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STUDIA UNIV. BABES-BOLYAI, BIOLOGIA, XXXVII, 2, 1992

STRUCTURA COMUNITATILOR DE DIATOMEE DIN RAUL -
SOMESU RECE, TRANSILVANIA, ROMANIA

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

SUMMARY. — Structure of Diatom Communities in the Somesu Rece
River, Transylvania, Romania. The present paper deals with the struc-
ture and pattern of diatom communities of the Somesu Rece river
between Blajoaia and the Somesu Rece village. The pattern of fre-
quency distribution has been described by employing truncated nor-
mal curves. Differences at the level of algal communities (sites) have
been tested by cluster analysis using the floristic similarity index
of Sorensen, as well as by computing species diversity (Shannon-Wei-
ner) and relative information as the measure of coenotic stability of
communities According to the present findings, communities in all
sites are of + natural pattern, the algal flora consisting mostly of
oligo- and RB-mesosaprobic forms. The floristic diversity and coenotic
stability exhibit an increasing tendency from the upper site (Blajoaia)
towards the lowest one (Somesu Rece village).

Comunitatile de diatomee din réaurile Transilvaniei, Tn general, au
fost relativ putin studiate, astfel ca literatura de specialitate din acest
domeniu gste saraca. Dintre lucrarile publicate, o parte sunt exclusiv
floristice [12—14]. Mai recent, Mo meu si colab. [5] ,au prezentat mai pe
larg organizarea comunitatilor naturale de diatomee bentonice din Crisul
Repede, aplicand metode matematice de prelucrare a informatiei; aceiasi
autori (Péterfi si Momeu) au urmarit instalarea si evolutia comu-
nitatilor de diatomee epilitice din raul Aries Tn perioada vernala [10],
cat si influenta poluarii asupra acestora [11]. Tn ceea ce priveste raul
Somes, pana in prezent nu exista publicatii care sa semnaleze cercetari
in domeniu.

Ne propunem ca prezenta lucrare sa fie Tnceputul unei serii, Tn care
sa infatisam comparativ compozitia floristica si organizarea comunita-
tilor de diatomee bentonice din Tntreg bazinul Somesului.

in lucrarea de fata publicdam rezultatele studiului efectuat Tn Some-
sul Rece.

Descrierea fizico-geografica a biotopului [1]. Raul Somesu Rece izvoraste de
sub Varful Runcalui (1.609 m) (Gulmea Balomiresei) din Masivul Bihor al Mun-
tilor Apuseni. Cursul sdu, aldturi de Somesul Cald, este situat Tntre Muntele Mare
si Muntii Giladului (componente ale Masivului Bihor), avand o Tinclinatie a pantei
cuprinsa Tntre 30 st 50 m/km. Defileul Somesului Rece este sdpat Tn samburele
granitic al M-tilor Gilaului, care din punct de vedere structural reprezintd un
vechi bloc cristalin, regenerat Tn timpul orogenezelor alpine. Bazinul sau, cu o
suprafatd de 296 km2 este situat la o altitudine medie de 1220 m s.m. Debitul
mediu multianual al apei (determinat in punctul ,la uzina“, alt. 451 m s.m., in

perioada 1940—1964) era de 4,67 m3. s-1; debitul maxim se Tnregistreaza Tn luna
aprilie, la topirea zapezii. Alimentarea raului este de tip pluvio-nival, regiunea

- Institutul de Cercetari Biologice, 3400 Ciuj-Napoca, Roméania
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fiind umedd, cu precipitatii abundente. Apele rdului sunt reci, cu temperatura
medie multianuala (determinatda Tn aceeasi perioada si Tn acelasi punct) de 7,3-C,
valoarea medie lunarda pentru luna mai (1961) fiind de 7,6°C.

Din punct de vedere chimic, apele raului fac parte din asa-numitul ,raion
al sisturilor cristaline si al rocilor eruptive“. Ele sunt slab mineralizate si apartin
clasei apelor bicarbonatate din grupa calciului. Cateva date privind chimismul
apei (vizdnd perioada 1958—1964): continut Tn 02 84—17,5 mg. I*1, pH 6,6—84,
rezidiu f.x 10—492 mg.l-1; mineralizare 172 mg.l-1 (in ape mari) si 229 mg.l-1 (in
ape mici); duritate 25°dH (ape foarte moi).

Material si metodd. S-au studiat comunitatile de diatomee bentonice din 5
statiuni (vezi Tabelul 1) situate de-a lungul rdului, intre Somesu Rece-sat si Bla-
joaia, colectate Tn luna mai 1993. Probele s-au prelevat prin razuire de pe supra-
fata substraturilor solide (pietre, fragmente de ramuri, obiecte) din albia raului
cat si din material vegetal aflat Tn apd; ele au fost conservate in formol 4%-
Pentru Tndepdrtarea materialului organic, esantioanele au fost tratate 14 rece cu
acid azotic conc.; dupa spalare repetatd, frustulele s-au montat Tn colofoniu.

Pentru caracterizarea calitativa si cantitativd a populatiilor de diatomee, prepa-
ratele au fost examinate cu ajutorul obiectivului de imersie (Planachromat HI
100x1,30), efectudndu-se determindrile de rigoare si numardtori de cel putin 2.300
indivizi per proba. Frecventa fiecarei specii s-a exprimat ca probabilitate de apa-
ritie.

Structura comunitatilor s-a descris folosindu-se modelul curbei normale trun-
chiate a lui Patrick si colab. [8].

Afinitatea floristica Tntre comunitatile din cele 5 statiuni s-a testat cu ajutorul
indexului de similaritate Sorensen, obtindndh-se cladograma de grupare a speciilor,
dupa modelul lui Mountford [6]

Aprecierea stabilitatii cenotice a comunitdtilor s-a realizat conform functiei
Shannon—Weiner [9], Tn care informatia relativd (sensu-Cancela d” Fonseca
[2, 3]), ca masurd a stabilitatii cenotice, este raportul dintre informatia reald (diver-
sitate specificd) si cea maximda (diversitate maximd sau entropie). Detalii privind
metodele indicate se pot gdsi in sursele bibliografice citate.

Rezultate si discutii. In cele 5 puncte de colectare s-au identificat un
numar total de 125 specii si varietati de diatomee (Tabel 1). Datele din
tabel (cifrele reprezintda probabilitatea de aparitie a speciilor) oglindesc
modificarea treptatd a structurii calitative si cantitative relative a comuni-
tatilor de diatomee dinspre portiunea superioara a cursului apei, catre cea
inferioara. Astfel, in punctele situate mai sus pe firul apei apar specii ca-
racteristice biotopurilor de ape curgatoare curate si repezi de munte (Me-
ridiem circulare, Hannaea arcus, Diatoma anceps, Stauroneis Kkriegeri,
Diatoma hiemale var. mesodon). Aceasta din urma domina Tn comunita-
tile primelor trei puncte. Alaturi de aceasta exista, in cantitati semnifica-
tive, specii larg raspandite in apele dulci (Achnanthes, Navicula, Fragi-
laria, Synedra, precum si Cocconeis placentula) si mai putine specii de
Cymbella, Gomphonema si Nitzschia. Prezenta unor specii de Eunotia si
Pinnularia, caracteristice apelor mai mult sau mai putin acide, cu continut
mineral scazut, se poate explica prin antrenarea lor din Tnmlastinirile
adiacente raului, existente. in regiunile superioare. Aceeasi constatare este
valabila si pentru Tabellaria flocculosa, Navicula variostriata, N. contenta
si altele, specii care apar in unele probe, dar cu frecventa redusa.

In punctul de colectare nr. 4 (localizat mai jos pe cursul apei)
dominanta devine Hannaea arcus, alaturi de Cymbella minuta, codorrii-
nanta. Cu numar mare de indivizi apar Cymbella silesiaca si Nitzschia
communis. Speciile de Nitzschia, Tn general, devin mai frecvente.



Nr.
crt.

Y P

Troltiiliililiiti-a «e iipitrifle 1 speciilor de «lInloniec identificate in Sumesii Heee

Specia
aval Blajoia

@

1 2
. Melosira italica var. subarctica 0,00021
M. distans 0,00208
M. varians 0,00146
. Cyclotella kiitzihgiana 0,00021
. Tabellaria flocculosa 0,00115
. Meridion circulare 0,00469
Diatoma anceps 0,00010
D. hiemale var. mesodon 0,57499
. N. vulgare 0,00010
. F'ragildria capucina 0,00021
. F. construens 0,01407

F. infiata —
F. leptostauron 0,00042
. F. pinnata 0,00146
. F. virescens 0,00094
. Hanrraea arcus............... 0,10349
. Synedra rumpens 0,00823
. S. ulna”. 0,00021
. S. vaucheriae ' 0-,00229
. Asterirmella formosa 0,00010

. Bunotia cnrvata —

. Ev exrgua —
. Bv pectinalis 0,00333
. Brji¢rpusilla ; 0,00021
. E. tenella 0,00333

. Cocconeis pediculus —
. C. placentula 0,00938

amonte baraj

@

3

0,00125
0,00585

0,65873
0,00376

0,00042

0,00083
0,00083
0,09941
0,01086
0,00125
0,01336
0,00125

0,00042
0,00125
0,01044

Puncte de colectare

amonte Racatau

®

0,00865

0,45563
0,01639

0,00761
0,00052
0.00019
0,00013

0,07774
0,00410
0,00319
0,02810
0,00013
0;0000 6
0,00013

0.00006

~ 0,01769

la uzind

@

0,00514

0,00437

0,00514
0,00583

0,00058

0,00019
0,00019
0,16208
0,00925
0,01401
0,03952

0,00006

0,00032
0,00302

Tabel 1

amonte Somesu
Rece-sat(S)

6

0,00336
0,00027

0,00222
0,32655
0,00007
0,00369
0,00047

0,00128
0,25134
0,00772
0,05291
0,02485

3’
o _-_e

0,00007 .

0,00107
0,00678
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29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43
. S. smithi
45,
46.
47.
48.
49,
50.
51.
52.
53.
54.
55.
56.

57.
58.
59.

60.

62.
63.
64.

1

Acbuanthes elevei

R

>>>P>>P>

deflexa
exigua

. grimmei

. lanceolata

. minutissima
. pinnata

saxonica

hoicosphaenia cuivata

Diploneis elliptica

D.

oblongella

Prusfulia vulgaris
Anomoeoneis brachysira
Stauroneis kriegerii

S. phoenicentéron

Navicula cincta

ZZZZzZzZ22Z2ZZ2ZZ2ZZ2ZZZ22Z

. contenta
. cuspidata
. cryptocephala

cryptotenella

decussis

elginensis

gallica var. perpusilla
iusociabilis

. lanceolata
. lapidosa
. medioconvexa

minima
minuscula
mutica

. petliculosa
. pseudobryophila
. pseudoscutiforniis

pupula

. rhynchocephala

—

0,04323
0.06086
0.02251

0,00010
0,00021

0,00010
0,00125
0.00292

0,00938
0,00062
0,00010
0,00208
0.n033n
0,00021

0,00010
0,00031
0,00031

3.

- i
0,00752

0,02422
0,024é4
0,00752
0,00042

0,00251

0,00042
0,0012.4
0,00209
0.00292

0.00501
0,00083

0,00042



4

0,00013
0,Qi2095
0,00013.
0,00052
0.01106
0,05113
0,00039

0,00111
000013
0,00019.
0,00013
0,00006

0,00058
0,00006
0,00 195
0,00016

0,00299
0,00167
0,00052
0,00006
0,00013
0.00032
0,00455

0.00026
0.02903 m
(LoosH(;
0,00015
0,00 1r6

0,001 11

Tufis! 1 (eotitmudiiVv

0,03374

0.00347

0,02404-.

0,00019
0.00ies;

0,00019

0,00006
0.00006
0,00118

0.00630
0,00103

0,02886.
0.00126

0.0014 !
0,u88 .6

0 t>0431

0,00016
0,00019

0,08024

0,00228

0.01632-
R

0,0004-

0,00043
0,00033
CF. *,

0,00020-

0,00349
0,00933
0,00034
(1,00007

0,04163
0,00013

0,00107
0.00%36-

0,00007
(1,00040

®



65.
66.
67.
68.
69.
70.
71.
72.
73.
74.

76.
7.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
90.
91.
92.
93.
94.
95.
96.
97.

98.

99.

100.

1

. subatomoides

. subininusrula
subrhynchocephala
teuelloides

. tripunctata
variostriata
nnularla borealis
gibba

mesolepta

. microstauron
nodosa

. subcapitata
viridis

Neidium affine

N. bisulchtum
Caloneis amphisbaena
C. ventricosa
Gyrosigma nodiferum
G. spenceri
Amphora libyca

A. ovalis

A. o. var. pediculus
A. perpusilla

A. veneta
Cymbella affinis

. amphicephala
cistula

. cymbiformis
helvetka
mesiana

minuta
naviculiformis
prostrata

. silesiaca

. sinuata

tumida

'U'U_'U'UjUjU'UZZZZZZ

60000000000

2

0,02574
0,00083

0,00010
0.00010
0,00156

0,00010
0,00042

0,00365
0,00104

0,00021

0,00010

0,00021

0,00010
0,00042
0,00031
0,02428
L*
0,02157
0,00823

3

0,00626

0,00167
0.00125

0,00042
0,00083

0,05054
0,00083

0,02172
0,01169

4

0,01340
0.00006
0,00338
0,01314
0.00046

0,00143
0,00078
0,00013
0,00078
0,00032
0,000 19
0,00052

0,00039
000124
0,00006
0,00013

0,00091

0,10213
0,00085
0,03330
0,00885

Tabel 1 (continuare)

5 6
0,00019 0,00013
0,09094 0,00980
0,00019 —

0,00034
0,00006 —
— 0,00007
_ 0,00007
0,00007
0,000 13
—n
— 0,00007
0,00007
_ 0,00027
— 0,00007
— 0,00013
— 0,00007
0,00148 0,00215
- 0,00013
— 0,00081
—
0,00026 0,00215
— 0,00007
0,01202 0,00357
*1i:
0uU4036 0,07252»
. — 0,00007
0,00027
0,12950 0,02129
0,00726 0,00309
0,00013 _
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0
w ; Gomphonema acuminatum
102. G. angustatum
103. G. angustum
104. G. ciavatum
10S. G. elevei
106. G. gracile
107. G. olivacéum
108. G. parvulum
100. G. truncatum
110. Denticula tenuis
111. Rhopalodia gibba
112. Hautzschia amphioxys
113. Nitzsehia acicularis
114. N. ampbhibia
115. N. capitellata
116. N. communis
117. N. dissipata
118. N. frustulum
119. N. gracilis var. minor
120. N. kiitzingiana
121. N. linearis
122. N. microCephala
123. N. palea
124. N. p.seudoamphioxys
125. N. sinuata var. tabellaria
126. N. stagnorum
127. N. sublinearis
128. N. thermalis
129. Surirella angustatum
130. S. biseriata
131. A ovata

0,00021
0,00062

0,00094
. .
0,00010
0,00052
0,01699

0,00021
0,00042
0,00021

0,00073
0,00021

0,00021
0,01563

[—

0,00042

3.

0,00042
ke

e
0,00376

0,00752

0,00125

0,00208

0,00085
0,00052
0,00156
0,00260

0,00956

0,00078
0,00013

0,00013
0,00006
0,00657
0.00098
0,00176
0,00807

0,02168

0,00312
0,00019

0,00455
0,00208
0,00111

0,00117

‘"Tabel 1 (coBtmuaie)

5

0,00032
0,00058

0,00013-
0,00058

0,00321:
0,00077

0,00116

0,12841
0,01619
0,00617
0,00540
0,00906

0,00026

6...

0,00007
0,00007_

0,00060
0,00007
0,01209
0,00141

0,00013

0,00336
0,00336
0,00128
0,00074

0,00799
—

0,00087

0,00013

0,00060
0,00013
0,00410
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STRUCTURA COMUNITATILOR DE DIATOMEE DIN RAUL SOMESU RECE 9

In punctul cu localizarea cea mai joasa din portiunea ceraetata (nr. 5).
Diatoma vulgare apare ca dominantd, Hannaea arcus continua sa fie abun-
denta si cresc cantitativ Synedra ulna, Achnanth.es deflexa, Navicuta lan-
ceolata. De asemenea, se poate observa o diversificare Ceva mai mare a
populatiilor de diatomee prezente. Fata de genurile deja amintite, apar,
chiar daca sporadic, specii de Caloneis, Amphora, Frustulia si Surirella.

Caracterul tinzand catre alcalin al apei este evidentiat prin existenta
unor specii mai mult sau mai putin alcalifile: Cocconeis vediculus, Ach-
nanthes minutissima, A. lanceolata, Navicula mutica, N. heuffieri, N.
cincta, N. tenelloides, Eunotia curvata.

Daca ar fi sa caracterizam din punct de vedere ecologic biotopul stu-
diat. tindnd cont de compozitia floristica infatisata, apele Somesului Rece,
in portiunea cercetatd, ar fi tip oligo — la [3-mezosaprob (cf. [4]).

Se poate constata, de asemenea, ca majoritatea speciilor semnalate
sunt prezente cu un numar redus de indivizi, 1—2 specii apar ca pre-
ponderente (dominante), aldturi de alte 2—4 specii codominante, situatie!
caract?;]isticé pentru comunitatile naturale de diatomee din apele curga-
toare [7].

Comparand comunitatile de diatomee din cele 5 statiuni pe bazd de
afinitate floristica (Fis. 1). se poate observa asocierea acestora in doud
grupe principale, la nivel de similaritate de peste 550/0: 0 grupad cuprinde
comunitatile corespunzatoare punctelor 1 si 2, iar cea de-a doua grupd
include urmaétoarele trei puncte. Tn cadrul acesteia, apare o subimpartire
a comunitatilor, la nivel de similaritate e50/0, astfel: punctul 3 pe de o
parte, punctele 4 si 5 pe de alta parte, acestea din urma grupate Tmpreuna
la un nivel de similaritate de 700/0. in felul acesta, cladograma evidentiaza
mai pregnant existenta a doua tipuri de comunitdti in portiunea studiata
a Somesului Rece, una caracteristica cursului superior, mai apropiat de
izvoare si alta, cu modificarile structurale evidentiate anterior, proprie
zonelor mai joase, intermediara probabil fatd de comunitatile caracteris-
tice cursului inferior al raului, apropiat de confluenta, si care strabate
regiuni cu asezari omenesti mai numeroase, surse de poluare care, fara

(Puncte
de

colectare Qv.

0

F ig. 1. Ciadograma ilustrand gruparea speciilor in comandaiile de diatomee din Somesul i\eiet
pe baza de afinitate floristica.
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SOMES $

Fig. 2. Curbe normale trunchiate reprezentdnd structura comunitatilor de diatomic din raul
Somesu Hece.
k — Numadr intervale. N — Numar specii identificate. F — Factor de dispersie.
H — indltime maxim& teoreticd a intervalului modal. U — ,Univers teoretic” sau numér
teoretic de specii.

indoiala, isi pun amprenta asupra structurii comunitatilor de diatomee
habitante Tn rau.

Asa cum se poate observa in Fig. 2, si curbele de distributie indica
pastrarea caracterului natural al comunitatilor cercetate. Aspectul lor
aproximeaza modelul pentru comunitatile naturale, diferentele care apar,
si care vizeaza Tn principal inaltimea si pozitia intervalului modal, reflec-
tand probabil variatii locale inerente tipului de habitat studiat. Tn cazul
curbelor reprezentand structura comunitatilor din punctele 2 si 4, aceste
diferente sunt mai evidente. Astfel, pentru punctul 2 (nu apare in figuri),
curba este deplasata spre punctul de origine; pentru punctul 4, ea apare
mai aplatizata si, Tn consecinta, Thaltimea modulului redusd. Numarul de
specii identificate Tn aceste doud puncte este mai mic, indicAnd o diversi-
tate floristica mai scazuta, datorata probabil unor cauze locale.
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Fig. 3. Evolutia diversititii maxime (Hmex$S), specifice (Hs) st a informatiei relative (If)fn
cadrul comunitatilor de diatomee din Somesul Rece, "

Pentru testarea stabilitatii cenotice a comunitatilor, s-au calculat, in
fiecare caz, diversitatea specifica (H ) Sau indicele Shannon, diversitatea
maxima (Hxg,vS) si informatia relativa (!) (Fig. 3). Se poate observa men-
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fiaerea relativ constanta a valorilor diversitatii maxime Tn cele 5 puncte
de observatie, in timp ce indicele de diversitate Shannon are o usoara
tendinta de crestere catre portiunea inferioara a cursului. Acelasi lucru se
poate spune si despre valorile informatiei relative, ceea ce indica o cres-
tere a stabilitatii cenotice a comunitatilor de diatomee catre portiunea
inferioarda a raului. Liniile de regresie trasate conform ecuatiilor speci-
ficate Tn figura confirma existenta acestor tendinte.

Concluzii. 1. Comunitatile de diatomee bentonice din portiunea stu-
diatd a Somesului Rece sufera modificari calitative si cantitative de-a lun-
gul cursului raului. Tn apropierea izvoarelor comunitatile sunt dominate
de Diatoma hiemale var. mesodon, specie tipic microterma si oligosaproba,
alaturi de Hannaea arcus, element microterm de asemenea.; Mai jos domi-
nanta devine H. arcus, alaturi de Cymbella minuta, specie indiferenta ter-
mic si B-mezosaprobd, iar Tn punctul de colectare cu localizarea cea mai
joasa domina Diatoma vulgare, element R-mezosaprob larg raspandit in
apele dulci, alaturi de H. arcus. in cadrul acestor comunitati apar doua
grupe principiile de afinitate floristica, corespunzatoare cursului superior,
respectiv celui mijlociu ale raului.

2. Curbele de distributie indica nealterarea semnificativa a caracte-
rului natural al comunitatilor de diatomee Tn zona cercetata, apele Some-
sului Rece dovedindu-se de tip oligo- la B-mezosaprob.

3. Diversitatea specifica, informatia relativa si, implicit, stabilitatea
cenotica a comunitatilor din rau cresc catre zonele sale mai joase.
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NEMATODES AS INDICATORS OF ECOSYSTEM DISTURBANCE DUE
TO POLLUTION

IULIANA POPOVICr

SUMMARY. — Successional changes in soil nematode communities of
forest ecosystems located nearby a métallurgie plant in the Western Car-
pathians were investigated. The efficiency of Maturity Index as a mea-
sure of habitat disturbance is discussed. Decrease in nematode abun-
dance and diversity, changes in the relative abundance of trophic groups
with increasing percentage of r-strategists and removing of K-strate-
gists in highly polluted ecosystems are noted. As a result, a lower
Maturity Index is accounted for nematode communities in the stands
with high concentration of heavy metals.

In biomonitoring system the research is focussed on finding potential
suitable organisms for assessing the quality of ecosystems which could
show induced disturbances due to different factors.

The nematodes have proved to be well suited for monitoring the chan-
ges in soils and waters due to disturbances caused by pesticides, pollu-
tants, sewage sludges etc. They show high abundance and diversity in
almost all kinds of habitats; nematodes have different life spans, rapid
colonization ability, relatively quick turnover; they represent a trophically
heterogeneous group; many nematodes can withstand anhydrobiotic con-
ditions; they can be easily sampled throughout the whole year [1, 2].

The potential usefulness of nematodes as test organisms to assess the
environmental toxicants has been recently investigated for soils [8, 10, 11],
mosses [13] and freshwaters [12]. Toxic effects of heavy metals (Pb, Cd,
Zn, Cu, As) included in nutrients are revealed on some nematode species
[6] as reduced abundance and exclusion of some species or trophic
groups in polluted waters [12], or as strong changes in the structure and
organization of nematode communities in forests of highly polluted areas
[7,9]. All these data underline a high sensitivity of nematodes to habitat
disturbance.

An ecological index, — named Maturity Index (MI) — based on eco-
logical characteristics of nematodes, was developed by Bongers [1] in
order to assess the quality of terrestrial, freshwater and marine eco-
systems.

Successional changes in nematode fauna of some forest ecosystems,
situated in a highly polluted area in Romania, are presented below. Data
on nematode abundance, diversity and trophic groups, as well as on heavy
metal contents of soil and litter are illustrated and discussed. The effi-

ciency of Maturity Index as a measure of habitat disturbance is also
discussed.

Materials and methods. The forest ecosystems studied are situated in the
Zlatna area, along the Ampoi and Rosioara rivers, on south-east of the Western*

« Biological Research Institute, 3400 Cluj-Napoc<t, Romania
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Carpathians. Here, a complex métallurgie plant is located. The ecosystems indude
beech, hornbeam, and pine forests situated at different distances up- and downstream
from the plant (see Fig. 1). A control area (beech forest), located near the Muncel
village, was chosen for the investigations conducted between 1981—1984 and in
1992.

