED BY CHRONIC ETHANOL FEEDING OF RATS

CORNELIU TARBA! and ADRIAN FLOREA?

Summary. Male Wistar rats were maintained in our animal lfgcifor 14-18
weeks on a normal diet, with free access to w&ae group of the rats served as
control (C), while in another group (A) each ratswsupplemented individually
with 1.5 ml of 48% ethanol/100 g body weight dadt.the end of the period, the
rats were sacrificed and most of their liver useddreparation of mitochondria,
on which several functional assays were perfornmredvitro, as previously
described (Tarba and Bdsan, 2003; 2004). A small piece of the original h&pa
tissue as well as mitochondrial sediment from tr®ubation vessel were always
prepared for electron microscopy. The electron ngi@aphs of the hepatic tissue
from control animals confirm the state of good Healf our rats. Thus, the nuclei
and the rest of the organelles have a normal appear Mitochondria observéul
situ are dominated by the so-called orthodox configomatvhilein vitro, the great
majority of them have a condensed conformationiatett membranes. For most
rats, chronic ethanol consumption has grave comse@s on the hepatic and
mitochondrial ultrastructure, as demonstrated lgyithages obtained from the A
group. Thus, the cell nuclei have little chromatiid darge nucleoli, with intense
activity, the smooth endoplasmic reticulum is hygklilated and vesiculated, a
clear peroxysome proliferation is present in celith a reduced amount of lipids,
while lipid droplets are present in cells where opgsomes are rare. The
mitochondriain situ have an irregular (polymorphous) shape and antretec
transparent matrix, apparently lacking the cristajle most of the isolated
mitochondria present a condensed and ultracondemstadciform aspect, with a
rarefied central zone and a matrix condensed apé¢hiphery. In the presence of
calcium the mitochondria are swollen or even déegrated. The ultrastructural
morphology observed supports our previous functicesults.

KEYWORDS: chronic ethanol feeding, rat hepatic ultrastrustur
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C. TARBA, A. FLOREA

Introduction. Relatively recent data have shown that chronic netha
consumption or its acute administration is abliait@te a process of hepatic apoptosis,
followed very often by necrosis and leading evdhtua specific hepatic structural
and functional alterations known under the namealodholic liver disease (ALD)
(Nanji, 1998; Hillet al, 1998; Deaciuet al, 1999; 2001; Tsukamoto and Lu, 2001;
Tsukamoteet al, 2001; Higuchet al, 2001; Adachi and Ishii, 2002; Islkeii al, 2003).
Although the mechanism by which alcohol inducesdisease is not entirely known,
chronic ethanol exposure has been associated \itibchrandrial oxidative stress and
partial decrease in ATP synthesis (Halestaipal, 1997; Kuroseet al, 1997
Cunningham and Van Horn, 2003; Wu and Cederbaufi8)2®n the other hand, the
same type of factors are implicated in membraneeeabilisation and release of the
so-called apoptogenic factors, residing in the chibmdrial intermembrane spade.,
factors and events that are leading to apoptos@e(ieret al, 1995; 1997;1998; Petit
et al, 1996; Marchettet al, 1996; Scarlet and Murphy, 1997; Susiral, 1997; Hirsh
et al, 1998; Bernardet al 1999; Reed, 2000; Bernareli al. 2001; Tarba, 2001). In
general, the apoptotic sequence following theditien of the apoptogenic factors from
mitochondria is well known and understood, while way in which the release occurs
is still a matter of debate. Most researchers atpaehe central event in this release is
a drastic change in mitochondrial membrane perrigatassociated with the
formation of a so-called permeability transitionrgo(PTP), considered as an
irreversible phenomenon (Kroemet al, 1995; 1997; 1998; Bernaredi al, 1999;
Crompton, 1999; Petronilli et al., 2001). The exsafuence of events leading to PTP
formation, however, continues to be disputed. Quetf view holds that the opening
of the pore is accompanied by membrane potentii@pse, uptake of electrolytes and
water, matrix swelling and rupture of the mitochaald outer membrane. As a
consequence, several factors present in the imtebname space, among which
cytochrome c¢ (cyt ), are liberated into the cytoshere is, however, an alternative
point of view, which holds that cyt ¢ and probabthper proapoptotic factors can be
released without a permeability transition and ootembrane breaking, due to certain
pores created into the outer membrane by severappptotic agents, such as Bax and
Bid (Eskeet al, 1998; Martinotet al, 1999; von Abseet al, 2000; Kimet al, 2000;
Gogvadzeet al, 2001). Even if the first alternative is acceptib@ exact relationship
between membrane potential collapse and swelliegwhich is the cause and which
is the effect) is not completely elucidated.

The present paper belongs to a series of studigsdiag the sequence of
events involved in the liberation of the apoptogdactors from the intermembrane
space of the rat hepatic mitochondria. For thigpopse, we selected chronic ethanol
feeding as a natural model of producing hepatiptyss. In combination with the use
of suspending media of different ionic contents ahd addition of different
concentrations of calcium, also known to inducedative cell injury and apoptosis
(Thor et al, 1984; Grijalbaet al, 1999; Ermak and Davies, 2002; Orrenaisal,
2003), we used a DA spectrophotometer to monitopairallel, membrane potential,
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calcium release and matrix swelling. Liver slicad aliquots of both supernatant and
mitochondrial sediment taken at specific momentsnofibation were prepared or
saved for later analysis, including electron micopy (EM). The present article
describes and discusses the EM (ultrastructurstiitseof our study, while most of the
functional studies have already been reported &Tamd Sarasan, 2003; 2004) A

preliminary report of the present results hasladsm published (Tarba and Florea, 2005).

Materials and methods. Male white Wistar rats were maintained in our
animal facility for 14-18 weeks, starting from arveeage weight of 120
g/individual, while the evolution of their weightas assessed periodically. The rats
were kept on a normal diet (a premix containingtladl ingredients of the Larsen
diet), with free access to water. One group seagdontrol while in another group
each rat was supplemented daily with 1.5 ml of 48%anol/100 g body weight,
administered in the morning, on a little piece oddwl, before getting access to the
food. At the end of the period, the rats were fAdte 24 hrs and sacrificed by
decapitation after a slight anaesthesia. Smallegiaxf liver were taken in some
cases and prepared for electron microscopy, acuwprth standard techniques,
while the rest of the liver was used for the prafian of mitochondria, essentially
as previously described (Johnson and Lardy, 19@irbd, 1983), in a medium
containing 200 mM mannitol, 70 mM sucrose, 5 mM eKOH (pH 7.37) and
0.5 mM Na-EDTA. The washing and preserving mediwokéd the chelating
agent (EDTA). The suspending media that are oféstefor the present work are
designated as MKS (110 mM mannitol, 65 mM KCI, 48 msucrose, 1.5 mM
MgCl;, 1 mM KR, 5 mM Hepes) and KSW (100 mM KCI, 50 mM sucrosenig
KP;, 10 mM Hepes), also known as the swelling mediumnoth cases the pH was
7.35. Mitochondria were suspended in one of the abovetioreed media and
NADH-dependent respiration was abolished by theitimed of 8 uM rotenone
before the introduction of succinate (2.5 mM) ageapiratory substrate. In
combination with the two suspending media of déferionic contents and the
addition of different concentrations of calcium, miane potential and calcium
fluxes were each monitored in parallel with the lkiwg by the use of appropriate
probes and a diode array (DA) spectrophotometepredously described (Tarba
and Sdrasan, 2003; 2004).

Liver slices and aliquots of both supernantant mmchondrial sediment
taken at specific moments of incubation were pregharr saved for later analysis,
including electron microscopy. For EM, the matemals processed as described
previously (Tarba and @ciun, 1990) and the ultrastructural images weraiaokt
using a JEOL JEM 1010 transmission electron mi@psc

Results and discussion. The control rats Hepatic ultrastructureOur EM
images obtained from the liver of the control rats representative for the normal
state of the liver, but also show appreciable intBvidual variations, which, for
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simplicity, can be grouped into two distinct typasboth cases, the nuclei have a
normal aspect, with large and active nucleoli,\sitth a slightly dilated perinuclear
space (Fig.1 and 2). Biliary canaliculi are normadl the microvilli are present in a
great number in the Disse space. However, in ose ¢aase 1), illustrated by
Fig.1, the smooth endoplasmic reticulum is sligldilated, the lipids are present in
a small quantity while glycogen is almost absetie Titochondrian situ have an
orthodox configuration (conformation), with a noinzspect, both as form and
electron density. In the second case (case 2)luatrated in Fig.2, lipids seem to
be absent from the cytoplasm while glycogen isgmes large quantities, as black
granules. The mitochondria look similar to the tficese, although the matrix
electron density seems to be higher. Also, in adguations (not illustrated here),
the nuclei have a slightly irregular contour. linche concluded that these are
interindividual variations which are circumscribgithin the limits of the normal.
We mentioned these two types of variation, howebecause they seem to be
recognizablei(e., partially preserved) even in the ethanol-fed,rasswe shall see
later.

Ultrastructure of isolated ir{_vitro) mitochondria The mitochondria
obtained from the liver of the control animals, mersded in the presence of
succinate and in the absence of exogenous caldiare generally a condensed
configuration, with a normal electron density oé tmatrix and intact membranes,
as illustrated in Fig. 3 and 4. The presence dfeeibrthodox or ultracondensed
forms is rare. Even at a rather high concentratibrcalcium (50uM), some
preparations of the control mitochondria succeedcicumulating this calcium and
preserving their functionality (at least for a vé)jl as our previously reported
spectrophotometric measurements have demonstragedal and Sirasan, 2003;
2004). This situation seems to be also confirmedtHsy ultrastructural images
obtained in the present work, such as those itestr in Fig.5 (representing the
case-2 mitochondria), where the condensed aspgenisrally preserved, although
a few organelles have a swelling tendency. Evetha presence of very high
calcium concentrations (20@M; case-1 mitochondria suspended in MKS), when
there is an evident swelling process taking place, can observe some condensed
organelles (Fig.6). In fact, even in the swellingdium (KSW), one can still
observe the traces of mitochondrial cristae and pghesence of some intact
membranes for case-2 mitochondria (not presentez).he

All these observations are in agreement with oavipus functional results
which indicate that the so-called massive calciufiluxe and the membrane
potential collapse in mitochondria of normal (cofjtrats occur at relatively high
concentrations of calcium and only associated aithappreciable advance of the
mitochondrial swelling process (Tarba andiGgan, 2003; 2004).
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Fi. 1. Ultrastructural pects of case-1 control liver.

Fig.2. Ultrastructural aspect of case-2 control liver.
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Fig. 4. Ultrastructural aspects of case-2 mitochonrigitro.
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i:ig. 6. Contrdl rﬁitochondria suspended in MKS in the preseonf ZOOuM c;alcium.
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Chronically ethanol-fed ratsHepatic ultrastructureAll the hepatic cells
and structures are visibly affected by the chratltanol consumption, although
certain interindividual differences are presentehetoo. Thus, in most liver
preparations from this group, the nuclei haveelittleterochromatin and large
nucleoli, with intense activity. The smooth endaeptéc reticulum is highly dilated
and fragmented (vesiculated) whereas the lipidsgdywbgen are lacking from the
cytoplasm. In turn, one can observe a strong peaxgpl proliferation.
Mitochondria are enlarged and deformed (polymorghmitochondria), with an
electron transparent matrix and lack of cristaecas be seen from an overall
image of a hepatocyte presented in Fig.7.

In other rats of this group (a minority of about-28%6), the situation is
better, most of the nuclei having a normal aspetty a slight dilation of the
perinuclear space, similar to the control. Howeegen here one can often observe
nuclei with an irregular contour and chromatin niaafjy agglomerated, which are
morphological signs of apoptosis. The endoplasmiiculum is also dilated, but
only partially fragmented. Unlike in the first caggroxysomes are rare and lipids
are well represented, sometimes as large dropléis.biliary canaliculi and the
microvilli in the Disse space appear normal. Thesitu mitochondria, although
having a normal distribution of electron densitigpdly polymorphous tendencies,
as |lllustrated in Fig.8, which presents a detailagm with mitochondria,
endoplasmic reticulum and a large lipid droplet.

Ultrastructure of isolatedr( vitro) mitochondria For most of the animals
in this group (6 out of 8 rats), as found by usobef(Tarba and Swasan, 2003;
2004), the mitochondria had a typical functionahds&our, characteristic (in our
opinion) for the chronic ethanol consumption (I@gistance to calcium loads, easy
swelling and rapid collapse of the membrane paénfThe situation is paralleled
by the ultrastructural aspects revealed by theeptework. Thus, the majority of
the mitochondria testeéh vitro in the presence of succinate (with no other
metabolic challenge) have a condensed or ultracwmadk conformation, most of
them being either falciform or with the matrix aitarly condensed and an electron
transparent central zone. The outer membrane iislevisy some cases (due to its
detachment) but in many others it seems to be brokdew organelles, that have
an apparently orthodox shape, are more likely an dburse of disintegration.
Some others, still, are completely collapsed, hglast most of their content. Such
details are illustrated in Fig.9. All these alteyas are indicative of the disastrous
effect of alcohol. They correlate well with baith situ hepatic ultrastructure and
with our functional results mentioned above (forrenaletails, see Tarba and
Suiragan, 2003; 2004). The results mentioned so far dd@ianally confirmed by
the poor resistance of mitochondria to calcium $aak can be seen in Fig.10,
where the majority of the organelles are swolled even destroyed (lysed) in the
presence of 20@M calcium. The situation is almost the same eve®dGuM
calcium (not shown here).
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Fig. 8. Ultrastructural detail of a hepatocyte from an atii€ed rat (atypical case).
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Fig. 10. In-vitro m|tochondr|a from ethanol fed rats in the presemfcmOuM calcium.
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As for the better appearance and behaviour of amtynof hepatic and
mitochondrial preparations (2 out of 8 rats), althio we have very clear
confirmatory results, both functionally and ultrasturally, we do not want to
insist because of the small number of samples,itbappears that there is a
proportion of at least 20% of our rat populationiesthseems to be resistant to a
long-term moderate-to-high alcohol consumption. sThitatement has to be
considered in the light of the fact that a 4-mop#riod in the life of a rat is
equivalent to around 10 years of a human life &adl if one takes into account the
specific metabolic rate, which is almost 5 timeghlerr in rats, the amount of
ethanol received by a rat would be equivalent mua50 ml of vodka taken daily
by a 75-kg adult person.

