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BILINI POKRIVAC NOVOG SADA — ZNACAINA KOMPONENTA
KVALITETA ZIVOTNE SREDINE

Vuckovié Mirjana, Strajin Dragana, Radulovi¢ Snezana
Prirodno-matematicki fakultet, Institut za biologiju, Novi Sad

Primljeno 12. XI 1999.

SAZETAK

U radu su izneti rezultati istraZivanja fizickog i hemijskog zagadenja vazduha u Novom
Sadu u periodu od 1990. do 1995. godine. Ukazano je na uzajamnu zavisnost kvaliteta
vazduha od sastava i povrsine bilinog pokrivaca grada. Novi Sad je grad sa relativno velikim
povrsinama pod zelenilom koje predstavljaju znacajna biopolja za fitosanaciju vazduha.
Neophodno je odrZavati i dalje obogacivati biljni pokriva¢ grada naroCito vrstama otpornim na
acrozagadenja.

Kljuéne reci: biljni pokrivag, fizicko i hemijsko zagadenje vazduha, Novi Sad.

UVvOD

U Novom Sadu, centralnom i visokourbanizovanom delu Vojvodine, razliciti vidovi
antropogenog uticaja neminovno dovode do manjeg ili veceg stepena degradacije svih kompo-
nenata zivotne sredine. To se naroGito odnosi na sastav vazduha. U vec¢im koncentracijama se
javljaju sumpor (IV) — oksid, ugljenik (II) — oksid, azotovi oksidi, olovo, ¢ad i dr., Cije je
prisustvo §tetno za celokupni Zivi svet.

U takvim uslovima biljni pokriva¢, odnosno delovi prirodnih ili vestacki podignutih
zelenih gradskih povrsina (parkovi, skverovi, drvoredi, travnjaci, baste i dr.) pored estetskog,
imaju znacajan fitosanacioni uticaj u smislu poboljSanja kvaliteta vazduha, mezo i makroklime

~idr. Drvece, Zbunje 1 trave zadrzavaju talog iz zagadenog vazduha, koriste ugljenik koji je u
sastavu CO2 i oslobadaju kiseonik procesom fotosinteze. Na biljnom pokrivacu talozi se oko
72% lebdecih Cestica prasine i do 60% sumpor (IV) — oksida.

~ Rad prezentira rezultate istrazivanja relevantnih ckoloskih parametara koji ilustruju
uzajamnu zavisnost kvaliteta vazduha i biljnog pokriva¢a u Novom Sadu.

MATERUJAL I METODE

[ U periodu od 19901995 godine pracen je kvalitet vazduha u centralnom delu Novog
Sada. Odredivana je koncentracija acrosedimenata, ¢adi, sumpor (IV) - oksida, azor (IV) -
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oksida, azotnih oksida, ugljenik (II) — oksida, olova kao lebdecih Cestica, koliCine padavina i /ﬂ
njihova pH vrednost. Merenje ovih parametara vrSeno je na viSe punktova, metodologijom
koju propisuje Pravilnik o grani¢nim vrednostima, metodama merenja imisije, kriterijumima
za uspostavljanje mernih mesta i evidenciji podataka (Sluzbeni glasnik RS br. 54/92).

Rezultati istraZivanja ostvareni su u saradnji sa Zavodom za zdravstvenu zastitu,
Odeljenje za hidijenu, Odsek za komunalnu higijenu u Novom Sadu.

REZULTATI I DISKUSIJA

Rezultati rada prezentiraju fizicko i hemijsko aerozagadenje u Novom Sadu kao i
uzajamnu zavisnost kvaliteta vazduha od sastava i povrSine biljnog pokrivaca grada. Fizicko
zagadenje potiCe od aerosedimenata. TaloZne materije Cine Cestice Cvrstog goriva, pepela,
ulicne prasine i drugih materija, relativno grubih dimenzija (vecih od 20 mikrona) koje se zbog
svoje tezine taloZe na povrSinu zemljiSta i biljaka. Glavni izvori hemijskog zagadenja vazduha
su ¢ad, sumpor (IV) — oksid i Stetni sastojci koje motorna vozila ostave za sobom. Najzastu-
plieniji su NO2 i drugi azotni oksidi, CO i olovo. Najskodljiviji gasovi u uslovima komunalne
atmosfere su CO, COg2, SO, SO3, HCI, Cl, F, H2S, zatim svi ugljovodonici, organske kiseline,
fenoli, goriva iz vozila i razni gasovi i aerosol iz energetskih industrijskih postrojenja, domacih
loZiSta i dr.

[strazivanja aerozagadenja vriena su u strogom centru grada koji obuhvata povrsinu od
oko 2 km~. Ovo podrucje odlikuje se najvecom frekvencijom saobracaja, a kao jedan od
najstarijih delova grada ima veliki broj prizemnih kuéa sa individualnim lozistima koja koriste
fosilna goriva. Istovremeno to je steciste centralnih kulturnih, zabavnih i drugih manifestacija,
Sto svakako utice i na stepen aerozagadenja u odnosu na druge delove grada.

U gradskim uslovima, odnosno u urbanoj sredini, biljni pokriva¢ (parkovi, skverovi,
drvoredi, travnjaci, baste i dr.) predstavljaju znacajna biopolja u smislul fitosanacije vazduha,
Ispitivano podruéje obuhvata povr§inu od 218.808 m° pod zelenilom od ¢ega_je 184.255 m
prekriveno travom. Ukrasno Siblje (zimzeleno i listopadno) zahvata 23.247 m?. Zivu ogradu
€ini ukupno 5.422 m*. U pogledu dendroloSkog sastava, li§¢ari su zastupljeni sa 4.058 stabala
a C‘cunari‘ sa 559 stabala (Katastar zelenih povrsina JKP ,,Gradsko zelenilo™). _

Najzastupljenije lif¢arske vrste su iz rodova Tilia, Acer, Betula, Populus, Celtis, Sorbus 1 dr.

- _ Od cetinara najéeSée su sadene vrste koje pripadaju rodovima Taxus, Pinus, Picea,
Abies i dr.

‘Navedeni podaci ilustruju da je Novi Sad grad sa relativno velikom povr§inom pod
zelenilom. Kvalitetu vazduha doprinose i drugi faktori: geografski polozaj grada, blizina reke
Dunav, istocni i severni vetrovi koji smanjuju zagadenost, smestaj dominantne industrijske
zone 1zvan grada i dr. No i pored toga u cilju pobolj$anja kvaliteta vazduha, treba neprekidno
odr7avati i obogaéivati zelene povrsine. NaroGito treba jo§ vise ozeleniti najfrekventnije
saobracajnice gde je i vazduh najzagadeniji. U tom smislu treba saditi one predstavnike koji se
odlikuju brzim rastom, bioloskim svojstvom dugovecnosti i otpornoséu prema nepovoljnim
uslovima gradske sredine. Takve vrste su Ulmus sp., Taxus sp., Tilia sp., Abies sp., Populus
Sp., Fraxinus sp. i druge.

) Pri komentarisanju rezultata rada, akcenat je bio na maksimalnim vrednostima koncen-
tracije pracenih parametara jer se na taj nacin dobija jasnija slika o prekoracenju dozvoljenih ,
konccmr'a_cn_la acrozagadenja. Ocena stanja kvaliteta vazduha vr§ena je primenom granicne '
vrednosti imisije — GVI, koja predstavlja najvisi nivo koncentracije aerosedimenata (Tab. 1.).

Rezultati rada prikazani su graficki, na grafikonima od 1 do 8. [
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Tabela 1. Standardi kvaliteta vazduha
(,,Sluzbeni glasnik RS”, br. 54/92, Pravilnik o grani¢nim vrednostima, metodama merenja
imisije, kriterijumima za uspostavljanje mernih mesta i evidencije podataka)

Zagadujuce GVI CrVI3 G\Z/I G\Z/I
materije um/m mg/m mg/m“/dan wug/m/dan
SO2 150 / / /
cad 50 / / / ‘
|
NO2 85 / / / ]
CO / 5 / /
Ukupne taloZne / / 450 /
materije
Pb 'S i / 1 3
ZAKLJUCAK

Analiza stepena acrozagadenja u centru Novog Sada u periodu 1990-1995 godine
pokazala je sledece:

- Koncentracija acrosedimenata je uglavnom u granicama dozvoljenog.

- Koli¢ina taloznih materija raste od marta do juna a zatim postepeno opada do jesenjeg
perioda. Najveéa je tokom zime §to je uslovljeno grejnom sezonom i odsustvom biljnog
pokrivaca.

- Makismalna koncentracija &adi raste iznad dozvoljenog nivoa za vreme grejne sezonc
(od oktobra do marta).

- Maksimalne koncentracije SO2 su takode iznad GVI za vreme grejne sezone.

- Velika ekonomska kriza je imala uticaja na poboljSanje kvaliteta vazduha u centru
grada tj. koncentacija NO2 i drugih azotnih oksida, CO i olova su u tom periodu bile u
dozvoljenim granicama.

- Vece koncentracije azotnih oksida konstatovane su na najfrekventnijim saobracajnica-
ma u centru grada.

- Najveca kolitina padavina zabelcZena je u periodu od 1991 do 1995 godine, a njihova
pH vrednost u zimskom periodu je nesto ispod 7,00. 3

- Centar Novog Sada je pod relativno velikom zelenom povrsinom (218.808 m”) §to
utie na smanjenje acrozagadenja.

- U cilju poboljasanja kvaliteta vazduha neophodno je odrZavati i dalje obogacivati biljni
pokrivad grada narogito vrstama optornim na nepovoljne uslove gradske sredine.
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Maksimalna koncentracija ¢adi [mg/m’ /dan]u periodu 0d 1990. do 1995. godine
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PLANT COVER OF NOVI SAD - A SIGNIFICANT ELEMENT OF ITS
ENVIROMENTAL QUALITY

Vuckovi¢ Mirjana, Strajin Dragana, Radulovi¢ Snezana
Institute of Biology, Faculty of Sciences

University of Novi Sad, Trg D. Obradovica 2

21000 Novi Sad, Yugoslavia

SUMMARY

‘The results of the investigations into the physical and chemical air pollution of the Novi
Sad city area in the period 1990-1995 are presented. The interrelationships between the
urban air quality and composition and area size of plant cover are shown. The green area of
Novi Sad represents an important factor in its environmental health. Therefore, maintenance
od l{]c plant cover of the city and the introduction of air pollution-resistant plant species is
needed.
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MORFO-ANATOMSKE I FIZIOLOSKE KARAKTERISTIKE VRSTE VICIA
VILLOSA Roth. (FABALES, FABACEAE)

Krsti¢ Borivoj, Boza Pal, Merkulov Ljiljana, Krsti¢ Lana, Pajevi¢ Slobodanka
Institut za biologiju, Prirodno-matematicki fakultet, Novi Sad

Primljeno 12. XTI 1999.

SAZETAK

Vicia villosa Roth. spada u podrod Cracca, sekciju Cracca. Neke vrste iz roda Vicia su
gajene biljke i koriste se za sto¢nu ishranu. Proucavanje vrste V. villosa kao divljeg srodnika
gajenih vrsta, vrseno je u cilju utvrdivanja pozitivnih osobina, koje mogu biti od znaCaja u
oplemenjivanju.

Analizom morfolodkih karaktera utvrdeno je da su visina biljke i Sirina listica nesto vece
u odnosu na literaturne podatke. DuZina cvasti i duzina drSke cvasti su vrednosti koje
predstavljaju nove podatke i dopunjuju poznavanje morfoloskih karaktera vrste. Anatomska
ispitivanja su pokazala da su listici amfistomaticni, sa stomama paracitnog Lpa. One su
brojnije i sitnije na adaksijalnom epidermisu. Obicne dlake su prisutne na oba epidermisa, a
7lezdane samo na abaksijalnom. Mezofil je relativno tanak, izgraden iz malog broja slojeva
sitnih éelija. Odnos palisadnog i sunderastog tkiva iznosi 1:1. Stablo malog pre¢nika se
odlikuje prisustvom brojnih provodnih snopica. Po gradi vegetativnih organa ova vrsta poka-
zuje slicnost sa vstom V. cracca. Vicia villosa se izdvaja po visokim koncentracijama kalijuma
u listu, stablu i cvetu, kalcijuma u cvetu stablu i fosfora u cvetu i mahuni.

Kljuéne reci: Vicia villosa, morfologija, anatomija, fotosinteza, disanje, hemijski sastav.

UvOD

Oplemenjivanjem gajenih biljaka moZe se uticati na njihov kvalitet i otpornost prema
niskim i visokim temperaturama, sudi, bolestima i sl. Poznavanje karakteristika njihovih
autohtonih srodnika je od velikog znacaja, jer oni mogu biti izvor pozitivnih osobina koje je
procesom oplemenjivanja moguce uneti u genotipove gajenih biljaka. Gajene vrste iz roda
Vicia L. se koriste za sto¢nu ishranu te je od praktitnog znacaja ispitivanje mogucnosti za
povecanje prinosa, pobolj$anje organske produkcije, kao i otpornosti biljaka prema bolestima.
Stoga se ukazuje potreba za proucavanjem morfoloskih, anatomskih, fizioloskih, biohemijskih
i genetickih osobina vrsta koje se ne gaje, a pripadaju ovom rodu. (Burduja et al., 1970, 1971;
Boza et al., 1993, 1996; Krsti¢ et al., 1995).
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Vicia villosa Roth. 1879 spada u podrod Cracca, sekciju Cracca. U Srbiji je dosta Cesta
i rasprostranjena (Dikli¢, 1972). Raste pored puteva, u Sikarama, na suvim travnim mestima,
na ivici hrastovih Suma, a kao korov na oranicama i u okopavinama (Dikli¢, 1972).

V. villosa je veoma varijabilna vrsta. Izdvojeno je viSe infraspecijskih oblika na osnovu
dlakavosti stabla i listi¢a, oblika i veli¢ine listi¢a, izgleda ¢aSice i boje cvetova (So6, 1996).

MATERIJAL I METODE

Biljni materijal sakupljen je sa travne, peskovite podloge u fazi cvetanja, dok su mahune
sakupljene u punoj zrelosti, na lokalitetu Liman 4 u Novom Sadu.

Za morfoloska ispitivanja deo materijala je herbarizovan. Vriena su merenja visine
biljke, duzine i Sirine listi¢a, duZine zalistaka, duZine cvasti, drSke cvasti i cveta, duZine 1 Sirine
mahune, veli¢ine semena, a utvrden je i broj pari listica, broj cvetova u cvasti, broj zrna u
mahuni i masa hiljadu zrna. Dobijene vrednosti su uporedivane sa podacima iz literature.

Za anatomsku analizu odvajan je lateralni listi¢ perasto slozenog lista i internodija srednjeg
dela stabla sa 10 biljaka. Analiza grade pokori¢nog tkiva, merenje dimenzija stoma i odredivanje
njihovog broja vrSeni su na otiscima epidermisa listica dobijenim po metodi Wolf-a (1954).
Poprec¢ni preseci organa pravljeni su mikrotomom na zamrzavanje i na njima su mikroskopskim
merenjima obuhvaceni: debljina listica, pre¢nik stabla, debljina tkiva i veli¢ina celija.

U okviru fizioloskih ispitivanja odredivana je koncentracija mineralnih elemenata u listu,
stablu, cvetu 1 mahuni. Biljni materijal je prethodno osu$en i samleven. Koncentracija azota
odredivana je primenom standardne mikro-Kjeldahl metode, a fosfora spektrofotometrijski
amonijum-vanadat-molibdat metodom. Plamenofotometrijski, iz mati¢nog rastvora odredena
je koncentracija kalijuma, kalcijuma i natrijuma (Sari¢ et al., 1990).

Metodom Wetstteina odredena je koncentracija fotosintetickih pigmenata (Saric et al.,
1990). Intenzitet fotosinteze i disanja odredivan je polarografski, kori§¢enjem Clark-ovog tipa
elektrode, pri ¢emu je merena koli¢ine izdvojenog kiseonika, odnosno usvojenog Kiseonika u
mraku (Walker, 1990).

