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ANALYSES OF STATISTICAL TRANSFORMATIONS
OF ROW DATA DESCRIBING FREE PROLINE
CONCENTRATION IN SUGAR BEET
EXPOSED TO DROUGHT

UDC

ABSTRACT: Eleven sugar beet genotypes were tested for their capacity to tolerate
drought. Plants were grown in semi-controlled conditions, in the greenhouse, and watered
daily. After 90 days, water deficit was imposed by the cessation of watering, while the con-
trol plants continued to be watered up to 80% of FWC. Five days later concentration of free
proline in leaves was determined. Analysis was done in three replications. Statistical
analysis was performed using STATISTICA 9.0, Minitab 15, and R2.11.1. Differences
between genotypes were statistically processed by Duncan test. Because of nonormality of
the data distribution and heterogeneity of variances in different groups, two types of trans-
formations of row data were applied. For this type of data more appropriate in eliminating
nonormality was Johnson transformation, as opposed to Box-Cox. Based on the both trans-
formations it may be concluded that in all genotypes except for 10, concentration of free

proline differs significantly between treatment (drought) and the control.

KEY WORDS: tolerance, water deficiency, sugar beet, proline, statistical transfor-

mation, Box-Cox transformation, Johnson transformation

INTRODUCTION

According to most authors, for the successful production of sugar beet to-
tal annual amount of precipitation should be around 600 mm (Spasié, 1989).
Approximately 10—20% of the total water requirements of sugar beet are co-
ming from reserves of water in the soil and the rest is provided by rainfall and
irrigation. The amount of evaporated water is 392 mm on average and ranges

from 198 mm in dry years to 542 mm in rainy years (Maksimovié
Dragovié, 2001).
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Lack of water has a very complex effect on physiological processes in
plants. Research on the physiological basis of drought tolerance in many cases
was the first step in the selection for tolerance to drought. It was found that
there is variability in responses to water stress in sugar beet (Sadeghian et
al.,, 2000, Ober and Luterbacher, 2002, Maksimovic¢ et al., 2004
and 2006, Percié et al., 2005, 2006, 2007) and in some putative structural
and morphological adaptive features of sugar beet to the lack of water (L u-
kovic¢ et al, 2009). If stress occurs during the early stages of growth and
development, it slows down the growth of roots, which can reduce yield by
46% (Noghabi and Williams, 2000).

The first effects of water stress are expressed in leaves, one of which is
accumulation of osmoregulation substances in sugar beet such as glycine be-
taine, proline, and fructans. This phenomenon is correlated with decreasing of
water potential of cells. It is not clear if plants, which in terms of lack of water
build up these substances, better tolerate the lack of water or not (Ghoulam et
al., 2002; Maksimovi¢ et al., 2004 and 2006; Percié et al., 2005).

When inhomogeneous results are obtained during the measurement of
certain parameters, it is difficult to draw reliable conclusions about the effect
of applied treatments without additional statistical analyses of row data. Such
example of statistical transformation of core values using Box-Cox and John-
son transformations will be shown in this paper. The effect of those transfor-
mations on the final conclusion on the effect of water deficiency on free pro-
line concentration in sugar beet leaves is discussed.

MATERIAL AND METHODS

Eleven sugar beet genotypes (1—11), pre-selected for their different abi-
lity to maintain turgor in the field, were grown in semi-controlled conditions
in the greenhouse. Substrate was a mixture of soil and sand, and plants were
watered daily. After 90 days, water deficit was imposed by the cessation of
watering, while the control plants continued to be watered up to 80% of FWC.
Five days later the concentration of free proline in leaves was determined
following the procedure of Bates (1973). Analyses were carried out in three
replications.

In order to examine distribution of experimental results basic statistical
exploratory methods box-whisker diagram and plot (Q-Q plot) were applied.
Box-whisker diagram was obtained on the base of median (M,) upper (Q,) and
lower quartiles (Q,) and interquartile range that is a measure of dispersion of
the central portion of a distribution (I, = Q; — Q,). This diagram is very useful
in establishing skewness of the distribution and presence of outlier and ex-
treme values. The outlier is defined as the value outside the range of (Q, — 1.5 -
Iy, Qs + 1.5 - 1), and the extreme value is the value outside the range of (Q, —
-3 15 Qy + 3 - Iy.

In the Q-Q plot, the observed values of the variable are ordered (x; < ...
< X,), and then these values (x;) are plotted against the inverse probability dis-
tribution function (theoretical quantiles). If the observed values fall on the re-
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gression line, then it can be concluded that the observed values follow the spe-
cified distribution. In our case, specified distribution is normal. The lack of
normality was established by means of exploratory analysis and several nor-
mality tests based on different approaches. Anderson-Darling and Lilliefors
tests are empirical density function (EDF) omnibus tests. Shapiro-Wilk test is
based on the squared correlation between the ordered sample values and the
(approximated) expected ordered quantiles from the standard normal distri-
bution. Jarque-Bera and D’ Agostino omnibus tests measure deviation of empi-
rical skewness and kurtosis from zero.

Applied transformations are preprocessing techniques used to stabilize va-
riance and make the data more normal distribution like. Parametric analysis of
transformed data is considered a better strategy than non-parametric analysis
because the former appears to be more powerful than the latter (Rasmus -
sen & Dunlap, 1991).

The Box-Cox transformation, introduced by statisticians George E. P.
Box and David Cox in 1964, is a family of a power transformations that might
be used to convert a general set of n observation observations into a set of n
independent observations from a normal distribution with constant variance.
The transformation involves a parameter A that can be estimated from the data
using the method of maximum likelihood:

X" -1

S, A20
Y={"

| InX, 20,

Special cases of Box-Cox transformation are log, square root and inverse
transformation. The Johnson system (Johnson, 1949) is a very flexible
system for describing statistical distributions as it includes four parameters. It
is defined by,

X — X1

z = v + 6 log[f(u)], with u=

and where function f( ) has four possible forms depending on original data dis-
tribution:

SL: f(u) = u for the log normal distribution,

SU: f(u) = u + ,/u’+1 for an unbounded distribution,
SB: f(u) = u/(1-u) for a bounded distribution,

SN: f(u) = for e* the normal distribution.

Three programs Statistica 9, Minitab 15 and R2.11.1 were used to per-
form statistical analysis.

Exploratory data analysis and normality tests were done by R2.11.1.
Johnson transformation was done by Minitab 15 program, and Box-Cox trans-
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formation and ANOVA and Duncan test using Statistica 9. Duncan test was
applied on original data, and on the both sets of transformed results.

RESULTS AND DISCUSSION

The concentration of free proline showed heterogeneity of variances in
genotype and treatment groups according to the tests of homogeneity of vari-
ances (Hartley, Cochran, Bartlett, Levene).

On the base of the histogram of row data (mg proline/g DW), it can be
concluded that distribution is highly skewed. Normal Q-Q plot and box-plot
show deviation from normality, as the right tail of the empirical distribution is
heavier than the right tail of normal distribution (first line of Fig. 1). Highly
significant deviation from normality was also confirmed by statistical tests
(Table 1).

Histogram of proline Normal Q-Q Plot Box-plot
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Fig. 1. — Histogram, normal Q-Q plot and box-whisker diagram for the original

and transformed data
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Tab. 1. — Results of normality tests applied on the raw and transformed data

. .. Box-Cox Johnson
Normality test Original data transformation transformation
Anderson-Darling 14.2153 0.8372 0.3697
p-value < 2.2e-16 0.02932 0.4164
Lilliefors (Kolmogorov-Smirnov) 0.3634 0.1349 0.0882
p-value < 2.2e-16 0.004512 0.2292
Shapiro-Wilk 0.4555 0.9689 0.976
p-value 3.444e-12 0.09585 0.2290
Jarque-Bera 374.3926 0.2723 1.2122
p-value < 2.2e-16 0.8727 0.5455
D’Agostino 68.0175 0.1243 1.5037
p-value 1.665e-15 0.9397 0.4715

In order to apply parametric analysis of variance and treatment compa-
rison, transformation of data was necessary.

The distribution of Box-Cox transformed data with maximum likelihood
estimate A = —0.321864, is much closer to normal distribution. It may be no-
ticed that its left tail is heavier comparing with normal distribution because of
presence of several outliers (second line of Fig. 2). The deviation from nor-
mality was confirmed by results of Anderson-Darling and Lilliefors test (Table
1). The transformation eliminated heterogeneity of variances in treatment groups
and decreased it in genotype groups.

The best Johnson transformation was SU type and transformation func-
tion equals

x —82.2085

f(w) =-0911+ 03754 sinhl(
151082

j, where sinh™ () = log @+ v1+u?).

The Johnson transformation was effective in eliminating nonormality and
variance stabilization (third line of Fig. 3, Tab. 1).

Data transformation did not affect the overall F test and F test for inter-
action genotype x treatment (imposed drought) but it affected pairwise compa-
risons (Fig. 2, 3, 4).

Figures were all made for a = 0.05, because the result was exactly the
same at o = 0.01. Graphical presentation of the sample mean values of free
proline in sugar beet leaves and corresponding 95% intervals suggest that in
the case of transformed data, there is greater number of significant compa-
risons.
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Genotype*treatment; Unweighted Means
Current effect: F(10, 44)=604.93, p=0,0000
Effective hypothesis decompaosition
Yertical bars denote 0,95 confidence intervals
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Fig. 2. — The result of analysis of variance for the concentration of free proline
in eleven genotypes of sugar beet — the row data
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Genotype*treatment; Unweighted Means
Current effect: F[10,44]=17.186, p=,00000
Effective hypothesis decomposition
Vertical bars denote 0,95 confidence intervals
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Fig. 4. — The result of analysis of variance for the concentration of free proline
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Tab. 2. — Results of Duncan’s test for free proline concentration in sugar beet leaves, row and

transformed data. “¢” stands for control, “d” for drought (water deficit in semi control conditions)

Duncan test
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The statistically significant pairwise comparisons based on post-hoc Dun-
can’s test, done on row and on transformed data, are presented in Table 2. The
results indicate that in all genotypes except 1, 9, 10 and 11 there was statisti-
cally significant differences in free proline concentration between treatment
(drought) and control if the analysis is done on the original data. In the case of
transformed data, the difference is significant in all genotypes except for 10. If
we consider all 231 comparisons presented in Table 2, the 123 comparisons
based on original data are significant. For transformed data, there is a greater
number of significant comparisons: 173 in the case of Box-Cox and 182 for
Johnson transformation.

CONCLUSIONS

The Box-Cox transformation is usually applied in biometrics to eliminate
deviation from normality and to stabilize variance. Although this transfor-
mation is easy to understand and apply, it often does not find a suitable so-
lution. The Johnson transformation, implemented in statistical software (Mini-
tab, R), may be a good alternative. In this research, results obtained with both,
transformations concerning comparison of free proline concentration between
treatment (drought) and control are consistent.
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IMPUMEHA CTATUCTUYKNX TPAHCOPOPMALINJA
HA MSMEPEHE KOHUEHTPALIMJE ITPOJIMHA V JIUCTY
IIEREPHE PEIIE ¥V YCIIOBUMA CVYIIE

Mapuna W. IyrHuk-Idenuh!, UBana B. Makcumosuh!,
Emummja B. Huxonmuh-Hopuh!, HeBena M. Harn?

I TTosponipuBenHu hakynTet, JlemapTMaH 3a patapcTBO M TOBPTapCTBO,
Tpr Hocureja O6panosuha 8§, 21000 Hosu Can, Cpbuja
2 WuctutyT 3a patapctBo M moBptapctBo Hosu Can, Makcuma T'opkor 30,
21000 HoBu Can, Cpouja

Pesume

AHanusupaHa je TojiepaHTHOCT 11 reHoTumnosa 1iehepHe pere nmpema HeI0CTaTKy
Boze. bubke cy rajeHe y TOJYKOHTPOJMCAHUM YCIOBMMA, Y CTaKICHUKY, Ha CYIICTPATy
KOju je OMO MellaBMHa 3eMJb€ M IeCKa, Mpu 4eMy Cy OMJbKE CBAKOAHEBHO 3ajiMBaHE.
IMocne 90 mana, BogHU neUIIMT je M3a3BaH MPECTAHKOM 3aJMBamba, JOK Cy OWIbKe
KOHTpOJIHE rpylie U najbe 3anuBaHe, mo 80% I1BK. Iler mana kacHuje yTBpheHa je, y
TPpY TIOHAB/bakba, KOHIIEHTpallMja CJI00OMAHOT TposiMHa y JjucTtoBuMa. CTaTUCTHMYKA
aHaju3a je u3BplleHa KopuuiheweM mporpama Statistica 9.0, Minitab 15 u R2.11.1.
300r BeJauKe BapujaOUITHOCTU IOATAKA U OACTYMara Ol HOPMAJIHE pacrnojese aHaIu-
3MpaH je yTUIA] Pa3IuyuTHUX TpaHcdopMmalMja eKCIIepMMEHTATHMX IOoJaTaka Ha KO-
HauaH 3ak/byvyak. Pasnuke msmehy apuTtmMeTnukux cpeauHa ropeljeHe cy NMPUMEHOM
JankaHoBor Tecta. Ha ocHOBy 00e mpuMemeHe TpaHcdopMalivje MOXKe Ce 3aK/by4YUTHU
Jla ce KO/ CBMX T€HOTHMIIOBa, M3y3eB reHoTtuna 10, KOHIIEHTpalMja CJIOOOIHOT TPOJIH-
Ha Yy JIMCTOBMMA 3HayajHO pa3iukyje uamely Owbaka M3J0KEHUX CYLUIU WM KOHTpOJIE.
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NICKEL TRANSLOCATION FROM SEED
DURING GERMINATION AND GROWTH
OF YOUNG MAIZE PLANTS

ABSTRACT: Effect of different concentrations of nickel (0, 10-5, 104, 10-3 and 10-2
mol Ni/dm3) present at the time of maize seed imbibition, on concentration, distribution and
nickel accumulation coefficient in the root and the shoot, biological value of the seed and
growth of young plants was investigated. It was found that during germination the nickel
from the seed is intensively translocated to the root and shoot of young plants. With in-
crease of applied concentrations of nickel, its concentration in the root and shoot increased
as well. Nickel concentration and accumulation coefficient were higher in the root than in
the shoot except at the highest applied concentration when the result was opposite. The
highest applied concentration of nickel increased percentage of atypical seedlings and
non-germinated seeds and decreased percentage of typical seedlings, germination energy
and seed germination ability. Nickel implementation did not affect the growth and mass of
the shoot. Root mass and length of the primary root decreased at the highest concentration
of nickel, which led to change in shoot and root mass ratio.

Based on the obtained results it can be concluded that only the highest applied nickel
concentration affected the biological value of the seed and the growth of young maize
plants, regardless of its intensive accumulation in the root and the shoot, which indicates a
significant tolerance of maize in initial phases of growth to presence of high nickel concen-
tration. Intensive translocation of nickel during germination into newly formed organs
points to its good mobility and potential possibility to enter the food chain from a contami-
nated seed.

KEY WORDS: maize, nickel imbibition of grain, germination, growth, translocation,
distribution

INTRODUCTION

Nickel (Ni) is widespread in the biosphere (Kabata-Pendias and
Pendias, 2000). Discovery of nickel being the metal component of the
enzyme urease (Dixon et al., 1975) and widespread in the plant world
(Welch, 1981, Polacco, 1997), that bacteria require Ni for the synthesis
of nickel hydrogenase(s), of nickel-containing carbon monoxide dehygrogena-
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se(s), of methyl-CoM reductase and urease (Ankel-Fuchs and Thauer,
1988, Maier et al.,, 1990), intensified research related to the role of Ni in
life processes of higher plants. In the 1970’s but also earlier, numerous papers
were published that prove favorable effect of Ni on plant growth and meta-
bolism (Kastori and Petrovié, 1976). However, it was only recently
that its necessity for numerous organisms was confirmed, which led to inclu-
ding Ni in essential, biogene microelements (Eskew et al,, 1983, Chec-
kai et al, 1986, Brown et al., 1987, Ankel-Fuchs and Thaure, 1988,
Marschner, 1995).

Higher concentrations of Ni, like other heavy metals, have toxic effect on
plants (Asher 1991, Seregin and Kozhevnikova, 2006). Nickel
became a significant pollutant. In crop plants there is much more concern
about Ni contamination and toxicity. The application of sewage sludge which
is often high in Ni (Brown et al.,, 1989) and certain phosphate fertilizers
also may by important sources of Ni. Anthropogenic sources of Ni, industrial
activity (metal processing operations, combustion of coal and oil) in particular,
have resulted in significant increase of Ni content in soils (Kabata-Pen-
dias and Pendias, 2000). In natural conditions, Ni toxicity appears in
soils rich in Ni that originated on serpentine as parent rock. Nickel is readily
mobile in the xylem and phloem (Kochian, 1991) and some plant species
significantly translocate Ni into the seed (Petrovié¢ and Kastori, 1979,
Petrovi¢ and Kastori, 1994). Many environmental stresses (e.g. mine-
ral toxicities, soil acidity, nutrient deficiencies etc.) can directly or indirectly
influence seed development including seed vigor and viability (W elch, 1999).
The aim of this research was to investigate the influence of Ni contamination
of the seed on biological properties of the seed, as well as translocation of Ni
from the seed during germination into the root and the shoot of young maize
plants.

MATERIALS AND METHODS

The experiment was carried out on a maize hybrid NS 7016 seed. Nickel
treatment was performed by soaking the maize seed in NiSO, solution. It was
previously determined that at the temperature of 22°C a seed soaked during
24 h contains 37% of water and that after that period there is no statistically sig-
nificant increase of water content in the seed. In order to germinate, the seed
needs about 30% of water. In the course of the experiment, effect of five treat-
ments was investigated, the seed was soaked in: O (control, deionized water),
103, 104, 103 and 102 mol Ni/dm3. The experiment was set up in five repli-
cations. After the treatment, the seed was rinsed with deionized water. Than it
was determined the biological value of the seed according to standard proce-
dure published in Sluzbeni list SFRJ 47/87 (Official Gazette of SFRY). It was
investigated: germination energy, seed germination ability, representation of
typical and atypical seedlings and the percentage of non-germinated seeds. After
seven days it was measured the length of the shoot, of the primary root and
the mesocotile root at 20 plants. It was determined the mass of the dry matter
of the root and the shoot after drying the plant material to constant mass.
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In the homogenized dry plant material of the shoot and the root it was
determined the concentration of Ni and other mineral matter after digestion in
cc HNO; + cc H,0,. Element concentration was determined using ICP. Based
on results of chemical analysis there were determined the concentration, distri-
bution and accumulation coefficient of Ni, as well as concentration of some
macro- and microelements in the shoot and the root. Accumulation coefficient
of Ni was calculated from the difference in Ni concentration between the treat-
ment and the control.

The results were statistically processed by calculating the smallest signifi-
cant difference between arithmetic means.

RESULTS AND DISCUSSION

Results on Ni concentration in the seed indicate that Ni ions pass with,
more or less, no obstruction through the testa and the semipermeable cell
membrane of the seed and that in relatively short time they are in all parts of
the seed, to which points their intensive accumulation in young plants (Tab. 1).
Certain parts of the seed do not absorb water, which is probably why they do
not absorb Ni at the same intensity. The germ absorbs water 2—3 times more
intensively than the endosperm (Kastori, 1984), which probably contributed
to significant Ni accumulation in the root and the shoot of young plants. At
lower applied concentrations, the Ni concentration was higher in the root than
in the shoot, while at the highest applied concentration it was vice versa. Du-
ring germination, products of organic matter decomposition of the seed, as
well as mineral matter, partly defund into the environment. Probably a part of
Ni taken up by the seed got into the environment which enabled the root to
uptake it, which reflected on its higher concentration at lower applied concen-
trations of Ni. With appearance of shoot and transpiration with it, the ascen-
ding transport of Ni was probably induced, especially at the highest applied
concentration of Ni, which partially explains its higher concentration in the
shoot than in the root. Accumulation coefficient which indicates the intensity
of increase of Ni concentration with the increase of applied Ni concentration
was higher in the shoot than in the root only when applying the highest con-
centration of Ni. According to Cieslinski et al. (1996) at a higher con-
centration of cadmium in the soil, out of the total uptaken quantity of cadmi-
um a relatively smaller quantity is being translocated into above-ground organs
than at lower concentrations, which they explain as a certain form of protec-
tion mechanism. On the contrary, our research results point to a relatively
more intensive translocation of Ni to the shoot at a higher applied concentra-
tion. Intensive mobilization of Ni from the seed during germination and deve-
lopment of a young plant into newly-formed organs confirms earlier findings
about good mobility of Ni in the plant phloem and xylem (Petrovi¢ and
Kastori, 1979, Neumann and Chamel, 1986, Yang et al., 1996,
Page and Feller, 2005).
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Tab. 1 — Concentration, distribution and accumulation coefficient of Ni in young maize plants
treated with Ni

Treatment (mol Ni/dm3)

(0)
rean 0 105 104 103 102

Concentration (ug/g DM)

Shoot 4.89 6.90%* 10.09%3* 41.36%* 148.85%*

Root 4.17 46.35%* 52.77%* 70.74%* 110.29%*

Distribution (%)

Shoot 46.88 10.43 12.71 32.04 54.83

Root 53.12 89.57 87.29 67.96 46.17
Accumulation coefficient

Shoot 0.00 1.41 2.06 8.45%* 30.43%%*

Root 0.00 11.11%* 12.65%* 16.69%** 26.45%*

Seed quality, vigor and viability are important characteristics influencing
seedling establishment, crop growth, and productivity (Te Krony and Egli,
1991). Only the highest applied concentration of Ni affected biological value
of the seed (Tab. 2), which confirms findings of Seregin and Kozhev-
nikova (2005) of great plant tolerance to high Ni concentration in the ger-
mination phase. Appliance of the highest Ni concentration has significantly
decreased germination ability, germination energy and percentage of typical
seedlings and increased percentage of atypical seedlings and non-germinated
seed. Niethammer (1930) was one of the first to observe that Ni affects
the seed germination. He established that lower concentrations (0.1% solu-
tions) had stimulant effect, and higher (0.5 to 1.0%) had inhibitory effect.
Among the investigated salts, the lowest toxicity was shown by NiSO, and the
highest by Ni (NO,),. Effect of Ni on germination thus depended on concen-
tration and type of the salt. It was also observed that a young seed, with well
preserved viability, reacts differently to Ni than an old seed having partially
damaged germination ability. Namely, Ni concentrations that induced inhibi-
tion at a young, vital seed had no effect on an old seed or they even increased
germination ability. Also later, a large number of authors investigated the in-
fluence of Ni on germination and seed germination ability, and the obtained
results were often contradictory (Kastori and Petrovié, 1976). Brown
et al. (1987) state that imbibition with 1 uM NiSO, did not improve the per-
cent germination of barley grain, suggesting that the availability of Ni for es-
sential processes in the grain is not limiting germination. However, there is the
possibility that Ni in the imbibition treatment was not available for uptake by
the embryo. The mentioned authors have concluded, based on results of their
own research which showed that plants grown with I mM Ni and nutrient so-
Iution produced grain with better germination, vigor and viability, and other
authors’ results, concluded that Ni is required for normal grain development,
maturation and plant senescence. Brown et al. (1987) state that without
adequate Ni supply, maternal barley plants developed nonviable grain that did
not germinate upon imbibition. The exact metabolic role of Ni in seed germi-
nation is not known. It can be assumed that Ni affects the utilization of nitro-
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gen stored in compounds in the seed during their catabolism upon germination
because Ni is an essential component of the enzyme urease (W elch, 1999).
Consequently a question arises at which extent is the nitrogen in the seed of
small grains present in the form of ureides. It is obvious that the effect of Ni
on seed germination depends on a larger number of factors: concentration,
method of use and Ni enrichment of the seed, plant species, seed maturity etc.
which could explain often contrary results about this element’s effect on biolo-
gical properties of the seed.

Tab. 2 — Effect of different Ni treatments on biological properties of maize seeds and seedlings

Treatment (mol Ni/dm3)

Parameters 0 1055 104 103 102

Typical seedlings (%) 83.50 83.75 84.00 83.25 27.50%*
Atypical seedlings (%) 10.75 9.50 10.75 13.00 25.25%%*
Non-germinated seed (%) 5.75 6.75 5.25 3.75 47.25%*
Germination energy (%) 81.75 82.25 82.50 80.75 20.00%*
Germination ability (%) 83.50 83.75 84.00 83.25 27.50%%*

Usage of different Ni concentrations did not significantly affect the growth
and mass of the shoot (Tab. 3). Higher Ni concentrations decreased growth of
the primary root, root mass and increased shoot/root dry mass ratio, which
suggests that the unfavorable effect of higher Ni concentrations affected more
growth and development of the root system than of the shoot, even the Ni
concentration being higher in the shoot than in the root at the highest applied
Ni concentration. This contradicts the statement of Seregin et al. (2003)
who point out that the growth of organs where Ni is more accumulated is
being more intensively inhibited than the growth of organs where the accumu-
lation of Ni is lower. It is reasonable to assume that the effect of toxic concen-
trations of an element on growth depends also on the length of the treatment.
In our case it was short, which can probably partially explain no inhibition of
the shoot growth. Significant decrease in the root growth at young maize
plants in the presence of Ni was also established by Maksimovi¢ et al.
(2007).