While it is sure that some of these effects anfedihces are due to an
interindividual variation in the induction capaciof the enzymes implicated in
alcohol metabolism, it is not clear yet whethethee solely a consequence of this
variation or that some other factors are also wew! For example, some of the
effects could be due to differential sensitivity, tor to a different degree of
penetration of the bacterial endotoxin, which iswn to get through the intestinal
wall of the chronic alcoholics and to produce MValgaeffects (Deaciuet al, 1999;
Wheeler, 2003). Therefore, our next work in thisesewill be devoted to problems
related to the acute endotoxin treatment of botimaband ethanol-fed rats.

Conclusions. From the results obtained in the present studychviénd
further support to our previous functional obseva, it is clear that the hepatic
effect of a long-term ethanol consumption in raténi most cases devastating. At the
same time, at least 20% of the animals seem tesistant to this rather tough treatment.

It is very important that the ultrastructural imagsbtained in this work not
only confirm our previous functional results, inding the existence of an alcohol-
resistant subpopulation, but also suggest possiigsiological mechanisms
through which some of the differences might be exadnil or explained. While for
the typical, alcohol sensitive case, the ultrastnmat images suggest a structural-
functional alteration of the necrotic type (swadlinf the organelles, especially of
the endoplasmic reticulum and mitochondria, dilatiof the Disse space,
destruction of the microvilli and biliary canali§ulfor the alcohol resistant case,
our images are more compatible with a limited aptptprocess. Thus, the
mitochondria foundn situ have a normal electron density whereas their gvgglh
vitro requires greater metabolic challenges. At the samme the microvilli and the
biliary canaliculi appear in good shape while chatimis agglomerated marginally
in many nuclei, a morphological feature usuallyoagsed with apoptosis.

It is not clear whether these results are an ekausonsequence of the
variation in the induction capacity for alcohol-mietlising enzymes or that other
genetic and/or physiological mechanisms are alsolved.
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ANALYSIS OF THE ORIENTATION OF CYANOBACTERIA IN
BAHAMIAN STROMATOLITE MATS USING A DIGITAL IMAGE
ANALYSIS AND GIS-BASED APPROACH

ALEXANDRU |. PETRISOR! and ALAN W. DECHO?

Summary. Oldest known macrofossils on Earth, marine strolitet@re known to result
from microbially mediated processes, and arefastithing in remote environments. The
microbial mats of stromatolites are fueled by cymaoterial autotrophy. Several studies
documented that cyanobacteria are able to movénwifibse environments. Previous
observations of stromatolites documented a prefgremientation of cyanobacteria, but
there was no mathematical model available to tte$his study quantitatively analyzed
images obtained with a scanning confocal laserosgope using a combination of image
analysis and Geographical Information Systems igobs in conjunction with a
mathematical model to test whether there is arprafal orientation of cyanobacteria.
Analyses indicate that the vertical orientatiogiggificantly predominant in Type 1 mats
(p=0.0010) and below the top of mats (p=0.0342nEkough there are limitations of this
method due to the effects of microscale topologymting of samples for microscopic
analyses, image classification aspects, and maihehraodeling, the approach used to
address the research questions presented in figis ipahe only quantitative one. Future
studies should focus on examining the influenceewtral known factors, such as light
conditions, on the orientation of cyanobacteria.

KEYWORDS: stromatolites, cyanobacteria, phototaxis, Gitalimage analysis.

Introduction. Marine stromatolites represent dynamic biogeochaimic
systems with a long geological history. As the stdenown macrofossils on Earth
(Grotzinger and Knoll, 1999), marine stromatolitge now known to result from
microbially mediated processes, and are still fagrin remote regions of shallow,
open-water marine environments (Redd al, 2000). Stromatolites are ideal
systems for studying microbial distributions, andr fsuggesting a possible
mechanism for how precipitation of horizontal miicrilaminae occurs in these
mats(Reidet al, 2000). Lamination is likely a result of the dey@inent, change,
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2 Department of Environmental Health Sciences, An@iitlool of Public Health, University of South
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and reorganization of microbial communities in e to extrinsic and/or
intrinsic stressors. The microbial mats of strorite® are fueled by cyanobacteria
autotrophy (Pinckney and Reid, 1997). The surfaet communities repeatedly
cycle through three distinct stages (termed Typ2dnd 3) that can be categorized
by characteristic changes in precipitation prod(iRe&idet al, 2000).

Along with analyses of the role of cyanobacteriathie microbial mats,
several studies documented that cyanobacteria lalee ta move within these
environments. The cell wall of some motile spegiessents pores through which
mucilage could be secreted. This secretion comssita propulsive force that
moves the trichome (Hoiczyk and Baumeister, 198&verthelessPhormidium
uncinatum a highly motile species, does not present paltbpugh it secretes
polysaccharide (Hader, 1987). Regardless of thepytsove mechanism, other
researchers investigated the factors that couldaexphe motility, finding three
different reactions: phototaxis, photokinesis, gitttophobic responses(Hader,
1987). Phototaxis is a motion oriented to the dioecof light, photokinesis is a
motion with a speed proportional to the intensifylight, and the photophobic
response is a reverse in the direction of the mevermas a result of a change in the
intensity of light (Stall, 2000).

Other studies focused on the periodicity of cyawtdrdal movements. A
daily cycle has been documented fOscillatoria sp and Spirulina subsalsa
(Garcia-Pichelet al, 1994). Potential causes are high concentratibrexygen in
the light, which could determine photo-oxidativaactons (Eloffet al, 1976), and
ultraviolet radiation Bebout and Garcia-Pichel, 1999 hot spring cyanobacterium,
Oscillatoria terebriformis moves down in the sediment until it reaches tiiéde
layer, which inhibits its motility, trapping evemtly the entire populatiorsgall and
Moezelaar, 1997)

Since the movement of cyanobacteria has been detateit could be
inferred that these organisms could change theditipo as a result of different
environmental conditions. Previous observationsstobmatolites documented a
preferential orientation of cyanobacteria, but ¢h@ras no mathematical model
available to test it. Our previous studies have ettgped an approach to
guantitatively analyze images obtained with a soapeonfocal laser microscope
(SCLM) using a combination of image analysis andb@aphical Information
Systems (GIS) techniques (Petrisor and Decho, 200dis study utilizes the
approach in conjunction with a mathematical modeldst whether there is a
preferential orientation of cyanobacteria.

Materials and Methods. Collection and mounting of samples.
Stromatolites, from which samples were collecteine from a subtidal marine
environment at Highborne Cay in the Exuma Chairslahds in the Bahamas, 760
49' W; 240 43' N (Kawaguchi and Decho, 2000). T&ii® is under current
investigation through the Research Initiative orh&aian Stromatolites (RIBS)
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project (http://www.home.dug.edu/~stolz/RIBS/indiéml). Freshly collected intact
stromatolites were sectioned using sterile razmtds. Immediately after collection, the
sections of stromatolite were preserved in 3% batfdormaldehyde in seawater.
Sections were initially trimmed using a sterile agzthen placed in BEEM
embedding molds. Nanopla&stresin (Ted Pella Co., Redding, CA, USA) and
catalyst were thoroughly mixed on site and theneddith moulds containing the
stromatolites sample. The moulds were placed ienapérature-controlled heat
block at 25°C for 48-60 h to allow slow penetratiomd complete mixing of the
Nanoplas® resin with the hydrated sample. After penetrattbthe medium, the
temperature is raised to 40°C for 48 h to dry dm@ht60°C for 48 h to harden the
medium into blocks. The resulting blocks were théglctioned, mounted on glass
microscope slides using Epon 812 and then obsarsied) CSLM (488/ 680 nm;
excitation/ emission).

Microscopy.Images were obtained using a Nikon Eclipse TE 00pound
microscope (Nikon, Tokyo, Japan) equipped with aRGM1024MP single and
multiphoton system (BioRad Laboratories, Hercul®s,). Image resolution was 512
x 512 pixels. For CSLM imaging, three internal détes were used, each with a 6-
position emission filter wheel and a variable caaloaperture. Sample slides were
viewed using Nikon Plan Apo 20x, 40x, 60x, or 1@bjectives. The 60x and 100x
were used with immersion oil produced from synthétidrocarbons and advanced
polymers by Stephens Scientific (catalog # M40®w#ving a refractive index of
1.515. The final output was represented by colamdposite images exported in a
Tagged Image File Format (TIFF). A sample imag#igplayed in Fig. 1.

Images were sampled within each mat type from &gions: the top of the
mat, and a region situated below at approximatedy |4 below. In all cases, a
special attention was paid to the condition thattthp of the image should parallel
the top of the precipitate.

Image classificationlmages were classified using a specific ArcView [GIS
ArcGIS extension called "Feature Analyst" (Visuaakning Systems, Inc., 2002
To increase the accuracy of the classification ggec"supervised classification" was
used (Fig. 2). Supervised classification requites tiser to select a sample of
representative areas defining each feature withimage (F i g. 2 A)This sample is
used by the program to classify the entire image, ('image classification") or
identify all pixels corresponding to a feature.(i‘¢éeature extraction™). Our analyses
used only "feature extraction" to identify cyandieaia (Fig. 2 B). The program has a
specific application that allows the computer tavdin the next step vector lines for
each linear feature identified within an image (F& C). All lines delineating
cyanobacteria were saved in ArcView GIS shapefitesesponding to each imagine.
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Fig. 1. Typical image of cyanobacteria. Caids appear in blue, and cyanobacteria
appear in red.

GIS modelingMost of the GIS software allows for "modeling”. Maohg
is a procedure that allows the user to describthallnalytical procedures applied
to an image in a flowchart format. The advantagenofieling is that the same
model could be used for analyzing more featuretoidhg the same steps.
Therefore, the entire process is automated. Theehstwwed in Fig. 3 is presented
in GIS terms; however, the most important stepsthecactual calculations of
angles and lengths. Angles were computed usingeaifp ArcGIS extension,
CalcAngle 1.0, developed for this project by a Gi®grammer. Angles were
measured between the orientation of each segmdrthari’North" vector (oriented
vertically, pointing to the top of each image). Bemts were classified as
"vertical", if the angle formed with the "North" et®r was between®8t5’, 135-
225, or 318-36(°, and "horizontal" otherwise. Lengths of each segymeere
computed using an ArcView GIS extension called ‘tAai Movement" (more
details at http://www.absc.usgs.gov/glba/gistools/animal_miktm). The model
produced two numbers for each image, represeniiegdtal length of "vertical"
segments and the total length of all segmentsixglg one pixel was 2.86 |).

74



GIS / DIGITAL IMAGE ANALYSIS OF THE ORIENTATION OF CYANOBACTERIA

Fig. 2. Details of image classification: (A) selection rdihing pixels from within
representative areas; (B) automated recognitiail gimilar pixels within the entire image;
(C) identification of lines corresponding to cyanoteria.

75



A.l. PETRSOR, AW. DECHO

Statistical analysedData were analyzed using SAS (Cody and Smith, 1997)
Logistic regression analysis was used to examffeatices in the proportion represented
by "vertical' segments of all cyanobacterial segseandt-testswere used to detect
whether the proportion of "vertical" segments diff’om what is expected to be if the
orientation is random (i.e., 50%). Analysis of ¥dade (ANOVA) was used to look at
differences between the regions with respect totdte# length of all cyanobacterial
segments, a measure of the density of cyanobacteria

Legend.: @

Original Add Field
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Process/
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Output
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Temporary
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S#éct T Sum éngths
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of All
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Fig. 3. GIS model used to determine the orientation of opanterial segments.

Resultsand Discussion. Summary statistics for all data are displayed inld'a,
and the results of statistical analyses are disglay Table 2.

Tablel.
Summary statisticsfor all data

Total length of cyanobacterial Average percentage of

Type Region segments "vertical" segments
1 Top 110686 0.6204
1 Below 98774 0.6288
1 All regions 209460 0.6264
2 Top 86700 0.5309
2 Below 120117 0.6020
2 All regions 206817 0.5665
All types Top 197386 0.5757
All types Below 218861 0.6154
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Table 2.
Results of statistical analyses
Resear ch question Statistical Result
method
Are proportions of "vertical" segments different  t-test All proportions are significantly
from 0.5 in the four groups? greater than 0.5 (p<0.0001).
Are there any differences in the proportion of  Logistic ~ Significant differences detected
"vertical" segments? regression (p<0.0001).
analysis
Are there differences in the proportion of Logistic  Proportion of "vertical" segments
"vertical" segments between Type 1 and Type 2regression significantly greater in Type 1
mats? analysis  mats (p=0.0010).
Are there differences in the proportion of Logistic ~ Proportion of "vertical" segments
"vertical" segments between the "top" region  regression significantly greater below the top
regions below it? analysis  (p=0.0342).
Are any specific combinations of regions and  Logistic ~ No significant interactions
mat types (e.g., "top of Type 1 mats") regression between the mat type and region
significantly different from the others? analysis  (p=0.0510).
Are there any differences in the total length of ANOVA  No significant differences
segments, a measure of the total number of detected (p=0.1101).

cyanobacterial cells?