REZULTATI ISPITIVANJA
Morfoloska analiza

Morfoloskim ispitivanjima ustanovljeno je da je visina biljke 75-132 cm (Tab. 1). Ove
vrednosti su nesto viSe od vrednosti zabeleZzenih u literaturi. Broj pari listica je 7-9. Ova
vrednost varira u manjem opsegu na naSem materijalu u poredenju sa podacima iz literature.
Duzina listica se kreée izmedu 15 i 20 mm, a irina od 4 do 7 mm, §to je nesto visa vrednost
u odnosu na literaturne podatke. Izracunat je indeks listica koji iznosi 3-6,2 (srednja vrednost
Je 4,1). Podaci za duzinu cvasti i duZinu drike cvasti nisu pronadeni u koris¢enoj literaturi i
prema nasim merenjima iznose 6-11,5 cm, odnosno 3,8-6,8 cm. Vrednosti za duZinu zalistaka
(712 mm), duZinu cveta (12-16 mm) i duZinu i Sirinu mahune (21-30 mm i 5-9 mm)
odgox@raju literaturnim podacima. Mahune su sadrzale 1-6 zrna Cija veli¢ina na nasem
materijalu iznosi 2-3 mm a pre¢niku, §to je ne$to manje u odnosu na literaturu. Prose¢na
masa 1000 zrna je 19,8 g, 8to je priblizno masi koju navodi Schermann (1967).

C'wzirom da je V. villosa veoma varijabilna vrsta, izvrena je taksonomska analiza
sakupljenog materijala. Ustanovljeno je prisustvo forme latifolia Form 1896, za koju je
karakteristiéno da su listici elipticnog, a ne linearno-lancetastog oblika (SI. 1). Duzina ovih
listica krece se od 11 do 28 wim, a Sirina od 5 do 8 mm. Indeks listica je s
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Slika 1. A = Vicia villosa {. villosa; B - Vicia villosa f. latifolia
Figure 1. A — Vicia villosa {. villosa; B — Vicia villosa {. latifolia

Anatomska analiza

Analiza pokori¢nog tkiva listica pokazuje da Celije epidermisa imaju izuvijane antiklinal-
ne zidove. U epidermisu su prisutne obicne i Zlezdane dlake. Obi¢ne dlake javljaju se na oba
cpidermisa i izgradene su iz krupne bazalne celije, sitnije Celije iznad nje i duge, uske
terminalne Celije. Zlezdane dlake se sastoje od kratke jednocelijske drSke i viSecelijske glavice
ovalnog oblika 1 prisutne su samo na abaksijalnoj strani. Listi¢i su amfistomaticni, a stome su
paracitnog tipa (Metcalfe, Chalk, 1950). Stome su nesto ispod nivoa cpidermisa i pjihov broj
Je znatno veci na adaksijalnoj strani (308/mm®) u odnosu na abaksijalnu (182/mm®) (Tab. 2).

Tab. 2. Karakteristike epidermisa listica
Tab. 2. Characteristics of leaflet epidermis

» Broj stoma (mm®~) _ Veli¢ina stoma («em) |
Stomata number (mm®) | Stomata size (um) |

N —— < 4 -
Adaksijaini i Abaksijalni ‘
cpidermis epidermis : i ‘
pI¢ | > Adaksijalni epidermis Abaksijalni epidermis \

\

1 Adaxial ] Abaxial Rilsix - ; o 1
| cpidermis | epidermis Adaxial epidermis Abaxial epidermis |
1 ‘ “ DuZina [ Sirina DuZina | Sirina ‘
F‘ J | Length Width Length Width |
\
L 38 | 1,2 | 184 10,7 254 | 156 |

Stome adaksijalnog epidermisa su sitnije (duzine 18,4 i irine 10,7 «m), dok su stome
na abaksijalnom epidermisu duzine 25, 4, a Sirine 15.6 um (Tab. 2). Listic V. villosa je
dorziventralne grade (SI. 2). Celije epidermisa na abaksijalnoj strani su krupnije i sa debljom
kutikulom u odnosu na adaksijalnu stranu (Tab. 3). U celijama epidermisa uocavaju se
slchnc nakupine Kristal iglicastog oblika. Mezofil listica &ine palisadno tkivo gradeno iz
jednog sloja celija debljine 56 um i 3-4 sloja Celija sunderastog tkiva, debljine 53 xm. U
mezofit liske na.aze se provodni Snopici kolmcr}llnog tipa. Glavni nerv je ispupcen na ;
uhuksgmmoj Strani i u njemu se nalazi jedan provodni snopié kolateralnog tipa. Glavni nerv je
i.\‘pupccx} na abaksijalnoj strani i u njemu se nalazi jedan provodni snopic visine 146 wm i Sirine
7 um (Tab. 3). Uz floen: 1 ksilem snoopica nalaze se grupe sklerenhimskih vlakana.
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Tab. 3. Anatomske karakteristike listica (1«m)
Tab. 3. Leaflet anatomical characteristics (um)

f
| Visina glavnog nerva

| 242 | Visina ¢elija ;ld;lksunlnog_cpidcrmxsu 17.8 |
| Main vein height \ | Adaxial epidermis cell height |
i i < ‘
{ Sirina glavnog nerva l 199 | Sirina celija adaksijalnog epdiermisa | 225 |
! Main vein width | | Adaxial epidermis cell width [ |
I [
. : \ : S
‘ Visina provodnog snopica glavnog nerva | 146 | Debljina kutikule adaksijalnog epidermisa | | 9
| Main vein vascular bundle height | | Adaxial epidermis cuticle thickness .
| Sirina provodnog snopica glavnog nerva ‘ 97 | Visina celija palisadnog tKkiva 16.1
| Main vein vascular bundle width | | Palisade tissue cell height [
| | | x ‘ |
Visina traheja | 113 |Sirina celija palisadnog tkiva | 97
Vessel height | | Palisade tissue cell width |
e | . :
| Sirina trahcja 11,1 | Visina ¢elija sunderastog tkiva } 10.6
Vessel width | Spongy tissue cell height - ol
Debljina liske 151 \ Sirina €elija sunderastog tkiva | 14.0
Leaflet thickness | Spongy tissue cell width | |
Debljina palisadnog tkiva ‘\ s¢ | Visina Celija abaksijalnog epidermisa | 241 |
Palisade tissue thickness | | Abaxial epidermis cell height e
s, & = |
Debljina sunderastog tkiva E <7 | Sirina Celija abaksijalnog epidermisa 298
[ﬁmn:\' tissuc thickness \ | Abaxial epidermis cell width
Al Lt e \ ‘ - .
[ } Debljina kutikule abaksijalnog epidermisa ‘ P75

Abaxial epidermis cuticule thickness

Slika 2. Poporeéni presek listica: A — glavni nerv: B = 1/4 Sirine listica
ps — provodni snopi¢; k — Kutikula; ade — adaksijalni epidermis; abaksijalni epidermis; s — stoma;

pt - palisadno tKivo; st — sunderasto tkivo; d — obi¢na dlaka; Zd — Zlezdana dlaka

Figure 2. Leaflet cross section: A — main vein; B — 1/4 leaflet width
ps — vascular bundle; k - cuticle; ade — adaxial epidermis; abe — abaxial epidermis; s — stoma;
pt — palisade tissue; st — spongy tissue; d — non-glandular hair; 2d - glandular hair

Stablo je na popre¢nom preseku okruglo do ovalno, sa dva bocna krilasta izrastaja (SI.
3). Na stablu je uocljivo Sest rebara, od kojih su Cetiri slabije, a dva jale izrazena 1 naspramno
postavljena. U krupnijim rebrima nalazi se kolenhim. Pre¢nik stabla iznosi 2641 um (‘Tab. 4).
Epidermis je graden od jednog sloja ¢elija, pri ¢emu su Celije koje se nalaze na povrsini rebara
sitnije od ostalih (SI. 3b). Na epidermisu su prisutne brojne obi¢ne i Zlezdane dlake. Debljina
kutikule je varijabilna i iznosi od 2.7 do 5.9 um (srednja vrednost je 4.0. um). Primarna kora
se sastoji od nekoliko slojeva ¢elija, od kojih su periferne sitnije 1 sadrZe hloroplaste. Skrobna
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sara je uofljiva samo iznad provodnih snopica. U centralnom cilindru nalaze se tipine
parenhimske Celije, ¢ije se dimenzije povecavaju ka srediSnjem delu stabla, gde se najkrupnije
raskidaju i formira se manja ili ve¢a centralna Supljina. Provodni snopici kolateralnog tipa
rasporedeni su u jednom krugu u perifernom delu cilindra. Broj snopica se krece od 12 do 16,
od kojih su 2-5 snopi¢a znatno sitniji. Po jedan manji provodni snopi¢ nalazi sesi u svakom
krilastom izrastaju. Iznad floemskog dela snopica nalaze se grupe pericikli¢nih sklerenhimskih
vlakana, ¢ija veli¢ina varira zavisno od veli¢ine snopica. Celije srZznih zraka i perimedularne
zone su zadebljalih i lignifikovanih zidova.

Tab. 4. Anatomske karakteristike stabla (xm)
Tab. 4. Stem anatomical characteristics («m)

‘r{‘rcémk 2641 | Visina sklerenhima 134
Diameter Sclerenchyma height
Broj provodnih snopica 14 Sirina sklerenhima 190
Vascular bundle number Sclerenhyma width
Visina provodnih snopica 353 | Visina €elija epidermisa 281
Vascular bundle height Epidermal cell height
Sirina provodnih snopiéa 256 Sirina éelija epidermisa 28.0
Vascular bundle width Epidermal cell width i
Visina traheja 382 | Debljina kutikule 4.0
Vessel height | Cuticle thickness
| Sirina traheja 31,9 | Visina Celija parenhima 69.9
Vessel width Parenchyma cell height
Sirina ¢elija parenhima 58.6
L Parenchyma cell width

Slika 3. Popre¢ni presek dela stabla: A - Sematski prikaz; B — detalj grade
¢ — epidermis; kl — kolenhim; h — hlorenhim; s — sklerenhim; ps — provodni snopi¢;
p i‘[)arcnllim; k — kora; f - floem; ks — ksilem; sz — srZni zraci; ¢ — Supljina
. Figure 3. Stem cross section: A ~ shematic review; B — structure detail
€ — epidermis; kl — colenchyma; h — chlorenchyma; s — sclerenchyma; ps — vascular bundle;
p — parenchyma; k — cortex; f — phloem; ks — xylem; sx — pith rays; ¢ — cavity

Fizioloska analiza
Ulvfrdc-;n je ukupan sadrzaj pepela i sadrzaj N, P, K, Ca i Na u listu, stablu, cvetu i
mahuni V. villosa, a dobijene vrednosti su prikazane u tabeli 5.
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Tab. 5. Koncentracija elemenata mineralne ishrane i sadrzaj pepela u ogranima
Tab. 5. Element concentracion and ash content in organs

Biljni 1
OTgAL Koncentracija elemenata (mg7%) Pepeo (%)
Plant Element concentracion (mg7%) Ash (%) ‘.
an
‘,L’r‘;",‘!‘_,,A | |
| - s ) Ukupni Rastv. | Nerastv. |
k» . \ Ca e Total Soluble J Unsolubl |
] = |
List Al a " o - ~b St |
. 1983 1667 17 8,88 7,67 1,21 ‘
Leaf
i“ir | L ‘T’—— 7
Statio 5¢ ‘ 2300° | 1200 70" 8,87° 786° | 1,01°
Stem
il |
Cvet 4 4: 2800° 1267° 53° 9,98° 9,08 | 091% |
Lo ... S I | Lt
- 2 5 | |
’l\f“:‘“"" 2503¢ i 297° 1167¢ 1067° 80 | 5,14¢ 4,56¢ i 0,57° |
(818 |
1
Srednja l }
vrednost 3123 301 2062 1300 70 8,22 729 \ 0,92 ‘
Average | | | | , ]

Najveéi sadrzaj pepela (9.98%) prisutan je u cvetovima, a najmanji u mahunama, dok
je u listu i stablu podjednak. Analizom koncentracije elemenata po organima ustanovljeno je
da je najveca koli¢ina azota prisutna u cvetovima 1 listovima, zatim u zelenim mahunama, a
najmanja u stablu. SadrZaj fosfora je najve¢i u cvetovima, skoro podjednak u listu i mahuna-
ma, a u stablu najmanji. Kalijum je najvise zastupljen u cvetovima, a kalcijum u listovima, dok
je njihova koncentracija najniza u mahunama. Koncentracija natrijuma je niska u svim biljnim
organima, a najniza u cvetovima. '

Intenzitet fotosinteze je 44.25 umol ()3g’1h'1. a intenzitet disanja 12.39 umol ()3g'lh"
(Tab. 6).

Tab. 6. Intenzitet fotosinteze i disanja i koncentracija pigmenata hloroplasta u organima
Tab. 6. Rate of net photosynthesis, dark respiration and concentration of chloroplast pigments

Intenzitet ncm‘ Intenzitet T\

Biljni fotosinteze l disanja |
organ Koncentracija pigmenata hloroplasta (mg/g suve materije umol O2g 'h™) | (umol Oxg'n!

: ja pig rOf 28 je) |( g h)iC g h)

Plant Content of chloroplast pigments (mg/g dry matter) | Rateof net Rate of dark |

organ | photosynthesis respiration |

{ (emol ()3g'1h'l) luzmol O2g 'h )|

| hia hib |hla+b | hla/b | karot. | hla+b/karot ! \ f

‘ chla chlb |chla+b| chla/ | carot. | chla+b/carot. | | |

. ] ) ] » 5 [ 1 |

}-'*‘l 1 517" [ 1,49 l 6,67" | 346" | 463" 1,44° \ 44,25 | 12,39 |

ca |

Stablo | 97° | 0,52° | 149" | 188" | 091 1,74° \

Stem |

Cvet | o8 | 054" | 1,52° | 1,81° | 133" 1,16° ‘

Flower |

Srednja - \

vrednost| 2,37 0,85 3,20 2,38 2,29 1,45 |

Average 1 J
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Analizom sadrZaja pigmenata ustanovljeno je da je u najvecoj meri zastupljen hlorofil a,
zatim karotenoidi 1 hlorofil b (Tab. 6). Koncentracija pigmenata je najveca u listovima, a
znatno niza 1 gotovo podjednaka u stablu i cvetovima.

DISKUSIJA

Na osnovu rezultata dobijenih morfoloskim analizama koji su uporedeni sa podacima iz
literature konstatujemo da broj pari listiCa na ispitivanom materijalu mnogo manje varira i da
je veli¢ina semena manja, a visina biljke nesto veca u odnosu na literaturne podatke (Gams,
1924; Komarov, 1948; Schermann, 1967; Dikli¢, 1972; Kuzmanov, 1976; Arssen, 1980).
Podaci za duzinu cvasti i duzinu drike cvasti, kao i za indeks listica, koji nisu pronadeni u
koriscenoj literaturi, predstavljaju prilog poznavanju morfoloskih karakteristika ove vrste.
Konstatovana je jedna forma f. latifolia, koja se karakterise $irim listi¢éima u odnosu na tipiénu
formu.

Rezultati ispitivanja anatomske grade vegetativnih organa ove vrste u poredenju sa
rezultatima slicnih ispitivanja u okviru roda Vicia (Merkulov et al., 1996) ukazuju na isti tip
unutrasnje organizacije, karakteristican za predstavnike ovog roda, ali na znatne kvantitativne
razlike izmedu vrsta. U anatomskom pogledu listi¢i ispitivane vrste se odlikuju prisustvom
brojnih, dugih obi¢nih dlaka kao i 7lezdanih koje su rasporedenc samo na abaksijalnom
epidermisu. Stome su znatno brojnije i sitnije na adaksijalnom epidermisu. Celije pokori¢nog
tkiva su relativno krupne, posebno na abaksijalnoj strani, sa prisutnim nakupinama Kristala.
Mezofil je relativno tanak, izgraden iz malog broja slojeva sitnih celija kako palisadnog tako i
sunderastog tkiva, tako da je vrlo uodljiva razlika u velicini Celija mezofila i pokori¢nog tkiva.
Odnos palisadnog i sunderastog tkiva je 1:1. Stablo je malog precnika, sa jasno naglasenim
rebrima. Odlikuje se prisustvom brojnih obicnih i Zlezdanih dlaka i brojem snopica koji je vedi
u odnosu na ostale ispitivane vrste roda Vicia. Po osobinama grade vegetativnih organa ova
vrsta ispoljava slicnost sa vrstom V. cracca.

