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Vjera M. Pejanovi¢, Marija N. Sakad,
Suzana §. Jovanovié-Santa, Julijana A. Petrovic*

Institute of Chemistry, Faculty of Natural Sciences,
Trg Dositeja Obradovic¢a 3, Novi Sad, Yugoslavia

17-ACETALS OF 3-METHOXY-17-0XO0O-16,17-
-SECOESTRA-1,3,5(10)-TRIEN-16-NITRILE

ABSTRACT: The reaction of 3-methoxy-17-0x0-16,17-secoestra-1,3,5(10)-trien-16-ni-
trile (1) treated with mono- and dihydroxy alcohols has been studied with the aim of achie-
ving optimal yields of 17-acetals. Best results have been obtained by the action of methanol
and diethylene glycol on compound 1, in the presence of p-toluene sulfonyl chloride as
catalyst.

KEY WORDS: 16,17-seco estrone derivatives, acetal formation of.

INTRODUCTION

Within the framework of a broader project directed towards obtaining po-
tential antiestrogens, 3-methoxy-17-o0x0-16,17-secoestra-1,3,5(10)-trien-16-nitri-
le was synthesized [Miljkovi¢ et al, 1990] as the key intermediate. Suc-
cessive transformations of its aldehyde function resulted in a series of 16,17-
-seco-16-cyano derivatives [Petrovié et al.,, 1977; Pejanovié, 1991]. In
biological tests in vivo most of them showed an almost total loss of estrogenic
activity, whereas some representatives expressed a considerable antiestrogenic
effect [Petrovic et al., 1998].

It is well-known that the estrogenic, i.e., antiestrogenic, activity of estro-
ne derivatives is strongly influenced by the nature of the substituents at C-17,
as well as C-16 [Sakac¢, 1997]. Hence, it was interesting to try the synthesis
of 16,17-seco-estrone derivatives bearing various functional groups at C-16,
using the aldehyde 1 as starting compound.

The first step in this transformation involves protection of the aldehyde
function of the starting compound. It is well known that the aldehyde group is
most commonly protected by its transformation to acetals [Loewenthal,

* Corresponding author.



1973] in the reaction with alcohols. However, the yields of acetals can vary
widely, depending on the nature of the aldehyde and alcohol.

Therefore, the aim of this paper was to study the formation of acetals of
3-methoxy-17-0x0-16,17-secoestra-1,3,5(10)-trien-16-nitrile (1) treated with mo-
no- and dihydroxy alcohols, in order to establish conditions needed for obtain-
ing highest yields of the protected derivatives.

EXPERIMENTAL

Infrared spectra (v in cm—!) were recorded as film on a Perkin-Elmer
M457 spectrophotometer. NMR-spectra were taken on a Bruker AC 250E
spectrometer and are reported in parts per million downfield from the te-
tramethylsylane internal standard; symbols s, bs, d, dd, q and m denote singlet,
broad singlet, doublet, double doublet, quartet and multiplet, respectively.
Mass spectra were recorded on a Finnigan-Math 8230 instrument, using elec-
tron impact (70eV) or chemical ionization (iso-butane) techniques; the first
number denotes m/z value, and the ion abundances are given in parantheses.

3,17,17-Trimethoxy-16,17-secoestra-1,3,5(10)-trien-16-nitrile (2)

3-Methoxy-17-0x0-16,17-secoestra-1,3,5(10)-trien-16-nitrile (1; 1 g, 3.37
mmol) was dissolved in methanol (20 cm?®) and p-toluene-sulfonic acid (60
mg) was added. The reaction mixture was kept at room temperature for 36 hrs,
then poured into a saturated solution of sodium bicarbonate (150 cm?) and ex-
tracted with chloroform (3x70 cm?). The extract was washed with water, dried
over anhydrous sodium sulfate and evaporated to dryness. The oily crude 2
(1.05 g, 90.91%) was chromatographed on a silica column (100 g silica gel;
hexane-ethyl acetate /4:1/); the yield of pure pale oily 3,17,17-trimethoxy-
-16,17-secoestra-1,3,5(10)-trien-16-nitrile (2) was 0.82 g (71.00 %).

IR spectrum: 2937, 2867, 2834, 2241, 1610, 1578, 1504, 1466, 1430,
1387, 1288, 1258, 1240, 1162, 1104, 1072, 668.

'"H NMR spectrum (CDCl,): 1.01 (s, 3H, C-18); 3.89 (s, 1H, CH(OCH,),);
3.77 (s, 3H, OCH,, C-3); 3.54 (d, 6H, OCH,); 6.63 (d, 1H, H-4, J = 2.7 Hz);
6.70 (dd, 1H, H-2, J, = 2.8 Hz, J, = 8.6 Hz); 7.19 (d, 1H, H-1, J = 8.6 Hz).

BC NMR spectrum (CDCly): 15.17 (CH;, C-18); 16.16 (C-15); 55.09
(OCH,); 111.02 (C-2); 113.35 (C-4); 120.32 (CN); 126.28 (C-1); 131.53 (C-5);
157.52 (C-3).

MS: 311(M+CH,0OH), 279, 239, 161.

3-Methoxy-17,17-ethylendioxy-16,17-secoestra-1,3,5(10)-trien-16-nitrile(3)
and 3-methoxy-17,17-ethylendioxy-16,17-secoestra-1,3,5(10)-trien-16-
carboxylic acid 16-ethylen glycol ester (4)

Seco-cyanoaldehyde 1 (1 g, 3.37 mmol) was dissolved in ethylene glycol
(20 cm?) and p-toluene sulfonic acid (140 mg) was added. The reaction mix-
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ture was refluxed for 7 hrs, then poured into a saturated solution of sodium bi-
carbonate (150 cm?) and extracted with ether (3x70 cm?®). The extract was
washed with water, dried over anhydrous sodium sulfate and evaporated in va-
cuum to dryness. The oily residue was chromatographed on a silica column
(100 g silica gel; methylene chloride: ethyl acetate /10:1/), whereby two pure
compounds were isolated: 3-methoxy-17,17-ethylendioxy-16,17-secoestra-1,3,5-
(10)-trien-16-nitrile (3) and 3-methoxy-17,17-ethylendioxy-16,17-secoestra-1,3,5-
(10)-trien-16-carboxylic acid 16-ethylen glycol ester (4).

Compound 3, yield 300 mg (26.00 %), colorless oil.

IR spectrum: 2927, 2243, 1608, 1572, 1500, 1466, 1431, 1376, 1306,
1252, 1156, 1121, 1042, 868, 825, 809, 755, 668.

'H NMR spectrum (CDCly): 1.11 (s, 3H, C-18); 2.48 (dd, 1H, H-15a,
Ji4 15a = 4.7 Hz); 2.60 (dd, 1H, H-15b, J, 5, = 6.5 Hz, J 5, 5, = 17.2 Hz); 3.47
and 3.69 (2m, 4H, OCH,CH,0); 3.79 (s, 3H, OCH,); 6.68—6.80 (m, 2H, H-2
and H-4); 7.16 (d, 1H, H-1).

BC NMR spectrum (CDCly): 17.97 (C-15); 22.37 (CH,, C-18); 42.17
(C-8); 55.26 (OCH;); 61.76 and 72.56 (OCH,CH,0); 77.13 (C-17); 111.02
(C-2); 113.35 (C-4); 119.93 (CN); 123.46 (C-1); 158.43 (C-3).

MS spectrum: 341(M+), 301, 251, 239, 226.

Compound 4: yield 550 mg (40.00%), colorless oil.

IR spectrum: 3427, 2958, 2928, 1729, 1654, 1608, 1573, 1500, 1464,
1379, 1273, 1192, 1156, 1124, 1074, 1042, 958, 869, 812, 746.

'H NMR spectrum (CDCly): 0.97 (s, 3H, C-18); 2.40 (dd, 1H, H-15a,
Ji4 1o = 4.3 Hz); 2.56 (dd, 1H, H-15b, J , |5, = 7.5 Hz, J 5, |5, = 16.5 Hz); 3.48
and 370 (2m, 4H, OCH,CH,0); 3.79 (s, 3H, OCH,); 3.83 (m, 2H, CH,OH);
4.22 (m, 2H, CH,0CO); 665 6.75 (m, 2H, H-2 and H-4); 7.12 (d, 1H, H-1).

BC NMR spectrum (CDCl,): 21.56 (CH,, C-18); 36.51 (CH,COQ); 55.18
(OCH,); 60.80 (CH,0OH); 61.66 and 72.71 (OCH,CH,0); 68.06 (COOCH,);
77.20 (C-17); 110.87 (C-2); 113.26 (C-4); 122.98 (C-1); 126.13 (C-5); 137.10
(C-10); 158.06 (C-3); 174.19 (C = O).

MS spectrum: 404 (M+), 343, 314, 288, 239, 226, 211.

3-Methoxy-17,17-(1,4,7-trioxitetramethylene)-16,17-secoestra-
-1,3,5(10)-trien-16-nitrile(5)

Compound 1 (1 g, 3.37 mmol) was dissolved in diethylene glycol (20
cm?) and p-toluene sulfonic acid (40 mg) was added. The reaction mixture was
refluxed for 5.5 hrs, then poured into a saturated solution of sodium bicarbon-
ate (150 cm?) and extracted with ether (3x70 cm?). The extract was washed
with water, dried over anhydrous sodium sulfate and evaporated in vacuum to
dryness, yielding 1.32 g of oily crude product 5. Flesh chromatography of the
crude product (100 g silica gel 32—63 mesh, methylene chloride: ethyl acetate
/10:1/) afforded 1.02 g (79%) of pure 3-methoxy-17,17-(1,4,7-trioksitetrame-
thylene)-16,17-secoestra-1,3,5(10)-trien-16-nitrile (5) in the form of colorless
oil.



IR spectrum: 3473, 2927, 2243, 1724, 1608, 1572, 1500, 1466, 1456,
1430, 1376, 1306, 1251, 1109, 1069, 1041, 756.

'H NMR spectrum (CDCl,): 1.14 (s, 3H, C-18); 3.79 (s, 3H, OCH,);
6.68—6.8 (m, 2H, H-2 and H-4); 7.16 (d, 1H, H-1).

BC NMR spectrum (CDC,): 55.26 (OCH,); 61.76 and 72.56 (OCH,CH,0);
77.13 (C-17); 111.028 (C-2); 120.09 (CN); 113.40 (C-4); 123.52 (C-1); 129.87
(C-10); 137.45 (C-5); 158.46 (C-3).

MS spectrum: 385 (M+), 345, 279, 251, 239, 225.

RESULTS AND DISCUSION

The starting compound, 3-methoxy-17-0x0-16,17-secoestra-1,3,5(10)-trien-
-16-nitrile (1), was obtained from 3-methoxy-17p-hydroxyestra-1,3,5(10)-trien-
-16-one oxime by the conventional procedure [Miljkovié et al., 1990]. The
action of methanol upon compound 1 at room temperature, in the presence
of catalytic amounts of p-toluene sulfonic acid afforded 3,17,17-trimethoxy-

H
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-16,17-secoestra-1,3,5(10)-trien-16-nitrile (2) in 71% yield. Also, high yield
of 3-methoxy-17,17-(1,4,7-trioxitetramethylene)-16,17-secoestra-1,3,5(10)-trien-
-16-nitrile (5) was obtained by refluxing the diethylene glycol solution of com-
pound 1 in the presence of p-toluene sulfonic acid.

Surprisingly, in the acid-catalyzed reaction of compound 1 with ethylene
glycol, the expected dioxolane 3 was formed as a minor product (26%), the
main product (40%) being a more polar compound. On the basis of spectral
data of the compound, structure 4 was ascribed to it.

Namely, in the IR spectrum, the bond for CN-function at 2243 cm—' is
absent, while an intensive new bond appears at 1729 cm—! corresponding to
the ester group vibrations. On the other hand, in the 'H NMR spectrum, besi-
des the signals for protons from the ethylene acetal function (—OCH,CH,0—)
at 3.48 and 3.70 ppm, two additional multiplets at 3.83 ppm (—CH,OH) and
4.22 ppm (—CH,0CO—) can be observed. At the same time, the *C NMR
spectrum of compound 4 shows no signal for the nitrile function at C-16, but
three new signals appear at 60.80 ppm (—CH,0OH), 68.06 ppm (COOCH,)
and 174.19 ppm (C = O). Finally, the presence of the molecular ion at 404
mass units in the mass spectrum confirms the proposed structure.

The formation of compound 4 could be explained by acid-catalyzed sapo-
nification of the nitrile function in compound 3 (or 1), followed by subsequent
esterification with ethylene glycol.
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17-ALETAJIN 3-METOKCH-17-OKCO-16,17-
-CEKOECTPA-1,3,5(10)-TPUEH-16-HUTPUJIA

Bjepa M. Ilejanouh, Mapuja H. Cakau, Cy3ana C. JoBaHosuh-IllaHTa,
Jynujana A. IletpoBuh
Wuctutyt 3a xemujy, IlpupogHo-maTemaTnuku (akyjarTer,
Yuuepsutetr y HoBom Cany, Tpr [locureja Ob6pamouha 3, 21000 HoBu Cag

Pesume

IIpoyuaBaHa je peakuuja 3-MeTokcu-17-okco-16,17-cexoectpa-1,3,5(10)-TpueH-
-16-autpmna (1) ca MOHO- M JUXUAPOKCUIHMM aJIKOXOJIMMa, Ca LIMJbeM ITOCTU3arha
ONTUMAJIHUX TpuHOca 17-auetana. Hajoobu pe3yaTaTd MOCTUTHYTU CY J€jCTBOM Me-
TaHOJIA U €TWICHIJIMKOJIA Ha jeAntberbe 1, y IPUCYCTBY p-TONYEHCYI(POHCKE KUCETUHE
Kao KaTtajusaTopa.
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Ljiljana M. Kostadinovic¢, Sava T. Pavkov

Scientific Veterinary Institute ,,Novi Sad”,
Rumenacki put 6, Novi Sad, Yugoslavia

HPLC DETERMINATION OF BIOGENIC AMINES
IN SEA FISH AND THEIR CANNED PRODUCTS

ABSTRACT: A procedure is described for the extraction, extract purification by thin
layer chromatography — membrane filtration and simultaneous determination of tyramine
and histamine in sea fish and permanently canned fish using high performance liquid
chromatography (HPLC).

Methanol was used to extract histamine and tyramine from homogenized fish meat.
The extracts were purified by thin layer chromatography and the contents of these biogenic
amines determined by HPLC. The contents of tyramine and histamine were below the
officially acceptable tolerance limits in all the investigated fish samples.

KEY WORDS: histamine, tyramine, sea fish, can, HPLC

INTRODUCTION

Fish meat and its products as a source of high-quality, biologically im-
portant proteins should occupy a more important place in daily and dietary nu-
trition of people. The basic value of this food stems from its favorable chemi-
cal composition and content of essential fatty acids and amino acids. Fish me-
at contains 75—85% of water, 0.5—20% of fats, 15—24% of proteins, where-
as carbohydrates are practically absent. Essential amino acids [Jevti¢ et al.,
1979], essential polyunsaturated fatty acids [Vujkovi¢ et al., 1991], liposo-
luble vitamins, minerals elements (Ca, Mg, P), as well as other important oli-
goelements are the reasons for a regular use of this food in the nutrition of the
world’s population.

Apart from all positive characteristics, fish meat has a negative one,
perishability. The fish surface is covered by microflora containing also pro-
teolytic bacteria. From the surface, even when minimal damages occur in the
course of technological processing, these bacteria can easily reach the subcuta-
neous tissue and cause proteolytic degradation of amino acids. Depending on
the original amino acid, various amines are formed by the decarboxylation
process. Most frequently these are histamine formed from histidine, tyramine
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from tyrosine, tryptamine from tryptophan, fenylethylamine from fenylalanine,
cadaverin from lysine, putrescin from omithine. The presence of these bioge-
nic amines, known in the literature as ,,volatile bases”, in fish and fish prod-
ucts indicates the degree of chemical contamination of the fish. High concen-
trations of histamine in food are important from the toxicological point of
view because they cause histaminic poisoning such as scombroid toxicosis.
Study of the occurrence of amines in food is interesting from both the hy-
gienic and toxicological aspects. The biogenic amines in fish cans are indica-
tors of the degree of microbiological contamination, low technological quality
of the product, and also of failures in the processing technology.

In view of the technological and hygienic importance of histamine and
tyramine as biogenic amines, numerous authors have studied the possibility of
their determination. The literature mentions a number of methods for identifi-
cation an/or determination of these amines in fish products, e.g., thin-layer
chromatography (TLC) [Lieber et al.,, 1978], gel electrophoresis [Rubach
et al.,, 1981], spectrophotometry [Teodorovi¢ et al, 1995], high perfor-
mance liquid chromatography (HPLC) with fluorescent or electrochemical de-
tection [Subden et al. 1978; Skofitsch et al. 1981], gas chromatography,
either alone or coupled with mass spectrometry [Henion et al., 1981].

In the present work we studied the possibility of applying a modified pro-
cedure consisting of the extraction, TLC and membrane filtration of the extract
purification, and finally simultaneous HPLC determination of histamine and
tyramine in sea fish and fish cans taken by random choice sampling from the
market.

MATERIAL AND METHODS

The method of standard addition was used for the determination of the
detection limit and the repeatability of the extraction and the chromatographic
procedure. To prepare an extract with standard addition, reference standards of
histamine and tyramine in an amount of 0.5 mg/10 g fish meat were added to
the weighed fish samples for which a low content of analyte had been establis-
hed.

Separation of histamine and tyramine from the model systems and inves-
tigated canned fish samples was carried out by double extraction with metha-
nol. Samples of 10 g of fish were macerated with a twofold volume of metha-
nol while heating the homogenate at 60°C in a water bath for 15 minutes.
Samples were cooled quickly in a freezer, and then the volume adjusted to the
initial value by adding methanol. The content was filtered through the What-
man No. 1 filtering paper and then centrifuged at 6,000 rpm for 15 minutes.

Purification of extracts was carried out by TLC on silica gel 60G using
a mixture acetone — benzene — methanol — 25% ammonia (40:35:20:5
v/v/vlv). Chromatographic spots were identified with ninhydrin reagent fol-
lowed by heating of the developed chromatograms in an oven at 80°C. To ob-
tain a stable color of amine with copper, spraying with a copper sulphate solu-
tion, also followed by heating, may be used as an alternative procedure.
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In the determination of the concentrations of histamine and tyramine by
HPLC, the part of the thin layer on which the samples were separated was not
sprayed with ninhydrin reagent. After comparing the R; values with those for
histamine and tyramine, the thin layer patches where these biogenic amines
were expected to be located were mechanically stripped and dissolved in met-
hanol, and the adsorbent layer was removed by centrifugation. The obtained
methanolic extract was filtered through a membrane filter (pore size 0.22 pum)
and, after adjusting to a volume of 1.00 ml, analyzed by the HPLC method.

To construct the calibration graph 5 reference standard solutions of hista-
mine and tyramine in methanol were injected, so that tyramine content was in
the range of 0.20—1.00 pg, and histamine of 0.10—0.70 pg.

This analytical procedure was employed to investigate 19 samples of can-
ned sea fish taken from the market by random choice method, and the samples
originated from different continents: 9 from Europe, 4 from Asia, 3 from Afri-
ca, 2 from South America and 1 from North America.

