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EFFECTS OF Mo, Zn, Sr AND Ba LOADS ON THESE
ELEMENTS’ UPTAKE AND OIL CONTENT AND FATTY
ACID COMPOSITION OF RAPESEED

ABSTRACT: Studied in the present paper were the long-term effects of the applica-
tion of high Mo, Zn, Sr and Ba rates (0, 90, 270, and 810 kg ha—!) on rapeseed oil content
and oil fatty acid composition. The trace elements were applied in the spring of 1991, while
the rapeseed was sown on a calcareous chernozem soil in 2001. The trace elements differed
significantly in their rates of accumulation in rapeseed plants. Relative to the control, the
Mo content of the stem increased up to 1,000 times, that of the chaff over 100 times, and
that of the seed around 60 times. The levels of the other trace elements increased consider-
ably less relative to the control. The increases were typically twofold to threefold, depend-
ing on the plant part involved. The trace elements accumulated the most in the vegetative
plant parts, except for Zn, a major quantity of which was found in the seed as well. The ap-
plication of the high rates of Sr, Zn and, to an extent, Mo reduced the seed oil content of
rapeseed. However, the differences were not statistically significant. The application of the
trace elements had no significant effect on the fatty acid composition of the rapeseed oil, ei-
ther. The increased levels of the trace elements found in the rapeseed plants indicate that 11
years after application significant amounts of the applied elements are still present in the
soil in a form available to plants. However, the rates were not high enough to affect the
synthesis of oil and its fatty acid composition.

KEY WORDS: Mo, Zn, Sr, Ba — loads, rapeseed, oil content, fatty acids

INTRODUCTION

Rapeseed (Brassica napus L. ssp. oleifera) is a highly productive oil
crop. Brassica species constitute the world’s third most important source of ve-
getable oil at present. The nutritive value, oxidative stability and melting point
of vegetable oils depend on their levels of certain fatty acids (Beare-Ro-
gers, 1988; Galliard, 1980). Oil content and fatty acid composition are
quantitative traits of a plant. They are most often inherited intermediately and
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they are controlled by minor genes. Plants’ quantitative traits can be affected
by numerous external factors. The environmental factor with the largest effect
on fatty acid content is temperature during seed development (Beringer,
1971; Pleines and Friedt, 1988). Other factors found to have an effect
on this trait include light (Trémoliéres et al, 1982), oxygen concentra-
tion in the atmosphere (Dompert, 1976), frost damage (Daun et al,
1985), and agronomic practices (M ay et al., 1994).

The objective of this study was to determine how high rates of Mo, Zn,
Sr and Ba — trace elements having different physical-chemical properties and
physiological and environmental importance — affect the oil content and fatty
acid composition of rapeseed. Zn and Mo are biogenic, transition elements,
and, like all heavy metals, they are toxic at higher concentrations, which me-
ans they are potential environmental pollutants (Kiekens, 1990; Jones et
al., 1990). Sr and Ba are not biogenic elements, they belong in the group of
alkaline earth metals and have no major environmental impact. In addition,
these elements differ significantly when it comes to the intensity of their accu-
mulation and distribution in plants (M arschner, 1995).

Knowing how excess concentrations of heavy metals affect the chemical
composition of vegetable oils is particularly important not only from the aca-
demic standpoint but also from the point of view of actual agronomic practice
and the production of biologically valuable food. Knowledge of the effects of
environmental factors on the levels and composition of vegetable oils is also
necessary for the design of informative genetic experiments as well as for the
correct interpretation of the results of such experiments.

MATERIALS AND METHODS
Plant Material and Treatments

A small-plot field experiment was set up in the spring of 1991 on the
loamy-textured calcareous chernozem soil formed on loess at the Nagyh&rcs6k
Experimental Station of the Research Institute for Soil Science and Agricultu-
ral Chemistry of the Hungarian Academy of Sciences, Budapest, to investigate
the effect of high trace element rates. The plowed layer of the growing site
contained approximately 5% CaCO, and 3% humus, was satisfactorily sup-
plied with available Ca, Mg, Md and Cu, moderately supplied with N and K,
and poorly supplied with P and Zn. The groundwater was at a depth of 15 m
and the area had a negative water balance tending toward drought. Salts of the
13 trace elements examined were each applied at four levels in the spring of
1991 prior to maize sowing. In 2001, the winter oilseed rape variety Doublal
was sown. The trace element levels were 0, 90, 270 and 810 kg ha—!. Studied
in the present paper were only the effects of Mo, Zn, Sr and Ba. These ele-
ments were applied as (NH,);MO,0,,, ZnSO,, SrSO,, and BaCl,, respectively.
All the plots received basic fertilization with 100 kg ha—! each of N, P,O5 and
K,O in the form of ammonium nitrate, superphosphate and potassium chloride,
respectively.
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Plant Analysis

Mo, Zn, Sr and Ba levels were determined separately in the seed, stem
(stem plus leaves) and chaff. After breaking down the plant materials with cc
HNO; + cc H,0,, the levels were determined using the ICP technique. The to-
tal seed oil content was determined by extraction using petroleum ether accor-
ding to Soxhlet. In order to analyze the fatty acid composition, the oil was ex-
tracted by a hydraulic press, after which the preparation of fatty acid methyl
esters of the oil was carried out using trimethyl sulfonium hydroxide according
to Butte (1983). The qualitative and quantitative compositions of the mix-
ture of fatty acid methyl esters were determined by gas chromatography with
a flame-ionizing detector (HP 5890 with FID) and a capillary column (HP-
-INNOWax cat. No 19091N-133). The results were statistically processed by
calculating the least significant difference.

RESULTS AND DISCUSSION
Mo, Zn, Sr and Ba Contents, Accumulation and Distribution

Plants differ in their capacity for the uptake, accumulation, translocation
and use of different mineral elements. Among the trace elements studied, Mo
in particular has an especially high accumulation rate. The results shown in
Table 1 support this. The Mo content in the stem increased over 1,000 times
relative to the check treatment, in the chaff over 100 times, and in the seed
about 60 times. A significant characteristic of plant nutrition with Mo is a
wide variation between the critical deficiency and toxicity levels. These levels
may differ by a factor of up to 10* M arschner, 1995). Molybdenum con-
tents above 5—10 mg kg—! dry wt are considered critical for humans and her-
bivorous animals. Values obtained in the present study significantly exceeded
this threshold value. The levels of the other trace elements — Zn, Sr and Ba
— increased to a considerably smaller extent as a result of their application, in
most cases as little as two to three times, depending on the plant part involved.
The zinc content of the vegetative plant parts was low, which may have been
due to the low level of available zinc in the soil. Despite the fact that the mo-
bility of Zn in plants is not large (Mengel and Kirkby, 1987), the seed
Zn content was considerably higher than the Zn content of the vegetative plant
parts. Strontium is not an essential element for plants, and it is not considered
to be particularly toxic, either. Still, the uptake, distribution and accumulation
of Sr in plants is extremely important in the soil-plant-human system. This
problem has gained weight since the Chernobyl accident in 1986. In this con-
nection, it is important to know the effects of single factors on Sr accumula-
tion in plants. Agroecological factors have relatively little effect on the Sr con-
tent of rapeseed and wheat (Haneklaus, 1989). This is partly supported by
the results of the present study too. Sr levels increased to about the same ex-
tent relative to the control in all rapeseed plant parts under study. The mea-
sured levels were quite below the toxicity threshold for plants (500 mg kg—")

7



and were also lower than the toxic concentration for food, especially in the
seed (150 mg kg—!) (Pais, 1980). Similar Sr levels in rapeseed are reported
by Haneklaus (1989). Similarly to Sr, the Ba content in our study increa-
sed to aproximately the same extent relative to the check treatment in all the
rapeseed plant parts under investigation. Plant Ba levels vary across a wide
range and this element is considered to be more toxic to plants than Sr
(Scharrer, 1955).