Limitations of the methodolog¥he limitations are a result of the effects of
microscale topology on the classification procdssst, the top of the precipitate
presented irregularities, and the parallelism betwbe top of the image and the top of
the precipitate, even though controlled as welpassible, could be subjected to a
variation with an angle of approximately 3 one direction or the other one.
Furthermore, the control of the orientation of iemgvas easier to achieve at the top,
where the actual top of the precipitate could ensand far away hardly achieved
below, where references where hardly identifiable.

Microscope stage limitationd.he microscope stage limitations affected the
second set of samples, incubated before fixatiatetutight/ dark conditions. The
limitations are related to the mounting of samgdesmicroscopic analyses: instead of
being mounted in an agueous environment, theselsampre mounted into oil. Due
to the high refractive index of this oil, the z#®ec was considerably reduced.
Therefore, the amount of observable cyanobactex@areduced. This reduction can be
seen when looking at the total length of cyanob@ttsegments. Nevertheless,
comparability was not affected with respect to kothal length of all segments in all
images, and the comparison of the orientation @nopacteria at the top of the
precipitate vs. regions situated below.
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Fig. 4. Image classification limitations: (A) poor cldissition due to choosing the wrong parameters;
(B) good classification; (C) detail presenting samers within the results of a good classification
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Image classification limitationg.he image classification is the methodological
approach that presents the uppermost influenceherfinal results apart from the
microscopy imaging stage. Supervised classificatvas preferred because it allows
the user to carefully chose the most suitable petens for the process. Nevertheless,
the selection process must be based on both gemgpatience and analyses of
representative images for calibration purposesatsamust rely on selecting as many
representative pixels as possible, even though piiisess is laborious and time-
consuming. F i g. 4 displays an example of thesfmamation of polygonal areas
consisting of all pixels identified as belongingci@nobacteria into lines. Selection of
inappropriate parameters results into "poor" res(i#ti g. 4 A, where some of the
errors have been indicated using numbers); evgoad” fit of lines (F i g. 4 B) does
not appear to be error-free when zoomed in (Bi@).

Definition of "vertical" and "horizontal" segmentset us examine the effect of
actual topography on two definitions of the an§lé . 5). The top line shows the effect
of a change of 22%8n the actual topography when two classes araetifl'vertical” (1),
when the angle formed between a given segmentharitiNorth" vector is betweerf-0
45, 135-225, or 318-36(, and "horizontal" (2) for any other angles. Letimagine
that the actual topography is rotated 22Me effect of this rotation is indicated in the
top right figure; reported to the vertical clasB, &eas represent the "false positive" (i.e.,
"horizontal" segments misclassified as "verticaifd FN areas represent the "false
negative" (i.e., "vertical' segments misclassifiad "horizontal”). Obviously, the
complementary applies to "horizontal" segments;esithere are only two classes. In
summary, a percentage of 37.5% for both verticdl larizontal segments is classified
correctly. For each class, this percentage repsegbfo of the width of the class.

The bottom line indicates the effect of operatirith\& more precise definition
of the angle, which leads to the creation of negses. In this case, "vertical" segments
(1) form angles between 8:22.5, 157.8-202.8, or 337.8-360.0, horizontal segments
(2) form angles between 6%:512.5 or 247.8-292.8, and "other" segments (3) form
angles within the remaining ranges. Let us imatiiaethe actual topography is rotated
22.50. The effect of this rotation is indicatedhe bottom right figure; reported to the
vertical class, FP areas represent the "false iymsi{i.e., "horizontal" segments
misclassified as "vertical”), and FN areas repiteten "false negative” (i.e., "vertical"
segments misclassified as "horizontal*). Reportedht horizontal class, FP' areas
represent the "false positive" (i.e., "verticalyisents misclassified as "horizontal"), and
FN' areas represent the "false negative" (i.e.riZtwatal" segments misclassified as
"vertical"). Complementary definitions pertainirEP, FN, FP' and FN' areas apply to
the "others" class. In summary, a percentage &%42or both vertical and horizontal
segments is classified correctly. For each cthss percentage represents 50% of the
width of the class.
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This example illustrates that more precise definiti of "horizontal” and
"vertical" segments are more likely to be affedigdhe actual topography of the image.
This is the reason for preferring the first deiiimit as presented in Fi g. 5.

Rotation
22.50
2 classes
Rotation
22.50
3 classes
Fig. 5. Diagram showing the effect of actual topographyegidifferent definitions of the
orientation.

Conclusions. 1. Vertical orientation is significantly predominantType 1 mats
and below the top of mats.

2. Even though there are limitations of this metlthet to the effects of
microscale topology, mounting of samples for micopic analyses, image classification
aspects, and mathematical modeling, the approachtosddress the research questions
presented in this paper is the only quantitative on

3. Future studies should focus on examining thieieénte of several known
factors, such as light conditions, on the orieoitatif cyanobacteria.

Acknowledgments. Authors would like to thank Mike Sweeney (ESRI,
Charlotte, NC) for the CalcAngle 1.0 utility, anchildersity of South Carolina Campus
GIS Support Team (Lynn Shirley and Kevin Remingtéar) their constant support
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THE EFFECT OF GREEN-MANURE ON ENZYMATIC ACTIVITIESN
A BROWN LUVIC SOIL

ALINA DORA SAMUEL*', MIHAI DRAGAN-BULARDA?,
and CORNEL DOMUTA?®

Summary. Actual and potential dehydrogenase, catalase amenzgmatic
catalytic and phosphatase (measured in unbuffaredate buffer and borax buffer
reaction mixtures) activities were determined ia €r-10—, 10-20— and 20-30-cm
layers of a brown luvic soil submitted to a compfexilization (green-manure)
experiment. It was found that each activity decedawith increasing sampling
depth. The fertilization with green-manure led tsignificant increase in each of
the seven enzymatic and nonenzymatic activitiegrdehed. The enzymatic
indicators of soil quality calculated from the waduof enzymatic activities
depending on the kind of fertilizers, showed thdeor lupinus + rape + oat >
lupinus > rape + lupinus > vetch + oat + ryegraskipinus + oat + vetch >
unfertilized plot. This order means that by deteation of enzymatic activities
valuable information can be obtained regardingliigrstatus of soils.

KEYWORDS: catalase, dehydrogenase, green-manure, phosphatase

Introduction. Soil enzymes are the biological catalysts of inmalrle reactions
in soils. Although some enzymes (e.g. dehydroggm@aseonly found in viable cells most
soil enzymes can also exist as exoenzymes sedrngtadcroorganisms or as enzymes
originating from microbial debris and plant residlnat are stabilised in complexes of clay
minerals and humic colloides. Since it is diffidalitextract enzymes from soils, enzymes
are studied indirectly by measuring the activity sissays (Samuet al, 2000, 2005).
Nonetheless, studying soil enzyme activities pewidsight into biochemical processes in
soils and is sensitive as a biological indest(B et al, 1991; Haluszcza#t al, 1991).

The effect of green-manure on soil enzymatic dietsviwere studied in many
countries, including Romania (Clriet al, 1980;Stefanic, 1991 Stefanicet al, 1983,
1984). In order to obtain new data on the soil eratggical effects of soil management
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practices we have determined some enzymatic adiinta brown luvic soil submitted to a
complex fertilization experiment at the AgriculiuResearch and Development Station in
Oradea (Bihor county).

The first data regarding the influence of greenumawon this soil were published
by (Domua et al, 2004, 2005). They studied the effect of greentmaassociated with
mineral fertilization on the physical and chemmalperties of a brown luvic soil and found
that the mixture of the green-manure resulted ghéri physical and chemical indicators.
They published no paper on the soil enzymologftetisof green-manure.

Our results are in good agreement with the litezadata reviewed by (Dialt al,
1994; Kanazawa, 1986tefan and Radu, 2005; Tang, 1987) and constitwtelties for
the enzymological characterization of a brown lugoil submitted to complex
management practices.

Material and methods. The ploughed layer of the studied soil is of
mellow loam texture, it has a pH value of 5.5, medihumus (23.2%) and P (22
ppm) contents, but it s rich in K (83 ppm).

The experimental field was divided into plots fangarative study of
green-manure fertilization at rates of 47.8 t/hpirus, 29.9 t/ha vetch + oat +
ryegrass, 39.7 t/ha lupinus + oat, 23.9 t/ha lupinuape + oat, 20 t/ha rape, 19.1
t/ha rape + lupinus.

The green-manure was maintained on the soil suifatays and after that
the land was ploughed. The plots were installethiee repetitions.

In July 2005, soil was sampled from thd0-, 10-20- and 2630-cm depths of
the plots under maize crop. The soil samples wiewed to air-dry, then ground and
passed through a 2- mm sieve and, finally, usedrfoymological analyses.

We have determined six enzymatic activities (actaald potential
dehydrogenase, catalase and phosphatase measunabufiered, acetate buffer
and borax buffer reaction mixtures) and one nonewatic catalytic activity (KO,
splitting in autoclaved samples).

Actual and potential dehydrogenase activities witermined according
to the methods described in @@an-Bularda, M. 2000b). The reaction mixtures
consisted of 3.0 g soil, 0.5 mlI TTC (2, 3, 5-tripfikketrazolium chloride) and 1.5
ml distilled water or 1.5 ml glucose. All reactiomxtures were incubated at 37°C
for 24 hours. After incubation, the triphenylfornaazproduced was extracted with
acetone and was measured spectrophotometrical§Sanm.

The reaction mixtures for catalase activity comsisof 3.0 soil, 2.0 ml
H,O, 3% and 10 ml buffer solution. The buffer solutiovas prepared as
recommended by Bgan- Bularda, M. (2000a).

For determination of phosphatase activities, disodiphenylphosphate
served as enzyme substratei@m-Bularda, M. 2000c; Ohlinger, R. 1996).

Three activities were measured: phosphatase aciivitnbuffered reaction
mixtures, acid phosphatase activity in reactiontores to which acetate buffer
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(pH 5.0) was added and alkaline phosphatase activiteaction mixtures treated
with borax buffer (pH 9.4). The reaction mixturesnsisted of 2.5 g sol, 2 ml
toluene (antiseptic), 10 ml distilled water or luffsolution and 10 ml 0.5%
substrate solution. Reaction mixtures without swilwithout substrate solution
were the controls. All reaction mixtures were inatdal at 37°C for 2 hours. After
incubation, the phenol released from the substmatker the action of phosphatases
was determined spectrophotometrically (at 614 nageld on the colour reaction
between phenol and 2, 6-dibromoquinone-4-chlor@mid

Dehydrogenase activities are expressed in mg phemylformazan (TPF)
produced from 2, 3, 5-triphenyltetrazolium chlori@@C) by 10 g of soil in 24 hours,
whereas catalase and nonenzymatic catalytic #giviire recorded as mg ob®d
decomposed by 1g of sail in 1 hour. Phosphatasdtiastare expressed in mg phenol/g
s0il/2 hours.

The activity values were submitted to statisticallgation by the two-waytest
(Sachs, L., 1968).

Results and discusson. Results of the enzymological analyses are presémted
Table 1, and those of the statistical evaluatiersammarized in Table 2.

Variation of soil enzymatic activities in dependeatsampling deptlt.is evident
from Table 1 that each enzymatic activity and neyeratic catalytic activity decreased
with sampling depth in all plots under maize cio@ddition, Table 2 shows that the mean
values of each activities also decreased withasarg soil depth.

Comparison of the three phosphatase activities nnedsAt the same soil depths
(0-10+, 10-20- and 2630-cm) in all plots under maize crop, the activitiesrdased in the
order: phosphatase activity measured in unbufferadion mixtures > acid phosphatase
activity > alkaline phosphatase activity (TableThis decreasing order is also valid for the
mean values of the three activities (Table 2).

Enzymatic indicators of soil qualitgignificant (p < 0.05 to p < 0.001) and
unsignificant (p > 0.05 to p > 0.10) differencesraveegistered in the soil enzymatic
activities depending on the type of activity aneltiature of green-manure. Based on these
differences the following decreasing orders ofehzymatic activities could be established
in the soil of the seven plots:

actual dehydrogenase activity: lupinus + rape &aape + lupinus > lupinus >

lupinus + oat > vetch + oat + ryegrass > rape ettilided plot;

potential dehydrogenase activity: lupinus + rajpat:> lupinus > rape + lupinus

> |lupinus + oat > vetch + oat + ryegrass > rapefertilized plot;

catalase activity: lupinus + rape + oat > vetctat-Horyegrass > lupinus + oat >

lupinus > rape > rape + lupinus > unfertilized plot

phosphatase activity measured in unbuffered reaatiatures: vetch + oat

+ ryegrass > lupinus + oat > lupinus + rape + ohtpius > rape >
rape + lupinus > unfertilized plot;
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acid phosphatase activity: lupinus + rape + oatetehv + oat + ryegrass >
lupinus > lupinus + oat > rape + lupinus > rapefeilized plot;

alkaline phosphatase activity: vetch + oat + ry&gra lupinus + rape + oat >
lupinus + oat > lupinus > rape > rape + lupinusiferilized plot.