The soils of these areas are brown acid, brown luvic and brown mesobasic.

The essential pollutant is Pb, followed by Cu, Cd, Zn and S02 (as exhaust
fumes and fine powder).

Ten samples, both from litter and soil layers (0—10 cm depth), were collected
each time, seasonally for 1981, 1983, 1984 and yearly for 1979 and 1992.

The nematodes were extracted by a centrifugal flotation method, with sugar
solution [4) and fixed in TAF solution [5]. They were counted and identified at ge-
nus level, and assigned to the following 5 trophic groups: plant parasites, bacteri-
vores, fungivores, omnivores and predators.

All stands were sampled for soil analysis and heavy metal contents, too.

The Maturity Index (MI) [1] was used for the interpretation of data. A coloni-
zer-persister (c—p) scale from 1 to 5, at genus level, was used [3]. The Maturity In-
dex (MI) is calculated as the weighted mean of the individual c—p values:

where v(i) is the c—p value of taxon i as given in Bongers et al. [3] and f(i)
the frequency of taxon i in a sample.

It is to be noted that the plant parasitic nematodes are not included in this
index; for them another index (PPI) has to be taken into account.

Results and discussion. On the first estimation (in 1979), significant
differences were noted for nematode abundance of the 7 stands analysed
(Fig. 1). The abundance was strongly reduced in the stands close (up- and
downstream) to the métallurgie plant (beech and pine forests mainly).

F ig. 1 Nematode abundance in forest ecosystems in relation to the distance from the métallurgie
plant (1979’s »sampling).
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Here, the nematode abundance represented only 27% (pine forest) and,
51% (beech forest), respectively, of the abundance from the other stands.

It seems to be a close relation between nematode abundance and
degree of pollution. High concentrations of lead (3,230 ppm!) and copper
(1,132 ppm!) were found in litter of beech forest (0.5 ton downstream).
High values were also registered for copper in litter of the hornbeam stand
no. 2 (566 ppm), no. 5 (1,593 ppm) and even in that of the stand no. 71
(573.5 ppm) located at 20 km downstream from the plant.

The pollutant accumulation reduced, also, the nematode diversity,
increased the percentage of r-strategists (bacterivores) to 50—72%, reduced

r Bacterivores

> » | Fungivores

[EEl Omnivores
Predators

SHI Plant-parasites

Fig. 2. Changes in trophic structure of nematode fauna due to pollution
(number of ecosystem as in Fig. 1).2

2 —Biologia nr. 2/1992
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1'Beech -15 Km

? Hornbeam - 5 Kni;

3. Pire -0 7 Km

4 Beech -0.5 Km

5. Hornbeam 5 Km

6 Beech - 15 Km

7. Hornbeam -20 Km

Pig. 3. Changes in the Maturity Indices as a measure of disturbance due to heavy meta\
plus SO2 pollution (1979's sampling).

the relative abundance of plant-feeding nematodes (stands nos. 3 and 4)
and almost excluded the omnivores and predators from the beech stand
no. 4 (Fig. 2).

As a result, a lower Maturity Index (MI) is accounted for the nema-
tode communities of the stands located near or up to 5 km from the plant
(Fig. 3). The values of MI and MI (2—5) (when MI is estimated by exclu-
ding the extreme-colonisers with c-p=I) are similar in stands nos. 3, 4
and 5 meaning a lower abundance of the extreme-colonisers in these fo-
rests (Fig. 3). The stands located more than 5 km up- and downstream
from the plant have a high MI value [MI=2.61 — 2.97; MI (2—5)=2.52
—2.88].

The dominant genera in highly polluted forests are Acrobeloides,
Aphelenchoides, Filenchus, Criconemella and Gracilacus.

|:|Control area

15 Km upstream

. 0.5 Kmdownstream

Nematodes
*10~3/m™*2

1981 1983 1984

P ig. 4. Succession-ai changes in nematode abundance of beech forests noder the influence of
pollutants (March’s sampling;.
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Namatodaa *10'3/m'2
Pb ppm
Cu ppm

1.0.5 Kmdownstream
2. 1S Kmupstream
3. contrai area

Pig. 5. Correlation between nematode abundance and soil heavy metal contents (1984’ sampling)

Fig. 6. Succcssional changes of Maturity Indices [A= MI; B = Ml (2—5)j of nematode
fauna in beech forests under the influence of pollution.
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|:| Bacterivores
|:| Fungivores

Omnivores

. Predators

Plant - parasites

Control area

15 Kmupatraam

PP

0.5 Kmdownstream

Fig. 7. Trophic structure of nematode fauna in beech stands under
the influence of pollution.

A dynamic study was conducted between 1981 and 1984 in three
beech forests, two of them already mentioned (stands nos. 1 and 4) and
a control area (also a beech forest).

The nematode abundance is strongly reduced in highly polluted area
(beech at 0.5 km downstream) during the whole investigation period. An
illustration is given for March’s sampling (Fig. 4). Both copper and lead
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N*m«odM *I0Tim'T
Pb ppm
Ou ppm

1 Control area

2 1S Kmupttoam
3.0.5 Kmdownstmam
| 20Kmdoun™***m

Fig. 8. Nematode abundance (on log scale) in Utter (A) and soil (B) in relation to the distance
of stands from the métallurgie plant (1992’s sampling).

concentrations could be responsible for the decreased abundance (Fig. 5)
in the forest situated nearby the plant.

A reduced diversity (25—32 genera) (Table 1) as well as low density
could be correlated with the increased pollution degree. A major part of

the populations in the polluted area is attributed to the genera Acro-
beloides, Filenchus, Gracilacus, Aphelenchoides and Rhabditis. In the con-

trol area, an increased diversity (49—56 genera) was recorded with a
high percentage of Filenchus, Plectus, Ceratoplectus and Criconemella in-

dividuals.



Table 1
Relative abundance (%) andl e—p value far nematode genera In three forests from the Zlatna 2arca
(March's sampling) i

Beech (0.5 km) Beech (15 km) Beech (contrdl)
Genus/Familv c-p a b c a b c a b ¢
Trophic group value
Plani parasite* :
Aglenchus 9 0.1 0.8 0.1 0.5 ol 0.01
Coslenchus ?) 0.1 Uigi; 4
Filenchus 0 42.2 19.4 95 44.8 22.9 14.4 25 195% «15.8
Malenchus 2 0.4 0.1 0.05 1.3
Tylenchus 2 1 0.2 0.9 0.8 12 0.3 0.4 0.3 22
Tylenchidae 2 0.5 0.05 0.1 0.2 0.01
Tylenchorhymhus 3 0.1 0.03
Merlinius 4 uul
Pratylenchus 3 0.03
Gracilacus 2 0.3 8.2 28.2 0.06 0.02 7 3.3 0.7 6.8
Criconema 3 3.6 0.7 0.1 03 0.05
Criconemella 3 n.4 22 17 17.2 15.6 20.4 9.9 .75 2.5
Ogma 3 0.2 0.1 0.04 0.6 0.1 004 05
Ecphyadophora 2 0.1 0.06 |
Rotylenchus 3 0.6 0.1 nt
Helicotylenclius 3 0.1
Tongidorus 5 o
Trichodorus 4 0.2 0.6 3 0.06 0.02 0.02 0.6 0.7 0.5
Paratrichodorus 4 0.1 0.03 0.2 0.07 0.2
Baderivoves
Bunonema 1 0.2 3.8 0.7 0.9 7 2.2 13 3.9 5.1
Mesorhabditis 1 0.1
Rhabditis 1 6.0 5.3 11 0.5 2.1 2.1 12 111 2.7
Panagrolaimus 1 0.7 0.1 0.04 0.04 0.05
Cephalobus 2 0.6 0.02 0.3 0.1 0.6
Eucephalobus 2 0.1 0.t 0.7 17 0.02 19 15 2.6
Heterocephalobus Q 0.1 0.1 0.2 0.9 0.3 0.3 13 0.2
Chiloplacus 2 0.1 0.1 0.02 0.1 0.z
Cervidellus 2 0.1 0.1 0.2 0.05 05 0.4 0.4
Acrobeloides 2 18.2 335 m  31.8 12 0.6 25 2.5 1.2 2.8
Teratocephalus 3 0.4 0.5 0.5 18 13 1.2 3,1 3
Metateratoceplialus 3 2.8 4.9 0.1 0.5 15 0.9 17 0.9 2
Eumonhvstera 1 1.6 1 0.04 0.3 0.06 0.2 0.2
Geornonbestera 1 0.1 0.07 0.2 0.4 0.5 0.6
Anaplectus 2 0.7 0.2 0.1 0.8 07 18
Ceratoplectus 2 17 0.1 0.8 0.5 0.3 99 7.6

1D2INOdOd 1



Plectus
Tylocephalus
Wilsonema
Araeolaimida
Aphanolaimus
Paraphanolaimus
Rhabdolaimus
Cylindrolaimus
Chronogaster
Odontolaimus
Bastiania
Prisraatolaimus
Alaimus
Paramphidelus
Fungivores
Aphelenchus
Aphelenchoides
Dit3denchus
Deladenus
Tylolaiinophorus
Diphtherophora
Tylencholaimus
Omn Vores
Prodorylaimidae
Mesodorylaimus
Pungentus
Eudorylaimus
Thonus
Aporcelaimus
Aporcelaimellus
Oxydirus
Dorylaimoides
Predators
Pristionchus
Cléarkus
lotonchus
Miconchus
Mylonchulus
Prionchulus
Tripyla

Total of genera

ea- 1981 b -

1983. ¢ -

1984.

PR WWRWWWOLWNN NN

INIS N7 RS I O O NN

WABDADD

AWWN NN

6.4

0.3

0.1

0.6

0.3

0.2

0.2

0.1
32

0.4

o o
NN

0.2
25

3.7

0.2
31



Table /(continued)

9.7 21 16.7 7.9 17.3 15
0.3 2.2 0.4 1.8 8.1 27.
0.2 1.2 0S 0.6 14 3.7
0.3 0.3 0.06 0.4
0.02
0.04 0.1 0.03
0.03 0.02 0.02 0.02
0.05 0.1 0.3 0.1 o
0.05 m
0.03 g
0.5 0.6 0.4 5.6 1 1.7 3
3 0.2 0.6 3.2 08 1 o
1.4 11 25 1.4 11 11 o
0.2 0.1 0.5 0.1 0.1 >
0.03 0.03 0.01 g
0.9 2.6 6.8 14 3.6 3.6 3
0.3 3.6 3.8 0.7 2.3 6.7 b
0.02 0.08 0.3 0.01 o
0.3 0.04 0.2 12 0.4 0.07 3
0.08 o
1.4 18 4 4.4 0.8 0.9 ;
O
0.1 0.4 0.02 2
0.06 0.04 0.02 0.4 05 0.4 Yy
0.02 0.1 0.02 o
0.6 11 13 6.7 16 14 S
17 0.7 l.g 0.4 0.3 0.4 o
0.2 0.2 0.1 0.04 a
0.7 0.1 3.2 0.7 0.1 S
0.01 @
0.02 §
0.1 0.06
1.9 0.2 0.08 0.9 0.1 0.1
0.02 0.01
0.1
0.2 0.03
0.2 0.05 0.2 0.03 0.02
003 5,4 4.1 4.4 13 1-
40 32 42 52 56 49

)



24 1. POPOVICI

Lower values of Maturity Indices were accounted for polluted area
(Ml«-=1.96—2.02) as compared to those for the control area (M1=2.07—
2.95) or for the beech stand located 15 km upstream from the plant
(M1=2.23—2.43) (Fig. 6 ABJ-

Changes are also noted in the trophic structure of nematode commu-
nities (Fig.7). The K-strategists (omnivores and predators) are eliminated
from communities of the most polluted forest, these being replaced by
r-strategists (bacterivores).

Eight years later (in 1992), again low nematode abundances were
accounted in the polluted area (Fig. 8 A,B); the lowest abundance was
recorded in the litter layer with the highest heavy metal contents
(Pb=16,000 ppm !, Cu=I1,467 ppm) (Fig. 8 A). The negative influence of
pollutants is reflected also in MI values (Fig.9) which are very low both

Fig. 9. Maturity Indices of nematode fauna in litter and soil lavers of beech (1—3) and horn-
beam (4) forests under the influence of pollution (1992 sampling).

Fig. 10. Comparative changes in MI and M I(2—5) indices of nematode faima in beech
(1—3) and hornbeam (4) forests under the influence of pollution (1992’s sampling).
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for litter and soil nematodes in beech and hornbeam forests located down-
stream from the plant (M1=2.01—2.1 and 1.96—2.01, respectively). By
comparing the values for Ml and MI(2—5) of the whole nematode fauna

2% 2% AM 4%
12%
584
NH
, 4% 2% bl
57%
80%
3%34 2%
3%2% 2%
| | BVirvora® 1. Control area
i 2. IBKmopW—m
1iil FurgaM\/I 3 05K |
H B Omnivora* 4.20 Kmdownstream
A H fredalore
— Rint-pwasHM

Pig. 11. Changes in trophic structure of nematode fauna under
the influence of pollutants

(1—3 — beech, 4 — hornbeam forests).
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(Fig. 10) from these ecosystem, a low contribution of extreme-colonisers
to these'indices is to be noted.

¢ In these two above-mentioned ecosystems major changes in the tro-
phic structures of nematode communities are observed: a high percen-
tage of fungivores, a lower contribution of bacterivores and: an almost
complete removing of the other groups from litter communities (Fig. 11).

All these data, confirm that the disturbances due to pollutants have
negative influences on the more specialised species (K-strategists, which
are replaced by less specialised ones (r-strategists) [2].

Conclusions. 1. Successional changes in nematode fauna of forest eco-
systems, situated up- and downstream from the métallurgie plant in
Zlatna, are marked by the decreased abundance and diversity corre-
lated with the accumulation of heavy metals, the distance and direction
of the stands from the plant.

2. Changes in relative abundance of feeding groups in highly pollu-
ted areas are reflected in increased percentage of r-strategists and an
almost complete removing of K-strategists from the nematode commu-
nities. The negative effect of habitat disturbance on nematode commu-
nities persisted and became even more pronounced during the investi-
gation period.

3. As a result, lower Maturity Indices were accounted for nema-
tofauna of the stands located within the highly polluted area.

4. The usefulness of nematodes and: of Maturity Index as indica-

tors of ecosystem disturbance due to pollution has to be underlined.
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MASTIGOPHOROPHYLLON SAXONICUM Verh., 1910 TN MUNTII
APUSENI

TRAIAN CEUCA*

SUMMARY. —Mastigophorohyllon saxonicum Verb. 191ft in the Apuseni
Mountains. The paper reveal'., for the first time, the presence of
Mastigophorophyllon saxonicum in the Apuseni Mountains, from where
no species of the Mastigophorophyllon genus was yet mentioned. A new
subspecies (Mastigophorophyllon saxonicum biharicum) is also described.

Dintre toate speciile genului Mastigophorophyllon, specia M. saxo-
nicurri este cea mai raspindita. Ea ocupa un areal ce se intinde din Ger-
mania' (unde este citata din mai multe statiuni)., prin Letonia, Estonia,
Polonia si Slovacia, pind Tn vestul Ucrainei si nordul Roméaniei, deocam-
datd numai pe Muntele Rarau [2, 4].

Desi in Carpatii Orientali, cit si in cei Sudici, mai existda numeroase
alte specii ale acestui gen (si chiar si in Balcani), Tn Muntii Apuseni inca
nu a fost mentionatd nici o specie, asa cum spuneam in lucrarea din
1976 [3].

Studiind continutul stomacal, care mi-a fost dat pentru determinare,
al unei sopirle (Lacerta vivipara), capturata de linga cabana Baisoara din
Apuseni 14 18. VIII. 1975 (Muntele Buscat), am avut surpriza sa gasesc
intacte gonopodele unui exemplar 5 de M. saxonicum. Cercetarile in-
tense ulterioare, pe care le-am facut In zona acestor munti, mi-au con-
firmat existenta acestei specii si intr-o altd statiune de pe valeia Some-
sului Rece — lIrisopara — de unde am colectat, in .19. IV. 1978, 3 +
2 $$ , ale caror gonade sint reprezentate in Fig. 1—2.

Analizind conformatia acestor gonopode si comparindu-le cu cele
ale unui exemplar de pe Rardu, sau din Germania [5], date de Schu-
b art, se poate observa o oarecare diferenta intre virful gonopodelor an-
terioare, care la exemplarele de la Baisoara si ale celor din Germania, au
virfurile ascutite si usor curbate posterior, pe cind la forma de la Rarau,
acestea nu sint ascutite si nici curbate posterior, avind totusi, sub virful
lor, tot pe partea posterioara, o zona circulara ,,paroasa“.

Lobii mediali (a), la formele de la Baisoara, sint evident latiti si cii
virfurile putin ascutite, pe cind la cele de la Rarau si la cele din Germa-
nia, virfurile sint evident mai ascutite. Ramura plumiforma (b) este re-
lativ asemanatoare, atit la formele de la Rarau, cit si la cele de la Bai-
soara, in schimb cele de la formele din Germania au ,rachisul“ gros si
,barbele* foarte scurte [5].

Daca ne referim la gonopodele posterioare (Fig. 2), se poate spune
ca si aici exista un oarecare grad de variabilitate, atit in ceea ce priveste
forma gonopodelor, cit si cea a prelungirii hialine (c) a acestora (care se

~ Universitatea Babes-Bolyai, Catedra de zoologie, 3400 Cluj, Romania
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Fig. 1—2. Mastigophoiophyllon saxonicum.
1. Gonopodul anterior drept, vazut posterior.
a — Lobul medial. b — Ramura plumiforma. ¢ — Pseudoflagelul ascuns, d — Fseudo-
flagelul liber, e — Pintenul coxal.

2. Gonopodul posterior drept, vazut anterior.

a — Ramura externa, b — Ramura interna (corpul gonopodial). e — Prelungirea
hialind a ramurei interne, d — Pseudoflagelul liber (vdzut partial), e — Bastonade mediale

de pe fata posterioara.

aseamana mai bine cu formele din Polonia — figurate de Stojalow-
ska [6]. Dintre cele citeva bastonase de pe fetele posterioare ale acestor
gonopode, numai la formele de la Baisoara, proemineazd, medial doug,
neobisnuit de lungi (e); la celelalte forme (Rarau, Polonia si Germania),
acestea, evident mult mai scurte, nu ajung spre marginea mediald a gono-
podelor, ci din contrda ele sint orientate lateral. Referindu-ne la ramura
externa a acestor gonopode, ea este evident mult mai scurtd; capatul dis-
tal, acoperit pe latura interna de bastonase, abia depaseste corpul gono-
podial (ramura interna).

Bineinteles, ca aceste mici diferente nu reprezinta decit niste variatii
normale intraspecifice, daca ne referim la marea intindere a arealului

acestei specii [1].
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Mastigophorophyllon saxonicum biharicitm n. ssp.

Studiind materialul pe care I-am colectat si din alte statiuni din Mun-
tii Apuseni, am constatat cd sunt in fata unei noi forme: o subspecie. Ca
dimensiuni si culoare, aceasta se Tncadreaza in aspectul general al spe-
ciei (subspecia nominata) M. s. saxonicum. Ceea ce deosebeste noua sub-
specie de forma nominala sunt citcva diferentieri, considerate majore, din
conforrrfatia gonopodelor.

Gonopodele anterioare (Fig. 3) se caracterizeaza prin virfurile telopo-
ditelor Tndoite mult posterior si abundent ,,pdroase“. Micul pinten de
sub aceasta zond (care la subspecia nominatd este abia schitat), aici el
este evident mult mai lung si are virful dirijat oblic-lateral. Lobii me-
diali ai telopoditelor (a), si ei evident mai mari, au virfurile lungi si ascu-
tite, iar spre bazele lor sint usor dintati, Intinzindu-se pind in dreptul
toxelor. Pintenii coxali sint de asemenea neobisnuit de lungi (e), sub-
tiri si usor Tncovoiati. Ramurile plumiforme (b), precum si pseudoflagelii
liberi (d), cit si cei ascunsi (c) nu au modificari semnificative.

Gonopodele posterioare (Fig. 4) au ramurile externe (a) desprinse de
pe corpul gonopodial (ramurile interne), mult mai sus decit la subspecia

Fig. 3 —4. Mastigophorophyllon saxonicum biharicum ». ssp.
3. Gonopodul anterior drept, vazut posterior,
a—e — Vezi Fig. 1
4. Gonopodul posterior drept, vazut anterior,
a—e — Vezi Fig. 2.
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nominatd; grupurile de bastonase, obisnuite, de pe aceste ramuri, aici sint
dispuse pe aproape jumatate din lungimea lor si nu numai spre virfurile
lor, ea la forma nominata. Pe marginile externe ale acestor ramuri late-
rale, exista cite doua sete lungi. Corpul gonopodial (ramura internd) are
un aspect de patrulater (b) si nu ovoidal, asa cum este de regula. Sirul
neregulat de bastonase de pe fetele lor posterioare au virfurile Tndreptate
spre ramurile externe (la formele de la Rardu, Polonia si Germania),
pe cind aici (e) trei sunt orientate medial cu virfurile abia vizibile, situ-
ate sub prelungirea hialina a ramurei interne (c) care este evident mai
lata.

Provenienta. Am colectat 2 55si 3 SS din apropierea podului dej
la Ic-Ponor in 20. VI. 1976 si de la Padis, 3 55 si 2 $$ 1n 19. VII. 1976.
Materialul a fost colectat din micile santuri care se gasesc intre drumu-
rile forestiere si marginile padurilor, sub pietre, frunzar sau bucati de
ramuri, mai groase, rupte si cazute.

Dacd am compara gonopodele acestei noi subspecii cu gonopodele de
la M. s. saxonicum, vom observa ca diferentele care exista intre aceste
doud forme sint clare si evidente, nepunind Tn discutie valabilitatea sub-
speciei M. s. biharicum, cu toate ca statiunile dintre cele doua subspecii
fac parte din ansamblul Muntilor Apuseni.

Probabil ca cercetari si studii ulterioare, facute pe mai multi indi-
vizi (populatii — desi se stie ca foarte rar se gasesc mai multi indivizi
in acelasi loc) si din alte statiuni, vor putea sa consolideze si din alte
puncte de vedere, nu numai morfologic, acest nou taxon, sau din contra.
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POSTEMBIIYONIC DEVELOPMENT OF TRACHELIPUS D'FFiCiLIS
ROTUNDATUS (CRUSTACEA, ISOPODA)

1, NICOLAE TOMESCU* and SHARON ACCOIA*

SUMMARY — The postembryonic onlosenelic development of Trache-
lipus difficilis rotundatus (Crustacea, tsopodaf hikes place in approxi-
mately 10—11 months. The larval stage appears in June-July and the
adults develop in" May—June of the following year. The specific cha-
racters are formed progressively during the jnviftalure stage: first the
cephalic lobes, then the pleopods 1 (especially the gonopocb) and
lastly the crest of the carpopodite of pereopod VII.

&

The paper represents a continuation of research regarding the post-
embryonic ontogenetic development of terrestri.il isopcds [2—7], The
knowledge of the appearance of secondary sexual characters in the
course of ontogenesis can help avoid taxcuomical errors. I1n the males,
specific characters appear progressively; thus, immature individuals,
\yhich have characters of both immature and adult individuals, could
lie mistakenly considered as belonging to a lother species.

Materials and methods. We studied specimens of Trachelipus difficilis ro-
lundatus grown in the laboratory as well as spe-imens raptured in Cheile Turzii
at two-week intervals over a period of two years. First, the overall morphology
of whole animals was inspected by binocular microscope, then parts required for
further analysis were dissected out and prepared for examination by light micro-
scopy. Body length measurements were made for each individual in different
stages of development [7]. In describing the developmental stayes. uowune ,b e
minology proposed by Holdich et al. [1].

Results and discussions. The length of the pcstembry >nic develop-
ment from the larval stage to that of the adult one is approximately
10—11 months.

a) Postmarsupial larval stage. The first larvae of Trachelipus diffi-
cilis rotundatus appear at the end of June. The length of the larva is
1 mm; the cephalic lobes are not developed (Fig. 1 a). The last article
of the antenna is much shorter than the next to the last one, the for-
mer being approximately 1/3 the length of the later (Fig. 1,b). The eyes
have 5 omatides. The buccal appendices are completely developed, capa-
ble of masticating food. The epimeral glandular fields are not yet for-
med. Pleopods 1 and 2 are barely visible. The distal extremity of the
pleotelson is very blunt.