Table 1. Effect of Mo, Zn, Sr and Ba loads on their levels in rapeseed

Rate (kg - ha—1)*

Plant part 0 9 270 310 LSD 5%

Mo content (mg Mo - kg—! DM)

Stem 0.1 73 144 137 42

Chaff 0.5 78 164 266 48

Seed 0.5 6 13 29 3
Zn content (mg Zn - kg—! DM)

Stem 3.5 8.0 9.6 13.0 1.2

Chaff 5.0 8.2 7.3 10.5 1.4

Seed 32.0 41.0 45.0 49.0 6.0
Sr content (mg Sr - kg—! DM)

Stem 58 56 72 94 6

Chaff 88 99 124 211 10

Seed 16 22 19 32 4
Ba content (mg Ba - kg—! DM)

Stem 6.0 7.0 11.8 20.1 2.7

Chaff 6.1 7.0 9.3 19.4 24

Seed 1.8 2.7 3.0 3.9 1.3

* The trace elements were incorporated into the soil 11 years before.

In some studies involving other crop species that had been carried out in
previous years in the same trial as our experiment, the trace elements concer-
ned were found to have similar effects on their levels in plants. In those studi-
es, too, there was a particularly large increase of Mo levels resulting from this
element’s application in the trial (K4d4r and Prokisch, 2000b; Kaddar
et al.,, 2000a; Kadar et al.,, 2000c, Kadar 2001).

The accumulation of the trace elements involved in our study varied (Fig-
ure 1). In relation to the check, Mo accumulated the most as a result of the
treatment, followed by Ba, Zn, and, lastly, Sr. In the check treatment, it was
Sr that accumulated the most, followed by Zn, Ba, and Mo. Rapeseed’s great
capacity for Sr accumulation was also confirmed by Haneklaus (1989),
who reported that the Sr content of rapeseed leaves was six times larger than
that of wheat leaves.

The large accumulation of the trace elements indicates that 10 years after
application the soil still contained a significant amount of them in the form
available to plants. Results of the 2000 soil analysis showed that the topsoil
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Figure 1. Accumulation of Mo, Zn, Sr and Ba in harvest unit of 100 kg grains and
corresponding quantities of straw in rape. Analyses were done on plants grown
on the soil loaded eleven years before with 0 ([, control), 90 (£2), 270 (H)

and 810 () kg of Mo, Zn, Sr and Ba per ha, respectively.
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Figure 2. Distribution of Mo, Zn, Sr and Ba in stem (A), chaff (B) and seed (C)
of rape (in % of total content). Analyses were done on plants grown on the soil
loaded eleven years before with 0 (], control), 90 (£2), 270 (D)
and 810 (M) kg of Mo, Zn, Sr and Ba per ha, respectively.



had 4—5% of Mo, 42—50% of Zn, 28—30% of Sr and 15—20% of Ba in a
readily soluble form (extracted by NH,-acetate + EDTA).

In rapeseed, storage lipids are synthesized in the seed tissue during sedd
development. The accumulation of the trace elements and their overall distri-
bution across the plant could therefore be of importance from the point of
view of oil content and the oil’s fatty acid composition (Figure 2).

The distribution of individual elements in plants is specific and dependant
on numerous biotic and abiotic factors. The seed can be very rich in Mo (R e -
bafka, 1993). In the control treatment, around 20% of the total accumulated
Mo were located in the seeds. The application of Mo led primarily to its accu-
mulation in the stem. Of all four elements, it was zinc that accumulated the
most in the seeds. Similar to what happened with Mo, the application of zinc
increased the zinc level in the stem. Strontium accumulated the most in the
stem, followed by chaff and, finally, the seeds. Similar distribution has been
reported in wheat as well (Kastori et al, 1992; Lasztity, 1996). The
application of Sr and Ba had no effect on their distribution, since their presen-
ce increased uniformly in the rapeseed parts concerned. Of the four elements,
Ba accumulated the most in the stem, while only a small amount of it (only
3% of the total amount accumulated) was found in the seeds.

The uneven accumulation of the trace elements in the seed suggests that
these elements potentially pose varying degrees of danger when it comes to
their entry into the food chain. In this connection, a question also arises of the
extent to which these trace elements actually end up in the products of rape-
seed processing.

Oil content and its fatty acid composition

The oil content and its fatty acid composition both change in the course
of plant growth and development and plant aging. Genetic, biotic and environ-
mental factors play an important role in these changes. Environmental factors
can affect plant lipid metabolism in several ways. They can cause changes
of adaptive nature (nonhereditary variability) and stress-induced degenerative
changes and affect biochemical processes that are not directly related to lipid
metabolism (N'yitri, 1998). High concentrations of trace elements, especially
heavy metals, may induce stress in the plant and affect plant metabolism and
plant physiological processes (Kabata-Pendias and Pendias, 1984).
It is therefore reasonable to expect that their excessive accumulation in the
plant, especially the seeds, will cause changes in lipid metabolism and hence
affect the seed oil content and its fatty acid composition.

Among the environmental factors, there has been relatively little study of
the effects of mineral nutrition, particularly trace elements, on the levels and
chemical composition of vegetable oils (Yermanos et al, 1964).

Most of the studies concern the effects of nitrogen, whose application
most often reduces the oil content (Dybing, 1964; Yermanos et al,
1964). In Beringer (1966), the application of nitrogen reduced the oil
content of oat grains to a negligible extent and practically had no effect on the
oil’s fatty acid composition. According to K4ddar (2001), increasing nitro-
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gen rates decreased the oil content of poppyseed, while increased phosphorus
supply had no effect on this trait, although it reduced the oleic and linolenic
acid contents and increased the linoleic acid level. Szirtes and Lukéacs
(1980) reported that the foliar application of Mn, Cu and Zn had no major im-
pact on the oil content of sunflower seeds. As for the effect of these elements
on the oil’s fatty acid composition, there was an increase in the linoleic acid
content and a drop in the oleic acid one. In the absence of nutrient deficienci-
es, foliar applications of iron chelates did not affect the safflower and flax oil
contents of seed and the iodine value of oil (Yermanos et al.,, 1964).