Tablel.
The effects of soil management practices on enzymatic and nonenzymatic catalytic
activitiesin a brown luvic soil under maize crop

Soil Soil depth Type of green — manure**
enzymatic  (cm)

aCtiVity* V, Vs, V3 V4 V5 Ve V5
ADA 0-10 9.01 6.95 7.31 11.82 610 1156 5.52

10-20 7.31 4.59 5.61 10.20 4.70 8.50 4.52

20-30 5.10 2.72 3.91 5.76 3.40 5.10 2.72

PDA 0-10 22.78 16.66 14.28 24.28 11.22 16.32 10.60
10-20 15.30 10.20 11.22 16.66 9.50 12.24 941

20-30 8.33 8.16 10.37 15.30 8.67 9.86 7.88

CA 0-10 1.98 2.07 1.96 2.44 1.79 1.09 0.89
10-20 1.79 1.95 1.85 2.23 1.33 1.07 0.83

20-30 1.60 1.95 1.67 2.03 0.95 0.92 0.71

CAn 0-10 0.51 0.56 0.54 0.55 0.56 0.51 0.51
10-20 0.52 0.54 0.51 0.46 0.50 0.49 0.48

20-30 0.41 0.54 0.44 0.36 0.45 0.44 0.45

UPA 0-10 2.87 2.97 2.94 2.96 2.83 2.80 2.77
10-20 2.84 2.96 2.92 291 2.79 2.76 2.61

20-30 2.81 2.93 2.90 2.87 2.67 2.60 2.55

AcPA 0-10 2.85 2.94 2.81 2.96 2.81 2.79 2.69
10-20 2.81 2.87 2.75 2.89 2.69 2.75 2.38

20-30 2.74 2.81 2.69 2.85 2.20 2.32 2.30

AlKPA 0-10 1.72 1.97 1.90 1.94 1.85 1.71 1.67
10-20 1.53 1.93 1.67 1.84 1.38 1.35 1.31

20-30 1.40 1.83 1.51 1.76 1.34 1.31 1.29

* ADA — Actual dehydrogenase activity 1V Lupinus

PDA — Potential dehydrogenase activity > VVetch + oat + ryegrass
CA — Catalase activity M- Lupinus + oat

CAn — Nonenzymatic catalytic activity 4V Lupinus + rape + oat
UPA — Phosphatase activity measured in 5 - Rape

unbuffered reaction mixtures ¢ ¥ Rape + lupinus

Ac PA — Acid phosphatase activity 7 ¥ Unfertilized plot

Alk PA — Alkaline phosphatase activity

It is clear from these orders that seven plotsepresi either a maximum or
a minimum value of the six soil enzymatic acti\sti€€onsequently, these orders
don’t make it possible to establish such an enzigniag¢rarchy of the plots which
takes into account each activity for each plot. &mablishing such a hierarchy, we
have applied the method suggested in (iéisal, 1991).
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Table 2.

Significance of the differ ences between enzymatic and nonenzymatic catalytic
activitiesin a brown luvic soil submitted to a fertilization experiment

Fertilization | Soil enzymatic | Soil depth Mean activity values in | Significance of the|
experiment activity* (cm) fertilization experiment differences
a b a-b
1 2 3 4 5 6 7
Lupinus (a) ADA 0-30 714 | 475 | 239 | 0.01>p>0.001
versus vetch PDA 1547 | 11.67 | 3.80 0.50>p>0.10
oat + ryegrass$ CA 1.79 1.99 -0.20 0.50>p>0.10
(b) CAn 0.48 0.54 | -0.06 0.50>p>0.10
UPA 2.84 295 | -0.11 | 0.01>p>0.001
Ac PA 2.80 2.87 | -0.07 0.02>p>0.01
Alk PA 1.55 191 | -0.36 | 0.02>p>0.001
Lupinus (a) ADA 0-30 7.14 | 561 1.53 0.02>p>0.01
versus lupinug PDA 15.47 | 11.95| 3.52 0.50>p>0.10
+ oat (b) CA 1.79 1.82 | -0.03 0.50>p>0.10
CAn 0.48 0.49 | -0.01 0.50>p>0.10
UPA 2.84 292 | -0.08 | 0.01>p>0.001
Ac PA 2.80 2.75 0.05 0.01>p >0.001
Alk PA 1.55 169 | -0.14 | 0.02>p>0.001
Lupinus (a) ADA 0-30 7.14 | 9.26 | -2.12 0.50>p>0.10
versus lupinug PDA 15.47 | 18.74 | -3.27 0.50>p>0.10
+ rape + oat CA 1.79 2.23 -0.44 0.01>p>0.0001
(b) CAn 0.48 0.45 0.03 p>0.50
UPA 2.84 291 | -0.07 0.02>p>0.01
Ac PA 2.80 2.90 -0.1 0.01>p>0.001
Alk PA 1.55 191 | -0.36 0.02>p>0.01
Lupinus (a) ADA 0-30 7.14 | 4.73 241 0.05>p>0.02
versus rape PDA 15.47 | 9.79 4.25 0.50>p>0.10
(b) CA 1.79 | 135 | 0.44 0.10 > p > 0.05
CAn 0.48 0.50 | -0.02 0.50>p>0.10
UPA 2.84 2.76 0.08 0.50>p>0.10
Ac PA 2.80 2.56 0.24 0.50>p>0.10
Alk PA 1.55 1.52 0.03 p > 0.50
Lupinus (a) ADA 0-30 7.14 | 8.38 -1.24 0.50>p>0.10
versus rape + PDA 15.47 | 12.80 | 2.67 0.50>p>0.10
lupinus (b) CA 1.79 | 1.02 | 0.77 | 0.01>p>0.001
CAn 0.48 0.48 0.00 -
UPA 2.84 2.72 0.12 0.10>p >0.05
Ac PA 2.80 2.62 0.18 0.10>p >0.05
Alk PA 1.55 1.45 0.10 0.50 > p >0.02
Lupinus (a) ADA 0-30 7.14 4.25 2.89 0.02>p>0.001
versus PDA 1547 | 9.29 6.18 0.50>p>0.10
unfertilized CA 1.79 0.81 0.98 0.01>p>0.001
plot (b) CAn 0.48 0.48 0.00 -
UPA 2.84 2.64 0.20 0.05>p>0.02
Ac PA 2.80 2.45 0.35 0.10>p >0.05
Alk PA 1.55 142 0.13 0.50>p>0.10
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Table 2 (continued)

1 2 3 4 5 6 7
Vetch + oat + ADA 0-30 475 | 561 | -0.86 0.10>p>0.005
ryegrass (a) PDA 11.67 | 11.95| -0.28 p>0.50
versus lupinug CA 1.99 1.82 0.17 0.10>p > 0.005
+ oat (b) CAn 0.54 | 0.49 0.05 0.50>p>0.010
UPA 2.95 2.92 0.03 0.02>p>0.01
Ac PA 2.87 2.75 0.12 0.01>p>0.001
Alk PA 191 1.69 0.22 050>p>0.10
Vetch + oat + ADA 0-30 475 | 9.26 | -4.51 0.05>p >0.02
ryegrass (a) PDA 11.67 | 18.74 | -7.07 0.01>p>0.001
versus lupinug CA 1.99 223 | -0.24 0.50>p>0.10
+ rape + oat CAn 0.54 0.45 0.09 0.50>p>0.10
(b) UPA 2.95 291 0.04 0.10>p >0.05
Ac PA 2.87 2.90 | -0.03 0.10 > p >0.05
Alk PA 191 1.84 0.07 0.10>p > 0.05
Vetch + oat + ADA 0-30 475 | 4.73 0.02 p >0.50
ryegrass (a) PDA 11.67 | 9.79 1.88 0.02>p>0.01
versus rape (1) CA 1.99 1.35 0.64 p >0.50
CAn 0.54 | 0.50 0.04 0.50>p >0.10
UPA 2.95 2.76 0.19 0.05>p >0.02
Ac PA 2.87 2.56 1.24 0.50 >p >0.10
Alk PA 191 1.52 0.39 0.10>p >0.05
Vetch + oat + ADA 0-30 475 | 838 | -3.63 0.05>p >0.02
ryegrass (a) PDA 11.67 | 12.80 | -1.13 0.50>p>0.10
versus rape + CA 1.99 1.02 0.97 0.01>p>0.001
lupinus (b) CAn 0.54 | 0.48 0.06 0.10>p >0.05
UPA 2.95 2.72 0.23 0.05>p>0.02
Ac PA 2.87 2.62 0.25 0.50>p>0.10
Alk PA 191 1.45 0.46 0.05 > p > 0.002
Vetch + oat + ADA 0-30 475 | 4.25 0.50 0.10>p >0.05
ryegrass (a) PDA 11.67 | 9.29 2.38 0.50>p>0.10
versus CA 1.99 0.81 1.18 0.10>p > 0.05
unfertilized CAn 0.54 | 0.48 0.06 0.05>p>0.02
plot (b) UPA 2.95 2.64 0.31 0.05>p>0.02
Ac PA 2.87 2.45 0.42 0.05>p>0.02
Alk PA 1.91 1.42 0.49 0.05>p >0.02
Lupinus + oat ADA 0-30 561 | 9.26 -3.65 0.10>p>0.05
(a) versus PDA 11.95| 18.74 | -6.79 0.10>p>0.05
lupinus + rape CA 1.82 2.23 -0.41 0.01 > p >0.001
+ oat (b) CAn 0.49 | 045 0.04 p >0.50
UPA 2.92 291 0.01 0.50>p>0.10
Ac PA 2.75 2.90 -0.15 0.01>p>0.001
Alk PA 1.69 1.84 | -0.15 0.50>p>0.10
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Table 2 (continued)

1 2 3 4 5 6 7
Lupinus + oat ADA 0-30 5.61 4.73 0.88 0.05>p > 0.002
(a) versusrape  PDA 11.95 9.79 2.16 0.05>p > 0.002
(b) CA 1.82 1.35 0.47 0.10 > p > 0.05

CAn 0.49 0.50 0.01 p > 0.50
UPA 2.92 2.76 0.16 0.10>p>0.05
Ac PA 2.75 2.56 0.19 0.50 > p>0.010
Alk PA 1.69 1.52 0.17 0.50 > p >0.010
Lupinus + oat ADA 0-30 5.61 8.38 -2.77 0.10>p >0.05
(a) versusrape  PDA 11.95 12.80 -0.85 0.50 >p >0.010
+ lupinus (b) CA 1.82 1.02 0.80 0.50 > p > 0.010
CAn 0.49 0.48 0.01 0.05 > p > 0.002
UPA 2.92 2.72 0.20 0.05 > p > 0.002
Ac PA 2.75 2.62 0.13 0.50>p>0.10
Alk PA 1.69 1.45 0.24 0.05 > p > 0.002
Lupinus + oat ADA 0-30 5.61 4.25 1.36 0.05 > p > 0.002
(a) versus PDA 11.95 9.29 2.66 0.05 > p > 0.002
unfertilized CA 1.82 0.81 1.01 0.05 > p > 0.002
plot (b) CAn 0.49 0.48 0.01 0.50>p>0.10
UPA 2.92 2.64 0.28 0.05 > p > 0.002
Ac PA 2.75 2.45 0.30 0.50>p>0.10
Alk PA 1.69 1.42 0.27 0.05 > p > 0.002
Lupinus + ADA 0-30 9.26 4.73 4.53 0.10 > p > 0.05
rape+ oat (a) PDA 18.74 9.79 8.95 0.001 > p >0.001
versus rape (h) CA 2.23 1.35 0.88 0.02>p>0.01
CAn 0.45 0.50 -0.05 0.50>p>0.10
UPA 291 2.76 0.15 0.05 > p > 0.002
Ac PA 2.90 2.56 0.34 0.50 >p >0.10
Alk PA 1.84 1.52 0.32 0.10 > p > 0.05
Lupinus + ADA 0-30 9.26 8.38 0.88 0.50 >p>0.10
rape + oat (a) PDA 18.74 12.80 5.94 0.05>p>0.02
versus rape + CA 2.23 1.02 1.21 0.01>p>0.001
lupinus (b) CAn 0.45 0.48 -0.03 p > 0.50
UPA 291 2.72 0.19 0.01 > p > 0.001
Ac PA 2.90 2.62 0.28 0.50 >p >0.10
Alk PA 1.84 1.45 0.39 0.05 > p > 0.002
Lupinus+ rape ADA 0-30 9.26 4.25 5.01 0.05>p>0.02
+ oat (a) PDA 18.74 9.29 9.45 0.05>p>0.02
versus CA 2.23 0.81 1.42 0.01>p>0.001
unfertilized CAn 0.45 0.48 -0.03 p > 0.50
plot (b) UPA 291 2.64 0.27 0.50>p>0.10
Ac PA 2.90 2.45 0.45 0.05>p>0.02
Alk PA 1.84 1.42 0.42 0.05>p>0.02
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Table 2 (continued)

1 2 3 4 5 6 7

Rape (a) ADA 0-30 4.73 8.38 | -3.65 0.10>p>0.05
Versus rape + PDA 9.79 12.80 | -3.01 0.50>p>0.10
lupinus (b) CA 1.35 1.02 0.33 0.50>p>0.10
CAn 0.50 0.48 0.02 0.50>p>0.10
UPA 2.76 2.72 0.04 0.10>p >0.05
Ac PA 2.56 2.62 | -0.06 0.50>p>0.10
Alk PA 1.52 1.45 0.07 0.50>p>0.10
Rape (a) ADA 0-30 4.73 4.25 0.48 0.10>p>0.05
versus PDA 9.79 9.29 0.50 0.50>p>0.10
unfertilized CA 1.35 0.81 0.54 0.50>p>0.10
plot (b) CAn 0.50 0.48 0.02 0.50>p>0.10
UPA 2.76 2.64 0.12 0.10>p>0.05
Ac PA 2.56 2.45 0.11 0.50>p>0.10
Alk PA 1.52 1.42 0.10 0.50>p>0.10
Rape + ADA 0-30 8.38 4.25 4.13 0.10>p>0.05
lupinus (a) PDA 12.80 9.29 3.51 0.10>p >0.05
versus CA 1.02 0.81 0.21 0.01 >p > 0.001

unfertilized CAn 0.48 0.48 0.00 -
plot (b) UPA 2.72 2.64 0.08 0.50>p>0.10
Ac PA 2.62 2.45 0.17 0.50>p>0.10
Alk PA 1.45 1.42 0.03 0.05>p >0.02

* ADA — Actual dehydrogenase activity
PDA — Potential dehydrogenase activity

CA — Catalase activity
CAn — Nonenzymatic catalytic activity

UPA — Phosphatase activity measured in unbuffezadtion mixtures

AcPA — Acid phosphate activity

Alk PA — Alkaline phosphatase activity

Briefly, by taking the maximum mean value of eactiviy as 100%, we have
calculated the relative (percentage) activitiese Sam of the relative activities is the
enzymatic indicator which is considered as an irdi¢txe biological quality of the soil in a
given plot. The higher the enzymatic indicatorhef $oil, the higher position of the plots is
in the hierarchy. Table 3 shows that the firsttimys are occupied by those plots in which
enzymatic activities were the highest. The soilenrtide unfertilized maize plot occupying
the last position can be considered as the lagtenactive soil.