Grahorice se koriste za sto¢nu ishranu, te je veoma vazno poznavati njihove fizioloSke
karakteristike, sadrzaj mineralnih elemenata u pojedinim biljnim organima, kao i karakteristi-
ke fotosintetickog aparata. Prema sadrzaju azota u svim biljnim organima ova vrsta ne
odudara od ostalih analiziranih vrsta roda Vicia (Krsti¢ et al., 1995). Izdvaja se po izrazito
vecdim koncentracijama kalijuma u listu, stablu i cvetu, najviSoj koncentraciji kalcijuma u cvetu
I visokim koncentracijama kalcijuma u stablu i fosfora u listu i stablu. U odnosu na ostale
taksone, ova vrsta sadrZi najvise fosfora u cvetu i mahuni. Svi ispitivani podaci mogu biti
korisni u radu na selekeiji i oplemenjivanju gajenih grahorica.
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MORPHO-ANATOMICAL AND PHYSIOLOGICAL CHARACTERISTICS OF VICIA
VILL.OSA ROTH. (FABALES, FABACEAE)

Krsti¢ Borivoj, BoZa Pal, Merkulov Ljiljana, Krsti¢ Lana, Pajevi¢ Slobodanka

Faculty of Sciences, Institute of Biology, Novi Sad

SUMMARY

Vicia villosa Roth belongs to subgen. Cracca, sect. Cracca. Some species from: genus
Vicia are cultivated and can be used as fooder crop. Investigation of V. villosa as a wild
relative of cultivated plants, was done in order to discover its positive characteristics, which
could be of interest in the process of breeding. Morphological characteristics of stem, leaves,
inflorescences and fruits, leaf epidermal tissue and the anatomical structure of stem and
leaflets were analysed. The concentrations of mineral elements and photosynthetic pigments
in different plant organs, as well as the net photosynthesis rate and dark respiration rate werce
also examined.

In the scope of morphological analysis, values of inflorescence lenght, inflorescence
pedicel lenght and leaf index, which had not been found in the literature data, were
determined. Anatomical analyses showed that the leaflets were amphistomatal, with paracytic
type of stomata. Non-glandular hairs were found on both epidermis, while glandular hairs
were found only on the abaxial epidermis. There was higher number of smaller stomata on
the adaxial epidermis. Mesophyll was relatively thin, composed of rayer and small dimension
cells, with palisade and spongy tissue ratio 1:1. This species was characterized by a small stcm
diameter with distinct ribs and a lot of vascular bundles. In relation to anatomical structure ol
vegetative organs V. villosa showed significant similarity with V. cracca. V. villosa stands out
from the other investigated Vicia species by its high concentrations of K in leaf, stem and
flower, Ca in stem and flower and P in flower and pod.
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VARIJABILNOST GLU-I LOKUSA PSENICE (Triticum aestivum 1..)
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SAZETAK

U radu je analizirana alelna varijabilnost Glu-1 lokusa kod Sest sorti i tri linije pSenice.
Rezultati su pokazali da u lokusu Glu-A1 postoje tri alela: a, b, i ¢, koji kodiraju subjedinice
1,2* i N. U lokusu Glu-BI nadena su dva alela: b i ¢ odnosno njihove subjedinice 7+8 i 7+9.
U lokusu Glu-D1I bila su prisutna dva alela: a i d koji su odgovorni za sintezu subjedinica
2+12 i 5+10. NajceSce su se javljale kombinacije glutenina velike molekulske mase 2* 7+9
5+10. Heterogena je bila linija NS 0.1085 sa cetiri biotipa, a translokaciju 1BL/1RS su
posedovale samo sorte Anastazija i Sara.

Klju¢ne reci: alelna varijabilnost, glutenini, penica, SDS-PAG elektroforeza, tran-
slokacija

UvoD

_ U danasnje vreme, pogotovo u razvijenim zemljama, puno se paznje pridaje kvalitetu
namirnica. Konretno, hlebno Zito mora zadovoljiti zahteve 0 minimalnom sadrZaju i kvalitetu
proteina koje sadrzi. Faktori spoljasnje sredine i prihranjivanje imaju velik uticaj na sadrZaj
proteina, dok je sastav rezervnih proteina sorte geneticki uslovljen i ogleda se u kombinacija-
ma glutenina i glijadina.

_ Geni koji kontrolidu sintezu glutenina velike molekulske mase nalaze se na dugackim
kracima hromozoma 1A, 1B i 1D, u lokusima Glu-A1, Glu-BI i Glu-DI. Svaki lokus sadri po
dva gena koji utiu na sintezu x-tipa i y-tipa subjedinica glutenina velike molekulske mase
(Harberd i sar., 1986).

lako glutenini velike molekulske mase predstavljaju 10% rezervnih proteina pseniénog
brasna ustanovljeno je da postoji pozitivna korelacija izmedu prisustva pojedinac¢nih aleja tj.
subjedinica glutenina i komponenti kvaliteta hleba (Payne i sar., 1988). Glutenini i glijadini
uti€u na svojstva testa, rastegljivost zavisi od glijadina a visokoelasti¢nost od glutenina.

_Prema Carillo i sar. (1990), Kolster i sar. (1991) i Vapa i sar. (1995) kvalitet sorte ne

zavisi toliko od prisustva pojedina¢nih alela nego mnogo vise od njihove kombinacije tj. od
aditivnog i epistatickog efekta.

Uyodepjem metode natrijum dodecilsulfat poliakrilamid gel (SDS PAGE) elekroforeze
u geneticka istrazivanja, steceni su uslovi da se sagleda veza izmedu alelne varijabilnosti
glutenina velike molekulske mase i komponenti kvaliteta hleba.
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Cilj ovog rada je bio da se izvr$i analiza alelne varijabilnosti Glu-1 lokusa metodom SDS
Pag clektroforeze, kod sorti i linija pSenice selekcioniranih u Novom Sadu, kao i da se odredi
prisustvo 1BL/1RS translokacija.

MATERIJAL I METODIKA

U radu je analizirano 6 sorti pSenice koje su selekcionirane u NaucCnom institutu za
ratarstvo i povrtarstvo u Novom Sadu, a priznate tokom 1998. godine, kao i tri linije. Kao
standardi koriStene su sorte sa ve¢ poznatim gluteninskim alelima: Baranjka, Jugoslavija 1
Kozara

Za analizu glutenina primenjena je metoda natrijum dodecil sulfat poliakrilamid gel
clektroforeze (SDS-PAGE) prema Vapa (1989). Da bi se utvrdila kompozicija subjedinica
glutenina velike molekulske mase bilo je neophodno izvrsiti redukciju proteina (merkaptoeta-
nolom). kako bi se raskinuli disulfidni mostovi izmedu proteinskih subjedinica, a za utvrdiva-
nje prisustva 1BL/1RS translokacije koristili su se neredukovani proteini.

Elektoforeza je radena u aparatu za vertikalnu elekkroforezu ,,Hoefer”, pri jacini struje
od 20 mA po gelu, kroz koncentrujudi gel, a 40 mA kroz gel za razdvajanje, u trajanju od 5-6
gasova. Gelovi su bojeni u 0,02% Commassie Brilliant Blue R 250.

Obelezavanije gluteninskih lokusa i alela izvrSeno je prema Payne i Lawrence (1983).

REZULTATI I DISKUSIJA

Posle elektroforetskog razdvajanja na gornjem delu gela uoceno je prisustvo 3 do 5
subjedinica glutenina velike molekulske mase (SL. 1) koje kontroliSu aleli lokusa Glu-Al,
Glu-B1 i Glu-D1. Jedna ili nijedna subjedinica je kodirana genima u lokusu Glu-A1 jedna ili
dve subjedinice su kodirane genima u lokusu Glu-Bl, dok geni u lokusu Glu-D1 kodiraju
sintezu dve subjedinice glutenina velike molekulske mase (Sl. 2).

SI. 1. Elektroforegram glutenina velike molekulske mase sorti i linija psenice
Electrophoregram of high Mr glutenin subunits in wheat cultivars and lines
|. Baranjka, 2. Ivanka, 3. Anastazija, 4. Kremna, 5. Sofija, 6. Sara, 7. Stamena, 7. Jugoslavija, 9. NS
17/91, 10. NS 45A/93, 11. NS. 0.1085, 12. NS 0.1085 13. NS 0.1085
* subjedinice glutenina velike molekulske mase
high Mr glutenin subunits
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SI. 2. Shematski prikaz alelne varijabilnosti u lokusima Glu-1 sorti i linijja pSenice
Shematic presentation of allellic variation at Glu-I loci in wheat cultivars and lines

U lokusu Glu-A1 pronadena su tri alela, aleli a i b koji kontroli§u sintezu subjedinica 1
1 2%, dok je alel c tzv, nulti alel jer ne daje obojenu traku na gelu. Ucestalost subjedinice 1 bila
je 222%, subjedinice 2* 44.4% dok je nulti alel bio zastupljen 33,3%. U lokusu Glu-BI
zabelezeno je prisustvo dva alela, alel b kodira sintezu subjedinice 7+8 (11,1%) a, alel ¢
odgovoran je za sintezu subjedinice 7+9 (88.9 % ). U lokusu Glu-DI uoceno je prisustvo dva
alcla a i d, koji uticu na sintezu subjedinica 2+2 i 5+ 10, koje su zastupljene sa 33.3% i 66,7%
(Graf. 1)

90

ot Bt B B f ) ki i
1 2= N 7+8 7+9 2+12 5+10

Graf. 1. Ucestalost alela Glu-1 lokusa sorti i linija psenice
Allelic frequency at Glu-1 loci
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Najéeséa kompozicija subjedinica glutenina bila je 2%, 7+9, 5+ 10, (44,4%) dok su sc
ostale kombinacije subjedinica Glu-1 lokusa javljale mnogo rede. Medu ispitivanim sortama |
linijama jedino je linija NS 0,1085 bila heterogena i posedovala Cetiri elektroforetske putanje
Translokacija 1BL/IRS je pronadena samo kod 22,2% ispitivanih sorti i linija, tj. kod sorti
Anastazija i Sara (‘T'ab. 1).

Tab. 1. Kombinacija subjedinica glutenina velike molekulske mase psenice
C nmpu\umn of high Mr glutenin subunits in wheat

\um A/CU I TIv \I{ Glu-Al Glu-B1 |  GLu-DI %
ANASTAZIIA | 7+9 | 2+12 11,1
1\ ANKA | 7+8 1 5410 ‘ 11.1
| KREMNA e 1 >412 "
| NS 45A/93 ‘ ‘ [ s ‘ e
\()1 Il\ 749 S+10 } 11.1
[SARA j 2t ‘ 19 . 5+10 . | 44.4
STAMENA ‘ ‘ ‘

NS 17/91

NS 0.1085 A 35,3%
B29.4% 7+9,2+12 ‘ ‘
C 29.4% 5+1
D 59% 1.7+9,2+12

Prema Vapa i sar. (1995) sorte pSenice sclekcionirane prethodnih godina u Novom
Sadu, imale su najvecu ucestalost nulm:\v icla u Glu-A1 lokusu, alela c, t. .\leu.lmu 749 1
lokusu Glu-BI, i alela d, odnosno subjedinica 5+10 u lokusu Glu-DI. Prema Pogna 1 sar.
(1989) i Morgunov i sar. (1993) kod sorti razli¢itih zemalja lokus Glu-BI pokazuje najvecu
varijabilnost, a subjedinice koje se najéesce javljaju su: 7+9, 7+8, 6+8. U ovom lokusu, kod
novosadskih sorti, naden je manji broj razliCitih alela $to je rezultat manje varijabilnosti sorti
upotrebljenih u oplemenjivackim programima. U ovom radu, u lokusu Glu-A1, najvecu
ucestalost imala je subjedinica 2*, a kao i prethodnih godina subjedinice 749 i 5+ 10, lokusa
Glu-B1 1 Glu-D1, pokazale su najvecu zastupljenost.

Prema Payne (1989) i Pogna i sar. (1987), u ,dobre” alele, odnosno alele koji pokazuju
korelaciju sa komponentama kvaliteta spadaju: Glu-DId (subjedinice 5+ 10), Glu-Ala (subje-
dinica 1), Glu-A1b (subjedinica 2*) i Glu-Blc (subjedinice 7+9). Medu ispitivanim sortama i
linijjama samo je linija NS 0.1085 bila heterogena. Heterogenost s€ moze pojaviti kao
posledica meSavine zrna (prilikkom setve 1 Zetve), stranooplodnje, mutacije ili s¢ radi o
biotipovima (Vapa, 1989; Vapa, 1991; Pogna i sar., 1989) Heterogenost sorte moze imati
znacaj za oplemenjivace jer omogucuje odabir sorti sa subjedinicama glutenina vece kvalitetne
vrednosti.

ZAKIJUCAK

U radu je analizirana alelna varijabilnost Glu-I lokuSa Cest sorti 1 tri linije pSenice
proizvedenih u Nau¢nom institutu za ratarstvo i povrtarstvo u Novom Sadu. Dobijeni
rezultati pokazuju sledece:

® u lokusu Glu-Al pronadena su tri alela: a, b i ¢ tj. subjedinice 1, 2*, N, pri ¢emu je
subjedinica 2* imala najvecu ucestalost od 44%

® u lokusu Glu-B1 zabelezena su dva alela: b i ¢ odnosno njihove subjedinice 7+8 i
7+9. Najvecu zastupljenost imale su subjedinice 7+9 (89%); '

® u lokusu Glu-DI bila su prisutna dva alela: a i d koji su odgovorni za sintezu
subjedinica 2+12 1 5+ 10. Dominantne subjedinice bile su 5+ 10 ucestalosti (67%);
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e najucestalija kombinacija glutenina velike molekulske mase bila je 2%, 7+9, 5+10
(44%) koja je znacajna za dobar tehnoloski kvalitet sorte;

@ heterogena je bila samo linija NS 0.1085 sa Cetiri elektroforetske putanje.

e 1BL/1RS translokaciju su posedovale sorte Anastazija i Sara.
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SUMMARY

VARIABILITY AT Glu-1 LOCI IN WHEAT Triticum aestivum 1..)

Vapa Ljliljana and Vesna Zupunski
Institute of Biology, Faculty of Sciences, 21000 Novi Sad

Allelic variability at Glu-1 loci of wheat cultivars released in 1998 was studied, by the
method of sodium dodecyl sulphate gel electrophoresis (SDS-PAGE). At the Glu-Al locus
three alleles coding for glutenin subunits 1, 2* and N were determined; at the Glu-BI two
alleles for subunits 7+8 and 7+9; and at the Glu-DI locus two alleles for 2+12 and 5+ 10. At
the Glu-A1 locus the highest allellic frequency was obtained with subunits 2* (44%), at the
Glu-B1 with subunits 7+9 (89%), and at the Glu-DI locus with subunits 5+10 (67%). The
most frequent was glutenin composition 2* 7+9, 5+ 10 indicating good bread-making quality.
Heterogenity of glutenin composition was detectet only in line NS 0.1085.
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FILAMENTOUS NITROGEN-FIXING CYANOBACTERIA INFLUENCED BY
HIGH TEMPERATURE AND UV RADIATION

Zorica Svirev and Mihajla Davidovi€
Primljeno 12. XI 1999.

ABSTRACT

It is well known that filamentous nitrogen-fixing Cyanobacteria are being used on rice
fields as a microbiological fertilizer, and in past 20 years a significant effort has been made to
introduce these microorganisms as a conventional microbiological fertilizer of wide use. Up till
now a lots of experiments have showed a real possibility of their application in agriculture, but
significant number of problems that could appear during their application have not been
solved yet. The greatest number of these problems consider irresistance of some strains to
water deficit, low and high temperature and bad influence of UV radiation. Early changes
caused by influence od these factors will be reflected on morphology and physiology of
vegetative cells, heterocysts and akinetes. The aim this work was to determine and exam the
possibility of surviving and morphological changes of soil isolates of filamentous nitrogen--
fixing Cyanobacteria influenced by high temperature and UV radiation. Besides that, the
potential application of UV resistant strains could be recognized in pharmaceutical industry in
human protection from UV radiation. According to our results, some cultures showed
morphological changes caused by investigated factors. Although, there are some cultures,
manage to resist, kiping their morphological characteristics unchanged. The domination of
genus Phormidium was noticed in some cultures influenced by high temperature (254, 287,
S9B). The influence of UV radiation on filamentous nitrogen-fixing Cyanobacteria resulted by
surviving of all cultures, but with specific morphological changes in most of the strains.
Cyanobacteria strains 2S6B and 259 showed the extreme resistance to high temperature and
UV radiation followed by weak morphological changes. These strains should be under the
special attention in the case of cyanobacterial selection for different biotechnological
application.

Key words: Cyanobacteria, high temperature, UV radiation

INTRODUCTION

Cyanobacteria are the oldest group of photosynthetic microorganisms (Blazencic, 1998).
Cyanobacteria trace their origin to simple prokaryotic organisms, which had chlorophyll, and
they represent the evolutive connection between bacteria and algae, e. g. plants. The witnesses
of their evolutive oldness are paleological fossils which are believed to be old over three billion
years (Stanier, 1971).
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Some of old fossils, similar to Cyanobacteria point out that these organisms arc among
first on the planet and it was presumed that the first forms of Cyanobacteria arc ancestors of
today’s chloroplasts in cucariotic cells (Giovanonni et al., 1988).

Cyanobacteria can be found in environment significantly different by temperature, pH,
intensity and quality of light and also some other factors. They can be found in water, soll,
thermal springs, caves and it is well known that these organisms are well adapted on the
unconvinient condition of environment.