The critical toxic level of Ni in sensitive cultivated species is 10 ug/g of
dry matter and 50 pg/g of dry matter in moderately sensitive species (Asher,
1991). Ni concentration in the shoot and the root when applying the highest
investigated concentration of Ni was significantly above mentioned values,
which confirm the findings of Seregin (2005) about increased tolerance of
plants to surplus of Ni during germination. Toxic concentrations of Ni affect
photosynthesis (Singh et al., 1989), as well as the function of cell membra-
nes and the water regime (Llamas et al., 2008), they decrease the chlo-
rophyll content, water potential and transpiration (Pandey and Sharma,
2002) and they affect the concentration and distribution of elements (Petro -
vicé etal, 1998, Ilin and Kastori, 1999). Kao and Lin (2005) state
that the toxic concentration of Ni increases peroxidase activity, which causes
inhibition of synthesis of cellulose and lignin, components of the cell wall, and
thus decreases its thickness or even disables normal forming of the cell wall
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which prevents cell elongation. L’Huiller et al. (1996) state that unfavo-
rable effect of higher Ni concentrations on the plant growth can, among other,
be attributed to its influence on cell division. Findings of these authors can
explain inhibition of the root growth and, partially, of the shoot at the highest
concentration Ni treatment.

Tab. 3 — Effect of different Ni treatments on growth and dry mass of young maize plants

Treatment Ni (mol/dm3)

Parameters 0 105 0= 103 102

Shoot length (cm) 6.89 6.42 6.75 7.08 6.19
Primary root length (cm) 11.84 10.88 11.63 10.29* 10.42*
Mesocotile root length (cm) 8.97 8.86 9.08 9.13 8.46
Shoot dry mass (mg/plant) 24.00 22.70 22.90 25.80 23.96
Root dry mass (mg/plant) 31.70 30.10 29.70 32.10 26.63

Shoot dry mass / root dry mass 0.75 0.75 0.77 0.80 0.90

Translocation of some macro- and micro elements was investigated, from
the seed to the shoot and the root, during the growth of young plants at a
non-treated seed (Tab. 4). Translocation of the investigated elements from the
seed during germination into the shoot and the root varied. In the shoots, P, K
and B accumulated more intensively, S, Mg, Ca, Fe, Mn, Mo and Al in the
root, while accumulation of Zn and Cu was approximately even. Generally, it
can be said that translocation of mineral matter during maize seed germination
is more intense into the root than into the shoot.

Tab. 4 — Translocation of macro- and microelements during maize seed germination

Macronutrients (mg/100 g DM)

Organ
P K S Mg Ca
Shoot 672.25 1062.50 47.22 159.10 176.50
Root 451.31 885.28 112.83 245.23 987.95
Micronutrients (ug/g DM)
Fe Zn Cu Mn Mo Al B

Shoot 29.33 7.27 0.50 2.54 0.05 9.19 1.05
Root 247.30 7.24 0.46 6.84 0.10 99.49 0.64

Obtained results show that due to intensive mobilization of Ni in the seed
during germination and its translocation into the root and the shoot, there is a
great possibility of Ni entering the food chain from the contaminated seed,
which especially has to be taken into account when producing organic food.
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TPAHCJIIOKALIMJA HUKIIA U3 CEMEHA Y TOKY KIIMJAFA
N PACT MJIAIMX BUJBAKA KYKYPY3A

Oro T. Hoporxasu, Pynond P. Kacropu, MBana B. MakcumoBuh
IMomonpuspenuu dakynrer, Tpr . O6pagosuha 8, 21000 Hosu Can, CpOuja
Pesume

WcnutuBaHo je mejcTBo OyOperba ceMeHa KyKypy3a Y pacTBOpMMA Pa3IMYMTHUX
koHieHTpanuja HuKa (0, 10-3, 10-4, 10-3 m 10-2 mol Ni/dm3) Ha campkaj, TUCTpUOY-
oYjy ¥ KoedUILMjeHT aKymyjallije HUKJIA Y KOpeHY M M3OaHKy, OMOJIOIIKY BPEIHOCT
ceMeHa M pacT Miaaux Ousbaka. YTBphEHO je Ja ce HUKaJI M3 CeMEHa y TOKY Kiujarba
WHTEH3WBHO TPaHCJIOIMpPA Y KOPeH M M3IaHak miaaux ousbaka. Ca roBeharbeM TpH-
MeHbeHe KOHIEHTpAallMje HUKIA 3HauajHO ce nmoBehao HeroB caapiaj y U3JaHKy M KO-
peny. Canpkaj HUKIA M KOeUIIMjEHT akyMmyJiaiiuje Owin cy Behu y KOpeHY Hero y
U3IaHKy, U3y3eB Koj Hajsehe mpuMereHe KOHLEHTpaluje, riae je owio oopHyro. Haj-
Beha mpuMereHa KOHIICHTpallMja HUKJIA MmoBehaia je ymeo aTUMWYHUX MOHWKA U He-
MPOKJIMjAJIOT CEMEHA U CMamuia YAe0 TUIIMYHUX MTOHUKA, €HEePrUjy Kiujarba U Kiuja-
BOCT ceMeHa. Ha pact u macy u3maHka nprMeHa HUKJIA HUje yTuiaia. Maca KkopeHa u
Iy’)KMHA TIPUMApHOT KOpeHa ce CMambuila MpM ynoTpebu Hajpehe KOHIEHTpaluje HU-
KJIa, LITO je IOBEeJO 10 MPOMEHE OJHOCAa Mace M3IaHKa U KOpeHa.

Ha ocHoBy no0ujeHMX pe3yiTara MOXKE Ce 3aK/bYyYMTH Ja je caMo Hajseha rpu-
MEHheHa KOHIIEHTpallja HUKJIA YTUlLQla Ha OWJIOUIKY BPEJHOCT CEMEHAa U pacT MJja-
NIMX OMJbaka KyKypy3a U IMOpel HeroBOI MHTEH3WMBHOT HaKyIlJbatba Y KOPEHY M M3[aH-
Ky, LITO YKa3dyje Ha 3HauyajHy TOJEPaHTHOCT KyKypy3a y MoyeTHUM (dazama pacta Ha
MPUCYCTBO BUCOKE KOHIIEHTpaluje HUKIa. MHTeH3MBHA TpaHCIOKalldja HUKJIA Y TOKY
KJIdjarba Y HOBOOpMUpaHe OpraHe yKasyje Ha HeroBy J00pYy MOKPET/bUBOCT U MOTEH-
LMjaTHYy MOTYRHOCT a M3 KOHTAMHWHUPAHOT CeMeHa yja3W Y JiaHall MCXpaHe.
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AMMI ANALYSIS OF NITROGEN HARVEST INDEX
IN BREAD WHEAT

ABSTRACT: Nitrogen harvest index — NHI is a measure of efficiency of nitrogen
translocation from vegetative organs to grain. The goal of this paper is to investigate varia-
bility and stability of nitrogen harvest index of twelve bread wheat genotypes, on three ni-
trogen levels. ANOVA showed that nitrogen harvest index was mostly under influence of
the year x genotype interaction, year of investigation and genotype, and in the smallest
amount of the nitrogen rate. Increasing doses of nitrogen did not lead to increased nitrogen
harvest index. AMMI analysis showed that most genotypes differed in both the main effect
and in GxE interaction. The highest stability i.e. the smallest interaction effect, was found
in varieties Axis, Ilona, Sonata and Renan on N rate, and in varieties Malyska, Petrana,
Axis and Evropa 90 on Ny rate. Cultivar Pobeda with the high average values for nitrogen
harvest index, also had small interaction effect, i.e. it proved to be a stable variety.

KEY WORDS: AMMI analysis, nitrogen harvest index, wheat

INTRODUCTION

Numerous studies indicate that nitrogen is the key factor of yield and
quality in the wheat. Nitrogen harvest index (the ratio of nitrogen content in
grain and whole plant) is a measure of efficiency of nitrogen translocation
from vegetative organs to grain (Austin et al., 1977, McMullan et al,
1988; Sinclair, 1998). Nitrogen harvest index for wheat usually ranges
from 0.70 to 0.80 (Calderini et al, 1995; Brancourt-Hummel,
2003, Andersson, 2005). Van Sanford and MacKown (1987)
noted the extreme values of 0.51 to 0.91. Ortiz-Monasterio et al.
(1997) have studied the nitrogen harvest index of genotypes recognized bet-
ween 1950 and 1985 and recorded a significant increase in the newer varieties.
Slafer et al. (1990) recorded similar results.

Loffler et al. (1985), Ortiz-Monasterio et al. (1997), and
Anderson (2005) noted positive correlations between NHI and HI, as well
as between NHI and grain yield (Loffler et al.,, 1985). McKendry et
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al. (1995) and McMullan et al. (1988) did not find significant correlations
between NHI and grain yield.

The goal of this paper is to investigate variability and stability of nitrogen
harvest index of twelve bread wheat genotypes, on three nitrogen levels.

MATERIAL AND METHODS

The 12 bread wheat cultivars were studied in the three-year (2004—05,
2005—06 and 2006—07 growing seasons) field trial with three nitrogen rates
(0, 75, 100 kg/ha N). Five cultivars originated from Serbia (Evropa 90, Neve-
sinjka, Pobeda, Zlatka, and Sonata), five from Slovakia (Ilona, Malyska, Van-
da, Petrana, and Axis), one from France (Renan), and one from Switzerland
(Tamaro). The experiment was conducted at the experimental field of the In-
stitute of Field and Vegetable Crops, Novi Sad. The sowing rate was 600
grains/m?. Plot size was 5 m?. In all three years 45 kg/ha of each N, P and K
before plowing were applied. In spring three N levels were applied (0, 75, 100
kg/ha N). Standard agronomic practices were used to keep the plots free of di-
seases.

At maturity, ten plants were cut at ground level and they represented one
sample/replication in the analysis. At maturity, samples were separated into ve-
getative (leaf + culm + chaff) and reproductive parts (grains). After drying, all
samples were ground in a mill to generate 1-mm particles. The nitrogen con-
centration was determined by the standard Kjeldahl procedure. Nitrogen har-
vest index was calculated as the ratio of grain nitrogen content over total ni-
trogen content. AMMI (Additive main effects and multiplicative interaction)
model was used to analyze the genotype x environment interaction (Zobel
et al., 1988). The analysis was performed in GenStat 9 program (trial version).

RESULTS AND DISCUSSION

ANOVA showed that nitrogen harvest index was mostly under influence
of the year x genotype interaction (52.70%), year of investigation (33.58%)
and genotype (10.55%), and in the smallest amount of the nitrogen rate
(1.56%) (Table 1) Baldelli et al. (1990) state that they have not recorded
a significant difference between genotypes, but the difference between years
was significant.

Significant differences were found between N, and N, rate, N, and N,
rate, while there were no significant differences between N.; and N, rates
(table 1). Increasing doses of nitrogen did not lead to increased nitrogen har-
vest index; moreover, the majority of genotypes had the highest value in the
control, which is in agreement with the results of Le Gouis et al. (2000).
Doki¢ and Lomovic¢ (1990) states that the nitrogen harvest index was
not significantly changed with increasing doses of nitrogen up to 120 kg N/ha,
after which it began to decline.
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Tab. 1. — ANOVA for nitrogen harvest index

Source of variation DF MS F %
Year 2 0.28 219.63%* 33.58
Genotype 11 0.016 12.18%* 10.55
Nitrogen rate 2 0.013 10.14%%* 1.56
Replication 1 0.0004 0.28 0.02
Year x Genotype 22 0.04 2.84%* 52.70
Year x N rate 4 0.0008 0.66 0.19
Genotype x N rate 22 0.001 1.08 1.32
Error 151 0.001
Total 216
Significance of differences between N rates
N rate Differences
Nys 0.019%*
No Nigo 0.026%
Ny —0.019%%*
Nos Nigo 0.006

*p < 0.05 ** p < 0.01

AMMI analysis was performed for all three nitrogen levels, but the prin-
cipal component analysis for the N, rate did not show any significant princi-
pal component, so in this paper it will be presented only AMMI analysis for
N, and N, levels of nutrition.

AMMI analysis of variance for N, rate showed that both additive sources
of variation were highly significant, as well as the year x genotype interaction.
Detailed separation of GE interaction variation revealed that explainable agro-
nomic variation had been carried out by the first PC axis in the proportion of
74% of total GE interaction variance (table 2).

Tab. 2. — AMMI analysis of variance for nitrogen harvest index in wheat — N

Source of variation SS % DF MS F
Treatments 0.319 36 0.0089 11.626%*
Replications 0.0008 1 0.0008 1.049
Years 0.221 2 0.111 144.92%*
Genotypes 0.063 11 0.0057 7.477%*
GxE 0.035 100 22 0.0016 2.058%*
PCA 1 0.026 73.96 12 0.0021 2.791%%*
Residual 0.009 26.04 10 0.0009 1.179
Error 0.027 35 0.0008

Total 0.346 71

*p < 0.05; ** p < 0.01

By analyzing the AMMI1 biplot, it was concluded that most genotypes
differed in both the main effect and in interaction. The smallest GXE inter-
action effect was manifested in the variety Axis, which had a low average
value for nitrogen harvest index, as well as in varieties Ilona, Sonata, and Re-
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nan with values for the main effect higher than average. Cultivars Zlatko and
Pobeda with the highest average values for nitrogen harvest index, also had
small interaction effects, i.e. they proved to be stable varieties. The largest in-
teraction effect was recorded in cultivars Nevesinjka and Vanda (Figure 1).
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Fig. 1. — AMMII biplot for nitrogen harvest index in wheat — N,

Smallest interaction effect was recorded in year 2006, which is characteri-
zed by average values for nitrogen harvest index. A large interaction effect
was recorded in year 2005, in which the varieties had the highest mean values
for nitrogen harvest index. The largest interaction effect was achieved in year
2007, which is characterized by the lowest values for the main effect, i.e. for
nitrogen harvest index (Figure 1).

Cultivars Tamaro, Axis, Nevesinjka, Evropa 90, Zlatko, and Pobeda were
in positive interaction with the years 2006 and 2005, while the cultivars Van-
da, Malyska, Ilona, Sonata, Renan and Petrana were in positive interaction
with the year 2007 (Figure 1).

AMMI analysis of variance for N, rate showed that both additive sour-
ces of variation were highly significant, as well as the year x genotype interac-
tion. Detailed separation of GE interaction variation revealed that explainable
agronomic variation had been carried out by the first PC axis in the proportion
of 80% of total GE interaction variance (Table 3).
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Tab. 3. — AMMI analysis of variance for nitrogen harvest index in wheat — Ny

Source of variation SS % DF MS F
Treatments 0.341 36 0.009 6.840%**
Replications 0.0019 1 0.0019 1.374
Years 0.179 2 0.089 64.64%*
Genotypes 0.085 11 0.0077 5.552%:*
GxE 0.075 100 22 0.0034 2.477%*
PCA 1 0.060 79.66 12 0.0051 3.618%*
Residual 0.015 20.34 10 0.0016 1.109
Error 0.048 35 0.0014

Total 0.389 71

*p < 0.05; % p < 0.01

By analyzing the biplot, it was concluded that most genotypes differed in

both the main effect and in interaction. The highest stability i.e. the smallest
effect of the interaction, was found in varieties Malyska, Petrana, Axis and

Evropa 90, whereby the first three varieties had a low average nitrogen harvest
index, while Europe 90 had a nitrogen harvest index greater than the average.

Varieties Renan, Pobeda and Vanda also showed the low interaction effect,
with Pobeda and Renan had the highest average values for nitrogen harvest

index. The largest interaction effect was achieved by cultivar Zlatko, which
had a high average nitrogen harvest index, and cultivar Tamaro, which is the

variety with the lowest average nitrogen harvest index (Figure 2).
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The year 2007, in which genotypes achieved the lowest nitrogen harvest
index, is characterized by the lowest interaction effect. Year 2006 had high in-
teraction effects, with average values for the main effect, while the year 2005
was characterized by the largest interaction effect and the highest values for
nitrogen harvest index. Cultivars Sonata, Nevesinjka, Zlatko, Renan, and Pobe-
da were in positive interaction with the year 2005, while the varieties Tamaro,
Vanda, Malyska, Petrana, Axis, Evropa 90 and Ilona were in positive inter-
action with the years 2006 and 2007 (Figure 2).
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AMMI AHAJIN3A )KETBEHOI' MHIEKCA A30TA
KOJ XJIEBHE ITIIHEHUIIE

bumana M. lNopjanosuh, Mapuja M. Kpamesuh-bananuh
IMomonpuspennu daxynrer, Tpr . O6pamosuha 8, 21000 Hosu Can, CpOuja
Pesume

JKeTBeHM MHAEKC a3oTa je Mepa e(UMKACHOCTM TpaHCJOKallMje a30Ta M3 BereTa-
TUBHMX OpraHa y 3pHo. Llusb oBor pana je na ce MCNUTajy BapujaOMIIHOCT U CTaOWII-
HOCT JKE€TBEHOT MHIEKCa a30Ta JBAHAECT TeHOTUIIOBA XJIcOHEe IMIIEHMIIE, Ha TPU HUBOA
HUCXpaHe a30TOM. AHaju3a BapujaHCe je IoKa3zaja Ja je KeTBEHW MHIEKC a30Ta y Haj-
Behoj Mepu Omo 1o yTUIlajeM WMHTepakKlyje TOOUHE W TeHOTUIIa, TOAMHE MCIUTHBaka
M TEHOTHIIA, a Y HajMawoj Mepu MpuMereHe ao3e azoTa. IToBehamwe n03e asora HUje
noBeJio 10 moBehama KeTBEeHOT MHIeKca azota. AMMI aHanu3a je mokasana jaa cy ce
TFEHOTHUIIOBU Pa3JIMKOBaIM Kako y ri1laBHOM edekty Tako u y GXE uHTepakuuju. HajBe-
ha crabunHoct je 3abenexeHa xon coptu Axis, Ilona, Sonata u Renan Ha N, no3u, u
kon coptu Malyska, Petrana, Axis n Evropa 90 Ha Ny, no3u. Copta Pobeda, ca Buco-
KIM TIPOCEYHUM BpeIHOCTMMA 3a JKeTBEHM MHACKC a30Ta, Takohe je mMmaja Maiu ede-
KaT MHTepakiiyje, Tj. IMOKa3aja ce Kao cTabuiaHa copra.
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SIGNIFICANT BIOPHYSICAL AND GENETIC PROPERTIES
OF MAIZE INBRED LINES AND HYBRIDS
WITH ERECT TOP LEAVES

ABSTRACT: This study confirms the hypothesis that there are elite maize inbred
lines and hybrids with erect top leaves, which have a dominant property of an efficient photo-
synthetic and fluorescent model that is successfully used in modern breeding programmes
and the production hybrid seed and commercial maize. This statement is supported by the
displayed results on the erect top leaves, the dynamics of grain dry-down during the matu-
ration period and photosynthetic and florescence parameters: the temperature dependence of
the delayed chlorophyll fluorescence intensity, the Arrhenius criterion for the determination
of critical temperatures (phase transition temperatures) and the activation energies. The pre-
sented results show that properties of observed maize inbreds and their hybrids are based on
the nature of conformational and functional changes that occur in their thylakoid mem-
branes and other chemical tissues structures of grain and intact leaves, as well as, on posi-
tive effects in maize breeding. Moreover, other relevant significant breeding and seed pro-
duction properties (commercial maize quality over grain structure, physical and chemical
parameters) of maize inbred lines and their hybrids were analysed in the present study.

KEY WORDS: Zea mays L., inbred, hybrid, erect top leaf, thylakoid membrane, photo-
synthetic and fluorescent model, delayed chlorophyll fluorescence

INTRODUCTION

The performance of numerous studies requires a connection of complex
and interrelated processes in fundamental, multidisciplinary and applied scien-
ces. The present manuscript presents the results of interrelated studies carried
out within breeding, photosynthesis, fluorescence, biophysical chemistry and
seed production in maize inbred lines with erect leaves and significant breed-
ing properties.
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Maize breeding and seed production have been intensively developed du-
ring the last 60 years and because of such activity more than 1300 grain and
silage hybrids were derived. Modern equipment and technical and technolo-
gical prerequisites were provided for carrying out the process of breeding and
hybrid maize seed production (Duvick, 1984, Sprague, 1984, Trifu-
novié, 1986, Dumanovié¢, 1986, Hallauer, 1988, Ivanovié et
al.,, 1995, Radenovi¢ et al., 2000).

Since 1978, the number of plants per area unit (plant density) has been
significantly increasing, which mostly affected the increase in grain yields of
both, maize hybrids and commercial maize (Radenovid et al, 1978, Ko -
ji¢ and Ivanovié, 1986, Kojié, 1993). At the same time, a programme
on breeding and the seed production of maize hybrids with erect leaves has
been performed (Radenovié¢ et al., 1978, 2003a, 2003b, 2004a, 2004b,
2007, 2008, Felner et al., 2006). According to our hypothesis, it seems that
these observed maize inbred lines with erect leaves are the closest to the
assumptive maize photosynthetic and fluorescent model (Radenovié¢ and
Grodzinskij, 1998).

The studies on maize photosynthesis carried out in the previous period
did not have a more important application in breeding and the production of
maize hybrid seed. It was almost impossible to present a clear and direct in-
terrelationship among photosynthesis, breeding and the production of maize
hybrid seed. On the one hand, such a state is probably a result of the exi-
stence of several functional interrelations that unite conformational and dyna-
mic changes within chloroplasts and their thylakoid membranes, but on the
other hand, it is a result of effects of numerous environmental factors (Rade -
novic et al, 2000, 2004a, 2004b, 2007).

During the last 35 years, new and important studies within the field of
bioluminescence and fluorescence phenomena and processes within the plant
systems, including maize, have been carried out. (Govindjee and Papa-
georgiou, 1971, Barber and Neumann, 1974, Holzapfel and
Haug, 1974, Hipkins and Barber 1974, Papageorgiou, 1975,
Haveman and Lavorel, 1975, Bukhov et al, 1979, Mccauley
and Rubby, 1981, Jurisnié¢ and Govindjee, 1982, Jurisnid,
1986, Markovic et al, 1987, 1993, 1996, 1999, Dzhibladze, 1988,
Lichtenthaler and Rinderle, 1988, Govindjee et al, 1990,
Veselovski and Veselova, 1990, Krause and Weis, 1991, Ra-
denovié, 1992, 1994, 1997, 1998, Radenovié et al., 1994a, 1994b,
Radenovié¢ and Jeremid, 1996). The direct dependence of the delayed
chlorophyll fluorescence (DF) intensity on changes of photosynthetic processes
in thylakoid membranes of maize intact leaves was determined (Radenovid,
1994, 1997, Radenovié¢ and Jeremid, 1996). Conditions that provided
monitoring of complex photosynthetic processes in the maize intact leaf by a
photosynthetic and fluorescence model in the form of DF were developed
(Radenovi¢ etal, 2000, Radenovic¢ etal., 2001a, 2001b). During the
last 20 years, a group of researchers from the Maize Research Institute, Zemun
Polje, have been developing a novel semi-non-invasive photosynthetic-fluore-
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scence method that functionally binds processes of photosynthesis, fluore-
scence and maize breeding (Radenovic¢ et al, 2002, Radenovié et
al., 2003a, Radenovi¢ etal., 2004a, 2004b, Markovi¢ et al., 1996).

Research methods within the field of biophysical chemistry contributed to
diversified connections of studies on photosynthetic and transport processes in
the thylakoid membrane and different chemical structures of grain with proces-
ses of fluorescence spectroscopy, chemical kinetics and dynamics of grain
dry-down in the period of grain maturation (Radenovié, 1994, 1998, R a-
denovié et al, 2007, 2008, Rubin et al., 1988).

The objective of the present study was to show that inbred lines with
erect top leaves, significant breeding properties and high yielding maize hy-
brids derived from them, can be an efficient photosynthetic model, meaning
that they can contribute to the functional connection of breeding, photosyn-
thesis and florescence, and thereby to the total progress of breeding and the
production of hybrid seed and commercial maize of high quality.

MATERIAL AND METHODS
Plant material

The studies were performed with four elite maize inbred lines with erect
top leaves, ZPPL 16, ZPPL 218, ZPPL 62 and ZPPL 233, belonging to the
collection of the Maize Research Institute, Zemun Polje. Only basic properties
of these inbreds are presented.

The inbred line ZPPL 16 was derived from the BSSS population and it
belongs to the FAO 700 maturity group. The kernel is classified as a dent
type, while the cob is pink. This inbred has been included into the develop-
ment of more than 20 maize hybrids. Hybrids ZP 578 and ZP 684 have been
the most widely grown hybrids in this medium-term period.

The inbred line ZPPL 218 belongs to the Lancaster heterotic group and
the FAO 650 maturity group. The kernel is classified as a dent type, while the
cob is red. This inbred has been included into the development of over 10
maize hybrids including the hybrid ZP 684.

The inbred line ZPPL 62 was derived from the BSSS population and it
belongs to the FAO 350 maturity group. The kernel of this inbred belongs to
the dent type and the cob is red. This inbred has been included into over 20
hybrids, including, ZP 341and ZP 434.

The inbred ZPPL 233 belongs to the Lancaster heterotic group and to the
FAO 500 maturity group. The kernel of this inbred belongs to the semi-dent/
semi-flint type and the cob is red. This inbred has been included into over 10
hybrids out which the hybrid ZP 578 has been the most widely grown.

Observed maize inbred line with top erect leaves and significant breeding
properties are characterised as an efficient photosynthetic model. In addition,
these maize inbred lines are characterised by greater grain dry down rates in
the maturation period, as well as, by a satisfactory tolerance, resistance, flexi-
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Fig. 1. — Actual appearance of maize inbred lines with top erect leaves and significant
breeding properties: ZPPL 16 (A), ZPPL 218 (B), ZPPL 62 (C) and ZPPL 233 (D)

bility and adaptability to high and very high temperatures and drought. The
following hybrids were taken into consideration: ZP 341, ZP 434, ZP 578, and
ZP 684.