Table 3.
Enzymatic indicator s of soil quality
Position Plot Enzymatic indicator of soil quality
1 Lupinus + rape + oat 594.93
2 Lupinus 441.49
3 Rape + lupinus 421.69
4 Vetch + oat + ryegrass 421.36
5 Lupinus + oat 425.86
6 Rape 370.66
7 Unfertilized plot 347.29
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The conclusions of the present research are:

1. The soil enzymatic activities decreased with irgirgasampling depth.

2. The soil phosphatase activities decreased in ther:ophosphatase
activity measured in unbuffered reaction mixturezciel phosphatase activity > alkaline
phosphatase activity.

3. The enzymatic indicators of soil quality calculafesm the values of
enzymatic activities determined in the plots undaize crop showed the order: lupinus
+ rape + oat > lupinus > rape + lupinus > vetclat~Horyegrass > lupinus + oat > rape >
unfertilized plot.
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THE EFFECT OF IRRIGATION ON THE ENZYMATIC ACTIVITIES IN
A BROWN LUVIC SOIL

ALINA DORA SAMUEL"MIHAI DRAGAN-BULARDA?
and CORNEL DOMUTA?

Summary. We have determined five enzymatic activities (acturad potential
dehydrogenase, catalase, acid and alkaline ph@s®)aand one nonenzymatic
catalytic activity (HO, splitting in autoclaved samples) in the 0—-10—,2B—and
20-30-cm layers of a brown luvic soil submittecatoomplex irrigation and crop
rotation (2— and 3—crop rotations) experiment. Eadiivity in both non-irrigated
and irrigated soil under wheat and maize crops sigsificantly higher in the
intermediate layer than in the upper, respectidelyper layers. Non-irrigation — in
comparison with irrigation — resulted in signifitcign higher soil phosphatase
activities in the 0-10-, 10-20- and 20-30-cm laywhereas dehydrogenase and
catalase activities were significantly higher ingated soil. The soil under wheat
or maize was more enzyme-active in the 3— thaheén2tcrop rotation and in the
monoculture. In the monoculture and in the 2—crofatron, higher enzymatic
activities were registered under wheat than undaizen In the 3—crop rotation,
higher enzymatic activities were recorded maizeeungtheat. The enzymatic
indicators of soil quality decreased dependinghmnrature of crops and kind of
irrigation in the following order: maize (3—croptation) > wheat (3—crop rotation)
> wheat (2—-crop rotation) > maize (2—crop rotationwheat (monoculture) >
maize (monoculture).

KEYWORDS: catalase, crop rotation, dehydrogenase, irrigapbnsphatase.

Introduction. Enzymes are a special group of proteins which yzaal
biochemical processes in soil. As such, they maysbd as indicators of microbiological
and biological activities of soil (lonescus&ti andStefanic, 1984).

Soil enzymes include a wide spectrum of oxidoreales, transferases,
hydrolases and lyases. Soil enzymes are mainhactebal and fungal origin. Only
a small fraction is excreted by plants and/or afsm@utside the producing cell,
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the enzymes function in the soil solution or araniobilized on cell fragments,
inorganic and organic soil components. Soil enzypiag a role in the degradation
of litter and artificial substances (Frenetyal, 1985).

Any management practice (Angeet al 1993; Dick, 1992; Dicket al,
1994; Dormaar and Sommerfeldt, 1996; Lowtlkal. 1995; Kannan and Oblisami,
1990; Pulford and Tabatabai, 1988; Zektsal, 1987) that effects the biological
populations of soil could be expected to resulsame change in soil enzyme
levels. This would apply especially to intracelluEnzymes, and to extracellular
enzymes either in soil solution or attached taiivcells.

Following our investigations, during which in Octstll 997 (Samuedt al,
2005a; Samuadt al, 2005b) we determined the effects of tillage, amation and
fertilisation on soil enzymatic activities, now weport the effects of irrigation and
crop rotation on soil enzymatic activities.

We have determined five enzymatic activities (dctaad potential
dehydrogenase, catalase, acid and alkaline ph@sg)atnd one nonenzymatic
catalytic activity in a brown luvic soil submitted a complex irrigation and crop
rotation experiment at the Agricultural Researchd dbevelopment Station in
Oradea (Bihor county).

It is well know that the dehydrogenase and catalastvities are
considered as indicators of the global and regpiyaactivity of soil, whereas
phosphatase activities are related to the P cyatisgil.

The first enzymological data on the soil regarding effects of irrigation
on the enzyme activities in this soil, were obtdinby Stefanic and his
collaboratorgStefanic, 1991 Stefanic and Picu, 198$tefanicet al.,1984), but he
published no paper on this investigation.

Material and methods. The ploughed layer of the studied soil is of
mellow loam texture, it has a pH value of 5.5, medihumus (2.32 %) and P (22
ppm) contents, but it is rich in K (83 ppm).

The experimental field was divided into plots ant®ots for comparative
study of irrigation and non-irrigation and rotatsoof 2- and 3-crops. The crops of
the 2- and 3crops rotations are specified in Table 1.

Table 1.
Cropsof thetwo rotations
vy Monoculture Rotation of 2 crops Rotation of 3 crops
ear
2005 Plots Plots Plots
Wheat Maize Wheat Maize Wheat Maize Soybean

Each plot consisted of two subplots representirg itfigation and non-
irrigation variants. The plots (and subplots) wiastalled in three repetitions.
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In October 2005, soil was sampled from thé®, 10-20- and 26-30-cm
depths of the subplots under wheat and maize cidpssoil samples were allowed
to air-dry, then ground and passed through-ar2 sieve and, finally, used for
enzymological analyses.

We have determined five enzymatic activities (actaad potential
dehydrogenase, catalase, acid and alkaline pha@sg)abnd one nonenzymatic
catalytic activity (HO, splitting in autoclaved samples).

Actual and potential dehydrogenase activities wletermined according to the
methods described in (&yan-Bularda, 1983). The reaction mixtures consisfe2i0 g
sail, 0.5 mI TTC (2, 3, 5- triphenyltetrazolium cfitle) and 1.5 ml distilled water or 1.5
ml glucose. All reaction mixtures were incubate@@t C for 24 hours. After incubation,
the triphenylformazan produced was extracted witetame and was measured
spectrophotometrically at 485 nm. The reaction ungg for catalase activities consisted
of 3.0 g soil and 2 ml ¥, 3% and 10 ml buffer solution. The buffer solutiwas
prepared as recommended byaian-Bularda, 1983).

Disodium phenylphosphate served as enzyme subgDaigan-Bularda,
1983;Ohlinger, 1996). Two activities were measured: aidsphatase activity in
reaction mixtures to which acetate buffer (pH 5Ws added and alkaline
phosphatase activity in reaction mixtures treatét taorax buffer (pH 9.4).

The reaction mixtures consisted of 2.5 g soil, Zahlene (antiseptic), 10 ml
buffer solution and 10 ml 0.5 % substrate solut®eaction mixtures without soil or
without substrate were the controls. All reactiomtores were incubated at 37° C for
2 hours. After incubation, the phenol released ftbesubstrate under the action of
phosphatases was determined spectrophotometritai614 nm) based on the
colour reaction between phenol and 2, 6-dibromamerd-chloroimide.

Dehydrogenase activities are expressed in mg plidanylformazan (TPF)
produced from 2, 3, 5-triphenyltetrazolium chlor{@@C) by 10 g of soil in 24 hours.

Catalase and nonenzymatic catalytic activitiesracerded as mg of 40,
decomposed by 1 g of soil in 1 hour. Phosphatateitses are expressed in mg
phenol / g soil / 2 hours.

The activity values were submitted to statistiozleation by the twd-test
(Sachs, 1968).

Resultsand discusson. Results of the enzymological analyses are presented
Table 2, and those of the statistical evaluatiensaimmarized in Tables 3 and 4.

Variation of sail activities in dependence of sangptiepthlt is clear from Table
3 that enzymatic activities were significantly legkat least at p < 0.05) in the intermediate
layer of the non-irrigated soil, excepting actughytrogenase activity which was
unsignificantly higher (p > 0.05). In the deepselaof the non-irrigated soil, enzymatic
activities were significantly higher (at least at 0.05) than in the upper layer, excepting
actual dehydrogenase activity which was unsigmifiggp > 0.05). In the irrigated soil,
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enzymatic activities were significantly higher lretintermediate than in the upper and
deeper layers, excepting actual dehydrogenaséyaatiich was unsignificantly higher.

Table?2.
The effects of soil management practices on enzymatic and nonenzymatic catalytic
activitiesin a brown luvic soil

Soil enzynatic
activity*

Soll
depth
(cm)

Monoculture**

Rotation of 2—crops

Rotation of 380

Wh

eat

Maize

Wheat Maize

Whea

Maize

N

N

N | N I

N

N

ADA

0-10
10-20
20-30

7.84
8.54
8.22

8.40
114
11.2Q

7.28
8.68
8.68

8.14
9.52
8.24

8.96 | 11.08| 7.84| 8.84
9.03 | 12.40| 9.12| 11.20,
9.00 | 11.20| 8.94| 9.80

9.00
10.08
9.96

11.24
12.80
11.52

8.00
11.2(
11.77

8.96
11.44
9.96

PDA

0-10
10-20
20-30

23.52
33.60
28.00

31.60
34.00
33.88

24.08
29.04
25.16

29.60
35.12
31.08

25.64| 32.40|29.8Q0 31.20
35.48| 37.40(33.44 36.09
35.20| 36.88(32.79 32.17

29.28
38.28
38.04

35.20
38.96
37.88

30.36
37.04
36.43

32.96
38.68
37.07

CA

0-10
10-20
20-30

4.47
5.27
4.50

4.60
5.87
5.67

4.23
4.93
4.37

4.74
5.70
5.60

4.60 | 4.77 | 4.34| 4.80
5.50 | 5.87 | 5.20| 5.83
4.64 | 587 |511] 5.73

4.67
577
4.66

4.90
5.97
5.93

4.50
5.26
5.22

5.33
5.87
5.74

CAn

0-10
10-20
20-30

2.60
297
2.77

2.87
3.17
297

2.34
257
240

2.87
2.97
2.87

277 | 3.02 | 2.46| 2.97
3.00 | 3.19 | 2.77| 3.02
2.87 | 3.07 | 2.70] 3.00

2.90
3.12
294

3.06
321
3.17

254
291
281

2.99
3.10
3.07

AcPA

0-10
10-20
20-30

0.159
0.179
0.165

0.120
0.140
0.125

0.163
0.180
0.174

0.129
0.155
0.144

0.167| 0.135|0.176 0.144
0.191| 0.168(0.187 0.185
0.189] 0.141|0.189 0.173

0.173
0.190
0.189

0.143
0.161
0.157

0.189
0.195
0.190

0.179
0.188
0.185

AlkPA

0-10
10-20
20-30

0.061
0.084
0.067

0.050
0.079
0.055

0.065
0.082

0.071

0.053
0.071
0.0664

0.073| 0.067{0.071 0.062
0.089| 0.082|0.083 0.077
0.078| 0.070|0.077 0.070

0.076
0.091
0.083

0.070
0.085
0.075

0.083
0.095
0.087

0.068
0.080
0.076

* ADA — Actual dehydrogenase activity

** N — Non-irrigation

PDA — Potential dehydrogenase activity

| - Irrigation
CA — Catalase activity

CAn — Nonemayic catalytic activity

Ac PA — Atidsphatase activity

Alk PA — Alkaline phosyaiss activity

The effect of irrigation on the enzymatic actigtiem soil. Actual and
potential dehydrogenase and catalase activities significantly higher (at least at
p < 0.05) in the three soil layers analysed of mio-irrigated soil, excepting
potential dehydrogenase activity in the deeperrlarel catalase activity in the
intermediate layer which were unsignificantly highe > 0.05). Nonenzymatic
catalytic activity was significantly higher (at kaat p < 0.01) in the three soail
layers of the non-irrigated soil. These findings ealid under each crop.

The effect of crop rotations on the enzymatic ams/ in soil. For
evaluation of this effect, the results obtainedh@a three soil layers analysed in the
two subplots of each plot were considered together.
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Table 3.