Filamentous nitrogen-fixing Cyanobacteria are being used on rice fields as a microbiolo-
gical fertilizer (Roger et al., 1986), and in past 20 years a significant effort has been made Lo
introduce these microorganisms as a conventional microbiological fertilizer of wide use
(Obreht, 1992). A lot of experiments have showed a real possibility of their application in
agriculture, but significant number of problems that could appear during their application
have not be solved yet. The greatest number of these problems consider irresistance of some
cultures to water deficit, low and high temperature and bad influence of UV radiation. In case
of wider inoculation of soil with these microorganisms a bad effect of different factors could
change effect, importance and biotechnological application of these microorganisms. The
carlicst changes caused by these factors would be shown as morphological and physiological
changes of vegetative cells, heterocysts and akinetes.

Considering their morphology, one group of Cyanobacteria was classified as filamentous
heterocyst microorganisms. They have specialized cells, heterocysts and akinetes, which are
different from vegetative cells in morphology, physiology and ecology importance (Mollen-
hauer, 1988).

It is known that UV rays have biological influence and that many processes in organism
depend on energy of UV rays. On the other hand, rays with lower length have destructive
effect on living cells. It was interesting to exam if there were some cultures among Cyanoba-
cteria resistant to UV radiation. In past few decades ,thanks to” activity of man ionosphere
was damaged and higher concentration od UV rays manage to reach carth surface. Consider
unprinted data from Congress of electromagnetic radiation in Oxford in 1998, American
scientist showed that number of persons with skin cancer is 30% higher than during thirties.
I'his was explained by using the sunscreens, which penetrate the skin transforming the energy
in free radicals, which could damage DNA and cause cancer. The greatest number of
sunscreens Is on the basis of oil and they could easily penctrate the skin and be potentially
dangerous. Because of these and similar data the great effort was made all around the world
to find the new technology for developing the man protection from UV radiation, and one of
the ways is to exam physiological adaptation and genetic mechanisms of cyanobacterial
cultures resistant to UV radiation. '

~ In order to determine cyanobacterial resistance in unconvinient condition, morphologi-
cal features of cyanobacterial strains have been analized after their exposure to UV radiation
and high temperature. Consider this, application of Cyanobacteria as biofertilizers could be
limited by significant morphological and psysiological changes. Resistant cultures of Cyanoba-
cteria are important base for further examination of adaptional and resistance mechanisms.

Examination of these characteristics could also be used in creation of new sunscreen sub-
stances.

MATERIAL AND METHODS

_ Ten isolates of Cyanobacteria were used and they are part of algological collection in
Institute of Biology, Faculty of Natural Sciences, Novi Sad. These cultures were isolated from
d‘iﬂcrc’n‘l soil type (soloq_lcc) in Voivodina (Gantar el al., 1991): S1, S2, S3, 2S4, 2S6B, 287, S8,
S9B, 259 and 2§10. The cultures were maintened on medium BG-11 without combined
nitrogen (Rippka, 1979).

Cultures of Cyanobacteria in exponential phase were poured in petri dishes. Plates were
exposed to UV radiation (TUV 30W/G30T8, UV-C long life) for 120 minutes. Irradiated
cultures were inoculated in medium BG-11 and cultivated in tubes at 25°C and light intensity
of 1500 lux. After three weeks the presence of cell growth, color, presence of mucinous, lypé
of life cycle and complete morphological analysis has been determinated. '
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Cyanobacterial isolates were exposed to temperature of 55°C for seven days. After six
weeks morphological analysis have been done.

Morphological analysis included:

e Determination of shape, size and number of vegetative cells

e Determination of shape, size and percent of heterocysts

® Determination of shape, size and number of cysts

Size of vegetative cells, heterocysts and akinetes was determinated by measuring of 50
different cells. The percent of heterocysts was determinate after counting heterocysts per
thousand vegetative cells. The star (*) point to the statistical significance of tested parameters
compared to the control without NO3 at the confidential level p<0,05. The significant
differences were determined by standard statistics methods,

The analysis of control cultivated in optimal conditions have been done.

RESULTS AND DISCUSSION

The influence od high temperature and UV radiation as stress factors on morphological
characteristics of terrestrial filamentous heterocysts Cyanobacteria has been investigated.
According to our results, some cultures showed more or less certain morphological changes
caused by examined factors. Although, there were some cultures which entirely kept their
morphological characteristics.

The influence of high temperature on morphology of filamentous heterocysts Cyanobacteria

The presence and in some cases domination of strains the most similar to genus
Phormidium, had been noticed in cultures exposed to the high temperature condition. It is
possible that Phormidium like strains could not be registered earlier because of the great
presence of original culture cells and filaments in medium. High temperature condition
caused mass death of original culture, and provided good condition for growth and develo-
pment of Phormidium, which is usually dominate genus in thermal springs (Blazenci¢, 1998).
In that way development and growth of some cultures of Cyanobacteria (254, 257 and S9B)
were stopped.

Table 1. The influence of high temperature on shape and size of vegetative cells

Strain . Control } 55°C 1
ﬂ}_:\_pc | Size um 1 Shape Size um
S1 cylindrical 3.5x5.75 cylindrical | 2.85x1.85*
S2 | cylindrical 4.86 cylindrical 3.46
Fa S3 [ round 4.78 round 5% ) g

254 " cylindrical 5.9 round 3.83

256B cylindrical 3119 cylindrical 3.05
257 cylindrical 4.47 cylindrical 5.1
S8 cylindrical 4.47 cylindrical | 49
S9B round 4.2 round 3.93
259 culindrical 3.86 cylindrical 3.64
2S10 cylindrical | 343 cylindrical 3.06

Legend: * - statistical significance of tested parameters compared to the control (-NO3) at
the confidental level p<0.05

2
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The cell size was one of the examined parameters (Table 1.). Strain S3 was the only one
showing statistically significant tendency of cell size increasing. In the case of S1, the opposite
process, decreasing of cell size was performed. In all other cultures (S2, 254, 256B, 257, S8,
S9B, 289, 2510) reduction of vegetative cell size occurred or the vegetative cells remained
statistically unchanged, e.g. in cultures 2S6B and 2S9. The influence of temperature did not
induce changes of cell shape, except in the case of strain 2S7. In this culture vegetative cells
were recognized very similar to the cells changed by dehidratation processes.

The reduction of number or total lost of heterocysts (Table 2.) was noticed, with the
exeption of 2S6B and 2S9 strains. It is consumed that high temperature badly and often
lethally had influenced present bacteria provoking organic matter release from bacterial cells.
There were no bacteria that could use organic compounds, the content of nitrogen compo-
unds increased and there were no needs for heterocysts differentiation. During the cultivation
at the high temperature, Phormidium like strains have overgrow the strains 284, 287 and S9B

Table 2. The influence of high temperature on shape, size and percent of heterocysts

S Control 55°C
Shape Size um % Shape Size um %
S1 elliptic 5.3x5.7 6.73 elliptic | 4.5x5.1 4.13*
S2 elliptic 7.06x5.31 13.8 elliptic 4.4x3.6* 3.22¢
| S3 round 5.93 7.9 round 5.87 2155
254 round 7.6 {515 domination of Phormidium
256B round 496 | 344 round | 472 3.12
2587 elliptic 7.33x4.92 2.20 domination of Phormidium
S8 round 5.51 392 round ! 4.87 3.17
S9B round 54 4.12 domination of Phormidium
259 round 5.25 8.89 round | 6.72 7.56
25810 1 elliptic 5.92x4.37 6.14 round 5.4* 1.8

Legend: * - statistical significance of tested parameters compared to the control (-NO3) at
the confidental level p<0.05

_ Considering results showed in Table 3., it is not possible to define certain rule in
akinetes size changes. Some cultures showed increasing and some performed reducing of cell
size. It was deterrined that cultures S2 and 2S10 did form cysts during the high temperature
exposure and that is certainly one of surviving mechanisms.

Although, in cultures 284, 287 and S9B, with the domination of genus Phormidiun, no
cysts were Afound in high temperature influenced cultures (Table 3.). According to our results,
changes of akinetes shape were not noticed.

The influence of UV r:diation on morphology of filamentous heterocysts Cyanobacteria

o "I'he cffect 'of uv radiation resulted in surviving of all filamentous nitrogen-fixing
A)Irmov cteria cul. ires, but with cetrain changes in morphology of the greatest number of
cultures. Vegetative cell size of S1, S3 and S8 cultures has been statistically significant

increased after the exposing to UV rays. Reduction of vegetative cell size have been found in
all other cultures. g
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The significant changes of heterocysts size were not registered after influence of UV
radiation (Table 5.). The most important effect of UV radiation was reduction of heterocysts
percent. The percent of heterocysts was significantly reduced in all cultures except 2S6B and
289 (Table 5.). 2S84 and S9B culturcs did not form heterocysts after exposing to UV radiation.

Table 5. The influence of UV radiation on the shape, size and percent of heterocysts

‘ ‘ Control UV radiation 1
| Strain e
i } Shape | Size mm /. Shape ‘ Size mm | Te
Tg S1 ellipic | 5.3x5.7 6.73 | elliptic | 5.62x5.72 | 2.84
| S2 | elliptic ‘. 7.06x5.31 ‘ 13.8 | elliptic E 5.6x48 | 2.18
~ s3 | elliptic | 4.43x3.12 | 7.04 1 elliptic | 4.89x3.45 ! 3.06
254 1 round 3 i 5.15 ‘ / 1 / /
2B | round | 496 | 244 | round | 494 | 188
287 | elliptic | 7.33x4.92 ‘ 2.20 | elliptic 7} 6.08x4.83 | 1.61
S8 round 1 5.51 \ 3.92 | round | 6.61 } 2.74
9B | round | 5.4 398 | / \
289 [ round [ 5.25 | 5.49 1 round | 5.21 [ 5.13
2510 elliptic | 5.92x4.37 | S8 ‘ elliptic | 5.5x3.81 [ 3.49

Legend: * - statistical significance of tested parameters compared to the control (-NO3)

at the confidental level p<0.05
/ - heterocysts were not produced

Table 6. The influence of UV radiation on shape and size of akinetes

‘ Strain L Control ‘ UV radiation
j | Shape [ Size mm Shape Size mm
‘_ S1 1 round e 8.28 round 9.06
S2 \ / | / elliptic 5.5x4.93
| & S3 round T5 /
| 24 round 8.58 / /
2S6B round 6.37 round 6.83
287 round 8.31 round 525%
S8 round e round 125
S9B round ‘ 10.44 round 8.0*
259 | round 10.2 round 5.96*
2810 / / round 4.98 2

Legend: *

the confidental level p<0.005
/ - akinetes were not produced
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The results in table 6. perform the changes in size and shape of akinetes, which could
not make sense in order to create any rule. I'he decrease of akinetes size was registered In
cultured 257, S9B and 2S9, and in cultures S1 and 2S6B increase of akinetes size. In cultures
which did not form cysts in control medium (S2 and S10), cysts were noticed after the
influence of UV radiation. Filaments in S3 and 2S4 cultures lost the capability of forming
cysts after UV radiation (Table 6.). During this experiment the presence of pseudoaserial
stadium has always been followed by great number of cysts

Concerning the life cycle, no changes were registered in the most cultures except S1, S2
and 2S10. Registered changes were in direction from filamentous to pseudoaserial(2510),
from aserial to filamentous (S1) and from aserial to pseudoaserial stages (S2). The culture
259 was found as exemption because of the presence of xpcul‘ ¢ microcolonies like Eudorina,
which could be connected to aserial stadium. It could be the result of stronger connections
between cells that build smaller packages and formed duumul shape.

Very long cells of irregular shape, located at the ends of filaments were registered in
257 culture in medium without nitrogen. Those cells have granulouse structure and signifi-
cantly bigger dimensions. This change could be explained by ncediness of organisms 10
increase their genetic material in order to most efficient reparation and surviving. Alt hough, 1t
is possible that UV radiation caused spreading the plasmodesms between two nugL bor cells
which resulted in fusion of these cells. Third possibility could be the accumulation of glycerol
as the factor of defense.

The most important observation that should be point out after the inflluence of UV
radiation is that all cultures survived, with more or less changes. Moreover, the cultures which
showed the fastest reparation, also showed the significant che inge of color. It 1s well known
that UV radiation damage genetic material, firstly mRNA, and after that photosynthetic
mechanism and other physiological processes (Sari¢ et al., 1991.). Considering that, Cyanoba-
cteria have three major basic mechanisms of protection from UV radiation. Presence of
mucineous sheath, protection of genetic material as the presence of a few genomes copics
within one cyanobacterial cell (Fush, 1996.) and protection of photosynthetic mechanism of
the chlorophyll as the first donor of photosynthetic electron transport.

Change of color was registered in the cultures where also were registered the least
significant changes of shape, size and number of vegetative cells, heterocysts and cysts. Haxo
and Norris (1958.) informed about primary role of biliproteins in conversion of light energy
It is also comfirmed that, enormous percent increase of biliproteins per dry mass of ccll
(about 24% per dry mass, and the normal value is 1-10%) under certain circumstances could
happen (Mayers and Kratz, 1955.). Cyanobacteria have great content of carotenoids which
protect chlorophyll from harmfull effects. Up till now 17 different carotenoids have been
identified, and few more unidentified have been registered in small concentration (Healey,
1968.). Our results could be in concordance with the fact that the protecting mechanisms for
synthesis of pigments could take a part in defense of photosynthesis after influence of UV
radiation. Certain role in protection of cells from absorption of light intensity have also gas
vacuoles (Waaland et al., 1980.) that were registered in cultures 257, S2 and 2S10.

The results of this work also could open the way to examination of mutations in
survived and changed cultures as sign of effect of UV radiation and high temperature.

CONCLUSION

Considering our results, some cultures showed certain morphological changes caused by
investigated factors. Although, there are some cultures which manage to resist and they kept
their morpholmu.ll characteristics unchanged. The domination of genus Phormidium was
noticed after effect of high temperature in some cultures. High temperature treatment has
not caused the changes only in two strains. Influence of UV radiation on filamentous
nitrogen-fixing Cyanobacteria resulted by surviving of all cultures, but with specific morpholo-
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gical changes in most of the cultures. The 2S6B and 289 cultures with the minor morphologi-
cal changes have been found as the strains with the extreme resistance on high temperature
and UV radiation. Special attention should be paid on these cultures during the selection of
material for different biotechnological application.

UTICAJ POVISENE TEMPERATURE I UV ZRACENJA NA FILAMENTOZNE
AZOTOFIKSIRAJUCE CIJANOBAKTERIJE

Zorica Svir¢ev, Mihajla Davidovi¢

SAZETAK

Poznato je jo§ od davnina da se filamentozne azotofiksirajuce cijanobakterije koriste u
pirin¢anim poljima kao mikrobiolosko dubrivo, a u poslednjih 20 godina Cine se znacajni
napori da se ovi mikroorganizmi uvedu kao konvencionalno mikrobiolosko dubrivo Siroke
upotrebe. Do sada su uradeni mnogi eksperimenti koji ukazuju na realne mogucnosti njihove
upotrebe u poljoprivredi, ali jo§ uvek nije resen veliki broj problema koji se mogu javiti tokom
njihove aplikacije. Najve¢i broj tih problema se odnosi na neotpornost nekih sojeva prema
isusivanju, niskim i visokim temperaturama i $tetnom delovanju UV zraka. Nepovoljnim
delovanjem ovih faktora na filamente, prvi znaci problema bi se odrazili na morfologiju i
fiziologiju vegetativnih Celija, heterocista i akineta. Cilj naSeg rada bio je da utvrdimo i
ispitamo mogucénost preZivijavanja i morfoloske promene zemljiSnih izolata filamentoznih
azotofiksirajucih cijanobakterija u odnosu na dejstvo UV zracenja i poviSene temperature.
Prema nasim rezultatima kod nekih sojeva je doslo manje ili viSe do odredenih morfoloskih
promena koje su izazvane navedenih faktorima. Medutim, postoje i oni sojevi koji su u
potpunosti satuvali svoje morfoloske osobine. U slucaju delovanja poviSene temperature to su
sojevi 2S6B i 289. Uticaj Uv zracenja na filamente azotofiksirajucih cijanobakterija rezultirao
je prezivljavanjem svih sojeva, ali uz odredene promene u morfologiji kod vecine sojeva.
Najmanje promene su pretrpeli sojevi koji su pokazali otpornost i na poviSenu temperaturu, a
to su 2S6B i 289 na koje bi svakako trebalo obratiti paznju pri odabiru sojeva za mikrobiolo-
$ko dubrivo, ali i prilikom selekcije materijala za razli¢itu biotehnoloSku primenu.