Table 2. Effect of Mo, Zn, Sr and Ba loads on oil content of rapeseed (%)

Rate (kg - ha-1)*

Element ) 9 270 310 LSD 5%
Mo 43.15 42.15 41.65 42.53 4.07
Zn 43.11 43.16 43.72 4191 4.81
Sr 43.75 43.16 43.76 42.13 2.34
Ba 43.75 44.58 44.29 45.00 4.89

* The trace elements were incorporated into the soil 11 years before.

Table 3. Effect of Mo, Zn, Sr and Ba loads on the fatty acid composition of rapeseed oil (%)

Palmitic Stearic Oleic Linoleic Linolenic Eicosenic

Treatment™ acid acid acid acid acid acid
(kg ha-t)

16:0 18:0 18:1 18:2 18:3 20:1
Mo @ 3.89 2.04 65.17 17.25 10.02 1.50
Mo 90 3.81 1.99 65.99 16.76 10.12 1.44
Mo 270 3.87 2.01 66.20 17.06 9.85 1.42
Mo 810 3.86 2.01 66.05 16.92 9.80 1.46
LSD 5% 0.09 0.55 1.95 1.74 0.41 0.13
Zn @ 3.85 2.06 66.89 16.80 9.65 1.46
Zn 90 3.93 2.03 66.25 16.79 6.46 1.43
Zn 270 3.80 2.07 67.08 16.57 9.36 1.45
Zn 810 3.89 2.07 66.87 16.56 9.17 1.45
LSD 5% 0.14 0.09 1.20 0.38 0.50 0.13
Sr @ 3.86 2.10 66.92 17.02 9.84 1.44
Sr 90 3.96 2.14 67.35 16.37 9.40 1.42
Sr 270 4.07 2.07 66.78 16.35 9.27 1.40
Sr 810 3.93 2.06 66.15 17.04 9.31 1.42
LSD 5% 0.22 0.12 1.53 0.70 0.63 0.06
Ba @ 3.86 2.06 66.32 17.02 9.82 1.45
Ba 90 3.90 2.06 65.29 17.35 9.53 1.42
Ba 270 4.01 2.07 66.83 16.45 9.35 1.40
Ba 810 4.04 2.06 66.65 16.42 9.41 1.41
LSD 5% 0.19 0.11 2.27 0.93 0.89 0.13

* The trace elements were incorporated into the soil 11 years before.
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The application of high rates of Sr, Zn and, to an extent, Mo reduced the
seed oil content of rapeseed (Table 2). However, the differences were not sta-
tistically significant. The application of these trace elements had no significant
effect on the fatty acid composition of the rapeseed oil, either (Table 3). The
accumulation of the trace elements in plants indicates that 10 years after appli-
cation significant amounts of them are still present in the soil in the form avai-
lable to plants. However, the rates were not high enough to affect plant metab-
olism and hence plant growth and development itself. This is supported by the
fact that there were no significant differences between the yields in the trial
treatments and those in the check treatment. The application of high Mo, Zn,
Sr and Ba rates had no significant effect on the oil content of rapeseed and its
fatty acid composition, in spite of the significant accumulation of these ele-
ments in the plant.
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YTUIAJ MTPUMEHE BUCOKUX OO3A Mo, Zn, St u Ba HA F/bMIXOBO
YCBAJAILE, CAIPXAJ YJbA 1 CACTAB MACHUX KMUCEINHA ¥V
CEMEHY VYJbAHE PEITMLIE

Pynond P. Kacropu,! Imre Kéadar,2 Ilerap b. Cekynuh,!
Tujana M. 3epemcku-IlIkopuh!
I HayyHM MHCTUTYT 3a patapcTBo W mospTapctBo, Hou Can,
Maxkcuma I'opkor 30, Cpb6uja u Llpua I'opa
2 Research Institute for Soil Science and Agricultural Chemistry,
Hungarian Academy of Sciences, Budapest, Heman Ott6 15, Hungary

Pesnme

VmaHa penmiia je BUCOKO IPOAYKTMBHA yJbaHa OMJbKa M MO 3HAuajy je Tpeha y
CBeTy. Y paly je MCIUTaH YTHUIAj MPOIYKEHOI JejcTBa MpUMEHE BUCOKUX n03a Mo,
Zn, Sr u Ba (0, 90, 270 u 810 kg/ha) Ha canpkaj y/ba M cacTaB MAaCHUX KUCEJIMHA y
CceMeHy yJbaHe penuie. MUKpoeseMeHTH ¢y npumerseHu 1991. rogune. Orien je us-
BeJIcH Ha 3¢MJBMINITY THIIA YepHO3eMa, Ha OTJIEAHOM IMoJby MHCTUTYTA 3a 3eMJBMINTE U
arpoxemujy Mahapcke akaaemuje Hayka. [IpuMeeHM MUKPOETIEMEHTH Cy ce Y Pa3iu-
YUTOj MEpU HaKyIJbalu y ybaHoj penuiiu. Hajsehe je 6wio Hakymbamwe Mo. Bucoke
nose Sr, Zn u noHekae Mo cMmamujie Cy caapikaj yba y ceMeHy y/baHe pernuie. Hacra-
Jie pasjiMKe y OJHOCY HAa KOHTPOJY Yy CaApiajy y/ba U CacTaBy MACHUX KUCEIMHA yJba
Hucy owie curHudukanTHe. JlodujeHu pesyaraTtu ykasyjy Aa 11 roguHa mocie npume-
He BUCOKUX n03a Mo, Zn, Sr u Ba Ha 3eMJbUIITY THIA YepHO3eMa jOII YBEK 3HayajHa
KOJIMYMHA OCTaHe y MPUCTYIIauyHOM OOJIMKY 3a Ouibke. Ha TO ykasyje HMXOBO BEJIUKO
HakyIJbame y OmbkaMa. [lopen Tora, Huje mounio g0 3HaYajHUje IPOMEHE Y caapikajy
y/ba M CacTaBy MAacHUX KHCEJIMHA U CeMeHY yJbaHe pernuile.
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EFFECT OF Cd ON CONTENT AND DISTRIBUTION
OF SOME MACRO- AND MICRONUTRIENTS
IN PEA PLANTS DIFFERING IN AGE

ABSTRACT: Contents and distribution of N, K, Mg, Cu, Mn and Zn in pea plants
treated with Cd at different age was investigated. Plants were treated with 10—7 or 10— M
Cd for 48h 25t or 631d days after seed germination. Results showed that more Cd was ac-
cumulated in plants treated with Cd at latter stages of growth and development. Treatments
with both concentration of Cd caused accumulation of Cd in roots. Contents and distribu-
tion of the investigated macro- and micronutrients depended on Cd concentration and plant
age.