Significance of the differences between enzymatic and nonenzymatic catalytic
activitiesin a brown luvic soil submitted toirrigation

Soil depth Soil Mean activity values Significance of the
enzymatic differences
nitv*
activity a b 2D
1 2 3 4 5 6
Non-irrigated soil ADA 8.15 9.44 -1.29 0.05>p>0.02
Upper layer (a) versus PDA 27.11 34.48 -7.37 0.002 > p > 0.001
intermediate layer (b CA 4.47 5.32 -0.85 0.0001 >p
CAn 1.74 2.89 -1.15 0.001 > p > 0.0001
Ac PA 0.171 0.187 -0.016 0.01 > p > 0.002
Alk PA 0.071 0.087 -0.016 0.001 >p
Upper layer (a) versus ADA 8.15 9.42 -1.27 0.10>p>0.05
deeper layer (b) PDA 27.11 32.60 -5.49 0.02>p>0.01
CA 4.47 4.75 -0.28 0.50>p>0.10
CAn 1.74 2.75 -1.01 0.02 >p>0.01
Ac PA 0.171 0.181 -0.01 0.05>p>0.02
Alk PA 0.071 0.077 -0.006 0.01 > p > 0.002
Intermediate layer (al ADA 9.44 9.42 0.02 0.10>p>0.05
versus deeper layer PDA 34.48 32.60 1.88 0.50>p>0.10
(b) CA 5.32 4.75 0.57 0.05>p >0.02
CAn 2.89 2.75 0.14 0.001 > p > 0.0001
Ac PA 0.187 0.181 0.006 0.05>p >0.02
Alk PA 0.087 0.077 0.01 0.002 > p > 0.001
Irrigated soil ADA 9.45 11.45 -2.00 0.001 > p > 0.0001
Upper layer (a) versus PDA 32.16 36.71 -4.55 0.001 > p > 0.0001
intermediate layer (b CA 4.86 5.85 -0.99 0.001 > p > 0.0001
CAn 2.96 3.11 -0.15 0.01 > p >0.002
Ac PA 0.141 0.166 -0.025 0.01>p>0.0.02
Alk PA 0.061 0.079 -0.018 0.01 > p > 0.002
Upper layer (a) versus ADA 9.45 10.32 -0.87 0.10>p >0.05
deeper layer (b) PDA 32.16 34.83 -2.67 0.01 > p > 0.002
CA 4.86 5.75 -0.89 0.001 > p > 0.0001
CAn 2.96 3.03 -0.07 0.05>p>0.02
Ac PA 0.141 0.153 -0.012 0.05>p>0.02
Alk PA 0.061 0.057 0.004 0.01 > p >0.002
Intermediate layer (& ADA 11.45 10.32 1.13 0.002 > p > 0.001
versus deeper layer PDA 36.71 34.83 1.88 0.05>p>0.02
(b) CA 5.85 5.75 0.10 0.05>p>0.02
CAn 3.11 3.03 0.08 0.05>p >0.02
Ac PA 0.166 0.153 0.013 0.05>p>0.02
Alk PA 0.079 0.057 0.022 0.02>p>0.01

* ADA — Actual dehydrogenase activity
PDA — Potential dehydrogenase activity

CA — Catalase activity

CAn — Nonemayic catalytic activity
AcPA — Agtidsphatase activity

Alk PA — Alkaline phosyaiss activity

97



A. D. SAMUEL, M. DRAGAN-BULARDA, C. DOMUTA

Table4.
Significance of the differences between enzymatic and nonenzymatic catalytic
activitiesin a brown luvic soil submitted to different management practices

Managemen Soil enzymatic| Soil depth Mean activity values in | Significance of the

practices activity* management practices differences
1 2 3 4 5 6 7
Irrigation (a) ADA 0-10 8.15 9.45 -1.30 | 0.01>p>0.002
versus non- 10-20 9.44 11.45 | -2.01 0.02>p>0.01
irrigation (b) 20-30 9.42 10.32 | -0.90 | 0.01>p>0.002
PDA 0-10 27.11 | 32.16 -5.05 0.01 > p > 0.002

10-20 34.48 | 36.16 -2.23 0.05>p>0.02
20-30 32.60 | 34.83 | -2.23 0.10 > p > 0.05
CA 0-10 4.47 4.86 -0.39 0.02>p>0.01
10-20 5.32 5.85 -0.53 0.10 > p > 0.05
20-30 4.75 5.75 -1.00 | 0.001 > p > 0.0001
CAn 0-10 1.74 2.96 -1.22 | 0.002 > p > 0.001
10-20 2.89 3.11 -0.22 0.01>p>0.002
20-30 2.75 3.03 -0.28 | 0.001 > p > 0.0001
Ac PA 0-10 0.171 | 0.141 | 0.030 | 0.001 > p > 0.0001
10-20 0.187 | 0.166 | 0.021 0.02>p>0.01
20-30 0.181 | 0.153 | 0.028 0.02>p>0.01
Alk PA 0-10 0.071 | 0.061 | 0.010 | 0.001 > p > 0.0001
10-20 0.087 | 0.079 | 0.008 | 0.01>p>0.002
20-30 0.077 | 0.057 | 0.020 | 0.001 > p > 0.0001
The same crop in the two rotations

Wheat in ADA 0-40 9.27 | 10.28 | -1.01 0.05>p >0.02
monoculture PDA 30.77 | 33.83 | -3.06 0.05>p>0.02
(a) versus in CA 5.06 5.21 -0.15 | 0.01>p>0.002
2—crop CAn 2.89 2.99 -0.10 0.02>p>0.01
rotation (b) Ac PA 0.148 | 0.165 | -0.017| 0.01>p>0.002
Alk PA 0.066 | 0.076 | -0.01 | 0.01>p>0.002
Wheat in ADA 0-40 9.27 | 10.77 | -1.50 | 0.01>p>0.002
monoculture PDA 30.77 | 36.27 | -5.50 0.05>p >0.02
(a) versus in CA 5.06 5.32 -0.26 0.50>p>0.10
3—crop CAn 2.89 3.07 -0.18 | 0.01>p>0.002
rotation (b) Ac PA 0.148 | 0.168 | -0.02 | 0.001 > p > 0.0001
Alk PA 0.066 | 0.080 | -0.014 | 0.002 >p >0.001
Wheat in 2— ADA 0-40 10.28 | 10.77 -0.49 0.05>p>0.02
crop rotation PDA 33.83 | 36.27 | -2.44 | 0.002>p>0.001
(b) versus in CA 5.21 5.32 -0.11 0.05>p >0.02
3—crop CAn 2.99 3.07 -0.08 | 0.01>p>0.002
rotation (b) Ac PA 0.165 | 0.168 | -0.003| 0.05>p>0.02
Alk PA 0.076 | 0.080 | -0.004| 0.02>p>0.01
Maize in ADA 0-40 8.42 9.29 -0.87 0.02>p>0.01
monoculture PDA 29.01 | 32,58 | -3.57 0.05>p >0.02
(a) versus CA 4.93 5.17 -0.24 0.10>p >0.05
maize in 2— CAn 2.67 2.82 -0.15 | 0.01>p>0.002
crop rotation Ac PA 0.157 | 0.174 | -0.017| 0.01>p>0.002
(b) Alk PA 0.068 | 0.073 | -0.005| 0.01>p >0.002
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Table 4 (continued)

1 2 3 4 5 6 7
Maize in ADA 0-40 8.42 10.21 | -1.79 0.01 > p > 0.002
monoculture PDA 29.01 | 35.42 -6.41 0.01 >p>0.002
(a) versus CA 4.93 5.32 -0.39 0.02>p>0.01
maize in 3— CAn 2.67 2.90 -0.23 0.01 > p > 0.002
crop rotation Ac PA 0.157 | 0.187 -0.03 0.002 > p > 0.001
(b) Alk PA 0.068 | 0.081 | -0.013 | 0.002 >p > 0.001
Maize in 2— ADA 0-40 9.29 10.21 | -0.92 0.50>p>0.10
crop rotation PDA 32.58 | 35.42 -2.84 0.05>p>0.02
(a) versus CA 5.17 5.32 -0.15 0.50 >p>0.10
maize in 3— CAn 2.82 2.90 -0.08 0.002 > p > 0.001
crop rotation Ac PA 0.174 | 0.187 | -0.013 0.05>p>0.02
(b) Alk PA 0.073 | 0.081 | -0.008 | 0.01>p>0.002
Different crops in the same rotation
Monoculture ADA 0-40 9.26 8.42 0.84 0.10>p>0.05
Wheat (a) PDA 30.76 | 29.01 1.75 0.02>p>0.01
Versus maize CA 5.06 4,93 0.13 0.50>p>0.10
(b) CAn 2.89 2.67 0.22 0.05>p >0.02
Ac PA 0.148 | 0.157 | -0.009 | 0.01>p>0.002
Alk PA 0.066 | 0.068 | -0.002 0.02 > p >0.01
2—crop ADA 0-40 10.28 | 9.29 0.99 0.05>p>0.02
rotation PDA 33.83 | 32.58 1.25 0.01 > p>0.002
Wheat (a) CA 5.21 5.17 0.04 0.05>p>0.02
Versus maize CAn 2.99 2.82 0.17 0.01 > p > 0.002
(b) Ac PA 0.165 | 0.174 | -0.009 0.05>p>0.02
Alk PA 0.076 | 0.073 | 0.003 0.05>p > 0.02
3—crop ADA 0-40 10.77 | 10.21 0.56 | 0.001>p >0.0001
rotation PDA 36.27 | 35.21 0.85 0.01 > p > 0.002
Wheat (a) CA 5.31 5.32 -0.01 0.01 > p > 0.002
Versus maize CAn 3.07 2.90 0.17 0.01 > p > 0.002
(b) Ac PA 0.168 | 0.187 | -0.019 0.05>p>0.02
Alk PA 0.080 | 0.082 | -0.002 0.02>p>0.01

* ADA — Actual dehydrogenase activity
PDA — Potential dehydrogenase activity
CA — Catalase activity

CAn — Nonemayic catalytic activity
AcPA — Astidsphate activity
Alk PA — Alkaline phosyaisa activity

The soil enzymological effect of the same crophi ttvo rotationsAs
wheat and maize were crops in monoculture and fm#itions, it was possible to
compare the soil enzymological effect of the moftaoel and of the 2 and 3crop
rotations. The soil under both plants was more miezgctive in the-Zrop rotation. In
the soil under wheat, the enzymatic activities waigaificantly higher in the -2rop
rotation, excepting catalase activity which wasigmgcantly higher in the Xrop

rotation than in the monoculture. In the soil unchaiize, the differences between the

rotations was significant (at least at p < 0.05)thia 3-crop rotation than in the

monoculture. Nonenzymatic catalytic activity wagsicantly higher (at least at p < 0.01)

in the 3-than in the Zrop rotation and monoculture under each crops.
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The soil enzymological effect of different cropthie same rotation.

The monoculture Potential dehydrogenase and nonenzymatic catalyti
activities measured in the wheat soil exceededfgigntly (p < 0.02 and p < 0.05,
respectively) the corresponding activities recoruhetthe maize soil, whereas actual
dehydrogenase and catalase activities were unsignily higher (p > 0.05 and p >
0.10, respectively) in the wheat soil. Acid andaditke phosphatase activities were
higher under maize.

The 2crop rotation Each enzymatic activity and nonenzymatic catalyti
activity measured in the wheat soil exceeded siitly (at least at p < 0.05) the
corresponding activity recorded in the maize seigcepting acid phosphatase
activity which was higher under maize.

The 3<crop rotation Significant (p < 0.05 to p < 0.001) and unsiguifit (p >
0.05 to p > 0.10) differences were registered énsibil enzymatic activities depending
on the kind of enzymatic activity and the naturemip. Dehydrogenase activities and
nonenzymatic catalytic activity were significantligher (at least at p < 0.01) in the
wheat soil, while catalase and phosphatase aegivitere higher in the maize soil.

Enzymatic indicators of soil qualitifor establishing a hierarchy of the plots
admitting equal importance for the enzymatic atiégi we have used the method,
referred to in (Kis®t al, 1990), to calculate the enzymatic indicatorsaiifcuality.

The results obtained (Table 5) show that in theanidhy of the six plots,
the first positions are occupied by the crops ef 3crop rotation, while the last
positions are occupied by the crops of the monaoeilt

Tableb.
Enzymatic indicator s of soil quality
Position Plot Enzymatic indicator of soil quality
1 Maize (3—crop rotation) 492.41
2 Wheat (3—crop rotation) 487.41
3 Wheat (2—crop rotation) 468.47
4 Maize (2—crop rotation) 455.98
5 Wheat (monoculture) 425.86
6 Maize (monoculture) 418.17

The conclusions for the present research are:

1. The soil enzymatic activities under wheat and maieaps in both non-
irrigated and irrigated soil were higher in theemmediate layer than in the
upper, respectively deeper layers.

2. Non-irrigation — in comparison with irrigation —stdted in higher phosphatase
activities, whereas dehydrogenase and catalaseitiasti were higher in
irrigated soil.

3. The 3<rop rotation — as compared to thedp rotation and monoculture —
led to higher enzymatic activities in the soil lesyander maize or wheat.
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4. In the monoculture and in the@op rotation, higher enzymatic activities were
registered under wheat than under maize.

5. In the 3crop rotation, higher enzymatic activities wereorded maize under wheat.

6. The enzymatic indicators of soil quality calculaté@dm the values of
enzymatic activities determined showed the ordeaizen (3crop rotation) >
wheat (3crop rotation) > wheat 2rop rotation) > maize {Zrop rotation) >
wheat (monoculture) > maize (monoculture).
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CORRELATIONS BETWEEN ENZYMATIC ACTIVITIES AND
CHEMICAL INDICATORS IN A BROWN LUVIC SOIL

ALINA DORA SAMUEL*', MIHAI DRAGAN-BULARDA?
and CORNEL DOMUTA?

Summary. Actual and potential dehydrogenase and acid phtasghactivities and nitrate,
ammonium and mobile phosphorus contents were deéatrim the 0-10—, 10-20- and
20-30-cm layers of a brown luvic soil submittechtoomplex tillage and crop rotation
experiment. Each activity and each chemical comdrth non-tilled and conventionally
tilled soil under crops of both rotations decreasithl increasing sampling depth. It was
found that no-till — in comparison with conventibtilage — resulted in significantly
higher soil enzymatic activities and nitrate, amisnonand mobile phosphorus contents in
the 0-10— and 10-20—cm layers and in significdmther activities and chemical contents
in the deeper layers. The soil under wheat or mizg®emore enzyme-active in the 6—than
in the 2—crop rotation. In the 2—crop rotationhlkigenzymatic activities were registered
under maize and under wheat, excepting acid phiasghactivity; nitrate, ammonium and
mobile phosphorus contents were significantly higimeler maize. In the 6—crop rotation,
higher enzymatic activities were registered undezat; excepting actual dehydrogenase
activity; ammonium and mobile phosphorus contestgwigher under wheat. There were
positive correlations between enzymatic activiied chemical indicators under each drop
of both rotations.