The principal morphological modifications which occur in the lar-
val stage involve the length of the last two antennal articles, the cepha-
lic lobes, the thoracic segment VII and pereopod VII. After .1 days, the
relationship between the last and the next to last articles of the antenna
is changed, the last article becoming twice as long as the next to last
(Fig. 1 c). At the age of 19 days, the difference is much more pronoun-3

- Babes-Bolyai University, Department oi Zoology, 3400 Cluj, Romania
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Fig. 1 Trachelipus difficilis rotundatus — postmarsitpial
larval stage.

a — One-day old larva, b—e — Antennae, f — Pereopod

VII. g — Cephalon and h — pleotelson of a 30-day
old larva.

ced (Fig. 1 d). The pereopods VII, which appear at the age of 5 days,
have the aspect of little plaques attached to the sternites. The tegument
shows just the beginning of pigmentation. The contour of the lateral
cephalic lobes appears at the age of 8 days. At 13 days, the tergal epi-
mers of thoracic segment VII are completely developed. Also, the pere-
opods VII, which have a filamentous aspect, have grown in length and
their articles are differentiated (Fig. 1 f). At the age of 30 days, the
larvae are 2.8-mm long. The last antennal article is 4 times longer than
the next to the last (Fig. 1 €). The thoracic pereopod VII is completely
developed and functional. The cephalic lobes are well developed and
the median lobe has a triangular shape (Fig. 1 g). The pleotelson is lon-
ger and is tip is rounded (Fig. 1 h). The glandular fields of the epi-
mers, which are now formed, touch the borders of the epimers.

b) Immature stage. The external sexual differentiation of Tracheli-
pus difjicilis rotundatus appears at the age of approximately two,
months, when the young animals reach the length of over 4 mm. First
of all, the endopodite of pleopod 1 of the males lengthens, followed by
the exopodite, whose distal extremity lengthens and becomes curved,
forming a crescent with the tip directed outward. For a comparative
study, we have presented in Fig. 2 the specific characters of an imma-

ture of 5.5 mm and one of 7 mm.
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Fig. 2. Trachelipus difficilis rotundatus — immature slag-. A 5.JFmm immature
individual is compared with a 7-mm one.
a, a — Cephalon. b, b> — Antenna, ¢ — Epimeral giandular fields, il, d* —

Carpopodite of pereopod VII. e e — Exopodite of pleopod 1 f, /' — findopodite
of pleopod 1. g, g — Pleopod 2. h — Pleotelson.

The cephalic lobes of the 5.5-mm immature are well developed and
tile median lobe has a triangular form (Fig. 2 a). The last antennal ar-
ticle is twice as long as the next to the last (Fig. 2 b). The glandular
fields touch the borders of the epimers (Fig. 2 c) and the carpopodite
has no crest (Fig. 2 d). The distal extremity of the exopodite of pleopod
1 is blunt and lacks the crescent form, characteristic of the species (Fig.
2 e). The endopodite of pleopod 1 is long, like a rod, and lacks the rows
of spines and tuft of hair which exist in the adult (Fig. 2 f). The pleo-
telson and uropods have a shape similar to that of the qdults (Fig. 2 h).

After approximately 2Vi—3 months, the immature individuals reach
the length of 7—8 mm. The secondary sexual characters are very pro-
nounced, showing almost the same features found in the adult. The
median cephalic lobe has become rounded (Fig. 2 a’) and the last two
antennal articles are nearly equal (Fig. 2 b’). On the carpopodite of pe-
reopod VII, a crest has formed on the margin withouth spines (Fig. 2
d’). The distal portion of the exopodite of pleopod 1 has become cur-
ved like a crescent (Fig. 2 e”) and on the tip of the endopodite of pleo-
pod 1 (gonopod) a row of spines has formed (Fig. 2 f). The pleopod 2
has already the form which is characteristic of the species (Fig. 2 g and
4". In the first 3—4 months, the rate of growth and development oi
Trachelipus difficilis rotundatus is fairly rapid. The majority of the se-
condary sexual characters are formed during this time.

c) Adult stage. The new generation reaches the adult stage of deve-
lopment in approximately 10—11 months after the larvae hatch, a pe-
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Fig. 3. Trachelipus difficilis rotundatus — adult stage,
a — Cephalon. b — Antenna, ¢ — Epimeral grandular fields, d — Carpo-
podite of pereopod VII. cr. — Crest, e — Exopodite of pleopod 1./, /' —
Endopodite of pleopod 1. g — Endopodite of pleopod 2. h — Exopodite of
pleopod 2. i — Pleotelson.

riocl which includes the winter months when the processes of growth
and development are interrupted. In spring these physiological proces-
ses are resumed and the individuals reach maturity around the months
of May-June, when they are capable of reproduction. The length of
young adults is 8—9 mm. Isopods continue to moult after reaching the
adult stage. Thus, the body length in this species can grow up to 16 mm.

The median cephalic lobe is rounded and clearly shorter than the
lateral lobes (Fig. 3a). The last two articles of the antenna are of equal
length (Fig. 3b). The glandular fields are clearly separated from the
border of the epimers (Fig. 3c). The crest of the carpopodite of pereopod
VIl is formed, extending 3/4 of the length of the article (Fig; 3d). The
crescent of the pleopodal 1 exopodite extends beyond the side of its

base (Fig. 3e). The endopodite of pleopod 1 is very long and has a tuff
of hair on its extremity (Fig. 3f and f). The endopodite of pleopod 2
is. clearly larger than the exopodite (Fig. 3g and h). The pleotelson is
longer than the tips of the abdominal epimeral segment 5 (Fig. 3i)..

Conclusions. 1. The postembryonic development of Trachelipus diffi-
cilis rotundatus until the adult stage takes place In IT—1 months.

2. Specific characters appear progressively in the males. First the
endopodites of pleopod 1 change their form, becoming longer, after
which they are transformed into gotiopods. Thé external morphological
‘characters, such as the crest of the"carpopodite of pereopod VII, are
formed in the last developmental stage.
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REPRODUCTION OF TERRESTRIAL ISOPODS OF CHEILE TURZIT
NATURAL RESERVATION (ROMANIA)

NICOLAS TOMBSCU», SHARON ACCOLA* and CRISTINA BERCIU*

SUMMARY. — Aspects of the reproduction of some terrestrial isopod
species collected in Cheile Turzii (Ligidium hypnorum, Protracheorns-
cus politus, Porcellium collicolum _ Trachelipus nodulosus, T. difficilis
rotundatus, Armadillidium vulgare, A. versicolor and A. carniolensel
are described. The sex ratio (male: female) is 50:50% in A. carniolense,
40:60% in P. politus, P. collicolum and A versicolor, 60:40% in T. no-
dulosus and A. vulgare, 55:45% in T. difficilis rotundatus, and 70:30%
in L. hypnorum. The reproductive period is May-August for A. vulgare
and A. carniolense, May-September for L. hypnorum, P. collicolum
and T. difficilis rotundatus. May-October for P. politus and A. versi-
color, and Apj-il-October for T. nodulosus. The period of maximum
reproduction (with the greatest number of gravid females) is in July
A. carniolense is an exception, having its peak in August The fertility
of the females was over 80% in the species P. politus, P. collicolum,
T. nodulosus, T. difficilis rotundatus and A. versicolor, between 50 and
60% for L. hypnorum and A. vulgare and below 40% for A, camio-
lense. Fecundity is correlated with body size, even within the frame-
work of the same speci.es. However, there exist geneticaly determined
significant interspecific differences between species of the same size.
For example, females of A. vulgare with a body length of 15—16 mm
produce an average of 160 embryos, while females of T. difficilis ro-
tundatus of the same size produce an average of 80 embryos.

The reproduction of terrestrial isopods presents specific particula-
rities, genetically determined, as well as intraspecific differences, which
are determined by the variability of ecological factors, especially cli-
matic ones. In the species which have a large area of distribution, such
as Armadillidium vulgare and Trachelipus nodulosus, there exist pro-
nounced interpopulational differences regarding reproduction, growth
and development, population size, the period of biological activity, etc.
In our research, we studied aspects of reproduction, which are in-
fluenced by ecological particularities of Cheile Turzii.

Materials and methods. The material we studied was collected in Cheile
Turzii. a natural reservation located 35 km from Cluj-Napoca. More than 17,300
animals were collected over a period of two years, 1991 and 1992, using Barber
traps. The traps were emptied after every two weeks. In the laboratory the
species were identified, the individuals were sexed, counted and measured. The
eggs and embryos in the brood pouch of the gravid females were counted.

Results and discussions. The sex ratio of the 8 species collected in
Cheile Turzii is presented in Fig. 1. We calculated the percent of males
and females for each year,as well as for the two years together.In
the majority of species, the proportion between males and females was

similar for both years. In some species there was a slight predominance
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wtFig. 1. i) fale: female rado of terrestrial isofods in Chéile ‘lorzii.

A — Ligidiurn  hypnorum. B — Pro’faeheouisca.; polUns. C —I Porecliiinn

collicolum. i) — Trackedipu.s nodulosiis. li — TeaAudipus difficil,a rotundaius.

F — A rmad,Uiaiuni vulgare. G — Armadillidium versicolor. H — A rmadiilidium
carnioiense.

cf the. femajes.and in others, of the males. The number cf females ex-
ceeds the, number of males by nearly 10M in P. poliius, P. colUcchun
and A. versicolor. In T. nodulosus and A. vulgare, the number of fe-
males is) élightly .'reduced, being approximately 10y0 less than that of
the malest whereas 'it is 5Y0 less in T. difficilis rotundatus and over
30«/0 less in-L: hypnorum than the number of males. In A. carnioiense,
the proportion of males to females is equal in both years.

The sex ratio of the adults of natural populations can be influen-
ced by physiological and ecological factors, as well as the behavioural
differences between males and females. The gravid females of L. hyp-
riorum feed very little, remaining in hiding during this period. The
males are more, mobile and thus more exposed to predators. After re-
production, the ratio changes in favour of the females [4]. In the collec-
tions of L. hypnorum captured with Barber traps, fewer females were
present, due to the fact that this method depends on the mobility of
the animals. It is possible that the same phenomenon occurs in all
species in which the percent of females appears more reduced in collec-
tions taken from the ecosystem by Barber traps.

A larger number of P. politus males die shortly after the repro-
ductive season [3]. In all of the amphimictic isopod species, the greater
number of females in the population should be an advantage, due to
the faict that the specific biological reproductive potential is increased.

The reproductive period corresponds to the season in which the
ecological factors are optimal and the number of broods varies according
to the length of these conditions, especially to the climate [1, 2]. In Eu-
rope, the number Of broods increases from the north to the south [51
and the duration of the developmental stages of the young is shortened.
The formatiohi of the brood pouch in preceeded by copulation, which
takes place; probably, several days before the eggs are deposited in
the brood pouch. The start of the reproductive season should be consi-
dered as beginning at least a week before the appearance of the first
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ovigerous females. The reproductive periods of the species of terrestrial
isopods in Cheile Turzii, established on the basis of material collected
in these two years, are presented in Fig. 2 (the hatched bars). The in-
terrupted lines represent the potential mating period. A. vulgare and
A. cariolense have the shortest reproductive periods and L. hypnorum,
P. politus, T. nodulosus, T. difficilis rotundaUis and A. versicolor have
the longest periods. The length of the reproductive period can be in-
fluenced, in the first place, by the number of broods produced per year
by the females of the species and also by their age. The species in
which the immature individuals reach the adult stage in the first year
of life, the females produce only one brood in the firsyt year and two
broods the second an third years. In L. hypnorum, T. nodulosus and
T. difficilis rotundatus, the 2- and 3-year-old females produce the first
brood earlier, in June-July, and the second in August-September, seme
even in October.

Fig. 3 is a phenogram of reproductive activity, representing the
number of ovigerous females collected each month compared to the
total number of gravid females collected. A. carniolense has its repro-
ductive peak in August and the other species in July. A relatively large
percent of gravid females of the species P. politus, T. difficilis rotun-
datus, A. vulgare and A. cariolense were also collected in August. In
September we found gravid females of T. nodulosus and A. versicolor.
The large number of ovigerous females in July is due to the fact that
in this month the adult females of all ages are gravid, with different
stages of embryos. In the months of August and September, only the
2- and 3-year old females have a pouch, this being their second brood.
This category represents a small percent of the adult female population.

Fertility of the females was calculated using the number of em-
bryos in the different developmental stages in the ovigerous pouch re-
lated to the total number of female adults (Fig. 2). If we take into
consideration the months in which the largest number cf females were
collected, we find interspecific differences regarding the percent of fer-
tile females. In the period of maximum activity, over 80% of the fe-
males of P. politus, P. collicolum, T. nodulosus, T. difficilis rotundatus
and A. versicolor were fertile. In the species L. hypnorum and A. vul-
gare, the percent of fertile females is between 50 and 60% and the
lowest frequency, of less than 400, was found in A. carniolense.

Fecundity is calculated for the 6 species in which we have enough speci-
mens. It is expressed by the median values calculated for each species
and, in the framework of a species, is calculated according to size class,
which also expresses age classes (Fig. 4). Our results indicate two diffe-
rent aspects. The number of embryos produced by a female varies ac-
cording to her body size and also according to specific reproductive
characters, which are inscribed in the genotype of the species. The fe-
males of species which have a smaller body size, for example L. hyp-
norum and P. politus, produce fewer eggs than species which have a
larger body size, such as T. difficilis rotundatus and A. vulgare. How-
ever, if we compare the last two species, which are of a similar length,
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Fig. 3 Reproductive phenogram of the species of isopods in Cheile Tmzii (the
number of females collected monthly, compared to the total number of gravid
females).

we observe that the fecundity of A. vulgare, in which the females of
15 to 16 mm produce an average of 160 eggs, is greater, while the fe-
males of T. difficilis rotundatus of the same length produce only an
average of 80 eggs. We consider that the greater fecundity of the first
species is a consequence of a higher mortality rate in the early stages
of development, which is caused by the pressure of ecological factors
of the ecosystem in which this species lives. A. vulgare populates arid eco-
systems, where death of the young animals by desiccation, especially
during moulting, occurs more frequently. T. difficilis rotundatus lives
under the leaf litter of deciduous woods, where humidity is high and the

conditions that produce desiccation are greatly reduced.
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Fig. 4r-Fecundity of the species of terrestrial isopods from Cheile Turzii as related to body
size and expressed as the average number of embryos per female, the bars marking the minimum
and maximum number of embryos.

In each species, there exists a relationship between female body
size (and age) and fecundity. One finds, in general, a linear increase of
fecundity, correlated with the body size. In the species with a greater
fecundity, for example T. difficilis rotundatus and A. vulgare, there
exist large variations among females of the same size. The variations
are narrower in the other species, such as L. hypnorum, P. politus and
A. versicolor® which have a lower fecundity.

Conclusions. 1. The sex ratio of the species of isopods in Cheile
Turzii Varies within certain limits: 40—60% (male: female) for P. colli-
colum, p, politus and A. versicolor, 40:60% for T. nodulosuS and- A.
vulgare, 70:30% for L. hypnorum and 50:50% for A. carniolense.



REPRODUCTION OF TERRESTRIAL ISOPODS 45

2. The reproductive period at populational level varies according
to the number of broods produced by the females of each species. It is
shorter (May-July) in the species which produce one brood per year|
and longer (May-September) in the species which produce two broods.

3. Fecundity is proportional to the size and age of the females, as
well as the genetic peculiarities of the species.
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REVIEW OF THE NEOGENE WATERFOWL (AVES: ANATIDAE) OF
EASTERN PARATETHYS

EUGEN KESSLER*

SUMMARY. — The types of 7 waterfowl species described from the
Neogene of Eastern Paratethys were restudied. The following syste-
matic changes were proposed: Anns sp. from Credinta and Maiusteni'
becomes Dendrochen blanchardi, Anas sp. from Kishinev is reclassi-t
fied as Dendrochen natator, Aythya sp. from Credinta becomes Aythya
chaui'irae, Anser sp. from Credinta is reviewed as Anserobranta tara-
bukinii (this type from Kishinev and Anas velox from Credinta were
reconfirmed). | could not examine the types of Anas sp.. Anatinae
and Merginae sp. indet. from Kishinev (described by Kurochkin
and G anea).

In the Neogene avifauna from Eastern Paratethys there are known
[11] described one taxon: Anas sp. from Malusteni — Beresti (Romania,
Kurochkin and Gane a [13] described 4 taxa: Anserobranta ta-
rabukinii, Anas sp., Anatidae and Merginae sp. indet. from Kishinev
and Bujoru (R. Moldova); Kessler [12] identified two taxa: Ansero-
banta tarabukinii and Anas sp. from Kishinev; Grigorescu and
Kessler [8, 9] recognized 4 taxa: Anas cf. velox, Anas sp.. Aythya
sp. and Anser sp. from Credinta (Romania, South Dobrogea); Kessle rf
[11] described one taxon: Anas sp. from Malusteni — Beresti (Romania,
Eastern Moldova).

In addition, one entire humerus, collected by D. Grigorescu, in the
sites of Credinta, was recognized recently by the author.

The age of the deposits from Upper Miocene (Kishinev. Bujoru,
Credinta) was estabilished on the basis of molluskan and ostracod
microfauna in Lower Bassarabian [7, 10, 13]. The age of the faunal
complex from Malusteni — Beresti was determined as Middle Pliocene
on the basis of mammal remains and stratigraphic data in Ruscinian,
MN15 and MN15 a [17].

Results and discussion.

Order Anseriformes (Wagler, 1831)
Family Anatidae Vigors, 1825
Subfamily Anatinae (Vigors, 1825)
Genus Anas L., 1758

Anas velox Milne-Edwards, 1867—71

Syn. Nettion velox (Milne-Edwards, 1867—71)

Locus typicus: Sansan (Gers, France).

Stratum typicum: Miocene, Astaracian, MN6.

Material: right ulna, proximal fragment (LPUB 273) (Fig. 1).

~ Babes-Bolyai University, Department of Zoology, 3400 Cluj, Romania
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Locality: Credinta
Dobrogea, Romania).

(South

Age: Upper Miocene (Middle
Sarmatian, Lower Bassara-

bian, 12.5 m.y.).
Size (Table 1).

Description and remarks:
the size and the characters of
the fossil species from San-
san seem to be closest to the
referred material [1—6, 14].

Genus Aythya Boie, 1822
Aythya chauvirae Cheneval,

1987

Locus typicus: Sansan (Gers,

France).
Fig. 1. Anas velox Milne —Edwards, 1867 — 71 —right .
ulna (LPUB 273), proximal fragment. A — Cranial Astaracian, MNG.

aspect. B — Caudal aspect. Material: entire left
(LPUB 260) (Fig. 2).
Locality: Credinta (South Dobrogea, Romania).

Stratum typicum: Miocene,

radius

Age: Upper Miocene (Middle Sarmatian, Lower Bassarabian, 12.5 m.y.).

Measure mi*nls of Anas velox Milne—Kdwards, 1887—71 remains

Remains and measurements Credinta Sansan
Xumber Size  Number Size limits
of of
remains (mm) remains (mm)

Ulna (proximal epiphysis and shaft) :

— breadth of proximal epiphysis 1 6.1 2 5.98-6.58
— diagonal of proximal epiphysis 1 5.2 2 5.10-5.74
— thickness of shaft 1 31 1 3.2

Table 1

Mean

(mm)

6.3
5.4

Size: length of entire radius — 53.4 mm, breadth of proximal epiphysis
— 3.1 mm, thickness of proximal epiphysis — 3.6 mm, breadth of dis-

tal epiphysis — 4.1 mm, thickness of diaphysis — 1.8 mm.

Description and remarks: the fossil remains presented the charac-
ters of recent genera and the size is close to that of fossil species descri-

bed by Cheneva 1[5] on the basis of one entire femur.
Subfamily Dendrocygninae Reichenbach, 1850
Genus Dendrochen Miller, 1944

Dendrochen blanchardi (Milne-Edwards, 1863)

Syn. Anas blanchardi Milne-Edwards, 1863

Locus typicus: Saint-Gérand-le-Puy (Allier, France).

Stratum typicum: Miocene, Aquitanian.
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Fig. 2. Ay- Fig. 3. Dendrochen blanchardi (Milne—Eduards, 1863) —
thya chauvirae left humerus (1JJPB 283)m A — Cranial aspect. B —
Chunéval, 1987 Caudal aspect, a — Crista pectoralis. b — Sulcus liga-
—left  radius mentosus transversus. ¢ — Sulcus bicipitalis. d — Condylus
(LPUB260), dorsalis, e—Fossa musculi brachialis./ —Incisura intercom-
caudal aspect. dylaris. g —Incisura capitis, h — Foramen pneumaticum.

i — Fossa oleocranii.

Material: entire left humerus (Credinta, LPUB 283) (Fig. 3), right ra-
dius, distal fragment (Credinta, LPUB 272) (Fig. 4), left coracoid cra-
nial fragment (Malusteni — Beresti, LPUB 270 a.) (Fig. 5).

Locality: Credinta (South Dobrogea, Romania) and Malusteni — Beresti
(Eastern Moldova, Romania).

Age: Upper Miocene (Middle Sarmatian, Lower Bassarabian) for Cre-
dinta, Middle Pliocene (Ruscinian, MN15 and MN15 a) for Malusteni —
Beresti.

Size (Table 2).

Description and remarks: the procoracoid process of coracoid is
short and pointed; the profound pit in the inner side of acrocoracoid is
absent; the sulcus bicipitalis of humerus is less characteristic and deep;
the foramen pneumaticum is very broad and deep; the fossa oleocranii
is small but deep; the general appearance of radius is more robust; the
caput radii is broad (after diagnosis); the distal epiphysis is broad and
the proeminentia ligamenti radiocarpale is thick [1—6].4

4 —Biologia Nr. 2/1992
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Fig. 4. Dendrochen blanchardi (Milne—Edwards, 1863) —
right radius (LPUB 272), distal fragment. A — Cranial
aspect. B — Caudal aspect.

Fig. 5. Dendrochen blanchardi (Milne—Eduards, 1863) — left

coracoid (LPUB 270 a), shoulder extremity. A — Ventral aspect.

B — Medial aspect. C — Dorsal aspect, a — Processus acrocora-

coideus. b — Processus procoracoideus. ¢ — Facies articularis

clavicularis. d—Impressio ligamenti aorocoracohumera'is. e Sulcus

musculi supracoracoidei. / —Facies articularis humeralis. g—Im-
pressio musculi sternocoracoidei.

Dendrochen natator (Milne-Edwards, 1867—71)
Syn. Anas natator Milne-Edwards, 1867—71

Locus typicus: Saint-Gérand-le-Puy (Allier, France).
Stratum typicum: Miocene, Aquitanian.

Material:

right humerus, fragment distal (LPUB 273/3), right entire

ulna (LPUB, 274/4).

Locality:

Kishinev (R. Moldova).
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Table 2
MeasnrrnWDIs of [)cudro<heu blanch» rd1 (Milne—Edwards 1868)
remains
Remains and Referred material Saint-Gérand-le-Puy
measurements Number of Size Number of Size limits Mean
remains (mm) remains  (mm) (mm)
Coracoid : (Mélusteni —Beresti)
— length of entire hones i estimated to 71 37.1 442 40.8
B¥o
Humerus : (Credinta)
— length of entire bones 1 73.73 71 69.1 79.2 74.9
— breadth of proximal 1 17.25 111 145 184 16.5
epiphysis
— thickness of shaft 1 5.81 209 42. 6.0 5.1
— breadth of distal 1 12.00 227 9.4. 123 11.2
epiphysis
Radius : (Credinta)
— length of entire bones 1 estimated to 70 59.3. 68.9 63.2
57—60
— breadth of distal 1 5.2 114 50. 6.1 5.6
epiphysis
— thickness of shaft 1 2.6 105 2.1. 27 2.4
Table 3
Measurements of Den droPhp» usatntor (Milne—Edwards, 1867—71)
remains
Remains and Referred material Saint-Gérand-le-Puy
measurements Number of Size Number of  Size limits Mean
remains (mm) remains (mm) (mm)
Humerus : (Kishinev)
— length of entire bones 1 estimated to 3 56.7- 62.5 58.8
59-60
— breadth of shaft 1 4.7 4 A, 8 4.7
— breadth of distal 1 9.8 4 9.2. 9.8 9.5
epiphysis
Ulna : (Kishinev)
— length of entire bones 1 56.9 8 50.8. 58.8 56.9
- breadth of proximal 1 6.7 10 6.2. 69 6.7
epiphysis
— breadth of shaft 1 38 11 3.2. 36 3.3
— breadth of distal 1 4.7 10 4.6- 57 5.2
epiphysis

Age: Upper Miocene (Middle Sarmatian, Lower Bassarabian).

Size (Table 3).