KEY WORDS: pea, cadmium, plant age, macronutrients, micronutrients

INTRODUCTION

Heavy metals (HM) present in nutrient solution can inhibit or enhance the
uptake of mineral nutrients by plants (Sela et al., 1988). The effect of HM is
based on the antagonism or synergism of mineral elements (Morghan,
1993). During uptake, structure and function of root cell membranes may be
affected by HM present in nutrient solution. It is shown that the selectivity of
cell membranes was reduced a few minutes after the exposure of plants to HM
(Pandolfini et al, 1992). Also, contact with HM causes depolarization of
cell membranes (Costa and Morel, 1994) and selectivity reduction of ion
translators (De Vos et al., 1991).

HM could affect the uptake, transport (Hart et al., 1998) and distribu-
tion (Herndndez et al., 1996a) of mineral nutrients in plants. The effect of
HM depends on the element (Petrovic¢ et al., 1996), plant species (Oba -
ta and Umebayashi, 1997) and the length of treatment (Herndndez
et al., 1996b).
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Cadmium (Cd) toxicity is also associated with the uptake and transloca-
tion of mineral nutrients. For example, leaf chlorosis observed in Cd presence
is related to the deficiency of Fe (Root et al.,, 1975; Foy et al.,, 1978) or
Zn (Turner, 1973). Cd present in nutrient solution can affect the uptakes of
Zn, Fe, Cu and Mn acting as an antagonist (Root et al., 1975, Keck, 1978,
Wong et al, 1984, Bjerre and Schierup, 1985) and/or synergist
(Turner, 1973, Khan and Khan, 1983, Wong et al, 1984, Vas-
quez et al., 1989). However, opposite results of Cd effect on uptake of min-
eral nutrients have also been reported. For example, according to Wallace
et al. (1980) and Sela etal. (1988), Cd present in nutrient solution increased
Fe content, while Khan and Khan (1983) and Bjere and Schierup
(1985) noted the decrease of Fe content in treated plants. Therefore, the aim
of this study was to investigate whether the age of pea plants plays a role in
the effect of Cd on the content and distribution of some macro- and micronut-
rients.

MATERIAL AND METHODS

The trials with the pea cultivar ,,Jezero” were conducted in a greenhouse
under semi-controlled conditions. The seeds were germinated in vermiculite in
a thermostat at 25°C. After germination, young plants were transferred to 2 1
pots containing a nutrient solution of the following composition: (mM) 2.5
Ca(NQO,),; 2.5 KNO;; 1.0 KH,PO,; 1.0 MgSO, x 7H,0O; and (mM) 23.1 B; 4.6
Mn; 0.38 Zn; 0.16 Cu; 0.052 Mo and 8.59 Fe as Fe-Na-EDTA.

Two different Cd concentrations, 10—7 and 10— M, and their effect on
plants differing in age were investigated. The first group of plants was treated
on the 25" day after germination and the second group was treated on the 63t
day with 10=7 or 10— M Cd for 48 hrs. Cd was applied as CdCl,.

During the 48-hr treatment, the nutrient solution of the control plants was
replaced with deionized water. After treatment, plants were harvested and sep-
arated into roots and aboveground parts.

Dry weight (DW) of individual organs was determined after drying at
60°C to a constant mass. Content of N in plants was determined according to
Kjeldahl method, while the contents of K, Mg, Cu, Mn, Zn and Cd were mea-
sured after dry ashing at 450°C, by AAS using Varian SpectrAA 10.

The results were statistically processed by the analysis of variance. Diffe-
rences between the treatments were calculated using Duncan’s multiple range
test.

RESULTS AND DISCUSSION
Cadmium content

The increased Cd concentration caused greater Cd accumulation in roots
and aboveground parts of pea plants. Regardless of its concentration in the so-
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lution and plant age, Cd tended to accumulate in roots and this could be a pat-
tern of protection of the aboveground parts. Cd treatment on the 63 day cau-
sed an increased accumulation of Cd as compared with the treatment on the
25" day. Difference in Cd contents between the plants treated with Cd on the
25% and those treated on the 63 day showed that the Cd content was age-de-
pendent (Figure 1). These results are in accordance with the findings of Pe -
trovié et al. (1999), which showed an increase in Cd content in plants in
response to the increases of Cd concentration in nutrient solutions and plant
age.
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Figure 1. Cd content in roots and aboveground parts of pea plants differing
in age after treatment with Cd. A — treatment on the 25t day after seed germination,
B — treatment on the 63rd day after seed germination, | — Duncan’s test 5%

Effect of Cd on distribution of N, K and Mg

Increased Cd concentrations in nutrient solution decreased the contents of
N, K and Mg in the aboveground parts regardless of the day of plant treatment
(Figure 2). Decreased levels of K in consequence to Cd treatment have also
been observed in wheat (Trivedi and Erdei, 1992), cucumber (Bur -
zynsky, 1998) and corn plants (Walker et al., 1977). K content decrea-
sed only in the aboveground parts. High levels of Cd in Cd-sensitive plants
can damage root cell membranes causing decreases of water and K uptake or
even a release of K from the root. Damage of cell membranes also means that
proteins like H*-ATP-ase are losing their function (Obata et al., 1996). The-
re is a possibility that, following the same pattern, K+ transport proteins also
may lose their function.

The contents of the investigated macronutrients in roots depended of
plant age. The treatment with Cd on the 25% day decreased K and Mg contents
while the treatment on the 63 day increased N, K and Mg contents in roots.
As a consequence of Cd treatment, the content of all investigated macronutri-
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Figure 2. Effect of Cd on the N, K and Mg contents in roots and aboveground parts
of pea plants differing in age. A — treatment on the 25t day after seed germination,
B — treatment on the 63rd day after seed germination, | — Duncan’s test 5%
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ents decreased in the above-round parts of plants, regardless of plant age. The
treatment on the 25" day did not change the content of N neither in roots nor
in the aboveground parts (Figure 2).

Treatment with Cd affected the distribution of macronutrients between the
aboveground parts and roots. The most significant effect on N distribution was
caused by the higher Cd concentration and its application on the 63 day.
With the increase of Cd concentration in the nutrient solution, K and Mg ten-
ded to accumulate in roots regardless of plant age (Table 1). Also, the treat-
ment of young corn plants with Cd has increased the Mg concentration in tis-
sues (Nascimento et al., 1998).

Table 1. Effect of Cd on the aboveground/root content of N, K and Mg in pea plants differing in age

Cd (M) N K Mg
Treatment on the 25% day after seed germination

0 4.44 3.03 4.30

107 4.66 2.86 3.86

10—3 4.30 2.57 3.04
Treatment on the 6314 day after seed germination

0 10.37 15.96 17.21

10—7 9.00 9.71 13.49

10—3 6.62 10.63 12.61

Effect of Cd on distribution of Cu, Mn and Zn

Cd treatment on the 25" day after germination lowered the contents of all
investigated micronutrients in the aboveground parts and the Mn content in ro-
ots of the tested pea plants. The same treatment did not significantly alter the
contents of Cu and Zn in roots. Cd treatment on the 63 day after germination
lowered the Mn content in roots while its content in the aboveground parts
was not changed significantly. The Zn content decreased in roots and above-
ground parts in consequence to Cd treatment on the 63 day. The treatment on
the 63 day with the lower Cd concentration increased, while the higher Cd
concentration decreased, the content of Cu in the aboveground parts. As in the
aboveground parts, a more significant increase of Cu content in roots was ob-
served in plants treated on 63 day with the lower Cd concentration (Figure 3).