Methods
Overall studies of the stated maize inbred lines with erect top leaves en-

compassed several series of experiments in which standard and other appro-
priate methodological procedures were applied.
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1. The measure of an angle and leaf area

The first series of experiments was related to studying the erect position
of top leaves. A specially designed protractor was used to measure the angle
between lines of the position of the above-ear leaf and the position of the plant
stalk of maize inbred lines. The leaf area was measured using the portable area
meter (model LI-3000). Measures of the angle between the above-ear leaf and
the stalk and the leaf areas were carried out on 218 plants for each inbred line
during the three-year period. These methodical procedures were described in
previously published papers (Radenovic¢ et al., 2003a, 2004a, 2004b, 2007).

2. Photosynthetic fluorescence measurements

The second series of the experiments was related to photosynthetic-fluo-
rescence measurements, including thermal processes of DF, critical phase tran-
sition temperatures and activation energies. The test maize inbreds grown in
the experimental field of the Maize Research Institute, Zemun Polje, were
brought to the laboratory during morning hours (between 7 a.m. and 8 a.m.).
Plants sampled in the field were transversally cut in the ground internode. In
the laboratory, plants were internode lengthwise placed in water. Prior to the
fluorescence experiment, the plants were kept under the black ball glass for
two hours. A segment of intact above ear leaves was taken from such plants
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Fig. 2. — Experimental setup of the photosynthetic fluorescence method and the
measuring equipment for delayed chlorophyll fluorescence: ELS — excitation light
source; F — filters; ELB — excitation light beam, IS — input dark chamber slot, C
— dark chamber with a sample stand; s — sample (intact leaf segment), OS —
output dark chamber slot, DF — luminescent light (delayed fluorescence), PH —
photo-multiplier; O — oscilloscope, R — printer
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and placed into a chamber of the phosphoroscope. The intact leaf segments
were kept in the chamber (in the dark) for at least 15 minutes, and then ther-
mal processes of DF were measured. These tests were performed on 268
plants of each inbred line.

The improved non-invasive photosynthetic fluorescence method used to
measure DF is schematically presented in Figure 2. This method, developed at
the Maize Research Institute, Zemun Polje, has been improved several times.
Photosynthetic fluorescence measurements were performed after a method that
had been described in the monograph (Markovic¢ et al 1996) and our pre-
vious papers (Radenovid, 1994, 1997, Radenovi¢ et al., 2001a, 2001b,
2002, 2004a, 2004b, 2007, 2008).

3. Dynamics of water status changes in grain

The third series of the experiments was related to the water status and the
dynamics of its grain dry-down rate in the maturation period, which was
observed by the application of the thermal method of oven drying at 105°C to
the constant weight.

An average kernel sample drawn from five ears was used to perform
these measurements. In order to observe the water status, the plants were
picked up at the black layer maturity, i.e. at the physiological maturity. Mea-
surements of the grain water status changes were done seven days later and
lasted for 35 days. The dynamics of transport processes (grain dry down) du-
ring the grain maturation was observed in the course of five years. The
long-term measurements were done because of a great instability of this trait
in the majority of maize inbred lines (Radenovic¢ et al., 2008, 2009).

4. Grain chemical composition, physical properties and structure
of maize hybrids with erect top leaves

Applied standard methods for the determination of the chemical composi-
tion, physical properties and grain structure of maize hybrids with erect top
leaves were fully described in previous papers (Bekrié, 1997, Radosa-
vljevicé et al, 2000, 2002).

RESULTS
1. The measure of the angle and the area of the above-ear leaf
Results on the measures of angles between the above-ear leaf and the
stalk, as well as, the average leaf areas are presented in Table 1. Based on
obtained results on the measures of angles it can be stated that the observed

maize inbred lines with significant breeding properties belong to the group of
inbred lines with erect top leaves.
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Tab. 1. — The angle of the above-ear leaf and the leaf area of maize elite inbred lines with erect
top leaves

FAO . . Angle of the above-ear Area of the above-ear
Inbred H ;
{1_ e maturity ?tekrlotllc é’rlgin leaf in degrees leaf (x 103 cm2)
e group of the inbre = 5 - s
Zemun Polje —
ZPPL 16 700 BSSS 18.3 1.12 3.63 328
ZPPL 218 650 Zemun Polje — 22.1 136 3.91 412
ancaster
Zemun Polje —
ZPPL 62 350 BSSS 20.3 1.21 3.33 318
ZPPL 233 500 Zemun Polie — 245 1.34 5.66 613
ancaster

* Studied maize inbred lines represent good heterotic pairs, they are characterised as good general
combiners for grain yield, they increase well and they are high yielding.

2. Empirical procedure for photosynthetic fluorescence studies
on the above-ear leaf

The detailed studies on thermal processes of DF of observed maize inbred
lines with erect top leaves were performed. The thermal curve is a curve that
shows the dynamics of changes in the stationary DF level intensity in depen-
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Fig. 3. — Schematic presentation of the empirical procedure for typical changes in
DF intensities (Ij) on the intact above-ear leaf of the observed maize inbred lines
with significant breeding properties (solid line) and changes in temperatures (dashed
line): curve A indicates induction processes of DF, while curve B encompasses
photosynthetic fluorescence thermal processes of DF. Typical temporal segments (a,
b, ¢, d, e, f and g) on the thermal curve B correspond to dynamics of Ig changes at
the time of a DF formation. Conformational and functional changes in the thylakoid
membrane of observed maize inbred lines with erect top leaves occur at interception
points of typical temporal segments
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dence on a temperature. The trend of its establishment is usually analogous to
changes in the duration in seconds of segments marked with a, b, ¢, d, e, f and
g (Figure 3), which was determined by the empirical procedure (Radeno-
vié et al., 2008, 2009)

Monitoring the course of the thermal curve and the analysis of the dura-
tion of certain segments provided data on the existence of a greater number of
critical temperatures (phase transition temperatures) at which greater or smaller
structural and functional changes occurred in the thylakoid membrane of ob-
served maize inbred lines with erect top leaves.

3. The temperature dependence of the delayed chlorophyll fluorescence
intensity for the thylakoid membrane of the maize inbred lines
with erect top leaves

Figure 4 A, B, C and D, presents changes in the stationary DF level in a
function of the temperature, ranging from 25 to 60°C, in the thylakoid mem-
brane of the maize inbred lines with erect top leaves: ZPPL 16, ZPPL 218,
ZPPL 62 and ZPPL 233. The temperature dependence of observed inbreds va-
ries over dynamics of increasing and decreasing occurrence, as well as, over
the temperature peaks.
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Fig. 4. — A, B, C and D Changes in the intensity of the delayed chlorophyll fluorescence (Ipg) of

thermal processes in dependence on the effects of temperatures in the

thylakoid membrane of the intact above-ear leaf of the maize inbred

lines with significant breeding properties and erect top leaves: ZPPL 16(A), ZPPL 218(B),
ZPPL 62(C) and ZPPL 233(D)
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4. The Arrhenius plot for the determination of critical temperatures
and conformational changes in the thylakoid membrane
of the maize inbred lines with erect top leaves

The Arrhenius plot is based on the linearisation of the DF temperature
dependence of observed maize inbred lines (Figure 5, A, B, C and D). Critical
temperatures (phase transition temperatures) at which conformational changes
occur in the thylakoid membrane are determined by the application of the Arr-
henius plot. Results of the Arrhenius plot application to maize inbreds with
significant breeding properties and erect top leaves are presented in Figure 5
A, B C and D. The Arrhenius plot shows the dynamics and spots of critical
temperature occurrences of studied inbreds.
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5. Activation energy and critical temperatures in the thylakoid membrane of
the observed maize inbred lines with erect top leaves

Detailed studies on the thermal processes of DF, and especially on the
analysis of thermal curve, encompassed not only the temperature dependence
and the Arrhenius plot, but also the estimation of values of activation energies
for critical temperatures (phase transition temperatures) in the thylakoid mem-
branes of the observed maize inbreds with significant breeding properties and
erect top leaves: ZPPL 16, ZPPL 218, ZPPL 62 and ZPPL 233. Obtained re-
sults are shown in Table II.

Tab. 2. — Changes in activation energies (Ea) and critical temperatures (t °C) in the course of
thermal processes in the thylakoid membrane of the intact above-ear leaf of studied maize inbred
lines with erect top leaves

ZPPL 16 ZPPL 218 ZPPL 62 ZPPL 233
Ea, kJ/mol t, °C Ea, kJ/mol t, °C Ea, kJ/mol t, °C Ea, kJ/mol t, °C
— 29.5 — 27.0 — 28.0 — 25
48.4 459 43.1 29.0 45.0 36.0 32 30
84.3 48.0 27.3 36.9 91.8 41.0 100.3 38
46.7 53.0 37.0 43.5 119.7 46.9 176.7 42
49.2 54.8 42.5 47.8 132.0 49.0 259.9 47
— 60.0 51.1 49.9 — — — 50

6. Dynamics of changes in the grain water status in the maturation period
of the studied maize inbred lines with erect top leaves

Dynamics of changes in the grain water status and dry down during the
maturation period of the studied maize inbred lines with erect top leaves are
important properties of these inbreds to which a great attention is paid in the
processes of contemporary breeding and the production of high-quality hybrid
maize seed. Obtained results are presented in Table III.

Tab. 3. — Water content (%) in initial and subsequent measurements
I 1 1 v v VI
Inbred initial measure- ~ measure-  measure-  measure-  measure-  Daily dry
lines measure- ment after ment after ment after ment after ment after down
ment 7 days 14 days 21 days 28 days 35 days
Zl;gL 31402322 28.1123.11 24.8243.05 21.5322.98 18.24+2.81 14.95¢2.41 0.47+0.06
ZZI?DSL 29.44+3.06 26294291 23.14+2.77 19.99+2.51 16.84+2.31 14.20£1.76 0.45+0.08
zgsz 28.09+3.28 25.29+3.09 22.49+2.88 19.69+2.56 16.89+2.04 14.09+1.94 0.400.07
Z;‘;L 27442380 24.36+3.51 21.28+333 18.2023.07 15.1242.81 12.04+2.24 0.4420.09
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7. Chemical composition, physical properties and grain structure
of maize hybrids with erect top leaves

Results on studies of grain structure, physical properties and chemical
composition of maize hybrids with erect top leaves are presented in Tables IV,
V and VL

Tab. 4. — Grain structure of maize hybrids with erect top leaves
Hybrid Pericarp (%) Germ (%) Endosperm (%)
ZP 341 6.49 12.05 81.46
ZP 434 6.49 11.86 81.65
ZP 578 6.08 11.35 82.56
7P 684 6.39 11.79 81.82
Tab. 5. — Physical properties of the grain of maize hybrids with erect top leaves*
Hybrid TKW ™ D FI MR HEF SEF WAI
ZP 341 3314 784 1.25 33.7 19.9 57.3 42.7 0.231
ZP 434 355.1 780 1.26 223 16.6 58.8 41.2 0.225
ZP 578 304.8 751 1.27 30.2 16.9 61.9 38.2 0.242
ZP 684  344.8 772 1.26 18.9 13.7 54.5 45.5 0.246

* TKW = 1000-kernel weight (g), TW = test weight (kg m=3), D — density (g cm-3), FI — floa-
tation index (%), MR — milling response (s), HEF — hard endosperm fraction, (%), SEF — soft
endosperm fraction (%), WAL — water absorption index

Tab. 6. — Grain chemical composition of maize hybrids with erect top leaves
Hybrid Starch (%) Protein (%) Oil (%) Fibre (%) Ash (%)
ZP 341 69.00 9.33 5.75 1.98 1.33
ZP 434 69.02 9.42 5.87 1.99 1.37
7P 578 72.99 8.64 5.08 1.82 1.33
ZP 684 70.52 8.84 4.82 2.06 1.37
DISCUSSION

The second half of the 20 and the first decade of the 21% century are
characterised by a great success achieved in maize breeding and the production
of fundamental and hybrid maize seed. The number of plants per area unit has
been growing since 1978. This programme was referred to as a “plant density”
programme and it further directly affected the yield increase of high quality
fundamental and hybrid maize seed (Radenovic et al., 1978). In addition,
a programme on the development of maize inbred lines with erect top leaves
was established at the same time as the “plant density” programme. It was
considered that inbreds with the erect top leaves were the closest to the propo-
sed efficient photosynthetic model (Radenovié et al., 1978, 2000, 2001a,
2003a, 2004a, Radenovi¢ and Grodzinskij, 1998). The complemen-
tary and mass implementation of these programmes led to very important re-
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sults in both, maize breeding and the hybrid seed production Ivanovic et
al,, 1995, Trifunovid, 1986, Trifunovié et al, 20000 Dumanovig,
1986, Kojic, 1993). New and numerous hybrids with high grain and silage
yields were developed and grown on large areas due to their high yielding po-
tential and the appropriate quality of the plant and the grain (Duvick, 1984,
Russell, 1986, Dumanovié, 1986, Hallauer, 1988, Koji¢, 1993,
Ivanovié¢ et al, 1995).

The special contemporary studies have been performed on top maize
leaves. The ear leaves have been particularly observed, but also other top
leaves up to the tassel. The most efficient and the longest photosynthetic pro-
cesses necessary for the maize plant have been achieved by these leaves (R a -
denovié¢ and Grodzinskij, 1998). According to the stated, a new
hypothesis that precisely top leaves (above-ear leaves) achieve the efficient
photosynthesis has been proposed.

This study was an attempt to answer the following questions by using
different tests and analyses: (1) are there reliable and dominant traits of maize
inbred lines with erect top leaves by which planned and satisfactory progress
in maize breeding and the high-quality hybrid seed maize production can be
achieved?, and (2) which traits should maize inbred lines have?

The gained results of experimental studies can offer at least a partial
answer to asked questions. The first series of experiments included the mea-
sure of the angle and the leaf area of observed maize inbred lines with signifi-
cant breeding properties and erect top leaves. The results obtained on these
traits classify them into important seed breeding and seed production traits
(Radenovié¢ et al., 2003a, 2004a, 2004b, 2007, 2008). The second series
of experiments encompassed photosynthetic fluorescence studies on conforma-
tional and functional changes in the thylakoid membrane of the intact above-
-ear leaf of studied maize inbred lines with significant breeding traits. The
temperature dependence of thermal processes of DF for the studied maize in-
bred lines is presented in a form of the empirical procedure (Figure 3). The
presented results show that the temperature dependence of DF in each of the
four maize inbred lines with erect top leaves is characterised with typical inter-
section points of two segments on the thermal curve (Figures 3 and 4). The
first typical point occurred on the intersection of the segment a and the seg-
ment b, and it represented the lowest critical temperature at which the initial
change in the DF intensity was observed. The second typical point occurred on
the intersection of the segment b and the segment ¢ and it was related to a li-
near monotony with the angle of the increasing part of the DF intensity curve.
Evident changes in the structure of the thylakoid membrane occurred in this
region. The third typical point reflected a smaller or a greater rotundity of DF
intensity peaks. The “breaking” conformational changes occurred in two inter-
section points of the segments ¢ and d and the segments d and e. The fourth
typical point was related to the linear monotony and the inclination angle of
the declining part of the DF intensity curve. This segment of the thermal curve
bore the last conformational changes that had occurred in the thylakoid mem-
brane. These changes can hardly be described as characters of functioning of a
living leaf. The typical intersection points designated as f and g almost had no
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physiological role. The analysed typical intersection points (Figure 3 and Fi-
gure 4 A, B, C and D) can be considered the points characterising inbred lines
with erect top leaves, as these points are precisely the points of conformational
and functional changes in the thylakoid (Radenovi¢ et al.,, 2003a, 2003b,
2004a, 2004b, 2007).

All critical temperatures (phase transition temperatures) at which even the
slightest conformational changes had occurred in the thylakoid membranes of
studied maize inbred lines with erect top leaves were determined by the Arrhe-
nius criterion and the linearisation of the DF temperature dependence. The va-
lues of critical temperatures (°C), their frequency and intermediate distance
characterise observed maize inbred lines with erect top leaves in relation to
their tolerance, resistance, flexibility and adaptability not only to increased and
high temperatures, but also to drought (Radenovi¢ et al, 2001a, 2001b,
2002, 2003a). The Arrhenius criterion is based on the existence of straight
lines. Each Arrhenius straight line represents its activation energy (Ea). The
intersection point of two straight lines is determined by a critical temperature.
Results of the Ea values in the inclining and declining part of the thermal
curve are explained by lesser or greater conformational changes that occur in
the molecules of pigments (chlorophyll) in the thylakoid membrane with the
temperature increase. Due to such changes, these molecules become more
reactive and thereby gain the additional energy that is used in the recombining
process of the DF occurrence (Radenovié, 1994, 1997, Radenovid et
al., 2003a, 2003b, 2004a, 2004b).

Presented photosynthetic fluorescence traits of studied maize inbred lines
with erect top leaves can contribute to more exact, rational and expeditious
proceedings of breeding processes and the production of high-quality hybrid
maize seed, which makes them exceptionally important.

The third series of experiments encompassed the thermal studies of the
specific grain water status and grain dry down rates in the maturation period.
Transport processes and dry down rates at grain maturation are very important
and significant properties to which a great economic and scientific importance
is ascribed, not only in the process of studying and the development of maize
inbreds and hybrids with erect top leaves, but also in the organisation of the
hybrid maize seed production (Radenovié, 1998, Radenovié et al,
2008, 2009). The grain dry down rate in the maturation period is a very
complex process and depends on the following several parameters: a) the
osmotic pressure in the grain in the maturation period, which is prone to the
external atmospheric pressure, as well as, to frequency and intensity of air cur-
rents and significant changes in relative air humidity; furthermore, the osmotic
pressure in the grain depends on the structural properties of chemical com-
pounds and the nature of their chemical bonds with water; b) the pericarp
structure and thickness and its water permeability, that is water transport capa-
city through such a structure; c) the content and structure of starch grains and
protein bodies, including their affinity to bind water; d) morphological proper-
ties of the ear; e) morphological properties of the grain; and f) other physical
and chemical parameters of a chemical structure of the grain, which interact
with water.
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Gained results presented in Tables IV, V and VI, point out to structural
grain parameters (pericarp, germ and endosperm), physical traits and chemical
composition that indicate exceptional quality of commercial maize of observed
hybrids with erect top leaves. Commercial maize is of approprlate quahty that
provides diversified utilisation (Bekri¢, 1997, Radosavljevic¢ et al,
2000, 2002).

CONCLUSION

According to the gained results it can be established that semi-non-in-
vasive photosynthetic fluorescence method can be applied in breeding and the
maize hybrid seed production and that the estimation of maize inbred lines
with significant breeding traits for their tolerance, resistance, flexibility and
adaptability to increased and high temperatures, as well as, to drought, can be
performed. The application of the stated method provided the determination of
many properties and parameters of the photosynthetic apparatus of observed
maize inbred lines with significant breeding properties and erect top leaves:

— The temperature dependence was monitored within the range of 24—
60°C,

— Different monotonies of the increasing part of the thermal curve,
which points out to uneven tolerance, resistance, flexibility and adaptability of
observed maize inbred lines to increased and high temperatures, as well as, to
drought, were established,

— Values of critical temperatures at which smaller or greater structural
and functional changes occurred in the thylakoid membranes of observed maize
inbred lines with erect top leaves were determined,

— Values of activation energies (Ea, kJ mol-') were determined before
and after the occurrence of critical temperatures in the thermal process of DF,

— It was shown that observed inbred lines had a trait of the erect posi-
tion of top leaves and efficient photosynthesis model,

— A greater dry down rate in the grain maturation period was estimated
and analysed in maize inbred lines with significant breeding properties and
erect top leaves,

— Relevant physical and chemical traits of maize hybrids developed
from the stated inbred lines with erect top leaves were analysed; these analyses
point out to good quality of commercial maize and its diversified utilisation.
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BUOPU3NYKA U TEHETUYKA CBOJCTBA MPECTUXHUX MHBPE]
JNMHUJA 1 XUBPUOA KYKYPY3A CA YCITPABHUM I10JIOKAJEM
BPIIHUX JIMCTOBA

Yemomup H. Pagenosuh!:2, Munomup P. ®ununosuh!,
Mune . Ceuancku!, Munuua M. PagocasmeBuh!, 3opan ®. Yamnuja!l,
JoBan M. IlasnoB!, Munom C. LlpeBap!

I MHCTUTYT 3a KyKypy3 ,,3emyH Ilome”, Crnobomana bajuha 1,
11185 beorpan—3emyH, CpbOuja
2 MakynreT 3a GU3MUKY XeMHjy, YHUBep3uTeT y beorpany,
Crynenrcku tpr 12, 11000 beorpan, Cpouja

Pesume
IIpoyuaBaHe cy yeTHpu MpecTKHE MHOpeN JUHUjEe KYKypy3a ca YCIIPaBHUM II0-

JnokajeM BpiiHux jucrosa: SITTTJT 16, 3TITJT 218, 3TITIJT 62 u 3I1TTJT 233. OBe u-
HUje Cy, Kao MajKa WJIM OTall, YKJbydeHe y cTBapaibe Buiie on 50 xubpuma KyKypysa. Y
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TekyheM CcpearepoyHOM TEpHMOAY IIMPOKY KOMEpIIMjaJHy MpUMMEHYy Haiiao je Behu
6poj xubpuna kykypysa: 311 341, 3I1 360, 311 434, 3I1 578, 3I1 606, 3I1 677, 3I1 684
U Apyru. Y OBOM pajly aHaJIM3UPaHU Cy CaMO PEeNpe3eHTATUBHU XUOPUIM KYKypy3a:
3IT 341 (PAO 300), 3IT 434 (OAO 400), 311 578 (DAO 500) u 311 684 (DAO 600).

OBuUM pazioM TOTBpl)yje ce Hallla XUIIoTe3a J1a MOCTOje eIUTHE MHOpen JUHUje U
XUOPUIM KYKypy3a ca yCIIpaBHUM TI0JIOKajeM BPIIHUX JINCTOBA, KOjU TTOCEIYjy JTOMU-
HAHTHO CBOjJCTBO e€(UKACHOI (DOTOCMHTETUYHO-(IYOPECIIEHTHOI MOJAeda U YCHELIHO
ce KOpHCTe y CaBpeMEHUM IIporpaMuMa oTuieMebUBatha, MTPOU3BOIHU XUOPUIHOT Ce-
M€Ha U MEPKaHTUJIHOT KyKypy3a. OBaj 3aK/bydyak IOOUjeH je y3 IpUMEHY HEeMHBa3B-
HOT (DOTOCMHTETUUHO-(IYyOPECIICHTHOT METO/Ia TTOTOHOT 3a OlieHy edukacHocTH (o-
ToMozena. JlooujeHe (OTOCMHTETUUHE KapaKTepPUCTUKE MPOydyaBaHUX MPECTIKHUX MH-
Opesn JMHMja KyKypy3a ca YCIpPaBHUM [OJI0YkKajeM BPILIHMX JIMCTOBA 3aCHOBAHE Cy Ha
edeKTUMa ¥ MpUPOAMU IIPOMEHa 3aKkacHese (uyopeclieHlje XJIopoduia Koje ce Oau-
rpaBajy y HUXOBMM TWJIAKOMIHUM MeMOpaHaMma, YWju Cy TOoKazaTe/by TeMIlepaTypHa
3aBUCHOCT MHTEH3UTETa 3aKacHese (uyopeclieHLuje xaopoduiaa, ApeHUjyCOB KpUTeE-
pUjyM 3a yTBphUBame KpUTMUHUX TemIiepaTypa (TemriepaTtype (a3HuX Ipesasa) y TU-
JIAKOMOHUM MeMmOpaHama M eHepruje akTuBauuje. M3mokeHn pes3yaraty O BeIMYMHU
ymia uaMmel)y mpaBlia mpocThpara TMPBOT JIMCTa M3HAI KJIWMa W TpaBlia MpOCTUpara
cTabJbUKe, Ka0 M Pe3yJITaTu O IMHAMUIIK ociobaharba Bome M3 3pHA Yy IEPUOIY HEro-
BOT ca3peBama JONATHO IOKa3yjy a Cy CBOjCTBa MpPOy4YaBaHUX WHOped JMHUja KYKYy-
py3a ca yCcrpaBHUM IOJIOXkajeM BPIITHMX JINCTOBA MOTOTHM KPUTEPUjYMU 3a €r3aKTHH-
jU, pallMOHAJIHUM U Op>KM MpPOLEC OIUIeMEHMBatba.

Takohe cy aHanmm3upaHa W Apyra pejeBaHTHA CEJIEKIIMOHA M CeMeHapcKa CBOj-
CTBa MPOYYaBaHUX MPECTMHKHUX MHOpPEJ JUMHUjA U XUOpUIa KyKypy3a (KBUIUTET Mep-
KaHTUJTHOT KYKypy3a TPEKO CTPYKType 3pHa, (PU3WYKMX U XEMUjCKUX TapamMerapa).
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THE INFLUENCE OF THE RUNNER ORDERING
OF THE PLANTS ON THEIR QUALITY,
ROOTING AND YIELD OF STRAWBERRIES

ABSTRACT: In this work, we presented the influence of the runner ordering of the
plants on their quality, percentage of root hair formation, and yield of two varieties of
strawberries: Senga Sengana and Pocahontas depending on the time of planting. The runner
ordering of plants and time of their planting have influence on the quality of plants, the per-
centage of root hair formation after the planting, and the yield. There has been established
strong correlation among the diameter of the crown and the rooting when planted and the
yield. Primary plants have higher quality, with bigger diameter of the crown, they take root
better, and they have higher yield than secondary plants. Rosettes planted in August have
higher yield than the ones planted later.