Description and remarks: the approximate length of whole hume-
rus in about 56—58 mm (absence of caput humeri); the condylus exter-
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Fig. 6. Anserobranta tarabukinii Kurochkin et Ganea,
1972—right femur (L PUB 271), distal fragment. A —Cranial
aspect. B — Caudal aspect.

nus is narrow and the fossa oleocranii is less deep; the eondylus meta-
carpalis of ulna is blunt and broad; the tuberculum carpale is quite
blunt [1—6].

Subfamily Anserinae Vigors, 1825

Genus Anserobranta Kurochkin et Ganea, 1972
Anserobranta tarabukinii Kurochkin et Ganea, 1972
Locus typicus: Kishinev (R. Moldova).

Stratum typicum: Upper Miocene (Middle Sarmatian).

Material: left .humerus (LPUI 60 MS), right femur, distal fragment
(LPUB 271) (Fig. 6).

Locality: Kishinev (R. Moldova) — for humerus; Credinta (South Do-
brogea, Romania) — for femur.

Age: Upper Miocene (Middle Sarmatian, Lower Bassarabian).

Size: estimated lenght of entire humerus is 170—175 mm; breadth of
shaft — 11.2 mm; breadth of distal epiphysis — 23.6 mm; thickness of
distal epiphysis — 13.1 mm; estimated length of entire femur is. ,—72
mm; breadth of the distal epiphysis — 17.6 mm; thickness of the distal
epiphysis — 11.5 mm.

Description and remarks: the humerus remain was’ described by
Macarovici and Oescu [15] as Cygnus sp. and was recognized
by- Kessler [12]. The type species was described on-the basis of a
richer material: fragments of ulna, carpometacarpus, radius, tarsbmeta-
tarsus with intermediate characters between Anser and Branta, but hu-
merus and femur bones were lacking;

The femur and humerus ffagments from Credinta and Kishinev pre-
sented these characters, and.their size is close to that of the recent species
Anser ;albifrons Scopoli,and; .Branta Igyeopsis Bechstein. [2, M3,. 16].
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Conclusions. Seven waterfowl type materials from Neogene of Eas-
tern Paratethys were revised.

1. Dendrochen blanchardi (Milne-Edwards, 1863) was identified on
the basis of Anas sp. from Credinta and Malusteni —mBeresti;

— Dendrochen natator (Milne-Edwards, 1876—71) was recognized on
the basis of Anas sp. from Kishinev;

— Aythya sp. from Credinta becomes Aythya chauvirae Cheneval,,
— Anserobranta tarabakinii Kurochkin et Ganea, 1972 was identified on
the basis of Anser sp. from Credinta and was confirmed based on the
specimen from Kishinev;

— Anas velox Milne-Edwards, 1867—71 was reconfirmed froiti Cre-
dinta.

2. Four new taxa for fossil bird fauna of Romania: Aythya chauvi-
rae, Dendrochen blanchardi, Dendrochen natator and Anserobranta tara-
bukinii were identified.

3. There are known 29 taxa in the Eastern Paratethys from Neogene.

4. The bird fauna discovered in the Middle Sarmatian of Eastern
Paratethys is represented by a typical marine association (Procellarifor-
mes, Pelecaniformes, Anserijormes etc.). They lived on the Cretaceous
limestone islands. The fauna described from Malusteni—Beresti is a
typical steppe—forest steppe association.

5. The list of species includes paleornithological assemblages similar
to those from Saint-Gérand-le-Puy in France, but with different taxa.
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CULTIVAREA MASIVA A TULPINELOR BACTERIENE
PRODUCATOARE DE LEVAN NECESAR PENTRU INDUCEREA
SINTEZEI LEVANAZEI

m ;iiail dragan-bularda®* stefan kiss* daniela pasca™,

RADt] CRISAN**, VASILE MUNTEAN** si ELENA MANOLACHE*

SUMMARY, — Massive Cultivation of Bacterial Strains Producing
Levan Necessary for Induction of Levanase Synthesis. Several levan-pro-
ducing bacterial strains were isolated from different sources (soil, the-
rapeutic mud, saliva). They were cultured on sucrose-containing media
and their capacity to produce levan was evaluated by paper-chromato-
graphic analysis of the culture liquids. Two Bacillus strains (UBB—B26
and UBB—B55) producing great amounts of levan were selected forl
massive cultivation. The levan separated from their mass cultures can
be used for induction of levanase synthesis in microorganisms.

Levanele sint polizaharide bacteriene, mai precis fructane, polimeri
naturali ai tructozei, la care legaturile principale sint de tipul p (27-6), iar
ramificarile se realizeaza prin legaturi |j (2—1). Din acest motiv, ele se mai
numesc si p (2-~6)—D—frudtane [4]. Levanele au o greutate moleculara
mica, in general mai mica de 5000 [4].

Biosinteza levanului necesita enzima levansucraza (EC 2.4.1.10) (su-
crozo—6—fructoziltransferaza) [3], care manifesta specificitate pentru za-
haroza [6].

Cele mai multe cercetari privind biosinteza levanului au vizat levan-
sucraza din Bacillus subtilis, Aerobacter levanicum si Streptococcus sa-
livarius. Levansucraza de Bacillus subtilis s-a dovedit a fi o enzimd exo-
celulara si indusa, in timp ce levansucraza de la Aerobacter levanicum este
endocelulard si constitutiva [1].

Este inca incert daca levansucraza este un complex enzimatic sau
doar o singura enzima. Sub actiunea levansucrazei, cite un rest de fruc-
tofuranozil se leaga treptat la gruparea hidroxilica de la atomul de C 6 al
restului terminal nereducator de fructoza din lantul de levan in curs de
crestere [4].

Levanaza este o polizaharidazad (2,6——fructanohidrolaza; EC 3.2.1.65)
[3], produsa de mai multe microorganisme (bacterii, actinomicete, micro-'
micete); hidrolizeaza lanturile de levan [9]. S-a dovedit ca levanaza este
0 enzima indusa (adaptativd). Din acest motiv, la mediul pentru cultivarea
microorganismelor producatoare de levanaza este nevoie de substratul en-
zimei (levan), care reprezinta si inductorul enzimatic [7, 8].

In aceastd lucrare sint prezentate rezultatele noastre privind izolarea
unor tulpini microbiene levanosintetizante si cultivarea masiva a acestora
pentru producerea de levan, necesar pentru inducerea levanazei.

- Universitatea Babes-Bolyai, Catedra de biologie vegetald, 3400 Cluj, Romania
~ Institutul de Cercetdri Biologice, 3400 Cluj, Roméania
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Material si metodd. Mediul nutritiv utilizat pentru izolarea microorganismelor
levanosintetizante a avut urmatoarea compozitie [5]: zaharoza 100 g, KC1 25 g,
Na2HP042H2 1 g, peptona 0.5 g, apa distilatda 396 ml. Sterilizarea s-a efectuat la
105°C, 30 minute, Tn 3 zile consecutive. Inocularea mediului s-a efectuat cu mai
multe surse mixte de microorganisme (sol, namol terapeutic, saliva). S-au efectuai
3 serii de experiente.

O prima serie a avut drept scop izolarea de microorganisme levanosintetizante
(in eprubete), selectindu-le pe cele mai productive. Incubarea a avut loc la 30°C,
timp de 10 zile. Analiza culturilor obtinute Tn vederea detectarii sintezei levanului
s-a efectuat prin metoda cromatografiei pe hirtie [10], tehnica circularda. Hfirtia
utilizatda a fost Whatman 1. Cantitatea lichidului analizat a fost de 9 \i. I. Developarea
a durat 2,5 ore. la temperatura camerei. Sistemul de dizolvanti a continut: n-propa-
nol-aeetat de etil—apa Tn proportie de 6:1:3 voi./voi./voi,. Cromaio.;:ramele develo-
pate au fost detectate, utilizind un reactiv pe baz& de uree si acid o-fosforic, care
releveaza cetozele libere (fructoza) si cele combinate (levanul).

in a doua serie au fost selectate 5 tulpini microbiene, care au fost cultivate
Tn conditii statice (pe medii nutritive neagitate), in baloane de 750 ml (400 ml mediu
nutritiv/balon). Incubarea a avut loc la 30~C, tot 10 zile. Analiza cromatografica a
stabilit intensitatea sintezei levanului. Cantitatea levanului sintetizat s-a determi-
nat prin precipitarea lui cu alcool etilic Tn proportie de 3:1 (3 parti alcool si o parte
lichid de cultura centrifugat in prealabil la 4500—5000 turatii/minut, timp de 30—60
minute). Precipitatul obtinut din 100 ml lichid de culturd s-a uscat Tn exicator cu
CaCl2siccum si apoi s-a stabilit cantitatea acestuia la balanta analiticd. Levanul ob-
tinut a fost verificat cromatografic, dovedindu-se a fi pur, lipsit de impuritati (ce-
toze libere).

in a treia serie de experiente s-a determinat cresterea a doud tulpini care
s-au dovedit a fi cele mai productive in sinteza levanului, cultivarea lor avind loc
in baloane de 1000 ml (800 ml mediu nutritiv/balon). Pentru cultivare s-au folosit
doud concentratii de zaharozd (25% si respectiv 15%). Din culturile celor doud tul-
pini s-au efectuat preparate microscopice. Acestea s-au colorat prin metoda Gram,
respectiv prin metoda Scheffer—Fulton [2].

Rezultate. Rezultatele obtinute la cele 3 serii ele experiente le prezen-
tam in Tabelele 1—3 si in Fig.l si 2

in Tabelul 1 redam rezultatele obtinute la prima serie de experiente.
Din examinarea tabelului putem desprinde ca din cele 10 tulpini izolate

Tabel 1
Izolarea bacteriilor levanosintetizante in vederea cultivarii lor masive pnitrn
sinteza levanului
Sursa de inocul Cresterea culturii bacteriene  Intensitatea sintezei
levanului
Sol din Delta Dunarii Buna ++ +
Sol din Delta Dunarii Buna ++ +
Sol din Delta Dunarii Satisfacatoare
Sol din Delta Dundrii Foarte buna ++ 4+
Sol cernoziomic Foarte buna ++ + -
Sol aluvial ) Foarte buna +++ +
Namol terapeutic Buna ++ +
Ndmol terapeutic Foarte buna +++ 4+
Namol terapeutic Foarte buna + 4+ +

Saliva Satisfacatoare + +
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Pig. 1 Intensitatea sintezei levanului la cele 10 tulpini bacteriene izolate.
1—10 — Culturile celor 10 tir piui izolate (vezi Tabelul 1).
a — Levan. | — Zaharoza.

(toate bacteriene), 5 s-au dovedit a fi foarte active in sinteza levanului
(+ + + +)e Din aceste 5 tulpini bacteriene, 3 au fest izolate din sol, iar
doua din namol. In cromatograma din Fig.l sint vizualizate rezultatele
privind intensitatea sintezei levanului. Se observa ca spotul de levan este
intens la amestecurile 4, 5 6, 8, 9 si mai putin intens sau chiar slab la
celelalte 5 lichide de culturd (de la punctele 1, 2, 3, 7 si 10). Se mai poate
constata cd nu toatd cantitatea de zaharoza a fost transformatd in levan
la nici unul din cele 10 lichide de cultura. Pe baza acestor rezultate am
selectat o tulpini bacteriene (cele cu numerele de pe cromatograma 4,5,
6, 8 si 9), care sa fie testate pentru cultivarea masiva, In vederea sintezei
levanului. Aceste tulpini au fost cultivate in cadrul celei de-a doua serii
de experiente. Rezultatele pe care le-am finregistrat sint inserate in Ta-
belul 2. Se poate constata ca, si In conditii de cultivare masiva, cresterea
s-a dovedit a fi buna si foarte buna, iar;intensitatea sintezei levanului
sa fie buna si foarte buna. Cele mai active tulpini bacteriene, in privinta
cantitatii de levan sintetizat, s-au gasit a fi- cele notate prin UBB—B26
si UBB—B55 (de la punctele 5 si 8 din -cromatograma prezentata in
Fig.l), fara a se distinge net de celelalte :3 tulpini .bacteriene.
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Tabel 2

Caracterizarea celer S talplai bacteriene selectate fu urma cultivarii ler muiir
ta baleaue (400 ml mediu nutritiv/balon)

Numarul Cresterea la 300C/I#zile Intensitatea sintezei Cantitatea letanului sinte-
tnlpinii ievanului tizat (g/100 ml lichid de
cultura)
4 Buna + + 4+ 1,400
5 Foarte bund +4+ + T 1,250
6 Bund + o+ + 1,050
8 Foarte buna + + + + 1,300
9 Buna + + + 1,150
Tabel 3
Caracterizarea celor Bond tulpini bacteriene utilizate pentru cultivarea ler
masiva (800 ml mediu nutritiv/balon)
Numadrul tulpinii ~ Concentratia Cresterea Intensitatea  Cantitatea levanu-
studiate zahaxozei in tulpinii sintezei leva-  lui sintetizat (]K/100
mediu (%) nului ml lichid de cultura)
5 25 Foarte buna + + + + 1,300
(UBB —B26) 15 Foarte buna m+ + + 1,290
8 25 Foarte buna ++ 4+ 1,309
(UBB-B55) 15 Foarte buna +++ + 1,310

In a 3-a serie de experiente s-a testat cultivarea masiva pentru obti-
nerea levanului la cele doua tulpini: 5 (UBB—B26) si 8 (UBB—B55). Da-
tele obtinute sint trecute in Tabelul 3, respectiv sint vizualizate Tn Fig.2.
Din analiza acestora reiese ca cele doua tulpini sint foarte apropiate ca
valoare, indiferent daca au fost cultivate pe mediu cu 25% zaharoza sau
doar cu 15Vo zaharoza. Asa cum au aratat si datele publicate de Han [4],
la Bacillus polymyxa a crescut cantitatea de levan odata cu cresterea con-
tinutului Tn zaharoza de la 3—16%. Datele noastre demonstreaza ca sin-
teza levanului nu a crescut in intensitate, daca mediul a continut 25%
aaharoza.

Din analiza microscopica a preparatelor efectuate din cultura celor
doud tulpini bacteriene a reiesit cd ambele sint Gram-pozitive, sporulate
(prezinta endospori) si, fiind aerobe, apartin genului Bacillus.

Concluzii. 1. S-a reusit izolarea din sol si din namol a 5 tulpini bacte-
riene active in sinteza levanului.
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Fig. 2. Sinteza levanului la cele doua tulpini bacteriene selectate, cultivate masiv pentru
producerea levanului.

1 — Tulpina 5 (UBB—B26) crescuta pe mediul cu 25% zaharoza. 3 — Tul-
pina 5 (UBB—B26) crescuta pe mediul cu 15% zaharoza. 5 — Tujpina8 (UBB —
B55) crescuta pe mediul cu 25% zaharoza. 8 — Tulpina 8(UBB—B55) crescuta

pe mediul cu 15% zaharoza.
a — Levan. b — Zaharoza.
(2, 4, 6, 7, 9 — Segmente pe hirtia cromatografica neutilizate pentru analize.)

2. Tulpinile bacteriene izolate au avut o crestere buna si foarte buna
pe mediul nutritiv utilizat, manifestind un randament bun in sinteza le-
vanului.

3. Doua tulpini bacteriene (UBB—B26 si UBB—B55) s-au pretat cel
mai bine pentru cultivarea masiva in vederea producerii de levan.

4. Pe baza caracterelor de crestere si pe baza examinarii microsco-
pice s-a stabilit ca cele doua tulpini bacteriene apartin genului Bacillus,
fiind Gram-pozitive, sporulate si aerobe.
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IZOLARI DE MICROORGANISME PRODUCATOARE DE
LEVANAZA $SI DEXTRANAZA
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SUMMARY. — lIsolation of Microorganisms Producing Levanase jnd
Dextranase. On elective nutrient media containing mineral salts and
levan or dextran, thirty ievanolytic and/or dextranolytic microbial strains
were isolated from soil, lake sediment and saliva samples. Two
bacterial strains (a Bacillus sp. and a Pseudomonas sp.) producing both
levanase and dextranase were selected for obtaining mutants through
UV irradiation. The results have shown that the mutations had little
effect on the synthesis of levanase but led to increased synthesis of
dextranase. A mutant of Bacillus sp. and another one derived from
the Pseudomonas sp. were the best in regard to levanase and dextra-
nase syntheses.

Levanele sint polimeri ai D-fructozei, alcdtuind lanturi prin legaturi
8—2,0 iar ramificarile pot aparea prin legaturi B8 —21 [4, 5]. Levana-
zele (E.C. 3.2.65) sint enzime care catalizeaza hidroliza legaturilor p —2,6,
in principal, producind fructoz& sau levanooligozaharide [6, 9, 10]. S-a de-
monstrat cd unele ciuperci microscopice izolate din sol dispun de leva-
naza [7], iar la 3 tulpini de Pénicillium s-a precizat ca levanaza este o
enzima constitutiva, fiind elaboratd de miceliu si eliminatd Tn lichidul de
cultura [8].

Dextranele sint polimeri ai D-glucozei, alcdtuind lanturi prin lega-
turi d —1,6, iar ramificarile se produc prin legaturi u—13 si b—14.
Dextranazele (E.C. 3.2.1.11) sint enzime capabile de hidroliza legaturilor
a —1,6, in principal, rezultind izomaltoza si glucoza. Ele sint produse de
bacterii si ciuperci [11]. Din sol s-a reusit izolarea unor micromicete dex-
tranolitice [1], respectiv a unor micromicete dextranolitice si levanoli-
tice [3].

Lucrarea de fatd se ocupa cu izolarea unor tulpini microbiene care
produc levanaza sau/si dextranaza cu un randament ridicat, pentru even-
tuala utilizare a lor Tn practica.

Material si métioda. Pentru izolarea si cultivarea tulpinilor microbiene leva-
nolitice sau/si dextranolitice am utilizat, drept mediu bazai, mediul mineral avind
urmdtoarea compozitie: (NKjVSO) 33 g, K4HPO4 1225 g, KH.,PO. 4,08 ", Mp"O0,.
7H20 0,125 g, MnS04 . 4Hz0 0,0022 g, ZnSO,". 7THD 0,0144 g, FeXSO )2 0,02 g. CaCl,,
siccum 0,183 g, apa distilatd 1000 ml [2]. La mediul bazai s-a adaugat levan (pre-
parat obtinut Tn Laboratorul nostru) in proportie de 0.25% (gr.eut./vol.) sau dex-
tran (preparat Flucka cu GM. ~ 40.000) in proportie de 2% (oreut./voi.). Mediile
repartizate Tn eprubete sau Tn baloane au fost sterilizate la 121°C timp de 30 mi-
nUteP%entru inoculare s-au folosit diferite surse: sol. namol de lac si salivd. Din-

tr-un numar de 30 tulpini microbiene izolate, prezentind capacitati levanolitice
sau/si dextranolitice, au fost selectate doud tulpini bacteriene (nr. 1 si 4) care

* Umvprsna;ea Jiabes-Sulyai, 'Cutcdrer de bfoiogie vegetald) '3400 Cluj, Romanla
** Institutul "ele'Cercetdri' Biologice; SiOO Cluj, Romania « ;
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s-au dovedit capabile de a produce atit levanaza cit si dextranazd. Pe baza ana-
lizelor microscopice (in principal, coloratia Gram, respectiv coloratia Scheffer-Ful-
ton pentru evidentierea endosporilor), tulpina nr. 1 (3LDM) s-a identificat ca o
specie de Bacillus, iar tulpina nr 4 (4LDM) ca o specie de Pseudomonas.

Cele doua tulpini au fost supuse mutagenezei prin iradiere cu raze UV (X=254
nm), timp de 30sau 40 minute, utilizind Universal UV Lampe Typ TL-00. Din tulpina
nr.l s-au obtinut dupad 30. respectiv 40 minute de iradiere, doud mutante: tulpina
nr.2 (3LD30) si tulpina nr.3 (3LD40). Tulpina nr.4 a dat nastere, Tn urma iradierii
de 30 minute, tulpinii nr.5 (4LD30).

Tulpinile de origine si mutantele lor au fost cultivate in baloane de 250 ml
continind cite 100 ml mediu nutritiv cu levan sau cu dextran. O serie de culturi
au fost agitate (~60 miscdri/minut) si o altd serie de culturi au rdmas neagitate
(culturi statice). Cultivarea a avut loc la 30°C si a durat 10 zile. Apoi, culturile au
fost centrifugate, timp de o ord la 5000 turatii/minut, pentru separarea biomasei
(sediment) de lichidul de cultura (supernatant). Greutatea biomasei a fost stabi-
lita prin uscarea sedimentului la 40*C timp de 3—5 zile.

Biomasa uscatd la aer si lichidul de culturd au fost folosite apoi pentru evi-
dentierea activitadtii levanazei si dextranazei endocelulare, respectiv extracelulare.
in acest scop, s-au preparat amestecuri de reactie compuse din 100 mg biomasa +
2 ml toluen (antiseptic) + 9 ml apa distilata + 1 ml solutie de levan 2,5% (greut./
voi.) sau 1 ml solutie de dextran 20% (greut./vol.), respectiv din 9 ml lichid de
culturd 4 2 ml teilten 4 1 mi solutie de leven 2.b°0 sau 1 ml solutie de dextran
20%. S-au preparat si amestecuri de reactie fard enzime (fara biomasa si lichidi
de culturd) sau fara substrat enzimatic (levan si dextran). Toate amestecurile del
reactie au fost incubate la 37°C timp de 10 zile. Dupa incubare, amestecurile de
reactie au fost analizate prin cromatografie pe hirtie, tehnica circulard. Volumiil
analizat din faza apoasa: 10 al. Hirtia: Whatman i. Developarea cromatogramelor.
Tntr-un sistem de dizolvanti alcdtuit din n-propanol-acetat de etil-apd (6:1:3 voi./
voi./voi.), timp de 2,5 ore la temperatura laboratorului. Revelarea cromatograme-
lor s-a efectuat cu un reactiv pe baza de uree si acid o-fosforic [12] care detec-
teaza cetozele libere si combinate (fructoza, oligofructozide, levan) Tn cazul ames-
tecurilor de reactie preparate pentru evidentierea activitatii levanazice si cu un
reactiv continind AgNO03 [13] pentru detectarea zaharurilor reducatoare (glucoza,
izomaltoz&, oligozaharide) Tn cazul amestecurilor de reactie preparate pentru evi-
dentierea activitatii dextranazice. Intensitatea activitatii enzimatice s-a notat priit
semne de 4-. . . .

Rezultate. Tabelul 1 aratda cd, pe mediul cu levan, in culturi agitate,
tulpinile de origine (nr. 1si 4) au produs mai multd biomasa si au mani-

festat o activitate levarazica endocelulara putin mai ridicata decit mu-

rei«! 1
Activitate» levanazica s! dextrannzleS 1a bloTaua bacteriana
Numadrul Codul Conditiile Biomasa (g/1 mediu) Activitatea*
tulpinii de Mediu Mediu levanazicd dextranazica
cultivare cu levan cu dextran
1 3LDM 1,107 0,587 + 4-4-4- -
2 3LD 30 i 0,1 18 0,181 . 4o+ o4 4
3 3LD40 Culturi 0,180 0.226 . 4o+ o+ o+
4 4LDM agltate 0.259 0,477 o+ o+ o+ 4 m
5 4LD30 0,165 0,166 PR 4* 4- 4- 4~
1 3LDM 0,228 0,626 o+ o+ o+ L 4*
2 3LD30 ) 0,3 11 0,186 —i—j—1- + o+ o+
3 3LD40 Culturi 0,158 0,207 o+ o+ o+ U
a 41,0 M statice 0,297 0.763 . 4-p
5 4LD 30 0,201 0,156 b 4"+ _f* o+ o+ o+

« ++ + 4 Activitate foarte puternicd: hidroliza totalda a substratului enzimatic.
*--f-f sI + H-— Activitate puternicd, dar fard hidroliza totald a substratului enzimatic.
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tantele lor (tulpinile ar. 2 si 3, respectiv nr. 5); o situatie similard se con-
statd si Tn culturile agitate, cu doud exceptii: tulpina nr. 2 a produs mai
mwltd biomasd decit tulpina nr.l, si activitatea levanazica endocelulara
a fost mai pronuntata in tulpina nr. 5 decit in tulpina nr. 4. Pe mediul cu
dextran, atit in culturile agitate cit si Tn cele statice, biomasa produsd a
fost mai mare la tulpinile de origine decit la mutantele lor, in schimb
activitatea dextranazica endocelulara a devenit mai pronuntata in mu-
tante.

Din Tabelul 1 se mai poate constata ca tulpina nr. 1 pe mediul cu
levan a produs mult mai multd biomasa, iar tulpina nr. 4 pe mediul cu
dextran a produs mult mai putina biomasa n culturi agitate decit in cele
statice. In acelasi timp, biomasa produsa de mutante nu a prezentat mari
deosebiri in functie de conditiile de cultivare (mediu cu levan sau cu dex-
tran, culturi agitate sau statice).