Distribution of the investigated micronutrients depended on Cd concentra-
tion and plant age. The treatment on the 25" day decreased the Cu transport
and increased the Mn transport in the aboveground parts. The treatment on the
25" day with the lower Cd concentration increased the Zn transport while the
higher Cd concentration did not affect Zn transport in the aboveground parts.
The treatment on the 63 day increased the Mn transport in the aboveground
parts. Conversely, the Cu transport in the aboveground parts decreased with
Cd treatment on the 63 day, especially when the lower concentration was ap-
plied. The treatment on the 63 day with the lower Cd concentration increased
the Zn transport in the aboveground parts while the higher concentration stim-
ulated the accumulation of Zn in roots (Table 2).
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Table 2. Effect of Cd on the aboveground/root content of Cu, Mn and Zn in pea plants differing
in age

Cd (M) Cu Mn 7Zn
Treatment on the 25% day after seed germination

0 2.87 0.96 2.75

10—7 2.41 1.14 2.25

10—5 2.17 1.95 2.66
Treatment on the 6314 day after seed germination

0 5.63 2.67 7.26

10—7 3.83 3.75 7.57

10—5 4.87 3.62 6.32

A decrease of Mn content in pea plants 48h after Cd treatment (Figure 2)
was also reported in a study by Herndndez et al. (1996a). They noted a
decrease in Mn content with an increase of Cd concentration in nutrient solu-
tion in another pea genotype. Increase of Mn transport to the aboveground
parts was also observed by Herndndez et al. (1996b). The authors consid-
ered the increase in Mn transport after Cd treatment to be a defense mecha-
nism that prevents Cd accumulation in the photosynthetically active parts of
plant. The lower Mn accumulation in plants and its increased transport to the
aboveground parts after a short exposure to Cd was also observed by other au-
thors (Obata and Umebayashi, 1997).

CONCLUSION

The results obtained in our study showed that the uptake of Cd depended
on its concentration in the nutrient solution and on plant age. The accumulated
Cd was mainly retained in roots. Our results pointed to the dependence of the
contents and distribution of the investigated macro- and micronutrients on the
Cd concentration applied and on plant age. The effect of Cd on the distribu-
tion of nutrients in relation to plant age varied for all nutrients except Zn.
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YTULAJ Cd HA CAOPXKAJ 1 JUCTPUBYLINJY MAKPO U
MUKPOEJIEMEHATA KO/l I'PAILIKA PA3JIMYUTE CTAPOCTHU

Kapko C. Kespeman,! Hosumia M. IlerpoBuh?
I Texnonomku ¢akynrer, YHubep3uteT y Hosom Cany,
Bynesap Llapa Jlazapa 1, 21000 HoBu Can, Cpb6uja u Llpna I'opa
2 TTosponpuBpeaHu ¢akyateT 1 HaydHM MHCTUTYT 3a paTapCcTBO U IOBPTApPCTBO,
Yuusepsurer y Hosom Cany, Tpr [I. Obpagosuha 8,
21000 Hosu Can, Cpbuja u llpHa T'opa

Pesnme

Y TNOJYKOHTPOJMCAHUM YCJIOBMMA y CTakKJapu, METOIOM BOAEHUX KyJTypa HC-
nutuBaH je TpetMaH Cd Ha macy cyBe marepuje u caapxaj Cd, N, K, Mg, Cu, Mn u
7Zn U WHUXOBa AUCTPUOYLIMja Ha TpaIKy pa3IudyuTe cTapocTu. buibke cy TpeTtupaHe
Cd-om y Tpajamy o 48 catu y koHueHTpauuju ox 10=’M wau 10—M 25. unu 63. na-
Ha HaKOH Kiaujarba cemeHa. Behe Hakymbame Cd youeHO je y KOpeHY, TPeTMaHOM BH-
IIOM MCITUTAaHOM KOHLEHTPAIIMjOM M TPETMaHOM Yy KacHMjuM (azama. Caapikaj u nu-
cTpuOyLIMja MCOUTMBAHUX ejJeMeHaTa 3aBucwia je on KoHueHTpamuje Cd xkao u onm
crapocTu OMibKke y Bpeme TpetMaHa. CeM Zn, CBU MUCIIUTUBAHU €JIEMEHTHU CY TTOKa3aiu
cneunpuuHy peakuujy Ha mpucycTtBo Cd y 3aBUCHOCTM BpeMEHa HeTOBe IIPHMEHE.
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MINERAL COMPOSITION OF SELECTED Salvia SPECIES
GROWING WILD IN THE VOJVODINA PROVINCE

ABSTRACT: Composition of mineral elements has been investigated in three Salvia
species (Lamiaceae) growing wild in the Vojvodina Province (Serbia), as well as in a com-
mercial phytopreparation (tea) of Salvia officinalis L. We determined concentrations of mic-
ro- and macroelements in dried plant material in order to evaluate their nutritive and medic-
inal value and to indicate an easily accessible natural source that could be used as a possi-
ble food supplement. The study showed that the plants were well supplied with essential el-
ements. Concentrations of potentially harmful heavy metals (Pb, Cd, Ni, Cr) were below
their respective toxic levels. From the nutritive and medicinal aspects, the investigated Sal-
via species may be considered as a natural source of essential microelements, especially Fe
and Cu, with a low capacity for heavy metal accumulation.

KEY WORDS: Salvia spp., micro- and macroelements, heavy metals

INTRODUCTION

The genus Salvia is one of the largest members of the Lamiaceae family.
It comprises more than 900 species, which are widespread all over the world.
The Mediterranean, Central Asia, America and South Africa are the main cen-
ters of diversity of this genus. The genus is represented by 36 species in the
European flora (Hed ge, 1972). In the flora of Serbia, 15 species have been
described. They are distributed in the continental areas of southern, southeast-
ern and northern Serbia, growing under complex and heterogeneous environ-
mental conditions. In the northern parts of Serbia (the Vojvodina Province),
which are a part of the Pannonian Plain, 9 species have been described, inclu-
ding Salvia reflexa Hornem., S. nemorosa L. and S. glutinosa L. They grow
under semi-arid environmental conditions, mainly influenced by the Mediterra-
nean and continental climates.
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Some plants from the genus Salvia are well known for their medicinal,
aromatic and antioxidant properties (Tyler, 1993; Malenci¢ et al., 2000).
The most popular species of the genus, sage (Salvia officinalis L.), is a
well-known medicinal plant. Its dried leaves are used for preparing tea. The
most significant medical applications of the common sage, prepared in a vari-
ety of pharmaceutical forms, are for inflammations and digestive system disor-
ders. The sage acts as an antiphlogistic, stomachic, antiseptic, hypoglycaemic,
antiasthmatic, carminative, cholagogic, emmenagogic, antihydrotic and astrin-
gent drug and it is used as spice (Chiej, 1988; Stefanovié¢-Radisa-
vijevic et al., 1998). However, the majority of wild-growing Salvia species
have not been fully evaluated from the phytochemical point.