KEY WORDS: primary, secondary, plants, quality, root hair formation, yield

INTRODUCTION

Depending on the method of production and the storing of the planting
material, and the development of the plants, they can be classified in several
categories: green, frigo, waiting bed and container. No matter the way the
planting material is obtained, it needs to be of good quality, with developed
root, with variety, and healthy. High quality planting material is prerequisite
for obtaining high yield and high quality fruits. When evaluating the quality of
the plants, besides the development of the root system, the thickness of the
crown is taken into account. Plants of first and second class have been used
most frequently in the production. The number of obtained high quality plants,
by the plant and by the square unit is a characteristic of the cultivar (Bula-
tovidé, 1970), depending on the cultivation method (Mic¢i¢ et. al., 1983,
Ristevski et. al. 1986, Selamovska, 2006, Mratini¢, 2000), the
cultivar and runner ordering of the plants (Lootchoomun, 1999, Sela-
movska, 2006), the age of the plant (Popov et. al, 1963, Ristevski
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et. al., 1986, Mici¢ et. al., 1983), the time of the planting (Ozdemir et.
al.,, 2002, Ristevski et. al.,, 1986), the used agrotechniques (Paunovic
et. al.,, 1974, Mic¢i¢ et. al., 2003,), the protection (Ristevski et. al.,
1986), etc.

For the production of plants, original plants should be used only. A small
number of plants is obtained from the production plant, with poorly developed
root system, smaller vegetative potential, and poor health condition. The plants
with the highest quality are obtained in the first year after the planting. The
first class plants have the highest quality. During ageing of the plant, its vege-
tative potential reduces, as well as, the quality and quantity of obtained plants.

The yield is influenced by several factors: genotype, time of planting,
cultivation method, age of the plant, health condition of the plant, etc. Due to
its biological characteristics, strawberry can be planted during whole year, but
if speaking of high intensity production, the time of planting, on which de-
pends the rooting and later profitability of growing strawberries, needs to be
considered. When growing strawberries on an open field, the most appropriate
time for planting should be determined having in mind that the plant needs to
be as much developed as possible before the beginning of the winter, in order
to obtain higher yield next year. If the strawberries are planted earlier, in July
and August they obtain 30% higher yield. In September and October, the yield
consequently decreases. The plants planted in July and in the first half of
August, in the next year they provide five to ten times higher yield compared
to those plants that are planted later, in the autumn or spring. When planted in
the spring the yield could be left out (Hristov et al, 1967, Soski¢,
1998, Mratinid, 2000, TeSi¢, 1970, Stancevié etal, 1986, Ozde-
mir et al., 2002, Pasini et al., 1982).

MATERIAL AND METHODS

The examinations were done on the experimental strawberry plantation,
located in Dolno Lisi¢e village near Skopje, Republic of Macedonia. The plan-
ted soil was fluvisol, with maize as a previously planted culture, low carbo-
nate, easy to cultivate, moderately to well supplied with phosphor and potas-
sium, but considering that it contained low content of humus and it was mode-
rately alkaline, it was necessary to do some corrections.

To examine the influence of the runner ordering of the plants on their
quality, root formation, and the yield depending on the time of planting, green
plants of first and second class of two strawberry cultivars Senga Sengana and
Pocahontas were planted in different time periods: every 15 days from August
15 to November 15 and in March next year. Strawberry cultivars were planted
in black foil, distanced at 80 x 25 cm.

The diameter of the neck of the plant, the rooting, and the yield, in years
of 2001 and 2002, were examined. For every period of plating there has been
determined an average value for the required parameters.

Regarding the climate indexes (data obtained from Hydro Meteorological
Institute — Skopje, measuring station Petrovec) in region of Skopje, Republic
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of Macedonia, the average values of air temperature during the vegetation are
favorable for growing strawberries except for the high temperatures during the
summer, especially in August, which have negative impact on rooting of the
plants. All the values of hydrothermal indexes indicate that the climate is se-
miarid. The relative air humidity is low and unfavorable for growth of straw-
berries. The annual and vegetative sum of rainfalls is insufficient for develop-
ment and fruitfulness of the strawberries in this region and because of that, it
is necessary the strawberries to be cultivated in irrigated conditions. The re-
sults of the examination have been statistically processed, using correlative
analysis, analysis of the variance, and t — test.

RESULTS AND DISCUSSION

Data on influence of the runner ordering of the plants on the diameter of
the crown, the rooting, and the yield, in different periods of the planting, are
presented in Table 1.

Tab. 1. — The influence of runner ordering of the plants on diameter of crown, rooting percent
and yield
Primary rosettes Secondary rosettes
Date of Crown . . . Crown . . :
planting  diameter Rooting  Yield Yield diameter Rooting  Yield Yield
% g/plant kg/ha % g/plant kg/ha
mm mm
15.08 9.0 55.6 693.1 19268 7.6 559 591.0 16518
30.08 9.7 65.0 575.8 18694 8.1 56.2 503.0 14135
15.09 11.3 56.2 567.2 15939 8.9 412 410.5 8456
30.09 12.4 88.7 529.9 23501 10.2 67.2 468.6 15745
15.10 12.7 95.0 425.0 20187 10.3 78.7 486.6 19148
30.10 12.6 83.7 375.9 15731 10.6 60.0 376.0 11280
15.11 12.6 90.0 447.6 20141 11.1 91.2 397.4 18121
15.03 13.1 92.5 381.6 17649 11.0 90.0 364.3 16393
X 11.8 79.0 498.9 19706 9.7 69.6 449.6 15645
r 0.903 0.821 0.903 0.971 0.707 0.712
LSD 0.05 2.29 24.10 1.89 23.89
LSD 0.01 3.11 32.67 2.56 32.73

We made comparison between primary and secondary plants related to
these parameters. According to the data, the runner ordering of the plants had
impact on their quality, the root formation after the planting, and their yield.
Plants of the first class had higher quality, they had 17.8% bigger diameter of
the crown, 12% better rooting, and 10% higher yield, more exactly 21% hig-
her yield by square unit compared to the plants of second class, which is sup-
ported by considerable statistical differences (Table 2).
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Tab. 2. — Comparison between primary and secondary rosettes

Primary  Secondary Difference between primary

Parameters rosettes rosettes and secondary rosettes % t
Diameter of the crown mm 11.8 9.7 +17.8 1.3 +
Rooting % 79.0 69.6 +12.0 1.2 +
Yield/plant g 498.9 449.6 +10.0 1.03 +
Yield kg/ha 19.706 15.645 +21.0 1.13 +

We determined positive correlation between the diameter of the crown
and the root development and the yield (plants of the first class r = 0.872,
plants of the second class r = 0.752). Plants with bigger diameter of the crown
had better rooting when planted, and they had higher yield. In the same period
of planting, primary plants had higher values for the diameter of the crown,
the rooting development, and the yield, than secondary plants. Because of the
earlier organogenesis primary plants were more developed, they started to
form earlier, after the planting they adapted quicker and better, and they had
better rooting (Selamovska, 2006, 2007). Related to this, when producing
the planting material it is important to leave 1 to 3 plants on a plant, and in
that way a smaller quantity of plants will be obtained, but with higher quality
and with bigger diameter of the crown (Mi¢i¢ et al., 2000).

Besides the runner ordering of the plants, the diameter of the crown and
root development was also influenced by the time of planting, on which there
are correlative values. We determined considerable statistical differences in the
diameter of the crown, rooting, and yield, between earlier and later planted
plants (Table 1). Plants planted in August had smaller diameter of the crown
and poorer rooting, but they had higher yield, compared to later planted plants.

Primary and secondary plants, planted on the 15% of August, in average
had 17.5% smaller diameter of the crown, than plants planted on the 15" of
September, 27.5% than rosettes planted on the 15" of October and 31.0% than
plants planted on the 15" of March (Table 3).

Tab. 3. — Comparative values of the parameters in different planting periods

Difference %

Parameters 15.08/15.09 15.08/15.10 15.08/15.03

I I X I I X I I X
Crown diameter -20.0 -150 -17.5 -29.1 -26.0 -275 -31.0 -31.0 -31.0
Rooting -1.0 +26.0 +125 410 -290 -350 400 -38.0 -39.0
Yield/plant +18.0 +31.0 +245 +39.0 +18.0 +285 +450 +38.0 +41.5
Yield kg/ha +17.0  +49.0 +33.0 -5.0 -14.0 -95 +8.0 +1.0 +4.5

Regarding the rooting, plants planted on the 15% of August had 12.5%
better rooting, than plants planted on the 15" of September, but 35% — 39%
poorer rooting than plants planted on the 15" of October and 15" of March.
Regarding the yield, plants planted on the 15" of August have 24.5%, 28.5%
to 41.5% higher yield than the plants planted on the 15% of September, 15" of
August, and 15" of March. In every period of planting, separately, primary
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plants had higher values of every index compared to those of the secondary
plants.

Because of the higher yield of the plants planted in summer months, hig-
her values of the yield by square unit were expected in those months. How-
ever, it did not happen. Plants planted on the 15" of August had lower yield
by square unit compared to later planted plants, from October to March. The
reason for the poor yield was the extremely high air temperature. In August
and September 2001, in the time of planting and after planting, there were
measured extremely high air temperatures, more exactly absolute maximums
of 38.7°C in August, and 32.8°C in September. In the year 2002, high midday
air temperatures were measured in September with absolute maximum of
27.9°C. Extremely high air temperatures in the summer months, have caused
dehydration of the plants, which had negative effect on the rooting, which
have been reduced to 50%. In addition, poor rooting of the plants in August
had negative effect on the total yield by square unit.

CONCLUSION

Based on the performed experiments we conclude:

— The runner ordering of the plants has influence on their quality, root-
ing after plating, and yield.

— Primary plants have higher quality, bigger diameter of the crown, they
form better root, and provide higher yield than secondary plants.

— The yield of the strawberries depends on the quality and runner orde-
ring of the plants, the rooting after planting, and the time of planting. To
obtain higher yield they should be planted in summer, but irrigation is required.
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YTULAJ PENOCJIEOA PO3ETA HA KBAJIUTET, YKOPEHLABAHGE
N MPUHOC JATOAE

Onra B. HajmeHoscka, AHa T. CenumoBcKa
dakyarer 3a 3eMjoneicku Hayku u xpaHa, Ckorje, P. MakenoHnuja
Pesume

VY pany je mpukaszaH yTHIIaj peaociena po3eTa Ha KBaJIMTET, IpolreHaT hopMupa-
ha M3aHaKa W MPUHOC JBE COPTEe jaroje: 3eHra 3eHraHa M MOKAaXOHTAC y 3aBUCHOCTH
o5l BpeMeHa caame. Pemocien posera M BpeMe caarhe yTUUe Ha KBaJUTET po3eTe, Mpo-
LIeHaT yKOpeH.aBama MOoCje calihe M Ha MPUHOC. YTBpheHa jaka Kopeaanuja usmehy
MpeYyHMKa KOPEHOBOI BpaTa, M yKOpeHaBakha HAKOH calame M TpuHoca. [lpumapHe
po3eTe MMajy BUCOK KBaJIUTET, ca BehMM MPEeYHUMKOM KOPEHOBOT BpaTa, 00Jbe Ce YKO-
pewaBajy 1 MMajy Behu IpuUHOC Hero cekyHmapHe posete. Posere 3acaheHe y aBrycry
nMajy Behu MpuHOC y OIHOCY Ha po3eTe Koje ce cale KacHUje.
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MICROBIOLOGICAL INVESTIGATION OF PEPPERMINT
AND PUMPKIN SEED KERNELS DRYING
IN BATCH DRYER

ABSTRACT: The goal of this research was to investigate improvement of drying
method of peppermint and pumpkin kernels (hull-less pumpkin seed) with the aim to get as
best microbiological quality of products as possible. Small and medium scale producers of
medicinal plants in most cases perform it in batch dryers, which offer optimal output rate.
Disadvantages of this dryer type are slower through-heating of upper layers, with the resul-
ting increase of microbial count. In this paper, results of investigation of drying characteri-
stics in batch dryer expressed through the changes of count of bacteria and microfungi are
presented. The drying regime was applied in three different phases, and different material
batch heights.

Obtained results show that microbial count has increased in the upper layer during
process of peppermint drying, while the temperature was less than 45°C for a long period.
However, during the final drying phase in this layer, the temperature was also over 45°C,
and the final microbial count was almost the same for upper and lower levels. During the
treatment of pumpkin kernels in all of cases number of microorganisms indicated that the
treated pumpkin grains belonged to the 3B qualitative group or to the 4B for phase drying
respectively, and to the 4A for control group according to the Europaean Pharmacopoeia.
The results obtained suggest that the treatment of hull-less pumpkin seed with even higher
temperatures of drying agents, for example 70°C or 80°C, in the first phase should be inve-
stigated. After that phase, the second phase would follow, using temperature of 60°C, and
the method with shifting mode should be applied.

KEY WORDS: Drying, microbiological quality, peppermint, pumpkin seed kernel

INTRODUCTION
Production of medicinal plants and oil pumpkin kernels (hull-less pump-

kin seed) is economically profitable and the market is assured. Compliance
with the microbial count limits in these products, based on European Pharma-
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copoeia (Anonymous, 2002, 2005) is mandatory in many countries. The
most often, drying is being performed in batch dryers and in practice various
parameters are being applied. In developing countries, the use of batch dryers
presents a compromise between investments and effects. The control of drying
process is very poor in conventional batch dryers, resulting in lower quality
and higher input of energy. New development of control equipment enables
control in batch dryers, which is not only satisfactory but is almost comparable
to that in big band dryers.

Quick evaporation of physically bond moisture takes place at the begin-
ning of the drying process. For the removal of moisture located inside of ma-
terial is, beside the energy for evaporation, the energy for moisture transport to
the surface also needed (Bruin and Luyben, 1980, Miihlbauer, 1989).
This process largely depends on material structure and it differs. Essential oils
are active ingredients of many medicinal and aromatic plants, and their ther-
mal sensitivity is a limiting factor for setting up of drying temperature (M1 -
mica-Dukié et al., 2003).

Rise of temperature over 45°C results in considerable reduction of micro-
bial count. Contemporary procedures for reduction of microbial count, treat-
ment with steam or microwaves, are used only in big band dryers (Heind]l,
2005). As a conclusion, too high temperatures cause losses of essential oils,
while too low increase the microbial count. Due to this contradictory require-
ment the range of auspicious drying agent temperatures is very narrow, espe-
cially for final drying phase, e.g. for moisture content range from 18—20% to
the final ones, e.g. 11%. The upper limit, due to essential oil losses is about
50°C, while the lower limit, due to desired reduction of microbial count, is
45°C. Temperature control can be performed relatively easy in contemporary
band dryers (Miller, 2004, Martinov et al, 2007b, Martinov et
al., 2008), as opposed to batch dryers. The through-heating of whole material
layer, upper levels, is very slow, causing increase of microbial count (Graf
et al.,, 2002, Martinov et al, 2006a, b).

The goal of this research was to investigate the possibilities of improve-
ment of drying method with the aim to get as best microbiological quality of
products as possible.

MATERIALS AND METHODS

Experiment of drying of mint and pumpkin grain was performed in the
Department of hops sorghum and medicinal plants in Backi Petrovac (of the
Institute for Field and Vegetable Crops, Novi Sad), and microbiological ana-
lyses in Laboratory of microbiology of the Faculty of Sciences of Novi Sad.

Cultivar of Mentha x piperita L. Danica in first year of vegetation, first
and second harvest, August and October, was used. Whole plant, i.e. herb, was
dried in two heights of fresh material batch: 80, and 100 cm. The tests without
turning and with turning of material layer, after finishing of second drying
phase, were performed. Material was weighted by integrated balance, accuracy
+ 0.2 kg. Material samples for determination of moisture content and microbial
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count were taken before drying. In the course of drying, changes of moisture
content in the upper and lower levels, 10 cm above the grate, and 10 cm
below surface were taken for analysis of moisture content and microbial count.
Oil pumpkin seed kernel of the sort Olinka was used. After harvesting
and washing, samples, were collected from different sampling sites where they
were grown, and period of time from washing to the beginning of drying did
not exceed three hours. Samples of untreated plant material have been also
sampled for determination of microbial contamination of fresh material.

Experimental dryer and drying procedures

The experimental batch dryer, SD-16 MGA, produced by Termoplin,
Mladenovac was described earlier in Martinov et al. (2006a, 2006b), but
for this experiments was placed on the frame carrier-17 and four weighing
SG sensors, position-18. This enables continuous measuring of dried material
weight with accuracy 2 N. The burner capacity was 15 kW, and ventilator
engine 0.78 kW. The drying agent flow through material layer was adjusted to
0.2 m/s, and measuring was performed with anemometer at overpressure vents
opening. The surface of drying grate was 1.6 m?.

During the course of drying, three working regimes, combination of
maximum temperature and working mode, open or circulated, were program-
med. In comparison with preliminary testing, Martinov et al. (2006a,
2006b, 2008), where the time of changing the phase was predicted, integrated
balance enables change of drying regime according to measured material mass
and calculated moisture content.

Relative humidity of air after passing through peppermint material layer
was calculated based on temperatures measured by “wet” -9 and “dry” -10
bulbs. The change from open to circulating mode was performed, after rea-
ching the programmed upper value of the relative humidity of the agent, by
opening side flaps-4 and closing circulation opening flap-8 using a servo-mo-
tors. For the drying agent temperature was used thermostat of the burner and
automatic control of drying mode, switching from circulating to open mode
was used common PLC for tobacco dryers.

Material temperature was measured by Ni-CrNi thermocouples in four
points at different levels. For all peppermint layer height was always measured
the temperature at 10 cm above the grate and 10 cm below material layer sur-
face in fresh material. The accuracy of temperature measurement was = 1 K.
For temperature recording, data acquisition device Acurex Autodata Nine was
used. Specially developed software was used for data processing.

Samples from the upper level, 10 cm below surface, and lower level, 10
cm above the grate, were taken every two hours and used for moisture content
determination. Microwave oven was used for quick determination of moisture
content. According to the previously provided testing and comparison with the
common method, the accuracy was assessed to be + 2% (M artinov et al,
2007a).
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The research of oil pumpkin kernels has been performed in dryer corre-
sponding to those applied in routine practice. As a control, the samples subjec-
ted to the constant 50°C and permanently open mode, when the drying agent
passes through the grain layer and leaves the dryer, as the most often method
performed in practice, have been used. For comparison, the multi-phase drying
method was performed, when the open mode has been used in order to reduce
the moisture content to 32%, and further on, for next two phases of drying,
lower temperatures were used, as well as another, open — recirculating mode
was applied.

Tab. 1. — Applied temperatures for phases of drying of pumpkin kernels

1. phase 2. phase 3. phase
Sample
t [°C] W [%] t [°C] W [%] t [°C] W [%]
A 65 32 60 18 55 8
B 65 32 55 18 50 8
C 60 32 55 18 45 8

For investigation, two control groups were analyzed too: a) drying in
open mode, in one single phase, with agent (air) temperature of 50°C, as a
procedure the most often applied in practice, and b) “natural” drying in
shadowed drafty place, as the procedure also often used in practice.

Determination of microbial count

Samples for determination of microbial count were taken from the fresh
material before drying and after changing of drying phase. The microbial
count was determined by standard methods. The number of particles of micro-
fungi (molds and yeasts) on Sabouraud agar was counted. The total number of
aerobic mesophyllic bacteria on nutrient agar was counted. Coagulase positive
streptococci, sulphite-reducing clostridia, E. coli, Salmonella and Proteus spe-
cies were determined according to the national regulations (Pravilnik o mikro-
bioloskoj ispravnosti namirnica u prometu, Sl. list SRJ, br. 26/93, 53/95. and
46/2002; Pravilnik o mikrobioloskoj ispravnosti namirnica u prometu, Sl. list

SRJ br. 26, 1993).

Determination of microbial metabolic activity

Since the level of phosphatase activity of heterotrophic part of microbice-
nosis present in harvested or collected plant material indicate their biochemi-
cal, metabolic activity, the acid, neutral and alkaline phosphomonoester-hydro-
lase activity of samples were measured simultaneously with the determination
of microbial count. Results were shown as phosphatase activity index (PAI),
the average value of acid, neutral, and alkaline phosphatase activity (M ata -
vulj etal, 1990), as a good indicator of the level of microbial contamination
of plant material.
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RESULTS AND DISCUSSIONS

Temperature course in layers

Examples of measured material temperature courses in three layers are
shown in Fig. 1. It is evident that material in the upper layers reach tempera-
ture over 45°C after a significant period of drying. Until this time, there exist
favorable conditions for increase of microbial count. The higher the material
batch, the longer the time for warming up to 45°C of upper layers. Supposed
reduction of warming up of upper layers as result of turning of peppermint has
not been confirmed. No significant reduction has been recorded.
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Fig. 1. — Examples of recorded temperature changes in material layers for peppermint

drying duration is lower for higher batch height.

a) 80 cm and, b) 100 cm batch height

Moisture content course

Fig. 2 present examples of courses of material moisture content of pep-
permint. The reduction of drying time is as expected, whereby the relative
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a) without turning b) with turning of batch after first drying phase
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The drying time of peppermint without (a) and with (b) turning of batch
after first drying phase shows considerable difference, although here are given
extreme examples. The start moisture content of turned batch was also about
4% lower. Specific drying rate was for turning of batch about 4.45, and for no
turning 2.80 kg/h. Due to relatively small number, only two, one for each
batch height, experiments with turning the batch it cannot be concluded that
could so huge reduction of drying time can be expected. This effect should be
proved in future investigations.

The other positive effects of batch turning are also equalization of mois-
ture content of material layers. Fig. 3 shows measured moisture content in up-
per and lower layers. It is clear that in the case of material batch turning final
moisture content of peppermint is more equalized, Fig. 3b). This effect should
be also more approved in future investigations.
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Fig. 3. — Measured (using microwave oven) moisture content of dried peppermint, 1 m batch

height, in lower and upper batch layers; a) procedure without turning, b) procedure with turning

Microbial count dynamics

The change of microbial count during drying process, in layers is for se-
lected examples shown in Fig. 4 for peppermint
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Fig. 4. — Change of microbial count in upper and lower layers, peppermint 0.8 m batch

height: a) Bacteria (aerobic mesophylic heterotrophs), b) Microfungi (moulds and yeasts,
microfungal particles)
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Presented results of drying of batch turning, Fig. 4 show that there is no
significant difference of upper and lower layer. This is one more benefit of
batch turning. Reached microbial count turned to be lower than that of fresh
material, and comparable of those of naturally dried material, and corresponds
to the level of 4A category according to European Pharmacopoeia (Anony -
mous, 2002).

Tab. 2. — Microbial count and microbial phosphatase activity of pumpkin kernels

Number of particles Phosphatase activity

Bacterial count

Sample of microfungi index (PAI)
gl gl wmol/s~1/g-1

A 0 33,600 0.76

B 0 40,700 0.88

C 23 69,200 0.93

K 0 142,000 0.94

In accordance with Europaean pharmakopoeia (Anonymous, 2002)
pumpkin kernel A and B samples, dried using method of phase drying, fulfill
the criteria for belonging to the 3B quality group. Samples C and K (control
group) treated in the same way, fulfilled criteria for 4B quality group.

Particles of microfungi were found only in samples C, when temperature
of drying in the third phase was 45°C. Dominated species represented lipo-
phyllic Mucor and Rhizopus genera. Representatives of xerophyllic Penicil-
lium, Cladosporium, Aspergillus and Fusarium genera were recorded too.

Number of microorganisms, as well as level of their metabolic activity,
testify that bacteria, found as contaminants on oil pumpkin grains cannot be
eliminated by applied temperatures higher than 45°C. Further decrease of their
number could be achieved only either by using steam treatment or exposing
them to microwaves.

In all of cases number of microorganisms indicated that the treated pump-
kin grains belonged to the 3B qualitative group or to the 4B for phase drying
respectively, and to the 4A for control group according to the Europaean phar-
macopoeia.

The results obtained suggest that in future research the treatment with
even higher temperatures of drying agents, for example 70°C or 80°C, in the
first phase should be investigated. After that phase, the second phase would
follow, using temperature of 60°C, and the method with mode shifting would
be applied.

CONCLUSIONS

Positive effects of drying in three phases drying have been confirmed.
Turning of peppermint batch showed positive effects, and only the needed ad-
ditional labor could be limitation factor for its application. The more accurate
effects of this should be achieved by future investigation.

Three phases drying can be recommended, whereby for phases timing ra-
pid moisture content estimation using microwave oven can be applied. Starting
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of drying without heating, use of ambient air, whereby is prolongation of
drying time expected.