Rezultatele redate in Tabelul 2 dovedesc ca activitatea levanazica ex-
tracelulara a fost foarte pronuntata la tulpinile nr. 1—3 si 5 in culturile
agitate si la toate tulpinile in culturile statice; aceasta activitate in cul-
turi agitate a fost mai puternica la tulpina nr. 5 (mutanta) decit la tul-
pina nr.4 (tulpina de origine). Activitatea dextranazica extracelulara a
fost mult mai puternica la toate mutantele decit la tulpinile de origine
in culturile agitate, si la tulpinile nr. 2 si 3 fata de tulpina nr. 1 in cultu-
rile statice.

Generalizind rezultatele obtinute in studierea activitatii levanazice
si dextranazice endo- si extraeelulare a tulpinilor de origine si a mutan-
telor lor devine evident ca tulpinile de origine s-au distins printr-o acti-
vitate levanazicd mai mare in comparatie cu activitatea lor dextranazica;
sinteza levanazei a fost putin afectatd de mutatii, Tn schimb activitatea
dextranazica a mutantelor a devenit mai pronuntata fata de cea a tulpi-

Tabel 2

Activitatea levanazicd si dextranazica Tn lichidul de culturd bacteria»»

Numarul Codul Conditiile Lichid de culturda (ml) Activitatea™
tulpinii de Mediu Mediu levanazica  dextranazica
cultivare cu levan cu dextran
1 31,DM 9 9 T J,
2 3LD30 9 9 4—s—1} + o+ 4+
3 3LD40 Culturi 9 9 o+ o+ o+ o+ o+
4 4LDM agitate 9 9 + 4+ +
5 41/D30 9 9 + 4+ + + + + +
1 3LDM 9 9 + 4+ + + +
2 3LD30 9 9 4-+ + + ++ 4+
3 3LD40 Culturi 9 9 + 4+ + + + + + +
4 4T/MM statice 9 9 + + + + 4-
5 41.D30 9 9 4- 4~ 4- 4- +

*

-i--f-f-f — Activitate foarte puternicd: hidréliza totald a eubetratufui enzimatic.
4—1+h » +-h — Activitate puternicd, dar farad hidroliza totald a substratului enzimatic,
s

i i “ Activitate Blaba.
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nilor de origine; tulpinile nr. 3 si 5 (mutante) pot fi considerate cele mai
bune Tn privinta sintezei levanazei si a cbxtranazei.

Concluzii. 1. Din 30 tulpini microbiene levanoiitice sau/si dextrano-

litice izolate din probe de sol, sediment de lac si saliva, au fost selectate
doua tulpini bacteriene (Bacillus sp. si Pseudomonas sp.) .capabile ..de’a
produce atit levanaza cit si dextranaza.

2. Aceste doua tulpini au fost supuse mutagenezei prin iradiere cu

raze UV. Mutatiile au afectat putin sinteza levanazei, dar au dus la cres-
terea sintezei dextranazei.

3. O mutantd provenitd de la Bacillus sp. si una derivata din Pseudo-

monas sp. au fost cele mai bune in privinta sintezei levanazei si a dex-

tranazel.
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SALINE URSU $I NEGRU DE LA SOVATA
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SUMMARY. — Bacteriological Analysis of Muds from the Salt Lakes
Ursu and Negru in Sovata. Mud samples collected seasonally in 1992
were analysed for determining the counts of bacteria from the follo-
wing 7 physiological groups: aerobic heterotrophs, ammonifiers, deni-
trifiers, desulphofiers, iron-reducers, levan-formers and levanolytic
bacteria. Bacteria from each group were present in the studied muds.
There were seasonal variations in bacterial counts. The largest num-
ber of bacteria was found in autumn, and the smallest in winter. Thie;
best represented group was that of the aerobic heterotrophs. Their
number was 105—108 cells/g dry mud. The ammonifiers were alsowell re-
presented (105—107 cells/g dry mud). The number of denitrifiers ranged
from 102 to 104 cells/g dry mud. The smallest number (10—102 cells/g
dry mud) was that of the desulphofiers and iron-reducers. In the
Negru lake the ratio between levan-formers and levanolytic bacteria
was unrelevant, but in the case of the Ursu lake this ratio was higher
than 1, indicating the presence of favourable conditions for the for-
mation of a high-quality mud as concerns its plasticity.

Namolurile lacurilor saline Ursu si Negru din statiunea balneocli-
matericd Sovata au fost studiate amanuntit din punct de vedere enzi-
mclogic [3, 5]. Nu au fost publicate Tnsda cercetari asupra unor grupe,
fiziologice bacteriene implicate in ciclurile biogeochimice ale elemente-
lor. Scopul acestei lucrdri este de a completa aceasta lacuna si a obtine
o0 imagine de ansamblu asupra activitatii biologice in aceste habitate.'
Contributia bacteriilor la procesul de peloidogeneza este esentiald. Des-
cifrarea relatiilor ecologice care se stabilesc intre diferite grupe fiziolo-
gice bacteriene are o deosebitd importanta teoretica si poate constitui
premisa unei activitati practice de optimizare a calitatii terapeutice a
namolurilor.

Material si metode. In anul 1992 au fost efectuate analize bacteriologice
asupra namolurilor din lacurile saline Ursu si Negru din statiunea balneoclima-
tericd Sovata. Cercetarile au fost facute pe cate o proba de namol din fiecare
lac, Tn toate cele 4 anotimpuri. Probele din lacul Ursu au fost prelevate din zona
plutei, iar cele din lacul Negru din zona centralda. Esantioanele de namol au fost
prelevate Tn baloane sterilizate, apoi supuse analizelor Tn laborator.

S-au efectuat analize bacteriologice cantitative, determinandu-se numarul
bacteriilor apartindtoare urmatoarelor grupe fiziologice: heterotrofe aerobe, amo-
nificatoare, denitrificatoare, desulfoficatoare, fier-reducatoare, levanosintetizantie
si levanolitice.

Numarul bacteriilor heterotrofe aerobe a fost determinat pe un mediu cuU
bulion de carne agarizat.

Numarul bacteriilor amonificatoare a fost determinat folosind un mediu cu

apd peptonata.

« Institutul de Cercetari Biologice, 3400 Cluj, Roméania
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Numarul bacteriilor denitrificatoare a fost determinat folosindu-se mediul
lui De Barjac [8]

Numarul bacteriilor desulfoficatoare s-a stabilit utilizandu-se mediul Van
Delden [2].

Numarul bacteriilor fier-reducatoare s-a stabilit cu ajutorul mediului Ottow
7].

[] Numadrul bacteriilor levanosintetizante si cel al bacteriilor levanolitice s-a
determinat cu ajutorul metodelor elaborate de Kiss si Dragan-Bularda [4]*

S-au preparat dilutii de ndmol cuprinse Tntre 10-1 si 10-'. Din fiecare dilutie
de ndamol cuprinsa Tntre 10-1 si 10-4 s-au inoculat cate 5 eprubete cu mediu pentru
cultivarea bacteriilor desulfoficatoare, fier-reducatoare, levanosintetizante si le-
vanolitice. Din fiecare dilutie de namol cuprinsa intre 10-4 si 10-7 s-au inoculat
cate 5 eprubete cu mediu pentru cultivarea bacteriilor amonificatoare si denitri-
ficatoare, respectiv cate doua cutii Petri contindnd mediu pentru cultivarea bac-
teriilor heterotrofe aerobe. Alegerea dilutiilor s-a fdcut dupa fincercdri prealabile,
pentru Tncadrarea in limitele de variatie ale numarului de bacterii apartinatoare
fiecarui grup fiziologic studiat in probele de namol.

in toate cazurile volumul inoculului a fost de 1 ml, iar operatiile s-au
efectuat Tn conditii sterile.

Incubarea s-a facut la 28°C si a durat 7 zile pentru bacteriile heterotrofe
aerobe, respectiv 10 zile pentru celelalte grupe fiziologice.

Pentru determinarea numarului bacteriilor heterotrofe aerobe s-a citit nu-
marul de colonii din fiecare cutie Petri, s-a facut media valorilor probelor para-
lele de la dilutia cea mai semnificativa si s-a Tnmultit cu valoarea inversa a di-
lutiei respective.

Culturile bacteriilor amonificatoare au fost analizate cu ajutorul reactivului
Nessler, care in prezenta NH3 se coloreaza Tn galben sau portocaliu.

Activitatea bacteriilor denitrificatoare a fost evidentiata cu ajutorul reacti-
vilor Griess | si Griess Il, care Tn prezenta nitritilor rezultati din procesul de
denitrificare coloreaza mediul Tn roz sau rosu.

Culturile bacteriilor desulfoficatoare au fost analizate folosind benzi de
hartie de filtru Tmbibate Tntr-o solutie de acetat de plumb 10%. In prezenta HC1
concentrat, H2S format sub actiunea bacteriilor desulfoficatoare se degaja, va-
lorand Tn negru sau brun benzile cu acetat de plumb.

lonii de Fe2+, rezultati Tn urma reducerii fierului trivalent din mediu da-
torita activitdtii bacteriilor fier-reducatoare, s-au evidentiat cu ajutorul reacti-
vului cu acc -dipiridil, care Tn prezenta ionilor coloreaza mediul in roz sau
rosu.

Culturile bacteriilor levanosintetizante si levanolitice au fost examinate prin
metoda cromatografiei pe hartie, tehnica circulara, folosind hartie Whatman 1.
Cromatogramele au fost developate Tntr-un sistem de dizolvanti format din n-pro-
panol-acetat de etil-apa (6:1:3 voi. voi./voi.). Detectarea s-a facut cu un reactiv
pe bazd de uree si acid o-fosforic, care evidentiaza n mod specific cetozele libere
si combinate, dand o coloratie albastra cu levanul, zaharoza si fructoza, Tn urma
fncdlzirii cromatogramelor la 1Q0— 110°C [9].

Cu exceptia bacteriilor heterotrofe aerobe, numarul cel mai probabil al bac-
teriilor/g namol umed s-a calculat pe baza tabelului statistic publicat de A le -
xander [1], ludndu-se Tn considerare triplete de dilutii succesive la care s-a
consemnat existenta activitdtii fiziologice respective. Tn final, numarul cel mai
probabil al bacteriilor s-a raportat la 1 g namol substanta uscata.

Rezultate. Rezultatele analizelor bacteriologice sezoniere sunt pre-
zentate in Tabelul 1. Se constata ca toate cele 7 grupe fiziologice sunt
prezente in namolurile celor doud lacuri in toate anotimpurile.

Valorile cele mai mari se inregistreaza in cazul bacteriilor heterc-
trofe aerobe, acest grup participand la transformarea substantelor or-
ganice din namol, jucand un rol important Tn procesul de peloidizare.

Microflora bacteriana heterotrofa aeroba este mai bine reprezen-
tatd in namolul lacului Ursu, valorile osciland de la peste s milioane



Lacul

Ursu

Negru

Sezonul

larna
Primavara
Vara
Toamna

larna
Primavara
Vara
Toamna

Rezultatele analizelor bacteriologice ale namolurilor din laeurlle Ur*u sl Negru

(numadrul celulelor/g ndmol substantd uscatd)

Bacterii mezofile
aerobe

6.867.369
21.847.070
146.889.400
223.356.730

552.922
7.573.025
16.248.675
94.696.000

Bacterii
amonificatoare

443951 1
121.648

2.649.769

6.700.000

1 132.174
284.890
3.249.735
16.287.000

Bacterii de-
nitrificatoare

1.304

1.936
37.442
29.036

974
3.353
95.372
45.454

Bacterii
desulfofica-
toare

88
52
576
63

631
144
60
79

Bacterii
fier-reduca-
toare

33
422
80
638

160
468
423
6i3

Bacterii
levanosinte-
tizante

13.041
6.951
12.384
17.230

7.372
6.491
7.771

34

Tabel 1

Bacterii
levanolitice

1.498
1.117
10.230
17.230

1.632
11.179
9.890
3.068
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iarna, la peste 223 de milioane bacterii/g namol substantd uscata toamna.
In lacul Negru aceste valori coboarda iarna sub un :milion, iar toamna
ajung la aproape 100 de milioane.

Foarte bine reprezentate sunt si bacteriile amonificatoare, cu va-
lori de ordinul milioanelor/g ndamol substanta uscata, singura exceptie,
constituind-o Tn ambele lacuri sezonul de primdvara, cand numéarul amo-
nificatoarelor scade cu un ordin de marime.

Numarul bacterilor denitrificatoare oscileaza Tntre putin sub 1000
(iarna Tn lacul Negru) si aproape 100 000 (vara in acelasi lac).

Valorile cele mai mici se Tnregistreaza in cazul bacteriilor desulfo-
ficatoare, fiind de ordinul zecilor sau sutelor de bacterii/g namol subt-
stanta uscata. Fara indoialda ca in acest caz intervin si probleme legate
de metodologie, dificultatea identificarii acestui grup fiziologic bacte-
rian fiind subliniata si de alti autori [6]

Valori de acelasi ordin de marime se Tnregistreaza si in cazul bac-
teriilor fier-reducatoare.

Numarul bacteriilor levanosintetizante si levanolitice este de ordi-
nul IG—I04, cu o singura exceptie, toamna Tn lacul Negru, cand scade
sub 100. In lacul Ursu, raportul intre numarul bacteriilor levanosinte-
tizante si levanolitice este supraunitar in 3 sezoane, toamna fnregis-
trandu-se aceeasi valoare pentru ambele grupe. Polizaharidul bacterian
levan, avand o structura ramificatda, confera namolului plasticitate, ade-
renta la epiderma celor supusi tratamentului balnear. De aceea, pre-
dominanta bacteriilor levanosintetizante fatd de cele levanolitice este
un aspect pozitiv, namolul caracterizat printr-un astfel de raport fiind
de calitate superioara.

In cazul lacului Negru nu se poate trage o .concluzie semnificativa
din acest punct de vedere, deoarece iarna raportul este favorabil bac-
teriilor levanosintetizante, iar Tn celelalte sezoane celor levanolitice.

Concluzii. 1. Se finregistreaza semnificative oscilatii sezoniere ale
numarului de bacterii apartinand celor 7 grupe fiziologice studiate. Ini
general, valorile maxime sunt consemnate toamna, ca urmare a unui
aport sporit de material organic din coloana de apa. Valorile minime
sunt Tnregistrate iarna.

2. Se poate afirma ca in namolul lacului Ursu activitatea micro-
biand este mai intensa decat in ndmolul lacului Negru. Luand in con-
siderare raportul dintre bacteriile levanosintetizante si levanolitice, cu
implicatiile lui asupra plasticitatii ndmolului, se poate deduce ca si sub
aspect practic, al efectului util pe care 1l are asupra calitdtii terapeu-
tice a namolului, activitatea microbiana in sedimentele lacului Ursu
este superioara celei din sedimentele lacului Negru.
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ACTIVITATEA BIOLOGICA A UNOR NOI FUNGICIDE ROMANESTI
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SUMMARYV. — Biological Activity of Some New Romanian Fungicides.
The biological activity of three oxime derivatives (SN 343, SN 350, and
SN 384, synthesised in the Organic Chemistry Centrii in Timisoara)
against the phytopathogenic fungi Pythium debaryanum and Phytophtho-
ra infestons was tested under both in vitro and in vivo conditions.
In the in vitro experiments, potato-glucose-agar was used as a nutrient
medium for the fungi, whereas the in vivo experiments were carried;
out with tomato plants, cv. Florida. Five commercially available fungi-
cide preparations containing cymoxanil, metalaxyl, benalaxyl, propa-
mocarb, and aluminium ephosite, respectively, served for comparison.
The results have shown that under in vitro conditions the activity of
SN 343 and SN 384 against Pythium debaryanum was similar to that
of the cymoxanil-containing Curzate 50 WP preparation. At the same
time, SN 343 and SN 384 were the most active fungicides against Phy-
tophthora infestons. Under in vivo conditions, SN 384 proved to be the
best of the three newly synthesised oxime derivatives: it prevented
the attack of Phytophthora infestons on the foliage of experimentally
infected tomato plants.

Tn cadrul Centrului de Chimie Organicd (CCO) de la Timisoara an
fost sintetizati derivati oximici, a caror activitate fungicida a fost testatd
in vitro si in vivo [1, 2]

In lucrarea de fatd am studiat activitatea biologica a 3 derivati oxi-
mici sintetizati ia CCO asupra ciupercilor fitopatogene Pythium debarya-
num Hesse si Phytophthora infestans (Mont) De By, agenti cauzali a
doud boli de mare importanta practica: caderea si putrezirea plantulelor
si, respectiv, mana. Pentru comparare au servit 5 produse fungicide din
import.

Material si metodd. Derivatii oximici sintetizatila GGOsi luati in. studiu au fost
produsele SN 343, SN 350 si SN 384. Formula lor structurald este redata Tn Fig. 1
Fungicidele servind pentru comparare au fost produsele Curzate 50 WP (Du Pont
de Nefnours, SUA), Ridomil 25 WP (Ciba Geigy, Elvetia), Galben 25 WP (Monte-
dison, Italia), Previcur N (Schering, Germania) si Aliette (Rhone Poulenc, Franta).
Formula structurald a substantei active din aceste produse este redatd tot Tn Fig. 1.

S-au efectuat experiente atat in vitro cat si in vivo.

in experientele efectuate in i'itro s-a studiat activitatea biologicd a produ-
selor asupra celor doua ciuperci fitopatogene prin metoda includerii in mediul nu-
tritiv. CGA (cartof-glucoza-agar) a diferitelor cantitati din produse [3]. Culturile au
fost examinate dupa diferite durate de incubare.

Prin experientele efectuate in vivo s-a studiat eficacitatea, precum si actiunea
s_igtemicé, preventivd si curativd a produselor, la plante de tomate, soiul Flo-
rida.

Eficacitatea produselor a fost studiatd in conditii de serd. S-& lucrat cu se-
minte de tomate libere de infectii si cu o culturd de Pythium debaryanum de 5
zile obtinutd pe mediul CGA. Solul folosit a fost sterilizat Tn autoclav la 1,8 at-

* Institutul de Cercetdri pentru Proiectia Plantelor, 71592 Bucuresti 18, Romania '
** Centrul de Chimie Organica, 1900 Timisoara, Romania
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F ig. 1. Formula structurald a fungicidelor studiate.
SN 343 (metamidoximd) — 2-Ciano-2-metoxiiminoacetamidi.
SN 350 — Sarea de cupru a 2-ciano-2-hidroxiiminoacetamidei.
SN 384 (chinamidoximd) — Sarea de 8-hidroxichinolind a 2-ciano-2-hidroxiiminoaceta-
midei.
Curzate (cymoxanil) — 2-Ciano-N-[(etilamino)carbonil]-2-metoxiiminoacetamida.

Ridomil (metalaxyl) — (x)-N-(2,6-dimetilfenil)-N-(2'-metoxiacetil)-alauilat de metil.
Galben (benalaxyi) — (d;)-N-(2,6-dimetilfenil)-N-(fenilacetil)-alanilat de metil.

Frevicur N (propamocarb) — Clorhidratul N-(3-dimetilamino-n-propil)carbamatului de
n-propil.
Aliette (efosit de Al) — Sarea de aluminiu a acidului O-etilfosfonic.

mosfere, timp de 3 ore. In cutii de plastic cu latura de 12 cm s-au introdus cite
50 de seminte, in 5 randuri. Sursa de infectie s-a preparat din 2/3 sol si 1/3 ino-
cul de agar. Dupa omogenizare, amestecul s-a repartizat uniform in fiecare cutie.
Produsele s-au aplicat Tn diferite doze, intr-un volum de 3 I/m2. Dupa 10 zile, s-a
notat intensitatea atacului fungic pentru evaluarea efectului produselor.

Actiunea sistemicd, preventivd si curativd a produselor s-a studiat cu plante
de tomate infectate experimental cu Phytophthora infestans.

Pentru studierea actiunii sistemice a produselor s-au folosit plante de apro-
ximativ 20 cm Inaltime, oare au fost tratate redicular cu 30 mg s.a./plantd si in-
fectate ulterior cu o suspensie de spori si micelii de Phytophthora infestans din-
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tr-o cultura de 17—19 zile pe mediul CGA. Apoi, plantele au fost introduse Tinl
pungi de plastic pentru mentinerea unei umiditdti ridicate. Incubatea a avut loo
In boxe termostatate la 20 + 1°C. Dupd 10 zile de la infectie, s-a notat intensita-
tea, atacului fungic.

Studierea actiunii preventive a produselor s-a realizat cu plante de tomate
avand 3 etaje de frunze. Ele au fost tratate cu diferite doze din produse, Dupa 24
ore, frunzele din etajele 2 si 3 au fost detasate, apoi infectate cu spori si micelii de
Phytophthora infestons (dintr-o culturd de 17 zile) si introduse Tn camere umede
pentru incubare la 20 + 1°C. In cursul incubarii s-a notat, periodic, intensitatea
atacului fungic.

Tabel 7
Activitatea biologicd in vitro a unor fungicide fatdl de Py thium
debar yunu nt
Varianta Varsta  Ecuatia dreptei de regresie DL-50 DL-90 Coeficient
culturii de
(ore) corelatie
SN 343 24 y = 4,85+ 1,16x 1,32 16,4 0,931
48 y = 4,47 + 1,25x 2,60 29.0 0,887
SN 3S0 24 y = 0,32 + 3,02x 57,7 153,2 0,999
48 y = 0,43 + 3,02x 62,8 166,6 0,997
SN 384 24 V= 444 + 2,01x 18 8,1 0.956
48 y = 452 + 2,05x 17 71 0.995
Curzate 50 WP 24 y = 4,90 + 1,66x 11 6,9 0.965
48 y = 3,65 + 2,32x 3,8 13,1 0,910
Ridomil 25 WP 24 y = 571 + |,74x 0,39 2,12 0,998
48 y = 577+ 150c 0.30 2,17 0,833
Previcur N 24 y — 4,41 + 0,54x 11,7 2521,5 0,857
48 y = 4,87 + 0,49x 18 721,9 0,963
Aliette 80 WP 24 y - —3,48 + 4,00x 131,7 272,2 0,865
48 y = -2,19 - 357X 103,6 236,5 0,851
Tabel 1

Activitatea biologica in Vitlo a UNOI iumjiehle fata de Piiylo Ph }hora
infest llus

Varianta Concentratia Diametrul coloniei (cm)
substantei dupa
active 10 zile 17 zile
r:.) de incubare
SN 343 0,1 0,00°%» 0,00
SN 350 0,1 0,5200° 0,80°"°
SN 384 0,01 0 00" 0,00"°”
Curzate 50 WP 0,1 0,06Q0» 0,36°°"
Ridomil 25 WP 0,01 y 22°°° 2,06
Galben 25 WP 0,01 1,30°"° 2 78000
Previcur N 0,1 1,44°™ 3 22°°°
Aliette 80 WP 3,00 0,90"" 3.50°°
Xetratata infectata 2,82 6,50
DL 5% 0,60 042

DL 1% 081 0,57
DI, 0,1% = 1,08 0,75
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Actiunea curativd a produselor a fost studiatd cu frunze de tomate detasate,
introduse Tn camere umede si infectate cu spori si micelii de Phytophthora infes-
tons. Dupa 24 ore de la infectie, frunzele au fost tratate cu produsele de testat
si reintroduse Tn camere umede pentru incubare Tn boxe termostatate la 20 £+ TIC.
Dupéd 8 zile de la tratament, s-a notat intensitatea atacului fungic.

Rezultate si discutii. Rezultatele obtinute in studierea activitatii bio-
logice in vitro a produselor sint prezentate in Tabelele 1 si 2. Se poate
vedea din Tabelul 1 cd fatd de Pythium debaryanum produsele SN 343
si SN 384 au avut o activitate biologica similara cu cea a produsului Cur-
zate 50 WP. Activitatea biologica a produsului SN 350 s-a dovedit a fi
slaba. Produsul cel mai activ a fost Ridomil 25 WP. Produsul Previcur
N nu a prezentat activitate biologica Tn privinta DL-90, iar produsul
Aliette 80 WP a fost lipsit de activitate biologicd atat in privinta DL-50
cat si a DL-90.

Datele Tabelului 2 arata ca produsele testate au inhibat cresterea
miceliului de Phytophthora infestons. Fata de varianta netratata, dar in-
fectata, inhibitia cresterii a fost foarte semnificativd. Produsele cele mai
bune au fost SN 384 si SN 343 care in concentratie de 0,01%, respectiv
0,1Vo au inhibat complet cresterea miceliului ciupercii atat la 10 cat si
la 17 zile de incubare. Se mai poate constata ca produsul Aliette 80 WP
nu a fost capabil sa opreasca cresterea miceliului, desi acest produs s-a
utilizat intr-o concentratie foarte mare (3%), confirmandu-se datele din
literatura cu privire la lipsa activitatii lui biologice in vitro [4, 9].