The mobile phase in the HPLC determinations was a buffer solution con-
taining an organic modifier (15% methanol) and 0.01 mol dm—3 solution of
KH,PO, in water. Under the chromatographic conditions employed, at a wave-
length of 215 nm, it was possible to determine simultaneously histamine and
tyramine but also other biogenic amines and their precursor amino acids. At a
flow rate of the mobile phase of 1.2 ml min—! on the reversed-phase column
Bio Sil C-18 HL (250x4 mm), the retention time for tyramine was 13.38 and
for histamine 16.96 min. The data were treated using the software package
which is a part of the chromatographic system employed.

RESULTS AND DISCUSSION

The extraction yield for the fish samples with standard addition of hista-
mine and tyramine in three replicates was 91.9; 92.8, and 95.0% for tyramine
and 99.5, 101.1, and 102.1% for histamine, which is in good agreement with
the literature data [Teodorovié et al., 1995; Tokovié and Slavié
1986]. The detection limit of the applied HPLC determination was 0.025 ng
for histamine in a probe and 0.02 mg of histamine in 100 g of fish, the values
for tyramine being 0.05 pg in a probe and 0.05 mg in 100 g of fish.

According to the regulations (Regulations concerning the amounts of pes-
ticides, ..., 1992) the allowed content of amines (referring solely to histamine)
in canned fish must not exceed 40 mg/100 g. Using the described procedure of
extraction, purification and HPLC determination, it is possible to determine hi-
stamine in concentration that is about 200 times lower than the maximal toler-
able value given by the Regulations.

Figure 1 presents a typical chromatogram of a standard mixture of hista-
mine and tyramine and Figures 2 and 3 give the calibration graphs for the de-
termination of histamine and tyramine, respectively.

Table 1 presents the results of the determination of histamine and tyra-
mine in the investigated fish can samples.
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Bio-Rad Laboratories ValueChrom System

18.00%—
15.50—
13.00—
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Min. 0.00 6.00 12.00 18.00 24.00 30.00

Fig. 1 — Typical chromatogram of the standard mixture of histamine and tyramine
(1 — tyramine; 2 — histamine)

It is evident from the table that only one sample contained histamine in
the amount of 9.564 mg/100 g, and for 9 samples the histamine content was
about 2 mg/100 g, which is about 20 times lower than the tolerable concentra-
tion mentioned in the Regulations. In the remaining 9 samples, the content
was up to 30 times lower than the corresponding tolerance limit.
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Fig. 2 — Calibration graph for the determination of histamine
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Fig. 3 — Calibration graph for the determination of tyramine
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Tab. 1 — Contents of biogenic amines in canned fish samples

Content (mg/100 g)

Name Country of origin Tyramine* Histamine
Universal-sogenco Morocco 0.810 1.233
Arthur Canada 0.913 0.884
Lafit Greece 0.913 1.117
La peria Philippine 0.822 1.328
Stella maris Slovenia 0.799 1.998
Prima kost USSR 0.866 9.564
Slavianka Bulgaria 0.916 1.804
Ropotamo Bulgaria 0.699 2.024
Oriente Venezuela 0.996 2.066
Marka Beograd Yugoslavia 0.776 1.065
Topp fisch Thailand 0.900 1.989
Diamond Thailand 0.782 0.965
Hunter Thailand 0.855 1.651
Belamar Portugal 0.921 1.429
Manu Morocco 0.874 2.116
Marcella (calamare) Greece 0.877 2.555
Marcella (octopus) Greece 0.798 1.943
Zimfjad Denmark 0.821 1.134
Mayona Holland 0.995 2.033

* The tollerance limit not prescribed by the Regulations

CONCLUSION

a) By determining histamine and tyramine in model systems with the effi-
ciency of the analytical procedure in a range from 91.9 to 102.1%, the applica-
bility of the modified analytical procedure was proved and validated in the
laboratory of the Scientific Veterinary Institute ,,Novi Sad”.

b) The method described is applicable for a fast determination of tyra-
mine and histamine in sea fish and canned sea fish. Also, under somewhat
modified extraction conditions, the procedure can be applied for the determi-
nation of other biogenic amines in other foodstuffs (cheese, chocolate, dairy
products, sauerkraut).

¢) Of the 19 canned sea fish samples investigated, only one had an incre-
ased content of histamine, which was still 4 times lower than the tolerable
concentration allowed by official regulations.
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TEYHO-XPOMATOI'PA®CKO OAPEBLMBAGE BUOTEHUX AMWHA
Y MOPCKMM PUBAMA U IbUXOBUM KOH3EPBAMA

Jbumana Kocragunosuh, Capa ITaBkoB
Hayuynu wiHcTHUTYT 3a BeTepuHapctBo ,,HoBu Can”,
Pymenauku nyr 6, HoBu Can, JyrocinaBuja

Pesnme

VY pany je ommcaH moOCTymak €KCTpakLuje M IpedyuinhaBarba €KCTpakaTa CUCTe-
MOM Xxpomarorpaduja Ha TaHKOM CJIOjy — MeMOpaHCKa (uiTpaluja 3a UICTOBPEMEHO
oapehuBame TMpaMMHA U XUCTaMMHA Y pUOM M TpajHUM PUOBUM KOH3epBaMa, IIpH-
MEHOM TeuHe Xpomarorpacduje MoJ BUCOKUM IMPUTUCKOM.

M3 xoMOTeHM30BaHOT PUOJBET Meca XUCTAMUH W TUPAMUH €KCTpaxyjy ce MeTa-
HosioM. EkcTpakT ce mpeuunihaBa mpumMeHOM xpomarorpaduje Ha TaHKOM CJOjy, a 3a
onpehuBare caapikaja OBUX OMOTEHMX aMWHa y MCIMTUBAHUM Y30pIMMa MpUMEIbYje
ce TeyHa xpomarorpaduja moja BUCOKUM MPUTUCKOM. Y CBUM MCIIMTUBAHUM Y30pLIM-
Ma puOBUX KOH3EPBU CajlpKaj TUpaMWHA U XUCTaMUHA OWO je MCIOoJ MaKCUMAaTHO
JI03BOJbEHE KOHILIEHTpauuje nponucane Illpasuinukom.
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MATHEMATICAL MODELING OF THE DELAYED
FLUORESCENCE INDUCTION CURVE COMPONENTS

ABSTRACT: The present study deals with mathematical modeling of the components
(phases, bands) obtained by resolution of the delayed fluorescence (DF) induction curve.
The components are in certain connection with electrochemical gradient (ECG) formed ac-
ross the thylakoid membranes upon illumination. The fitting of the C and D components
(bands) by using a consecutive model for first-order reactions (A — B — C) shows that
they might play a role of an intermediate (B), according to the following:

ky (Cband ) ky (Cband )

—C band — products

(A, state”), .

k, (D band) ky (D band)

(A, state”™) —Dband — products

The two ECG controlled ,states” (A; and A,) are not identical, which does not
exclude some sort of proportionality. On the other hand, the £ component, that contributes
mainly to the stationary level of delayed fluorescence induction curve, obeys the parallel
model of at least two first order reactions.

KEYWORDS: delayed fluorescence, DF induction curve, mathematical modeling.

INTRODUCTION

The delayed fluorescence (DF) phenomenon can be described as the
glowing of green plants, algae and photosynthetic bacteria in the red range of
the visible spectrum subsequently to illumination. In its final step DF is for-
med by the same S, — S, transition as prompt fluorescence [Lang et al.,
1991; Krause et al.,, 1991]. But the very different lifetimes, of 1.5 ns or less
for prompt fluorescence [Govindjee et al., 1990; Schmuck et al., 1992]
compared with nanoseconds [Sonneveld et al, 1981], over microseconds
[Haveman et al, 1975; Holzapfel et al., 1974] and milliseconds [Hip -
kins et al., 1974; Barber et al., 1974] to seconds range [Rutherford et
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al., 1984] for DF, clearly point to two very distinct mechanisms by which
photo-active S, state of chlorophyll (Chl) is created. In the case of prompt flu-
orescence, the S, state is formed by absorption of a proton. In the DF’s case
the S, state is created through recombination of products formed in the pri-
mary photochemical act [Govindjee and Papageorgiou, 1971; Papa-
georgiou etal.,, 1975; Jursini¢ et al., 1986]. Thus, unlike prompt fluore-
scence, the entire entity of photosynthetic apparatus determines the DF emis-
sion properties.

The delayed fluorescence induction curve reflects processes and phenom-
ena that take place when a photosynthetic object is being kept in dark for a
while, and then illuminated, i.e., in a transition period, from the ,,dark” to the
,light” regimen. Most of DF induction curves have been recorded using a ro-
tating disc which provides intermittent illumination (a few milliseconds of a
light period and subsequently a few milliseconds of darkness in which DF is
being recorded) [Vucinié, 1983; Markovic¢ et al., 1987]. The overall sha-
pe of the DF induction curve is highly dependent on the length of the dark pe-
riod preceding illumination [Dzhibladze et al.,, 1988; Bukhov et al,
1989]. If the preceding dark period (t) is longer than 30 s and shorter than 300
s, the DF induction curve is split into at least three phases [Radenovic et
al., 1985]. The clearly distinct appearance times of their maxima (t; = 5 £ 0.5
s; tc =15+ 5 s, and t, = 300 + 60 s) suggest that they originate from distinct
processes that take place during the dark/light transition period. Recently,
Veselovsky [Veselovsky et al., 1990] made a step toward to the explana-
tion of DF induction curve components by putting it on the same time scale
with temporal transients of prompt fluorescence during continuous illumination
of photo-synthetic apparatus (the so-called Kautsky effect), and with oxygen
evolution changes. The Kautsky effect has been thoroughly investigated and
reasonably well understood [Govindjee and Papageorgiou, 1971; Pa-
pageorgiou et al, 1975; Lichtenthaler and Rinderle, 1988; Lic-
htenthaler, 1992]. The comparison revealed a correlation between compo-
nents (B and C) and the electrochemical gradient (ECG) formed across thy-
lakoid membranes upon illumination [Veselovsky et al., 1990]. This study
presents a further investigation of the correlation between DF induction curve
and ECG by the use of mathematical models.

EXPERIMENTAL DETAILS

Two different maize genotypes were used in these experiments. The leaf
segments (2,0 cm?) were cut under water and placed on a temperature-control-
led plate inside a phosphoroscope; they were adapted to the temperature of the
plate (two different temperatures: 22°C and 32°C) and darkness (two different
periods, T = 210 s and 240 s), and then delayed fluorescence was monitored.
The DF intensity was measured in the dark period of intermittently illuminated
leaves, using a Becquerel phosphoroscope and a 150 W quartz-halogen lamp.
One cycle consisted of 2 ms of light and 8 ms of darkness. Delayed fluores-
cence was registered by a cooled photomultiplier from the 3 to 7% ms of the
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dark period. The signal from the multiplier was monitored on a storage oscil-
loscope for the fastest processes, while the slower variation of DF was recor-
ded on a chart. The few minutes recording produced the so-called DF induc-
tion curve, with faster transients in the first 2 minutes and a slower changes
afterwards (Figs. 1la—2a). Details of the experimental setup have been already
presented [Vucinic¢, 1983].

Mathematical modeling

Decomposition of DF induction curves shown at Figures la & 2a was do-
ne by numerical methods. Mathematical modeling of the components (phases,
bands) has been done by using a consecutive model of two first-order reacti-
ons (applied on C and D components) — Eq. (1) and a parallel model of two
first-order reactions (applied on £ component) — Eq. (4). In order to analyze,
model and optimize each step of the process expressed by the components par-
ticularly, dynamical programming methods were used.

Concentration changes of participants involved in consecutive chain of
the two firstorder reactions:

(1) A M5B RosC

are being expressed by the formulas:

K,
(2) (B) Ao k2 k] exp( kl 1) exp( kz 1)
and:
3) ©) Ay 1 — 1k, exp(k, 1)k exp(k, 1)

1 2

where k; and k, represent the two first-order rate constants and (A,) is the ini-
tial concentration of primary reactant A.

Concentration changes of the participant M, involved in the two parallel
first-order reactions:

M 9" >N
“4)
M 5P
can be expressed as:
(&) (M) (M) exp( ks 1)

where (M) and (M,) are the time-dependent and initial concentrations of the
reactant M, respectively, and k; = q,+q,, the sum of the two first-order rate
constants.
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The three chosen components (C, D and E) were fitted by the correspon-
ding models (Eqgs. 1 & 4, and their corresponding equations) by using the y?
— criterion of optimality, the statistic weights being equal to 1.

n n )
) (yexp ymodel)2 ) yi y('xi’kl’kZ""’km)
(6) X2 il il min
n m n m

where variable y corresponds to variables (B) and (C) in Eq. (2) & (3),
respectively, and to variable (M) in Eq. (5).
Non-linear model parameters were solved by using a system of equations:

(7) )/ k,, i=1,2,..m)

Optimum values of the model parameters were determined through the
,Microcal Origin 3.5” program. For a chosen confidence level the program ge-

nerates parameter values of optimal fitting (3> — value, k; coefficients and
their standard errors, correlation coefficients etc.), shown at the bottom of Fi-
gures 1—2.

Validity of the models and confidence coefficients was checked for the
confidence level of o = 0.05. Validity of the models was confirmed by the
Fischer F-criterion. As an additional confirmation criterion for the validity,
correlation coefficient with the corresponding T-test was used. The confirma-
tion of confidence coefficients was obtained by the analysis of error limits for
the coefficients.

RESULTS AND DISCUSSION

The typical DF resolved induction curve is shown in Figures 1a—2a: the
resolved B, C, D and E components are indicated under the trace. Figure 3
shows the A component recorded on the oscilloscope only, on the three ex-
panded time scales. At the end of the induction part of the signal, stationary
level is established after 2—3 minutes at room temperature [Dzhanumoyv
et al.,, 1986; Klimov, 1988].

The component A is not influenced by any length of the t period. Gen-
erally it is being considered to be tightly connected to the primary photochem-
ical act in the PSII reaction center (RC) [Lavorel et al, 1975; Malkin et
al, 1979].

There is an important agreement about a close correlation between the B,
C and D components origin and the electrochemical gradient (ECG) formed
across thylakoid membrane upon illumination. It was proven experimentally
that DF emission obtained under rotating disc millisecond working regimen
(which ,,produces” DF induction curve) exponentially depends on ECG
[Crofts et al.,, 1971; Lavorel et al., 1982].

A simple interpretation of Hipkins—Barber [Hipkins and Barber,
1974] equation:
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®) ] (Z )Q)vKewp (E, Ap)/k,T

yields the same conclusion. In the equation, J is the rate of the S, singlet state
formation through recombination process, (Z*) and (Q—) are oxidized donor’s
and reduced acceptor’s concentrations, respectively, v is frequency factor, k’
and k; are the entropy term constant and the Boltzmann’s constant, respect-
ively; E, is an activation energy for the recombination process that yields DF
emission, and Ap is in fact ECG, being equal to:

9 Ap AY (23 RT/F)ApH

with its electrical (A¥) and ApH component. Additionally, Veselovsky and Ve-
selova [Veselovsky and Veselova, 1990] offered a broader explanation
about the ECG influence on the C and D components behavior. In their inter-
pretation, the C component is controlled by the electrical (Ay) component of
ECG, and the D component by the ApH-induced microstructural changes.
Indeed, the behavior of the B and D components in the presence of compo-
unds enabling ECG (uncouplers) ,dissipation” confirmed such conclusions
[Wraight and Crofts, 1971; Itoh et al., 1973; Lavorel et al., 1975].
The component C has a similar character, since its behavior is sustible to the
presence of the uncoupler valynomicine [Veselovsky and Veselova,
1990].

The previous report on the DF induction curve kinetic behavior [Rade-
novié et al., 1985] shows that the C and D components maxima dependence
on the length of the preceding dark period (t) may be expressed with two
first-order consecutive reactions of different rate constants. This proves that
their origin is in different processes that take place during dark/light transition
period. One of the consequences of keeping the photosynthetic object (in this
case, the leaf segment) in the dark is ,,disenergisation” of a thylakoid membra-
ne, i.e. ,dissipation” (disappearance) of ECG [Evans et al., 1973; Morita
et al., 1981]. Since the proceeding dark period (t) is a quantitative measure of
the ECG dissipation, it was reasonable to try to apply a kinetic model for con-
secutive first-order reactions on the whole temporal behavior of the C and D
components (rise, maximum and decline). Precisely, the goal was to check out
how well the C and D components (obtained by theoretical resolution of the
experimental DF induction curves (Figures la & 2a) fit the consecutive first-
-order reaction model. To do this, the consecutive model was applied to ,,digi-
tized” C and D components (according to the procedure described in ,,Experi-
mental details”), and then the simulated C and D components were compared
with the experimental ones (i.e., with those obtained by theoretical resolution
of the experimental curves) (Figures 1b—2b).

Concentration changes of the participants involved in the consecutive
chain of two first-order reactions (Eq. 1) are shown by Egs. (2—3). For our
purpose, A is considered as an ECG-controlled ,,state” whose temporal chan-
ges may cause a possible appearance of DF induction curve components. The
term ,state” is being based on all current up-dated knowledge about mecha-
nisms that produce DF emission. Both today’s accepted theories on the origin
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of the DF emission (recombination and radical-pair theory) imply a creation of
the chlorophyll S, photoactive state as a result of a series of consecutive back
reactions and processes, with many participants at the donor, as well as at the
PSII RC acceptor side [Jursini¢ et al., 1986]. Initial concentrations, as well
as the rate constants for this whole reverse process may only be speculated:
the experimental data have not been reported yet. A part of the process is un-
doubtedly ECG controlled, since the PSII donor and acceptor side lay on two
sides of thylakoid membrane through which ECG is being established immedi-
ately upon illumination. This part of the whole reverse process might be consi-
dered as a ,,state” controlled by ECG, which is undoubtedly connected with
the C and D components’ existence [Veselovsky and Veselova, 1990].
Following this logic, it is even more logical that ,the state” is being dissipated
in first-order processes with the ,rate constants” k, and k,. Quotation marks
have been used because k;, as well as k, are not real rate constants, but rather
»pseudo-constants” and, most probably, very complex ones.

Figures 1a & 2a show two different DF induction curves, obtained exper-
imentally from two various maize leaf segments. Both curves were theoreti-
cally resolved into four components: B, C, D and E. The last one (without the
peak) contributes mainly to the stationary level, established at the end of all
DF induction curve changes. The separated C and D components have been
put together with their theoretical models (as described in ,,Experimental deta-
ils”) according to Eq. (2) and presented at Figures 1b & 2b, respectively.