During the treatment of plant material in all of cases qualitative and
quantitative composition of microorganisms indicated that drying process re-
sulted in satisfactory reduction of microbial count according to the Europaean
Pharmacopoeia.
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MUKPOBUNOJOIIKA NCTPAXKKNBAIbA CYIIEHA IMTMTOME HAHE
N CEMEHKM YJbHE TUKBE Y LLAPXXHOJ CYIIAPHU

Munan H. MaraBymb!, Munan JI. MaptuHos?, Maja A. Kapaman!,
Bpanucnas B. Becenunon?, Jlyman C. AgamoBuh3

I TIpupogHo-matematuuku ¢akynrer, Tpr JI. O6pagosuha 2, Hou Can
2 Maxkynrer Texunukux Hayka, HoBu Can, Cp6Guja
3 MuctutyT 3a patapctBo u mnoprapctBo, Makcuma I'opkor 30, HoBu Can, Cpbuja

Pesume

VY pany je mocTaBlbeH LMJb Ja C€ MCTPaKU MOTYRHOCT MoGoJblama MOCTYIKa Cy-
IIera MUTOMEe HaHe M OJbYLITEHUX CEMEHKM YJbHE THKBE ca IIMJbeM Ja ce A00uje IITO
00JbM MUKPOOMOJIOIIKY KBaauTeT. Manu u cpenwu npousBohaun Ouibe Hajuenrhe cy-
lIe y IIapKHUM cyllapama Koje Hajy Hajoojbe eKoHoMcKe edekre. Jlomia crpaHa THUX
cyliapa je crnopo mporpejaBambe roprUX CliojeBa, IITO CTBapa yCJIOBE 3a MOYETHO MOo-
Behame Opoja MUKpoopraHu3ama. ¥ OBOM paiy MpUKa3aHU Cy pe3yJTaTh MCIUTHBaH-a
0CcoOMHa Cylllera y IapKHOj CyIlIapy MHAWKOBaHAa MpoMeHaMma Opoja GakTepuja U MU-
KporjbuBa. PexxuM cylierma IpuMeheH je y TpU pasnuunte dase. [JobOujeHu pesyaraTtu
cyllera MMTOME HaHe yKa3yjy Ha mopacT 6poja MUKpOOpraHu3aMa y TOPHUM CJI0jeBU-
Ma O6uomace, 3a peJaTMBHO IyT MEepUOJ BpeMeHa Kaja TeMIlepaTypa HHUje Ipea3uiia
45°C. MehyTtumM, 3a BpeMe 3aBpliiHe (ase cyllierma TeMmrepaTypa Takohe HUje mpesia3u-
sna 45°C u ¢uHanHu Opoj MUKpoOOpraHmzama je OMO CKOpO M3jeTHAUYEeH y TOPHEeM U
IOEM CIIOjY.

HcTpaxuBarbe MOCTYNKA CyllleHha ObYIITEHUX CEMEHKMU y/bHE TUKBE je CIIpOBe-
IIEHO y YyCJIOBMMa KOjU OAroBapajy OHMMa Koje ce IpuMelbyjy y Ipakcu. Pam ca KoH-
cTtaHTHOM TemrnepaTypoM 50°C U CTaJHO OTBOPEHUM MOJIOM, MPHU KOjeM areHc jeHOM
MpoJia3u Kpo3 CJI0j 3pHA M HaIlyIITa CylIapy, ITO ce Hajuemnrhie KOPUCTH Y TIPaKCH,
kopuiiheH je Kao KOHTpoJiHa rpymna. 3a nopelere je 00aBbeHO (ha3HO cylliewe, Mpu
YeMy je OTBOpeHM MO KopwilheH M0 JTOCTU3ama caapikaja Biaare oko 32%, a Hamabe
cy, 3a nBe (ase cyllewa, NMpUMEHeHe HIKe Temreparype, M MpoMeHa Moja pana:
OTBOpeHU — peumpKymanuoHu. IlokazaHo je ma je Tpajambe cyllema Kpahe u crenm-
(bnyHa eHepruja HWKa MpU NMPUMEHM BUIIMX TeMmrepaTypa U MPOMEHW Moja paja y
npyroj u tpehoj ¢dasu. I[locTUTHYTH KBaJIMTET Yy IOIVIELY camprkaja Opoja MUKpoopra-
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Hu3ama OUO je TakaB Jla ce 3pHO CBpCTaBa y KBaiuTeTHY rpyny 3b wim 4b 3a ¢asHo
cyliewe, a 4A 3a KOHTPOJIHY Tpyry, nipema EBporickoj (apmakorieju.

VY Oynyhem pany Tpeba ma ce ucnuTa edekar joll BUILIMX TeMIlepaTypa areHca
(Bazmyxa) 3a cylllewe ceMeHKM TukBe y 1pBoj (aszu (70 u 80°C), nocye yera 6u cie-
nuiaa apyra dasa y Kojoj 6u temreparypa 6uia go 60°C, a mpuMerhuBao OM ce paja ca
IMPOMEHOM MOJIa.
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BENEFITS OF INOCULATION WITH AZOTOBACTER
IN THE GROWTH AND PRODUCTION OF TOMATO
AND PEPPERS

ABSTRACT: The aim of this research was to investigate the effects of Azotobacter
chroococcum in tomato and pepper growth and production by using two types of inocula-
tion — seed inoculation and seedling inoculation. The effect of inoculation was observed
thirty days after sowing, thirty days after transplanting, and in the phase of technological
maturity. The following were measured: height of the plants, dry matter of the plants and
number and the weight of the fruits. Inoculation had a positive effect on these in both
plants. With tomato, better results were achieved when seedlings were inoculated. With
pepper, the length of the plant and the dry matter were greater with seedling inoculation,
whereas the number and the weight of the fruits were greater with seed inoculation.

KEY WORDS: inoculation, azotobacter, tomato, pepper

INTRODUCTION

Azotobacter strain is a free-living nitrogen-fixer. It lives freely in soil,
growing in abundance in the rhizosphere with a higher concentration of orga-
nic matter secreted by plants (Berkum and Bohlool, 1980). Sometimes
azotobacter lives on the very surface of the root, making a mucous cover and
thus creating a stronger bond with the plant (association). The amount of
atmospheric nitrogen fixed by azotobacter ranges from 50 to 80 kg/ha a year,
depending on the conditions in soil. Apart from fixing elementary nitrogen,
azotobacter produces biologically active substances-auxins, gibberellin, pyri-
doxine, biotin, and nicotinic acid which can all contribute to plant growth.
Therefore, azotobacter can also be used as a microbiological fertilizer in the
production of non-legumes (Mili¢ et al., 2004). Several inoculation treat-
ments can be applied: introduction of azotobacter into soil before sowing it,
seed inoculation before sowing, seedling inoculation, and introduction of azoto-
bacter into soil by means of irrigation during the vegetation period.

71



The aim of this research was to observe the possibilities of using Azoto-
bacter chroococcum in the growth and production of tomato and pepper by
inoculating the seed and the seedling.

MATERIAL AND METHODS

The experiment was conducted in chernozem soil with two kinds of
plants: tomato (Novosadski jabucar variety) and pepper (Kalifornijsko ¢udo
variety). In autumn, manure was introduced in the soil. The variants in the
experiment were seed inoculation, seedling inoculation, and control (no inocu-
lation).

Seed inoculation consisted of immersing 50 g of tomato and pepper seeds
in 15 ml of an inoculum containing 10%/ml of Azotobacter chroococcum cells.
The seeds were left in the inoculum for three hours.

Seedling inoculation was performed by immersing the root of seedlings in
an inoculum containing 10%/ml of Azotobacter chroococcum cells.

The sowing of inoculated and non-inoculated seed was performed in early
April. The distance between seeds was 5 cm.

Thirty days after sowing, the plants were dug out and divided into three
groups of thirty plants. The group I consisted of the plants whose seed was
inoculated. The group II was the plants whose roots were inoculated, and the
group III was the control plants that were not inoculated at all. All the plants
were planted into rows. The distance between each plant was 30cm.

The effect of inoculation was observed thirty days after sowing, thirty
days after transplanting and in the phase of technological maturity. The length
and the dry matter of the plants were measured and the number and weight of
fruits of tomato and pepper was determined.

RESULTS AND DISCUSSION

Thirty days after sowing there was no effect of Azotobacter chroococcum
on the length of the plant above ground, root, or the whole plant of tomato
(Table 1).

Tab. 1. — The effect of inoculation on the length of tomato plants

30 days after seeding 30 days after transplanting

Variants Above ground Root Above ground Root

(cm) (cm) (cm) (cm)

Control 6.820 1.540 29.300 13.233

Inoculation of seed 6.800 2.060 35.000 20.033

Inoculation of seedlings 39.233 27.267

LSD 1% 2.523 0.937 0.814 0.928

5% 1.521 0.565 0.491 0.560

Thirty days after transplanting, however, the effect of inoculation was sta-
tistically significant. The above ground part of the inoculated plants was lon-
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ger by 6—10 cm than in the control plants, and the root of the inoculated
plants was longer by 7—14 cm than the root of the control plants. A better ef-
fect was achieved when the seedlings were inoculated (table 1).

Thirty days after sowing the pepper, the length of the above ground part
of the inoculated plants was smaller than the length of the control plants. The
length of the root was the same in both inoculated and non-inoculated plants.
However, thirty days after transplanting, the total length of the inoculated
plants was greater by about 10—17 cm. As in tomato, the better effect was
achieved with seedlings inoculation.

Tab. 2. — The effect of inoculation on the length of peppers plants

30 days after seeding 30 days after transplanting
Variants Above ground Root Above ground Root
(cm) (cm) (cm) (cm)
Control 4.360 2.520 19.133 5.553
Inoculation of seed 2.580 2.540 27.200 7.433
Inoculation of seedlings 32.233 9.267
LSD 1% 2.358 2.358 1.243 2.497
5% 1.422 1.422 0.750 1.505

Thirty days after transplanting, the dry matter mass of the inoculated
plants, especially tomato, was greater than the dry matter mass of the non-inocu-
lated plants. Seedlings inoculation had a better effect with both plants (table 3).

Tab. 3. — The effect of inoculation on dry matter mass of tomato and peppers plant
Dry matter mass of tomato Dry matter mass of peppers
. plant (g plant-1) plant (g plant-1)
Variants
30 days 30 days after 30 days 30 days after
after seeding transplanting after seeding transplanting
Control 0.11 12.25 0.069 7.17
Inoculation of seed 0.11 25.37 0.033 8.24
Inoculation of seedlings 52.43 9.45
LSD 1% 0.001 1.93 0.003 0.112
5% 0.000 1.16 0.001 0.067

Inoculation with Azotobacter chroococcum had a significant effect on the
number and weight of pepper and tomato fruits (Table 4). With tomato, the re-
sults were better when seedlings were inoculated. With pepper, seed inocula-
tion was more effective.
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Tab. 4. — The effect of inoculation on the number and weight of tomato and peppers fruits

Tomato Peppers

Variants Number of  Average weight  Number of  Average weight

fruits per plant of one fruit (g) fruits per plant of one fruit (g)
Control 5.77 59.46 5.33 188.36
Inoculation of seed 7.72 78.50 6.36 231.53
Inoculation of seedlings 10.20 105.56 5.83 211.50
LSD 1% 1.35 0.788 1.42 15.12
5% 0.81 0.475 0.86 7.43

The use of Azotobacter chroococcum in plant production was also justi-
fied in many earlier researches. MiloSevic¢ et al. (1994) concluded that
the same strains of Azotobacter chroococcum did not produce the same effect
in different varieties of pepper. Govedarica et al. (1996) achieved faster
germination when cucumber seed was inoculated before sowing. Goveda-
rica et al. (1997) achieved a positive effect of azotobacter on the growth of
pepper. The researches of Mrkovacki and Milié¢ (2001) showed that
this bacterium increases the sugar content of sugar beet. In the researches of
maize production by Govedarica et al. (2002) and Hajnal et al.
(2004), an even germination, a 3% higher yield and an increased microbiologi-
cal activity were achieved when Azotobacter chroococcum was applied. J a -
rak et al. (2006) achieved a positive effect of azotobacter on yield of wheat
and on microbiological activity in wheat rhizosphere. Azotobacter can be used
as an alternative to conventional nitrogen fertilizers. The use of Azotobacter
chroococcum in tomato and pepper production could reduce the need for nitro-
gen mineral fertilizers, which is important both economically and ecologically.

CONCLUSION

— Thirty days after sowing there was no effect of Azotobacter chroococ-
cum on the length and on the dry matter mass of tomato and pepper plants.

— Inoculation of tomato and pepper with Azotobacter chroococcum had
a statistically significant positive effect on the length and weight of the plants
thirty days after transplanting. A better effect was achieved when seedlings
were inoculated.

— The number and weight of pepper and tomato fruits were significantly
higher in inoculated variants. Seedling inoculation was more effective with to-
mato. Seed inoculation was more effective with pepper.
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KOPUCHOCT MHOKVYJIALIMJIE C ASOTOBAKTEPOM HA PACTEGE
N HA TTPOAYKTUBHOCT ITAPAJIAJ3A U1 TIATIPMKE

Mupjana H. Japak, Cumonuna C. bBypuh, bumpana 1. Bophesuh
IMomonpuspenuu dakynrer, Hosu Can, Tpr JI. O6panosuha 8, Cpbuja
Pesume

A3zoTobakTep crmama y ciodogHe azoToduKkcaTope. Y 3aBUCHOCTH O]l COja M YCJIO-
Ba cpenuHe, azorobakTep Moxke pukcupatu 50 mo 80 Kr a3oTa Mo XeKTapy TOAMIIE.
OcuM 1ITO yCBaja eJleMEHTApHU a30T, OH MPOAYKYje M MaTepuje Koje MOCTeNlyjy pacT
Ousbaka. 300r TMX CBOjcTaBa a30TOOAKTEp ce MpuMembyje kKao ouodeprunuzaTop. IMo-
CTOje Pa3IUYUTH HAYMHU TPUMEHe a30ToOaKTepa — Y 3eMJbUINTE TIpe CeTBe, Ha ceMe
M Ha pacaf.

Lum uctpakuBama je 6Mo fa ce ucnura edekar npumeHe Azotobacter chroococ-
cum y TIDOM3BOAIGY TIapajaj3a W Manpuke KopuinhereM IBa HauMHA WHOKYJIALMje —
MHOKYJIallMja ceMeHa M MHOKYJallyja pacama. YTUlaj MHOKY/IallMje UCIIUTUBAH je TpU-
JleceT JIaHa TIOCJIe CeTBe, TPUIECeT JaHa Tocie pacaljuBama W y ha3d TEXHOJIOIIKE
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3penoctu. McnuTuBaHu cy BUCMHA OWJbaka, CyBa Maca OuJbaka, Opoj IiomoBa M Maca
CBEKMX TIJIOJ0BA.

Tpunecer naHa mocje ceTBe HUje OWI0 yTuuaja Azotobacter chroococcum Ha 1y-
JKMHY M CyBYy Macy Omibaka. MHOKynauMja mapagaj3a M IalpuKe MMajia je 3HadajaH
VTULIAj TPUIECET IaHa HaKOH pacahuBara. bombu edekar nMmala je MHOKyIalMja paca-
na. bpoj u Te:xuHa muIooBa Koja 00e OubHE BpCTe OWIM Cy 3Ha4ajHO Behr Ha MHOKY-
JMcaHUM BapujaHTaMa. MHokynauuja pacama uMana je 0o/bM edekaT Ko Ilapanajza
JIOK je KoJ Tampuke 0ojbM edekar mMajna MHOKYyIalldja ceMeHa.
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STUDY OF AQUATIC MACROPHYTES
IN THE WETLANDS ON THE TERRITORY OF
VRACHANSKI BALKAN NATURE PARK

ABSTRACT: An overall study of the species composition and abundance of macro-
phytes in all open water bodies of a large protected territory was made for the first time in
Bulgaria. Four high-mountain eutrophic lakes and the upper stretches of three rivers within
the boundaries of Vrachanski Balkan Nature Park were investigated. Thirty-nine macro-
phyte species (higher plants and mosses) were identified scattered around, or forming more
or less distinct vegetation groups. Three of the lakes are new for the country locations of
the species Elatine alsinastrum and Peplis portula. The processes of eutrophication are
more advanced in the lakes. The habitats formed around the investigated water bodies have
been determined. They are three habitats of European Community interest for Bulgaria. The
major threats for the investigated wetlands on the territory of the Park are pointed out.

KEY WORDS: Vrachanski Balkan Nature Park, macrophytes, species composition,
running waters, lakes

INTRODUCTION

This study of macrophytes has been carried out within the framework of
the project Observations on populations of conservationally important plant
and animal species on the territory of Vrachanski Balkan Nature Park and
data base completion.

The main objective of the study was to investigate macrophyte diversity
(of species and in quantitative terms) in zones of high conservational value,
with priority importance for protection of the herpetofauna. Such zones on the
territory of the Park are predominantly the natural open water bodies. The
macrophytes have been investigated in these zones as a fundamental group
within the food chains and interrelations in their ecosystems.

The objective was implemented thanks to the fulfillment of the following
tasks:
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— Study of the macrophytes — species composition, plant communities
formed by them and the degree of their formation

— Habitats in which these communities participate

— Status of the investigated wetlands

— Threats to the wetlands

MATERIAL AND METHODS

Vrachanski Balkan Nature Park is situated in Northwest Bulgaria and it
covers most of the Vratsa Divide and the massive of Lakatnik Rocks. Vratsa
Divide rises to the south of the Vratsa Plain and branches off the Balkan
Range. The Park covers 28 803.0 ha. Vegetation of the Vrachanski Balkan
Nature Park is dominated by two belts: of mixed oak forests (700—1000 m
a.s.l.) and of beech forests (700—800 m and up to 1200 m a.s.l.). Above the
beech forest belt a small, deforested stretch is inhabited by grassy commu-
nities.

Two types of natural open water bodies occurring on the territory of the
Park have been object of our study: standing eutrophic lakes and the upper-
most stretches of the rivers Leva, Cherna, and Zlatitsa. The river currents have
been studied above the Zgorigrad, Lyutadzhik, and Zverino villages, in order

Photo 1. — Panoramic view of the lake region
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to avoid the effect of the anthropogenic load caused by them. The lakes lie at
altitudes of about 1200 m—1300 m and the investigated river stretches some-
where between 320 m and 600 m a.s.l.

The lakes are situated above the upper timberline, in an area westwards
of Parshevitsa chalet (Photo 1). They are sunlit almost all day long. The water
mirror area in three of them varies from 0.08 ha to about 0.1 ha, while in the
fourth it is about 25—30 sq.m. Their depth is between 25 cm and 150 cm.
The lakeshores are bare, covered only by herbal vegetation and occasionally
this grassy cover is completely destroyed by the livestock herds reared in this
region. The floors of these water bodies are covered with a thick layer of mud
and silt. There is mass blooming of green and red algae in two of the lakes,
which is a clear sign of a strongly advanced process of eutrophication. The
reason for overdevelopment of algae in them is their small depth, rapid warm-
ing of water and zoogenic pressure by the livestock.

The investigated rivers have stony beds: about 90% of stones and 10% of
coarse-grained sand. They are lit up partially by the sun during different hours,
or are completely shaded. The width of water currents varies from 1.5 m to
2.0 m and their depth is 30 cm. Small pools form occasionally in them. The
current is fast and the water is transparent.

The transect method of study was applied, with fixed spots, as requested
by the “Water quality: Guidance standard for surveying of aquatic macro-
phytes in running waters” EN 14184 CEN/O1. 08. 2003 for running waters and
“Water quality: Guidance standard for surveying of macrophytes in lakes —
complementary element”, CEN TC 230/TG 3/N72 for standing water bodies.

Macrophytes (vascular plants and mosses) were described in each fixed
spot. Plant abundance was assessed according to the 5-point Braun-Blanquet
scale (Guinochet, 1973). Mosses in the descriptions were designated by
(+), without assessment of abundance. Macrophyte species composition in the
four lakes is presented in a table, and there is a general table for each river,
with data on the macrophytes from all fixed spots designated on their res-
pective currents.

Latin names of the vascular plants are given according to the Guide to
the Higher Plants in Bulgaria (1992), and of mosses according to Petrov
(1975) and Smith (1980).

The habitats were defined according to the Guide for Identification of
Habitats of European Community Interest in Bulgaria (2009).

RESULTS AND DISCUSSION

Macrophyte species of higher plants are referred to 22 species from 22
genera, belonging to 19 families. The group of mosses is represented by 18
species, referred to 17 genera from 12 families. These data testify to a relati-
vely great floristic diversity, considering the modest size of the water bodies.

Of all 22 macrophyte species, 20 are widely spread in Bulgaria. Two spe-
cies — Elatine alsinastrum and Peplis portula — occur very seldom and the
three lakes in which they were found represent new locations of these plants in
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Bulgaria. This fact enhances the botanical value of the water bodies situated
on the territory of the Park. Irrespective of the extremely high zoogenic pres-
sure on the water bodies, the populations of both species (Elatine alsinastrum
and Peplis portula) were numerous (in all cases over 100 specimens) and the
plants were in a very good condition. At the time of study, both species were
flowering (Photos 2 and 3).

Photo 2. — A specimen of Elatine alsinastrum L.
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Photo 3. — A specimen of Peplis portula L.

Tab. 1. — List of the macrophytes

Higher plants

Bryophytes

Alisma plantago-aquatica L.
Butomus umbellatus L.
Callitriche hamulata Kiitz.
Carex pendula Huds.

Elatine alsinastrum L.
Eleocharis palustris (L.) R. Br.
Epilobium hirsutum L.
Equisetum palustre L.

Juncus effusus L.

Lycopus europaeus L.
Lysimachia nummularia L.
Lythrum salicaria L.

Mentha spicata L.

Myosoton agaticum (L.) Moench
Peplis portula L.

Persicaria hydropiper (L.) Spach
Potamogeton natans L.
Ranunculus sardous Crantz
Rorippa sylvestris (L.) Bess.
Solanum dulcamara L.
Sparganium erectum L.
Veronica beccabunga gr.

Aulacomnium palustre (Hedw.) Schwigr.
Brachythecium rutabulum (Hedw.) Schimp.
Bryum argenteum Hedw.

Bryum dichotomum Hedw.

Chilosciphus polyanthos (L.) Corda
Cratoneuron filicinum (Hedw.) Spruce
Ctenidium molluscum (Hedw.) Mitt.
Didymodon sp.

Fontinalis antipyretica Hedw.

Funaria hygrometrica Hedw.
Hygroamblystegium tenax (Hedw.) Jenn.
Isothecium alopecuroides (Lam. ex Dubois) Isov.
Marchantia aquatica (Nees) Burgeff
Palustriella commutata (Hedw.) Ochyra
Pellia sp.

Platyhypnidium riparioides (Hedw.) Dixon
Pohlia nutans (Hedw.) Lindb.

Schistidium rivulare (Brid.) Podp.
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Phytocoenotically, most interesting were the communities of Potamogeton
natans, formed in the water mirrors of two of the lakes. Alisma plantago-
-aquatica was comparatively abundant in three of the lakes, but most of its
specimens were strongly suppressed and did not flower (Table 2, Photo 4).

Tab. 2. — Lakes

Species Abundance

Potamogeton natans L. 4
Alisma plantago-aquatica L. 1-3
Peplis portula L. 1-2
Juncus effusus L. 1-2
Callitriche hamulata Kiitz. 1-2
Butomus umbellatus L. 2
Eleocharis palustris (L.) R. Br. 1
Sparganium erectum L. 1
Elatine alsinastrum L. 1
Persicaria hydropiper (L.) Spach 1
Mentha spicata L. 1

Photo 4. — A community of Potamogeton natans L. in lake Krugloto

The species composition of macrophytes has shown rather advanced pro-
cesses of eutrophication of the four lakes: the indexes of these plants were 5,
or above (Valchev, 2009). This was confirmed by the strong presence of

82



Alisma plantago-aquatica. Emergence of Sparganium erectum in one of the la-
kes (index 5—7) confirmed the lake as highly eutrophic. The processes of ac-
cumulation of organic and inorganic substances in the water body of the smal-
lest lake were most advanced and this has led to intensive blooming of the
green algae in it. They did not allow other plant species to settle there.

The species composition of macrophytes in the rivers was comparatively
poor and the different species had low abundance (Tables 3—35, Photo 5). The
low abundance of macrophytes was conditioned by the stony riverbeds and the
high speed of the water current. These two factors did not allow more structu-
red macrophyte groups to be formed and that is why the plants were more or
less scattered. The above-mentioned factors (riverbeds and the speed of the
water flow) were also the reason for macrophytes (higher plants) to be repre-
sented only by the group of Helophytes.

Tab. 3. — River Leva, above Zgorigrad village

Species Abundance

Equisetum palustre L. 1
Persicaria hydropiper (L.) Spach

Mentha spicata L.

Aulacomnium palustre (Hedw.) Schwigr.
Chilosciphus polyanthos (L.) Corda

Cratoneuron filicinum (Hedw.) Spruce
Ctenidium molluscum (Hedw.) Mitt.

Didymodon sp.

Isothecium alopecuroides (Lam. ex Dubois) Isov.
Palustriella commutata (Hedw.) Ochyra

Pellia sp.

Platyhypnidium riparioides (Hedw.) Dixon

T I S S S R

Tab. 4. — River Cherna, above Lyutadzhik village

Species Abundance

Mentha spicata L. 3-1
Persicaria hydropiper (L.) Spach 2-1
Equisetum palustre L.

Rorippa sylvestris (L.) Bess.

Veronica beccabunga gr.

Lythrum salicaria L.

Juncus effusus L.

Ranunculus sardous Crantz

Epilobium hirsutum L.

Lysimachia nummularia L.

Lycopus europaeus L.

Carex pendula Huds.

Myosoton agaticum (L.) Moench
Brachythecium rutabulum (Hedw.) Schimp.
Hygroamblystegium tenax (Hedw.) Jenn.
Cratoneuron filicinum (Hedw.) Spruce
Platyhypnidium riparioides (Hedw.) Dixon
Schistidium rivulare (Brid.) Podp.
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Tab. 5. — River Zlatitsa, above Zverino village

84

Species

Abundance

Mentha spicata L.