Investigation of wild-growing plants from the aspect of their potential nu-
tritive and medicinal value and as indicator of environmental pollution also re-
quires the determination of the mineral composition of plants. The study of the
presence and concentration of toxic heavy metals (HM) in plant herba is of
special interest, since the industrial pollution of agricultural land and forests is
becoming a serious ecological issue in many parts of the world. It is well
known that some wild-growing medicinal plants, such as Hypericum perfora-
tum L., Achillea milefollium L., Matricaria recutita L., Sambucus nigra L.
etc., could be characterized as HM accumulators. The determination of HM
concentration in food products is important from the aspect of health safety,
but also from the aspect of determination of their biological value. Beside or-
ganic compounds, the dissoluble mineral elements in plant teas and tinctures
may have an additional therapeutic role (Sark6zi et al., 2003). The aim of
this study was to determine the mineral composition of selected Salvia species,
in order to evaluate their nutritive and medicinal value and to indicate an eas-
ily accessible natural source that could be used as a possible food supplement.

On the basis of their relative portions in plant dry material, elements
which constitute plants are classified as: macroelements (2—60 mg g—' DM),
microelements (> 1 pg g=!, < 1 pg g=! DM) and ultramicroelements (< 1 ng
g~! DM) (Kastori, 1998). From the toxicological point of view, the most
important elements are heavy metals. HM represent a heterogeneous group of
elements which differ in their chemical characteristics and biological functions.
Some authors hold the opinion that more appropriate names for HM should be
,trace elements” or ,trace metals” (Barceldé and Poschenrieder, 1990).
Some HM are essential for living organisms (Zn, Fe, Mn, Co, Cu, Mo and
Se), other may stimulate plant growth and development when present in cer-
tain concentrations to (Ni, V, W and Ti), while some elements are highly toxic
substances in metabolism (Pb, Cd, Hg, Cr and As) (Kastori, 1993). Beside
pedogenesis, HM reach the soil also through industrial and agricultural produc-
tion. Smelteries for metal extraction, steam power plants and mines are consid-
ered as the largest polluters of air, water and soils. Additional sources of HM
contamination are mineral fertilizers, pesticides, metal-contaminated sewage
and household refuse (Van Assche and Clijsters, 1990).
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MATERIALS AND METHODS

Plant material has been collected during full flowering from different lo-
cations in the Vojvodina Province (Serbia), as shown in Figure 1.
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Figure 1 — Localities where plant material was collected

Voucher specimens have been taxonomically determined and deposited at
the Department of Botany, Faculty of Natural Sciences and Mathematics, Uni-
versity of Novi Sad. Plant leaves were chosen for the experiment. In addition
to this, plant material of S. officinalis was also analyzed. Sage leaves were ob-
tained from a commercial phytopreparation (tea) of domestic origin supplied
by a local herbal apothecary. Our intention was to analyze and compare the
mineral composition of the wild-growing Salvia species with the composition
of the common sage, which has been acknowledged as a medicinal plant both
in folk medicine and in the official pharmacopoeia.
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Dry matter mass was determined after oven drying at 60°C to constant
mass. N content was determined by Kjeldahl method. The other elements were
determined after dry ashing samples at 450°. K content was measured using
flame photometry, P spectrophotometrically by V-Mo method, while the con-
centrations of Cd, Pb, Ni, Cr, Fe, Cu, Mn, Zn and Ca were determined by ato-
mic absorption spectrophotometry (AAS, Varian SpectrAA-10). The obtained
results were statistically evaluated and shown as mean + S.E.M. Variation co-
efficient (Cv) was calculated as well.

RESULTS AND DISCUSSION

The mineral composition of the investigated wild-growing Salvia species
is represented as the contents of micro- and macroelements in dry plant mate-
rial. For the reason of comparison, the mineral composition of sage (S. offici-
nalis) was also determined.

Microelements

The results for microelement contents are shown in Table 1. An average
content of lead (Pb) in plant species is 5—10 ppm while the toxic level is
above 30 ppm (Kastori and Petrovi¢, 1993).

Table 1 — Microelement content of Salvia reflexa, S. nemorosa, S. glutinosa and S. officinalis
(ppm in DM)
Element S. reflexa S. nemorosa S. glutinosa S. officinalis Cv

Pb 3.99+0.52 4.75+£0.24 9.00£0.69 3.05+0.29 43.85%
Ni 2.21+0.18 2.19+0.016 5.94+0.05 2.79+0.04 53.03%
Cd 2.87+0.45 2.62+1.15 2.51+0.32 0.34+0.07 48.78%
Cr 0.98+0.008 0.37+0.09 1.97+0.31 1.49+0.10 49.51%
Cu 34.18+0.93 36.70+1.38 59.75+1.85 25.10+0.75 32.80%
Zn 18.84+0.45 34.25+0.36 93.75+6.85 65.46+2.75 54.40%
Fe 340.54+35.7 167.62+11.4 508.26+60.3  453.77+710.9 35.45%
Mn 46.53+1.01 46.26+0.74 49.47+1.30 39.25+1.22 8.27%

Our results showed that Pb content was low and non-toxic, ranging from
3.99 to 9.00 ppm. An increased amount was detected only in S. glutinosa, but
it did not exceed the maximum allowed concentration. This increase may be
due to the vicinity of a road. It is known that motor vehicles are the leading
factor in Pb contamination, and the intensity of plant contamination with Pb
progressively decreases with the increase of plant distance from road. Compa-
red with our results, high Pb contents were detected in some Salvia species
from southeastern Serbia — a high Pb content in S. pratensis (12 ppm) and a
toxic content in S. officinalis (69 ppm) (Blagojevi¢ et al., 1998).
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Growing evidence has been gathered in recent years attesting that low
concentrations of nickel (Ni) are beneficial for plant growth and development,
respiration intensity and photosynthesis, as well as for the activity of antioxi-
dant enzymes (Kastori and Petrovid¢, 1993). An average content of Ni
is 0.1—5.0 ppm, while the toxic level ranges from 10 to 100 ppm. The highest
content of this HM was recorded in S. glutinosa which was in agreement with
the results of other authors who reported the content of 29.3 ppm for S. gluti-
nosa from the Vlasina region (Blagojevi¢ et al., 1998). Same as for Pb,
our plant material was collected from a natural habitat, near a heavily traffic-
ked road. It seems that the detected Ni content, although increased, did not ha-
ve a toxic effect on this plant. This is in agreement with the results saying that
non-essential elements for higher plants such as Ni may in certain cases stimu-
late plant growth and development.