First of all, it is necessary to emphasize that it was not possible to model
both the C and D the component (from both Figures la & 2a) according to
Eq. (3). Two important conclusions could be drawn from this fact. First, the
consecutive chain:

LA state”  — Ccomponent  — D component

simply does not exist. Its existence might be probably expected from the chro-
nological point of view (the C component appears first, and the D component
later — Figs. la & 2a), but, other than that, there is no further evidence to
support the expectation. Second, the ECG-controlled ,,A state” is not the same
for the C and D components. The additional proof for the last conclusion came
from mutual comparison of k; and k, pseudo-constants, used for the modeling
of C and D components, from the same experimental induction curve — Figu-
res 1(a—b) & 2(a—b). The following results from Fiure 1b:

k, (Cioa)’ ki (Dyg) 0101537001794 5.7
and
k, (C,..)'k, (D, ) 013153/0.01866 7.1

The following results from Figure 2b:

k, (C,.))/ k, (D,,,) 0.07602/0.01029 7.4
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and
k, (Cpua)/ k, (Dy,.q) 0.07665/0.01044 73

If the ECG-controlled ,,A state” is considered to be the same for C and D
components, then it is reasonable to expect k, and k, pseudo-constants to be
very close. That is obviously not the case. But, the fact that the ,,A state” is
not the initial common ,,state” for C and D components appearance, does not
mean that the consecutive first-order kinetic model (represented by Eq. (1))
cannot be applied any longer. On the contrary, the k,/k, relationship for C and
D components, taken separately, from both, Figures 1b & 2b, confirms its va-
lidness. The following results from Figure 1b:

(K, /Ky )epme 0101537013153 08

and
(k, /K5 )ppana 001794/ 0.01866 1.0

and from Figure 2b:
(k) /K5 )cpma 0.07602/ 0.07665 1.0

and
(k, /K5 )ppana 001029/ 0.01044 1.0

Thus, the k,/ k, relationships were approximately equal for both compo-
nents, obtained from two different experiments, from two various leaf seg-
ments (and from two different maize genotypes). This certainly was not a co-
incidence. It clearly appears that the consecutive chain (Eq (1)) is in effect,
but the C and D components cannot be linked to its final product (C) but rat-
her to the ,intermediate” (B). So, taken just schematically, instead of the first
mentioned scheme:

(A state” )., “*—>Cband **—D band
the other one seems to be more reasonable:
GA, state” ), P 5 Chand ") — products
(A, state” )y PP s>Dband " - products

The last scheme does not mean necessarily any parallelism between the
two ,,A states”, but some sort of proportionality cannot be neglected. The abo-
ve cited and very constant relationships, k,(C band)/k,(D band) and k,(C
band)/k,(D band), calculated from the same figures (about 5.7 and 7 from Fi-
gure 1b, and about 7 from Figure 2b) do not challenge the proposed scheme.
The fact that the C constants are much bigger than the D ones simply means
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that C component appears earlier, and D component later, which, of course,
cannot be denied (Figures la & 2a).

Considering the E ,,component” (Figures la & 2a) it is clearly evident
that the consecutive first-order kinetic model — Eq. (1) cannot hold any lon-
ger: that is clear even from the shape. This component appears as a ,,precur-
sor” of the DF induction curve stationary level, to which the three components
(B, C and D) contribute, at least partly, in a parallel manner. To check this out
we tried to model E ,,component” with the simplest model for parallel proces-
ses: two first-order parallel reactions — Eq. (4) and corresponding equation
(5). Figure 4 presents the experimental E ,,component” together with the mo-
del, with the kg value of 0.01098. This time, ks is a pseudo-constant for the sa-
me reasons that k, and k, are pseudo-constants for C and D components.

From the last value it can be proven that q, and q, first-order pseudo-con-
stants are different from their ,,counterparts”, the C and D components pseu-
do-constants, k, and k;:

(ks d; 9y)gpme 001098 (k; k;,)cpme 010153 013153 0.23
and
(ks d;  9y)gpme 001098 (k; k,)pp,e 001794 0.01866 0.037

Furthermore, it clearly means that the initial ,,M state” (the ,,precursor” of the
E ,component”) is different from ,,A, and A, states” (,,precursors” of C and D
components). Here, the term ,,M state” is even more meaningful than in the
case of ,,A states”. As the modelling shows, at least two various, parallel,
probably ECG-dependent processes are responsible for the E ,,component”
(and so for the stationary level) existence. So far, it might only be speculated
about a connection between the ,,A states” (,,A,” and ,,A,”) and the ,,M state”.
But, probably, if the connection exists, it occurs via ECG functioning.

It is worth to underline again that the all conclusions were made by using
two really different DF induction curves. The differences come not only from
variously chosen photosynthetic objects (two different leaf segments from two
different maize plants), but from various experimental conditions too: (t = 240
s, T = 22°C for the first DF induction curve; T = 210 s, T = 32°C for the sec-
ond one). Therefore, it seems for certain that despite the chosen objects and
conditions, not a coincidental, but rather regular behavior was reflected, in the
sequence of photosynthesis ,,light phase” connected with ECG.
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Fig. 1(a) — Delayed fluorescence induction curve and resolved bands: B, C, D and E. The signal

was obtained as described in experimental part. Temperature of the leaf segment was 32°C, the

preceding dark period (tr) was 210 s; (b) Mathematical modelling of the C band (left) and the D

band (right), as described in experimental part, according to Eq. (2). The bottom symbols’ mean-

ing: ki, ko and k3 (= kj(Ay)) — pseudo-rate constants values with their errors (err); 2 — chi

square; F — Fischer criterion; F; — F — value taken from statistic tables for certain values of
freedom degrees.
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Fig. 2(a) — Delayed fluorescence induction curve and resolved bands: B, C, D and E. The signal

was obtained as described in the experimental part. The leaf segment temperature was 22°C, the

preceding dark period (t) was 240 s; (b) Mathematical modelling of the C band (left) and the D

band (right), as described in the experimental part, according to Eq. (2). The meaning of bottom
symbols is the same as for Fig. 1b.
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Fig. 3 — The fastest change on the delayed fluorescence induction curve (shown in Figures
la—2a), a millisecond ,,band” A, recorded by the storage oscilloscope (as described in experimen-
tal part) at three different time scales: 20 ms (up), 500 ms (middle) and 5s (down).
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Fig. 4 — Mathematical modelling of the E band shown in Figure 1(a) (left), and Figure 2a
(right). The modelling was done according to Eq. (5). The meaning of bottom signals is: k4 (= M)
and ks — pseudo-rate constants values with their errors (err); the rest is the same as for Fig. 1b.
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MATEMATHUYKO MOJEJINPABLE KOMITOHEHATA MHAYKLIMOHE KPUBE
BAKACHEJIE ®JIYVOPECUEHLMUIE XJIOPOD®UIIA

Hejan 3. Mapkosuh!, Cranka A. XKepajuh!, JIparan E. ®umiep?,
Mapuna b. Mapkosuh!, Yenomup H. Pamenosuh?
I Texnonomku ¢akynter, Yausepsutetr y Humy, 16000 JleckoBan, Jyrociasuja
2 MlHCTUTYT 3a KYKypy3 ,,3emyH Ilome”, buodusunuka nabopartopuja,
11080 beorpan—3emyH, Crnobonana bajuha 1, Jyrociasuja

Pe3ume

Y pany cy kopuiitheHe MeTole MaTeMaTUYKOT MOJEIMpara MHAYKIMOHUX KOM-
TMOHEHATa Ha Koje je pasjioiKeHa MHAYKLIMOHA KpuBa 3akacHele ¢uiyopecueHuuje (3dD)
xjopoduiia. MHAYKIIMOHE KOMITOHEHTE CYy €KCTIEpUMEHTAIHO JI0Ka3aHe U MoBe3aHe Cy
ca enexktpoxemujckuM rpaaujeHToM (ECG) Koju ce cTBapa Ha TUJIAKOMIHOj MEMOpaHU
JIUCTa KYKypy3a.

Wunykmone komrnoHeHte C u D cy dutoBaHe kopuirhememM Mojena KOHCEKY-
TUBHUX peakuuja npBor pena (A — B — C) y kojeM oHe urpajy yiaory mehynpomykra
(B). ¥ TomM cMucily MHAYKIIMOHE KOMIIOHEHTE MOYKEMO IPEJACTaBUTU Kao:
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(A, ciarwe” ), CoeetD s C gomiaonenma  *2 © D s gpodykaii
— ) k| (D komioneniua) — — ko (D komioneniua) — —

! 2 a
(,4, cinaroe” ), — D komioneniiia — [podyKaiil

IMouetHa ECG ,crama” (A; u A,) ce pa3auKkyjy U 3aBHUCE OI IY)KUHE ApiKarba
CerMeHTa JIMCTa Y Mpaky Ipe ToueTKa WHTEPMUTEHTHOT OCBeT/baBamba. [locTojarbe
CTallMOHAPHOT CTathba — HUBOA MHAYKIIMOHEe KpuBe 3P xjmopodusa 3axTeBa yBohee
E-xommonenTe. OBa KOMIIOHEHTa, IMOCJe IYXKET OgurpaBarba MHAYKIMOHMX TIpolieca,
IIOCTMDKE HMBO caTypaidje. ¥ TOM CMUCIY KoMmIloHeHTa E mMoxke OuTU mpencrtaB/beHa
MOJICJIOM jenHe (WM NIBejy MapajieTHUX) peakiivje MpBOI peja):

(,,A3 Clﬁafbe” )ECG k| (E komiioneniia) N E
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SOME PHOTOSYNTHETIC PARAMETERS OF
ALFALFA (Medicago sativa L..) LEAVES AT DIFFERENT
PHENOLOGICAL STAGES AND IN DIFFERENT
CUTTINGS

ABSTRACT: Five alfalfa genotypes of different origin, height, resistance, and yield
level were used in the study. The plants were grown under field conditions and the apical
leaves were sampled for physiological analysis at three phenological stages: 1. stage of in-
tensive vegetative growth; 2. emergence of flower buds; and 3. flowering. The three stages
were monitored during the second (May-June), third (June-July), and fourth (August) cut-
ting. The maximum rate of net photosynthetic oxygen evolution depended on the cutting as
well as the phenological stage. Genotypic divergence was less pronounced. Photosynthetic
rates were lowest at flowering and highest at the stage of intensive vegetative growth. In all
the genotypes the highest rate of dark respiration was recorded at the stage of intensive
growth in the second cutting. Distribution of pigments in the various phenological phases
varied according to the cutting. In the second cutting, there was a significant increase in the
concentration of photosynthetic pigments between the stage of intensive growth and flower-
ing. The amount of accumulated organic matter was significantly higher in the fourth cut-
ting than in the second and third. The genotypes did not exhibit large divergence regarding
the average leaf organic matter content.

KEY WORDS: Medicago sativa L., cuttings, phenological stages, rate of photosyn-
thesis, pigment concentrations, dry matter.

INTRODUCTION

The cultivated or blue alfalfa (Medicago sativa L.) is one of the oldest
and most widely grown perennial forage crops. It is grown successfully in
both regions with limited soil moisture and those with high or low temperature
as well as in regions where the soil is saline [Safarnejad et al., 1996]. Tol-
erance to stress conditions and high organic production (high yields and pro-
tein quality in particular) are characteristics that make this crop species an ir-
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replaceable source of livestock feed. Alfalfa is a legume that leaves large amo-
unts of nitrogen (N) in the soil after the plowing under of an alfalfa field,
amounts large enough to satisfy the N requirements of crops that are grown
after it, such as wheat, barley (during the winter), and various vegetables
[Honeycutt et al., 1996]. Because of its ability to prevent soil erosion and,
at the same time, enrich the soil with N, alfalfa is also grown in rotation with
sunflower, maize, and other crop species [Kandel et al., 1997].

Alfalfa is fed to livestock as hay, silage, and, less often, green forage.
The total yield of alfalfa dry matter includes a high percentage of crude pro-
tein faction (18—22% on average), while the ash content is about 10% [Hus -
sain et al., 1995]. Commercial utilization of alfalfa begins in the second year
of growing, and the best time for cutting is the beginning of flowering, when
the dry matter content is highest [DPukié¢ and Erié¢, 1995].

Time of cutting, i.e. phenological phase, has the largest effect on dry
matter yields and quality. A several-day-delay in cutting can reduce protein
quality (digestibility) and protein content by as much as 20 g/kg [Buxton,
1996]. The number of cuttings per season is another significant yield-determi-
ning factor, although a larger amount of dry matter does not necessarily trans-
late into a higher dry matter nutritive value. Selection and breeding of alfalfa
are directed towards developing genotypes with improved seed and vegetative
mass productivity as well as towards increasing the percentage contribution of
crude proteins, which is of great nutritive importance. Since the production of
organic matter results from photosynthesis, the development of genotypes with
increased photosynthetic potential can be a highly significant trend in plant
breeding. Hill et al. (1988) state that in many crop species yields have been
increased as a result of modifying regulatory processes, as opposed to assimi-
lative ones. Such breeding trends are aimed at increasing seed yield without
augmenting the vegetative mass (a higher harvest index). In alfalfa, what mat-
ters is the vegetative yield, it is the assimilative processes that need to be alte-
red in the process of breeding and selection instead of the regulatory ones.
Therefore, identification of alfalfa genotypes that, as potential parents, would
be the carriers of genes responsible for the expression of higher photosynthetic
potentials is highly desirable in breeding programs. The amount of organic
matter that accumulates from the various cuttings during the growing season
as well as the dynamics of the removal of mineral elements at different pheno-
logical stages significantly affect the direction of breeding and they are impor-
tant in defining the alfalfa ideotype.

MATERIALS AND METHODS

Five alfalfa genotypes of different origin, height, resistance, and yield le-
vel were used in the study: Banat (Yugoslavia), SIN II (Yugoslavia), SIN III
(Yugoslavia), Orca (France), and Du Puits (France).

The plants were grown under field conditions, using conventional cultural
practices.
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The apical leaves were sampled for physiological analysis at three pheno-
logical stages: 1. stage of intensive vegetative growth; 2. emergence of flower
buds; and 3. flowering. The three stages were monitored during the second
(May-June), third (June-July), and fourth (August) cutting.

The maximum rate of net photosynthetic oxygen evolution at light satura-
tion is one of the parameters that define the intensity of photosynthesis, while
rate of dark respiration can be expressed via the rate of oxygen uptake in
the dark. Both of these parameters were determined polarographically on leaf
segments suspended in the buffer pH 7.6—7.8 containing 10 mM NaHCO,,
using the Hansatech DW1 electrode [Jones and Osmond, 1973; Walker,
1987].

The concentration of chloroplast pigments — chlorophyll a, chlorophyll
b, and total carotenoids — was determined spectrophotometrically following
extraction in absolute acetone and expressed as mg g—! dry matter [Wett-
stein, 1957].

Leaf dry matter content was measured after drying at 105°C and ex-
pressed as percentage of fresh leaf mass.

The data were statistically processed using the analysis of variance for
the three-factorial trial (ANOVA). The comparison of the treatments was done
using the Duncan’s test (multiple interval test). The testing was performed for
a significance level of p<0.05 and the values of the parameters were ranked
and marked with letters. Values with the same letter did not differ signifi-
cantly. The LSD interactions (genotype (A) x cutting (B) x phenological phase
(C)) for p<0.05 enabled comparisons for each individual value.

RESULTS AND DISCUSSIONS
Net photosynthetic rate

Carbon paths in the plant as well as carbon uptake, incorporation into or-
ganic molecules, transport, redistribution, and accumulation all begin with
photosynthesis. Understandably, therefore, the determination of photosynthetic
parameters is of primary importance in determining the characteristics of an
ideotype, especially in crop species grown for commercial purposes. Such an
ideotype would definitely have to have good photosynthetic parameters, and
the development of high-yielding genotypes is based on the identification of
genotypes with high photosynthetic potentials [Loomis, 1993].

The maximum rate of net photosynthetic oxygen evolution depended on
the cutting as well as the phenological stage. Genotypic divergence was some-
what less pronounced (Tab. 1).

A comparison of the genotype means from the various phenological sta-
ges in the three cuttings (cutting x phenological stage) revealed that photo-
synthetic activity did not vary significantly in May—August (the only excep-
tion was by far the lowest level of photosynthesis at the flowering stage in the
fourth cutting). Photosynthetic rates were lowest at flowering and highest, and
significantly so, at the stage of intensive vegetative growth. Genotypic speci-

37



Tab. 1 — Rate of photosynthesis in different alfalfa genotypes in three cuttings and at three phe-
nological stages*

Photosynthesis (umolO,g—1h—1)

Phenolog.

Cutting stage genotype
Banat Sin II Sin III Orca Du Puits  average
1 785 647 578 681 639 6664
It 2 359 478 512 614 534 499¢
3 357 368 471 464 557 443d
average 500¢ 498¢ 52(abe 5864 57742b
1 739 624 578 647 670 6514
I 2 573 521 562 677 562 579b
3 427 458 416 427 539 453¢cd
average 580ab 534abe 519abe 583a 5904
1 762 635 578 647 655 6554
v 2 472 563 485 485 422 485¢d
3 336 375 422 397 414 389¢
average 523abc 524abc 495¢ 510be 497¢
LSD AxBxC 107

*]. stage of intensive vegetative growth; 2. stage of emergance of flower buds;
3. stage of flowering
Means with the same letter did not differ significantly at p<0.05

ficity with respect to photosynthetic activity depended on both the phenologi-
cal stage and cutting. The French genotypes Orca and Du Puits had the highest
rates of photosynthesis in the second and third cutting (the mean value for all
three phenological phases), while the domestic genotypes Banat and SIN II did
so in the fourth.

Data for maximum photosynthetic rates under light saturation in labora-
tory conditions showed that there was little genotypic variability; which of the
genotypes had the highest value depended on the phenological phase. The con-
clusion that can be drawn is that it is very hard to reliably define genotypic
specificity for photosynthetic activity, since the process of photosynthesis is
significantly affected by factors such as the environment and the ontogenetic
stage of the photosynthetic organ. The effects of these factors manifest them-
selves in a wide time range: the second, hour, day, month, or even the entire
season. It is therefore very difficult to standardize the status of the photo-
synthetic organ under study regarding its age, time of measurement, and some
abiotic factors so that the possible differences could be ascribed exclusively to
the genotype [Austin, 1993]. In the present study, Orca can be singled out
as the genotype with the highest photosynthetic potential. Parameters of photo-
synthesis, however, must always be considered in relation to the total leaf
area. The leaf is the main photosynthetic organ, so it can be assumed that ge-
notypes with larger total leaf area will have a greater photosynthetic capacity
and hence a higher organic matter production than those with smaller area.
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Small genetic variability of the photosynthetic capacity of breeding mate-
rials and limited possibilities for the utilization of this variability have had a
limiting effect and have slowed down the selection for the improvement of
photosynthetic traits [Sim6n, 1994]. For this reason, selection for better
photosynthetic traits is often connected with analysis of morphological and ot-
her characteristics.

Rate of dark respiration

When conducting respiration-related genetic manipulations, it is important
to make an estimate of unnecessary energy losses within the energy that sup-
plies the vital functions in order to increase the efficiency of respiration,
which is the main objective of defining genotypes with desirable traits [Pen -
ning de Vries, 1975].

In all the genotypes in our study, the highest rate of respiration was re-
corded at the stage of intensive growth in the second cutting (Tab. 2). The ot-
her values of respiration rate did not depend on the cutting. As plant growth
and development within each cutting progressed, we noticed a tendency to-
wards a drop in the rate of respiration, so that lowest values were recorded at
flowering. The decrease of respiration rate that accompanies the ageing of al-
falfa leaves comes as a result of a drop in the rate of photosynthesis at later
stages of growth and a reduction of the amount of assimilates that are used as

Tab. 2 — Rate of dark respiration in different alfalfa genotypes in three cuttings and at three phe-
nological stages*

Dark respiration (—umolO,g—1h—1)

Phenolog.

Cutting stage genotype
Banat Sin II Sin III Orca Du Puits  average

1 354 381 338 335 293 3402
I 2 216 216 227 262 250 234¢
3 227 273 262 227 239 246¢

average 266abe 2904 2763b 274ab 26]abe
1 277 231 231 254 266 252¢
I 2 219 229 239 239 271 239¢
3 177 208 177 177 177 1834

average 224de 223de 2168 223de 238cde
1 316 306 285 295 279 296>
v 2 219 250 250 271 234 245¢
3 172 203 172 164 166 1754

average 236cde 253bed 236¢de 243bede 226de

LSD AxBxC 50

*]. stage of intensive vegetative growth; 2. stage of emergance of flower buds; 3. stage of flowering
Means with the same letter did not differ significantly at p<0.05
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a substrate during respiration [Heichel. et al., 1988]. Genotypic divergence
was less pronounced than with photosynthetic rates. Abiotic factors — most of
all temperature, concentration of atmospheric CO,, and the amount of soil ni-
trogen — also have a significant effect on respiration and cannot be ignored
when determining genotypic specificity for this trait [Azc6n-Bieto et al.,
1994].