Equisetum palustre L.

Ranunculus sardous Crantz

Epilobium hirsutum L.

Juncus effusus L.

Lythrum salicaria L.

Veronica beccabunga gr.

Persicaria hydropiper (L.) Spach
Solanum dulcamara L.

Rorippa sylvestris (L.) Bess.

Lycopus europaeus L.

Fontinalis antipyretica Hedw.

Funaria hygrometrica Hedw.
Hygroamblystegium tenax (Hedw.) Jenn.
Brachythecium rutabulum (Hedw.) Schimp.
Bryum dichotomum Hedw.

Marchantia aquatica (Nees) Burgeff
Palustriella decipiens (De Not) Ochyra
Pohlia nutans (Hedw.) Lindb.

Bryum argenteum Hedw.
Platyhypnidium riparioides (Hedw.) Dixon
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Photo 5. — River Zlatitsa above Zverino village



In those parts of the river valleys some species of the mosses group oc-
curred: Bryophyta and Marchantiophyta. Among these, the most frequent were
Platyhypnidium riparioides and Cratoneuron commutatum. The presence of
these mosses and their abundance on the rocks and in the water has shown
that the processes of eutrophisation in these water bodies are still in their ini-
tial stage. These rivers on the territory of the Park were in a rather good state
in terms of the trophic character of their water bodies.

Vegetation in the investigated eutrophic lakes and the communities of Po-
tamogeton natans allowed us to refer it to habitat 3150 — Natural eutrophic
lakes with Magnopotamion or Hydrocharition type vegetation. Species com-
position of vegetation in that habitat is certainly by far richer, as compared to
the concrete case, owing to the fact that the lakes were subjected to a strong
zoogenic pressure from the livestock herds grazing there. The lakes themselves
are situated in a region with a dominating habitat 6170 — Alpine and sub-
alpine calcareous grasslands.

The species composition of macrophytes in the rivers refers them to habi-
tat 3260 — Water courses of plain to mountain levels with the Ranunculion
Sfluitantis and Callitricho-Batrachion vegetation. Here mention deserves the
fact that in this case only the uppermost stretches of the rivers on the territory
of the Park are discussed. This explains the absence of many aquatic macro-
phyte species, either floating or submerged (personal observations of Vladimir
Valchev in September 2004): in the middle stretches of the same rivers but
outside the territory of the Park such species as Potamogeton nodosus, P. per-
foliatus, Myriophyllum spicatum, Ceratophyllum demersum, etc. have been en-
countered, which fall among the characteristic plant taxa for habitat 3260).

The origin and formation of the lakes and configuration of the terrain in
the region of standing water bodies set a precondition for the advanced proces-
ses of eutrophication in them. A combination with the strong zoogenic pres-
sure from the livestock herds in the region explains the degradation of the
water bodies: impoverishment of the species composition of macrophytes and
presence of poorly structured vegetation groups. The communities of Potamo-
geton natans, which have managed to survive in two of them, are an excep-
tion. Greater stretches of the lake shores were completely deprived of any ve-
getation cover under the impact of the exceptionally strong pasture degradation
caused by the watering livestock herds. Macrophyte vegetation in them has
survived only in those parts of the water bodies that are inaccessible to the
livestock. All this prompts the conclusion that the state of these water bodies
is close to critical.

In terms of the trophic character of water, the state of investigated rivers
was much better. This was due to the strong water current, very stony river-
beds and very active processes of water aeration.

The greatest threat to the normal existence of the investigated water bo-
dies is the possible drying up of the climate. It could make some of them (the
lakes) disappear, or lead to critical depletion of the water flow (the rivers).
Great problem are also the sheep herds grazing in the lake region during the
warm months of the year.
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CONCLUSION

The investigated water bodies are an important element of the natural re-
sources of the Vrachanski Balkan Nature Park and enrich its landscape and ha-
bitat diversity. In terms of species diversity and abundance of macrophytes, the
investigated eutrophic lakes (standing water bodies) are more interesting. Their
botanic value is also enhanced by the fact that they are new locations of two
rare for Bulgarian macrophyte species: Elatine alsinastrum and Peplis portula.

Species diversity of the investigated sites is relatively great, while the ha-
bitats to which they are referred by their vegetation are of European Commu-
nity interest in Bulgaria. Graver is the state of the lakes, because they are lo-
cated in a region subjected to intensive grazing and zoogenic pressure. The
main threat for the lakes is zoogenic pressure (grazing and pasture degrada-
tion), while for the rivers is their pollution by tourists or local inhabitants.
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NCTPAXXNBAHA AKBATUYHUX MAKPODUTA Y BIIAJKHUM 30HAMA
HA TIOAPYWJY ITAPKA TTPUPOIE ,,BPAYAHCKW BAJIKAH”

Bmamgumup B. Banues,!, Janujena M. CrojeBa?

I Borannuku uHcturyt, bAC, yi. Akan. I'. bonues, 6. 23,
1113 Codwmja, byrapcka
2 Anmunauctpanvja Ilapka mipupone ,,Bpauancku bamkan”,
yi. MBanka Boresa 1, 3000 Bpaua, Byrapcka

Pesume

ITo mpBu nyT je y Byrapckoj crpoBeieHO LEJOBUTO MCTPAKUBAHE (PIOPUCTUY-
KOT' cacTaBa M KBAaHTUTAaTUBHE 3aCTYIJbEHOCTH aKBAaTUYHUX MaKpo(dUTa Ha CBUM OTBO-
pPEHUM BOJIEHMM TMOBpIIMHAMA Ha BeJMKOj 3aiiTuheHoj Teputopuju. [IpoydyaBaHa cy
YeTHPU BUCOKOIUIAHMHCKA eyTpodHa je3epa U TOKOBU TPHjy peka y rpaHuiiama Ilapka
npupone ,,Bpauancku bankan”. YCTaHOB/LEHO je MpUCYcTBO 39 BpcTa akBaTUUHUX Ma-
kpodura (BUIIMX OW/baKa M MaxOBMHA), KOje pacTy MECTUMUYHO WM 00pa3yjy Behe
WIM HeIlTO cjabuje, noopo (opmupaHe OuWbHE 3ajenHulle. Tpu jeepa IpeiacTaBibajy
HOBA Hajla3WllTa Ha APKaBHOM HUBOY 3a BpcTe Elatine alsinastrum w Peplis portula.
IMpouecu eyrpodusaimje cy y jesepuma Beoma uspakeHu. OmpeheHu cy TUIOBU cTa-
HUIITA KOjU ce (OpMMpajy y OKOJMHU MCTPa)KMBAHUX BOIEHUX obOjekara. To cy Tpu
xabuTaTta eBpoICKor 3Hauaja y byrapckoj. deduHrcaHu cy 1 OCHOBHU (DaKTOpPU yIpo-
JKaBakba 32 MCTPAKUBAHE BJIAYXKHE 30HE HA MOAPYYjy Mapka.
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SCARABIDAE — INTERMEDIATE HOST FOR
MACRACANTHORHYNCHUS HIRUDINACEUS

ABSTRACT: Macracanthorhynchus hirudinaceus infestation is parasitosis caused by
Macracanthorhynchus hirudinaceus Adult forms parasite in small intestine of swine. Deve-
lopment of parasite is happening through intermediate hosts — coleopteras from Scarabaei-
dae family (Melolontha vulgaris, Cetonia aurata, Polyphilla fullo, Anomalia vitis etc). In-
fection begins when swines ingest infected coleopteras. Macracanthorhynchus hirudinaceus
infestation is encountered in swines in extensive breeding, as well as in wild boars.

KEY WORDS: Macracanthorhynchus hirudinaceus, coleopteras, swine’s, epysootio-

logy
INTRODUCTION

Macracanthorhynchus hirudinaceus infestation is parasitosis induced by
acanthocephales belonging to gender Macracanthorhynchus — Macracanthor-
hynchus catulinus (Kostylev, 1927), M. ingens (Linstow, 1879) and
Macracanthorhynchus hirudinaceus (Pallas, 1781) (Crompton and Nic-
kol, 1995, Pavlovié et al, 2007b). Disease of swines is most frequently
caused by Macracanthorhynchus hirudinaceus (ErSov et al., 1963; Vujid,
1976; Lindquist, 1978; Loncarevi¢ etal, 1997; Pavlovi¢ etal.,
1997; Kulisié¢, 2001). Macracanthorhynchus hirudinaceus are cylinder pa-
rasites of big growth and explicit expression of sexual dimorphism (Cromp -
ton and Nickol, 1995). Male is 5—10 cm long, 3—5 mm wide and usually
bended like comma, with bell shaped posterior end. Females are 10—17 cm
long, (yet exemplars of 47—53 cm of length are registered, too), and 4—10
mm wide (ErSov etal., 1963; Soulsby, 1977, Crompton and Nic-
kol, 1995). They have dull posterior end and usually are spirally twisted
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(Sulc and Grozdov, 1972; Lind quist, 1978). At the anterior end,
there is rounded proboscis-feeler 1 mm long, up to 500 microns wide, armed
with backwards twisted hooks, placed by 6 in 5—6 transversal rows, or by 3
in 12 longitudinal rows. Body of parasite is painted white with shades of blue,
cylindrical with bigger or lesser extensions in different parts, with grooved
cuticle (Dunagan and Miller, 1987).

Macracanthorhynchus hirudinaceus parasitizes in domestic and wild swi-
nes, and rarely in dogs and monkeys (Corwin and Stewart, 1992;
Crompton and Nickol, 1995; Mary A quin, 2003). Human infections
are registered in Asia and Australia (Pradatsundarasar and Pechra-
nond, 1961; Prociv et al., 1990).

INTERMEDIATE HOSTS OF Macracanthorhynchus hirudinaceus

Macracanthorhynchus hirudinaceus females lay oval eggs 60—100 micro-
meters long and 50—56 microns wide, that come to environment excreted
with feces. They contain embryo surrounded by 3 membranes, armed with se-
veral hooks (hooklets) (Crompton and Nickol, 1995). Their further de-
velopment takes place in intermediate hosts-coleopteras belonging to Scarabae-
idae family (Soulsby, 1977; Lindquist, 1978; Pavlovié et al,
2007b). Those are most frequently insects Melolontha melolontha and Melo-

lontha vulgaris, rose vermin — Cetonia aurata, marble insect — Polyphylla
fullo, May’s vermin — Anomala vitis, rolling insect — Scarabeus (Ateuchus)
sacer, shaggy insect — Tropinota (Epicometis) hirta Poda, grain-vermin —

Anisoplia segetum, Amphimallon solsititialis, Phylophaga vehemens, etc. (O1-
sen, 1986; Crompton and Nickol, 1995; Parshad and Cromp-
ton, 1997).

MORPHOLOGY OF Scarabidae

Hardalated insects from Scarabidae family belong to class Insecta, order
Coleoptera and suborder Polyphaga. They are distributed worldwide, ranging
in size from 0.4—11 cm. Anterior wings (elitere) are thickened, while poste-
rior wings (alae) are of use for flying. Head and almost entire body has grown
strong — is hardened. Facets of daily species are tiny, more flattened, while
species active in twilight have convex and massive (Bei-Benko, 1968;
Krunié, 1981). Antennas have phalanxes, up to 11 articles, all of different
length.

Mouth apparatus of images and larva’s is adapted for crunching — man-
dible and maxilla are well developed and strong (Crompton and Nickol,
1995). It continues into esophagus that is broadening in craw, behind which is
muscular stomach with cuticular thickening. Middle intestine is capacious and
posterior intestine is twisted, while some species have caecum. Rectum is like
broad chamber (Hickman, 1973; Krunid¢, 1981).

Blood system consists of heart with different number of chambers with
ostia on it. Tracheal system is branching, a well developed, and 10 pair of
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stigmatic apertures is arranged on thorax and abdomen. Brain, 3 pairs of tho-
racic, and 6 to 8 pairs of abdominal ganglia constitute nerve system (Hick -
man, 1973).

Out of three thoracic segments, prothorax is well developed and mobile.
Meso- and metathorax are connected forming pterothorax, which is carrying
eliteras (almost whole dorsal surface of pterothorax is covered with eliteras)
and wings for flying. They fly with aid of posterior wings that are well deve-
loped, while eliteras do not have significant role in that. Posterior wings are
longer from eliteras, and when insects are resting, they are wrinkled below
eliteras (Krunid¢, 1981).

Extremities of Scarabidae are adapted for walking and running with
35-articles tarsus. They have pygidial glands developed for defense (Krunié,
1981).

DEVELOPMENT OF LARVAE
Macracanthorhynchus hirudinaceus AT Scarabidae

Members of Scarabidae family have complete metamorphosis. They lay
eggs in different places, most often on leaves or in plant’s tissue. Larva
hatches from egg (Bei-Benko, 1968; Sulc and Grozdov, 1972; Kru-
nié, 1981; Nichols et al.,, 2008). Scarabidae larvae have thoracic extre-
mities without tarsus, but with little claws on them. They do not have abdo-
minal prolongations (Hickman, 1973; Kruni¢, 1981). Stigmas are placed
on thoracic and abdominal segments. They drag out into soil where live for
3—4 years and during that period undergo complete metamorphosis (larva —
doll — adult form) (Sulc and Grozdov, 1972; Nichols et al, 2008).

Infection of Scarabaeidae happens in larval stage (Sulc and Grozdoyv,
1972). When larvae of Scarabidae eat macracanthorhynchus eggs excreted into
ground with feces of swine, they release larvae (acantor) that hitch on intesti-
nal wall soon, with their hooklets (Sulc and Grozdov, 1972; Parshad
and Crompton, 1997). Acantor is completely developed in 5—20 days,
becoming evolutive form well known as acanthela (Crompton and Nic-
kol, 1995). In this shape, it becomes parasite of Scarabaeidae larva, feeding,
growing, and developing until stage infectious for original — real hosts (Zhao
and Wang, 1992, Parshad and Crompton, 1997, Mary Aquin,
2003). In this stage they stay during whole metamorphosis of Scarabaeidae
(Moore, 1984; Crompton and Nickol, 1995; Nichols et al.,
2008).

If infection begins before June, acanthelas are created in 3—4 months,
whilst with later beginning of infection larvae are created in 12—13 months
(Dunagan and Miller, 1987; Mary Aquin, 2003; Nichols et al.,
2008). Preparent period of parasite lasts 2—3 months. Larvae of Scarabaeidae
live in soil 3—4 years crunching roots of plants (Bei-Benko, 1968; Hick-
man, 1973; Krunid¢, 1981). After finishing of development, they are going
out from the soil and live on the trees like adult insects, feeding with buds and
leaves (Kruni¢, 1981; Crompton and Nickol, 1995). Macracanthor-
hynchus larvae — acanthelas stay vital during whole life cycle of coleopteras,
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SO wWe can fjnd them in larval as well as in doll stage, and in adults of Scara-
bidae also (Sulc and Grozdov, 1972; Crompton and Nickol, 1995;
Pavlovi¢ at al. 1997, 2007b).

Considering habitats where we can meet Scarabidae — fields and pasture
grounds, it is real to expect that biggest grade of infection is on fields manure
with swine feces, or in grassland with swineherd (Vuji¢, 1976; Loncare-
vicé et al, 1997). In some district areas (Posavina, Podrinje, upper parts of
Backa to Danube) where swine herding is permanent and number of Scarabi-
dae big, prevalence of infection with acanthelas amounts even 60% (P a-
vlovi¢ et al., 2007b).

In some larval and doll examples, especially May’s coleopteras belonging
to Melolontha, Cetonia and Polyphylla order, up to 130 acanthelas can be en-
countered (Olsen, 1986; Parshad and Crompton, 1997). High preva-
lence of infection of Scarabaeidae certainly correlates with large extension of
swine infection, length of parasite life and great resistance of parasite eggs in
external environment. Besides, long life of Scarabidae larvae in soil (3—4
years) maintains permanent degree of contamination in above-mentioned re-
gion (Nichols et al.,, 2008).

SWINE INFECTION

Swine infection originates most frequently through larval forms of Scara-
bidae. Larvae live in soil 12 — 5 cm deep, whilst swines searching for food
during digging come to them (Sulc and Grozdov, 1972; Vuji¢é, 1976;
Pavlovié¢ et al. 1997). Swine could also become infected through adult
Scarabaeidae forms that happen during their non-hygienic or pasturage way of
feeding (Lindquist, 1978; Olsen, 1986; Nichols et al., 2008).

Adult parasites take rise from acanthelas in digestive system of swine
during 2 months. They attach with proboscis to intestinal wall of host. Deep
lesions are being formed at those places, sometimes reaching intestinal serosa
(serous layer) (Lindquist, 1978; Loncarevic et al, 1995; Pavlo-
vicé et al, 1997; Ivetié et al, 2000). On the exterior side of intestine,
convexes little knots at the attachment points could be seen.

Swine with heavy degree of infestation is agitated — (anxious, nervous),
thin and skinny, has weaker appetite and sometimes even convulsions may be
present (Corwin and Stewart, 1992; Lindquist, 1978). Young pigs
may die most often because of peritonitis, caused by perforation of intestinal
wall in consequence of parasite activity (Lindquist, 1978; Pavlovid et
al., 1997, 2007b).

PREVENTION OF INFECTION
In the aim of prevention, it is recommended to avoid contaminated grass-

land and pasture fields, in consideration of deepness of Scarabidae larva’s
burying (12—15 cm) and their long life (3—4 years) (Loncarevic et al,

92



1997). Pre-expulsion method PREGON for leave out (similar way like in
sheep) has full justification. Preventive autumnal dehelminthisation is also re-
commended — being performed 3—4 weeks after dragging, drawing from pa-
sture fields, and spring dehelminthisation before expulsion, exile to pasturage,
when all animals are treated (Loncarevidé et al, 1997, Pavlovic et
al., 2007b). After the treatment, cleaning and mechanical removal of manure
from building is necessary, as well as washing with hot water (above 60°C)
and disinfection using 2% NaOH solution as most efficient (Pavlovic et
al., 2007a).
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SCARABIDAE — TIPEJIASHU JOMARWHMU 3A
MACRACANTHORHYNCHUS HIRUDINACEUS

WBan H. TlaBnosuh!, 3opan b. Kymummuh?,
3opan K. Tam6yp3, Haga M. ITporuh*

I HayyHu MHCTUTYT 3a BeTtepuHapcTBo CpoOuje,
Bojsone Toze 14, beorpan, Cpbuja
2 akyITeT BeTepuMHaApcKe MemuimHe, Karempa 3a mapasuTOJIOTH)Y,
byn. ocnmo6ohemwa 18, beorpan, Cpb6uja
3 BojHOMeIMILIMHCKA aKaeMuja, MHCTUTYT 3a XUTHjeHy,
LpnHotpascka 17, beorpan, CpoOuja
4 EKO-LAB nata. 3a xoHTpoay kBanureta, beorpam, Cpouja

Pesume

MakpakaHTOPUHX03a je Mapa3uTo3a y3poKoBaHa akaHToledanioM Macracanthor-
hynchus hirudinaceus. Oapaciv NapasuTu Napa3uTUPajy Y TAHKUM LIPEBMMa CBUIbA.
Pa3Boj mapasura ce oABMja IpeKo mpejasHUX AomahmHa — KojieonTepa M3 (amuiuje
Scarabidae (Melolontha vulgaris, Cetonia aurata, Polyphilla fullo, Anomalia vitis n
np). MHdexlmja HacTaje Kaga CBUH-E MOjedy 3apakeHe KoJjeorTepe. MakpakaHTOpUH-
x03a ce cpehe Kol CBUHbA Y €KCTEH3MBHOM ApPXKamy, Ka0 U KOJ IUB/bUX CBUHHA.
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SOME LABORATORY BLOOD INDICATORS
IN TRACTOR DRIVERS EXPOSED TO PESTICIDES

ABSTRACT: Pesticides represent group of extremely different compounds or mixed
compounds. They are produced in the form of powder for direct application, powder for sus-
pension, concentrated suspension, concentration of emulsion, and in other forms as well.

Influence of pesticides to exposed workers mainly depends on technology of pesticide
application use.

All poisons, just like pesticides that come in organism in some way and reach the lo-
cation of their metabolism, accumulation in the body or extraction must get there through
blood.

Pesticides influence stem cells in bone marrow, then maturation process of blood ele-
ments and can damage mature blood cells in blood circulation.

The sample encompassed 142 tractor drivers employed in state agricultural unions
who were exposed to pesticides during their work.

Concerning annual and daily exposure to pesticides in examined persons is determi-
ned that daily extent ranged from 3 to 12 hours and annual from 5 to 125 days, 60.93 in
average.

In the paper are analyzed following blood count parameters: erythrocytes, hemoglo-
bin, leucocytes and thrombocytes

The aim of the paper is to investigate whether pesticides influence changed blood
count of tractor drivers exposed to pesticides during their work.

Analysis of obtained results indicates that exposure to pesticides, like in examined
group of workers, has not influenced damage in any of investigated blood count parameter.

KEY WORDS: blood, blood elements, pesticides, tractor drivers

INTRODUCTION

Pesticides represent group of extremely different compounds or mixed
compounds. They are produced in the form of powder for direct use, powder
for suspension, concentrated suspension and in other forms. They are dissolved
in water before use or in some organic solvent. Therefore, during analysis of
possible effect of pesticides to health of exposed workers it should be also
taken into account analysis of possible effects of compounds used as dissol-
vents or carriers and dilutors of active substances (benzene, toluene, xylene, al-
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cohols, ketones, chlorinated hydrocarbons etc.) (Savié, 1997, Ruzié¢ and
Poznanovié, 2009).

Apart from previously mentioned facts, influence of pesticides to exposed
workers extremely depends on technology of pesticide application. It is signifi-
cant to emphasize that technology of pesticide application in our country deve-
lops mush slowly than other agro-technical measures. Technical solutions of
equipment for pesticide application very often lag behind the new knowledge
in achieving necessary efficiency of newly made compounds/preparations. Each
preparation requires certain way of application and in order to increase effi-
ciency control of their application is necessary to be made. Controlled appli-
cation of pesticides is achieved with modern equipment that is increasingly
improved in developed countries day by day. However, in our circumstances
this improving of protective equipment is very slow. We are now in the se-
cond phase of development while developed countries are in the fifth phase
(PBukic et al, 2001).

Pesticides, like all poisons, which reach in human body at the location of
their metabolism, extraction or accumulation, have to come there through
blood. In addition, circulating cells of peripheral blood and bone marrow
except cells of some lymphocyte lines are relatively short-living and quickly
renewed, so even slightly changed length of living or rate of their production
result in significant disorders in peripheral blood Joci¢ and Savi¢, 2002).

Having in mind these facts, pesticide influence to blood can be manife-
sted as follows:

— In the direction of provoked disorders in reproductive cells that impe-
ril reproduction ability of those cells and results in decreased number of red
blood cells, white blood cells and thrombocytes in peripheral blood (carba-
mates, organo-chlorine compounds, substituted phenols, and rodenticides (S a -
vié, 1997; Fait et al., 1994).

— In the direction of diseases that are characterized by abnormality in
maturation and production of certain types of blood elements which conse-
quently result in their increased sensitivity (carbomatic herbicides, dipiridiles
(paraquate), copper-sulphate) (Savié, 1997; Fait et al.,, 1994), and

— In the direction of diseases with main characteristics of exceeded pro-
duction of cells of all or some of blood lines (Savié 1997; Fait et al.,
1994).

In addition, of influence to reproductive cells in bone marrow and matu-
ration process of blood elements, pesticides can also imperil mature blood
cells in peripheral blood. Accordingly, copper-sulphate can cause insufficiency
of one enzyme (glucose-6-phosphate dehydrogenase) which results in rapid
decay and decomposition of red blood cells; due to production of unnatural
blood color (methemoglobine) in red blood cells, dinitrophenol and paraquat
can cause anemia; organic dissolvent tetrachlorinecarbone and organic nitro
and amino compounds cause disease called porphyria etc.

These are reasons why accurate interpretation even of a slight and/or
atypical disorder in peripheral blood can indicate to professional poisoning
with pesticides.
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MATERIAL AND METHODS

The sample included 142 tractor drivers employed in government agri-
cultural organizations who were exposed to pesticides during their agricultural
activities.

Blood for analysis of certain parameters of blood count was taken in the
period from October 2007 to the end of January 2008. During this period se-
lected tractor drivers had regular periodical check-ups.

Regarding to annual and daily exposure to pesticides of tested persons it
was determined that daily length ranged from 3—12 hours and annual from
5—125 days, in average 60.93 days.

During the year was applied great number of preparations with more than
20 various active substances. Mostly were used organo-phosphorous com-
pounds, then triazines and carbamates and fewer phenoacetic acid and urea de-
rivates, piretroides, anilides, imidazolines, phtalimides etc. Organo-chlorine
compounds were rarely used.

During work with pesticides each of tested tractor drivers had certain per-
sonal protective devices (in accordance to internal regulations of the firm).

The control group encompassed 70 doormen and workers who were
exposed neither to pesticides nor to any other substances with poisoning effect
to blood and blood elements.

All persons in sample and control group were males.

In this paper were monitored the following parameters of blood count:
red blood cells (erythrocytes), blood color (hemoglobin), white blood cells
(leucocytes) and blood platelets (thrombocytes).

Counting of observed blood elements, concentration of blood color (hemo-
globin) is performed by automatic counter AVL AUTOLYZER AL 818 after
usual procedure of preparation of blood samples.

Borderline values of described method are erythrocytes from 3.90—6.50x
10'?/L, hemoglobin from 120.00—175.00 g/L, leucocytes from 4.00—11.00x
10°/L. and thrombocytes from 15.00—400.00x10°/L.