Din rezultatele obtinute in studierea eficacitatii produselor testate
(v. Tabelul 3) reiese ca SN 343, SN 350 si SN 384 au asigurat 32,66—
56,06% plante sanatoase, comparativ cu varianta netratata infectata la
care s-au obtinut numai 11,33% plante sanatoase. In aceleasi conditii, la
varianta neinfectata plantele sanatoase au reprezentat 69,33% din tota-
lul plantelor. Sub actiunea celorlalte produse testate, pantele au ramas
sanatoase Tn proportii de peste 50%, ceea ce este in concordanta cu da-
tele din literaturd [5—7, 10]. Eficacitatea mai- slaba a produselor SN
se datoreste, probabil, faptului ca, nefiind conditionate, aplicarea lor a

fost neuniforma.

Din Tabelul 4 se poate vedea ca in privinta actiunii sistemke se
remarca produsele Gurzate 50 WP, Ridomil 25 WP si Galben 25 WP, in
privinta actiunii preventive — aceste 3 produse si SN 384, iar in pri-
vinta actiunii curative — produsele Ridomil 25 WP si Galben 25 WP, asi-
gurand un foliaj practic neatacat de ciuperca. In conditii similare, cele-
lalte produse au determinat numai o protectie partiala a frunzelor. Re-1
zultatele Tnregistrate sint in concordantd cu cele publicate de alti autori’
[4, s].

Aprofundarea studiilor asupra produselor SN 343, SN 350 si SN 384
este deosebit de utilda, in perspectiva introducerii lor in practica.

Concluzii. 1. Activitatea biologica in vitro a produselor SN 343 si
SN 384 fata de Pythium debaryanum a fost similara cu cea a produsu-
lui Curzate 50 WP, iar fata dePhytophthora infestons SN 343 si SN 384
s-au dovedit a fi produsele cele mai active.
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Tabel 3
Kfleacltateo unor fungicide In combaterea ciupercii Pyt hinni de bdr'-ywi» am
prin tratament la sol
Varianta Concentratia Plante Semnificatie fata de
substantei  rdsarite varianta
active si netratatd netratata
sanatoase infectata neinfectata
(%) (%)
SN 343 0,1 56,06 4 XXX'. 000
0,05 42,00 XXX 000
SN 350 0,1 38,66 XXX 000
0,05 44,00 XXX. 000
SN 384 0,1 40.66 XXX 000
0,05 32,66 XXX 000
Curzate 50 WP 0,1 54,00 XXX 000
0,05 55,33 XXX 000
Ridomil 25 WP 0,1 55,66 XXX 000
0,05 66,66 XXX
Galben 25 WP 0,1 54,66 XXX 000
0,05 49,33 XXX 000
Previcur N 0,15 72,00 XXX 000
0,1 58,00 ¢ XXX - 00
0,05 53,33 X X X 000
Aliette 80 WP 0,25 63,33 XX X
0,15 62,66 XXX
0,1 54,00 XXX 000
Netratata infectata - 11,33 - 000
Netratata neinfectata — 69,33 XXX —
DL 5% 67>
DL 1% = 9,02
DL 0,1% 1,86
Tabel 4

Activitatea biologica In vivo a unor i*uii)iei(lc fatd de Phytophthora

Varianta

SN 343

SN 350

SN 384

Curzate 50 WP
Ridomil 25 WP
Galben 25 WP
Previcur N

Aliette 80 WP
Netratatd infectata

iiifestans

Concentratia

substantei

active
('m)
0,1
0,1 %
0,1 %
0,1 0
0,1 0
01 0
0,15 prf
0,15 -

+++ +

Actiunea™

sistemica preventiva

+

Ly OOOO ny
™t

+
+
+
+

curativa
1

+

+

i

0

0

+ -+ +
+ 4+

+ + + +

* Se apreciazd pe baza marimii suprafetei foliare atacate de ciuperca. Idpsa atacului: 0. Suprafata foliara

atacatd fu proportie de 5—10%:

+; 10—25°% 7 25-50% @ -r

. 50—75% :

——r

; 75—100%:

-f 4+



/6 I. NEDRBLCU, M. SAFTA

2. In cercetariie efectuate in vivo s-a remarcat produsul SN 384
care a pteyenit atacul lui Phytophthora infestons asupra foliajului plan-
telor de tomate infectate experimental.
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STUDIUL UNOR PROCESE FIZIOLOGICE LA DOUA LINII CELULARE
DE BERBERIS PARVIFOLIA SPRAGUE

CONSTANTIN DELIU*, ANA NICOARA*, CORNELIA MUNTEANU-DELIU***
VICTOR OERCEA*, MARTIN KEUL* si DORINA TIRNOVEANU**

SUMMARY, — Study oi Some Physiological Processes in Two Cell Lines
ot Berberis parvifolia Sprague. Berberis parvifolia coll linos
obtained by cloning small cell aggregates, followed by their selection
according to their colour, show several physiological and metabolicl
characteristics, concerning growth and synthesis of proteins, starch and
protoberberine alkaloids, which differentiate them. There are clear re-
lationships between the primary and the secondary metabolism of the
cells cultured in vitro. Thus, intensity of the synthesis of proteins is
directly proportional to that of the synthesis of secondary metabolites.
In low-productive cell lines, which grow well, but synthesize small
amounts of alkaloids, the primary metabolic processes are much more
intense. The cells of such lines show a quick nutrient uptake from
the medium, but the primary precursors are directed mainly towards
the biosynthesis of cell structural componente, as well as towards energy
storage in form of starch. On the contrary, the highly productive cell
lines use the precursors mainly for alkaloid biosynthesis.

Producerea principiilor farmé’cologic active prin intermediul cultu-
rilor de suspensii celulare realizate din plante medicinale este o bioteh-
nologie importanta, atat din punct de vedere practic, cat si teoretic. In
anii din urma s-au obtinut succese remarcabile Tn acest sens. Céateva
exemple, cum ar fi elucidarea caii de biosinteza (la nivel enzimatic) a
alcaloizilor protoberberinici [7, 21] sau introducerea in sistem industrial
a culturilor celulare de Coptis japonica pentru obtinerea berberinei [6]
vin sa confirme justetea afirmatiei facute mai sus.

Mult mai putine sunt Tnsd datele cu privire la interrelatia care exista
intre procesele metabolice din cadrul suspensiilor celulare crescute in sis-
temul ,batch®“. Pentru a lamuri cateva din aceste aspecte, anumite linii
celulare de Berberis parvifolia Sprague, selectate de noi, au fost analizate
din punct de vedere al continutului lor in metaboliti secundari (alcaloizi
totali) si primari (proteine si amidon). De asemenea, la cateva dintre li-
nii s-au urmarit si modificarile metabolice care au loc pe tot parcursul
ciclului lor de crestere.

Material si metode, a) Cultura celulara. l.iniile celulare au fost izolate prin do-
narea de mici agregate celulare si selectia dupad culoare a coloniilor calusale for-
mate din ele [4]. Suspensiile celulare initiale din aceste colonii au fost cultivate
in vase Erlenmeyer de 300 ml ce contineau 50 ml mediu nutritiv. Vasele au fost
plasate pe un agitator rotativ (100 rpm) la Tntuneric si la 25 £ 1°C.

* Institutul de Cercetdri Biologice, 3400 Ciuj-Napoca, Roménia
+* Universitatea Babes-Bolyai, Catedra de biologie vegetald, 3400 Ciuj-Napoca, Romania
*** Universi[atea de Medicind si Farmacie, 3400 Ciuj-Napoca, Romania
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Mediul de culturd a constat din saruri minerale dupd reteta datd de 6 aT -
borg si colab.[8], la care s-au adaugat: zaharoza (30 g/1), tiamind (5 mg/1), piri-
doxind (1 mg/l), acid nicotinic (1 mg/l), acid a-naftilacetic (1,5 mg/l si benziia-
denina (0,3 mg/l) cu un pH de 55. Celulele au fost subcultivate la un interval del
14 zile cu o ratd a dilutiei de 1:6. Cresterea a fost masuratd prin cantariri ale bio-
masei celulare recoltatd si uscatd la 50°C timp de 24 ore. Au fost determinati tfe>
asemenea urmadtorii parametri: indicele de crestere, cresterea absolutd, rata spe-
cificd de crestere si timpul de dublare, dupa formulele date de Rose si Martin
[17] si de Singer [19].

b) Ananzele chimice. Pentru analiza cantitativa a alcaloiziior totali (tetrahidro-
izochinolinici), biomasa celulard uscatd (substantd uscatd) a fost supusda unei extrac-
tii cu metanol la cald, prin refluxare. Apoi alcaloizii s-au precipitat cu reineckat
de amoniu si au fost expusi la un schimb ionic cu Dowex 1x 4. Reziduul uscat
reprezintd alcaloizii totali sub forma de hidrati sau cloruri [16].

Glucidele reducédtoare, respectiv amidonul, din substanta uscatd si zaharoza,
din mediul nutritiv s-au dozat dupd metoda fotocolorimetricA Somogyi [20] si
Nelson [15]. Proteinele totale au fost determinate din biomasa uscata dupa me-:
toda spectrofotometricd a lui Lowry si colab. [14]. Fosfatii din mediul de cul-
turda a suspensiilor celulare s-au dozat prin fotocolorimetrarea complexului rezultat
in urma reactiei dintre molibdatul de amoniu si fosfatii din mediu Tn prezenta unui
reducdtor [13], iar azotatii prin fotocolorimetrarea compusului ce rezultd din re-
actia dintre azotatii din mediu si acidul fenoldisulfonc, in prezenta hidroxidului
de sodiu [18].

Rezultate si discutii. Cu toate ca realizarea de culturi celulare din
mai multe specii de Berberis a fost semnalatd Tnca din anul 1981 de ca-
tre Hinz si Zenk [10], pdna in prezent nu am constatat ca acesti au-
tori sa utilizeze selectia de linii celulare Tnalt productive. Cei doi au-
tori ardtau ca suspensiile celulare de B. stolonifera produc spontan can-
titati mari de alcaloizi protoberberinici (alcaloidul major fiind iatrori-
zina) si, probabil, din acest motiv au considerat cd nu mai este necesar
s utilizeze alte metode pentru marirea productivitdtii acestor culturi
de suspensii celulare.

Initierea suspensiilor celulare de Berberis parvijolia a fost realizata
de noi Tn anul 1985 [5] cu rezultate promitatoare. Totusi, dupd un anu-
mit timp am observat cd ele sintetizeaza cantitdti mai reduse de alca-
loizi, astfel ca s-a trecut la aplicarea mai multor metode care sa conduca
la intensificarea biogenezei compusilor secundari. Una dintre ele a fost
selectia de linii celulare prin donarea de mici agregate [4], obtinand li-
nii asa cum este 177 (selectatda dupda o a doua donare) cu productivitate
remarcabila (1,4 g/1 alcaloizi totali) [3]. Dintre alcaloizii acumulati de ce-
lulele acestei linii, berberina este compusul major, ea fiind sintetizata,
intr-o proportie de 50%, iar iatrorizina reprezentand doar 30% din tota-
lul metabolitilor secundari.

in afard de linii celulare Tnalt productive: 77 sau 163 (induse din co-
lonii calusale portocalii), s-au selectat si linii slab productive: 114 sau 149
(selectate din colonii gaben-alburii). Tn general, am remarcat ca suspensiile
care sintetizeaza cantitati mari de alcaloizi cresc mult mai slab decat ce-
lelalte, exceptie facand linia 177 (Fig. 1). De asemenea, liniile Tnalt pro-
ductive se caracterizeaza printr-un continut ridicat de proteine. Aceste
observatii ne-au condus la ideea existentei unor corelatii stranse Tntre
metabolismul primar si cel secundar. Prezenta unui paralelism intre in-
tensitatea sintezei de alcaloizi si cea de proteine totale poate fi explicatd
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Linie _ 149
neselectata

F ig. 1 Continutul in proteine, amidon si alcaloizi totali la cateva linii celulare de Berberis
parvifolia obtinute dupd prima clonare. Linia 777 a fost izolatd dupd o a doua donare. Durata
de cultivare: 14 zile. Marimea inoculului: cca 2 g s.u./l.

prin faptul cd precursorii, asa cum sunt aminoacizii, sunt canalizati cu
preponderenta spre biogeneza metabolitilor secundari si a enzimelor ce
catalizeaza reactiile de formare a acestora. In privinta stocarii glucozei
sub forma de amidon, se constata ca existd un raport invers proportional
intre acest proces si cel al acumularii alcaloizilor in celule (Fig. 1).

Analizele efectuate asupra primelor suspensii celulare de B. parvifolia
au scos in evidenta faptul ca sinteza alcaloizilor parcurge o curba sigmoida
aproape paraleld cu cea a cresterii celulare. Aceste determinari s-au reali-
zat si la cateva linii celulare. S-au luat astfel in studiu o linie inalt pro-
ductiva (77) si una slab productiva (149). Ambele linii au fost cultivate
'0 aceiasi mediu Gamborg modificat. In afara cresterii si sintezei alcaloizi-
lor, au mai fost analizate si absorbtia azotatilor, fosfatilor si a zaharo-
zei din mediul de culturd al suspensiilor, precum si acumularea amido-
nului pe toatd perioada ciclului de crestere a celor doua linii celularei
Scopul acestor determinari a fost acela de a stabili care sunt corelatiile
dintre acesti parametri, respectiv dintre absorbtia nutriontilor din mediu,
crestere si acumularea alcaloizilor si a amidonului Tn celule.

Astfel, din Fig. 2 rezultd ca, Tn momentul in care concentratia ani-
onilor NOs" din mediu scade mai mult de jumatate fata uc nivelul imun.
suspensiile intrd Tn faza logaritmicd a cresterii. Tn acest timp fosfatul este
complet epuizat din mediu. Diferenta dintre cele doua linii consta Tn vi-
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Fig. 2. Cresterea celulard si acumularea alcaloizilor la linia-
celularda 77 de Berberis parvifolia in  raport cu absorbtia
din mediu de catre celule a azotului si fosforului.

teza proceselor respective. Daca celulele liniei 77 absorb mult mai Tncet,
atat fosfatul, cat si azotatul si intra in faza exponentialda doar in ziua &
g-a de cultura (Fig. 2), linia 149 etaleaza un metabolism mult mai accen-
tuat (Fig. 3). Rezultate similare despre absorbtia acestor nutrienti au
mai fost obtinute si de alti cercetatori [1, 9], cu alte specii de plante, dar
nici una nu vizeaza linii celulare. Celulele liniei 149 Tncorporeaza rapid tot
azotatul si fosfatul din mediu dupa cca 12—13 zile, moment in care este
epuizata de fapt si zaharoza (Fig. 4), cultura intrdnd in faza stationara
(Fig. 3). In schimb, linia 77 mai creste si dupa ziua a 14-a, deoarece la
aceasta data, Tn mediul ei de cultura se mai gasesc inca NOF si zaharoza
(Fig. 2 si 4).

Referindu-ne la relatia dintre acumularea alcaloizilor si a celorlalti
metaboliti analizati, se poate observa ca, la ambele linii, sinteza compu-
silor secundari Tncepe practic in momentul epuizarii complete a fosfo-
rului din mediu. Cu toate cd@ Bre uling [1] sau Hinz si Zenk [10]
neaga influenta directa a amoniului, azotatului sau a fosfatului asupra
continutului in alcaloizi la suspensiile celulare de Berberis, experientele,
noastre efectuate cu B. parvifolia demonstreaza contrariul. Testand efec-
tul acestor nutrienti asupra biosintezei alcaloizilor berberinici, am con-
statat o stimulare aei la concentratii reduse de PO*- [3]. Rezultate ase-
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Fig. 3. Cresterea celulard si acumularea alcaloizilor lalinia

celulara 149 de

manatoare au fost obtinute
si de alti autori la culturi
celulare de Catharanthus
[H] si de Nicotiana [12].

in ceea ce priveste
sinteza metabolitilor se-
cundari, diferentele dintre
cele doua linii sunt nete,
alcaloizii acumulandu-se in
cantitati mult mai mari
in celulele liniei 77 si in-
tr-un ritm destul de con-
stant, Tn timp ce la linia
149 producerea lor este
.nai intensa doar spre sfar-
situl etapei liniare din
faza exponentiala a ciclu-
lui de crestere.

In general asa cum
arata si Cresswell si
colab. [2], cu privire
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Fig. 5. Acumularea alcaloizilor si a amidonului in doua linii celulare
de Berberis parviflolia (77 si 149).

la necesarul de energie, in prima faza a ciclului unei culturi (faza de lag),
are loc o acumulare a carbonului si azotului Tn celule intr-un fond co-
mun necesar proceselor metabolice ulterioare. Totusi, in cazul suspensi-
ilor celulare' de Berberis parvifolia se observa o scadere treptata a can-
titatii de amidon la ambele linii celulare (Fig. 5). Probabil ca aceasta uti-
lizare a resurselor interne de glucoza, provenitd din scindarea amidonu-
lui, se datoreaza in special capacitatii slabe de absorbtie a zaharozei din
mediu (Fig. 4) de catre celule, asociatd cu necesarul mare de energie recla-
mata pentru asimilarea azotului, mai ales cand acesta se gaseste sub for-
ma lui oxidatd, Tn concentratii mari (asa cum este cazul mediului Gam-
borg). Tn continuare, cantitatea de amidon scade, el fiind utilizat ca sursa
de carbon si energie necesare procesului intens de Tnmultire a celulelor,
suspensia intrand in faza exponentiald, pentru ca treptat el sa se acumu-
leze spre sfarsitul acestei etape. In acelasi timp. se observa si o remo-
bilizare a rezervelor de amidon care nu sunt probabil folosite pentru sinteza
componentelor structurale (linia 149) ci Tndeosebi pentru cea a metabo-
litilor secundari, in cazul liniei 77 (Fig. 5). Diferentele intre cele doua
linii Tn ceea ce priveste acumularea amidonului sunt evidente. Astfel,
este clar ca in cazul liniei 149, linie care creste bine, dar acumuleaza can-
titati scazute de alcaloizi, fluxul precursorilor primari este orientat cu
preponderenta spre stocarea lor sub forma de amidon si Tnspre biosin-
teza componentelor celulare structurale, fata de linia 77 in care proce-
sele se desfasoara intr-un raport invers.
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Tabel 1
Parametrii de crestere la doua linii celulare de B. parvifolia
Linia Substantd ~ Substantd  Indice de Crestere  Rata Timpul de Total
celularad uscata uscata crestere absolutd specifica dublare  alcaloizi
(8/1) (D) de (zile) (% din s.u.)
ziua 0 ziua ‘14 crestere
7 2,1 15,50 7.38 0,96 0,17 4,33 5,40
149 2,2 18,01 8,18 1,13 0,19 3,63 3,56

Aceste deosebiri dintre cele doua linii se evidentiaza si in cazul unor
parametri de crestere: indicele de crestere, cresterea absoluta, rata spe-
cifica de crestere si timpul de dublare (calculate in functie de biomasa
celulara uscatd) (Tabel 1).

Din tabel se observa clar ca linia 77 creste mai slab decat linia 149,
ea avand nevoie de cca 7— s zile pentru ca celulele sa treaca din faza de
lag (int&rziere) a ciclului lor de crestere in cea exponentiald, fata de 5— 6
zile, cat sunt necesare liniei 149. De asemenea, cantitatea de biomasa ce-i
lulard se dubleazd intr-un timp mult mai Tndelungat tn cazul liniei 77,
iar rata specificd de crestere este mai mica.

Concluzii. 1. Prin donarea de mici agregate celulare au fost izolate
mai multe linii celulare, inalt si slab productive, de Berberis parvifolia.

2. Liniile celulare etaleaza anumite caracteristici fiziologice si me-
tabolice care le diferentiaza una de alta (crestere celulara, continut n pro-
teine, amidon si alcaloizi).

3. Intre sinteza proteinelor si cea a alcaloizilor protoberberinici
existd un raport direct proportional.

4. In liniile celulare slab productive procesele metabolice primare
sunt mult mai intense, precursorii fiind directionati cu precadere spre
biosinteza componentelor structurale celulare si pentru sinteza de ami-
don. Tn schimb, la liniile celulare Tnalt productive precursorii sunt utili-
zati mai mult pentru biosinteza alcaloizilor.
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IN VITRO TUBERIZATION IN SOME POTATO CULTIVARS

MARIA ZAPIRTAN*

SUMMARY. — Four potato cultivare (Muresan, Gaty, Super and Désirée)
were studied. Cv. Muresan was the most receptive to in vitro tuber
induction. The best results were obtained on culture media to which
zeatin plus B-indolylacetic acid or benzyladenine plus a-naphthyla-.
cetic acid (each in an 0.5 mg/l amount) were added. The December-
February period was found to be the most favourable time for in vitro
tuberization.

In vitro tuberization aims at obtaining seed tubers that can be used
<eg. for in vitro multiplication, micropropagation, selection and conser-
vation of valuable cultivars. This process is influenced by several fac-
tors: photoperiod, temperature, season, endogenous hormones and, last
but not least, the nature and concentration of sugar, mineral salts and
phytohormones in the culture medium. In vitro tuberization also de-
pends on the nature of cultivars [2, ]

Wang and Hu [5] reported on in vitro mass tuberization and vi-
rus-free potato production in Taiwan. They established that the in vitro
mass tuber production was optimal when the incubation was carried
out at 20°C and the culture medium contained sucrose (s%) and ben-
zyladenine (10 mg/litre). Over a period of 4 months, about 36,000 dor-
mant minitubers were harvested from the 20-m2 area of an aseptically
incubated container. After 3 successive plantings into soil, a conside-
rable amount (1,800 kg) of virus-free seed potatoes was obtained.

Kodo et al. [3] found that, under in vitro conditions, salicylic acid
in 10-5 M concentration exhibited a potato tuber-inducing effect.

Ahloowalia [1] presented an integrated system of potato mi-
cropropagation for minituber seed production. Minicultures were ob-
tained from stable cultivars cloned on the revised medium of Mura-
shige and Skoog [4] and micropropagated serially. After 80 days
of culturing in a growth chamber, the minicultures produced minitu-
bers of about 5—25 mm in diameter. On a small experimental fields
the minitubers were compared to standard seed tubers selected for high
productions. There were no significant differences between the pro-
ductivity performances of minitubers and standard tubers or between,
the numbers of tubers. The 15—20-mm minitubers behaved better*
than the 5—10-mm microtubers.

The experiments with zeatin, coumarin and chlorocholine chloride
(CCC) [s] showed that the in vitro tuberization mainly depended on
the nature of cultivars, while the effects of coumarin and CCC were;
season-dependent. In other experiments, tuberization could be induced
by a bilayer technique: a liquid medium containing sucrose (s%), ben-

- Biological Research Institute, 340d Cluj,, Romania
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zyladenine (5 mg/l) and CCC (500 mg/l) was added to a solid medium

" The principal objective of our present study was to contribute to
n better understanding of the role played in tuberization by the hor-
monal mixtures added to the culture media.

Material and methods. For the experiments, minicuttings formed of 1—2
nodes were used. They were cultured in vitro on a basal medium consisting of
macroéléments, trace elements, mineral salts and FeEDTA as used in the revised
medium ot Murashige and Skoog [4], vitamins (thiamine. HCI, pyrodi-
xine.HCI and nicotinic acid, 1 mg/l each, and meso-inositol, 100 mg/1), sucrose
(30 g/1), agar-agar (6 g¢/1), pH 57. Then, the revised Murashige-Skoog medium
(MS) and the basal medium (BM) were used for preparing 5 media by addition
of charcoal or phytohormones: benzyladenine (BA), a -naphthylacetic acid (NAA),
gibberellic acid (GA3), zeatin (Z) and B -indolylacetic acid (IAA). The media had
the following composition:

1 — MS 1/2 (MS in which the concentration of mineral salts was reduced
to half);

2 — MSC 1/2 _» MS 1/2 + charcoal (5 g/1);

3 —BM 4. BA (1 mg/l) 4. NAA (0.1 mg/1) 4- GA3 (0.1 mg/l);

4 — BM 4 BA (05 mg/l) 4 NAA (05 mg/1); and

5 —BM 4 Z (05 mg/l) 4 1AA (05 mg/l).

The minicuttings cultured on these media were examined periodically for
assessing the evolution of cultures and determining the number of minitubers/
flask and the number and length of the shoot and root neoformations.