On the whole, we found significantly higher photosynthetic and metabolic
rates at the stage of intensive growth.

Concentration of photosynthetic pigments — total chlorophylls
and carotenoids

The photosynthetic properties of a genotype are significantly affected by
the structure and function of the photosynthetic apparatus itself, i.e., by the
density of the reaction centers and the photosystems in the thylakoid membra-
nes. Not surprisingly, therefore, the concentration of photosynthetic pigments
(chlorophyll a, chlorophyll b, and total carotenoids) has significant influence
on photosynthesis, i.e., organic matter production. The concentration of pig-
ments, especially carotenoids, has a significant effect on the nutritive value as
well.

The results of our study showed that the distribution of pigments in the
various phenological phases varied according to the cutting. In the second cut-
ting, thus, there was a significant increase in the concentration of photo-
synthetic pigments between the stage of intensive growth and flowering (Tab.
3). The increase (per gram of dry matter) was particularly large just before and
during flowering.

Tab. 3 — Concentration of chloroplast pigments in different alfalfa genotypes in three cuttings
and at three phenological stages*

Chl a+b (mg g—! dry matter)

Cutting Ph;r;(g)iog genotype
Banat Sin II Sin III Orca Du Puits  average
1 6.29 7.65 6.81 7.40 6.78 6.98de
1 2 7.78 7.18 9.64 7.89 6.39 7.77¢d
3 14.19 16.98 16.53 15.37 5.14 15.642
average 9.42bcd 10.60ab 10.992 10.22abe 9.44bcd
1 6.07 5.31 8.22 6.70 7.23 6.70¢
I 2 9.72 11.59 11.44 12.71 11.63 11.41%
3 7.62 9.48 7.86 9.21 9.42 8.42¢
average 7.80¢f 8.79de 9.17¢d 9.43bcd 9.42bcd
1 6.18 6.48 7.52 7.05 7.00 6.85de
1 2 7.82 8.40 7.75 9.93 8.27 8.43¢
3 5.66 4.29 5.67 4.84 5.32 5.15F
average 6.55t¢ 6.392 6.981¢ 7.27te 6.86f¢
LSD AxBxC 2.03
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Phenolog. Carotenoids (mg g—! dry matter)

Cutting stage Banat Sin II Sin III Orca Du Puits  average
1 4.02 4.73 4.32 4.66 422 4.39d
| 2 5.09 4.79 6.06 5.42 5.90 5.45¢
3 9.70 9.82 9.97 9.34 9.50 9.664
average 6.27ab 6.452 6.782 6.472 6.542
1 1.19 0.93 3.88 4.19 4.58 2.95¢
I 2 6.01 7.43 7.22 7.98 7.29 7.18b
3 4.72 5.94 5.02 5.48 5.62 5.35¢
average 3.97de 4.77¢d 5.37be 5.88ab 5.83ab
1 2.60 2.84 4.10 4.42 4.40 3.67¢
I 2 4.69 542 4.79 6.30 5.23 5.28‘3.
3 3.75 2.65 3.66 3.01 3.38 3.29¢f
average 3.68¢ 3.63¢ 4.18de 4.57cde 4.33de
LSD AxBxC 1.51

*1. stage of intensive vegetative growth; 2. stage of emergance of flower buds; 3. stage of flowering
Means with the same letter did not differ significantly at p<0.05

A comparison between data for photosynthetic activity and data for the
concentration of photosynthetic pigments in the second cutting suggests a
complete lack of correlation, since the highest photosynthetic activity was re-
corded at the stage of intensive vegetative growth, when the concentration of
pigments was at its lowest. The lack of correlation between photosynthetic pa-
rameters and pigment concentration has been noticed previously in other crop
species [Edwards et al., 1993; Pajevicé, 1997]. Therefore, the absence of
the expected significant positive correlation between photosynthetic activity
and the concentration of photosynthetic pigments can be attributed to a balan-
ced absorption of photons on the part of antenna pigments and pigments from
the reactive centers.

The average concentration of photosynthetic pigments at the three stages
of growth and development revealed a low level of genotypic variability.

Leaf dry matter content

The amount of accumulated organic matter was significantly higher in the
fourth cutting than in the second and third (Tab. 4).

The genotypes did not exhibit large divergence regarding the average leaf
organic matter content. Noticeably, the genotype with the highest dry matter
differed from cutting to cutting. Still, SIN II and Orca may be singled out as
genotypes with an increased potential for the accumulation of organic matter.
However, although the rate of organic matter accumulation in leaves varied
from one growth stage to another, in all of the genotypes the maximum was
always recorded at flowering. At the flower bud stage in the third cutting, the-
re was a certain drop in organic matter synthesis in all the genotypes, which
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Tab. 4 — Leaf dry matter content in different alfalfa genotypes in three cuttings and at three phe-
nological stages*

Dry matter (%)

Cutting Ph:; oleog. genotype
¢ Banat Sin II Sin III Orca Du Puits  average
1 19.5 20.5 20.5 21.0 21.5 20.6¢
I 2 23.0 24.5 21.0 23.0 21.5 22.6¢d
3 23.0 24.0 23.0 25.0 21.5 23.3¢
average 21.83de 23.004 21.50de 23.004 21.50de
1 21.0 19.5 20.5 22.5 22.0 21.1de
I 2 21.0 17.5 18.5 15.5 18.0 18.1f
3 25.0 24.5 24.0 23.0 22.5 23.8¢
average 22.33de 20.50e 21.00de 20.33¢ 20.83de
1 20.5 20.0 20.5 22.0 22.0 21.0de
1 2 28.0 30.0 26.5 26.0 28.0 27.7°
3 38.5 48.0 34.0 39.5 39.0 39.8a
average 29.00be 32.672 27.00¢ 29.17b 29.67
LSD AxBxC 3.49

*1. stage of intensive vegetative growth; 2. stage of emergance of flower buds; 3. stage of flowering
Means with the same letter did not differ significantly at p<0.05

was most probably, caused by the action of environmental factors, such as
high temperatures and water deficiency.

Knowing the dynamics of organic matter accumulation is of great impor-
tance in determining the optimum cutting interval within a season. The re-
-growth of the above-ground plant parts after cutting is a complex process in
which the final yield of organic matter is determined by interactions between
environmental and endogenous plant factors (amount of reserve substances in
the root, remaining number of active meristem tips, etc.) [Avice et al,
1997]. Cutting frequency is therefore critical in determining the production of
dry matter. Thus, Borowiecki et al. (1996) report that the optimum inter-
val for dry matter accumulation between two cuttings is 45 days — more fre-
quent cuttings reduce yields considerably. According to Pukié (1997), either
the bud stage or flowering is the optimum time for cutting in terms of dry
matter accumulation in the above-ground plant parts. The results of our experi-
ment support that conclusion.
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HEKN ®OTOCUMHTETUYKU TTAPAMETPU
JINCTOBA JIYUEPKE (Medicago sativa L.) Y PASIUYUTHUM
OEHOJIOLIKUM PA3ZAMA N OTKOCUMA

C. IlajeBuh, b. Kpctuh, C. Karuh, B. Muxaunosuh, H. Huxkonuh
Pesume

Iletr renotunosa nyuepke (Medicago sativa L.) paznuuuror reorpadckor nope-
KJ1a, MOPGOJIONIKUX KapaKTepUCTUKAa U MpUHOca KopuliheHo je 3a u3yudaBambe (HoTo-
CUHTETUYKMX KapaKTepUCTHKAa M JMHAMUKE HaKyIUbakba OpPTaHCKe MaTepuje Yy JIMCTO-
Buma. [lapamerpu cy oapehuBaHu TOKOM TpM Mopacta (OTKoca) y Tpu (eHosonke
(aze: 1. (pasza MHTEH3UBHOT BEereTaBMOHOT TopacTa; 2. a3a 1mojaBe 1IBETHUX IyIOJba-
Ka; 3. ¢da3a uBerama.

leHOoTHUIICKA CTIETIMMUIHOCT y TOTJeny (POTOCUHTETUYKE aKTMBHOCTU 3aBUCHIIA
je om ucnuTuBaHe (heHosoIIKe ha3e M ImopacTta M Ouja je ciabo u3paxkeHa. Y das3u
WHTEH3WBHOT BETETATMBHOT IMOpacTa 3abelie’keHe Cy 3HavajHO HajBHIINe (OTOCHHTE-
TUYKe Op3uHE, TOK Cy Yy a3y 1LBeTarba 3abesie’keHe HajHuKe. bp3uHa pecriupaTopHOr
yCBajarba KMCEOHMKa Takohe je Omia HajBuIIa y (a3 MHTEH3UBHOT BEreTaTUBHOT I10-
pacta. Huje O6una u3paxkeHa TeHOTUIICKA AMBEPIeHTHOCT Yy OJHOCY Ha MPOCEYHY KOH-
LeHTpauujy (HOTOCMHTETUUKUX MUTMEHaTa. Y JIpyromM OTKOCY MOCTOjao je 3HauyajaH
MopacT KOHUEHTpaluje (HOTOCUHTETUUKUX MUIMeHata oj (a3e MHTEH3UMBHOI BereTa-
THBHOT TopacTta no ¢ase muBeTama. Huje O6mimo kopenamuje m3Mel)y dortocumHTeze n
KOHIIEHTpalMje MurMeHara.

Konnunna akymynvpaHe opraHcke maTepuje Ouia je 3HauajHo HajBeha y 4eTBp-
TOM TIOPacTy y OIHOCY Ha Ipyru u Tpehu.
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NITROGENASE ACTIVITY IN PURE CULTURE
OF AZOTOBACTER CHROOCOCCUM AND
IN ASSOCIATION WITH SUGAR BEET

ABSTRACT: The objective of this experiment was to determine nitrogenase activity
in several strains of Azotobacter chroococcum and in sugar beet plants inoculated with these
strains. Used in the study were five Azotobacter chroococcum strains (2, 3, 6, 8, and 14)
isolated from the rhizosphere of sugar beets grown at the experiment field of the Institute of
Field and Vegetable Crops in Novi Sad. Nitrogenase activity in a pure culture of Azotobac-
ter chroococcum as well as in an association of sugar beet with these bacteria was determi-
ned according to Hardy et al. (1968). In both cases, the highest nitrogenase activity was
recorded in treatments with strain 14.

KEY WORDS: Azotobacter chroococcum, association, nitrogenase activity, strain, su-
gar beet.

INTRODUCTION

The genus Azotobacter consists of free-living nitrogen-fixing rhizosphere
bacteria that belong to a group of bacteria termed plant growth-promoting
rhizobacteria (PGPR) because of the beneficial effects they exert on plant
growth. Due to the the plant growth-promoting properties of this genus, nume-
rous studies on Azotobacter ecology, physiology, and biochemistry have been
carried out.

The process of nitrogen fixation in these aerobic soil bacteria has been
studied for many years, but it was only in 1980 that it was established that
these diazotrophs contain three genetically different nitrogenases [Bishop
and Premakumar, 1980]. One of these enzymes is the well characterized,
conventional nitrogenase 1, which contains Mo.

The activity of this nitrogenase (EC. 1.18.2.1) is determined by the acety-
lene-reduction method, which is very sensitive when measuring nitrogenase
activity at a given moment but offers limited possibilities when determining
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the effects of N,-fixation integrated over time. Nitrogenase activity in pure
cultures of Azotobacter chroococcum strains has been studied rather exten-
sively (Hong et al., 1986; Abdalla et al., 1992; Dilwort et al., 1993;
Garciabarrinuevo et al.,, 1993).

The effects of inoculation with Azofobacter chroococcum strains on nitro-
genase effectiveness in maize and wheat were studied by Hegazi et al.
(1986) and Gasié¢ et al. (1990), respectively, while Mrkovacki et al.
(1995, 1997) studied these effects in inoculated sugar beet plants grown in vi-
tro.

The objective of this experiment was to determine nitrogenase activity in
several strains of Azotobacter chroococcum and in sugar beet plants inoculated
with these strains.

MATERIAL AND METHODS

Used in the study were five Azotobacter chroococcum strains (2, 3, 6, 8,
and 14) isolated from the rhizosphere of sugar beets grown at the experiment
field of the Institute of Field and Vegetable Crops in Novi Sad. The strains
were grown on the Fedorov medium with sucrose.

Determination of nitrogenase in pure Azotobacter culture

Nitrogenase activity in pure culture of Azotobacter chroococcum was de-
termined according to Hardy et al. (1968) by preparing an Azotobacter chro-
ococcum inoculum (pre-culture) in a liquid Fedorov medium for 20 hours at
30°C with gentle shaking. Under sterile conditions, 2 ml of this pre-culture
were transferred into sterile penicillin flasks, which were then closed with rub-
ber stoppers. Following this, the air was pumped out of the flasks using a gas
syringe, after which acetylene (10% of the test tube volume) was added to
them. The flasks were then placed on a shaker (30°C). After 24 hours, a 0.1
ml gas sample was taken and analyzed on a gas chromatographer (Hewlett
Packard 5480A). Finally, the areas of the ethylene peaks were determined.

Determination of nitrogenase in plants inoculated with Azotobacter

The seed of sugar beet (Hy-11) was inoculated with 0.5 ml of liquid Azo-
tobacter chroococcum. culture (10° cells/ml) and placed in test tubes contain-
ing a sterile agarized nitrogen-free medium (Murashige, Skoog, 1962).
The experiment had three replications. After four weeks of in vitro plant
growth, the air was taken out of the test tubes and replaced with acetylene
(10% of the test tube volume) to determine nitrogenase activity. The samples
were then incubated for 24 hours at 30°C, after which a 0.1 ml gas sample
was taken from each test tube and analyzed on a gas chromatographer
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(Hewlett Packard 5480A). This was followed by the determination of the areas
of the ethylene peaks.

RESULTS AND DISCUSSION

A number of studies have reported differences in nitrogenase activity be-
tween different Azotobacter strains (Shawky, 1982; Nikogosyan, 1984;
Hong et al, 1986). In the present study (Fig. 1), the various Azotobacter
strains differed greatly with regard to their nitrogenase activity. The strains co-
uld be recognized by the level of their nitrogenase activity. The highest nitro-
genase activity was recorded in strain 14, the lowest in strain 6.

35+

30+

25+

20+

(x 10%)

15

@ Pure culture

10

Strains

Fig. 1 — Area of ethylene peaks in pure cultures of Azotobacter chroococcum

We were able to determine nitrogenase activity in all the inoculated
plants (Fig. 2). As for the inoculated plants, the highest nitrogenase activity,
i.e., the largest area of ethylene peaks, was found in plants inoculated with
strain 14.

The results of Gas$ic¢ et al. (1990) suggest that the effect of Azotobacter
strains on nitrogenase activity is smaller when they are associated with plants
(wheat) than in pure culture, where the differences among the strains are grea-
ter (Hong et al., 1990).

The results of the present study, on the other hand, indicate that nitroge-
nase activity has the same tendency in the pure cultures of Azotobacter chroo-
coccum as in association of this bacterium with sugar beet. Strain 14 had the
highest nitrogenase activity in both the inoculated plants and pure cultures.

However, it must be born in mind that in the development of a plant-Azo-
tobacter association a major role is played not only by the microorganism but
by the plant genotype as well. Therefore, it remains to be seen in further studi-
es how strain 14 will behave in association with other sugar beet hybrids.
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Fig. 2 — Area of ethylene peaks in association of Azotobacter chroococcum strains
and sugar beet plants

Combined nitrogen inhibits Azotobacter’s nitrogenase activity and increa-
ses the concentration of nitrogen in bacterial cells. In the present paper, we
obtained nitrogenase activity without adding any N to the medium. In Mrko-
vacki et al. (1997), the studied associations of sugar beet plants and Azoto-
bacter strains were characterized by significant differences in plant growth, ni-
trogenase activity, and N, fixation. These differences improved the selection of
active strains.

CONCLUSION

The studied Azotobacter strains differed with regard to nitrogenase activ-
ity in both the pure cultures and in the association with sugar beet.

Strain 14 had the highest nitrogenase activity in both the inoculated
plants and pure culture.

The differences in nitrogenase activity enable the selection of highly ef-
fective strains.
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AKTUBHOCT HUTPOTEHA3E ¥ YHMCTOJ KYJITYPU AZOTOBACTER
CHROOCOCCUM N Y ACOUMJALININ CA IEREPHOM PEIIOM

Hacracuja b. MpkoBauku, CHe:kana M. Meseu, Bepa M. Mwunnh
WHucTtutyT 3a parapctBo u nopprapctso, 21000 HoBu Can,
Maxkcuma I'opkor 30, Jyrocmasuja

Pe3ume

IIpoiiec azorodukcanmje aepoOHUX 3eMJBUIITHUX OakTepuja Azotobacter Tipoyda-
BaH je MHOro roamHa, aiu je Tek 1980. yctaHOBbEHO na OBaj nuazorpod mocenyje 3
TeHETCKM pa3InIuTe HUTporeHase. Y paay je kopuimrheHo 5 cojeBa (2, 3, 6, 8 u 14)
Azotobacter chroococcum 130J0BaHUX U3 pusdocdepe niehepHe pemne rajeHe Ha OIJiead-
HUM TojbuMa MuHctuTyta 3a patapctBo m moBpTtapcTBo vy HoBom Camy. CojeBu cy
M30JIOBAaHU U rajeHu Ha nomio3n Pjomopa ca caxapo3oM. HurporeHasa y 4ucToj Kyi-
Typu Azotobacter chroococcum oapehusana je meronoM Hardy et al. Ceme mehepHe
pene (Hy-11) uHokynucano je ca 0.5 ml Teune kyarype Azotobacter chroococcum ry-
cture 10 henmja/ml. JJobujeHn pe3yaTaTv y OBOM pajy IMOKa3aJiu Cy Ja IMOCTOjU UCTa
TeHACHIIMja aKTUBHOCTU HUTPOTeHa3e y YKUCTUM KyaTypama Azotobacter chroococcum
M y acouujaiuju ca 6mwbkoM wmehepHe perne. Coj Azotobacter chroococcum 14 xoju je
MOKa3ao HajBehy HUTPOreHa3Hy aKTUBHOCT Yy acolivjalliji ca OM/bKOM OCTBapuoO je Ta-
Kohe HajBelly aKTMBHOCT HUTPOIeHAa3e y YMCTOj KyATypu. Pas3ivke y aKTMBHOCTH HM-
TporeHasze omoryhaBajy celleKLijy BUCOKO e€(eKTHBHHUX COjeBa.
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NUMBER OF MICROORGANISMS IN THE SOIL
UNDER DIFFERENT BEAN GENOTYPES

ABSTRACT: Numbers of various microorganisms (total number of microorganisms,
numbers of ammonifiers, azotobacters, fungi, actinomycetes and other free nitrogen-fixing
bacteria) have been followed in a black meadow soil planted to eight bean varieties (Panon-
ski gradiStanac, Vukovarski tezak, Zlatko, Belko, Dvadesetica, Sremac, Royal Duch and
Slavonski zuto zeleni). Immediately before planting, been seeds have been inoculated with a
microbiological preparation (NS-Nitragin for beans). Numbers of the studied microorga-
nisms have decreased in the course of vegetation in relation to the situation immediately be-
fore planting, with the exception of the total number of bacteria which, at the end of the ve-
getation, reached the original situation immediately before the planting. On average for
all varieties, the numbers of azotobacters and ammonifiers were lowest at the stage of
flowering. The obtained results have shown that root exudates and plowed under corn stalks
affected the numbers of the microorganisms under study.