Blood count and other laboratory analyses are performed 5—6 months
after exposure.

In statistical data processing are used the following methods: average
value (x), minimal value (Min) and maximal value (Max), standard deviation
(SD), coefficient of variation (CV) and Student’s t-test (p).

The aim of the paper was to investigate whether pesticides influence
changed blood count of tractor drivers who were exposed to pesticides during
their work.

RESULTS

The sample encompassed 142 tractor drivers who were exposed to pesti-
cides during their work.

The average age of tractor drivers was 38.16 and average age in the con-
trol group was 39.98 years. Age of living in both groups was homogenous —
CV at tractor drivers and control group was identical: 18.14% (Table 1).
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Tab. 1. — Age of tractor drivers

and the control group

Tractor drivers Control group

Statistics (N = 142) (N = 170)
Average (X) 38.16* 39.98*
Minimum 25 22
Maximum 57 55
Standard deviation 6.92 7.25
Coefficient of variation % 18.14 18.14

* There is no statistically significant difference between groups (p > 0.05)

Difference of average age of tractor drivers and control group was not
statistically significant (p > 0.05) (Table 1).

Average length of service spent at the post of tractor driver (exposed
length of service — ELS) was 11.18 years, while for control group this data
was not statistically significant because they were selected regarding to non-
-exposure to pesticides.

Tab. 2. — Hematological parameters of the tractor drivers and the control group

Red blood cells Hemoglobin White blood cells Platelets
Statistics (x1012/L) (g/L) (x109/L) (x109/L)

T C T C T C T C

Average (X) 4.94 4.99 154.1 154.4 7.12 7.29  246.1*  208.5
Minimum 4.16 4.11 133 112 2.80 4.10 107 116
Maximum 6.94 5.79 182 178 14.50 17.70 440 335
Standard deviation 0.4 0.32 8.56 992 1.88 2.01 56.35 41.11
Coefficient of 823 648 555 642 2643 2765 2289 1971

variation %

T = tractor drivers C = Control group * p < 0.05 (t-test)

Average number of red blood cells registered at tractor drivers was
4.94x10"?/L. and at their control group it was 4.99x10'%/L. In both groups was
registered very low coefficient of variation (CV) of the number of red blood
cells. Difference of the average number of red blood cells between tractor dri-
vers and control group was not statistically significant (p > 0.05) (Table 2).

Average concentration of blood color (hemoglobin) at tractor drivers was
154.17 g/L while in their control group it was 154.40 g/L. In both groups was
also registered very low coefficient of variation (CV) of blood color (hemoglo-
bin) concentration in blood. Difference of average blood color (hemoglobin)
concentration between tractor drivers and control group was not statistically
significant (p > 0.05) (Table 2).

Average number of white blood cells registered at tractor drivers was
7.12x10°%L, while at their control group it was 7.29x10°L. In both groups was
registered coefficient of variation (CV) of the number of white blood cells
above 20%. Difference of average number of white blood cells between tractor
drivers and control group was not statistically significant (p < 0.05) (Table 2).
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Average number of blood platelets (thrombocytes) at tractor drivers (246.11x
10°/L) was higher than at their control group (208.55x10%L). Coefficient of
variation of the number of blood platelets (thrombocytes) in both examined
groups also ranged around 20%. Difference of the average number of blood
platelets (thrombocytes) between tractor drivers and control group was statisti-
cally significant (poe(Table 2).

Analysis of the range of examined hematological parameters at tractor
drivers was carried out within the group, after their classification according to
age (6 sub-groups), length of service with exposure to pesticides (4 sub-groups)
and according to the number of days of work with pesticides during the year
(4 sub-groups).

Obtained statistical analyses indicated that there is not any statistically
significant difference of the average values of hematological parameters bet-
ween groups classified in this way. Therefore mentioned analyses are not pre-
sented in this paper.

DISCUSSION

Before analysis of the mentioned blood count parameters it was determi-
ned that tractor drivers, although in average younger, were not statistically signi-
ficantly different from their control group.

Statistical analysis of the length of service of tractor drivers regarding to
their control group was not carried out because they were selected regarding to
non-exposure to pesticides or some other blood poisons.

Average number of red blood cells registered at tractor drivers and their
control group was very similar and within normal limits. In both groups were
registered minimal values and they indicated that in the group of tractor dri-
vers was not noticed decreased number of red blood cells under the lowest
limit of normal values in any of examinees.

In any of tractor drivers was not registered concentration of blood color
(hemoglobin) under the lowest allowed limit, which is opposite to the result of
Parron and collaborators (1996) who had confirmed decreased concentration of
blood color (hemoglobin) at 38% of exposed tractor drivers.

Statistical analysis of difference of average number of red blood cells and
average concentration of blood color (hemoglobin) between tractor drivers and
their control group confirmed that, in this case, exposure of tractor drivers to
pesticides have not resulted in significant disorder of the number of red blood
cells and quantity of blood color (hemoglobin) in peripheral blood of exa-
minees.

Average number of white blood cells is registered in tractor drivers only
to some extent lower (p0.05) than average number of white blood cells in their
control group. In the group of tractor drivers are registered just two cases of
the number of white blood cells under normal limit. In the first case the tractor
driver was exposed to pesticides around 100 days per year, and in the second
case tractor driver had the exposure of 30 days per year.
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Very interesting is data that average number of blood platelets (throm-
bocytes) at tractor drivers is statistically significant higher (p.ically their con-
trol group. However, it is well known that toxic influence of pesticides at
blood platelets (thrombocytes) is characterized by their decreased but not in-
creased number. In the group of tractor drivers are registered only four cases
(2.82%) with values lower than normal, which would indicate to toxic influ-
ence of pesticides to produce blood platelets (thrombocytes). These cases in-
clude two examinees exposed to pesticides around 30 days per year, one
around 70 days and one around 100 days per year.

These data on the number of blood platelets (thrombocytes) at tractor dri-
vers also indicate that exposure to pesticides haven’t resulted in significant dis-
order in function of this blood line as Savic et al. have determined (1993).

Previous discussion indicates that exposure to pesticides which is regi-
stered in analyzed group have not resulted in disorder of any of monitored
blood count parameters.

Statistical analyses of average levels of monitored blood count parameters
in the analyzed group of tractor drivers are classified according to exposed
length of service to four sub-groups and according to the number of days of
exposure to pesticides during the year (4 sub-groups). It indicates that there is
no significant difference in those levels between mentioned groups established
in described way.

Concerning the length of time passed from exposition and performed la-
boratory analyses, at the very end of discussion should be also mentioned
option that immediately after exposition there still happens certain aberrations
in some parameters of blood count but also that these damages are already re-
covered by the moment of taking the blood samples. This hypothesis could not
be confirmed by the analysis of monitored parameters of blood count.

In order to exclude similar confusions in further researches, it is neces-
sary to examine parameters of blood count at exposed workers immediately
after their exposure to pesticides.

Based on obtained results the following conclusions can be assumed:

— Although statistically insignificant, tractor drivers were younger than
their control group (x = 38.16 years and X = 39.98 respectively).

— Daily length of exposure to pesticides ranged from 3—12 hours and
from 5—125 days annually, in average 60.93 days.

— Within work of tractor drivers in the fields during the year great num-
ber of preparations with more than 20 various active substances are applied.
Mostly are used organophosphorous compounds, then triazines and carba-
mates, in a smaller amount derivates of phenoxy-acetic acid and urea, pyretroi-
des, anilides, imidazolines, taliloides etc. Organo-chlorine compounds are ra-
rely applied.

Analysis of monitored parameters of blood count of tractor drivers regar-
ding to control group as well as regarding to length of exposed years of ser-
vice and the number of days of exposition to pesticides per year, indicates that
exposition to pesticides, like that which is registered in analyzed group of trac-
tor drivers, have not resulted in significant disorders in their blood count.
Laboratory analyses of selected blood count parameters at exposed persons
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should be carried out immediately after their exposure to pesticides. Use of all
available technical, technological, and organizational protective measures is ne-
cessary, as well as necessary use of adequate personal protective measures.
Regular follow-up of health condition of exposed tractor drivers is also neces-
sary through periodical/systematic checkups according to the program included
in the Regulations on previous and periodical check-ups of employed workers
at work places with increased risk (2007).
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HEKU JJABOPATOPMIJCKHN IMOKA3ATE/bM KPBHE CIIMKE
KO TPAKTOPUCTA U3JIOKEHUX MMECTULNUIANUMA

ITpokemr JI. bena
3aBoj 3a 3ApaBCTBeHY 3amITUTy pagHuka, Oyromka 121, Hosu Can, CpoOuja
Pe3ume

Ilectuuunu npeacraBbajy TPyHy BeoMa pa3iMyUTHUX jeduiberba WM CMeEIla jeau-
ewa. [IpousBose ce y BUAy Mpaxa 3a OTUPEKTHY YNOTpedy, Mpaxa 3a MpuIlpeMarbe
CyCIIeH3Hje, KOHIIEHTPOBaHe CyCIIeH3Hje, KOHIICHTpaTa 3a eMYJI3Ujy U y IPYTUM OOJIM-
umMa.

YTuuiaj nectuumaa Ha U3JI0MKEHE 3aIllOC/IeHe PagHUKEe YMHOIOME 3aBUCH OJ TeX-
HOJIOTHje TIpUMEHE TeCTUIIUIA.

CBU OTpOBH, T1a M MECTUIIMIU, KOjU Ha OWJIO KOjU HAYMH JIOCIIEj)y Y OpraHMu3aM,
JI0 MecTa CBOI' MeTaboyM3Ma, M3JlydMBamba WM CKJIaAMIITeHa Yy Tely, Mopajy aohu
MyTeM KpBU.
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IMectuuunu nenayjy Ha MaTuYHe hesnuje y KOIITaHOj CPKHU, IMPOIEC ca3peBarba
KpBHMX eJieMeHaTa, U Mory na oiurehyjy m 3pesne kpBHe henuje y nepudepHoj KpBu.

3a y3opak je y3eTo 142 BO3aua TpaKTOpa 3amloCICHUX Y APKaBHUM I1OJbOIIPU-
BpeAHUM A00puUMa KOju Cy MpU 00aBbarby MOJbOIPUBPEIHUX TOCIOBA OWIM U3JIOXKE-
HM TECTULIMAMMA.

VY norseny roauiiimke M THEBHE U3JI0KEHOCTH TECTUIIMAMMA UCTTUTUBAHUX 0co0a
yTBph)eHo je Ja ce OTHEeBHA Ay:KMHa Kperaja of 3 mo 12 yacoBa, a TOOMIIEA On 5 JI0
125 mana, npoceuHo 60,93 nana.

VY pany cy npahenu cienehu mapaMeTpu KpBHE CJIMKe: L[pBeHa KpBHa 3pHIIA
(eputpoluTH), KpBHa 0Oo0ja (XeMOrjao0MH), Oeja KpBHA 3pHIA (JIEYKOLIMTH) W KPBHE
IUIo4YuIEe (TPOMOOLIMTH).

Lwumb pana je 6Mo na ce MCIUTA @ JIM MECTULMINA JTOBOJE /10 MPOMEHa Yy KPBHOj
CIMIM TPAKTOPUCTA KOjU CY TMPWIMKOM 00aBjbatba CBOT TOCA M3JIOKEHU Je0oBarby
MeCTUIMIA.

AHanuza goOujeHuX pe3yiTaTa yKasyje Oda M3J0KEHOCT MEeCTUIUANMA KakKBy je
“MaJia UCTIMTUBAHa Ipyna HUje IoBeja A0 oiurehewa HU jelTHOr O MOCMaTpaHMX Ia-
pamMeTapa KpBHE CIIMKE.
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WILLOW WOOD PRODUCTION
ON RADIONUCLIDE POLLUTED AREAS

ABSTRACT: One of the key environmental problems in Belarus is effective use of
agricultural lands contaminated by radionuclide due to the Chernobyl disaster. The alter-
native method to traditional agricultural crops is fast growing willow cultivation. It is pos-
sible to use biomass of willow as renewable energy source. The goal of our investigation
was the estimation of environmental aspects of willow wood production on polluted areas.
The field study experiments (2007—2010) were conducted at Krichev district of Mogilev
region in eastern Belarus. This region characterized by high level of Cs-137 contamination
as well as high level of heavy metals pollution. In the first stage of experiments, the con-
centration of cesium-137 in different parts of willow biomass had been measured and trans-
fer factor calculated. The measuring had been done for leaves, roots, and wood. To control
cesium-137 accumulation in willow biomass we apply different types (nitrogen N, phospho-
rus P and potassium K) and dose of fertilizer. The experiments show that potassium mineral
fertilizer is the key factor for radionuclide accumulation control. The optimal dose of potas-
sium is 90 kg per hectare. On the base of experimental results the model of cesium-137 ac-
cumulation in the wood for a 21 year has been developed. In accordance with calculation to
the end of willow cultivation (21 year) concentration of cesium-137 in wood will not be
higher than permitted even with the level of cesium-137 contamination in the soil 1480
kBg/m?2 (maximum 140 kqB/m? with permitted level for firewood is 740 Bg/kg.). The con-
centration of cesium-137 in the roots increases gradually and get maximum in 21 year
(3000 kqB/m2).

Our results confirm that in the sum about 0.8 million hectares of radionuclide pollu-
ted arable lands partly excluded from agricultural practice in Belarus could be used for
willow biomass production.

KEY WORDS: biomass, fertilizer, potassium, radionuclide-contaminated soils, willow

INTRODUCTION

The Republic of Belarus does not have an adequate potential of its own
fossil fuels supplying and nowadays we use about 5% of Belarus demand of
energy at the cost of local renewable recourses. The National State Program
was approved in order to increase this input to 25% until 2012. The most pers-
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pective resources of renewable energy in Belarus are bioenergy, wind, and
hydroenergy. Belarus has about 9.5 million hectares of forests, 5.7 million
hectares of arable lands, and 3 million hectares of pastures. Part of lands may
be used for biomass production on the base of cultivation of fast-growing
crops like willow. The yield of willow biomass crops may achieve 10—15
tons of dried wood or 5—6 toe per hectare. The potential area for willow bio-
mass production in Belarus is estimated in 0.5 millions hectare. It means the
annual energy potential of willow biomass systems in Belarus is 2.5—3 mil-
lions toe.

Willow biomass cropping systems simultaneously produce not only power
and economic, but also environmental and social benefits. These include re-
duced SO, and NO, emission, less extraction of additional CO, to the atmo-
sphere, reduced soil erosion, and pollution from non-point source of agricultu-
ral lands, and enhanced agricultural landscape diversity. Willow plants may be
successfully grown on different types of lands and have the potential in recla-
mation of degraded and polluted soils.

Because of the Chernobyl disaster the area of radionuclide contaminated
agricultural soils in Belarus is about 1.3 million ha, including 0.8 million ha of
arable lands. The optimal system of cultivation of this type of soils on conta-
minated area is a serious problem, because traditional crops such as grass and
cereals may accumulate extra radionuclide (Abagyan et al., 1996). The
willow does not accumulate a lot of radionuclide and it can be used as wood
for bioenergy purpose.

There are some publications concerning cultivation of willow on radio-
active polluted soils.

The experiments in Palesse district, a typical rural area located close to
Chernobyl, were fulfilled for modeling of SRC biomass production and esti-
mations of Cs-137 soil-to-wood transfer. The results shown that from the ra-
dio-ecological viewpoint, and according to the local legislation, the SRC bio-
mass produced on loamy sand, sandy loam and loamy soils is suitable for
firewood. SRC biomass from the highly productive peaty soils (39.4% of the
land area of Palesse) may also be used but only if its conversion into heat or
electricity is carefully managed (Goor et al., 2001).

Gommers, A., and others (2000) get the same conclusion in experi-
ments with radiocesium uptake by one-year-old willows planted as short rota-
tion coppice (Gommers et al., 2000). Radiocesium uptake and distribution
were measured in a willow (Salix viminalis L. var. Orm) short rotation coppice
(SRC) stand. This system allows production of energy from the harvested bio-
mass. Even at this high soil contamination level, radiocesium concentrations in
wood do not exceed appreciably the naturally occurring K-40 content in the
wood (135 Bg/kg).

The Norway scientists compare the accumulation of radionuclide by dif-
ferent types of trees. The results showed that willow accumulate radionuclide
not as intensive as birch or alder (Brittain and Bjoernstad, 1996).

These publications confirm that it is possible to get comparatively clean
biomass of willow on radionuclide-polluted areas. The problem is the develop-
ment of adequate technology of willow production for polluted soils and esti-
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mation of pollutants accumulation in the wood for future period. The goal of
our investigation is the estimation of cesium-137 in willow biomass to model
opportunity of wood utilization as a bioenergy.

i W

Cs-137.shp
1-5
I 515
1540
. ~40

Russia

Lithuania

Ukraine

Fig. 1. — The map of Belarus with Cs-137 contaminated territories (2000 year)

MATERIALS AND METHODS

The field study experiments (2007—2010) were conducted at Krichev
district of Mogilev region in eastern Belarus, close to the Russian border. This
region characterized by high level of Cs-137 contamination as well as high le-
vel of heavy metals pollution. The radioactive contamination in the region has
been conditioned by precipitating from clouds after the Chernobyl accident. As
a result, local cesium “spots” appeared. The level of contamination in the
place of our experiment varied from 185 to 370 kBg/m? (Figure 1).

The soils of experimental plot were sandy and sandy loams with single
grain structure. It was excluded from agricultural practice after Chernobyl di-
saster. Available water capacity was moderate to high.

The practical experiment included some variants with different dose of
fertilizer application:
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Control (C).

Variant N, P, Ky, (V-2)
Variant K, (V-3)
Variant K¢, (V-4)
Variant N, (V-5)
Variant Ng, (V-6)
Variant Ky, (V-7)
Variant K,,, (V-8)
Variant Ky, (V-9)

10. Variant K5, (V-10)

WO B WD =

The different rates of potassium fertilizer were used, as it is chemical
analog of cesium. In accordance with our hypothesis, the additional application
of potassium enables to decrease the level of accumulation cesium in willow
biomass.

The different rates of nitrogen fertilizer in experiment should let us find
optimal balance of the element. From one side the rates of nitrogen should be
optimal for willow growing but not so high for extra weed development from
another side.

The experimental design was randomized by complete blocks of four
treatment replicated four or five times. Each elementary plot was 7 m long by
7.2 m wide (50 m?) and contained 4 double rows of plants.

RESULTS AND DISCUSSION

In the first stage of our experiments, the concentration of cesium-137 in
different parts of willow biomass had been measured and transfer factor calcu-
lated (Table 1). The measuring had been done for leaves, roots, and wood. The
same experiments fulfilled because of different ways of utilizations these com-
ponents. The leaves go back to the soil every year, wood is using for energy
in every 3 year and roots leave in the soils as far as plantation of willow used.
We admitted it for 21 year.

To control cesium-137 accumulation in willow biomass we apply diffe-
rent types (nitrogen N, phosphorus P and potassium K) and dose of fertilizer.

Tab. 1. — The transfer factor of cesium-137 from soil to willow biomass

- Transfer factor for roots Transfer factor for wood Transfer factor for leaves
Fertilizer

10-5m2/kg 10-5m2/kg 10-5m2/kg
Control (C) 93.925 3.175 5.110
N30PgsoKog 33.712 1.315 2.999
K30 56.425 2.875 5.088
Keo 39.325 1.5 4.105
Koo 20.425 0.9 3.163
Nego 54.375 2.6775 4.782
Ngg 55911 2.8 5.139

108



The highest rates of transferring took place in roots. The transfer factor
for leave was approximately twice as compared to wood.

Our experiments also shown that accumulation of cesium-137 in willow
biomass the mostly depends on potassium application. This dependence has li-
near character for roots and wood but not for leaves.

It is obviously that potassium mineral fertilizer is the key factor for radio-
nuclide accumulation controlling and for cesium-137 modeling in willow bio-
mass. The application of doze potassium above 90 kg per hectare (120—150
kg/ha) not delayed accumulation of cesium-137.

It was admitted that for modeling of cesium-137 accumulations for long
time it is necessary to identify following factors:

— the level of cesium-137 contamination of the soil
— the period of cesium-137 half life

— vyield of willow wood

— transfer factor

On the base of these factors the model of cesium-137 accumulation in the
wood for a 21 year has been developed. The level of soil contamination by ce-
sium-137 was choosing as for experimental plots (Figure 2). The 3 year is the
period between harvesting time for biomass in willow in accordance with tech-
nology.

The dynamic of level of cesium-137 in the
wood in depend on fertilizer application

2
.S: —#—Control (C)
§ ~m—N30P60KS0
E K30
E — |50
_E ——KS0
E N6O
? O T T —NSO

3 6 9 12 15 18 21

years

Fig. 2. — The dynamic of cesium-137 level in wood depending on fertilizer application;

the level of cesium-137 contamination in the soil is 294 kBg/m?2
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The results of modeling identify that for this level of the soil contamina-
tion cesium-137 activity in wood was several times lower than Belarus permit-
ted level for firewood (740 Bg/kg).

The following task was confirming by opportunity of willow wood pro-
duction at the soils with higher level of radionuclide contamination. The re-
sults of modeling for soils contaminations from 185 to 1480 kBq/m? presented
in the Figure 3.

The dynamic of level of cesium-137 in the
wood without fertilizer application

140

—#=—155kBg/m2

100 \ ~—370kBg/m2
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Specific activity of wood, Bg/kg
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40 _Ab‘____.___ - = < ——925 kBq/m2
- ?———-—;\————L_._._A - R 1110 kBg/m2
- v v ¢ + + —t i 1 295 kBg/m2
0
1480 kBg/m2
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Fig. 3. — The dynamic of cesium-137 level in wood without fertilizer application

It was found that it was possible to get normatively “clean” wood even
without additional fertilizer application for the level of cesium-137 contamina-
tion of the soil as high as 1480 kBqg/m?2. The application of the 90 kg of potas-
sium let us decrease of cesium-137 activity in the wood in 3 times.

As it was shown, earlier the roots accumulate biomass more actively than
wood. As a result, to the end of willow plantation existing (21 year) the level
of cesium-137 in biomass of root will be higher than permitted level for
firewood. The application of 90 kg of potassium decrease of cesium accumula-
tion more than in 4 times. Results of the modeling are shown on the Figure 4.

The future problem will be roots utilization. It is possible to use two di-
rections. The first is to recultivate the plantation in 12—15 year, not after 21.
It will be possible to use part of roots as firewood. The alternative way is to
leave it in the soil to plough the plot and do new plantation willow or other
perennial crop. The optimal decision may be adopted after economy and eco-
logy calculation.
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The dynamic of level of cesium-137 in the roots
of willow with 90 kg of potassium application
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Fig. 4. — The dynamic of level of cesium-137 in the roots of willow with 90 kg
of potassium application

CONCLUSION

It was confirmed that potassium application might control accumulation
of cesium-137 to biomass. It is possible to get relatively “clean” biomass espe-
cially with application additional rates of K fertilizer on the site with the extra
level of cesium-137 contamination. The optimal dose of K for delaying of ce-
sium-137 accumulation to the willow biomass is 90 kg/ha. The higher dose of
potassium application not stimulate and adequate accumulation of cesium-137.

There are some difference in accumulation of cesium-137 in wood, leaves,
and roots. The level of cesium in wood biomass after three years of willow
cultivation varied from 5 (with high rates of fertilizer application) to 25 (con-
trol plants) Bg/kg with the level of cesium-137 contamination in the soil 294
kBg/m?. In Republic of Belarus, the permitted level for firewood is 740 Bg/kg.
On the base of field experiments the model of cesium-137 accumulation for
long time has been developed. In accordance with calculation to the end of
willow cultivation for firewood (21 year) concentration of cesium-137 in wood
will not be higher than permitted even with the level of cesium-137 contami-
nation in the soil 1480 kBg/m? (maximum 140 kBqg/m?).

The concentration of cesium-137 in the roots increases gradually and get
maximum in 21 year (3000 kBg/m?). The future problem will be roots utiliza-
tion because it is not possible to use root’s residues as energy biomass. We
believe that two directions may be admitted. The first one is to recultivate
the plantation in 12—15 year, not after 21. It will be possible to use part of
roots as firewood this way. The alternative decision is to leave it in the soil to
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plough the plot and do new plantation willow or other perennial crop. The
optimal decision may be adopted after economy and ecology calculation.