Cadmium (Cd) is toxic for plants when present in high concentrations,
due to its high affinity to -SH groups of enzymes and proteins. High Cd con-
tent in plants completely inhibits Fe metabolism causing chlorosis, which me-
ans that it affects photosynthesis. Also, it can inhibit respiration, electron tran-
sport and transpiration (Kastori and Petrovid¢, 1993). The average and
toxic Cd concentrations in plant leaves are 0.05—0.2 ppm and 3—30 ppm, re-
spectively. Plants take up Cd from the soil and its higher contents have been
detected near roads. It can also reach agricultural soils with phosphate fertiliz-
ers since phosphate ore contains 1—110 ppm of Cd (Ubavi¢ et al., 1993).
In the wild-growing Salvia species from the Vojvodina Province, Cd contents
ranged from 2.51 to 2.87 ppm, which is bellow the toxic level. The lowest
content of this HM (0.34 ppm) was found in the tea specimen of S. officinalis.
Low contents of this element (< 0.1 ppm) in 16 samples of culturated (from
Serbia) and wild-growing (from Montenegro) S. officinalis were also reported
by Maksimovic¢ et al. (1998).

Chromium (Cr) content in the investigated plants ranged from 0.37 to
1.97 ppm. Once again, the highest content was found in the herba of S. gluti-
nosa, but it was not above the maximum allowed concentration.

Copper (Cu) is an essential microelement for plants. An average content
of Cu in dry plant material is 2—20 ppm (Fernandes and Henriques,
1991). Its function in plant metabolism is mainly catalytic. It affects many bio-
chemical and physiological processes, such as respiration, metabolism of pro-
teins, lipids and carbohydrates, chlorophyll and terpene biosynthesis, water ba-
lance, etc. In our specimen, Cu concentrations were increased, ranging from
25.10 to 59.75 ppm. This is in agreement with the results of other authors
(Blagojevic et al, 1998) who reported the Cu contents in different Sal-
via species from Serbia (S. glutinosa, S. officinalis, S. pratensis, S. aethiopis)
from 22.66 to 84 ppm. When assimilated in excess by the plant, Cu can be
phytotoxic. It inhibits the activity of a large number of enzymes, hence photo-
synthesis and pigment synthesis. Cu may block electron transport in photosyn-
thesis which can lead to the production of oxygen-free radicals (O,~, ‘OH) and
lipid peroxidation (Malen¢ié, 1996).

Zinc (Zn) activates or binds to more then 300 enzymes, including Cu,
Zn-superoxide dismutase, carboanhydrase, phosphatases, some proteinases, etc.
Hence, it influences many metabolic processes in the living cell. Zn concentra-
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tion in plants may vary between 30—150 ppm, but usually it is 20—50 ppm.
In the investigated Salvia species, it ranged from 18.84—93.75 ppm, the high-
est level being found in S. glutinosa. Similar results were obtained for Zn con-
tent in S. glutinosa from the Vlasina region in southeastern Serbia (86 ppm)
(Blagojevi¢ etal., 1998). All of the examined specimens were well-sup-
plied with Zn, except for the plants of S. reflexa in which a deficit in this es-
sential microelement was detected.

Polyvalence and chelating capability are two main features of iron (Fe).
They determine its role in plant metabolism: chlorophyll biosynthesis, photo-
synthesis, respiration, nitrogen fixation, nitrate and nitrite reduction, etc. (K a -
stori, 1998). Fe concentration in dry plant material typically reaches 1000
ppm or more. In the investigated plant material, Fe contents were from 167.42
to 508.26 ppm. These results seem to indicate that both soils and plants in the
Vojvodina Province are well-supplied with this essential microelement. Con-
trary to our findings, a low Fe content (45.63 ppm) was reported for S. offici-
nalis from the Siéevo gorge (southeastern Serbia) (M iladinovi¢, 2000). In
other Salvia species from Serbia and Montenegro, Fe content ranged from
26.66 up to 2000 ppm (Maksimovic et al, 1998; Blagojevic et al.,
1998).

The most significant role of manganese (Mn) in life processes is enzyme
activation. As a cofactor it activates more then 35 different enzymes, but it
constitutes only two of them — Photosystem II Mn-protein and Mn-SOD. Mn
is involved in water photooxidation, detoxification of oxygen radicals, CO, re-
duction, fatty acid oxidation, etc. (Kastori, 1998). In our plant species, Mn
content was low, ranging from 39.25 to 49.47 ppm. Since the critical threshold
for Mn deficiency in plants is < 10 ppm, it is obvious that investigated plants
were sufficiently provided with Mn.

Macroelements

The results for the contents of macroelements are shown in Table 2. Ni-
trogen (N) is one of the most important macroelements in plant nutrition. It is
an essential constituent of amino acids, proteins, nucleotides and nucleic acids,
coenzymes, vitamins, pigments, alkaloids and other plant biomolecules (P o -
povic et al, 1998).

Table 2 — Macroelement content of Salvia reflexa, S. nemorosa, S. glutinosa and S. officinalis
(% in DM)

Element S. reflexa S. nemorosa S. glutinosa S. officinalis Cv
N 2.82+0.28 2.26+0.33 1.60+0.29 0.68+0.17 43.13%
P 0.215+0.005 0.248+0.008 0.441+0.004 0.150+0.040 41.65%
K 3.75+1.19 1.58+0.12 2.97+0.25 1.92+1.46 33.62%
Ca 1.29+0.26 1.57£0.25 1.66+0.32 1.54+0.01 9.09%

N content in dry plant material is usually 1.5—4.0%. Among the exam-
ined Salvia species, the lowest content was recorded in S. officinalis (0.68%).
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The highest content was found in wild-growing S. reflexa (2.82%), probably
due to the fact that this plant species grows as a weed on agricultural soil, es-
pecially in maize fields.

Phosphorus (P) plays an important role in photosynthesis, respiration,
glycolysis, pentose phosphate pathway, etc. It constitutes nucleic acids and
coenzymes, such as ATP, UDP, CoA, PAL, NADP+, FMN, FAD etc. P con-
tent in plants is usually 0.1—0.8% (dry weight) (Kastori, 1998). In the in-
vestigated material, P content varied from 0.15 to 0.44%, which was an indi-
cation of a satisfactory level of P supply in plants. The lowest concentration
was recorded in S. officinalis, the highest was in S. glutinosa herba.

Similarly to N and P, potassium (K) belongs to the group of essential
macroelements which may be a limiting factor in plant production. Still, K is
not a constitutional element, i.e., it neither constitutes organic compounds nor
it influences enzymatic reactions in plant metabolism. Its primary role is based
on its capacity to regulate water balance in plant cells. K content in dry plant
material may reach 5—6% and more, but in the investigated Salvia species it
ranged from 1.58 to 3.75%. The obtained results suggest that the plants were
well-supplied with this essential element.

In the Vojvodina Province, which takes the southern part of the Panno-
nian Plain, calcium (Ca) content in the soil is not a limiting factor for plant
growth and development. Its concentration in dry plant material of the investi-
gated Salvia species was 1.29—1.66%.