KEY WORDS: number of microorganisms, azotobacters, free nitrogen-fixing bacteria,
ammonifiers, fungi, actinomycetes, bean genotype, black meadow soil.

INTRODUCTION

Soil is a natural environment for a number of microorganisms — bacte-
ria, algae, fungi, actinomycetes. These microorganisms take part in the bioche-
mical, biological and chemical processes in soil.

Each soil type has a specific microflora which changes in dependence of
geographic and ecological factors, method of soil tillage and mineral fertiliza-
tion, crop, herbicides applied, etc. (MiSustin, 1966; Sari¢ et al., 1983;
Mrkovacki, 1985; Mili¢ et al.,, 1997; Milié¢, 1999). There is a relation-
ship between pedogenetic and microbiological properties of soil; taken toget-
her, they provide the potential and effective capacity for plant growing.

Numerous authors have described properties of black meadow soils (Ziv -
kovié¢ and Ristié¢, 1963; Zivkovicé, 1965; Zivkovicé et al., 1967,
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1968); microorganisms inhabiting profiles of the black meadow soils were dis-
cussed by Sarié (1972).

The objective of this paper was to assess the numbers of various microor-
ganisms in a black meadow soil planted to bean genotypes.

MATERIAL AND METHOD

This study covers the assessment of the numbers of certain groups of mi-
croorganisms in the black meadow soil in the location of Nova Gajdobra. Ex-
periments were established in a plot planted to corn the previous year. Soil til-
lage was conventional, without mineral fertilization. Eight bean genotypes
(Belko, Zlatko, Sremac, Dvadesetica (developed at the Institute of Field and
Vegetable Crops, Novi Sad), Slavonski Zuto zeleni and Vukovarski tezak (Ag-
ricultural Station Vukovar), Panonski gradiStanac (Center for Vegetables, Sme-
derevska Palanka) and Royal Dutch (from the Netherlands) were planted in a
plot of 0.35 ha (650 x 5.6 m).

Soil samples for microbiological analyses were taken from the soil layer
0—20 cm, before planting and at the stages of flowering and full maturity, the
samples for agrochemical analyses before planting and the end of the season.

All seeds were inoculated with a microbiological fertilizer NS-Nitragin
that contains Rhizobium leguminosarum bv. phaseoli strains specific for the
bean. The preparation was produced at the Institute of Field and Vegetable
Crops in Novi Sad.

Microbiological status of the soil was analyzed by the method of Poc-
hon and Tardieux (1962), for the total number of microorganisms in soil
agar, the number of ammonifiers on the mesopeptonic agar, the number of
azotobacters and free nitrogen-fixing bacteria on Fedorov’s substrate, the num-
ber of fungi on Chapek’s agar and the number of actinomycetes on Krasilj-
nikov’s synthetic agar. The numbers of the microorganisms were calculated
per gram of absolutely dry soil, using the number of microorganisms in the
soil immediately before planting (@) as the standard.

RESULTS AND DISCUSSION

Regarding their areage in the Vojvodina Province, the black meadow so-
ils take the second position, after chernozems. According to Manojlovid
(1988), agrochemical analyses performed before planting indicated that the
studied soil type was slightly calcareous, at the lower limit of the medium pro-
vision with humus, neutral, with a high potassium content and optimum phos-
phorus content. At the stage of full maturity of the analyzed bean genotypes,
the soil was alkaline and with somewhat increased contents of potassium and
phosphorus in relation to the original situation (Table 1).

The data presented in Table 2 show that the numbers of the microorgan-
isms in the soil layer 0—20 cm decreased progressively in relation to the situ-
ation before the planting. The total number of bacteria in the soil before plant-
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Tab. 1 — Agrochemical analyses of soil

mg/100 g soil

Variant CaC03 % Humus % N % KCl pH  H,O pH

Before 1,62 2,65 0,132 6,99 7,96 18,30 30,0
planting @
End of 3,08 3,45 0,172 7.47 8,21 23,79 39,0
vegetation

ing was 746 x 107 per 1 gram of absolutely dry soil. At the stage of flowering,
the numbers went down. On average for all genotypes, the largest numbers
were recorded for the total number of bacteria and the number of free nitro-
gen-fixing bacteria, 267.5 x 107 and 302.87 x 10° per 1 g of soil, respectively.
The numbers of the azotobacters and ammoinifiers were 50.87 x 10? and 81 x
107 per 1 g of soil, respectively. The numbers of fungi and actinomycetes were
somewhat lower than in the control variant (@).

The lowest total number of bacteria was obtained with the variety Sla-
vonski zuto zeleni (144 x 107 per 1 g of soil), the highest with Vukovarski te-
Zak (446 x 107 per 1 g of soil) (Table 2).

Tab. 2 — The number of microorganisms in the soil at the stage of flowering of bean plants

Free
. Total number Fungi  Actinomycetes Ammonifiers MLrogen- A ;otobacter
Variant of bacteria fixing
x 104 x 104 x 107 > x 102
x 107 bacteria
x 106
Before 746 11.38 10.57 332 641 207
planting @
Panonski 252 3.14 12.58 60 293 82
gradiStanac
Vukovarski 446 6.96 6.96 90 380 29
tezak
Zlatko 315 11.41 760 126 350 120
Belko 237 10.03 9.01 91 253 49
Dvadesetica 220 7.95 11.57 38 274 35
Sremac 269 4.65 11.61 128 392 29
Royal Duch 257 13.71 10.24 71 299 28
Slavonski 144 9.84 5.8 44 182 35
Zuto zeleni
Average 267.50 9.26 9.37 81 302.87 50,87

On average for the bean genotypes under study, the largest total number
of bacteria (74.1 x 107 per 1 g of soil) and the lowest number of fungi (6,33 x
10* per 1 g of soil) were obtained at the end of vegetation of bean plants. The
number of actinomycetes could not be identified with the dilutions used altho-
ugh the inoculation of soybean had decreased the number of actinomycetes
(Mili¢ et al., 1997; Milic¢, 1999). The lowest total numbers of microorga-
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nisms were registered with the varieties Panonski gradiStanac and Vukovarski
tezak, 521 x 107 and 551 x 107 per 1 g of soil, respectively, the highest with
Royal Dutch and Slavonski Zuto zeleni, 1732 x 107 and 922 x 107 per 1 g of
soil, respectively (Table 3).

Tab. 3 — The number of microorganisms in the soil at the end of vegetation of bean plants

Total nitlr:(r)e(::n—
Variant number of  Fungi  Actinomycetes Ammonifiers fixi%l Azotobacter

bacteria x 104 x 104 x 107 b g x 102

X 107 acteria

x 106

E&‘gﬁg @ 746 11.38 10.57 332 641 207
gf;‘(;’i‘;fgac 521 15.72 0.00 58 11 65
t\é‘;:lfva“ki 551 6.70 0.0 132 193 131
Zlatko 944 5.73 0.00 127 198 120
Belko 696 225 0.00 74 279 68
Dvadesetica 694 6.64 0.00 9% 138 55
Sremac 790 4.54 0.00 97 173 102
Royal Duch 1732 452 0,00 298 147 96
glll‘;‘g";‘:ll;‘m 922 457 0.00 160 253 34
Average 741 633 0.00 130.25 186.50 83.87

The obtained results show that the values of the total number of bacteria,
free nitrogen-fixing bacteria and ammonifiers were high, as well as that the ro-
ot exudates of the bean genotypes had an effect on the numbers of the micro-
organisms.

According to Jarak et al. (1994), inoculation of string beans increases
the number of azotobacters in the rhizosphere. Sari¢ et al. (1983) reported
that corn harvest residues inhibit the development of azotobacters. On average
for the tested bean varieties, the number of azotobacters was lowest at the sta-
ge of flowering. The numbers of the free nitrogen-fixing bacteria and ammo-
nifiers were also reduced. At the end of the vegetation, the total number of
bacteria was at the level of that established before the planting of the bean va-
rieties.

All bean genotypes in the experiment tended to reduce the numbers of
microorganisms under study. The reductions in the number of microorganisms
observed in the course of bean vegetation may have been caused by toxic sub-
stances developing in the course of decomposition of corn harvest residues. As
the plowed under corn residues decompose slowly, the release of organic mat-
ter and nitrogen is delayed, resulting in a reduction of the biological activity of
the soil.
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CONCLUSIONS

Following conclusions were drawn on the basis of the results obtained.

— The dynamics of increase/decrease of the studied microorganisms de-
pended on the bean genotype.

— In the course of the vegetation, the numbers of the microorganisms
under study decreased in relation to the situation before the planting.

— On average for all bean genotypes, the numbers of azotobacters and
ammonifiers were lowest at the stage of flowering.

— The total number of bacteria at the end of the vegetation was similar
to that established immediately before the planting.
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bPOJ MUKPOOPTAHU3AMA VY 3EMJbUILTY KOA PA3JIMUYUTUX
TFT'EHOTHUIIOBA TTACYJbA

Bepa M. Mwmuh!, Hacracuja b. MpkoBauku!, A. M. [daBunos?, Mupjana A. Bacuh!
I UuctutyT 3a parapctBo u noBprapctBo, HoBu Can, Makcuma [opkor 30
2 TTospomipuBpenna cranuina, Hosu Can, Temepurcku mmyt 131

Pe3ume

V pany je icmuTUBaHa 3aCTYIUbEHOCT TOjeAMHUX Tpyra MUKpOOpraHu3aMa (yKy-
rnmaH Opoj Gakrepuja, Opoj amMmoHM(pUKAaTOpa, a30TOOAKTepa, IbMBa, aKTUHOMMIIETA U
OCTaJIMX CIIOOOIHUX a30To(UKcaTopa) y 3eMJBUILTY THUTIA JTMBAJCKa IPHUIA Y TOKY Be-
rerauuje ocam reHorurnosa nacyba (IlaHoHCKM TrpanuinTaHal, BykoBapcku Texak,
3narko, benxo, [JBaneceruiia, Cpemai, Royal Duch u CnaBoHcko xyto 3enenu). He-
MOCPEIHO Tpe CETBY CeMe je MHOKYJIMcaHO MUKpoOuosoimkuM npenapatom HC-Hu-
TparuHoM 3a macy’b. Orien je moctaBbeH Ha jokanuTeTy HoBa I'ajmoOpa y Toky 1998.
ronrHe. Ha moyeTky HemocpeaHo Ipea CeTBY M y (pa3u 3pesiocTH Iacysba ypaleHe cy
arpoxeMujcke aHanmse 3emibuinta y ciaojy om 0—20 cm (Ta6. 1). MuxkpoOuoJonike
aHajm3e 3eMJbMINTa ypal)eHe Ccy HEmocpeaHO Mpea CeTBY, y a3y 1BeTama macyba U
Ha Kkpajy Bereranuje (Tab. 2. u 3). [loObujeHn pesyaTaTu MoKasyjy da KOPEHCKe U3Iy-
YeBMHE HCIUTUBAHUX T€HOTUIIOBA MMacy/ba KAao M 3aopaHa KyKypy30BMHA yTHYY Ha
3aCTYIJbEHOCT UCITUTUBAHUX TPyITa MUKPOOpPTaHW3aMa. bpoj MCIUTUBAHMX TpyIa MH-
KpoopraHmsama y TOKY BereTalyje OW/baka oraja y OJHOCY Ha MOYETHO CTakhe Mpe
ceTBe. ¥ (ha3u 1BeTama, y MPOCEKy 3a CBE COPTE Iacysba OPOj a30TOOAKTEpA U aMOHHU-
¢ukaropa je HajMarbuM Y OJHOCY Ha HUXOB OpOj Y MCIUTUBAHUM POKOBMMA, HOK j€
Opoj yKymHHMX OaKTepuja Ha Kpajy BereTalyje JOCTMrao Opoj Ha HHMBOY ITOYETHOT
opoja.
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EFFECT OF LEAD AND CADMIUM ON CALLUS
GROWTH AND DRY MATTER CONTENT IN ZYGOTIC
EMBRYO CULTURE OF WHEAT (Triticum aestivum L.)

ABSTRACT: The objective of this study was to determine the effects of lead and
cadmium on callus growth and callus tissue dry matter content. Five concentrations of Pb
and Cd were studied: 10—7, 10—, 10—5, 10—4, and 10—3 M nutrient medium. Calluses ob-
tained from mature zygotic wheat embryos (Triticum aestivum L., cv, Balkan) were used in
the experiment. Isolated embryos were grown on a modified MS [Murashige and Sko-
0g, 1962] nutrient medium. Callus tissue growth was observed during cultivation, and then,
30 days after isolation, callus fresh weight and dry matter content were measured. The mea-
surements showed that there were significant differences between lead and cadmium regar-
ding their effects on callus induction, callus growth, and callus tissue dry matter content.
When lead and cadmium were applied at the highest concentration (10—3 M), callus fresh
weight decreased significantly (by 42% with lead and 87% with cadmium) relative to the
control, which was not treated with heavy metals. However, the same concentration increa-
sed callus tissue dry matter content by 9.2% (lead) and 9.8% (cadmium). In relation to the
control, this was an increase by 22.7% and 30.7%, respectively. The effects of the other,
lower concentrations, were considerably less pronounced, although the 10—6 M concentra-
tion of lead and cadmium did have a stimulative effect on callus tissue growth.

KEY WORDS: cadmium, embryo culture, lead, wheat.

INTRODUCTION

Cadmium and lead belong to the group of non-essential heavy metals
which, at higher concentrations, have highly toxic effects on plants. The
phytoxicity of heavy metals results from their influence on various metabolic
and chemical processes in plants [Van Assche et al., 1988; Kastori et
al., 1997]. Studies have shown that lead and cadmium directly or indirectly in-
hibit such physiological processes as photosynthesis, respiration, water regi-
men, nitrogen metabolism, etc. [Van Assche and Clijsters, 1990;
Hernandez et al., 1997; Lagriffoul et al., 1998].
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Different plant species respond differently to the presence of high heavy
metal concentrations [John, 1973]. Tomato, for instance, is relatively tolerant
to excess cadmium [Bingham et al, 1975] while wheat and soybean are
able to withstand the presence of lead in the nutrient substrate [Diehl et al.,
1983; Kastori et al., 1991]. At the same time, a number of authors have re-
ported that certain genotypes of the same species react differently to the pres-
ence of heavy metals in the soil [Florijn and Van Beusichem, 1993;
Hinsley et al, 1978; Foy, 1995]. These differences among genotypes ma-
ke it possible for breeders to develop varieties and hybrids with higher toleran-
ce to metals and, even more importantly, lower accumulation of heavy metals,
thereby reducing their introduction into the food chain [Kastori et al,
1997].

Lately, use of in vitro methods for identifying genotypes tolerant to
heavy metals has been on the increase, since studies have shown that tolerance
determined at the level of the whole plants is also valid at the level of the cal-
lus, i.e., that it is manifested at the cell level as well. Such studies have been
carried out in Licopersicum esculentum [Meredith, 1978], Sorghum bicolor
[Smith et al., 1983], Medicaeo sativa [Parrot and Bouton, 1990], Triti-
cale and Triticum aestivum [Karsai et al.,, 1994].

The present study investigated the effects of lead and cadmium on callus
growth in wheat as well as on the dry matter content of this crop’s calluses, in
order to assess the possibility of using in vitro embryo cultures to identify
wheat genotypes tolerant to these metals.

MATERIAL AND METHODS

The high-yielding winter wheat (Triticum aestivum L.) variety Balkan
was used for the isolation of mature embryos.

Air-dry mature wheat grains were immersed in distilled water for four
hours, after which the materials were sterilized using a procedure described in
our previous papers [Sesek and Kondi¢, 1997; Kondi¢ et al., 1998].
Isolated embryos were inoculated onto a modified MS [Murashige and
Skoog, 1962] nutrient medium to which Cd and Pb were added in five diffe-
rent concentrations (10—7, 10—¢, 10—, 10—+, and 10— M). The control group
of embryos was inoculated onto an MS medium that contained no heavy met-
als.

During the one month of cultivation on these mediums, callus survival
and regenerant survival were observed on a ten-day basis. At the end of the
period, fresh callus weight and dry matter content were determined.

The results were statistically processed by the analysis of variance and
the significance of differences between particular treatments was determined
using the LSD test.

RESULTS AND DISCUSSION

The results of the study have shown that there are significant differences
between lead and cadmium with regard to their effects on the induction and
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growth of callus tissue as well as callus dry matter content. Cadmium was fo-
und to have had a greater inhibitory effect on callus induction and growth in
wheat than lead. The differences were greatest with the highest concentration
of these two metals (10— M). In the case of Cd, this concentration had a let-
hal effect on the isolated embryos.

With 10— M Cd, a very small number of calluses was formed (30.9%),
and their fresh weight was reduced by 87% relative to the fresh weight of the
calluses from the control treatment. These calluses differed from those in the
control treatment in terms of their appearance too — they were compact and
dehydrated. With 10— M Pb, 88.2% of the isolated embryos formed calluses
that looked normal and had the fresh weight 42% lower than that in the con-
trol treatment.

Concerning the influence of the two metals on fresh callus weight (Tab.
1), it was observed that the 10—% M concentration had a stimulative effect on
callus growth, as 10— M Pb and 10—° M Cd increased fresh callus weight by
25 and 9%, respectively, relative to the control. Any further increase in Pb and
Cd concentrations, however, had an inhibitory influence on callus growth, so
that 10—3 M Pb produced the fresh callus weight of 61.3 mg and 10— Cd the
fresh callus weight of 14 mg. Another difference between lead and cadmium
was that Pb had an inhibitory effect only at the highest concentration (10—3
M), whereas Cd inhibited callus growth at considerably lower concentrations
(10—* and 10— M).

The effects of lead and cadmium on callus dry matter content were also
specific. At 10—7 M Pb, the calluses contained 6.51% of dry matter, 13% less
than the control, while at 10— M Pb the dry matter content was 9.2%, or 23%
higher than in the control treatment. In the case of cadmium, the only increase
in relation to the control (30.7%) was recorded with 10— M — the other con-
centrations had no effect on callus dry matter content (Tab. 1).

Tab. 1 — Effect of different concentrations of lead and cadmium on fresh weight and dry matter
content in wheat calluses

. Lead Cadmium
Concentration - -
(M) Fresh weight = Dry matter content  Fresh weight  Dry matter content

(mg) (%) (mg) (%)

Control 107,0 747 107,0 7,47

I (10—7) 94,0 6,51~ 105,0 7,05

I (10—9) 134,0++ 6,53~ 117,0++ 6,73

I (10—5) 103,0 8,07 96,0-- 7,89

IV (10—4) 110,0 7,47 73,0-- 8,21
V (10-3) 61,3-- 9,20++ 14,0-- 9,76++
LSD 0,05 13,98 0,9364 6,757 0,8632
0,01 19,33 1,2950 9,342 1,1930

Looking at the absolute values of callus dry weight (Fig. 1), it can be no-
ticed that the differences between certain concentrations were less prominent
than in the case of the dry matter content. Lead concentrations of 10—7 (I) and
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Fig. 1 — Effect of different concentrations of lead and cadmium on callus dry weight

10— M (V) reduced callus dry weight to a certain extent, while cadmium dec-
reased the dry weight value only at the highest concentration (10— M).

The increased callus dry matter content with the highest concentrations of
Pb and Cd was most likely not due to an increased synthesis of organic mat-
ter. This proposition is supported by the callus dry weight values shown in Fi-
gure 1 and the fact that they decreased at the highest concentrations of the two
heavy metals. This means that the supposed rise in the callus dry matter con-
tent at the highest concentration of Pb and Cd occurred in the treatments in
which calluses were considerably smaller, largely necrotic, and, in the case of
Cd, dehydrated as well. Also, because these calluses had a significantly smal-
ler weight than the control ones, the contribution of the isolated embryo
(which is not separated from the callus during analysis) to total dry matter was
proportionally larger than in the calluses with a larger weight obtained with
the other concentrations.