The accumulation of cesium-137 in the leaves was not as active as in
other parts of biomass.
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JAPBHA IMTPOU3BOJbA BPEA HA 3EMJbUINTUMA 3ATABEHUM
PAIVNOHYKININMA
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MehyHaponHu ap:KaBHM e€Kojomiku YHuBep3uterT ,,A.Jl. Caxaposa”,
Honrobpoackaja 23, 220009 Munck, Penybauka Benopycuja

Pesume

JenaH o xbyuyHMX ekoJiolikux npobiema benopycuje je kopuliitherme MobOMpPU-
BPEIHOT 3eMJbUINTa KOHTAMUHUPAHOT PAIMOHYKIUANMA TOKOM KaTtacTpode y YepHo-
OuTy. AnTepHaTUBa TPAAWIIMOHATHUM TTOJLOTIPUBPEIHUM KYJITypaMa je cajara Op3opa-
ctyhux O6wbaka, kao 1To je Bpba (Salix spp.), uMja ce Guomaca MOKe KOPUCTUTH Kao
OOHOB/BMBM U3BOp eHepruje. Lluib ucTtpakuBama OMO je IpolieHa yTHUIaja KUBOTHE
cpeavHe Ha APBHY TPOM3BOIIGY BpOa rajeHMx Ha 3arafjeHUM 3emibuinTHMA. [TobcKu
ornean noctaBbeHn cy 2007—2010. roguHe y obnactu Kupiixes, pernoHa Morues,
ucroyHa benopycuja. OBaj peruoH KapakTepullly BUCOK HUBO KoHTamuHauuje Llc-137
M BHCOKa KOHTAMWHMPAHOCT TEUIKUM MeTajuMa. ¥ MpBoj dha3u eKkcriepuMeHTa MepeHa
je KoHIleHTpauuja uesujyma — 137 y aucty, ctabily 1 KopeHy BpOe M pauyHaT je TpaH-
chep dakrop. bubkama rajeHuM Ha 3araljeHOM 3eMJBUILTY JOJaBaHE Cy DPA3IUUNTE
Bpcre (N, P, K) n nose hyyopuBa. Pesynaratu cy mokasanu na je KaaMjyMOBO MUHEpas-
HO hyyOpMBO K/byuHU (haKTOp KOHTpOJIC aKyMyJiallje paaMOHYK/IMAA W A je ONTUMAaJl-
Ha no3a hyopewa 90 kg/h. Ha ocHOBY no0ujeHuX pe3yiaTaTa HanpaB/beH je MO aKy-
MyJianuja ue3ujyma — 137 TokoMm 21 roamHe Koju Iokasyje aa Ou 1o MCTEKY TOI' Bpe-
MEHCKOTI pOKa BpO€ cajpikajie Mambe Le3rjyMa oJf J03BOJbEHE TpaHMUIle, YaK U Ha 3e-
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MJBMIUTUMA ca OHTamMuHauuoM on 1480 kBqg/m? (najsuiie 140 kBq/m?2, a mo3BosbeHM
HuBo je 740 kBq/m?). Konnentpanuja Cs-137 y kopeHy paciia OM U JOCTHUTJIA MaKCH-
MyM TokoM 21. romuHe (3000 kBg/m?).

Pesynratu cy motBpauim mga 6u ce oko 0.8 MmIMOHA XeKTapa TMOJOTIPUBPEITHOT
3eMJbHINTa 3araljeHOr PaIMOHYKIUINMA, KOje Ce He KOPMCTH 3a MOJbOIPUBPEIHY TPO-
M3BOIHY, MOTJIO KOPUCTUTH 3a Trajeibe BpOa, Kao M3BOpa OOHOBJBMBE €HEpIUje.
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PARTICULARITIES IN PHYSICAL CHARACTERISTICS
OF MOLECULAR CRYSTALLINE NANOFILMS

ABSTRACT: In this paper, the alterations and changes in dielectrical properties of
different nanofilm molecular crystals, caused by the presence of boundaries were theoreti-
cally investigated and analyzed. By combined analytical and numerical calculations, allowed
exciton states were found, and their spatial distribution along the axis limit (by layers of
film) and the surface localization was examined. The relative permittivity of the observed
ultrathin film was determined, and the impact of (five) boundary parameters on resonant ab-
sorption phenomenon: discrete (by frequencies) and selective (by layers of film) was
examined. The conditions for the emergence of single-resonant absorption lines were found.

KEYWORDS: Excitons, Ultrathin film, Green’s function, Permittivity, Resonant ab-
sorption

INTRODUCTION

It is very well known that nanostructure: ultrathin films, quantum wires,
points, etc. owe their excellent properties to dimensionality of their consti-
tuents. In order to gain fundamental information concerning extremely diffe-
rent physical and chemical properties of these low-dimensional crystalline
samples it is crucial to intensify their experimental and theoretical research.
Such important class of materials is experiencing extensive practical applica-
tion in nano-, opto- and bio-electronics (W ood, 2008). What is special to
these “tiny” structures is that presence of close border surfaces changes gene-
rally known properties of these materials and eventually leads to some non-
-specific phenomena (a consequence of effects of dimension quantizing, Trin -
gides, 2007) comparing to analogues in the large scale samples (Davison,
1996). Interest in studying exciton sub-system was brought about by the fact
that the excitons are “responsible” for dielectric, optical (absorption, light dis-
persion, luminescence), photoelectrical and other properties of crystals (A gra-
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novich, 1979). In this paper, we observed ultrathin dielectric films (the thick-
ness of which does not exceed a dozen atomic planes). Typical representatives
of these structures include molecular crystals in which elementary excitations
— excitons occur as a result of interaction of external electromagnetic field
with electrons of crystal. Using the law of exciton dispersion and their density
of states, we can define relative permittivity (by means of theory) and use it to
analyze optical properties of the observed system.

MODEL AND METHODS

Effective exciton Hamiltonian in harmonic approximation (A grano -
vich, 1979; Mirjani¢, 1982) is given by standard expression in following
form:

H=YAB!B,+Y X, B/B,, (1)

where B! and B, represent creation and annihilation exciton operators on the
site of crystal lattice, A represents energy of isolated exciton on that site, and
X.. are matrix elements of exciton transfer from site 7 to site 7. The model
presumes that the energy of excitons on site is ~10? times higher than the
energy of its transfer.

Microtheoretical analysis will be conducted by using the method of two-
-time temperature Green functions (Rickayzen, 1980; M ahan, 1990) due
to the convenience provided by this method. For that purpose, let us observe
Green’s function

G, () =((B,0)[B, O)),
which satisfies the following equation of motion:

i1 Gy () =310, + 8,6y 0+ XX, G, (0. o
I

A form of Green’s function in k — space can be obtained by full time
and space Fourier transform, and later from its pole, wanted exciton dispersion
law:

ha)]; =A+2(X, cosak, +X, cosak, +X_ cosak,), 3)
which, if: X, =X =X =-X| and a,=a,=a_=a, can be written in non-dimen-
sional form:

E = ho — A
]

R, =2(cosak, +cosak,); S =2cosak,

:ny+Sz; )

and which can be presented in a graph as in Figure 1.
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General expression of relative dielectric permittivity is given by (Dzia-
loshinski, 1959; Pelemis, 2008):

e () =1-27iF [G() + G(-w)], 5)

where F is a an internal structure parameter. Substituting Green’s functions in
this expression, we obtain an expression for dynamic permittivity of bulk:
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Fig. 1. — Dispersion law of excitons
in bulk

Fig. 2. — Relative permittivity
of bulk-crystal

Dependence of that permittivity is shown in Figure 2.

In the case of the bulk, we can see that energies take continuous values,
within a certain range of allowed energies, which results in dependence of
bulk permittivity, i.e. dielectric response. In other words, absorption zone/inter-
val is formed in which bulk “swallows” all energies (i.e. frequencies of elec-
tromagnetic field) of exactly determined ranges.

ULTRATHIN DIELECTRIC FILM

Films present systems, which are bordered/limited by two parallel surfaces
(Cottam, 1989; Setrajcié, 2008). Dimensions of crystal nano-film are
such that XY is unlimited, while in z-direction it has final and very small thick-
ness L = N, (N < 10).

We will observe ultrathin (nano) crystal film (Figure 3), which can be
practically made by means of controlled reaching of massive dielectric samples
(Setrajcié, 2008). Due to the existence of border surfaces, the energies of
excitons on nodes and transfers of energy within borders (n, = 0; n, = N) and
their adjacent planes (n, = 1; n, = N — 1) are perturbed, which can be presen-
ted in the follow1ngmanner (Pelemls 2008; Setrajcié, 2008; Setraj-
¢ié, J. P, 2008; Setrajcid, 2005; Markoski, 2009).
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A(l+ dy) n.=N

Fig. 3. — Model of dielectric nanofilm

A = [1+(d06nz,0+dN5ﬂz»N)];
X, =X+ 0, 2,0, 5 ); %)
X =X+ (xg0,  +x,0, .

where parameter d defines perturbation on node of border surfaces, and para-
meter x perturbation of transfer in border layers along z — direction.

Micro theoretical analysis of exciton sub-system in ultrathin (crystal) mo-
lecule films can be conducted in the same manner as it is for the bulk — by
applying Green’s functions. We will observe the same Green’s functions and
use the same procedure for their determination. Taking into account the border
conditions (7) and the expressions for Hamiltonian (1) as well as the equation
of motion (2) we derive the equatlon for requested Green’s functions Se-
trajcic, 2008; Setrajcié, J. P., 2008; Setraj¢ié, 2005; Markoski,
2009). After full time, and now only partial spatial Fourier transform of these
equations, we obtain the following:

Gy |P= @0, o+dyo, ) |+G, , [1+G&0, (+x30, )]+
P(\ (8)
ih o
2nX| &
where the next denotation is introduced:

=hw—
X

+G

n +1,m,

[+ (8, +%y0, )] =

A +2(cosak, + cosak).
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An N + 1 non-homogenous algebra-differential equations for Green’s func-
tions are presented by equation (8). The same as for deriving dispersion laws
we need only the poles of these functions, it is sufficient to find the determi-
nant of the system (8) and equalize it with zero Setrajcié, 2008; Se-
trajcié, J. P, 2008; Setrajc¢ié, 2005; Markoski, 2009). In this way,
we obtain N + 1 solutions p=p,; v=12,....N+1

Non-dimensional form of exciton dispersion law is chosen again and
values of reduced energies are:

ho — A
Ev: ER)cy_pv’

X]

depending on the function R, =2 (cosak, + cosak,).

Fig. 4 — The law of dispersion of ideal
(d = 0,0; x = 0,0) five-layer film

The dispersion laws are presented in Figures 4 and 5, more precisely: in
Figure 4 for non-perturbed (ideal) five-layer film, and in Figures 5 for d- and
x- symmetrical perturbed five-layer film, respectively. Full lines present energy
levels of excitons in the observed film, while dotted lines determine the bor-
ders of continual energy areas of excitons in the bulk. Immediately, one can
see the absence of zero energies and discreetness of exciton energies in the
film.

The number of possible exciton states corresponds to the number of
crystallographic planes of this film along the z-axis. Increased d parameter
expands energy area in a way that one or two energy levels move toward
higher energies and leave bulk borders, which can be seen in Figure 5. These
energy conditions are known as localized or Tamm states (Agranovich,
1979). Based on analysis of Figure 6 it is clear that increased x parameter
expands the spectrum and two or four energy levels leave bulk borders, i.e.
there is an emergence of localized conditions. Since ideal film structure are
analyzed in this work it is clear that applied perturbation is symmetrical and
further analysis shows that localized levels overlap. This happens only for
d-perturbation, which is decisive/dominant in other cases too. This is illustra-
ted on Figure 5.
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Fig. 5. — Dispersion law of d- and x- perturbed five-layer film

Calculating of spectral weights of individual Green’s functions is essen-
tial for finding the probability of occurrence and spatial distribution of exciton
states in the film. The starting point is the system of equations for Green’s
functions (8), written in matrix form:

DN+1 GN+1 N+l > &)

where D, | is a matrix which corresponds to the system determinant and GN+1
and K, , are the vectors of Green’s function and of Kronecker deltas, respecti-
vely. If we act with inverse matrix DN+1 in (9) from the left side, and knowing
that inverse matrix may be expressed in a way of adjunct matrix which mem-
bers D, are co-factors of elements d, of direct matrix, by further calculations
we can obtain Green’s functions, in which numerators figurate spectral weights
g, (p,), i.e. probabilities to find exciton states p, (Pelemis, 2008; Se-
trajcéic, 2008; Setrajcié, J. P, 2008; Setraj&ié, 2005; Markoski,

2009):
ih &, (b))
270X p-p,

(10)

n,
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For determining dynamic permittivity of film we use general expression

(5), but taking strict account that Green’s functions, as well as permittivity, de-

pends on (the count, i.e. the position) crystallographic planes of symmetric
film n,;

82 (@) =1-2niF[G, @) +G, (-w)], (13)

where F'is the same structural factor as in (5). By incorporating the expression
for Green’s functions (10), we obtain:

O 1_72 > (14)
) v=l §=+ ,— pr v
Fho - A . .

where: p, = T +2(cosak, +cosak,), and when arranged in analytical

way, the expression (14) is transformed to:
-1
Yol _Aa —2(cosak_+ cosak,)
2RF N v * y
e, @ ={1- 2 X (15)

x| = [hwjz{pv__z(cosak +cosak,) 2
X X

This expression represents dependence of relative dynamic permittivity on
frequency of initial electromagnetic excitation, i.e. dielectric response of the
observed symmetrical molecular film to external electromagnetic field. Depen-
dences of relative dynamic permittivity on reduced energy of external electro-
magnetic radiation for five-layer film are presented in Figure 6.

All Figures present dependencies of permittivity on reduced frequency of
external electromagnetic field for external (border) surfaces, for the first inter-
nal and central crystallographic plane. Occurrence of resonant peaks is visible,
the count and distribution of which is very much dependent upon border per-
turbation parameters. Dependences of relative permittivity on parameter D
changes by perturbation of d, (or d,) are given in rows of Figure 6. It is clear
that the number of resonant peaks (ensuing when ¢ (w,) — + ) depends on the
number, i.e. position, of atomic planes n, (for which permittivity is calculated),
and on the value of parameter d,,. Dominant resonant peak can be seen only
at the border surface of the film (n, = 0 or n, = N = 4) when this parameter is
increased, i.e. when the expanding of the absorption area occurs. This is an
expected result, because the analysis of spectral weights of exciton conditions
(Setrajcié, J. P., 2008) shows that this is exactly the point where proba-
bility of finding excitons in localized state is the highest. It is interesting to
notice that occurrence of selective resonance peaks is asymmetric in compa-
ring with changes of parameter A. That also can be noticed from mirror
symmetry of first and last row (d,y = — 0,2; d,y = + 0,2), or second and
fourth (d,y = — 0,1; d,y = + 0,1) in Figure 6.
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Fig. 6. — Relative permittivity of perturbed five-layer film
depending on reduced frequency

Analysis of relative permittivity changes with changes of transfer factor X
was conducted in former paper (Setrajcidé, J. P., 2009), where we showed
that influence of parameter d is evidently much “stronger” and that it also
“shifts” the whole energy and, selects, optical picture of observed film-structu-
res, while here we focused on extreme case (x = 1,0).

This result may be explained by experimental facts regarding resonating
optical peaks in similar molecular layered nanostructures (Schuster, 2007;
Combescot, 2008). In papers (Friedlen, 2003; R 6 ger, 2007) this was
evident in perylene chemical compounds (PTCDA, PTCS and PTFE) and
explained by resonating effects at specific unoccupied levels (Dienel, 2008).
These effects are manifested by narrow optic absorption in close infrared band.
Complete review of optic propertied of PBI in visible band is given in paper
(Hippius, 2008).
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In comparison with our results, which belong in deeper infrared band in
electromagnetic radiation, it may be concluded that these differences are effect
of differences in crystalline (chemical and physical) structure of samples inve-
stigated. Good agreement in resonating absorption may be attributed and ex-
plained by presence of boundary conditions and quantum size effects. Diffe-
rences in profile of absorption lines appear because in our work we observed
only electron line spectra, disregarding oscillatory and rotational contributions.
In this regard, here we defined the position of central absorption peak as the
resonating line depending on relative permittivity, which depends from exter-
nal electromagnetic field.

CONCLUSION

Significant differences in dispersion law (microscopic, i.e. quantum pro-
perties) and in dielectric response (macroscopic, and also dimension-quantum
properties) of excitons between bulk and ultrathin film-structures are presented
by this analysis. These differences are consequences of film limitation along
the z-direction and existence of perturbation parameters on border surfaces and
border layers of the structure. Results of our work can be given in next few
terms:

— Discreteness of exciton energy spectra in symmetrical film — number
of levels that is equal to the number of film layers.

— Increase in the energy of excitons on border layers, i.e. nodes moves
the spectrum toward higher energies, while the increase in energy transfer
between border layers and their adjacent internal layers expands the spectrum
symmetrically toward higher and lower energies.

— Existence of localized (Tamm’s) conditions is very possible, and its
probability grows rapidly with the increase of border perturbation parameters.

— Selectivity of dielectric response of the film, i.e. occurrence of dis-
crete resonant absorption peeks at exactly specified energies, the count and
distribution of which is directly dependant on the number of the layers in the
film and the number of perturbation parameters. These properties give an
advantage to the films compared to bulk structures (dielectric response of
which is continual in certain energy spans), because in that case the films can
be used as certain filters of external radiation.
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CIIELM®PUYHOCTU ®PU3NYKNX CBOJCTABA MOJIEKYJICKMX
KPUCTAJIHUX HAHOOUIIMOBA

Josan I1. Illetpajunh!, Jbyoumra JI. [lambac?, CreBan ApmakoBuh!

I lenmapt™man 3a ¢usuky, [IpupogHo-MaTeMaTUuku (akymirer,
Vuusepsuter y HoBom Cany, Tpr . Ob6pamoBuha 4,
21000 HoBu Can, BojsonnHa — Cpbuja
2 MeauuuHcku dakynrer, JlemapTMaH 3a CTOMAaTOJIOTH]Y,
Yuusepsuter y HoBom Cany, Xajoyk BesbkoBsa 3,
21000 HoBu Can, Bojsomuna — Cpbuja

Pesume

VY pany cy TEOpPHMjCKM HCTpakeHe W aHaJM3UpaHe U3MeHe W TIPOMEHEe IueseK-
TPUYHMX CBOjCTaBa, pa3IMUUTUX HAHOMWIM MOJICKYJICKHUX KpUCTajia, n3a3BaHe MPUCY-
CTBOM rpaHuia. J103BoJbeHa €KCUTOHCKA CTarba Cy HaljeHa aHaIUTMYKO-HYMEPUUKUM
MpopayyHUMa W WCIIMTaHE Cy HUXOBAa MPOCTOPHA pacrojesia Ay} Oce OorpaHuyera
(1o ciiojeBMMAa) M IMOBPIIMHCKA JIoKaiau3auuja. OgpelheHa je pelaTuBHA ITEPMUTHUBHOCT
rocMarpaHor uwiMa 1 yTuuaj (1eT) rpaHMYHUX MapaMerapa Ha (peHOMEH pe30HaHTHe
afncopIuuje: TUCKpeTHe (mo (peKBeHIIMjaMa) U CeJIeKTUBHe (IO ciojeBMMa (brIMa).
ITpoHalhenu cy ycioBu 3a MoOjaB/bUBabe jeHE PE30HAHTHE ariCOPILMOHE JUHUjE.
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STUDIES ON THE OPTIMAL EXTRACTION
OF FLAVONOIDS FROM THE FRUIT OF
JUNIPERUS VIRGINIANA L.

ABSTRACT: The isolation and quantitative determination of flavonoid compounds in
fruit of Juniperus virginiana L. (Cupressaceae) are described. A method for the detection of
those flavonoids was high performance liquid chromatography (HPLC). Rutin and kaempfe-
rol were determined in accordingly extracts and quercetin only in hydrolysated extracts.

KEY WORDS: flavonoids, extract, Soxhlet extraction, Juniperus virginiana L.

INTRODUCTION

Juniperus virginiana L. (red cedar, juniper) which belongs to genus Juni-
perus of family to Cupressaceae, is a species of juniper native to eastern North
America, from southeastern Canada to the Gulf of Mexico, east of the Great
Plains.

Juniper is used in the treatment of arthritis, asthma, colds, cough, cystitis,
diabetes, diarrhea, sore throat, tuberculosis. The berries are being studied for
their anticancer and anti-tumor properties. Topical use is applied for acne,
burns, dandruff, hemorrhoids, herpes, rheumatism, and warts. In food industry
the berries are used in jams, pepper substitutes, beer and gin, and made into a
coffee substitute, an also are used in composition of bitter and other ener-
getics.

Juniper fruit contains volatile oil (myrcene, cineole, terpineol, camphen),
resin, saccharides, organic acids, ascorbic acid, tannins, vitamins and minerals.
Apart from these, juniper fruit contain flavonoids (Leung et al., 1996). It
was reported that flavonoids could remove O, in human bodies, improve
blood circulation, and lower blood pressure (Fang, 1998; Liu et al., 2002;
Wang at al., 1996).
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At present, studies on the extraction of flavonoids from juniper fruits
have not been reported. In this study, optimum conditions to extract flavonoids
from red cedar fruits were studied in order to achieve scientific evidence for
the processing and utilizing of juniper fruits.

MATERIAL AND METHODS

Plant Material: The juniper fruits were collected from The Macea Botha-
nical Garden of West University Vasile Goldis (Arad, Romania) and were
dried at 20°C in dark place.

Solvents and reagents: Quercetin, rutin, and kaempferol were purchased
from Sigma-Aldrich and all HPLC-grade solvents were purchased from Merck
(Germany). All other chemicals were of analytical grade and were purchased
from Chimopar Bucharest.

Extraction and preparation of extracts: The dried and finely ground samp-
les of juniper fruits (10 g each) were extracted with 100 mL solvent for 4 h in
a Soxhlet apparatus (Cacig, 2007). The extracts were concentrated at 15 mL
and then stored at 4°C for further analysis. The solvents used were methanol,
ethanol, dichlormethane, tetrachlormethane, benzene, and toluene.

HPLC analysis (Cacig et al.,, 2006): Flavonoids were measured at 365
nm by a HPLC Agilent 1100. Separation was carried out on a Lichrospher
100-RP-18 column (5 um, 250 x 4 mm). A gradient elution was performed
with eluent acetonitril: water = 1:1. The flow rate was 1 mL/min and the
injection volume was 20 mL. Identification of the flavonoids was carried out
by comparing their retention times to those of standards.

Hydrolysis conditions: The total amount of each flavonoid in the extracts
was determined after hydrolysis of its glycosides by refluxing samples of
extract in HCI 25% for 30 min. According procedures (Hasler et al., 1990)
and its injection into the HPLC. The analytical data of each flavonoid detected
were compared with datum of an authentic standard.

RESULTS AND DISCUSSION

Figure 1 shows the structures of the compounds under study.

The content of flavonoid according to HPLC method was calculated as
rutin type compound and kaempferol. Results given as rutin varied from
0.2364 mg/mL extract in tetrachlormetane extract to 11.7365 mg/mL extract in
methanolic extract of juniper fruit.

Flavonoid content was the higher for methanolic and ethanolic extracts
(Table 1).
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Fig. 1. — The structure of flavonoids analyzed in Juniperus virginiana extracts
Tab. 1. — Samples and results of the determination of flavonoids in Juniperus virginiana L. by
using the HPLC method
. Content mg/mL extract
Sample Solvent for extraction -
Rutin Kaempferol
El Methanol 94% 11.7365 0.7892
E2 Ethanol 96% 9.0525 trace
E3 Dichlormethane 5.0885 trace
E4 Benzene 4.6880 trace
ES5 Toluene 1.8335 trace
E6 Tetrachlormethane 0.2364 trace

At same time flavonoid compound was determined after acid hydrolysis,
frequently applied to standardize flavonoid material. Kampferol, rutin and
quercetin were used as standards.

Quercetin was found to dominate in alcoholic extracts after acid hydro-
lysis (Table 2).

Tab. 2. — Results of the quantitative determination of flavonoids in Juniperus virginiana L. by
using the HPLC method after acid hydrolysis

Content mg/mL extract

Sample - -
Rutin Quercetin

E7* 0.2460 5.2356

E8%#%* 0.0841 5.6630

* methanolic extract after hydrolisis
** ethanolic extract after hydrolisis
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The content of quercetin in other extracts is a much lower quantity than
flavonol type compound.

HPLC chromatograms are presented in Figures 2, 3, and 4.
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Fig. 3. — Chromatograms of alcoholic extracts (E1, E2)
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132



CONCLUSION

The optimum process to extract flavonoids from junipers fruit were ob-
tained, namely extracted for 4 h by using 94% methanol solution in a Soxhlet
apparatus with the material ratio of 1:10 (w:v).
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CTYANIJA OIITUMAJIHE EKCTPAKIMIE ®JIABOHOUIA W3 TJIOJA
Juniperus virginiana L.

Cgemnana Tpudynuu®, lopuHa ApneneaH

MemuuuHckn dakynrer, dpapmaiija U CTOMATOJIOTH]a,
YHusepsurer ,,Vasile Goldis”, Apan, yi. Feleacului nr. 1, Apan, PymyHuja

Pesume

Juniperus virginiana L. xoja npunaga renycy Juniperus v damuinju Cupressa-
ceae KOPHMCTU Ce BPJIO YECTO Yy MEIUIIMHCKE CBpXE KOJ Pa3jMuMTUX BpcTa 0oJecTH, a
eKCTPAKTH M3 OBe OMJbKE MMajy M aHTUMKAHIIEPOTeHO MEjCTBO. AKTHMBHA CYICTaHIA Y
0BOj OWbLIM cy (DJTAaBOHOU[IHU.

Y pany cy usyyaBaHM M30Jlalija M KBAHTUTATUBHO ojpehuBarbe haBoHOMIA U3
mnona Juniperus virginiana L. (Cupresaceae).

MeTtona 3a oapehuBame aoBoHouaa je xpomarorpaduja HPLC.

KBepueHTHH, KOju MpeoBiiajaBa y alKOXOJHOM €KCTPakTy, oapeheH je mocie Xu-
NIpoJIN3e, a PYTUH U KaeMrdeposa cy onpeh)eHU y pasiIuyuTUM €KCTPAKIIMOHUM pac-
TBapaunma (MetaHoa 94%, eraHon 96%, nuxjaopMeTaHe, OCH3EH, TOJNYeH, TETPaxJop-
MetaH). Kao Hajoospm pacTBapau mokazao ce meTaHod 94%.
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