KEYWORDS: ammonium, dehydrogenase, nitrate, phosphatase,
phosphorus.

Introduction. Soil microorganisms contribute to better plant dmwment.
They colonize mainly the organic matter at the osites (Kandeler and Murer, 1993).

Clay minerals also serve as carriers of organismgymes (Lovelet al., 1995),
metabolic products, and growth and inhibitory safists. The air and water filled pore
spaces in the soil are an essential requiremethtddife of most organisms. The microbial
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counts rapidly decrease with soil depth due todbéterioration of the substrate
(Dick, 1992).

The metabolic activity of soil microorganisms isergial for organic matter
turnover. The mobilization and immobilization obiganic nutrients and trace elements
are also mainly a result of microbial activitiesoffaar and Lindwall, 1989). Metabolic
activities are determined by the species compnsttidich in turn is influenced by the
available litter, the soil type and other environtakconditions (Doran, 1980a, 1980b).

It is well known that the dehydrogenase activityadfoil is thus the results
of the activity of different dehydrogenases, whare an important component of
the enzyme system of all microorganisms (enzymesespiratory metabolism,
citrate cycle, and nitrogen metabolism). Dehydr@genactivity is thus an indicator
of biological redox-systems, and can be taken aseasure for the intensity of
microbial metabolism in soil (Dickt al, 1994; Dick, 1984).

Phosphatases are inducible enzymes that are pebguwedominantly under
conditions of low phosphorus availability (Canarettal, 1995; Clarholm and Rosengren-
Brinck, 1995). Phosphomonoesterase enzymes plagemmtant role in P cycling in soil
and, consequently, in P nutrition of plants, aseheydrolytic enzymes eliberate plant-
available, mineral o-phosphate from organic P camgs, namely from P monoesters.

The effects of tillage (Groffman, 1985), crop ratat(Angerset al, 1993)
on soil enzymatic activities were studied in maoyrtries, including our country
(Stefanicet al, 1983, 1984).

In continuation of our investigations (Samuel andsK 1999; Samuedt
al., 2000), we studied some enzymatic activities &neir correlations with
chemical properties in a brown luvic soil submitteda complex tillage and crop
rotation experiment at the Agricultural Researct Bevelopment Station in Oradea
(Bihor county).

Material and methods. The ploughed layer of the studied soil is of a
mellow loam texture and it has a pH value of 5.5.

The experimental field was divided into plots an@@ots for comparative
study of no-till and conventional tillage and ratat of 2- and 6<crops. The crops
of the 2- and 6<crops rotations were wheat and maize.

Each plot consisted of two subplots representing to-till and
conventional tillage variants. The plots (and sobg)l were installed in three
repetitions.

In October 2005, soil was sampled from thd®, 10-20-, 20-30- and
30-40-cm depths of the subplots. The soil samples wdosvat to air-dry, then
ground and passed through arin sieve and, finally, used for enzymological
analyses.

Actual and potential dehydrogenase activities waggermined according
to the methods describe in @@an-Bularda, 2000). The reaction mixtures
consisted of 3.0 g soil, 0.5 ml TTC (2, 3, 5- teplyltetrazolium chloride) and 1.5
ml distilled water or 1.5 ml glucose. All reactiomixtures were incubated at 37° C
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for 24 hours. After incubation, the triphenylfornaazproduced was extracted with
acetone and was measured spectrophotometrically48& nm. Disodium
phenylphosphate served as enzyme substrate. Aadpphtase activity was
measured in reaction mixtures to which acetatedo(ffH 5.0). The buffer solution
was prepared as recommended by (Ohlinger, 1996@¢. fBaction mixtures
consisted of 2.5 g soil, 2 ml toluene (antiseptl€) ml acetate buffer and 10 ml 0.5
% substrate solution. Reaction mixtures without epiwithout substrate solution
were the controls. All reaction mixtures were inatgal at 37° C for 2 hours. After
incubation, the phenol released from the substratier the action of phosphatases
was determined spectrophotometrically (at 614 nageld on the colour reaction
between phenol and 2, 6-dibromoquinone-4-chloroémid

Dehydrogenase activities are expressed in mg mfanylformazan (TPF)
produced from 2, 3, 5-triphenyltetrazolium chloriflerC) by 10 g of soil in 24
hours, whereas phosphatase activities are expressag phenol / g soil / 2 hours.

Chemical indicators were determined according torttethods described
in (Kandeler, 1996a, 1996b; Ohlinger, 1996b).

The activity values were submitted to statisticadleation by the twae-test
(Sachs, 1968) and the correlations between thenasitity activities and chemical
indicators were determined according to the methdescribed in (Snedecor,
1968).

Results and discussion. Results of the enzymological analyses are presémted
Tables 1 and 2, and those of the statistical efimuare summarised in Tables 3 and 4.
Fig. 1, 2 and 3 show correlations between enzyraaticities and chemical indicators.

Variation of the enzymatic activities and chemjmalperties in dependence of
sampling depthit is evident from Table 1 that each enzymaticviigtidecreased with
sampling depth in both subplots under each crdpotif rotations. In addition, Table 3
shows that the mean values of each of the thregtiestin both non-tilled and
conventionally tilled subplots also decreased initheasing soil depth.

The chemical indicators also, decreased with istrgagampling depth.

The effect of tillage practices on the enzymatitiviies and chemical
properties in soilEach of the three enzymatic activity determined tighker in the
upper (610- and 10-20cm) layers of the no-tilled subplots. But only attu
dehydrogenase activity and acid phosphatase gciivitthe 0-10-cm layer were
significantly higher (at least at p < 0.05 and @.682, respectively).

Potential dehydrogenase activity was unsignifigamigher (at least at p < 0.10) in
the upper layers, whereas acid phosphatase autasgtyinsignificantly higher (p > 0.05) in
the 1620-cm layer. The reverse was true (at least at p5) he deeper (280-and
30-40-cm) layers. These findings are also valid for cleahidicators.
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Tablel.
The effects of soil management practices on enzymatic activitiesin a brown luvic soil
Soil enzymatic| Soil Rotation of 2 crops** Rotation of 6 crops
activity* depth Wheat Maize Wheat Maize
©m Nt T ce [ Nt | et | Nt ] ct| Nt| Cu
ADA 0-10 | 6.48 6.16 6.64 | 6.52 8.92 8.68 8.84 8.60

(mg TPF/10g | 10-20 | 558 | 549 | 6.38 | 6.24 | 8.54 8.23 8.48 8.24
soil/24 hours) | 20-30 | 4.36 | 5.04 | 5.06 | 5.38 | 6.60 6.72 7.07 7.62
30-40| 352 | 413 | 424 | 498 | 4.66 5.38 5.26 6.11

PDA 0-10 | 20.15 | 19.63 | 21.18 | 20.87 | 24.83 | 22.97 | 23.23 | 21.75
(mg TPF/10g | 10-20 | 19.31 | 19.15 | 21.09 | 20.95 | 23,56 | 22.18 | 22.05 | 20.63
soil/24 hours) | 20-30 | 17.86 | 18.74 | 18.42 | 19.81 | 20.21 | 20.75 | 19.18 | 20.15
30-40 | 15.07 | 16.22 | 15.05| 15.83 | 16.33 | 17.56 | 16.73 | 16.84

AcPA 0-10 | 0.310 | 0.252 | 0.294 | 0.206 | 0.344 | 0.298 | 0.352 | 0.312
(mg TPF/10g | 10-20 | 0.198 | 0.188 | 0.190 | 0.180 | 0.245 | 0.209 | 0.213 | 0.200
soil/24 hours) | 20-30 | 0.131 | 0.177 | 0.141 | 0.173| 0.149 | 0.195 | 0.142 | 0.209
30-40| 0.072 | 0.140 | 0.097 | 0.110| 0.112 | 0.156 | 0.104 | 0.123

* ADA — Actual dehydrogenase activity **N.t. — Nitl-
PDA — Potential dehydrogenase activity C.t. aveational tillage
Ac PA — Acid phosphatase activity

Table 2.
The effects of soil management practices on chemical propertiesin a brown luvic soil
Chemical Soil Rotation of 2 crops* Rotation of 6 crops
indicators depth Wheat Maize Wheat Maize
©m Nt T et [ Nt | ct| Nt | Ct] WNi| ©t
N-NO3 0-10 | 0.42 0.41 0.46 0.43 0.57 0.51 0.59 0.54

(mg N / kg soil)| 10-20| 0.40 | 0.38 | 0.44 | 0.41 | 056 | 0.50 | 0.57 | 0.51
20-30| 0.31 | 034 | 031 | 037 | 038 | 046 | 034 | 042
30-40| 0.23 | 024 | 021 | 0.28 | 0.28 | 0.30 | 0.25 | 0.28

N-NH, 0-10 | 1.33 | 1.28 | 1.37 | 1.32 | 1.39 | 1.36 | 1.42 | 1.39
(mg N/kg soil)| 10-20| 1.27 | 1.20 | 1.35 | 1.31 | 1.35 | 1.31 | 1.41 | 1.37
20-30| 0.66 | 0.74 | 061 | 0.69 | 0.82 | 0.85 | 0.80 | 0.86
30-40| 0.38 | 0.40 | 040 | 043 | 041 | 045 | 042 | 044

P,Os 0-10 | 125 | 121 | 12.4 | 122 | 142 | 136 | 147 | 140
(mgROs/kg | 10-20| 11.7 | 11.6 | 12.0 | 11.8 | 12.7 | 120 | 136 | 13.3
soil) 20-30| 9.8 | 10.7 | 105 | 11.1 | 105 | 121 | 123 | 129

30-40| 7.9 8.2 8.8 9.1 9.2 10.2 9.4 11.2

* N.t. — No-till
C.t. — Conventional tillage
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Table 3.

Significance of the differ ences between enzymatic activitiesin a brown luvic soil
submitted to different management practices

Management| Soil enzymati¢ Soil depth Mean activity values in Significance of the
practices activity* management practices differences
a b a-b
No-till (a) ADA 0-10 7.72 7.49 0.23 0.02>p>0.01
versus 10-20 7.25 7.05 0.20 0.05>p>0.02
conventional 20-30 5.77 6.19 -0.42 0.05>p>0.02
tillage (b) 30-40 4.42 5.15 -0.73 | 0.001 >p > 0.0001
PDA 0-10 22.35 | 21.30 1.05 0.10 > p > 0.05
10-20 2150 | 20.73 0.77 0.50>p>0.10
20-30 1892 | 19.86 -0.94 0.02 > p>0.01
30-40 1580 | 16.61 -0.81 0.05 > p > 0.02
Ac PA 0-10 0.325 | 0.267 | 0.058 0.02>p>0.01
10-20 0.212 | 0.194 | 0.018 0.10 > p > 0.05
20-30 0.141 | 0.188 | -0.047 | 0.002 >p >0.001
30-40 0.096 | 0.132 | -0.036 0.50 >p >0.10
The same crop in the two rotations
Wheat in 2— ADA 0-40 5.10 7.22 -2.12 0.002 > p > 0.001
crop rotation PDA 18.27 21.04 -2.77 0.01>p>0.002
(b) versus Ac PA 0.184 | 0.214 -0.03 0.002 > p >0.001
wheat in 6—
crop rotation
(b)
Maize in 2—crop ADA 0-40 5.68 7.53 -1.85 0.002 > p >0.001
rotation (b) PDA 19.15 | 20.07 -0.92 0.02>p>0.01
versus maize in Ac PA 0.174 | 0.207 | -0.033 0.05>p>0.02
6— crop rotation
(b)
Different crops in the same rotation
2—crop ADA 0-40 5.10 5.68 -0.58 0.01 > p > 0.002
rotation PDA 18.27 19.15 -0.88 0.10>p >0.05
Wheat (a) Ac PA 0.184 | 0.174 0.01 0.50>p>0.10
versus maize
(b)
6— crop ADA 0-40 7.22 7.53 -0.31 0.0001 >p
rotation PDA 21.04 | 20.07 0.97 0.01 > p > 0.002
Wheat (a) Ac PA 0.214 | 0.207 | 0.007 0.50>p>0.10
versus maize
(b)

* ADA — Actual dehydrogenase activity

PDA — Potential dehydrogenase activity
AcPA — Acid phosphatase activity
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The effect of crop rotations on the enzymatic dms/ and chemical
properties in soil For evaluation of this effect, the results obtaiiethe four soil
layers analysed in the two subplots of each pleewensidered together.