Four potato cultivare (Muresan, Caty, Super and Désirée) were cultured
in vitro in a growth chamber (temperature: 25°C; illumination intensity: 2000 Ix
for 8 hours/day).

Fig. 1 Evolution of the minicnttings of t potato cultirais on culture medium

3 (BM4 FA « XAA 4 GA)). Appearance of the callus was followed I>y

formation of minitubers on the nodes along the shoots and on the area in

contact with the culture medium. D — Cv. Désirée. C — Cv. Caty. S —Cv.
Super. M — Cv. Muresan.
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Table 1

lu vitro tuberization in [ potato cultivais

Cultivar Culture  Shoot neofor-  Root neoforma- Tubers Notes
medium mations tions No./flask
No. Length No. Length
(cm) (cm)

Muresan 1 10 10.0 3 2.5 — Thinroots and neoplantlets

2 12 8.5 5 2.0 5 Good evolution

3 '20 12.0 15 8.2 5 Verv good evolution

4 20 10.0 12 6.5 *8 Very good evolution

5 19 9.5 15 4.8 12 Best evolution
Catv 1 2 5.0 3 2.0 Poor evolution

2 5 6.2 7 4.2 2 Slightly better evolution

3 15 8.0 9 5.3 —  Multiplication

4 15 120 8 18 2 Slightlv better evolution

5 13 15.0 7 1.2 - Slightly better evolution
Super 1 3 4.8 2 2.0 _ Poor evolution

2 4 8.0 5 3.2 2 Thin shoots

3 25 10.0 15 55 3 0.8—1-cm tubers

4 12 5.8 18 8.0 4 Good evolution

5 16 6.5 20 12.0 5 Good steady evolution
Désirée 1 2 4.2 3 16 Poor evolution

2 4 2.8 2 15 2 Good evolution

3 18 120 8 5.2 2 1-cm tubers

4 14 K9 19 7.6 5 Verv stead V evolution

5 12 8.5 30 10.0 5 1-cm tubers

Results. Fig. 1 shows the calluses and minitubers formed in vitro
in the 4 potato cultivars studied. Details on the tuberization are pre-
zented in Table 1

One can see from this table that, of the cultivars studied, cv. Mu-
resan was most receptive to the charcoal and hormonal mixtures added,
to the culture media; it had the highest regenerative capacity and ex-
hibited a nearly steady in vitro evolution. On media 3—5, cv. Muresan
produced 19—20 shoots (9.5—12 cm long) and 12—15 roots (4.8—8.2 cm
long). In this cultivar, 5—s minitubers (per flask) appeared on media
2—4, whereas the minitubers were most numerous (12/flask) on me-
dium 5 (BM + Z + I1AA) (Fig. 2). It should be emphasized that evo-
lution of this cultivar was good even on medium 2 (MS 1/2 - charcoal)
(Fig. 3).

The in vitro tuberization in cv. Caty was quite poor. Regeneration
of neoplantlets on media 1 and 2 was weak. Two minitubers (per flask)
appeared on media 2 and 4. Medium 3 favoured the multiplication and
rooting with no tuberization, but with the generation of a whitish-fa-
rinaceous callus mass on the contact area of the expiants with the me-
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2. Minitubers formed in cv. Mureyan on medium 5 (BM + Z + [AA).
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Fig. 5 Minitubers formtd in cv F ig. 6. Minitubers formed in cv. Désirée
Désirée on medium 4 (BM BA {mNAA). on medium 5 (BM 4 Z + IAA).

«dium. Six months later, this zone generated small-diameter minitubers
in an impressive number.

Cv. Super produced 3 minitubers of 0.8—1 cm in diameter on me-
dium 3 (BM + BA + NAA + GA3) (Fig. 4). The best results were,
however, obtained on media 4 and 5. The behaviour of cv. Désirée was
similar to that of cv. Super (Figs. 5 and s).

Our results prove that for in vitro tuberization the nature of cul-
tivars and the hormonal balance in the culture medium play a key role.
Our other results over a period of about e years indicated that the
season is also essential for the in vitro tuberization, the most favou-
rable poriod being between December and February.

Conclusions. 1 Of the 4 potato cultivars studied (Muresan, Caty.
Super and Désirée), cv. Muresan was the most receptive to charcoal
and hormonal mixtures added to the culture media.

2. The in vitro tuberization of cvs. Muresan, Super and Désirée
was strongest on media 4 and 5, containing benzyladenine + a -naph-
thylacetic acid, and zeatin + R -indolylacetic acid, respectively.

3. The minitubers appeared on the nodes along the shoots and on
the area in contact with the culture medium.

4. The most favourable period for in vitro tuberization was found

to be between December and February.
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CONTRIBUTII LA STUDIEREA COMPONENTELOR HUMUSULUI
DIN UNELE SOLURI ALE ROMANIEI

VICTOR MICLAUS*, TEODOR LECHINTAN*. VASILE MICLAUS«
si GEORGETA MARIM***

SUMMARY. — Contributions to the Study of Humus Components in
Some Soils of Romania. Characterization of soils .fiédrn the viewpoint
of their agroproductive capacity requires thfe'iStudy ofboth physico-
chemical soill parameters and qualitative composition ,erf humus.

The authors have investigated some representative soils from
the steppe, forest-steppe and forest zones. An alluvial gley (azonal)
soil from the Danube Delta was also studied.

The results have shown that the humin, a substance insoluble
in alkali, represented143—81% of the humus content in the soils stu-
died. The ratio betwen total carbon in humic acids and total carbon
in fulvic acids was highest in the steppe soils (chernozems) and de-
creased towards the forest soils (albie luvisols). The humic acid frac-
tions | (free humic acids and humic acids bound to mobile sesquioxidee)
and Il (humic acids bound to calcium) had characteristic values: frac-
tion | was most abundant in strongly leached soils, whereas fraction
Il was present in highest amounts in the steppe and forest-steppe
soils. Fraction | in the soils studied increased in the order: steppe
soils -c forest-steppe soils< forest soils. An exceptional situation Was
encountered in the case of the deltaic soil which contains large quan-
tities of nonhumified organic matter.

Avind n vedere importanta deosebitd a humusului atit in procesul
de formare a solului cit si pentru fertilitatea acestuia, caracterizarea agro-
productiva reclamd, pe lingd multi alti indici fizico-chimici folositi
pina Tn prezent, si cunoasterea compozitiei calitative a humusului.

Remarcam faptul c& materia minerald a solului intotdeauna este
amestecata cu cantitati variabile de materie organica de origine vegetala,
animald sau microbiand, cum sint resturile vegetale ramase in solul agri-
col dupa recoltarea culturilor (frunze, tulpini, radacini), Tngrasamintele
organice, microorganismele moarte si, Tn mai mica masura, resturile ani-
male (viermi). Toate acestea reprezinta sursa de material pentru forma-
rea humusului, component specific solului. Dupa Duchaufour [5],
Lhumusul reprezintd materia organica intermediara intre lumea vie si
lumea minerala“, avind influenta hotaritoare asupra fertilitatii si evolu-

tiei solurilor.

\'  Humusul influenteaza proprietatile agrologice ale solului, fiind un
corectiv de baza [s]: imprima coeziune solurilor prea ,usoare” si le afi-
neaza pe cele ,,grele*; mareste permeabilitatea pentru aer si apa, actio-
nind ca un regulator al umiditatii; favorizeazd formarea de agregate
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structurale hidrostabile cu influenta in atenuarea fenomenelor de gon-
flare si contractie. Sub aspectul proprietatilor chimice, la fel ca si argila,
humusul are insusirea de a fixa cationii indispensabili nutritiei plante-
lor (K+, Cal4, Mg2+) si de a 1i elibera pe masura cerintelor plantelor, fie
prin trecerea Tn solutie, fie prin schimb cu alte baze. Sub aspectul pro-
prietatilor biologice, humusul reprezinta suportul vietii din sol, servind
ca sursa de energie si de elemente nutritive pentru microorganisme.

Pe linga toate cele prezentate mai sus, humusul determind adesea
si tipul de pedogeneza. In raport de natura sa (mull, moder sau mor), el
asigura stabilitatea profilului sau, din contra, provoaca si intretine de-
gradarea solului prin iluviere.

Influentele benefice asupra proprietatilor agroproductive ale solu-
lui se 'realizeaza, Tnsa, gradat in raport cu calitatea humusului, de com-
ponentele (fractiunile) acestuia. Prin 1l-crarea de fatda se aduc contributii
tocmai la cunoasterea acestor componente.

Tn tara noastra sint putine date cu privire la compozitia calitativa a
humusului, desi Roméania este considerata, pe buna dreptate, un adeva-
rat ,,muzeu de soluri*. O prima contributie, pe aceasta linie, o conside-
ram pe cea adusa de catre Cern eseu [1, 2], care a reusit sa separe],
din contintul total de humus, humusul hidrosolubil. Smaran dache
[U] incearca, pentru prima data Tn Roméania, fractionarea humusului
dupa.metoda Tiu.rin [13], obtinind rezultate interesante. Ulterior, D a-
niliuc [3, 4 aduce importante date cu privire la compozitia humusu-
lui din cernoziomuri. Preocupari pe aceasta linie au existat si in cadrul
Institutului Agronomic din Cluj, dar acestea au fost limitate si au vizat
alte tipuri de sol [7, 10]; Tn ultimii 5 ani, cercetarile au fost reluate, iar
rezultatele obtinute de catre noi fac obiectul prezentei lucrari.

Material si metoda. Acceptind ideea, dupa care compozitia ,amestecului’l ca-
constituie humusul variaza evident in raport de conditiile de mediu (mai intli de
clima si apoi de vegetate), pentru studiul componentelor humusului am cercetat
unele soluri mai rdspindite din zona de stepd, silvostepd si padure, aldturi de un
sol aluvial gleizat, recent emers din Delta Dunarii.

Probele de sol recoltate au fost analizate in laborator, determinindu-se pH-ul,
CaC03 gradul de saturatie in baze, raportul C.N, precum si fractiunile rranulo-
metrice de baza (nisip, lut, argild), dupa metode STAS, utilizate Tn laboratoarele
de pedologie si agrochimie:

— pH-ul, potentiometric (aparat MW 84) cu electrod de sticld in suspensie
apoasd, raport sol:apa = 1:2,5;

— carbonati! cu aparatul Scheibler;

— W»/o, prin calcul, in raport de Ss si Sh;

— N total prin metoda Kjeldahl;

— humusul prin metoda Walkley-Black, modificarea Gogoasa.

Pentru fractionarea humusului s-a folosit schema chimica prezentatda Tn Ta-
belul 1 [12].

Rezultate si discutii. Separarea compusilor humici de materia orga-
nica proaspata, eventual Tn starea de hemic sau histic, este foarte deli-
cata si nu: se poate efectua riguros Tn starea actuala de cunoastere, cel
putin din doud motive: existenta unor produsi intermediari slab definiti
si dificultatea gasirii unor: reactivi care sa permitd ,,izolarea” Tn mod se-
lectiv a compusilor humici. fara a-i altera.
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1. Proba de sol se subdivide in 4 sutiprobe :
m Subproba 1 — determinarea C organic total

Subproba 2 —
extractie cu:

pirofosfat de Na 0,1 M
+ hidroxid de Na 0,1 N

1
Sol + C ramas dupa
extractie, humine (CH)

]
Extract : prin dozarea
C = carbon extractibil total
(CET)

PrecipitareaI cu H2S0,, filtra-
rea gelului si dozarea C =
carbon acid huminic total
(CAHT)

1
Ramas in filtrat :carbon acid
fulvie total (CAFT)

2. Relatii de calcul :

Subproba 3 —
extractie cu:
hidroxid de Na 0,1 N

Extract : plrin dozarea

C = carbon acid huminic

I (liber)  carbon acid
fulvic I1 (CAH | 4- CAF II)

1
mPrecipitare cu H2S504,
filtrarea gelului si dozarea

C (CAIl 1)

|
Rimas in filtrat :
CAF 11

Tabel T

Svheinu e trurjiunure eliiniiea  [12]

Subproba 4 —
extractie cu :
acid sulfuric 0,1 N

Extract :I dozarea C =

carbon substante organice
extractibile cu H.,SO, (acizi
fulvici agresivi sau acizi
fulviei fractiunea | sau | a
(CAF 1)

a) C organic total din sol — CET = C organic din humine (CH)

b) CET -

CHAT = CAFT
¢) (CAH I 4- CAF 11) -

CAH | = CAF II

d) CAHT —CAH | = CAH Il, acizi huminici legati de calciu, caracteristici moli-

solurilor

e) CAFT —(CAF | 4 CAF Il) = CAF IIl, acizi fulvici caracteristici mai ales moli-

solurilor

L&sind la o parte Tncercérile de separare cu bromurd de acetil sau

cu bromoform-benzen, subliniem cd cea mai mare parte a cercetatorilor
consacrati in acest domeniu [2, 3, 9, 13, 14] au rdamas la alcali, cu toate
inconvenientele pe care acesti reactivi le prezinta (la pH 13, ei sint foarte
duri si pot forma chiar compusi humici care nu au existat Tn sol).
Rezultatele obtinute Tn fractionarea humusului aratd mari deosebiri
de la un sol la altul, Tn raport de arealul bioclimatic. Din acest conside-
rent sintem pusi Tn situatia de a prezenta mai ntii principalii parametri
firico-chimici ai solurilor luate in studiu, care acopera aproximativ
130.150 km2, adica 54,7% din suprafata tarii [6].
Cerniozom vermic. Ocupa o suprafatd de cca 19.300 km2 (8,20/0 din
suprafata tarii). Are un profil de tip: Am-AC-Cca.
Ap: 0—25 cm, negru-bruniu Tnchis (10YR 2/2) in stare umedd, glo-
mertalar, lutos;
Am: 25—67 cm, negru slab brun (10YR 2/2) in stare umeda, glome-
rular-coprolitic, lutos;
AC: 67—84 cm, brun inchis (10YR 3/3) Tn stare umeda,

subangular, lutos, prezinta crotovine si pseudomicelii;

poliedric
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Cea: 84—133 cm, brun deschis (IOYR 4/2) in stare umed, poliedric

subangular, cu numeroase eflorescente de CaCO03, lutos.

Din datele analitice prezentate in Tabelul 2 rezultd cd acest sol este
nediferentiat textural pe profil, contine carbonati sub adincimea de 70
cm si este eubazic; raportul C:N indica un humus de tip mull calcic.

Cernoziomuri argiloiluviale. Sint raspindite in arealul bioclimatic de
silvostepa pe o suprafata de cca 25.000 kmz (10,6% din suprafata tarii).
Au profilul de tip: Am-Bt-Cca.

Am: 0—27 cm, negru (10YR 2/1) in stare umeda, structura glome-

rulara hidrostabild, lutos;

Tabel 2
Dat« analitice abtinute la cernoziomul vermic de la Urleasea, Clmpla Dunarii
(Pm = 440 mm; Tm = 11,1°C) (Sol etalon [15])
Orizont  Adincimea Nisip Argild Humus CaC03 pH C:N \%
(cm) (2,0—0,02 mm) (< 0,002 mm) (%) (%) In

(%) (%) HIO (%)

Amp 0- 1? 15 28,7 3,2 0 67 91 87,8

Am 28-43 17 30,3 2,8 0 7,1 - 91,9

AlC 70-82 12 27,1 2,0 38 8,1 - 100,0

Cca 85-100 0,9 26,7 1.0 126 - - 100,0
Tabel 3

Date analitice obtinute la cernoziomul argllolluvial de la Calau-—Poligon,
Clmpla Transilvaniei
(Pm = 600 mm; Tm = 8,4°C)
Orizont  Adincimea Nisip Argild Humus CaCO, pH C:N \%
(2,0—0,02 mm) (<0,002 mm) in

(cm) Clo) (%) (%) (%) HO Clo)

Am 10-25 18,7 37,9 59 0 6,25 15 72

A/B 30-40 21,2 48,9 3,1 0 6,80 - 87

Bt 40-60 2i;i 46.6 19 0 6,93 « —

Tabel =

Date analitice oblinute la cernoziomul argllolluvial de la Petrestl, Cimpla Carei
(Pm = 570 mm; Tm = 9,8X)

Orizont  Adincimea Nisip Argild Humus CaCO, pH C:N V
(2,0—0,02 mm) (<0,002 mm) n
(cm) (%) (%) (%) (%) n,o Clo)
Amp, 0-20 40,2 30,4 2,49 6,62 8-19 &7

0
Am, 25-30 36,7 31,6 2,92 0 6,40 - 85
Bt 60-80 333 36,7 1,25 0 718 — —
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AB: 27—40 cm, brun galbui inchis (10YR 4/4) in stare umeda, poli-

edric-bulgaros, luto-argilos;

Bt: 40—80 cm, brun galbui (10YR 5/4) in stare umeda, prismatic-po-

liedric, argilo-lutos, dur la uscare, compact.

Datele analitice prezentate in Tabelele 3 si 4 aratd ca aceste soluri
sint diferentiate pe profil in privinta texturii, sint lipsite de CaCO3 pe
primii 100 cm, au reactie slab acida; raportul C:N este mai ridicat fatd
de cernoziomuri, indicind prezenta acizilor fulvici ih compozitia humu-
sului; gradul de saturatie Tn baze scade pind la 72»/0.

Luvisol albie pseudogleizat. Ocupa (impreund cu solul brun luvic)
aproximativ 61.000 km2 ( ~25<>/o din suprafata tarii). Are un profil de tip:
Ao-Ea-Bt-C.

Ao: 0—15 cm, cenusiu brun (10YR 5/2) in stare umeda, slab struc-

turat glomerular-grauntos, lutos;

Ea: 15—34 cm, cenusiu deschis (10YR 6/1) in stare umeda, luto-ni-

sipos, nestructuirat, bobovine mici;

EB: 34—51 cm, brun-cenusiu Inchis (10YR 4/1) in stare umeda, bul-
garos, lutos,

Btw: 51—120 cm, brun gadlbui Tnchis (10YR 4/4) in stare umeda,
prismatic, coeziv, argilo-lutos; pete vinetii si concretiuni fero-
manganice.

Din datele analitice redate in Tabelul 5 se poate constata cd acest
sol are o puternica diferentiere text.'ralda pe profil, reactie acida si un
raport C:N ce indica predominanta acizilor fulvici Tn compozitia humu-
sului, alaturi de o slabd mineralizare a materiei organice.

Tabel 5
Date analitice obtinute la iuvisului albie, pseudo<|leizat de la Fayet—ManSstur
(Pm. = 620 mm; Tm = 8,2°C)

Orizont Adincimea Nisip Argila Humus CaCoO; pH C:N V
(2,0—0,02 mm) (<0,002 mm) n
(cm) (%) (%! (%) %) h> (%)
Ao 0-10 27,5 24,6 4,41 0 511 16 63
Ea is-30 28,8 22,4 1,44 0 5,39 - 72
Btw 60-80 16,2 41,7 0,75 0 5,86 — 81
% abel

Date analitice obtinute la solul aiuviul. ((Irizat pe sol turbos de la I'zlinn,
Delta Dunarii
(Pm = 420 mm; Tm = 10,7 @)

Orizont Adincimea Nisip Argila Humus CaCoO; pH C: N \Y)
(2,0—0,02 mm) (<0,002 mm) in
(cm) (%) (%) (%) (%) M0 (%)
Ao 0-17 27,27 42,4 7.14 6,33 7,71 13,6 100p
AolG 17-30 33,53 42.9 4,92 8,10 7,89 - 100
CGo 30-50 37,00 39,2 3,04 0,40 7,29 - 100
Am (fosil) 60—86 18,90 48,8 14,20 10,60 7,88  — 100



Bolul

Cernoziom vermic (ITleasca)

Cernoziom argiloiluvial

(Caian) — finat —
Cernoziom argiloiluvial

(Cédian) 0—20 cm
— arabil — 20—40 cm

Cernoziom argiloiluvial

(Petresti)
T.uvisol albie

(Faget, Mauastur)
Sol aluvial, gleizat

(Uzlina, Deltd)

Date analitice privind fractionarea humusului

pH Cor- CET CAHTCAFT CH
in  ganic (% fa- (% fatd de sol)
I1,LO total td de (% fatd de C
(% fa-sol) organic din sol)
ti de (% fa-
sol) ta de
C orga-
nic din
sol)
6,70 1,77 0,76 0,64 0,12 1,01
42,7 36,1 6,6 57,3
577 6,84 225 152 0,73 4,59
82,9 22,2 10,7 67,1
546 8,80 2,14 1,29 0,85 1,66
56,3 339 224 43,7
5,84 2.60 1,24 0,91 0,33 1,36
47,7 35,0 12,7 52,3
6,62 1,46 0,78 0,50 0,28 0,68
53,4 34,2 19,2 46,6
511 8,18 1,14 0,71 0,43 1,99
36,4 22,7 13,7 63,6
7,71 2,45 0,45 0,27 0,18 2,00
18,4 110 7.3 81,7

CAHT Fractiuni
CAFT ale CAHT

5,3

2,1

15

2,8

1.8

1,6

15

I H
(% fata de
C organic
din sol)
(% fata de
CAHT)
25 33,6
6,9 93,1
9,9 13,2
446 554
14,7 19,2
43,4 56,6
3,1 31,9
89 911
9,6 24,6
28,1 71,9
18,5 4,2
81,5 185
0,8 10,2
74 92,6

Fractiuni ale
CAFT

Tabel

(% fata de C orga-
nie din sol)

(% fatda de CAFT)

1,6

2,6

2,6

5,8

7,5

8,9

14,3

12

18,2
10,5

98,1
111
49,6
10,8
85,0
9,6
50,0
12,9

94,2
5,3

72,6

5,4

81,8
0,2

19
11,3
50,4

1,9
15,0
9,6

50,0
0,8

5,8
2,0

27,4

7

«3
05

‘qelod 18 SNVIOIN
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Sol aluvial gleizat, pe sol turbos (de Deltd, grinduri si luncd). Ocupa
24.600 km2 (10,1% din suprafata tarii), avind profilul de tip: Ao-AC-iC.
Ao: 0—17 cm, brun inchis (10YR 3/3) in stare umeda, slab structu-

rat grauntos, luto-argilos, slab carbonatat;

Ao/CGo: 17—30 cm, brun cenusiu inchis (10YR 4 2) in stare umeda,

structurd poliedrica slab dezvoltata, resturi de cochilii, vini-
soare de CaCOs;

CGo: 3—50 cm, cenusiu (10YR 5/1) in stare umeda, poliedric mic,
marmorat pe fetele elementelor structurale, separatii feroman-
ganice sub forma de pete si concretiuni;

Am (fosil): 8 cm +, negru (10YR 2/1) in stare umedd, afectat al-

ternativ de procese oxidative, respectiv reducatoare.

Datele analitice prezentate in Tabelul 6 indica un continut de humus
si CaCOs variabil pe profil si mai mare in Am (fosil), reactie slab alcaling,
saturatie Tn baze (V=100%); raportul C:N este specific arealului biocli-
matic de silvostepa.

Concluzii. Analizind datele obtinute la fractionarea humusului (Ta-
bIeI 7) conform schemei din Tabelul 1, se pot desprinde mai multe con-
cluzii.

L Illumina reprezintd principala materie organica din sol; este in-
solubila Tn reactivi alcalini. Cantitatea ei se calculeaza facind diferenta
intre C organic total din sol si CET. Chimic, numai o destructie a sili-
catilor (cu care formeaza ,,complexe stabile*) cu HF (acid fluorhidric)
permite eliberarea ei din sol. In solurile studiate, humina reprezinta
43,7—81,7% din totalul substantelor humice Hotaritoare pentru acumu-
larea huminei sint conditiile hidrotermice si cantitatea de materie orga-
nica bruta.

2. Acizii huminici totali (CAHT) au valori maxime n solurile din
zona de stepa

3. Acizii fulvici totali se gasesc in cantitdti mai mari in solurile cu
procese de eluviere (areale bioclimatice de silvostepd si padure).

4. Raportul CAHTGAFT are valori maxime Tn soiurile de stepa (cer-
noziomuri) si descreste spre solurile cu podzolire argiloiluviala (lesiveuri).

5. Fractiunile acizilor huminici (I — acizi huminici liberi sau legati
de sescvioxizi mobili si Il — acizi huminici legati de calciu) prezinta unele
valori caracteristice: fractiunea | este maxima n solurile debazificate
(lesiveuri sau luvisoluri albice), in timp ce fractiunea Il prezinta valori
mai mari Tn cernoziomuri si cernoziomuri argiloiluviale.