The results of this study have shown that high concentrations of heavy
metals inhibit callus growth. According to Kastori et al. (1997), the inhibi-
tion of plant growth at higher heavy metal concentrations occurs because these
elements inhibit both the division and elongation of cells. It is assumed that
cadmium causes certain changes in the cell wall that reduce its capacity for
elongation and its permeability. Increased water deficit in the presence of hig-
her lead concentrations has been reported in young sunflower plants too [Ka-
stori et al., 1996].

In addition to the inhibitory effect of the high concentrations, we also fo-
und that the lower doses of the two metals had a stimulative effect on callus
growth. Petrovi¢ and Kastori (1994) as well as Ernst (1996) also re-
port that lower concentrations of non-essential heavy metals can have a stimu-
lative effect on plant growth.

The reported results indicate that wheat calluses were considerably more
sensitive to the presence of cadmium in the medium than to that of lead,
which they were able to tolerate even at fairly high concentrations. Similar re-
sults, indicating that wheat is well able to withstand the presence of lead in the
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nutrient medium, have also been reported in Diehl et al. (1983) and Ka-
stori et al. (1991). This means that wheat tolerance to lead and its sensitivity
to cadmium have also been exhibited at the level of the callus. Through this, it
has been shown that calluses obtained in mature embryo culture can be used
to test wheat tolerance to heavy metals, which is in agreement with the find-
ings of Karsai et al. (1994).
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YTULIAJ OJIOBA U KAIMUNIYMA HA TTOPACT KAJIYCA N CAIPXAJ
CYBE MATEPUIE ¥V KVJITYPU 3UTOTHOI' EMBPUOHA TIIHEHUIIE
(TRITICUM AESTIVUM L.)

CranucnaB C. Ilecek, Ankuua b. Konauh, Pynoad P. Kacropu
HayuyHu WHCTUTYT 3a paTapcTBO M IOBPTApCTBO,
M. T'opkor 30, 21000 HoBu Can, JyrociaBuja

Pesume

WcnutuBan je yTuiaj TeIIKUMX MeTaja OJIoBa M KaJAMUjymMa Ha ITOpacT Kajayca
caap:Kaj cyBe MaTepuje y KaalyCHOM TKUBY. MCIIMTHMBAHO je IeT KOHLeHTpalluja 0JoBa
n kagmujyma: 10—7, 10-°, 10—5, 10—+ u 10—3 M. V¥ ekcrniepuMeHTy cy KopuirheHU Ka-
JIycu IOOMjeHU U3 3pejior 3UroTHOr eMOpuoHa meHuue (Iriticum aestivum L.) 1B.
bankan. M3o10BaHu eMOpPUOHU cy TrajeHu Ha MoaudukoBaHoj MS (Murashige and
Skoog, 1962) xpaHbuBoj Momio3u. 3a BpeMe KyiaTuBaluje rnpaheH je mopact kaiy-
CHOTI' TKMBa, 1a 61 ce 30 maHa HaKOH M30Jallvje MPUCTYIIUIO MEPEHY CBEXe Mace Ka-
JIyca, Kao M campikajy cyBe maTepuje. PesyntaTu cy mokasaiau ga cy IOCTojajie 3Hadaj-
He paziuvke u3Mehy ojioBa M KaaMujyma y TIOTJIeNy HUXOBOTI yTHIIdja KaKo Ha WH-
IYKLIWjy W IOpacT Kalyca, TaKO 1M Ha caapikKaj CyBe MaTepuje y KaJlyCHOM TKuBy. Haj-
BuIa KoHueHTpauuja (10—3 M) u osioBa M KaaMujyma je MMaja 3HayajaH yTUIAj Ha
cMamere cBexe Mace 3a 42% kon oyoBa U 87% Kom KagMujyma, Yy OIHOCY Ha HeTepe-
TUpaHy KoHTpoJy. Mehytum, campikaj cyBe matepuje je 6uo moehaH y mopehemy ca
KOHTpOJIOM M M3HOCcHO je 9,2% kox onoBa u 9,8% Kkom KaaMujyma, IITo je y opehermy
ca KoHTposioM moBehame 3a 22,7%, ogHocHo 30,7%. Edekar HWKHMX KOHIICHTpaIIuja
TELIKUX MeTaja, KOoje Cy UCIMTUBAHE Yy OBOM EKCIIEpUMEHTYy, OMO je 3HATHO ciiabuje
u3pakeH, mMana je mosa 10—¢ M u ojoBa M KaaMHujymMa MMajla CTUMYJATMBHO I€jCTBO
Ha TopacT KaJyCHOT TKHWBA.
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SILVER LINDEN (Tilia tomentosa Moench) IN THE
COMMUNITY OF SESSILE OAK AND HORNBEAM
(Rusco-Querco-Carpinetum B. Jov. 1979 tilietosum

tomentosae subass. nova) ON THE
FRUSKA GORA MOUNTAIN

ABSTRACT: This paper presents the results of a phytocoenological survey performed
in 27 sample locations in communities of sessile oak and hornbeam on the Fruska Gora
Mountain in 1998. The visited stands are located on plateaus of broad ridges at elevations
between 300 and 450 m a.s.l., in the locations of StraZilovo, Elektrovojvodina, Venac, Mati-
jevac and Zmajevac. The dominance of silver linden within the tree and shrub layer is
evidently due to a large anthropogenic influence (clear cuttings in the past). In consequence
to this type of management, the silver linden has increased in numbers, mostly vegetatively,
so that it is presently found in the stands in the form of brushwood which displaced sessile
oaks, hornbeams and the other tree species. Taking in account the exceptional significance
of the silver linden which is widespread on the margins of the Pannonian Plain, as well as
its dominance in the observed stands, a new subassociation has been identified and named
Rusco-Querco-Carpinetum B . Jov. 1979 tilietosum tomentosae subass. nova.

KEY WORDS: the Fruska Gora Mountain, silver linden, anthropogenic influence, Ru-
sco-Querco-Carpinetum B . Jov. 1979 tilietosum tomentosae subass. nova.

INTRODUCTION

The silver linden is one of the most significant tree species on the Fruska
Gora Montain in both scientific and practical sense. This tree species spreads
over large areas from the foothills to the top of the mountain. It is present in a
large number of forest communities, providing a high yield of wood mass
through vegetative regeneration. Phytocoenological and ecological surveys car-
ried out in the period from 1947 to 1956 (Jankovié¢ and Misi¢, 1960) had
shown that during that period the silver linden was the dominant tree species
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in the forests of the Fruska Gora. Clear cuttings in the past century, which
continued to the present days, particularly after the World War II, resulted in
the dominance of silver linden brushwood, which hinders or suppresses the re-
generation of other tree species, the sessile oak in particular, by reducing the
number of root suckers year after year. However, during the last half of the
century, large changes occurred in the forests of the Fruska Gora, resulting in
the progradation and succession of the vegetation, as reported in several pa-
pers MiSi¢ et al, 1997; Dini¢ et al., 1998). For example, differences exist
in the structure and composition of species in the sessile oak-hornbeam forests
of 50 years ago and the stands of the same forest type in 1998. High dominan-
ce of the silver linden in the tree layer and the shrub layer has changed the
structure of the community of silver linden and hornbeam — Rusco-Quer-
co-Carpinetum B. Jov. 1979 (syn. Querco-Carpinetum aculeatetosum B .
Jov. 1951) so that the authors of this paper have defined a new subassocia-
tion with silver linden — Rusco-Querco-Carpinetum B . Jov. 1979 filietosum
tomentosae subass. nova.

METHODS

The phytocoenological survey in the community of sessile oak and horn-
beam with silver linden was performed after the analytical-synthetic method of
Braun-Blanquet. Counts were made in 27 sample locations in the stands on the
plateaus of broad ridges along the Partizanski put, at elevations from 300 to
450 m a.s.l. In order to establish the participation of the silver linden in degra-
ded stands of sessile oak and hornbeam, sample locations were selected in the
locations of Strazilovo, near Elektrovojvodina, on Venac, Matijevac and Zma-
jevac. Particular attention was paid to the vegetative propagation of the silver
linden.

RESULTS AND DISCUSSION

The community of sessile oak and hornbeam Rusco-Querco-Carpinetum
B. Jov. 1979 (syn. Querco-Carpinetum aculeatetosum B. Jov. 1951) is
distributed in regions of northern Serbia, on the margin of the Pannonian
Plain. In this part of Serbia, this community represents a variant of Serbian
sessile oak-hornbeam community, Querco-Carpinetum serbicum Rudski
1949. On the Fruska Gora, the small mountain massif (539 m a.s.l.) on the so-
uthern margin of the Pannonian Plain, the community of sessile oak and horn-
beam is widespread. Here it represents the basic climate-regional forest type
within the belt between 300 and 500 m a.s.l. This phenomenon can be ex-
plained by the origin and historical development of the region (Bukurov,
1953, 1954), the transitional character of the climate (Milosavljevié et
al., 1973), the isolated, island-like, character and the low altitude of the moun-
tain, the broken relief (Mili¢, 1973) and the silicate parent rock. The sessile
oak-hornbeam forests are found on broad and shallow plateaus of the ridges,
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broad saddles, mild northern slopes, and in shallow hollows (Dini¢, 1970,
1971, 1975, 1978, 1997). They originate from ,,former mixed forests of the
virgin forest type” (Jankovié and Mi§ié, 1960, 1980). They retained the
most relict characteristics among the communities on the Fruska Gora; they
are richest in relict species from south and east (Obradovic, 1966). The
presence of relict sub-Mediterranean species Ruscus aculeatus and Ruscus
hypoglossum is an indication of not only a favorable microclimate of the for-
ests but also of the generally prevailing climatic and edaphic conditions (J o -
vanovic, 1967, 1985). Already 50 years ago, as well at today, it was possi-
ble to find stands of sessile oak and hornbeam on the Fruska Gora containing
more then 10 other tree species. Those were the remnants of the former mixed
forests that grew on this massif as well as in other parts of Serbia (Mi§ic,
1982, 1994).

During last 50 years, the silver linden (7ilia tomentosa Moench) incre-
ased its numbers on the FruSka Gora, participating in this way in the succes-
sion of the sessile oak forests on this mountain. Recent surveys of sessile oak
stands on the Fruska Gora (MiS§i¢ et al.,, 1997; Dini¢ et al., 1998) showed
that silver lindens penetrated the pure sessile oak forests of the type Festuco
drymeiae-Quercetum petraeae (Jank. et Mis. 1960) Jank. 1968, gradu-
ally forming, in the process of progressive succession, the community 7ilio fo-
mentosae-Quercetum petraeae Dini¢, Misi¢ et Savié 1998, in which Fe-
stuca drymeia is rarely found. The situation with the participation of the silver
linden in the forming of the community Rusco-Querco-Carpinetum B. Jov.
1979, will be seen from the recent phytocoenological surveys from Strazilovo
to Zmajevac. The aim of this paper was to compare the sample locations of 50
years ago with those from 1998, in order to attest the gradual penetration of
the silver linden into the sessile oak-hornbeam forests on broad plateaus of the
Fruska Gora Mountain. At the same time we want to demonstrate how the
numbers of the sessile oak, the main edifier in these forests, are being gradu-
ally reduced, causing changes in the structure and aspect of the sessile oak-
-hornbeam community.

In the sessile oak-hornbeam stands on the Fruska Gora Mountain sur-
veyed 50 years ago, among the 8 species recorded in the tree layer, the domi-
nant species was the hornbeam (Carpinus betulus) with the numbers and cover
degree of 2.2 to 4.3 (Jankovié¢ and MiSié¢, 1960). In the same phyto-
coenological table (page 50), in the tree layer, the hornbeam was followed by
the sessile oak (Quercus petraea), with the numbers and cover degree of +.1
to 3.2, and the silver linden (Tilia tomentosa) with the numbers and cover de-
gree of r.+ to 3.2. It was characteristic that the silver linden occurred only in
two sample locations with the numbers and cover degree of 2.2 to 3.2, while
in the other locations its numbers were considerably lower. It means that, at
that time, the silver linden had not managed to occupy the layers of higher and
lower trees. Among the 24 species in the shrub layer, the dominant species
was the hornbeam, followed by the silver linden, the numbers of which in the
stand were very low. Analyzing the growth of young trees in the herb layer,
not a single silver linden individual was found among the 13 species present
(Jankovié¢ and MiSié, 1960). Obviously, the silver linden has poor gener-
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ative regeneration, as confirmed by the recent phytocoenological survey in the
sessile oak-hornbeam community.

The analysis of the phytocoenological table (Table 1), containing data re-
corded in 27 sample locations established from StraZilovo to Zmajevac on the
FruSka Gora in 1998, has shown that 13 species were present in the tree layer
and 25 species in the shrub layer. The silver linden was dominant in the ana-
lyzed stands with the numbers and cover degree of 3.3 to 5.4. The hornbeam
occurred in the tree layer with the numbers and cover degree lower by a half,
1.1 to 4.3, followed by the sessile oak with the values of r to 4.2. Obviously,
the silver linden has pushed back the hornbeam and particularly the sessile
oak. There are stands on StrazZilovo (Table 1, locations 5, 6, 7, 8) without hor-
nbeams in the tree layer, as a result of poorer regeneration of this species in
habitats predominated by the silver linden. The numbers of the other species
are also reduced in these forests. On Venac, Matijevac and Zmajevac, the
structure of the communities of sessile oak and hornbeam was more favorable,
as evidenced by a larger number of species in the tree layer. In the nature pre-
serve at Zmajevac, for example, 8—10 tree species were found in the tree
layer (Table 1, locations 26, 27). The stands on Zmajevac demonstrate what
these forests would have looked like had there been no human influence.

Greatest changes have taken place in the stands of sessile oak and horn-
beam near Elektrovojvodina. It should be mentioned that in some stands the
sessile oak has been completely extinct or is represented by a few trees (Table
1, locations 12, 13, 16, 17). In this location, the silver linden was dominant in
all investigated stands. In the tree layer, individual silver lindens that were
spaced wide apart developed brushwood containing 5 stems (Figure 1). In
younger stands, silver linden brushwood was found with 10 to 15 suckers
emerging from one stump (Figure 2). In almost all investigated stands we have
encountered ,,sucker nests” of silver linden around fully-grown trees (Figures 3
and 4), resulting from the cutting of individual trees and subsequent vegetative
regeneration from stumps and roots. After entering such forests, we had the
impression that these silver linden shrubs emerged from seed. In the stands ne-
ar Elektrovojvodina, sessile oak brushwood with three to four stems could be
seen (Figure 5) and this is also the result of previous clear cutting in these ha-
bitats.

Such human behavior in the past has changed the aspect of the former
rich sessile oak-hornbeam forests. They have been transformed into degraded
stands predominated by the silver linden (Figures 6 and 7). Presently on Stra-
Zilovo, there are vast clearings (Figure 8) in which the butcher’s broom (Ru-
scus aculeatus L.) predominates in the shrub layer and the herb layer (Table 1,
locations 5, 6). The dominance of the silver linden in the tree and shrub layer,
as well as the reduced number of sessile oaks and hornbeams in the investiga-
ted stands, resulted from clear cuttings practiced in recent and distant past. Af-
ter a tree is felled, a cluster with several suckers develops in a few years; so-
me of the suckers can achieve the height and diameter of a tree grown from
seed. After the next cutting, the newly emerged suckers are shorter and they
have a smaller diameter.
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Fig. 1 — Silver linden (Tilia tomentosa Moensch) brushwood in a stand of the community of
sessile oak and hornbeam near Elektrovojvodina on the Fruska Gora Mountain (Photo: Sandor
Lukac¢, Novi Sad)

Fig. 2 — Young suckers from a silver linden (Tilia tomentosa Moensch) stump in a stand of
the community of sessile oak and hornbeam near Elektrovojvodina on the Fruska Gora Mountain
(Photo: Sandor Luka¢, Novi Sad)
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Fig. 3 — A brushwood of suckers from a silver linden (7ilia tomentosa Moensch) stump near
mature silver linden trees growing in a stand of the community of sessile oak and hornbeam near
Elektrovojvodina on the Fruska Gora Mountain (Photo: Sandor Luka¢, Novi Sad)
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Fig. 4 — A brushwood of suckers from a silver linden (7ilia tomentosa Moensch) stump near
mature silver linden trees growing in an open stand of the community of sessile oak and horn-
beam near Elektrovojvodina on the Fruska Gora Mountain (Photo: Sandor Lukac¢, Novi Sad)
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Fig. 5 — Sessile oak (Quercus petraea /Matt./Liebl.) brushwood in a stand of the commu-
nity of sessile oak and hornbeam in the location of StraZilovo on the FruSka Gora Mountain
(Photo: Sandor Luka¢, Novi Sad)

B ok

Fig. 6 — A stand of the community Rusco-Querco-Carpinetum tilietosum tomentosae subass.
nova in the location of Elektrovojvodina on the Fruska Gora Mountain (Photo: Sandor Lukac,
Novi Sad)
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Fig. 7 — A stand of the community Rusco-Querco-Carpinetum tilietosum tomentosae subass. no-
va on the Fruska Gora Mountain (Photo: Sandor Luka¢, Novi Sad)

Fig. 8 — Butcher’s broom (Ruscus aculeatus L.) in an open stand of sessile oak and hornbeam in
the location of Strazilovo on the Fruska Gora Mountain (Photo: Sandor Lukac¢, Novi Sad)
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The 1998 phytocoenological survey showed that silver linden saplings
seldom occur in the herb layer (Table 1). The same observation was made in
the sessile oak-hornbeam stands 50 years ago (Jankovié¢ and MiSic,
1960). Although the structure of the community of sessile oak and hornbeam
has been considerably changed by the dominance of the silver linden, the
changes in the herb layer have not reached the corresponding extent. The ope-
nings made in many of the investigated stands increased the numbers and co-
ver degree of some species such as Hedera helix, Rubus hirtus, Galeobdolon
luteum, and Ruscus aculeatus (Table 1). Rubus hirtus has become a serious
problem in these stands, because the sessile oak regeneration from seed un-
folds poorly in the understory of this species. The survey of L. BPurdevidé
(1989) showed that the blackberry, more than the other species in the commu-
nity, exude choline which accumulates in the soil in quantities inhibitory for
seed germination.