Table4.
Significance of the differences between chemical indicators practicesin a brown luvic
soil submitted to different management practices

Management| Chemical Soil depth Mean activity values in Significance of the

practices indicators management practices differences
a b a-b
No-till (a) N-NO; 0-10 0.51 0.47 0.04 0.05>p>0.02
versus 10-20 0.49 0.45 0.04 0.02>p>0.01
conventional 20-30 0.34 0.40 -0.06 0.02>p>0.01
tillage (b) 30-40 0.24 0.28 | -0.04 0.10 > p > 0.05
N-NH,4 0-10 1.38 1.34 0.04 0.01 >p >0.002

10-20 1.35 1.30 0.05 0.002 > p > 0.001
20-30 0.72 0.79 -0.07 0.02>p>0.01
30-40 0.40 0.43 -0.03 0.02>p>0.01
P,Os 0-10 1345 | 12.97 0.48 0.02>p>0.01
10-20 1250 | 12.20 0.30 0.10>p>0.05
20-30 10.78 | 11.70 -0.92 0.05>p>0.02
30-40 8.82 9.68 -0.86 0.10 > p > 0.05
The same crop in the two rotations

Wheat in 2— N-NO; 0-40 0.34 0.45 -0.11 0.10 > p > 0.05
crop rotation N-NH,4 0.91 0.99 -0.08 0.001 > p > 0.0001
(b) versus P,0s 10.56 11.81 -1.25 | 0.001 >p > 0.0001
wheat in 6—
crop rotation
(b)
Maize in 2— N-NO; 0-40 0.36 0.44 -0.08 0.01 > p >0.002
crop rotation N-NH,4 0.94 1.01 -0.07 0.02>p>0.01
(b) versus P,0s 10.99 12.68 -1.69 0.0001 >p
maize in 6—
crop rotation
(b)

Different crops in the same rotation
2—crop rotatiofh  N-NOj 0-40 0.34 0.36 -0.02 0.10>p>0.05
Wheat (a) N-NH,4 0.91 0.94 -0.03 0.50 >p>0.10
versus maize P,O5 10.56 10.99 -0.43 0.02>p>0.01
(b)
6—crop rotatiom  N-NO; 0-40 0.45 0.44 0.01 0.05>p>0.10
Wheat (a) N-NH,4 0.99 1.01 -0.02 0.10>p >0.05
Versus maize P,Og 11.81 12.68 -0.87 0.01 > p > 0.002
(b)

The soil enzymological and chemical effects of Stwme crop in the two
rotations.As wheat and maize were crops in both rotationsag possible to compare
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their effect on soil enzymatic activities. The sailder both crops was more enzyme-
active in the 6 than in the 2crop rotation. In the soil under each crops, tlfferdnce
between the two rotations was significant (at ledsp < 0.05) in the case of each
enzymatic activity. These findings are valid foemwtical indicators, excepting nitrate
content which was unsgnificantly higher (p > 0.DBjhe 6- than in the Zcrop rotation
under wheat.

The soil enzymological and chemical effects oereffit crops in the same
rotation.

The 2crop rotation Actual dehydrogenase activity was significantiyhler (p <
0.01), while potential dehydrogenase and acid ptatape activities were unsignificantly
higher (p > 0.05 and p > 0.10, respectively) initagze than in the soil under wheat.

In the case of chemical indicators, only phosphoamntent was
significantly higher (p < 0.02), while nitrate armmmonium contents were
unsignificantly higher in the maize than in thel smider wheat.

The 6<crop rotation Actual dehydrogenase activity was higher in tlaezmsoill,
while potential dehydrogenase and acid phosphatdséties were higher in the wheat
soil.

Regarding chemical indicators, ammonium and phasghaontents were
higher in the soil under wheat, whereas nitratdettirwas higher in the soil under
maize.

Correlations between enzymatic activities and ckhamindicators. We
have determined the correlations between actualdtebenase activity and nitrate
content (Fig. 1), potential dehydrogenase actigitg ammonium content (Fig. 2),
acid phosphatase activity and phosphorus contegt 3, under each crop of both
rotations. It was found that each of the three pratic activity was positively
correlated (r = 0.229 to r = 0.992) with the cheaxhindicators.

Based on the results presented above, we can canttiat:

1. The soil enzymatic activities and the chemical ¢athirs decreased with
increasing sampling depth.

2. No-till — in comparison with conventional tillageesulted in higher enzymatic
activities in the 810- and 1620-cm layers and in lower activities in the-20
30- and 3640-cm soil layers under each crop of both rotatiort®sE findings
are valid for chemical indicators.

3. The 6<crop rotation — as compared to thec@p rotation — led, in general to
higher enzymatic activities and nitrate, ammoniurd phosphorus contents in
the soil layers under maize or wheat.

4. Each of the three enzymatic activity was positivetyrelated with the chemical
indicators.
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CONF DR.FRANCISC PETERFI
(7 MAI 1917- 13 AUGUST 2005)

Niscut la 7 mai 1917 in Cluj, ca fiu al renumitult
briolog si botanist Marton Péterfi, frate mai mic ¢
algologului academician Istvan Péterfi. TAn Francisc
urmeaz scoala primai si gimnaziul la fostul Gimnaziu al
Piarigtilor din Cluj in perioada 1924-1937, dobandind
temeinié educaie oriental spre cultura clasic (lating,
gread, francez) dar si spre stiintele naturii. Renungi
dasadli ai vremii i-au Tndrumat pdi spre tainele fizicii, iar
apoi spre cele ale biologiei. Companioni in amétgii i-au
fost cele 18 volume din seria monografi@rehm”, precum =8
si renumite determinatoare pentru insecte (Cserpyll&, SO
Abafi, s.a.). Impreuf cu fratele 3u mai mare au efectua :
nenunarate excursii de colectageobservare a insectelor 1
imprejurimile Clujului. Bine cunoscute i-au fostcindin
copilirie Fangele Clujului, Valea Girfului, Varful Peana, #lurile Hoiasi Faget. Pasiuneai
interesul starnit in anii copiiei de natut si in special de nevertebrate, nu-l véragi toat viata.

Urmeaz cursurile Facultti de Stiinte Naturalesi Geografie, fiind un mare
admirator al prelegerilagi operei profesorilor Emil Pogi Aristide Gradinescu. Facultatea
este absolvit cu o interesat lucrare de diplom dedicai ,Morfologiei, anatomiei,
biologiei si taxonomiei lepidopterelor din familia Sphingidaeiar pentru partea de
geografie cu lucrarea”Morfologia Mtilor Gilau”. Pasiunea pentru fluturi pe care au avut-
o cei doi frai Istvansi Francisc persidtsi se concretizedizla primul intr-o valoroas
coledie, iar la cel de-al doilea intr-o lucrare de doatccu titlul’Macrolepidopterele din
Transilvania — caracterele sexuale secundare currasfgeciale asupra solzilor alari”

Din 1941 este numit preparator la catedra de Zoelagide in 1946 devine
asistent, apoi in 1949 confetiam. In paralel, in perioada 1948-1952 pied cursul de
entomologie agricdl Tn limba maghiar la Institutul Agronomic din Cluj. La Facultatea
Bolyai, devenit mai tarziu BabgBolyai, a predat, cu foarte mici Intreruperi, zumgh
nevertebratelor precugh zoogeografie, apicultdr cresterea viermilor de itase, ecologie
animakh, colectaregi prepararea animalelog,a. in limba maghiarsi romari. A organizat
si supravegheat practica studior si a coordonat zeci de lust de licena. In perioada
1949-1959 estgeful Catedrei de Zoologie, intre 1953-1954 proded®%4-1958 decan.
Intre anii 1961-1970 este figitorul si coordonatorul Socigfii de Stiinte Biologice, filiala Cluj,
fiind si membru Tn comisia superi@gpentru acordarea titlului de doctosiinte biologice.

Pe latursgtiintifica, prof. dr. Francisc Péterfi a avut integgpreocupri suginute
pentru Lepidoptere (printre altele semnifiaasolzilor de pe aripi), Tardigrade, din care a
semnalat 9 specii noi pentru fauaaii, dintre careEchiniscus viridissimu®éterfi, este o
specie no#@l pentrustiinta. Cele mai multe ludri le-a dedicat dipterelogi dintre acestea
Chloropidelor (mstele cerealelor), studiindu-le biologia, ecologitgxonomia si
semnificaia lor economig. A semnalat 63 de specii noi de Chloropide perftuna
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Romaniei, dintre care 5 sunt noi pengtiinta (Elachiptera stratifrons, Meromyza hybrida,
M. lucida, M. obtusasi M. purisetg. Devenit o somitate europeamentru dipterele
Chloropide, Francisc Péterfi a infrmit o foarte bogét corespondgd cu cei mai
reprezentativi speciali ai grupului din Europa, Asigi America. Lucérile salesi speciile
nou descrise sunt citate mertionate In toate marile monografii dedicate Clorefnd si
Tardigradelor. Ca zoolog, a participat la toate heaproiecte derulate pe teritoriul
Romaniei, coordonate fie de Academia Roméie de Academia dstiinte Agricole. Prin
traducerea ludrii lui H. Fabrie ,Cartea coleopterologului”’(1958)impulsionat cercetarea
acestui grup Tn Romania.

Dintre lucérile de sintez realizate megionam: 1958 - Determinator pentru
insectele dunitoare agriculturii. Ed. Agro-Silvig Bucurei, 1-428; 1954, 1957 - Zoologie
part. 1 (limba maghia) — curs litografiat; 1962 — Zoologia nevertebrate(@mba
maghia#), Ed. Didactid si Pedagogig&,. Bucurati, 1-461.

Prof. dr. Francisc Péterfi s-a dedicat carierenditte, éreia i-a afectat cel mai
mult timp. Imbin&nd harul didactic cu asiduitateanii stiintifice, a regit sa formezesi
initieze numerg studeni, dintre care unii contirtusi azi, cu succes activitatea didaétig
de cercetare. Modesi ticut s-a pensionagi apoi a plecat dintre noiafi valuri, pe
nesimite, precum falfaitul unui fluture de noapte. #sat nd Tn urmi rodul munciisi
gandirii sale, concretizate in diverse forme. Gglgpecii noi pentrytiintd descrise de F.
Péterfi vor aminti pe veci de cel care a truditpasiunesi darzenie multe decenii intru
cunogterea celor care nu cuvantColegiisi studenii, toti cei care I-au cunoscut, deplang
Cu pigenie pierderea unui maestru, coleg, prieten sagi@mplu a unui a unui om drept
si onest. Va dinui in amintirea celor care l-au cunoscut, iadeduf se va Talta la locul
cuvenit, Tns@t de miraculoasele zbitoare pe cere le-a irigit si studiat atita vreme.

Laszl6 RAKOSY
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IN MEMORY OF ERNST MAYR — A PUBLICISTIC EPILOGUE
TO A LIFE DEDICATED TO SCIENCE

Recently, in the year 2004, Humanitas publishingsleo released under the name
of the prestigious book series ,Science Mastellsg ¥olume De la bacterii la om —
Evolutia lumii vii (What Evolution 1s?)” by Ernst Mayr. A good translation by Elena
Maria Badea has completed an exceptional appaiititime scientific literature available in
Romanian. As Professor of Zoology at Harvard Ursitgr Ernst Mayr was no less than 97
years old when he published this book in 2001.

~What Evolution Is?” is a science book reviewingarhighly accessible manner
the ,Synthetic Theory of Evolution” or the ,Neo-Déanism” conclusions and ideas
aquired during 74 (") years of life dedicated t@esce, particularly to the field of evolution
theories and science philosphy.

The book has a foreword by Jared M. Diamond (Profes$ Physiology at
University of California, Los Angeles) and a prefégeErnst Mayr. The text is divided into
four chapters: ,What evolution is ?”, ,How we exiplahe evolutionary changes and the
adaptability”, ,Origin and evolution of diversitladogenesis” and ,Evolution of man”.
Each chapter brings up-to-date observational anérempntal facts, strongly supporting
the synthetic theory of evolution. The target readgee the large mass of people interested
in the theories of evolution, and, nonetheless,sthdents, researchers and teachers being
willing to have clear, concise, actual and inténgsteview on the evolution aspects.

Due to his claimed sighting of red-crested pochardSermany, a species that had
not been seen in Europe for 77 years,.Ernst Maytestduis career with an introduction to
Erwin Stresemann. After a tough interrogation, ®tmegnn accepted and published the
sighting as authentic. Mayr was invited to workaaglunteer at the Berlin Museum while
studying medicine. He subsequently took great @sterin ornithology and earned a
doctorate in the same field. He was introducedjndua congress in Budapest, to Lord
Walter Rothschild, a rich banker and naturalistowltad a comprehensive private bird
collection. Mayr was sent by him to New GuineaJaxiked several thousands bird skins (he
named 26 new bird species during his lifetime) dndthe same time, naming 38 new
orchid species. In 1931 he moved to the Americasédm of Natural History, where he
played the important role of stock brokering anguiiing the Rothschild collection of bird
skins. As a traditionally trained biologist withitle mathematical experience, Mayr was
often highly critical of early mathematical apprbas to evolution such as those of J. B. S.
Haldane, famously calling in 1959 such approachesri bag genetics". He continued to
reject the view that evolution is the mere chanfeyene frequencies in populations,
maintaining that other factors such as reprodudsekations had to be taken into account.
In a similar fashion, Mayr was also quite critichimolecular evolutionary studies such as
those of Carl Woese. In many of his writings, Magjected reductionism in evolutionary
biology, arguing that evolutionary pressures acttlom whole organism, not on single
genes, and that genes can have different effegisndéng on the other genes present. He
advocated a study of the whole genome rather thaolated genes only.
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Current molecular studies in evolution and spemmtindicate that although
allopatric speciation seems to be the norm in ggdppssibly those with greater mobility)
such as the birds, there are numerous cases ofasiymppeciation in many invertebrates
(especially in the insects). Mayr joined the faguif Harvard University in 1953 and
retired in 1975 agmeritus professor of zoology, showered with honors. Foltayhis
retirement, he went on publishing more than 20i@lag, in a variety of journals. Even as a
centenarian, he continued to write books. He reckawards including the National Medal
of Science, the Balzan Prize and the InternatiBnizk.

Ernst Mayr died in february 2005 at 101 years @dying behind a strong print in
the modern biological thought, imposing the neodisiam trend in the evolutionary

theories, ,the most important concept in biologg4 he claimed in the opening of the
»~What Evolution Is ?” book.

Horia BANCIU
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