Kljucne reci: Cyanobacteria, UV zraenje, temperatura
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ABSTRACT

The four Oenothera species from different sections, i. e. Oe. biennis 1. 1753, Oe
glazioviana Micheli in Martius 1882, Oe. salicifolia Desf. 1815, and Qe. oakesiana (A. Gray)
Robbins ex S. Wats et Coult in A., Gray 1890 were investigated. Plant material collected from
natural habitats of Serbia was analyzed in 1994-1995 period. Seed coat ornamentation
micromorphology was SEM analyzed (43 x, 200 x, 800 x). Differences in papillae size and
shape and significant differences in protein and fatty oil content (between 24 and 28%) were
recorder. In addition, differences in fatty oil composition and significant differences in volume
mass and a 1,000 grain mass (between 404 and 541 mg) were found.

Keywords: seed coat, papilla, a 1,000 grain mass, volume mass, protein, fatty oil, fatty acid

INTRODUCTION

In Serbia, only four Oenothera species have been korwm: Oe. bennis L. 1753 Sp. Pl. 346
and Oe. glazioviana Micheli in Martius 1882 Fl. Brasil. 13/2: 178, series Oenothera Rostanski
1985 Fedd. Rep. 96, 1-2:7 (Rostanski 1985, 1995), Oe. salicifolia Desf. 1815 Tabl. Ecole.
Bot. ed. 2_, 271,' series Derriesia Rostanski 1985 Fedd. Rep. 96, 1-2:5 (Rostanski, 1985), and
Qe. oakesiana (A. Gray) Robbins ex S. Wats. et Coult in A. Gray 1890 Man. ed. 6,190, series
Rugglesia Rostanski 1985 Fedd. Rep. 96, 1-2:10 (Rostanski, 1985). The most abundant and
wxdcsprcad. Qe biennis was for the first time quoted by Panci¢ (1874). Only the two localities
of Oe. glazioviana subnom. Oe. erythrosepala Borbés 1903 recorded for the first time by Boza
et al. (1991) were reported. Ivkoviae (1975) was the first to describe Oe. salicifolia. The
Iouvrth species Oe. oakesiana found in one locality only was for the first time described by
Boza and: Knezevic (1988).

The present paper analyzes the seed coat ornamentation, a 1,000 grain mass, volume

mass, protein percentage, the percentage of fatty oil, and the fatty oil composition in seed of
the four Oenothera species.
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MATERIAL AND METHOD

Ihe seed material was collected at full maturity in October during 1994 and 1995. O¢
biennis, Oe. salicifolia and Oe. uu/\'w\lmm were found in the same ruderal habitat in the
vicinity of Novi Sad while Oe. glazioviana in a ruderal habitat near Subotica. Seed coat
ornamentation was SEM - investigated. The seed samples were mounted and affixed on
aluminium stubs and coated with mld -paladium (85:15) in JOEL JEE 4B vacuum evaporator
and analyzed by a JOEL JSM T. 35 scanning electron microscope (SEM) with 43 x, 200 x, and
800 x magnification. A 1,000 grain mass and volume mass were measured. Protein percentage
was determined by a micro- l\k]lddhl method, fatty oil by a Soxhlet while its composition l\
GC. The obtained results were processed st wistically by a variance analysis.

RESULTS AND DISCUSSION

Seed coat mictomorphology

Oenothera seed develops in dry dehiscent pod splitting along four lines. Pod elongated
cylindric, or slightly tetragonal. A great number of contracted seed is found in a pod
(Schermann, 1967).

Seed irregularly polygonal (Fig. 1 D.), cuneate (Fig. 1 A.), hemispheric (Fig 1 B.), or
column-like (Fig. 1 C.). Different seed size, even In the same pod is worth of notice. Seed
smaller apically ‘and basally while somewhat larger in the middle.

Fig. 1 Seed of Oe. biennis (A.), Oe elazioviana (B.), Oe. salicifolia (C.), and Oe. oakesiana (D.) (43 x)
Seme Oe. biennis (A.), Oe. glazioviana (B.), Oe salicifolia (C.) 1 Oe. oakesiana (D.) (x 43)
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Irrespective of series characteristics (Figs 2 and 3), papillose seed coat ornamentation is
evident (BoZa, Adamovi¢, 1995). Papillae form rows extending along the longest seed axis.
Rows somewhat more conspicuous in Qe. salicifolia (Ser. Derriesia) (Fig. 2 C.) and Oe.
oakesiana (Ser. Rugglesia) (Fig. 2 D.) than in the remaining two species, Oe. biennis and Oe
glazioviana (Ser. Oenothera). Oe. glazioviana and Oe. salilcifolia seed with more or less
conspicuous winglike extensions angularly (Fig. 1 B., C., D.). Variable size of seed coat
papillac with rugose (Oe. biennis and Oe. glazioviana, Ser. Oenothera, Fig. 3 A., B.) or
granular surface (Oe. salicifolia, Ser. Derriesia, Fig. 3 C. and Oe. oakesiana, Ser. Rugglesia
Fig. 3 D.) is recorded. Papillae more conspicuous in Oe. salicifolia and Oe. oakesiana while

their size do not correlate with the size of seed

Fig. 2 Seed coat ornamentation in Oe. biennis (A.), Oc. glazioviana (B.), Qe. salicifolia (C.), and
‘ Qe. oakesiana (D.) (200 x) ‘
Ornamentika semenjace Oe. biennis (A.), Oe. glazioviana (B.), Oe. salicifolia (C.) i Oe. oakesiana
(D.) (x 200) '

In ()e.‘_biennis, remote papillae cut at apex, plane polygonal with mostly acute angles are
observed (Fig. 3 A.). In Oe glazioviana papillae compressed, mainly convex apically, rotund,
polygonal g}‘lg. 3 B.). Oe. salicifolia has remote concave apically, acute or rotund 'polvsnnu!
papillae (I;lg. 3 C). while compressed, convex apically, rotund po‘l{'w(mul papillae are found in
Oe. oakesiana (Fig. 3 D.). - -

. Sgcd coat micrography shows the same, granular type in all the four analyzed species
while differences are recorded in papillae shape and size. : :
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Fig. 3 Seed coat ornamentati in ennis (A.)., Oe. ¢lazioviana (13.), O cifolia (C.), and
Oe. oakesiana (D.) (800 x)
Ornamentika semenjale Oe. biennis (A.) Oe. glazioviana (B.), Oe. salictf lia (C.) 1 Oe. oakestana
(D.) (x 800)
See mass and its biochemical properties
Highly significant higher a 1,000 seced mass in Oe. biennis and highly significant higher

glazioviana when compared with the ¢

volume mass in Qe
found (Tab. 1)
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A highly significant higher fatty oil content in Qe. oakesiana when compared with Oe,
glazioviana and Oe. salilcifolia was recorded. Palmitic-, stearic-, oleinic-, linolenic-, and
gammalinolenic fatty acid dominated in all the four Qenothera species. This is in agreement
with data reported for certain other Oenothera species (Sniezko et al., 1995; Mol, 1995).
Higher olenic and lower linolenic acid contents were found in Oe. oakesiana and Oe.
glazioviana than in Oe. biennis and Oe. salicifolia (Tab. 2). The highest percentage of
gamma-linolenic acid was recorded in Oe. glazioviana (8.6), whereas the lowest in Oe.
oakesiana (7.5) (Tab. 2). According to Sniezko et al. (1995), the highest gamma-llinolenic acid
was found in Oe. suaveolens while Mol (1995) reported on its highest percentages in Oe.
subterminalis and the lowest in Oe. biennis.

The highest protein content was found in both Oe. oakesiana and Oe. glazioviana (‘Tab.
1). Similar values were presented in our previous paper (BoZa, Adamovic, 1995) while
differences in the individual characters of Oe. biennis as related to year of investigation were
reported by Luki¢ and Savin (1996).

Tab. 2 Fatty acid percentage in oil
Procenat masnih kiselina u ulju

1

i \\P;:x]? 16:0 18:0 18:1 18:2 18:3 }‘
|

1 Oe. biennis 7.30 135 6.19 76.41 826 |
F Oe. glazioviana 539 1.66 9.25 74.53 866 |
] Oe. salicifolia 6.43 1.41 6.48 77.41 7.79

L Oe. oakesiana 6.10 1.99 | 9.64 74.13 7.56

CONCLUSIONS

— In view of the above seed results of Oe. biennis, Oe. glazioviana, Oe. salilcifolia, and
Oe. oakesiana, we made several conclusions:

— Papillary type of seed coat ornamentation is evident.

— Smaller rugose papillae are found in Oe. biennis and Oe. glazioviana (Ser. Oenothera)
while more conspicuous granular in Oe. salicifolia (Ser Derriesia) and Oe. oakesiana (Ser
Rugglesia).

= Seed of Oe. glazioviana, Oe. salicifolia, and Oe. oakesiana low-einged angularly.

- Ihvc same papillar type of seed coat is recorded in all the four investigated Oenothera
species while differences are found in papillae shape and size.

= _Ihc greatest 1,000 grain mass was found in Oe. biennis (541 mg), whereas the
smallest in Oe. oakesiana (404 mg).

~ Yolumc mass renged from 396 g (Oe. salicifolia) to 492 g (Oe. glazioviana).

; = Ihg highest fatty oil percentage was found in Oe. oakesiana (28.2), whereas the lowest
in Oe. glazioviana (24.2).

_— Oil gamma-linolenic acid ranged from 7.5% (Oe. oakesiana) to 8.6% (Oe. glazi-
oviana).

— Protein percentages ranged from 16.8 (Oe. biennis) 10 19.7 (Oe. oakesiana).
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UPOREDNA MIKROMORFOLOSKA I BIOHEMIJISKA ANALIZA SEMENA
CETIRI VRSTE RODA Oenothera 1.. 1753 (Myrtales, Oenotheraceae)

Pal Boza*. Dusan Adamovic**, Aleksa Knezevic***, IStvan VereSbaranji™*

Univerzitel u Novom Sadu, Prirodno-matematicki fakultet, Institut za biologiju, Novi Sad

Naudni institut za ratarstvo 1 povrtarstvo, Novi Sad

Univerzitet u Novom Sadu, Poljoprivredni fakultet, Novi Sad

REZIME

[strazivane su ¢etiri vrste roda Qenothera L. 1753, koje se spontano javljaju u Srbiji, Oe.
biennis 1.. 1753, Oe. glazioviana Micheli in Martius 1882, Oe. salicifolia Desf. 1815 i Oe.
oakesiana (O. Gray) Robbins ex S. Wats. et Coult in A. Gray 1890, koje pripadaju razlicitim
serijama. Biljni materijal je sakupljan sa prirodnih staniSta tokom dve godine.

Ispitivana je ornamentika semenjace pomocu SEM (43 x, 200 x, 800 x). Dobijene su
razlike u veli¢ini i obliku papila. ZabeleZzene su znacajne razlike u sadrzaju proteina 1 masnog
ulja (24-28%), dok su razlike u sadrzaju masnih kiselina bile manje izrazene. ['akode,
dobijene su znadajne razlike izmedu vrsta u pogledu zapreminske mase 1 mase 1000 zrna
(404-541 mg)
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THE EFFECTS OF PROLONGED EXPOSURE OF MALE RATS TO 50 HZ 7
MAGNETIC FIELD ON THE STEROIDOGENIC CAPACITY OF WHOLE TESTES
AND LEYDIG CELLS IN VITRO
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Running Title: Magnetic field effects on Leydig cells

ABSTRACT

The effect of 50 Hz magnetic field (MF) of moderate intensity (50-500 «T) applied
from birth to 65 (postpubertal) or 144-149 days of age (adult) (7 hours a day, 5 days a week)
Lo male rats, was examined by measuring steroidogenic capacity of decapsulated testes and
isolated Leydi cells in vitro. The testes from exposed (E) rats did not have statistically different
response to hCG stimulation in vitro, comparing to the sham-exposed (S) rats, but in adult
rats the number od Leydig cells per restis was for 42.6% less than in controls. However, in
postpubertal rats the sensitivity and steroidogenic capacity of Leydig cells were decreased
comparing to corresponding S group. On the other hand, Leydig cells from adult E rats
expressed higher responsiveness to hCG stimulation. It can be supposed that prolonged
exposure to MF induced the increase of Leydig cell responsiveness to hCG stimulation as a
compensatory effect due to the decrease of Leydig cell number in adult testis.

KEY WORDS: magnetic field, steroidogenic capacity, Leydig cells.

46




aistance

J CM

l 1
0 H 1] i
toge H
S0 17
140 and 1-240h
C Samx
u )
( Q
yresent

Dr. G. D. N
In¢c serum aloun

irchased _from S

N N
[1,2,6,7 "H(N)] t¢

e of analytical
‘A'\}\il\\:r]]\\.i\“l &

verce raised undcer «

after the anin

ned. The experimen

I
Id was generated by a
sformer. The intensity ¢

exposure, animal

roup were kept in the

ficed at 65 and 144

Exposed (E) rats

apitation, and testes qu




Andri¢ S. i sar. The effects, Zb. rad. PMF, ser. biol. 27-28 (1999), str. 46-50

Decapsulated testis production. The steroidogenic capacity of the testes was examined in
vitro by stimulation with hCG. The testes were removed immediately after the animals were
sacrificed, decapsulated and placed in 5 ml medium 199 contained 0.1% bovine serum
albumin (BSA, Fraction V) (M199-BSA). Maximal gonadotrophin-stimulated testosterone
production was measured by the addition of 100 ng hCG (Pregnil, 300 IU/mg, Organon Inc.).
The contents of the incubation vials were gassed with 95% 02-5% CQO2, and the incubations
were carried out at 34°C for 3h. The medium was then decanted into glass tubes and
centrifuged at 1000g for 10 min and the supernatant was aspirated and stored at — 20°C until
assayed for testosterone content.

Cell dispersion and testosterone production. The right testes were removed immediately
after the animals were sacrificed (testes from S and testes from E group), decapsulated and
enzymatically dispersed with collagenase as previously decribed (5). Trypan bl}xc exclusion test
was used to determine total cell counts and viable cell number. Alilquots (10 cells/0.3 ml) of
crude cell suspension of Leydig cells were added to 12 x 75 ml plastic tubes containing 0.1 ml
of different concentration of hCG (0.125, 0.25 0.5 and 10 ng) and 0.1 ml of M199-BSA so
that final volume was 0.5 ml. Additional tubes without hCG was also incubated for determi-
nation of basal testosterone production. All tubes were incubated for 2h in a shaking water
bath oscillating at 100 cycles/min under an atmosphere of 95% 03-5% CQOpz. The tubes were
centrifuged 5 min at 400g at 4°C and supernatant was stored at — 20°C prior to measurement
of testosterone by RIA. Since the antitestosterone — 11 BSA serum No. 250 (from G. D.
Niswender) shows high cross-reactivity with dihydrotestosterone (and not with other steroids),
assay values for androgen production are referred to as ,,T+DHT” concentrations. Serum
Lestosterone levels were also measured by RIA using the same antiserum.

RESULTS

The result shown in Fig. 2. demonstrated that prolonged exposure of rats to MF
induced no statistically significant changes in the capacity of the testes to respond to hCG
stimulation in vitro (Fig. 2., A and B), but in adult E rats the number of Leydig cells per testes
was for 42.6% less than in correspnding A rats (Fig. 2., B). In postpubertal E rats basal as well
hCG-stimulated testosterone production were decreased comparing to S rats (Fig. 3., A),
while in adults exposure to MF had opposite effect. Basal as well hCG-stimulated testosterone
production were higher in E rats then in S rats (Fig. 3., B). Serum testosterone levels in both
group of E animals did not differ comparing to correspnding S controls (postpubertal: 6.79 %
0.71 in E rats vs. 6.64. =0.88 in S rats: adults: 2.60 + 0.54 ng/ml in E rats vs. 3.29 + 0.96
ng/ml in S rats). :

T+DHT . : T+DHT
. api— NO of L.c./testig + —No of L.¢./asts
(ng/testis/3h) 10T . o of L.c.
1.2 F UgT (x100) (ug/testis/3h) (x106)
1.0 % 0.8 + B 1 40
0.8 0 g6 | R S
0.6 30 B MF
0.4 |
0.4 20
0.2 10 0.2 L
0 0 0

Fig 2. Effect of MF on h(:(i~slllllllliilcd T+DHT production by decapsulated testes and number of
Leydig cells per testis in post pubertal (A) and adult (B) rats.
Decapsulated testes were incubated tor 3h in the presence of 100 ng hCG/testis. Columns represent
mean = SEM of S animals
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(T+DHT (ng/10 L.c./2h) |, T+DHT (0g/100 L.c./2h)
40 1 T
I v |10}
30 A ol B
(5] s
20 61
4
10 ;
? 3
* * % &
0 0.1250.25 0.5 10 0 0.1250.25 0.5 10 ng hCG

IFig. 3 Effect of MF on basal and hCG-stimulated production of T+DHT by suspension ol Leydig
cells from post pubertal (A) and adult (B) rats.
Leydig cells (10%) were incubated for 2h in the presence of different doses of hCG. Columns
represent mean + SEM of 5--6 replicates. Statistical significance for Mann-Whitney U test: *p<0.01
vs. corresponding sham-exposed rats (S).