6. Dintre fractiunile acizilor fulvici, fractiunea | (acizi fulvici agre-
siv: creste de la cernoziomurile din stepa la solurile de padure (debazifi-
cate). O situatie de exceptie se Tntilneste la solurle din Delta Dunarii, cu
ccr.tinut ridicat Tn materie organicd nehumificata.
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TESTING OF SOME SYNTHETIC DERIVATES OF L-GLUTAMIC
ACID AS INHIBITORS OF SOIL UREASE ACTIVITY

MARINELA SIM1HAIAN*. STEFAN KISS**, DANIELA PAS$CA*
and CARMEN SUCIU***

SUMMARY. — Three glutamyl-nitroanilides and the corresponding
free nitroanilines were tested as inhibitors of urease activity in a
leached chernozem and an alluvial soil. The well-known urease in-
hibitor hydroquinone served for comparison. The inhibitory effect Was
estimated by registering the time necessary for complete hydrolysis of
urea in reaction mixtures prepared from soil, urea and distilled wa-
ter or solution of test compounds and incubated at laboratory tempe-
rature. It was found that the inhibitory effect of the compounds tes-
ted decreased in the following order: hydroquinone > aniline >
y- L-glutamyl-p-nitroanilide = = y-L-glutamyl-m-nitroanilide = y -L-giu-
vamyl-2-methoxy-p-nitroanilide > p-nitroaniline = m-nitroaniline =
2-methoxy-p-nitroaniline. The glutamyl moiety in glutamyl-nitroani-
lides enhanced the urease-inhibiting effect of nitroanilines.

The increase of food production to meet the growing needs related,
to demographic explosion is largely conditioned by the efficiency of agri-
cultural fertilizers. Urea has gradually become the most important ni-
trogen fertilizer in world agriculture. But efficiency of urea is in general
reduced due to excessive activity of a soil enzyme, the urease. One way
to increase efficiency of urea is the inhibition of soil urease activity. In
the last three decades, multilateral investigations were performed in a
series of countries from Europe, North America, Asia, Australia and
Africa to identify unpolluting and inexpensive chemical compounds to
be used as inhibitors of soil urease activity ([3], pp. 93—298).

In the present paper we describe experiments carried out to eva-
luate the effect of three v-L-glutamyl-nitroanilides on soil urease acti-
vity, as there are no literature data available on studies dealing with
amino acyl nitroanilides as inhibitors of soil urease activity. Only m-ni-
troacetanilide and o-, m- and p-nitroanilines were tested, by Bremner
and Douglas [1]. They used three lowa soils. The reaction mixtures
were prepared from 10 g of soil, 1 ml of toluene, 5 ml of urea solution
containing 10 mg of urea-N and 5 ml of distilled water or 5 ml of the
solution of test compund at a rate of 50 ppm (on soil basis) and incuba-
ted at 37'C for 5 hours. After incubation, the unhydrolysed urea was
extracted and estimated colorimetrically. The results have shown that
the urease-inhibiting effect of m-nitroacetanilide like that of the three
nitroanilines was very weak: less than 1%.

* |Institute of Biological Research, 3400 Cluj ,Romania
++ Babes-Boiyai University, Department of Plant Bioiogy, 3400 Cluj, Romania
*** Bches-Boiyai University, Faculty of Chemistry, 3400 Cluj, Romania
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Material and methods. The three glutamyl-nitroanilides tested were: -L-
glutamyl-p-nitroanilide, y.-L-glutamyl-m-nitroanilide  and y -L-glutamyl-2-me-
thoxy-p-nitroanilide (Fig. 1). The method of their synthesis is described by Cris-
tea et al. f2]. Some data referring to these compounds are presented in Table 1.
The free nitroaniiines (t.e.,, p-nitroaniline, m-nitroaniline and 2-methoxy-p-nitro-
aniline) as well as aniline were also tested. The well-known urease inhibitor hydro-
quinone served for comparison.

A ‘heavy-textured soil (leached chernozem) and a light-textured (alluvial) soil
were used for testing.

The reaction mixtures had the following composition: 5 g of air-dried soil
plus 1 ml of 0,6% urea solution plus 9 ml of distilled water or 9 mt oi a.ate tu
solution of glutamyl-nitroanilide or hydroquinone at 2°/0 rate by weight of urea (t.e.
0.12 mg of compound to 6 mg of urea) or 9 ml of aqueous solution of free nitro-
aniline or aniline in an amount equimolecular to that of the glutamyl-nitroanilide.
Reaction mixtures without soil were also prepared. The incubation took place at
laboratory temperature. At 1—2-day intervals, drops were taken from the aqueous
phase of the reaction mixtures for detecting the unhydrolysed urea. The drops
were placed on chromatographic paper, and, after drying, sprayed with a chromo-
genie reagentl to visualise the yellow spot of urea. The time (days) necessary for
complete urea hydrolysis was registered. This time is shorter for reaction mixtures
containing no urease inhibitors than for those with added inhibitors. In other
words, prolongation of this time indicates that the test compound manifested an
inhibitory effect on the soil urease activity.

ilcsuits. Surprisingly, the two soils used behaved similarly in re-
gard of their urease activity. Therefore, the data included in Table 2

Table 1
Som« data on the glutamyl-nitroanilides tested
Compound Yield in Melting (3 J5ie
synthesis point
c—1lin

<% (a1 05 X HCl

Y -b-Glutai»yl-/)-njtroanilide* 82 187 —34
y-1<-Glut«myl-r«-»itroanilide ** 71 151 —36
Y -b-Glutamyi-2-methoxy-p-nitroanilide ** 60 191 -T-27

*Used as a substrate for the determination of y -glutamyl transpeptidase activity in blood {4],
e« New product f2J,

1 The reagent is prepared as follows: 1 g of p-dimethylaminobenzaldehyde is
dissolved in 30 ml of absolut»'ethanol, then 7.6 ml of syropdus (89%) o-phosphorio
acid, 22,4 ml of distilled water and 180 ml of absolute ethanol are added (;3), p. 115).
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Table 2

Kiieet of Y-L-ylutamyl-nitrounllides and free litlronnilines on soil urease

activity as compared with the effect of hydrogquinone and aniline

Time necessary for complete

Compound hydrolysis of urea

(days)
No (control) 1
Hydroquinone 32
y-L-Glutamyl-p-nitroanilide 18
/>-Nitroaniline 1S
y-ly-Glutamyl-m-nitroanilide 18
w-Nitroaniline 15
y-E-Glutamyl-2-methoxy-/)-nitroanilide 18
2-Methoxy-p-nitroaniline 15
Aniline 25

are valid for both soils. One can see from this table that each compound
tested had an inhibitory effect on soil urease activity. Hydroquinone was
the strongest inhibitor prolonging the time necessary for complete urea
hydrolysis from 11 to 32 days. The three y -L-glutamyl-nitroanilides tes-
ted brought about a 7-day delay in complete urea hydrolysis. The delay
caused by equimolecular amounts of the free nitroanilines was shorter,
lasting only 4 days. This means that the glutamyl moiety in glutamyl-
nitroanilides enhanced the urease-inhibiting effect of nitroanilines. The
inhibitory effect of aniline exceeded that of the nitroanilines. Conse-
guently, the presence of nitro group or of nitro and methoxy groups in
nitroanilines attenuated the inhibitory effect of their aniline moiety.

In comparison with the 5-hour incubation experiments of Brem -
ner and Douglas [1], in which the three nitroanilines exhibited a
very weak inhibitory effect on soil urease activity, in our experiments,
which lasted many days, the urease-inhibiting effect of p- and m-nitro-
anilines was more evident.

Conclusions. 1. The three y -L-glutamyl-nitroanilides tested inhibited
soil urease activity to a larger extent than did the corresponding free ni-
troanilines.

2. The urease-inhibiting effect of these compounds did not reach
that exerted by aniline and, especially, by hydroquinone.
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ENZYMOLOGICAL EVALUATION OF THE EFFICIENCY OF THE
MEASURES APPLIED FOR BIOLOGICAL RECULTIVATION OF LEAD
AND ZINC MINE SPOILS
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SUMMARY. — Recultivation plots installed on lead and zinc mine
spoils in the 1987—1988 period were sampled from their 0—30-cm layer
and analysed enzymologically in 1992. The analytical data served for
calculation of the enzymatic indicator considered as an index of the
biological quality of spoils and, implicitly, as an indicator of the re-
cultivation eff.ciency. The enzymatic indicators of differently reculti-
vated plots made it possible to draw the conclusions that covering the
spoils with a soil layer is the most important measure for rapid recul-
tivation of raw and young spoils, and NPK fertilisation is the minimum
treatment for the recultivation of old spoils.

The biological recultivation experiments started on 14 small (7-m2)
spoil plots in 1987 and on two larger (50-m2) spoil plots in 1988 at the lead
and zinc mine in Rodna, Bistrita-Nasaud district and the results obtained
in the enzymological analyses of spoils sampled from the o—z10-cm layer
in the 1987—1989 period were already described [s] and the conclusions
drawn were that for rapid recultivation of raw and young spoils the
measures to be applied should include covering with soil, NPK fertilisa-
tion and sowing of a grass-legume mixture, while for the recultivation
of old spoils at least NPK fertilisers should be applied [s].

The present paper summarises the results registered in the enzymolo-
gical analyses of spoil samples collected from three layers of the plots
during 1992.

Material and methods. The recultivation measures applied to the experimen-
tal plots and described in detail in [8] are briefly presented in Table 1. It should
be added that in the 1990—1992 period the plots received no fertilisers and they
were not sown and moistened artificially. The spoil plots and the untreated, con-
trol places in their vicinity were sampled in spring (May 25, 1992) and in summer
(August 28, 1992). The sampling depths were 0—10, 10—20 and 20—30 cm. A native,
soddy soil at the foot of the spoil dump was also sampled. The samples were ana-
lysed for determination of their invertase, phosphatase, catalase and actual and
potential dehydrogenase activities; the so-called catalytic activity (i.e., the nonen-
zymatic H2 2-splitting capacity) was also estimated. The analytical data served
for calculation of the enzymatic indicator considered as an index of the biological
quality of spoils (and soils) and, implicitly, as an index of the recultivation effi-
ciency [8]. Individual values of the seasonal and global enzymatic indicators can
be arranged in a decreasing order showing the position of each spo'l plot and con-
trol place (and that of the native soil) in this hierarchy.

Babes-Bolycti University, Department of Plant Biology, 3400 Cluj, Romania
** Biological Research Institute, 3400 Cluj, Romania
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Table 1
Recultivation measures applied to experimental plots
Date of the Terrace no.  Aspect* Plot no. Treatment**
installation of and age
plots
1 S+ FYM + NPK + RC
SW 2 FYM + NPK + RC
3 NPK
VIl C1-3 No (control)
(2 years) 4 S+ FYM + NPK + RC
5 FYM + NPK + RC
SE 6 NPK
C4-6 No (control)
7 NPK + RC
SW 8 NPK
June 24, \Y c78 No (control)
1987 (7 years) 9 NPK + RC
SE 10 NPK
c9 10 No (control)
11 NPK + RC
SW 12 NPK
11 C 11, 12 No (control)
(10 years) 13 NPK + RC
SE 14 NPK
C 13 14 No (control)
| S+ NPK + RC
July 5, \ SW Cl No (control)
1988 (5 years) SE 1 S+ NPK + Spoil-15
Cll No (control)
* SIT — South-western. SE — South-eastern.
** § — Covering with soil. FYM — Farmyard manuring. NPK — Fertilising with NPK. RC — Sowing

of ryegrass (Loliutn viultiflorum) and clover (Trifolium pratense). Spoil—15 — Treatment with spontaneously reve-
getated, 15-year-old spoil.

Results. Table 2 shows that in the spring of 1992 the enzymatic in-
dicators calculated for the 0—30-cm layer of spoil plots and control pla-
ces gave the highest values in plots Il, I, 4, and 1, i.e., in the soil-cove-
red spoils plots. This indicator was even higher in plot Il than in the
native soil. The lowest enzymatic indicators were recorded in plots 3 and
6 (i.e., in the youngest spoils treated with NPK only) and in the control
places C 4—e, C 9, 10, C 1—3 and C 7, 8. Plots 11—14 installed on terrace
11 consisting of 10-year-old spoils were in general more enzyme-active
than plots 7— 10 formed on the 7-year-old spoil terrace V. At the same
time, plots 11—14, fertilised and sown or only fertilised, occupied close

positions, that were, however, higher than those of their control places;
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Table 2
Seasonal enzym atic Indicators of spoils sampled In the spring of 1992
Position Plot no. Enzymatic indicator

1 1 610.99
2 Native soil 538.94
3 | 525.86
4 4 501.86
5 1 501.43
6 1 403.49
7 14 374.54
8 10 335.34
9 13 334.90
O 12 322.58
11 C 11, 12 271.02
12 2 269.96
13 7 265.16
14 5 262.11
15 Cl 259.14
16 9 258.36
17 C 13 14 258.12
18 8 253.67
19 Cll 234.81
20 C4-6 230.15
21 3 225.88
22 c9 10 222.30
23 C1-3 212.82
24 6 192.80
25 c7 8 181.40

Table 3

Seasonal enzymatic Indicators of spoils sampled In the summer of 1992

Position Plot no. Enzymatic indicator

1 Native soil 504.39
2 1 492.98
3 | 458.40
4 1 378.69
5 11 356.46
6 4 331.86
7 14 309.45
8 12 260.62
9 13 259.22
10 10 230.67
u cll 229.76
12 C 11, 12 211.72
13 (o 203.80
14 9 200.63
15 C 13, 14 199.29
16 5 191.78
17 2 190.42
18 Cc9 10 188.59
19 7 185.18
20 C4-6 184.26
21 3 181.25
22 8 180.63
23 6 179.58
24 C1-3 176.54
25 Cc7 8 153.17
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Table 4

Global enzymatic? indicators of spoils sampled in 1992

Position Plot no. Enzymatic indicator
1 I 620.99
2 Native soil 556.03
3 | 549.87
4 1 486.55
5 4 472.73
6 11 410.33
7 14 374.30
8 13 327.71
9 12 316.85
1] 10 307.49
11 Cc 11, 12 267.44
12 C 13, 14 253.70
13 C Il 250,70
14 5 249.23
15 2 248.64
16 C 1 245.82
17 9 243.36
18 7 238.54
19 8 234.44
20 Cc 9, 10 222.92
21 C 4-6 221.24
22 3 214.33

23 C 1-3 213. K5
24 6 200.10
25 c7 8 178.44

consequently, for recultivation of these old (more precisely, 10-year-old)
spoils, NPK fertilisation was a more important measure than was sowing
of the ryegrass-clover mixture.

All these trends in variation of enzymatic indicators as shown by Ta-
ble 1 were similar to those observable in Tables 3 and 4.

The present results are in good agreement with those registered for
the 1987—1989 period [g] and the conclusions drawn in [s8] are also con-
firmed.

Enzymological evaluation of the efficiency of the measures applied
for recultivation of mine spoils, overburdens, other wastes and exhausted
peatlands is also dealt with in several recent papers (e.g. [1—7, 9—15].

Conclusions. 1 The most important measure for rapid recultivation
of raw and young lead and zinc mine spoils is their covering with an at
least 10 cm thick soil layer.

2. The minimum treatment for recultivation of old lead and zinc
mine spoils is their fertilisation with NPK.
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Ryszard J. Chrést (Editor).
Microbial Enzymes in Aquatic Environ-
ments, Springer-Verlag, New York,
1991, XVIII -j- 318 pages with 122 fi-
gures and 46 tables in the text.

As the Editor mentions in the Pre-
face, the 19 chapters included into the
book are based on papers presented at
the. First Workshop on Enzymes in
Aquatic Environments, held from 23 to
27 July 1989 at Ringberg Castle, situa-
ted in the Bavarian Alps (Germany).

Chapters 1—6 cover general aspects
of extracellular enzymes and ectoenzy-
mes in freshwater and marine ecosys-
tems; they have the following titles
(and authors): Early studies on ecto-
and extracellular enzymes in aquatic
environments (J. Overbeck); Extracellu-
lar enzymatic interactions: storage, re-
distribution, and interspecific commu-
nication (R.G. Wetzel); Environmental
control of the synthesis and activity of
aquatic microbial  ectoenzymes (R. J.
Chrost); Microbial extracellular enzyme
activity: a new key parameter in aqu-
atic ecology (H.-G Hoppe.); Ecological
aspects of enzymatic activity in marine
sediments (L.—A. Meyer-Reil); Extra-
cellular enzyme activity in cutrophic
and polyhumic lakes (U. Miunster).

Chapters 7—9 deal with aquatic pro-
tease and peptidase activities; Protein
degration in aquatic environments (G.
Billen); Peptidase activity in river bio-
films by product analysis (S.E. Jones and
M.A. Lock); Aminopeptidase activity in
lakes of differing eutrophication (T.R.
Jacobsen and H. Rai).

Chapters 10—15 are studies on phospho-
hydroiases in aquatic environments:
Role of ecto-phosphohydrolases in
phosphorus regeneration jin estuarine
and coastal ecosystems (JW. Ammer-
man); Bacterial phosphatases from dif-
ferent habitats in a small, hardwater
lake (J.B. Cotner, jr. and R.G. Wetzel);

Phosphatase activity in an acid, limed
Swedish lake (H. Olsson); Phosphatase
activities in Lake Kinneret phyto-

plankton (D. Wynne, B. Kaplan, and T.
Berman); Filtration and buoyant den-
sity characterization of algal alkaline
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phosphatase  (D.A. Francko); Cyclic
nucleotide phosphodiesterase activity in
epilimnetic lake water (J. Barfield and
D.A, Francko).

The last chapters (16—19) are devoted
to different hydrolases in various aqua-
tic habitats: Chitinase activity in es-
tuarine waters (R.A. Smucker and C.K.
Kim); Significance of extracellular en-
zymes for organic matter degradation
and nutrient  regeneration in sniall
streams (J. Marxsen and K.-P. Witzel);
Enzyme activities in billabohgs of
southeastern Australia (P.l. Boon); Hyd-
rolytic activities of organisms and bio-
genic structures in deep-sea sediments
(M. Koster, P. Jensen, and L.-A. Meyer-
Reil).

The book is a valuable source of in-
forniation for all interested in funda-
mental and applied study of freshwater
or marine ecosystems, and, undoubtedly,

it will stimulate further development
of aquatic enzymology.

STEFAN KISS
Stephan Wirth, Entwicklung end

Anwendung neuer Methoden zur Be-
stimmung von Enzymaktivitaten und
zum Nachweis mikrobieller Populatf-
onsdichte der Horizontabfolge einer
saueren Braunerde unter Buche (Deve-
lopment and Application of New
Methods for Determination of Enzyme
Activités and for Estimation of Micro-
bial Population Densities in the Horizon
Sequence of an Acid Brown Earth under
Beech), Forschungszentrum Walddkoeys-
teme der Universitat, Gottingen, 1991,
158 pages (including 59 figures and 6
tables in the text) and an appendix
(consisting of 17 tables on 18 pages).

The book was published as Band
(Volume) 66 of the ,Berichte des For-
schungszentrums Walddkosysteme. Reihe
A* (Reports of the Research Centre Fo-
rest Ecosystems, Series A).

The researches described in the book
were carried out on litter and soil
samples collected in a 145-year-Old
beech forest (Luzulo— Fagetum typicum)
located on the plateau of Soiling Moun-
tains, Germany. The soil is an Acid
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Brown Earth characterized by the hu-
mus form ,typical moder“. The horizon
sequence studied comprised 5 distinct,
clearly developed horizons: the orga-
nic horizons L, F and H, a vastly hu-
mified horizon (Ahh) between the orga-
nic litter compartment and the mineral
soil compartment, and the mineral ho-
rizon (Aeh, 0—5 cm).

The substrates used in both enzymo-
logical and microbiological analyseswere
soluble, dye-labelled and acid-precipi-
table polysaccharide and protein deriva-
tives. Fluorescein diacetate (FDA) was
also used as a substrate hydrolyzable
by many enzymes (proteases and also
lipases and other esterases).

An extraction procedure
sodium acetate-acetic acid buffer
5, 05 M; 5 ml/g
system adapted to
were developed for
metric determination of endo-acting
cellulase, xylanase, amylase, 1,3-/}-glu-
canase, chitinase, and protease activities
and also of FDA-hydrolase activity
from the 5 horizons specified above.
The enzymes present in the extracts
were partially purified by ammonium
sulphate precipitation and dialysis a-
gainst demineralized water, then assayed
for pH and temperature characteristics
and for activity profiles after gel per-
meation chromatography.

The results have shown, among other
things, that the properties of polysac-
charidases were very similar and re-
markably stable in time. The enzymes
were very active in the L and F ho-
rizons, but their activity was signifi-
cantly lower in the H, Ahh and Aeh
layers. Cellulase, xylanase and chiti-
nase activities were highly correlated
with total—C content and closely re-
lated to total—N content of the hori-
zons.

Population densities
units) of polysaccharide- and protein-
degrading bacteria, actinomycetes and
fungi were estimated in.the H, Ahh and
Aeh horizons. The nutrient media con-
taining dye-labelled substrates were ino-
culated with dilutions of the horizon ma-
terials. The pour plate method was ap-
plied. The degraded, cleared zones on the
plates were detected by video image ana-
lysis; Total counts of bacteria, actinomy-
cetes and fungi were also estimated.

Microbial population densities were
found to be higher it the H and Ahh

involving
) (pH
soil) and an assay
microtitre plates
routine colouri-

(colony-forming
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horizons than in the Aeh layer. Counts
of substrate-degrading bacteria and ac-
tinomyceétes were not higher than 7%
of the total bacterial and actinomycete
counts. Contrarily, the substrate-degra-
ding fungi represented at least 60% of
the total fungal counts. The relationship
between activities of enzymes extracted
from the horizons and the correspon-
ding microbial population densities
was much clearer for the fungal than
for the bacterial and actinomycéte po-
pulations.

By developing the new methods briefly
characterized above. Dr. S.  Wirth
brought a wvaluable contribution to
further development of soil enzymology.

STEFAN KISS

Gunilla Asplund, On the
Origin  of Organohalogens Found in
the Environment, Linkdping Studies in
Arts and Science No. 77, Edited by the
Department of Theme Research, Water
and Environmental Studies, Linkdping
University, Linkdping, Sweden, 1992, 50
pages including 19 figures and 7 tables.
The book is based on 6 original papers
by Dr. G. Asplund and her collabo-
rators. Reprinted copies of these papers,
comprising 61 pages are enclosed to the
book.

The halogenated
(organohalogens) are
or natural products.

Different types of organohalogens are
used in the plastic industry or as pes-
ticides, solvents and cooling  fluids.
They are also formed as by-products of
pulp bleaching, wastewater disinfec-
tion and waste incineration. Of all the
organic compounds with a potential en-
vironmental impact, those that are
chlorinated have received the most
attention, Thus, DDT, polychlorinated
biphenyls, dibenzo-p-dioxins, trihalo-
methanes 'nd chlorophenols are all
examples of halogenated organic com-
pounds considered as very dangerous
pollutants.  Chlorine  disinfection  of
drinking water may be an important
source of human exposure to orgnno-
halogens but is negligible as a source
of environmental pollution.

The natural production of organoha-
logens is smaller than their industrial
production. Moreover. G. Asplund arv
her collaborators have presented con-
vincing evidence that the naturel pro-

organic compounds
either man-made
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duction  of organohalogens is more
widespread than previously assumed.-
After a short review of literature on
the biological production of organoha-
logens by more than a thousand of
species (fungi, lichens, bacteria, aigae,
invertebrates and vertebrates as well as

higher plants), the book describes the
methods for determination of total
amount of organohalogens in

water, soil and plants. Then, the
production  of organohalogens in
soils is dealt with. The major disco-
very in this respect is that ihe soi ,
contain an extractable chloroperoxida-

se-iike enzyme which catalyses chlori-
nation of organic molecules, including
humic substances, in the presence of
hydrogen peroxide and inorganic chlo-

ride.
Production of organohalogens may
also occur in vegetation, water bodies

and sediments and the atmosphere, but
the main natural sources of these com-
pounds are the soils.

As concerns human impact on natu-
ral halogénation, G. Asplund has shown

111

tnat acidification of soils and surface
waters as a result of environmental
pollution caused by human activities
nas an eahancing effect on the enzy-
matic chlorination of organic com-
pounds (the optimum pH of chloroper-
%xsi)dase in soils is between 3.0 and

The
114 titles.

bibliographical list comprises

Dr. G. Asplund’s excellent book,
which in addressed to chemists, biolo-
gists, biochemists, and environmenta-
lists, will, undoubtedly, stimulate fur-
ther research on the production, che-
mical structure and biological proper-
ties of the natural organohalogens and

on their fate in the environment. At
the same time, the book is a useful
source of information also for those
working on preventing environmental
pollution with man-made organoha-
logens.

STEFAN KISS
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