The complete analysis of the plant species composition enabled us to
identify a new subassociation with the silver linden — Rusco-Querco-Carpine-
tum B. Jov. 1979 tilietosum tomentosae subass. nova, predominated by
mesophytic species from the alliance Carpinion betuli moesiacum B. Jov.
1986 and the order Fagetalia sylvaticae Pawl. 1928 (Dini¢, 1997; To-
mic, 1992).
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CPEGPHA JIUTIA (TILIA TOMENTOSA MOENCH) ¥ 3AJEJHULIN
KUTHAKA u I'PABA (RUSCO-QUERCO-CARPINETUM B. JOV. 1979
TILIETOSUM TOMENTOSAE SUBASS. NOVA) HA ®PYIIKOJ T'OPU

Anka Jb. [Iunuh, Bojucnas I1. Mumwuh, Jparuma JI. CaBuh
HMHctutyT 3a OMoJiolka uctpakupama ,,CuHuia CraHkoBuh”,
29. noBembpa 142, 11060 beorpan, Jyrociasuja
Haunonannu mapk ,,dpymika ropa”,
3majeB Tpr 1, 21208 Cpemcka Kamenumna, Jyrocnasuja

Pesnme

Cpebpna nvuna (Tilia tomentosa M oench) 3ay3uma BeJuKe MOBPIIMHE O TOJ-
Hoxja 1o Bpxa ®pyuike rope. Hajpehe yuenrhe Mma y KUTHaKOBUM, KUTHAKOBO-Tpa-
0oBUM M OyKOBMM IllymMama. YecTe cedye y MPOLUIOM M OBOM BEKy, a MOCeOHO mocie
Jlpyror cBeTCKOr paTa, JOBeJie Cy A0 IOMHUHAIMje Jure y OOKopruMa, Koja je oTeKaBa-
Ja 1 oHeMmoryhaBaja nmoamialuBarwe M pacT APYrux BpcrTa Apseha, a HAPOYUTO KUT-
HhaKa, KOju je U3 TOAWHE y TOJAMHY CMamUBao OpojHOCT cBojux jenuHku. [locnenmux
roJjia Beka Jiecuie cy ce KpynHe npomeHe y mymama Mdpyiike rope, Koje cy pesyirar
MPOTPEeCUBHE CYKIleCHje Beretauuje. Tako, Ha MpUMep, TOCTOje Pa3IMKe y CTPYKTYPHU
u3Mely 3ajenHulle KUTHaka U rpada oa npe 50 roavHa W cagalllbUuX CacTOjuHa MCTOT
THITa IIyMe CHUM/beHMX 1998. rogmHe. Y oBOM pamy mpukasyjeMo pe3yiaTraTe (GpUTOIe-
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HOJIOLIKUX MCIUTUBama Ha DpPyIIKOj ropu y 3ajeAHUIM KUTHaKa U rpaba Ha IUiaTou-
Ma upokux rpedbeHa Ha BucuHU oa 300 mo 450 m H.B. ¥Y3ero je 27 duToleHOI0-
LIKMX CHHMMaka Ha Jiokanutetuma: CrpaxuiaoBo, EnekTpoBojBoauna, Benai, Martuje-
Ball U 3MajeBall. ¥ CBUM HMCIUTHMBAHUM CacTOjuHaMa KOHCTAaTOBaHa je JOMUWHalluja
cpebOpHe nure y crpary apBeha u :xOyHOBa, IITO je MOCIeIMIIa BEJIMKOT aHTPOIIOIe-
Hor ytuliaja. CpeOpHa Jurma je moBehana OpOjHOCT CBOjUX M3IaHAKa MPETEKHO Bere-
TaTUBHUM IMyTeM, TaKO Ja C€ caja y cacTojuHaMa Haja3u y OOKOpHMa MOTUCKYjyhu
KUTHAK, rpad 1 ocTajie Bpcte apBeha. ¥ oBUM cacTojuHaMa BpPJIO PETKO Ce MOTY Cpe-
CTH >KOYHOBM M MJIaAUIIE CEMEHOT Mopekya. 300r M3y3eTHOr 3Hauaja cpeOpHe JuIe,
KOja je IIMPOKO pacrpocTpareHa Ha obony [laHOHCKe HM3Mje, U HEeHE JOMUHALHUje
y OBMM cacTojuHaMa, M3[BOjeHa je cybacouujauuja: Rusco-Querco-Carpinetum B.
Jov. 1979 tilietosum tomentosae subass. nova.
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EFFECTS OF SOME BIOTIC FACTORS ON THE
BIOLOGICAL VALUE OF SUGAR BEET SEED
(BETA VULGARIS L.)

ABSTRACT: A three-year trial was carried out to determine the effects of plant num-
ber (stand density) and harvesting date on seed vigor, seed viability, and seed fill in sugar
beet. Neither of the two factors had any significant effect on the qualitative characteristics
of sugar beet seeds, although the seed did have a somewhat higher viability when sown at a
spacing of 50 x 12 cm. At the later harvesting dates, the proportions of filled and viable se-
eds was such as to provide high quality seeds after further processing.

KEY WORDS: seed vigor, seed viability, seed fill, harvesting dates, plant number.

INTRODUCTION

Many authors have studied the effects of environmental factors and cultu-
ral practices on seed quality. Bornscheuer (1972) argues that conditions
under which seed is produced significantly determine its quality. In a study by
Pendelton (1954), the viability of sugar beet seeds was not affected by the
change of row-to-row spacing from 30 to 60 cm and the effect of changing
plant-to-plant spacing from 4 to 16 cm was only slight. In Csapody (1984),
watering proved the key determinant of seed quality relative to non-watered
treatments. Similar results were obtained by Horvath (1984), who found
that non-watered treatments had twice as many empty seeds as those that were
watered.

Most researchers point to premature harvesting as the main reason for re-
duced seed viability. According to Inoue and Yamamoto (1977), the lev-
els of germination inhibitors in the seed decrease as the plant matures. Simi-
larly, Kastori (1984) states that because the seed contains germination-inhi-
biting substances sugar beet seeds often germinate with difficulty. The exis-
tence of such inhibitors is confirmed by the fact that when they are removed
from the seed by immersion in water or rinsing out, the seed will germinate
fast. Longden (1973) has established that seed viability peaks two weeks
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after the reaching of maximum yields. Battle and Whittington (1969)
reports significant influence of harvesting date on seed emergence. The loss of
seed due to overripeness after the optimum harvesting date takes place at a pa-
ce of 10% a week (Longden, 1972). Podlaski considers seed color a more
reliable indicator of maturity than either seed moisture content or the ease with
which the seed can be separated from the branch.

The objective of this paper was to determine the effects of plant number
(stand density) and harvesting date on seed quality in sugar beet.

MATERIALS AND METHODS

The field trial was conducted during 1996, 1997, and 1998 at Sivac. Har-
vesting date was Factor A: harvesting date

1) 30 days after full flowering
2) 40 days after full flowering
3) 45 days after full flowering
4) 50 days after full flowering

Factor B: plant number

1) 50 x 9 cm
2) 50 x 12 cm
3) 50 x 17 cm
4) 50 x 25 cm

The trial was set up in the form of stripe-like plots as opposed to square
ones and the basic plot size was 10 m?.

RESULTS

Vertical axes in Figure 1 show the seed vigor value for each spacing
from the study. At the beginning of the growing season, seed vigor was 21%
lower compared with overall seed viability. On the second, third, and fourth
harvesting dates, the differences were 15, 5, and 1%, respectively. As the seed
matured, germination rate increased both in absolute terms and relative the
overall seed viability. Plant spacing had no effect on seed vigor.

In practice, sugar beet is harvested sometime between the second and
third harvesting dates based on plant aspect. In our trial, when seed viability
reached 73%, it kept increasing until the third harvesting date (Fig. 1). Be-
tween the third and fourth dates, during maturation, there was no increase in
the viability of the seed. Between the first and third date, viability increased
by 32%. This shows that early harvesting may reduce seed viability, which af-
ter the third harvest date no longer increases.

Stand density did not affect seed viability (Fig. 2), i.e., plant spacing had
no effect on how fast physiological maturity or viability were reached. Seed
viability was somewhat higher at the 50 x 12 cm spacing and somewhat lower
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at 50 x 24 cm, but the differences never exceeded the 5% threshold of signifi-
cance.

The average seed fill levels over the three-year period for all four harve-
sting dates and plant spacings are marked with dotted lines in Figure 3. The
concept of the average level of seed fill underlines an important difference be-
tween filled and viable seeds. If this difference is larger than 7—9%, process-
ing will not be able to produce the 90% level of viability needed for sowing.
In the third and fourth harvesting dates, the ratio of filled to viable seeds was
sufficient to provide a high percentage of viable seeds for sowing.
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DISCUSSION

Viability is the most important qualitative character of seeds sown in the
field, hence the need to determine seed vigor. Akeson and Widner (1980)
conducted a study to compare emergence in field conditions with germination
in the laboratory and in sand. The standard laboratory test was shown to be
unreliable for field emergence, while the correlation of germination in sand
proved to be high — r = 0.89—0.98. Similar results were obtained by Her -
zog and Rober (1983), who compared different methods for germination in
the laboratory with field emergence and obtained the highest correlation with
germination percentage in the laboratory. Longden (1972), too, reported a
high correlation (r = 0.96), while Durant et al. (1985) obtained a somewhat
lower correlation value — r = 0.88. All these data show germination percenta-
ge determined under controlled conditions to be the best indicator of seed’s
agricultural value.

Over the three years of our study, seed viability exhibited a certain regu-
larity. The effect of plant spacing was small, except for the first harvesting da-
te. Seed viability was better on harvesting dates used in large-scale production
with a spacing of 50 x 12 cm. Optimum maturity was attained on the second
and third harvesting dates and the proportion of empty seeds was 20—30%.
During the trial years, vegetative development was favorable, so the plants had
a high pollination percentage. Because of high temperatures in June and July,
a large number of fertilized flowers produced a high percentage of empty se-
eds. This percentage increased on later harvesting dates. The falling off of lar-
ge filled seeds due to overriperness (which is typical of seed sugar beet) also
contributed to this.
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The seed fill level is an important qualitative characteristic of sugar beet
seed. In the present study, the level of seed fill increased until the third harve-
sting date. Plant spacing had no effect on this character, either. There is an ex-
planation for this, since the stand densities used in the study fall within the
normal plant population range. If to this we add the fact that the weather con-
ditions varied according to the year, the great importance of choosing the right
harvesting date for seed sugar beet becomes apparent. Stefanovié (1987)
obtained the highest seed viability with a plant-to-plant spacing of 12—16 cm.
In addition to this, the monitoring of seed fill level and seed viability was not
conducted according to the phenophases in different climatic years. The harve-
sting dates in different years differed by as much as 10 days in some instan-
ces.

Seed fill and vitality increased until the third harvesting date. If all of the
seeds had been filled, the seed viability on the first, second, and third harvest-
ing dates would have been 42, 68, and over 90%, respectively. According to
Snyder (1971), seed with a 90% viability level can be considered physiolog-
ically mature. The three-year average for the seed in our study to reach the
90% viability level was 50 days, and the seed moisture content was 50%. Sim-
ilar results are reported by Te Krony (1969), who obtained the highest via-
bility 43 days after full pollination. In Stefanovi¢ (1987), seed maturity in-
creased until the second harvesting date, i.e., 37—44 days after full flowering.
In practice, the most reliable method to determine maturity is to observe plant
color and the appearance of the endosperm. Longden and Johnson (1984)
state that seeds can germinate 15—40 days after flowering.
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YTUUAJ HEKUX BUOTUYKMUX YNHUITALA HA BUOJIOLIKY BPEOJHOCT
CEMEHA IINEREPHE PEIIE (BETA VULGARIS L.)

Munopan B. Pajuh, bpanko J. Mapunkosuh
HMuctutyT 3a parapctBo M noBprapctBo, Makcuma Iopkor 30, Hosu Cap
IMomonpuspenuun dakynrer, Tpr Hocureja O6pamosuha 8, HoBu Can

Pesnme

[lo/bCKMM TPOTOAMIIILMM OIJIEAOM XTEJIM CMO a OApPeAMMO yTHlaj Opoja Ou-
JbaKa M POKa KETBe Ha €HEprujy Kiujarba, KIMjaBOCT CeMEHa M MUCIYHEHOCT CeMeHa
mehepHe pere. YTuiaja mpuMemeHe Mepe Here M BpeMeHa jkeTBe Huje omimo. OcrtBa-
peHa je Beha kaujaBoCT ceMeHa Kon pa3dmaka Ousbaka 50 x 12 cm, anu 6e3 3HaAYajHUX
pasnuKa y ogocy Ha ocraine pasmake m3Mmelyy Ommpaka. I[loBehame kimjaBoctu Omito je
32% mo Tpeher poka jkeTBe. M3 Tora ce MOXKe 3aKJbYYWTH Ha CE PAHOM >KETBOM
cMalbyje KiarjaBocT ceMeHa mehepHe pene. [IpocedyHa mcnymeHOCT ceMeHa je pasinKa
n3Mely MCITyFeHMX U KJIMjaBUX II0I0BaA. AKO je pasiuka Beha om 9%, mopamoM ceme-
Ha He MOXKe ce IOOWTM KIMjaBOCT ceMeHa 3a ceTBy mpeko 90%.
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ALLOZYME VARIABILITY IN THE NATURAL
POPULATION OF HARES (Lepus europaeus Pallas)

ABSTRACT: The isozyme variability of the hare population in the Vojvodina Provin-
ce has been analyzed in order to establish genetic diversity needed to identify a genotype
that may be successfully adapted to the deteriorated ecological conditions. Analyses were
done by the polyacrylamide gel electrophoresis method, investigating the variability in 21
loci. The obtained results show that only Mdh-1, Idh-2, 6-Pgd-2, 6-Pgd-3, Pgm-2, Est-2,
Est-3, Est-4, Est-5 and Est-6 were polymorphic, possessing two to six alleles. The value of
average heterozygosity (H) was 0.145, while polymorphism (P) was 0.295.

KEY WORDS: allozyme, the brown hare (Lepus europaeus), genetic identity, genetic
variation

INTRODUCTION

During last three decades, a sudden drop occurred in the hare populations
in the Vojvodina Province and the entire Europe (Selmié, 1980; Selmi¢,
1997; Vapa and Selmié, 1997). Causes of this phenomenon have not been
investigated in full detail. Some risk factors are relatively well known (clima-
tic factors, intensive agriculture, various diseases, hunting pressure, etc.); oth-
ers may be consequences of reduced genetic variability, which unfavorably af-
fects other characteristics, similarly to the situation with the domestic animals
(decreased reproductive efficiency and stress resistance, occurrence of disea-
ses, etc.).

Genetic variability is considered a starting point for evolutionary trends,
but it is also an indication of the changes that had occurred in the past
(Weir, 1990). The importance of investigating the wild animals’ genome is
emphasized by the fact that a part of the genome is shared with their domestic
relatives. Progress in plant and animal production is based on genetic diver-
sity. Today it is widely accepted that the conservation of genetic diversity in-
creases chances of animal survival. It has also been recognized that low gene-
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tic variability is associated with inbreeding depression and loss of heterozy-
gosity, weakening the components of the population phenotype including met-
abolic efficiency, increase intensity, reproductive efficiency, disease resistance,
etc. (Gilpin and Soule, 1986). Hartl et al. (1992) reported of better
chances for survival of heterozygous females, which may significantly impro-
ve the genetic structure of the population. In wild animals, the risk of genetic
variability decrease may be even greater, in consequence to small populations,
long-term cognate breeding, selective hunting for trophies, etc. Disappearance
of certain genes significantly reduces chances for genetic combinations, i.e.,
new genetic variability, to occur some day, producing individuals that are bet-
ter adapted to the changes in the environmental conditions and the new agri-
cultural technologies. Therefore, the main objective of conservative biology is
the preservation of genetic variability within the wild animals’ population, in
order to avoid the unfavorable effects of long-term cognate breeding (inbreed-
ing depression).

Investigations of genetic variability in wild animals, especially in the
brown hare, have been relatively scarce (Hartl et al, 1989, 1990, 1992,
1993; Vapa et al, 1994, 1995, 1997; Suchentrunk et al., 1998, 1999);
therefore, every contribution in this sense is extremely important.

Presently it is possible to analyze the animal genome by molecular gene-
tic methods, i.e., by using genetic markers. Distinguishing characteristics of
genetic markers are that they are present from the time of birth, that they re-
main unchanged by environmental factors (diet, climatic factors, diseases, etc.)
during the entire life span, that they are inherited ca-dominantly and that they
can he objectively proven. The most frequently used genetic markers are
isozymes which occur in several molecular forms, the so-called allozymes.

The aim of this study was to establish the frequency of isozyme alleles
and to calculate parameters of genetic variability — heterozygosity (H), poly-
morphism (P), genetic identity (I) and genetic distance (D) in several local po-
pulations of the brown hare.

MATERIAL AND METHODS

Brown hares were collected in four locations in the Vojvodina Province:
Banatsko Arandelovo, Begec¢, Despotovo and Pacir. All animals were obtained
during hunts in the winter of 1998, sexed and aged. Liver samples were frozen
in liquid nitrogen immediately after death of the animals, and stored at —20°C
until electrophoresis. Tissue was macerated at 4°C in TC stock buffer pH 7.1
(containing Tris 0.8M, citric acid 0.24M, sucrose 10%, Triton X-100 0.1%,
Bromophenol Blue 0.1% in 100 ml H,0), at the ratio 1:10 (w/v). After centri-
fugation for 3 minutes at 4°C and 16,000 rpm, 1.5 to 15 pl (depending on en-
zyme) of clear supernatant were placed in gel slots.

The following nine enzyme systems were screened:

1. lactate dehydrogenase (LDH, E.C. 1.1.1.27)

2. 3-hydroxibutirat dehydrogenase (HBD, E.C. 1.1.1.30)

3. malate dehydrogenase (MDH, E.C. 1.1.1.37)
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malic enzyme (ME, E.C. 1.1.1.40)

isocitrate dehydrogenase (IDH, E.C. 1.1.1.42)

6-phospho gluconate dehydrogenase (6-PGD, E.C. 1.1.1.44)
superoxide dismutase (SOD, E.C. 1.15.1.1)
phosphoglucomutase (PGM, E.C. 2.7.5.1)

. esterase (EST, E.C. 3.1.1.1)

Vertlcal polyacrylamide gel electrophoresis was performed in a LKB sys-
tem at 4°C, in:

— TBE buffer system pH 8.9 (0.08M TRIS, 0.0015M EDTA, 0.02M bo-
ric acid) was used fur MDH, ME, 6-PGD, PGM and EST), with constant
300V.

— TC buffer system pH 7.1 (0.02M TRIS, 0.006M citric acid) was used
for LDH, HBD, IDH and SOD), with constant 221V.

After electrophoresis, gels were stained according to Selander et al.
(1971).

The values of polymorphism and heterozygosity were calculated accord-
ing to Ayala et al. (1975), genetic identity (I), distance (D) and UPGMA
dendrogram were done after Nei (1972).

N LA

RESULTS AND DISCUSSION

The screening for the nine enzyme systems represented by twenty-one
presumptive structural loci revealed polymorphism in only five enzymes at ten
loci in the population of the brown hare.

The loci for Ldh-1 and Ldh-2, Hbd-1 and Hbd-2, Mdh-2, Me-1, Idh-1,
6-Pgd-1, Sod-1 and Pgm-1 were monomorphic, the loci for Mdh-1, Idh-2,
6-Pgd-2, 6-Pgd-3, Pgm-2, Est-2, Est-3, Est-4 and Est-5 were polymorphic,
showing two to six different alleles (Table 1). Hartl et al. (1990, 1992), Va-
pa et al. (1994) and Suchentrunk et al. (1999) described the polymorph-
ism in the loci for Ldh-2, Idh-2, Pgm-2, Mdh-2, 6-Pgd and Est from different
hare tissues, but the highest polymorphism was found in liver tissue (Vapa et
al., 1994).