DISCUSSION

Studies on the effects of magnetic fields on adult rat testes are not conclusive. Accor-
ding to Navakatikyan et al. (6) the exposure of adult rats to 0.01-0.25 mT at 50 Hz induced
the increase of serum testosterone levels in a dose—~ and time-dependent manner. On the
other hand, Margonato et al. (4) found no effects of prolonged exposure of male rats (initial
age 12 weeks, for 32 weeks) to MG (50 Hz, SmT) at the level of testes weights and
histological alterations. Picazo et. al. (7) have shown that the exposure of male OF1 mice
(mother from age of 6 weeks and their offspring which were sacrificed at the age od 10
weeks) to a MF (50 Hz, 15 mT) induced a significant increase in the size and weight of the
testes, interstitial tissue in the testis and serum testosterone levels. In our experiments, the
rats were exposed to MF of moderate inntensity, from birth to adulthood i.e., troughout the
pubertal period also, and different effects were observed in postpubertal (65 days old) and
adult (144-149 days old) when sensitivity, steroidogenic capacity and number of Leydig cells
per testis are concerned. At the end of the pubertal period E rats demonstrated lower
response of Leydig cell to subsaturating (measure sensitivity) and saturating (measure of
steroidogenic capacity) dose of hCG in vifro, while number of Leydig cell per testis was similar
to control. On the contrary, in adult E rats an increased respnsiveness of Leydig cells to hCG
stimulation was observed, together with severe decrease of number of Leydig cells per testis
It could be supposed that exposure to environmental injuries during pubertal period which is
critical for normal development of reproductive function could be responsible for the obta-
ined effects in adults. The shift in responsiveness of Leydig cells to hCG, lower responsiveness
in postubertal to higher responsiveness in adults could be explained as compensatory effect
due to the decreased number of Leydig cells per testis in adult E rats comparing to S control.
It should be mentioned that, in the paper of Picazo et al (7) male OF1 mice were exposed
continuously to MF, throughout the pubertal period also, but histological analysis demonstra-
ted the increase of the interstitial tissye in the testis and serum testosterone levels. However,
species differences could not be neglected, as well as lower intensity of MF in their
experiments.
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CONCLUSIONS

In conclusion, present results indicate that prolonged exposure of male rats, from birth
to adulthood, to MF of moderate intensity induced alteration in steroidogenic activity of
Leydig cells. However, taking into account present results and data from the literature it is
obvious that further studies are necessary to elucidate the effects of MF on the male
reproductive function depending on the time of exposure as well as intensity of MF.
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EFEKAT PRODUZENOG IZLAGANJA MUZJAKA PACOVA 50 Hz MAGNETNOM
POLJU NA STEROIDOGENI KAPACITET TESTISA I LEYDIGOVIH CELLIJA IN VITRO

Silvana Andri¢, Tatjana Kosti¢, Bogoslav Lazeti¢!, Neda Pekari¢-Nad” and Radmila Kovacevi¢

Institut za Biologiju, Prirodno-matematicki fakultet, Medicinski fakultet i Fakultet tehnickih
nauka, Univerzitet u Novom Szdu, 21000 Novi Sad, Jugoslavia

SAZETAK

Efekat magnetnog polja (50 Hz) umerenog intenziteta (50-500uT) primenjenog (7
Casova dnevno, 5 dana u nedelji) od rodenja do 65 (postpubertalni) ili 144-149 dana starosti
(adultni) na muZjake pacova, ispitivan je odredivanjem steroidogenog kapaciteta dekapsulira-
nih testisa i izolovanih Leydigovih Celija u in vitro uslovima. Testisi pacova izlaganih mange-
tnom polju (E) nisu pokazali statisticki znadajnu razliku u odgovoru na hCG-stimulaciju in
vuro, u poredenju sa kontrolnim (S) pacovima, ali je broj Leydigovih ¢elija po testisu kod
adultnih pacova bio za 426% manji nego kod kontrolnih. Medutim, kod postpubertalnih
pacova izlaganih magnetnom polju, osetljlivost i steroidogeni kapacitet Leydigovih celija su
smanjeni u poredenju sa odgovarajuéom kontrolnom grupom. S druge strane, Leydigove
Celije ac JItnih E pacova pokazale su veci odgovor na hCG stimulaciju. Na osnovu dobijenih
rezultata moze se pretpostaviti da produzeno izlaganje magnetnom polju prouzrokuju pove-

. Canje odgovora Leydigovih éelija na hCG stimulaciju k irajuci i i igovih
celija kod adutnih pacova. ] ju kompenzirajuci smanjen broj Leydigovi
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dana, smanjuje pokretljivost i broj spermatozoida u epididimisu 1 izaziva njihove morfoloske
abnormalnosti. Prateéi efekat karbarila Shteinberg 1 Otovan (3) su konstatovali promene u
estrusnom ciklusu i smanjenu fertilnost Zenke pacova ve¢ sa dozom od 5 mgkg TM.,
primenjen na viSe generacija, a “cil i sar. (4) smanjenu ferilnost i smanjen broj potomaka sa
dozom od 100 mg/kg TM. U radu Collinsa i1 sar. (5) navodi se, medutim, da hroni¢na primena
karbarila, u dozi od 100 mg/kg TM, nema efekta na reproduktivni ciklus Zenki pacova.

Imajuci u vidu ove kontradiktorne nalaze u naSim istrazivanjima opredelili smo se za
ispitivanje delovanja hroni¢ne, per os, primene karbarila u dozama ispod i iznad NEL doze na
reproduktivne procese kod Zenki pacova.

MATERUJAL I METODE

Ogledi su vrieni na zenkama 1 muzjacima pacova, rase Wistar, odgajanim u Institutu za
biologiju u Novom Sadu. Pre ogleda i u toku ogleda Zivotinje su drzane u uslovima kontroli-
sanog svetla (14" svetlo, 10" mrak) i temperature (23 * 2°C). Hranjene su standardnom
paletiziranom hranom za pacove, a vodu su uzimale prema potrebi.

Karbaril P-5 (I-naftil-N-metilkarbamat koji sadrzi 5% * 0,5% aktivne materije, proizvo-
da¢ DD ,,Zorka”, Sabac), primenjivan je hroni¢no, per os, u dozama 2,5 mg, 5 mg, 10 mg, 20
mg, 50 mg i 100 mg po kilogramu telesne mase. Doze od 2,5 mg, 5 mg 1 10 mg/kg TM, prema
FAO/WHO, pripadaju NEL (no effect levels) dozama, dok 20 mg, 50 mg i 100 mg/kg TM su
iznad NEL doze. Tretman je poc€injao 30-og dana starosti i trajao je tri meseca. Rastvor
karbarila pravljen je u destilovanoj vodi.

Svakodnevnim uzimanjem vaginalnog smira, tokom zadnjih 30 dana, determinisane su
citohormonalnom metodom faze estrusnog ciklusa. Vaginalni smir je posmatran svetlosnim
mikroskopom u nativnom obliku i obojen 3% rastvorom metilenskog plavog.

Svakih 10 dana registrovana je telesna masa Zivotinja.

i Po zavrSetku tretmana odredeni broj Zivotinje Zrtvovan je dekapitovanjem u estrusnoj
fazi ciklusa, izmedu 8.00-10.00 casova. Nakon zrtvovanja evidentirana je masa sledecih
endokrinih organa: adenohipofize, ovarijuma i uterusa. Takode je izvrSen detaljan morfoloSki
pregled unutra$njih organa radi evidentiranja, eventualno, pojave izvesnih malformacija na
unutraSnjim organima.

Nekoliko zenki iz svake gruge Zivotinja tretiranih pojedinim dozama karbarila stavljen je
na parenje radi pracenja fertilnosti i broja potomaka. Muzjaci, koji su se koristili za parenje,
takode su bili tretirani odgovarajucom dozom karbarila kao i Zenke od 30-0g dana starosti.

Kao kontrole koristii smo intaktne Zivotinje, koje su bile istog starosnog doba kao i
karbarilom tretirane a obrada materijala izvrSena je na isti nacin kao i kod tretiranih.

Statisticka obrada dobiienih rezultata vriena je Student t-testom.

REZULTATI

Na osnovu svakodnevnog pregleda vaginalnog smira citohormonalnom metodom, kon-
statovali smo vrlo izrazenu iregularnost estrusnog ciklusa. Iregularnost estrusnog ciklusa
prikazana je na tab. 1 u obliku procenta (%). Sa dozom karbarila od 10 i 20 mgkg TM 70%
zenki imalo je iregularan estrusni ciklus, sa 50 mg/kg TM ¢ak 83,33% a sa 100 mgkg T™M
66,67%. Kod Zenki koje si: imale regulara estrusni ciklus desto je 4-rodnevni ciklus smenjivan
5-todnevnim, $to, takode kazuje na izvesnu nestabilnost ciklusa.

_ Kod vecine Zenki tretiranih karbarilom, posebno sa nizim dozama (2,5 i 5 mgkg TM)
evidentirali smo jojavu polifolikularnih, cistiénih, ovarijuma, kod nakih i sa intenzivnom
hemor sijom. Prisustvo ovarijalnih cisti dato je u obliku procenta (%) onih koje su imale cistu
u odnosu na ukupan broj Zenki u grupi. (Tab. 1). »
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Masa endokrinih organa karbarilom tretiranih Zivotinja nije se statisticki znacajno
razlikovala u odnosu na intaktne kontrole te ove podatke nismo prikazali na tabeli. Medutim,
smatramo da treba naglasiti da smo konstatovali izuzetno veliku varijabiinost mase ovarijum
u svakoj grupi tretiranih Zenki, §to nije zanemarljiv podatak, a koja je iznosila od 54,3-108,5
mg dok je proseéna masa kod kontrola iznosila je 80,36 £ 0,03 mg.

U tab. 1 dati su rezultati koji se odnose na graviditet, odnosno, otsustvo graviditeta kod
karbarilom tretiranih i kontrolnih Zivotinja. Otsustvo graviditeta prikazano je u obliku procen-
ta (%) koje nisu ostale gravidne u odnosu na ukupan broj Zivotinja u grupi a koje su stavljene
na parenje. Sve Zzivotinje tretirane niskim dozama (2,5 i 5 mg/kg TM) ostale su gravidne i
okotile normalan broj potomaka (6-12), sa izuzetkom jedne (5 mg/kg TM) koja je okotila
samo 3 potomka. Kod Zivotinja tretiranih sa 10, 20 i 50 mg/kg TM, 50% Zenki nisu ostale
gravidne; jedna, koja je ostala gravidna dala je 3 potomka i jedna je okotila samo jednog
potomka. Kod Zenki tretiranih sa 100 mg/kg TM otsustvo graviditeta bilo je kod 66,67% a
jedna koja je ostala gravidna okotila je samo jednog potomka.

Kod izvesnog broja Zitovinja tretiranih sa 20, 50 i 100 mg/kg TM zapazili smo manja
polja depilacije u zoni vrata i prepona, ali bez erozije koze.

Detaljnim morfoloskim pregledom unutra$njih organa nismo konstatovali prisustvo
tumoralnih tkiva ili neke druge malformacije.

Tokom tretmana svim dozama karbarila konstatovali smo da su Zivotinje bile u dobroj
kondiciji 1 uzimale su dovoljnu koli¢inu hrane i vode. Takode, nismo zapazili promene u
mobilnosti 1 ponaSanju Zivotinja.

Pracenjem telesne mase tokom eksperimenta nismo zapazili statisticki znacajnu razliku
u odnosu na intaktne kontrole.

DISKUSIJA

Prema FAO/WHO (1973) za pacova dnevna NEL doza karbarila iznosi 10 mg/kg TM,
koja nebi trebala da ima toksi¢an efekat na fizioloSke procese. Na hronicni, per os, tretmana
karbarilom opredelili smo se zbog njegove neefikasnosti na Sire fizioloske procese pri jedno-
kratnoj primeni i kratkotrajnog zadrzavanja u Zivotinjskom organizmu. Najefikasnija primena
karbarila je per os, posto se on apsorbuje kroz Zeludac i intestinalni trakt a dalje se hidrolizom
degraduje u jetri, plu¢ima i kozi pod dejstvom enzima karboesteraze u mirkozomalnim
frakcijama ovih organa (6). Hidrolizom karbarila nastaju razliciti produkti, od kojih je u
organizmu sisara dominantan alfa-naftol, a koji se dalje konjuguje u glukuronid (7). Elimina-
cija celokupnog karbarila se izvrsi za 24-96 sati nakon kontaminacije. Ekskretuje se najveéim
delom putem urina, manje fecesom, ne§to malo respiratornim traktom, a kod sisara tokom
laktacije putem mleka (8).

_Postoje literaturni podaci koji ukazuju na poremecaje reproduktivnih procesa izazvanih
hroniénom primenom karbarila u razli¢itim dozama. Stoga smo se u nasim eksperimentima
opredelili za tri NEL doze (2,5, 5.0 i 10 mg/kg TM) i tri doze iznad NEL doza (20, 50 i 100
mg/kg TM) a koje smo primenjivali, svakodnevno, tokom 3 meseca. v

~Na osnovu svakodnevnog uzimanja i determinacije vaginalnog smira konstatovali smo
vrlo izrazenu iregularnost estrusnog cikiusa kod svih primenjenih doza karbarila. Kod Zenki,
koje su imale regularan ciklus, ¢esto je 4-rodnevni ciklus smenjivan 5-todnevnim, $to ukazuje
na izvesnu nestabilnost ciklusa. U radu Vashakidze (1), gde su Zenke pacova oralno tretirane
karbarilom sa dozom od 5, 10 i 20 mgkg TM tokom 6 meseci zapaZene su promene
estrusnog ciklusa sa viSim dozama. Shtenberg i Rybakova (9), takode, konstatuju promene u
estrusnom ciklusu Zenki tretiranih karbarilom sa 14 i 70 mg/kg TM. Medutim, Collins i sar.
(3) utvrduje da doza od 100 mg/kg TM nema efekta na reproduktivnnni ciklus kod zenki
pacova. Iregularnost estrusnog ciklusa, koje je konstatovano u nasem eksperimentu, kao i u
citiranoj literaturi, ukazuje na iregularnost ovarijalnog ciklusa, kako u folikularnoj (preovula-
tornoj) tako i u litealnoj (postovulatornoj) fazi ciklusa. i
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Interesantno je da smo kod vecine Zenki tretiranih niZom dozom karbarila (2,5 1 5
mg/kg TM) evidentirali pojavu polifolikuklarnih, cisti¢nih, ovarijuma, u nekim slucajevima 1 sa
intenzivnom hemoragijom. Kod Zivotinja tretiranih vi§im i visokim dozama ovarijalne ciste su
se javljale znatno rede. Prisustvo cisti¢nih ovarijuma pokazuje da neki od zrelih de Grafovih
folikusa nisu prsli i otpustili jajnu celiju nego su konvertovali u jednu makrocistu. Ovaj
podatak upucuje na pretpostavku da je preovulatorno povecanje nivoa estradiola u krvi bilo
nedovoljno da u kritiénom periodu” izazove otpustanje maksimalne koli¢ine luteinizujuceg
hormona (LH) iz adenohipofize, a koja je neophodno za ovulaciju. U prilog nafem misljenju
su raniji nalazi Vashakidze (1) i Shtenberga 1 Rybakove (9) koji su konstatovali smanjenjc
nivoa hipofiznih gonadotropina kod Zenki i muZjaka pacova tretiranih karbarilom. Rigon 1 sar.
(10) su utvrdili pove¢anu dopaminergi¢nu a smanjenu holinergi¢nu aktivnost nakon oralne
administracije karbarila u dozi od 10 do 80 mg/kg TM. Smanjenu aktivnost acetilholinesteraze
primenom karbarila konstatovali su 1 Ehrich i sar. (11) kod pacova i kokoSaka. Kako je
poznato da povecani nivo dopamira kao i acetilholina u centralnom nervnom sistemu (CNS)
stimuli$u sekraciju gondotropnih hormona adenohipofize (12), mozemo pretpostaviti da je
poremecaj reproduktivne aktivnosti ovarjjuma rezultat smanjenog otpustanja gonadoropnih
hormona iz adenohipofize usled povecanog nivoa dopamina a sSmanjenog nivoa acetilholina.
Nalazi, koji pokazuju da karbaril deluje na neurotransmitere CNS-a, a preko njih na hipotala-
mi¢ne hormone odgovorne za otpustanje gonadotropnih hormona 1z adenohipofize, ne isklju-
¢uju i njegovo direktno delovanje na gonade. Tako Pant i sar. (13) tvrdi da oralna primena
karbarila u dozi od 50 i 100 mg/kg TM, tokom 60 dana, deluje na enzime u testisima tako Sto
se aktivnost sorbitol dehidrogenaze smanjuje, a laktat dehidrogenaze povecava, dok se akliv-
nost gama-glutamil transpeptidaze povecava, a smanjuje se aktivnost glukoza-6-fosfat dehi-
drogenaze. Ovakve enzimske promene imaju za posledicu smanjenje broja i pokretljivosti
spermatozoida a pove€anje njihove morfoloske abnormalnosti. Gerald i sar. (14) navode da
neki pesticidi deluju kao antagonisti androgenih receptora dok drugi deluju na estrogene
receptore (delujuci kao estrogent) a §to je pokazano u in vifro 1 tn vivo SIStemu. [st1 autori
ukazuju da mnogi pesticidi mogu, takode, da smanje nivo androgena u serumu, menjajuci
odnos njihove sinteze 1 metabolizma.

U nasem radu konstatovali smo otsustvo graviditeta kod 50% Zenki tretiranih karbari-
lom dozama od 10, 20 i 50 mgkg TM a sa dozom od 100 mg/kg TM ¢ak 66,67%. Neke
7enke, koje su ostale gravidne, okotile su samo 1-3 potomaka. Redukeiju fertilnosti utvrdili
su, takode, i Vashakidze (15), Orlova i Zhalde (16) 1 Weil i sar. (4). Vrlo izraZena iregularnost
estrusnog ciklusa, kao 1 Cesta pojava ovarijalnih cisti, prema literaturi, smanjen broj i pokretlji-
vost spermatozoida a povecana njihova morfoloska abnormalnost, svakako moze biti uzrocni-
kom smanjene fertilnosti.

Morfoloskim pregledom unutra$njih organa nismo konstatovali pojavu tumora prime-
nom karbarila. Medutim, Shukla i sar. (17) su nasli prisustvo neoplazije u razli¢itim tkivima
kod pacova tretiranih oralno i intraperitonealno karbarilom u dozi od 100 mg/kg TM, na
osnovu ¢ega zakljucuju da karbaril ima karcinogent efekat.

Novija literatura isti¢e da su, prakticno, svi pesticidi imunogeni i da izazivaju promenc u
imunom odgovoru organizma, ugrozavajuci kako timusno-zavisne tako i1 timusno-nezavisne
limfocite. Casage i sar. (18) su utvrdili da karbaril inhibira proliferaciju timusno-zavisnih
limfocita (T celija), §to dovodi do inhibicije otpustanja interleukina 2 (IL 2), dok se broj
timusno-nezavisnih limfocita tj B ¢elija smanjuje (19). Abad 1 sar. (20) su imunoloSkom,
metodom visoke senzitivnosti odredili titar antitela na karbaril, kao 1 uticaj njegovih
metabolita na titar antitela. U naSoj laboratoriji prilikom tretmana pacova fungicidom kapta-
nom (21) kod izvesnog broja Zivounja konstatovali smo depilaciju u zoni vrata 1 prepona sa
erozijom koZe, §to ukazuje na alergijske manifestacije organizma, a kao posledice nepravilnog
imunog odgovora. U ovom eksperimentu kod manjeg broja Zivotinja tretiranih karbarilom sa
20, 50 i 100 mg/kg TM zapazili smo manja polja depilacije u zoni vrata i prepona, ali bez
erozije koze, na osnovu ¢ega zakljuCujemo da je karbaril slabiji alergen u odnosu na kaptan ili
organizam uspeva da obezbedi efikasniju zastitu.
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ZAKLJUCAK

Rezultati nasih istraZivanja pokazuju da hroni¢na, per os, primena pesticida karbarila, u
dozama od 2.5, 5.0, 10, 20, 50 i 100 mg/kg TM izaziva vrlo znacajan poremecaj estrusnog
ciklusa, sa velikim procentom iregularnosti, posebno primenom visokih doza. Prisustvo polifo-
likularnih, cisti¢nih, ovarijuma ukazuje da neki od zrelih de Grafovih folikula nisu prsli nego
su konvertovali u ovarijalne ciste i, naravno, takvi ovarijumi nisu ovulirali. Ovaj podatak
ukazuje na izvestan nedostatak preovulatornog nivoa estradiola u krvi koji dovodi od odgada-
nja ,kriticnog perioda” za otpustanje maksimalne koli¢ine luteinizujuéeg hormana (LH) iz
adenohipofize, neophodne za ovulaciju. Otsustvo graviditeta kod 50% Zenki (izuzetak su doze
od 2,5 i 5 mg/kg TM) je posledica gore pomenutih poremecaja reproduktivnih procesa.

Nasi rezultati sugeriSu da hroni¢na, per os, primena pesticida karbarila izaziva poreme-
Caje reproduktivnih procesa kod Zenki pacova kako onim iznad NEL doze tako i onim ispod
nje.
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INFLUENCE OF DIFFERENT DOSES OF PESTICIDE CARBARYIL ON THE
REPRODUCTIVE PROCESSES OF FEMALE RATS

[rena Simonovié, Milica Matavulj nad Radmila Sovljanski*

Institute of Biology, Faculty of Sciences, University of Novi Sad, 21000 Novi Sad, Yugoslaiva

Institute of Plant Protection ,,Dr Pavle Vukasovic”, Faculty of Agriculture, University of
Novi Sad, 21000 Novi Sad, Yugoslavia

[he results of our experiments demonstrate that chronical, per os, application Ol
pesticide carbaryl, in doses of 25 5. 10. 20, 50 and 100 mg/kg BW, provokes markedly
disturbance of the estrous cycle, with high percentage of irregularity, perticularly with higher
doses. Presence of the polyfollicular, cystic ovaries show that some mature de Graff’s follicles
did not burst but were converted into ovarial cysts and, naturally, this ovary did not ovulates
I'his data suggests some insufficient preovulatory estradiol level in blood, which pospond ,the
critical period” for the release of maximum quantitics of the lluteinizing hormone (LH) from
adenohypophysis, indispensable for Ov ulation. Absence of gravidity at 50% of the females
(exceptions are doses of 2,5 and 5 mg/kg BW) is consequence of above mentioned disturba-
nes of reproductive processes.

Our results suggest that chronical, per 0s, application of carbaryl caused disturbance of
reoroductive processes in the female rats, both, with doses smallar than NEL dose and higher
of this dose
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ABSTRACT

In the present study we have evaluated the effect of short term immobilization stress
(IMO; 15 min.) on testicular steroidogenesis in adult rats. IMO induced increase in serum
testosterone (1) levels without detectable changes in serum luteinizing hormone (LH) values.
Short IMO did not alter basal or hCG stimulated androgen pr()aucnon by Leydig cells
suspension, as well as activities of testicular P450c17 and 17BHSD. Increased serum T level
after exposure to short IMO stress may be connected with milglul increase of LH, which was
not registrated because it was probably happened before the 15" min. of stress as it previously
observed.

Key words: Short term stress, steroidogenesis, testosterone, luteinizing hormone

INTRODUCTION

Stress has an adverse impact on reproductive function in many mammalian species but
the exact mechanism(s) involved in this process has not been fully defined.

I'he effect of stress on the hypothalamic-pituitary-testicular axis (HPT) is dependent on
the type of stressor applied and the time period the stressor is administered (1). Stress has
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been shown to promote a biphasic pattern of reproductive hormone release in adult male rat.
Plasma concentrations of LH and T are initially incrcased during stress (2, 3, 4) but if
exposure is prolonged over a period of several hours or days, both hormones show a
persistent decline below baseline values (5, 6, 7, 8). Also, there are growing evidence that
indicates inolvement of some local mechanisms at the testicular level influencing T production
in stress condition. Acute immobilization stress (IMO; 2 or 3 h) reduces testicular steroidoge-
nesis by inhibiting certain steroidogenic enzymes 1.C. 3BHSD and P450c17 (8, 9, 10, 11)
without affecting plasma LH values or binding capacity and affinity of LH/hCG receptors
(11).

However, to our knowledge no studies have been carried out dealing with effect of
short IMO stress (15 min.) on the testicular steroidogenesis: activity of P450c17 and 17BHSD,
and this was, therefore, the aim of the present experiments.

MATERIALS AND METHODS

Chemicals. Antitestosterone serum No. 250 was supplied by G. D. Neswender (Colora-

do State University). A rat LH kit with rat LH-RP3 as a standard was supplied by NIDDK.
Medium 199 (M199) was purchased from GIBCO Laboratories (Gaithersburg, Maryland,
USA): NADPI, bovine serum albumine (BSA, fraction V), collagenase (Type I), testostero-
ne, progesterone, 170H progesterone and androstenedione were purchased from Sigma
Chemical Co.. St. Louis, Missouri, USA; Dextran T70 was purchased from Serva Heildelberg,
Germany); hCG (Pregnul, 3000 [U/mg) was obtained from Organon Inc; (1, 2, 6, 7-"H(N)]
testosterone was obtained from New England Nuclear (Du Pont de Nemours GmBH, Bad
Hamburg, Germany)

Animals. Adult male Wistar rats bred in our laboratory and raised under controlled
environmental conditions (temperature 22 + 2°C; 14 h light/10 h dark with food and water ad
lilbitum were used for experiments. Rats were subject to short IMO stress (15 min.),
beginning at 8 a.m. or were left undisturbed (controls). IMO procedures were conducted as
described by Kvetnansky et al (12). IMO and control animals were sacrificed by decapitation,
trunk blood were collected, and serum samples were stored at -20°C for subsequent hormone
analysis.

Hormone assays. Serum T and LLH concentrations werce measured by radioimmunoassay
(RIA). Because the antitestosterone serum showed high cross-reactivity with dihydrotestoste-
rone (DHT) assay values are referred to as [+DHT levels. Serum LH was measured
according to the instruction of NIDDK using RP-3 as the reference standard.

Preparation of Leydig cells suspension and estimation of enzymes activity. Testes were
quickly removed, decapsulated and dissociated by collagenase (1.2 mg/ml) as previously
described (13). Tripan blue exclusion was used to assess cell viability. Individual aliquots ( 10”
cells/0.3 ml) of crude suspensions of Leydig cells were incubated with hCG (0, 0,5, and 10 ng)
or steroid substrates (progesterone -P, 17hydroxyprogesteron€ -170PH, or androstendione
-A*A; 2 «M) in final volume of 0.5 ml of M199 contained 0.1% BSA. Following incubation
for 2 h in a shaking water bath (34°C) under an atmosphere of 95% 02-5% CO2 all tubes
were centrifuged for 10 min. at 1500 g and individual samples of supernatants were stored at

- -20°C prior to measurement of T by RIA.

The P450c17 activity was estimated by following the conversipn of Pto T or 170HP to
T and AA to T. If the activity of 178HSD (conversion of A"A to T) was unchanged
comparing to the control samples, the obtained changes in the conversion of P to T or
170HP to T might be attributed to changes in the activity of P450c17.

Preparation of testicular postmitchondral fractions. The testes were decapsulated and
homogenized in 50 mM phosphate buffer containing sucrose (0.25 M) pH 7.4 using
glass-glass homogenizer. The homogenates were centrifuged at 4°C for 20 mun. at 1500 g and
pellets were discarded. The supernatants were mixed with dextran-coated charcoal (0.05%
Dextran T70 and 0.5% Norit A in the ratio 1:1 in sucrose buffer) in order to remove
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endogenous steroids, as already described (9). After centrifugation (10 min. at 1500 g)
supernatants were further centrifuged at 4° C for 20 min. at 12000 g. Postmitochondrial
fractions were used for determination of enzyme activities which were estimated as already
described. The incubation solution contained in the final volume of 0.25 ml the following
components: steroid substrates (P, 170HP or A*A; 10 u«M), NADPH (1 mM) and phosphate
buffer (0.1 M; pH 7.4). Incubation were performed for 15 min. at 37°C in shaking water bath
in atmosphere of 95% 02-5% CO2 All samples were incubated in 4 replicates plus blanks
lacking the substrate or postmitochondrial fraction. The samples were stored at -20°C until
assaycd for T by RIA. Protein content in postmitochondrial frantions were estimated by the
Bradford method (14).

Statistics. The statistical significance was established by nonparametric Mann-Whitney
test.

RESULTS
Serum hormone levels. Short IMO stress (15 min.) induced singificant increase in serum

T (+59.48%) levels comparing to controls. However, after 15 min. of IMO stress serum LH
values were at the same levels as control values (Table I).

Table 1 Effect of IMO (15 min) on serum T and LH levels v

Group T+DHT (ng/ml) LH (ng/ml)
Control 4.27 + 071 (15) 9.73 + 2.99 (5)
IMO (15 min) 6.81 = 0.71 (15) A 9.44 + 2.38 (5)

Data represents mean + SEM, n in parantheses.
Significance: Ap<0.002 vs. control

In vitro steroidogenesis. In vitro hCG stimulated T production is shown in Fig 1. Short
IMO stress did not alter basal as well as hCG stimulated ' production by Leydig cells
suspension.

T+DHT (ng/10 6L .c./2h)
121
;3 C

8_ IMO

:
REN Y
0

0.5 10 nghCG

l"ig; 1 ljl'l’cc_l of IMO ("15 mip.) on n vitro hCG stimulated T production by suspension of Leydig
cells. I.C_le;?’ cells (10”/tube) were incubated for 2h in absence or presence of hCG (0.5 10 ng).
Columns are mean G SEM of five rats (thre assay replicates for each rat).
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Enzyme activities. The activities of P450c17 (estimated by conversion of P or 170HP to
[) and 17BHSD (estimated by conversion A"A to T) remained practically unaltered after
exposure animals to short IMO stress. The same results were obtained in both experiments:
in case estimating enzyme activities by Leydig cells suspension or by postmitochondrial

~

fraction of whole testis (Fig. 2., 3.)

r e ey
| T+DHT (ng/10 6L .c./2h)
| 201 g C |
‘ 2
| A MO |
| |
{ ‘
P 170HP %A
Fig. 2. Effect of IMO (15 min.) on the activty of P450c17 and 178HSD. Leydig cells ( 10°/tube) were

cubated for 2h in presence of different steroid substrates (2 uM). Columns represent the mean
SEM of five rats (four assay replicates for each rat)

' T+DHT (ng/mg=min) ‘
| 109E0C 1 _ i _ 50 |
| Nwmol e R
[ | +7 . [ |
g | |
| 51 i g 25 |
ey o [ ‘
1 N
| . . |
; 0 'L i b | .__;S. | 0
1 P 170HP a4 j
Fig. 3. Effect of IMO (15 min.) on the activity of P450c17 and 178HSD. Postmitochondrial testicular

fractions were incubated in presence of different steroid substrates (10 #M) and NADPH (1 mM)
Columns represent the mean #+ of five rats (four assay replicates for each rat)

DISCUSSION
I'he present results demonstrate that short term IMO stress significantly elevated serum
T, what is in accordance with most published data using short-term exposure 1o stressors (3
15). However this increase was not accompanied by alteratin in the activities of testicular
steroidogenic enzymes i.c. P450c17 and 17HSD
Acute IMO stress (2h or 3
1

1) decrease activities of 33HSD and P450c17 in presence O
unaltered LLH levels (8, 9, 10,

f
1) what indicate that IMO (2h or 3h) impaired testicula

=4

61




Kosti¢ T. i sar. Effect of short, Zb. rad. PMF, ser. biol. 27-28 (1999), str. 58-63 '

.

steroidogenesis primarily at the testicular level probably through paracrine/autocrine mecha-
nisms. In seems that enhanced inhibitory tone of local paracrine control of testicular steroido-
genesis in acute IMO stress is not yet operabie in short time IMO, what suggest the central
effect of short term IMO stress through HPT axis.

Meanwhile, in ours experiments, increase of serum T was not associated with elevated
LH values what seems paradoxically. But as already pointed out in introductory section, LH
response to acute stressors in normal rats is biphasic, with an initial increase, usually followed
by subsequent decrease (3, 4, 15). Previous results from our laboratory demonstrated that 15
min. IMO obtained by placement of rats into the tigh fitting plastic cylinders resulted in the
concomitant increase of serum T and LH levels (15). This discrepancy may result from
procedural differences in the treatment used to induce stress. In the present experiment
immobilization in supine position was employed, which is a more severe stress compared
upright restraint used in previous experiment. It is also shown that initial increase of serum
LH level during stress conditions could be obtained even after only 2-10 min. on the
beginning of stress procedure and than decline to baseline (3). Obviously, the expression of
the correlation between the biphasic LH and T changes depend on the severeness of exposure
and time of stressor is applied. The more severe stressor is more efficient in reversing initial
LH increase to decrease.