Tab. 1 — Allele frequencies at the polymorphic loci in the brown hare population
Locus Despotovo Begec B. Arandelovo Pacir Mean
1. 4 . 1. .
Mdh-I 0 0 0.66 0 0.765
0.0 0.6 0.33 0.0 0.232
1dh-2 0.875 0.5 0.66 1.0 0.758
i 0.125 0.5 0.33 0.0 0.238
0.25 0.4 0.0 0.2 0.212
6-Pgd-2
0.75 0.6 1.0 0.8 0.787
0.875 1.0 1.0 1.0 0.968
6-Pgd-3
§ 0.125 0.0 0.0 0.0 0.031
0.875 0.9 1.0 0.0 0.056
Pgm-2
0.125 0.1 0.0 0.0 0.025
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0.0 0.1 0.0 0.0 0.025

Est-1
1.0 0.9 1.0 1.0 0.975
0.0 0.0 0.166 0.0 0.041
0.0 0.0 0.166 0.0 0.041
0.25 04 0.0 0.2 0.212
Est-2
0.25 0.0 0.166 0.1 0.129
0.25 0.1 0.33 0.1 0.195
0.25 0.5 0.166 0.6 0.379
0.0 0.1 0.0 0.0 0.025
0.0 0.4 0.5 0.0 0.225
Est-3
0.0 0.1 0.0 0.0 0.025
1.0 04 0.5 1.0 0.725
0.0 0.2 0.0 0.0 0.05
0.375 0.7 0.33 0.5 0.476
Est-4
0.25 0.0 0.166 0.0 0.104
0.375 0.1 0.5 0.5 0.368
0.125 0.5 0.5 0.0 0.281
Est-5
0.875 0.5 0.5 1.0 0.718

Means of the observed single locus heterozygosities were up to 0.74 (Ta-
ble 2). The values of allozyme variability based on all loci were 0.145 for ave-
rage heterozygosity (H), and 0.25 for polymorphism (P). The data for H and P
obtained in this paper are similar to those of Selander (1976), but higher
than those reported by Hartl et al. (1992). Studying the variability at 39 loci,
of which 8 were polymorphic, in 193 hare specimens, they obtained the values
of H=4,7% and P = 18%. These differences may be due to the fact that dif-
ferent allozymes were investigated, to the significantly lower number of indi-
viduals analyzed in this paper, but primarily to the use of the polyacrylamide
gel electrophoresis (as opposed to the starch gel electrophoresis used by
Hartl et al. 1992), which provides more precise data and enables the detec-
tion of a larger number of alleles.

Tab. 2 — Heterozygosity and polymorphism in the brown hare population

Locus Despotovo Begec B. Arandelovo Pacir Mean
Ldh-1 0.0 0.0 0.0 0.0 0.0
Ldh-2 0.0 0.0 0.0 0.0 0.0
Hbd-1 0.0 0.0 0.0 0.0 0.0
Hbd-2 0.0 0.0 0.0 0.0 0.0
Mdh-1 0.0 0.0 0.0 0.0 0.0
Mdh-2 0.0 0.0 0.0 0.0 0.0
Me-1 0.0 0.0 0.0 0.0 0.0
Idh-1 0.0 0.0 0.0 0.0 0.0
Idh-2 0.25 1.0 0.66 0.0 0.477
6-Pgd-1 0.0 0.0 0.0 0.0 0.0
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6-Pgd-2 0.0 0.0 0.0 0.0 0.0

6-Pgd-3 0.25 0.0 0.0 0.0 0.062
Sod-1 0.0 0.0 0.0 0.0 0.0
Pgm-1 0.0 0.0 0.0 0.0 0.0
Pgm-2 0.25 0.2 0.0 0.0 0.112
Est-1 0.0 0.2 0.0 0.0 0.05
Est-2 0.5 0.2 1.0 0.6 0.575
Est-3 0.0 1.0 1.0 0.0 0.5
Est-4 0.75 0.2 1.0 1.0 0.737
Est-5 0.25 1.0 1.0 0.0 0.562
Est-6 0.0 0.0 0.0 0.0 0.0
Mean H 0.107 0.18 0.22 0.076 0.145
Mean P 0.33 0.43 0.28 0.14 0.295

The allele frequencies at 10 polymorphic loci were used for the calcula-
tion of Nei’s values of genetic identity (I) and distance within the hare popula-
tion (Table 3). The highest value of genetic identity was found between the
hares from Despotovo and Pacir (0.98), the lowest between the hares from all
locations in comparison with those from Begec¢ (0.92) (Table 3). Apart from
the relatively high values of polymorphism and heterozygosity, it may be con-
cluded that the level of genetic variability is low (especially visible in the den-
drogram), being at the level of different populations of the same species
(Ayala et al, 1975).

Tab. 3 — Genetic identities (above diagonal) and genetic distances (below diagonal) in the brown
hare population

Populations Despotovo Begec B. Arandelovo Pacir
Despotovo — 0.92 0.95 0.98
Begec 0.08 — 0.93 0.91
B. Arandelovo 0.05 0.07 — 0.93
Pacir 0.02 0.09 0.07 —
Despotovo
0.98
0.94
Pacir
0.92

B. Arandelovo

Beged

/L
I 1/ T T T T T T T T T 1
0 09 095 1.0

Fig. 1 — UPGMA dendogram summarizing the genetic identity of the hare population
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BAPUJABMIIHOCT AJIO3MMA V TIOIYJIALMIN 3ELIA
(Lepus europaeus Pallas)

Mwunan M. Bana!, Bykoman P. Ilenmuh2?, Jdparana P. O6pext?, Jbubana b. Bama3
I TTomwonpuBpenuu ¢akynrer, 21000 Hoeu Can, Tpr docuteja ObpanoBuha 8
2 Iymapcku ¢akyarer, 11000 Beorpan, Kuesa Bumecnasa |
3 TlpupomHo-maTeMaTUIKU (haKyJITeT,
21000 Hosu Can, Tpr Hocuteja Ob6pamoBuha 2

Pesnme

V pany je aHaim3upaHa BapHjaOMIIHOCT M303MMa ToITyJanuje 3ena Bojsomune, y
LWbY YTBpUBama I€HETHMUYKE PAa3HOBPCHOCTH, INTO OM MOIJIO YKa3aTU HA T€HOTUII
KOjU je TIOTOXHMjU 3a YCIEIIHY aJanTallijy oBe BpPCTe y IMpUpoan. AHaiau3e cy paleHe
METOJIOM IOJIMaKpUIaMUI-Tea-eJleKTpodopese, a UCIIMTaHa je BapujaOMIHOCT IBajie-
CeT M jeJHOT S€H3MMCKOT JIoKyca. Pe3dynratu cy mokasanu ma cy camo Jiokycu Mdh-1,
1dh-2, 6-Pgd-2, 6-Pgd-3, Pgm-2, Est-2, Est-3, Est-4 w Est-5 6uiv noJuMopdHU U TI0-
CelloBajiM JIBa 1O INECT Pa3IMUMTHX ajesia. BpemHOCT TpoceyHe XeTepO3UTOTHOCTH
(H) je 6una 0.145, nox je mosumopdHoct (P) usHocuna 0.295. M nopea penaTuBHO
BUCOKMX BPEIHOCTU TMOJIUMOPMHOCTH M XETEPO3UTOTHOCTH WCIMTHBAHUX ajo3uMa
MOJKE C€ 3aK/byYUTU [1a je CTeIeH IeHeTWYKe BapHjaOMIHOCTU HHU3aK M Ha HUBOY je
Pa3IMYNTHUX TIOMyJalikja UCTe BPCTE.

91






30opHuk Maruue cpricke 3a npupoaHe Hayke / Proceedings for Natural Sciences, Matica Srpska
Novi Sad, Ne 97, 93—98, 1999

UDC 616.314-089.28-073

Dubravka M. Markovic

University of Novi Sad,
Medical Faculty, Dental Clinic,
Hajduk Veljkova 12, Novi Sad, Yugoslavia

RADIOLOGICAL FINDINGS IN PATIENTS
WITH COMPLETE DENTURE

ABSTRACT: Diagnostic profit from a radiographic survey of complete-denture pati-
ents is considerable, even when clinically there is no evidence of pathology. The earlier opi-
nion that all retained roots or root fragments sooner or later become infected has been aban-
doned. In a sample of 110 patients who used complete dentures for five or more years,
22.72% of them had retained roots. Retained toots were found in 4.55% of the total number
of radiograms. On the basis of our results it can be concluded that retained roots and une-
rupted teeth, in the absence of clinical symptoms or radiographic evidence of enlarged folli-
cular sacs or on evidence of resorption, need not be removed from the edentulous mouth.

KEY WORDS: edentulism, retained roots, unerupted teeth

INTRODUCTION

Although it has been concluded in many studies that diagnostic profit
from a radiographic survey of complete-denture patients before denture ther-
apy is great, even when there is no clinical evidence of pathology, this type of
examination has not yet become a standard practice.

A possible reason for this is the reluctance to subject the patient to ioniz-
ing radiation, because of the substantial quantity of radiation and real negative
effects. However, in a report of Keur (Keur et al., 1986), the decision to
make a radiographic examination rests upon a professional judgment of the be-
nefits which accrue to the total health of the patient as opposed to any biologi-
cal effects which might be caused by the radiation.

There is general agreement in the dental literature that the main hazard in
dental radiography is a possibility of inducing carcinomatous change in the di-
rectly irradiated radiosensitive organs within the head and neck region. Current
opinion is that the total cancer risk per million ortopantomograms is 1—4 ca-
ses (Keur et al., 1986).

The second reason can be the opinion of dentists that preliminary panora-
mic radiography of the edentulous mouth is not necessary. This assertion is in
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agreement with the result of White (White, Weisman, 1977) who found
that the treatment plan was altered in only 7% of patients as a result of the ra-
diographic observation of retained root fragments or unerupted teeth.

Pathologic findings from a technically good radiograph of the edentulous
mouth are: retained tooth fragments, impacted teeth, pathology of the temporo-
mandibular joints and maxillary antra, radiolucencies and radiopacities, elon-
gated styloid processes, calcification of lymph nodes and arteries, foreign bod-
ies (dental amalgam and ligature fixation wires) and abnormal positioning of
the mental foramen relative to the mandibular ridge crest.

The question remains open as to the kinds of changes that necessitate sur-
gical intervention. The earlier opinion that all retained roots or root fragments
sooner or later become infected (Garcia et al.,, 1987) is no longer accepted.

Herd (Keur et al., 1986), correlating radiological findings of retained to-
oth roots with histological findings, found that nearly 73% of all roots without
previous radiographic evidence of periradicular pathology displayed a similar
histological pattern. Based upon this evidence, the authors concluded that frag-
ments that do not show any clinical and radiographic abnormality could be
considered to have been accepted by the surrounding tissues.

Mastication forces that pass via denture base onto supporting tissues in-
fluence greatly the dynamism of the bone. Thus it is necessary to define the
kind of retained fragments present and their location in the bone which make
surgical intervention necessary.

The aim of the present study was to investigate the kind and position of
retained roots and teeth that do not necessitate extraction from the edentulous
mouth.

MATERIAL AND METHODS

A sample of 110 fully edentulous patients on the waiting list for a new
complete denture at the Dental Clinic, Medical Faculty, University of Novi
Sad, was examined clinically and radiographically. All patients had previously
used complete dentures for five years or longer. The study included patients in
whom no clinical symptoms could be detected by inspection and palpation.
Ortopantomograms were exposed at 65—70 kV and 225 mA on an Ortopanto-
mograph 3, Siemens AG.

Results that were looked for were retained roots and impacted teeth. The
kind, number and location of teeth or tooth fragments were registered in re-
gard to the kind of the jaw and the maxillary or mandibulary side. Perifocal
inflammation was registered when a radiolucent region was visible on the radi-
ograph. If, after an initial viewing of the orthopantomogram, any area on the
radiograms was not sufficiently clear or if pathology was suspected, additional
views by periapical radiograms were taken.

RESULTS

Of the 110 patients included in the survey, 65 (59.09%) were females and
45 (40.90%) were males. Forty-eight patients (43.63%) were above the age of 65.
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Abnormalities such as rubber, decubitus or hyperphlasio mucosae and su-
bjective symptoms were not found.

Table 1 shows the numbers, percentages, and distribution between sexes
of the patients with positive findings. It was found that 11 women (10% of the
total number of patients) and 14 men (12.72%) possessed retained roots. The
total number of patients with retained roots was 25 or 22.72%. Retained teeth
were found in 4.55% of the radiograms. One patient had three retained wis-
dom teeth, three patients had two retained teeth and one patient had one retai-
ned tooth. In all of these cases, the retained teeth were invariably third molars.
There was no evidence of pathology in a single radiogram.

Tab. 1 — Distribution of positive radiographic findings by sex

Retained roots Retained teeth
Sex N n % N n %
Male 45 14 12.72 45 5 4.55
Female 65 11 10 65 0 0
Total 110 25 22.72 110 5 4.55

There appears to be no jaw preference for retained teeth, although the
findings of retained roots were higher in mandibula (15.45% of the patients)
than in maxillae (7.27% of the patients). It can also be seen that all of the re-
tained teeth were on the right side of the mandible, but in the upper jaw there
was no side preference (Table 2).

Tab. 2 — Number and distribution of retained teeth in edentulous subject

Retained roots Retained teeth Total

n % n % N n %
Maxillae 8 7.27 5 4.55 65 13 11.81
Mandible 17 22.72 5 4.55 65 22 20

In 25 cases (71.42% of the total positive findings), the positive findings
were on the level of bone surface, covered only by periosteum. In the remai-
ning 10 cases (28.57% of the total positive findings) the positive findings were
4 mm under bone surface.

DISCUSSION

Scandrett et al. (1973) compared several methods of radiographic ex-
amination of the edentulous mouth. They examined a group of edentulous sub-
jects by a Panorex radiogram, two by occlusal films, and 14 by periapical ra-
diographs. The periapical survey revealed the largest number of residual pat-
hoses, whereas the Panorex radiogram failed to confirm 25% and the occlusal
films 56% of the same findings.
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Periapical radiographs demonstrate good detail but their coverage is limi-
ted. Considerable time is involved in exposing, developing, and mounting
films and, as radiographs are inserted in the mouth, the patients sometimes ex-
perience discomfort.

The reasons for the growing popularity of the panoramic radiography are:

— it provides a radiograph of the entire maxilla and mandible on a sin-
gle film;

— it is timesaving;

— the film is not inserted into the mouth;

— the radiation dose to which the patient is exposed is smaller than
when periapical films are used (Axelson, 1988).

In previous studies, the percentage of subjects with positive findings var-
ied from 17% to 47%. To facilitate a comparison with the earlier studies, the
results are presented in a table (Table 3).

Tab. 3 — Percentage of edentulous patients with retained roots in surveys with panoramic radio-
graphs

Studies N Positive findings (%)
Prater 1968 224 16.5
Barclay and Donaldson, 1970 100 40.0
Mc Crorie, 1971 100 29.0
Perrelet et al, 1977 287 15.3
Keng et al, 1981 125 14.4
Keur, 1985 1135 14.2
Axselsson, 1988 250 11.1

* Results cit. from Axelson 1988

Compared with the previous studies, the presence of retained roots in the
present study is on the same level (22.72%), but nearer to the lower threshold.
Gradual decrease in the number of radiographic findings has been anticipated
on account of the progress achieved in dentisty, increased use of radiographs
before and after extraction, and a larger number of oral surgeons.

Our results did not corroborate the results of most studies (Axelson,
1988), which registered more root fragments in the maxilla. This may be due
to a difference in the choice of sample. However, our results confirm those of
Prater (1968) who, analyzing 1000 radiographs, diagnosed more retained ro-
ots in the mandible.

Ten of the edentulous patients (4.55%) had retained teeth. In previous re-
ports (3, 4, 5), the percentages ranged between 1% and 8%.

Opinions differ as to the advisability of removing embedded root frag-
ments and teeth. Some authors regard each retained root as a threat to the he-
alth of the patient and recommend for all retained fragments to be removed
(Ennis, Berry, 1949; Mead, 1954). Others see no justification for a rou-
tine removal of root fragments which are embedded in the bone and reveal no
clinical or radiographic signs of infection (Krsti¢ et al., 1991).
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Retained teeth which are completely impacted in the bone and which
show no clinical symptoms or radiographic evidence of having developed en-
larged follicular sacs or resorption are often left undisturbed (Axelsson,
1988).

Surgical intervention with unerupted teeth is not a routine procedure as
bone destruction resulting from tooth removal is frequently extensive (Ennis,
1949).

Retained teeth located in the region of neuralgia, those showing radio-
graphic evidence of an enlarged follicular sac or cyst formation, and superfi-
cially located teeth that have already or are likely to be exposed to the mouth
should be removed (White, Weissman, 1977).

Our results for patients who were using a complete denture for five years
or longer show that tooth roots, root fragments or teeth that were retained in
the jaw had no influence on the health of the patient, local or general. Similar
results were reported by Garcia et al. (1987) for a long-term study conduc-
ted on 33 edentulous patients. No change was noted over time in radiographic
findings observed during the initial, or baseline, panoramic examination, and
no new radiographic findings occurred over the 10-year study period.

CONCLUSIONS

The following conclusions were drawn on the basis of the obtained re-
sults.

1. Ortopantomographs provide a good picture of the situation that can be
found in the edentulous mouth. Because of the easy application of film and
low radiation exposure of the patient, it is recommend for use in preprosthetic
preparation.

2. Retained roots and unerupted teeth, which bear no clinical symptoms
or radiographic evidence of enlarged follicular sacs or resorption, are often left
undisturbed.

3. Pathological findings could not be correlated with the sex of the pati-
ents.

4. Retained roots were frequently found in the mandible.
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PEHATEHOT'PA®CKHN HAJIA3 KO HOCHIIALA
TOTAJIHUX 3YBHUX TTPOTE3A

JyopaBka M. MapkoBuh
KnuHuka 3a cromatosiorujy, MenuuvHcku Gaxkyarer
Yuusepsuter y Hosom Cany, Hosu Can, JyrociaBuja

Pesnme

JIMjarHOCTUYKKA OOOMTAK IIPEIPOTETCKOr PAAMOJIOIIKOI MCIMTHBAHha jé BUCOK
Tako J1a je mpe MU3paje MpBUX TOTATHMUX MPOTe3a MOTPeOHO CHUMUTHU BWIMIIE, YaK U
Kaga HeMa KJIMHWUYKW BUIJBMBUX TATOJIOIIKMX MpoMeHa; MelyTuM, oBa BpcTa MCTpa-
JKMBamba jOL HUje NMOoCTajla NMPAKTUYHMU cTaHAapA. PaHuje Mulubeme 1a CBU PETUHM-
paHM KOPEHU U HUXOBM ACIOBUA BPEMEHOM II0CTajy MH(MEKTUBHMU je mpeBasul)eHo. To
MOTBPHyjy M HAIlM Haja3u, IpeMa Kojuma ce Kon 22,72% WCIUTUBAHUX MOTY PeHITIe-
HOJIOIIKM YOYMTHM 3a0CTajii KOpeHUW Yy Oe3yOMM BWJIMIIAaMa W TTOPEI TICTOTOMMIIFbET
Holllerha MpoTte3a. Hama3 Hem3HUKIMX 3y0a je mo3utuBaH kofd 4,55% on ykymHor 6po-
ja manujeHara (110 ucniuranuka). Hu xox jeaHor maiyjeHTa HUCY PETMCTPOBAHU KIIM-
HUYKM BUIJbUBE MPOMEHE, a HUje OMI0 HU PEHATCHOJIOIKY BUA/bMBUX 3HAKOBA TEPU-
(okanHe mHbpaaMaimje. Moxke ce 3aK/bydyuTH J1a peTUHUpPAaHE KOpEHEe M HEeU3HUKIIe
3y0e 6e3 pPeHATeHOJIONIKNA BUIJbUBOT OKOJHOT PAacBET/behba U KIMHUYKYA BUIJbUBE WH-
(eximje, yKOJUKO Cy MOTIYHO MPEKPUBEHU KOIITAHOM CTPYKTYpOM, HUje MOTPEeOHO
yKJIawaTu U3 0e3youx ycra.
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