In summary, on the basis of the present data it seems that short time IMO stress
increase serum T values without affecting activities of testicular enzymes and that increased
serum T level after short IMO stress may be connected to initial increase of LH, which was
not registrated because it was propably happened before the 15™ min. of stress as it is
observed by others (3).
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EFEKAT KRATKOTRAINE IMOBILIZACIJE PACOVA NA STEROIDOGENEZU
LAJIDIGOVIH CELIJA

T. Kostié, S. Andrié¢, R. Kovacevi¢, and D. Mari¢

Institut za biologiju, Prirodno-matematicki fakultet, Novi Sad, Yugoslavia

SAZETAK

U okviru ovog rada je proucavan efekat kratkotrajne imobilizacije (IMO; 15 min) na
steroidogenezu testisa adultnih muZjaka pacova. Dobijeni rezultati pokazuju da izlaganje
pacova kratkotrajnom IMO stresu izaziva porast testosterona (') u serumu uz istovremeno
nepromenjenu koncentraciju luteinizujuéeg hormona (LH) u serumu. Takode kratkotrajna
IMO nije uticala na bazalnu i hCG stimulisanu produkciju androgena merenu u suspenziji
[Leygig-ovih Celija kao ni na aktivnost steroidogenih enzima (P450c17 i 17HSD) analliziranih
u suspenziji Leydig-ovih éelija 1 na preparatu postmitohondrijalne frakcije testisa. Na osnovu
dobijenih rezultata i literaturnih podataka, tj. poznatog modela bifazne sekrecije LH u stresu,
moze se zakljuciti da kratkotrajan stress izaziva povecanje serumskog T koje nastaje kao
posledica inicijalnog porasta LH koji se odigrao pre 15-og min., i bio normalizovan u vreme
Zrtvovanja zivotinje, te nije mogao biti registrovan
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BIOANTROPOLOSKE KARAKTERISTIKE STANOVNISTVA SREMA
PREMA REGIONALNO GEOGRAFSKOJ POVEZANOSTI

Tatjana Pavlica, Verica Bozi¢-Krsti¢, Rada Raki¢, Marija Savi¢
Univerzitet u Novom Sadu, PMF, Institut za Biologiju

Primljeno 12. XII 1999.

UvoD

BioantropoloSke karakteristike daju sliku o rastu, razvoju, telesnoj gradi i strukturi
odredenih ljudskih populacija. U formiranju ovih karakteristika kao i kod svih Zivih bica,
medusobno deluju geneticki ¢inioci i faktori spoljasnje sredine.

Mnogim istrazivanjima porekla ljudskih varijabilnosti je ustanovljeno da geografska
udaljenost izmedu populacija u znatnoj meri odreduje njihove bioloske strukture 1 utice na
distribuciju i medusobni odnos fenotipskih i genotipskih frekvencija. Bioloske i socio-kulturne
osobine populacija zavise od njihove medusobne geografske udaljenosti s obzirom da geogra-
fska udaljenost Cesto predstavlja prepreku migraciji, tj. protoku gena izmedu pojedinih
populacija, a time i genetskoj sli¢nosti razli¢itih populacija.

U mnogim radovima pokazana je i uo¢ena dobra uzajamna povezanost izmedu bioloske
I geografske distance (Schmidt 1991, Smolej et. al. 1994, Jantz i Meadows 1995).

Studije u kojima je uocena slaba veza izmedu antropometrijske 1 geografske distance
pokazuju da su tu ukljuceni neki drugi faktori. Tako je Hiernaux (1972) nasao da antropome-
trijska varijacija u Africi reflektuje granice kasta i etnicke granice i sa malom je vezom sa
geografskim distancama. U ovom slucaju geografska udaljenost ima malog uticaja na protok
gena.

Neves et. al. 1985 principalnom komponentnom analizom 9 antropoloskih karakteristi-
ka glave i tela kod 8 plemena u Brazilu utvrdili su umereno slaganje bioloske i geografske
distance.

__Ispitivanjem 5 juznih plemena Orize koji govore istim jezikom (Das 1988) utvrdena je
pozitivna korelacija izmedu geneticke, geografske i jezicke distance. Autori su zakljuili da je
geneticka divergencija u mnogo vecoj zavisnosti od jezickih varijacija, nego od geografske
distance i smatraju da lingvisticki faktori zajedno sa drugim sociokulturnim faktorima mogu
predstavljati barijeru protoku gena. :

U Indiji (Vasulu 1994) su ispitivana Janada plemena koja nastanjuju razlicite geogra-
fske regione a razlikuju se u nacinu zivota. Utvrdena je visoka morfoloska diferencijacija
izmedu plemena lovaca i zemljoradnika. U slucaju naselja uzorak pokazuje slabu regionalnu

glcografsku povezanost, a putne distance imaju najveéi uticaj na morfoloske razlike izmedu
plemena.
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Srem zauzima juZni deo Panonskog basena i nalazi se u medurecju Dunava 1 Save
Zbog svog geografskog polozaja na glavnoj re¢noj arteriji Evrope i raskr§¢u prirodnih putev
koji povezuju preko Balkanskog poluostrva tri kontinenta Evropu, Aziju 1 Afriku ovo podru
¢je ima veoma interesantnu proslost, sa smenom raznih rasnih, jezickih i kulturnih grupa.

Interesantno je zapazanje Popovica (1990) da je Srem zbog svog posebnog polozaja
gotovo uvek bio na praveu bilo kojih pomeranja Srpskog naroda, i da stoga ovo stanovnisStv(
predstavlja u malom gotovo sve delove srpskog naroda. Navodi da su Posavci i FruSkogorci
poreklom pretezno iz Srbije, a Sremci 1z Podunavlja iz zapadnih i severnih krajeva.

Cilj rada je bio da se utvrde bioantropoloske karakteristike stanovniStva pojedinih
regionalno-geografskin oblasti i njihova bioloska povezanost, kao i da se vidi da li postoji
korelacija izmedu geografske i bioloSke udaljenosti susednih naselja u Sremu.

MATERIJAL I METODIKA

Za istrazivanje je odredeno 21. naselie koja se nalaze na podrucju svih opstina
Ispitivana naselja su ravnomerno rasporedena na celokupnoj teritoriji Srema, a prema karak
teristicnom geografskom polozaju obuhvataju sve geografske oblasti i imaju odgovarajuci
nacionalni sastav. S obzirom da je cilj rada bio da se ispita da li postoji povezanost 1Izmedu
biolodke i geografske distance, sva ispitana naselja su podeljena u 10 grupa (Slika 1.)

U pojedinim grupama se nalaze zajedno sela koja se medusobno razlikuju po nacional
nom sastavu i fizicko geografskim svojstvima. Medutim, kao osnovni kriterijum za klasifikaciju
je uzeta njihova medusobna geografska udaljenost, tako da se u grupama zajedno nalaze sela
koja su teritorijalno vrlo bliska.

Grupe naselja:

grupa 1 Berkasovo, Biki¢ Do, Bacinci, Sot
grupa 2 Erdevik, Bingula

grupa 3 Golubinci

grupa 4 Stejanovci, Jazak, Vrdnik, Rivica
grupa 5 Kuzmin, Martinci

grupa 6 Susek, Lug

grupa 7 Maradik, Satrinci

grupa 8 Nikinci, Plati¢evo

grupa 9 Ogar

grupa 10 Krcedin

Ispitivanjem je obuhvaceno 1824 osobe i 10 965 muskaraca i 859 Zena starosti od 20 do
50 godina.

Ispitane su slede¢e morfoloske karakteristike: od longitudinalnih mera su to visina tela
duZina noge i ruke, zatim masa tela, srednji obim grudnog koSa i vitalni kapacitet pluca
Podaci su obradeni varijaciono statistickom metodom za svaku grupu naselja, posebno za
muskKi i Zenski pol. Univarijantnom analizom varijanse utvrdene su razlike izmedu ispitivanih
svojstava. Iz prose¢nih vrednosti onih karakteristika za koje su utvrdene razlike izraCunata jc
matrica bioloskih udaljenosti koriS¢enjem standardizovane Euklidove distance. Metodom
klaster analize izvr§eno je grupisanje podataka a graficki prikaz dat je dendrogramima 1 PCA
(Principalnom Componentnom Analizom). Da bi se utvrdilo da li postoji povezanost izmedu
bioloskih i geografskih distanci, ratunat je korelacioni koeficijent izmedu ovih mera distanci
Za geografsku distancu su uzete proseéne putne razdaljine izmedu grupa naselja.
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REZULTATI

U tabeli 1 su dati osnovni statisticki pokazatelji, antropoloSkih karakteristika, stanovn
Stva 10 grupa naselja, prema regionalno-geografskoj povezanosti

['abela 1 Prose¢ne vrednosti i analiza varijanse za 10 grupa naselja

Muskarci
| Grupe V 77\ 17\@1: i ;'iuii.minwi'z E)Lli_l(;‘lrlill‘rik' .7.'\1»:17\71\1.2 | ()}I'I: ,'1‘1&1.7 | \ {I‘xlu‘ kap
naselia [ ¢ |sp| X |[sp| X [sD| X | SD X | SD SD
Gr. 1 ‘ i'~1(;§ '“1’\ 1'71.11 7.‘ 4 ;" 76.54 ‘71;;17 ~Tl: 16.04 711»;’ 89 ' 10.40 » 3403 -.‘ 782.01
Or _'T “—}Vihvl»tm'. {;Jlf’"‘,3 .77 7.“" _llih‘&_\ ‘f’l’lh:r)r '7“,1'§'l 7\'\‘~>§lll“‘_‘ 756.99
Gr. 3 |174.31 [6.08 | 10020 I's38 [75.60 | 3.71 .7\1_:«; [13.94 110218 [ 9.40 [3577.78] 695.03
Gr 1‘ l"%’;tiy'n 1‘\.7‘7)7‘)“; T?ll"‘il‘:\r‘,:\717_‘_"\]*;“‘;7\)7 ‘ 101.13 ;7:_"m_ } 01.94
Gr. 5 ' 173 ~1 :H “Vlliﬂ_‘l "’;"—i”"_“ J\:‘V.{-IETNHN‘) 717 ' X;l; (":"" \* g’lv\‘v. 14.95
Or n“‘.‘]‘ﬁvn\u. 04._‘1”\:\'“"7::\14);F‘r'i‘lnl‘ﬂi,: h}lmli. "v:'>1mn ,\.~'7,-I\
Gr. 71170.76 [ 4\7;‘:“ ‘ln(;l | 4.96 | "—;:H ‘ 3.99 '\n; ll?l: 7 1(7)(“!717 ‘ ;}V!\T 4 3288.89 318 91
Gr 8 \‘}‘; :)ll’“" Vl §VT }{71 (“; . 585 1 ﬁ;u_,‘\i“,&”’li \‘174\; A ';i: “7 '1’“'; _‘ 7\‘(,: H'xil,\‘ 3 79 99
Or ‘; rlr—: 11717' I;__‘j I ‘V’\H: .717\7" ":7:: [ 3.65 1 :\h'\l 7}17\_] [ ‘.J‘)n' . \‘F?‘ 3427.27 35.89
Gr. 10 I;< 59 \ 6.72 | H01.35 | 5.02 3.22 7\‘__;717: )7: \(,*371727\‘7’\ » R R0 H.\ivv‘ 32| 770.61
[ [ 7\‘;\”\‘1 ‘ ',;M'l; noge - DuZina :\:’ri' 5.;\.v tela | 7( )twix‘.r_".'u‘,: Vitalni kapac
1 Wnu‘\hgi 7{)71]:1 | ”“\"'”' ) «»;)nli Y J(i':;— il ‘>I'v;r,
M | . = ke B —1 =BG Soliiefun sk,
P 1 8E-5 8.5E-17 74E-13 (.685 0.091 0.055
R = R o
Iz tabele se moze videti da se kod muskog pola a 0 homogenosti moze odbac

1 odnosno visine tela,

u slucaju svih longitudinalnih m ¢
se kretala od 170.76 cm u grupi 7 do 175.90 u grupi 8. Druge dve londitudinalne kar:
ke takode najmanje vrednosti imaju u grupi 7. (Maradik, Satrinci) Za masu tela i obin
se hipoteza 0 homogenosti moze prihvatit, tj. nema znadajnih razlika izmedu grupa za ova
svojstva. Za vitalni kapacitet ¢ije su se vrednosti kretale od 3288.89 mi u
ml u grupi 4 moZe se reci da je na granici odbacivanja hipoteze 0 homoj

Kod 7enskog pola (tabela 2) znaCajnih razlika ima za samo dve karakteristike. To su
duzina ruke i vitalni kapacitet pluca. Ostale karakteristike variraju u vrlo malom dijapazonu |
hipoteza 0 homogenosti se moZe prihvatiti. Tako se visina kretala od 159.64 (u grupi 1) d«
161.69 u grupi 3, a masa tela od 64,31 kg (grupa 10) do 68,75 kg (grupa 7). Registrovana jc
manja heterogenost u odnosu na muski pol, na Sta ukazuje | intraklasni korelacioni koeficijent
koji kod muskog pola iznosi rj=0.04 a kod zena ri=0 01.

e noge i duZine ruke. Visina te

rupi 7 do 362
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Tabela 2 Prose¢ne vrednosti i analiza varijanse za 10 grupa naselja

|
i ch(‘ |
| |
} Grupe 1 " Visina II,)u}_inzi nogci DuZina ruke l Masa tela Obim grudi [,Vilalni kzlpncnch
?‘1:‘S°1j"2 X |sp| X |sp | X |sD | X | sD | X |sD]| X sD |
E Gr. 1 i 159.64 } 6.29 | 9198 4,8'} 69.15 | 2.95 !05.43\ 12.44 | 9376 | 9.82 |2124.19 553.49 |
i Gr. 2 | 16107 [ 5.50 [ 9558 | 425 | 7007 | 327 ;f,()ozi 1202 | 92.92 | 8.72 |2305.66 | 456.37 |
i Gr. 3 |161.69 | 5.95 | 96.08 | 4.75 1 69.25 | 4.07 |67.75 | 1332 | 93.86 f 9.44 |2283.93| 524.33 |
| Gr. 4| 161.41 | 634 | 96.13 4.52 | 68.68 | 341 |65.74| 1297 | 9074 | 8.69 |2408.26 | 560.00
| Gr. 5| 16023 | 561 [9526 | 471 | 6936 | 3.50 |67.42 | 11.75 | 94.07 | 9.39 |2280.26 | 54193
Gr. 6| 160.18 | 5.42 [94.81 | 4.42 | 67.82 | 3.22 | 66.25 | 12.85 | 90.49 | 8.83 |2466.67 | 585.14
Gr. 715982 | 6.58 |94.71 | 5.10 | 68.60 | 3.13 |68.75 | 15.86 |93.28 |10.91|2304.67| 567.23
Gr. 8 |160.63 | 7.06 |95.87 | 5.06 | 69.71 |3.54 |65.06 | 11.64 |92.85 | 8.96 |2192.00| 542.53 |
Gr. 9 |159.74 | 5.67 |9527 | 431 | 69.26 | 3.03 [65.27 | 1021 [9214|8.18 221563 59272 |
Gr.10 | 159.99 | 4.90 | 95.15 177! o742 | 327 |6431| 951 | 9432 | 723 |240278 | 365,52 |
|
Visina DuZina noge | DuZina ruke Masa tela Obim grudi Vilalnikapacilcl|
FO 1.1588 1.098 4378 0.861 1.881 3.415 j
RI 0.0019 00012 | 00393 -0.0017 0.0106 0084 |
{ T
P 03185 0362 | 13E5 0.56 0.051 0.00039 |
|
P=0.01 Fo=2.428 P=0.05 Fo=1891 ’

Kod muskog pola, matrice bioloskih udaljenosti su rafunate iz prose¢nih vrednosti
podata};a za visinu, duZinu noge, duZinu ruke, obim grudi i vitaini kapacitet, tj. za ona svojstva
kod kojih su prethodnom analizom varijanse utvrdene znaajne razlike izmedu grupa ili su na
granici odbacivanja hipoteze o homogenosti. Kod Zena su uzimani u obzir duZina ruke, obim
grudi i vitalni kapacitet.

~Gralicki prikaz dobijenih rezultata kod muskog pola predstvljen je dendrogramom na
slici 2 1 PCA analizom na slici 3. -

Moze se videti da se :od muskog p<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>