CONCLUSION

The investigation of the mineral elements composition of the selected
Salvia species showed that the plants were well supplied with essential micro-
and macroelements. The concentrations of toxic HM (Pb, Cd, Ni, Cr) in plant
material did not exceed their respective maximum allowed concentrations. The
highest content of HM was detected in S. glutinosa, which confirmed the fact
that plants growing along the roads should not be considered for human diet.
From the aspect of medicinal value it seems that the investigated Salvia speci-
es from the Vojvodina Province may be considered as an easily accessible nat-
ural source of essential microelements, especially Fe and Cu. The results obtai-
ned for the mineral composition of S. officinalis justified the use of this plant
as herbal remedy. Beside organic compounds with biological activity, S. offici-
nalis is also rich in essential microelements and, contrary to some other medi-
cinal plants, it has a low capacity for HM accumulation.
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EJIEMEHTAPHU CACTAB OJABPAHNX CAMOHUMKIINX
BPCTA POJA Salvia U3 BOJBOOANHE

bHophe P. Manenunh,! Kapko C. Kepeman,? Munan T. IMonopuh!
I TloswonipuBpentu dakynrer, YHusepsurer y Hoom Cany,
Tpr . O6pamosuha 8, 21000 HoBu Can, Cpb6uja u Llpra I'opa
2 TexHonowku (axynret, Yuusep3uter y Hosom Cany,
byn. Llapa Jlazapa 1, 21000 Hosu Can, CpOwuja u Llpua I'opa

Pesnme

VY pany je ucTpaxkeH eJeMEHTapHU cacTaB Tpu Bpcte pona Salvia (Lamiaceae)
KOje CAMOHUKJIO pacTy y jy:KHUM JenoBuMa [laHoHCke HU3Mje, Tj. HA TpocTopy BojBo-
nuHe. UctoBpemeHo, onpelheH je eseMeHTapHU cactaB ¢uroriperapara (daja) xaiabpuje
(Salvia officinalis L.) y xommnapaTtuBHe cBpxe. Caapikaj MUKpPO- M MakpoejeMeHara y
CyBOM OMJLHOM Matepujaiy oapel)eH je MPUMEHOM CITEKTPOCKOIICKMX METOna, ca IIM-
JbEM JIa Ce MPOLEHU HYTPUTMBHA BPENHOCT U MOTEHIIMjaTHa JEKOBUTOCT OMIBHUX APO-
ra mTo OM yKa3ajo Ha JIaKO IOCTYITHE CHUPOBHMHE MPUPOTHOT TOpeKa Koje Ou ce Mo-
IJIe KOPUCTUTU Kao nojaTak y ucxpanu. CTyauja je Iokasaja jna cy OuJbKe H00po
00e30ef)eHe HEONXOMHUM eJIeMeHTMMa Ha TIPUPONHUM cTaHuinThUMa. KoHieHTpauuje
MOTEHIIMjaJIHO IITeTHUX Telkux Metana (Pb, Cd, Ni, Cr) kpeTajie cy ce UCIIOJ MaKCH-
MaJHO J03BOJbE€HE KOHLeHTpauuje. Ca 30paBCTBEHOr, U ca acleKTa MCXpaHe, UcTpa-
JKBaHe BpcTe ponaa Salvia MOTY ce cMaTpaTd MPUPOIHUM HM3BOPOM HEOMXOAHUX MM-
KpoesieMeHara, Hapouuto Fe u Cu, Koje UCTOBPEMEHO MOKa3yjy HU3aK HUBO aKkyMyJja-
LIMje TOKCUYHMX TEIIKUX MeTasa.
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MOLECULAR CHARACTERISATION OF
GLUTENIN ALLELES AT THE Glu-DI LOCUS

ABSTRACT: It is well known that the composition of high-molecular-weight (HMW)
glutenin subunits impacts the bread making quality. The HMW subunits 1Dx5-1Dy10 are
typically associated with high dough strength and good bread making quality, contrary to
1Dx2-1Dy12 subunits. Bread wheat cultivars from Institute of Field and Vegetable Crops in
Novi Sad have been screened for the alleles present at Glu-DI locus using traditional SDS
PAG electrophoresis method and a new PCR based approach. The Glu-DI locus was scree-
ned for two main x-type alleles which code for HMW glutenins 2 and 5, and two main
y-type alleles which code for HMW glutenin subunits 10 and 12. Among the analyzed culti-
vars, 55.6% expressed the presence of 1Dx5 and 1Dy10 alleles at the Glu-DI locus. These
results confirmed that by using marker-assisted selection (MAS) it is possible to identify
genotypes with alleles for good bread making quality, which could be successtully used in
wheat breeding programs.

KEY WORDS: Glu-DI locus, marker-assisted selection, PCR, SDS PAG electropho-
resis, wheat

INTRODUCTION

In hexaploid wheat, Triticum aestivum, the genes controlling the synthesis
of high-molecular-weight glutenins are located on the long arms of the chro-
mosomes 1A, 1B and 1D at the loci Glu-Al, Glu-Bl and Glu-D1, respectively.
Harberd et al. (1987) proved that there are two closely linked genes at
each of Glu-1 loci, one gene controlling the synthesis of x-type HMW glutenin
subunits, another controlling the synthesis of y-type subunits. All glutenin ge-
nes are organized with a large central region containing repeat short motifs co-
ding for the same amino acid flanked by unique N- and C- terminus domains
(De Bustos et al., 2000).

The properties of wheat dough have been related to the allelic combina-
tion of the genes coding for the high-molecular-weight (HMW) subunits of
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glutenin. Payne (1987) demonstrated that bread-making quality is associa-
ted with the presence of HMW subunits x5+y10 at Glu-DI locus providing
good quality and x2+y12 providing poor quality.

Traditionally, HMW glutenins had been analyzed using sodium dodecyl
sulphate polyacrylamide gel electrophoresis (SDS-PAGE), the protein bands
representing subunits have been numbered according to their mobility on
the gel (Payne, 1987). More recently, D’ Ovidio etal. (1994), Ahmad
(2000), De Bustos et al. (2001) have demonstrated the usefulness of
PCR-based analysis for distinguishing between cultivars with different HMW
subunits.

The aim of this paper was molecular characterization of glutenin alleles at
the Glu-DI locus of selected bread wheat cultivars using SDS PAG electro-
phoresis and new specific PCR based primers, in order to identify wheat geno-
types carrying glutenin allelic combinations related with good bread making
quality.

MATERIAL AND METHODS

Material. Eighteen bread wheat cultivars from Institute of Field and Veg-
etable Crops in Novi Sad were used in this study. Wheat cultivars Jugoslavija
(x5+y10) and Baranjka (x2+y12) served as controls for HMW composition
analysis.

Polyacrylamide gel electrophoresis. Extraction of proteins and sodium
dodecyl sulphate polyacrylamide gel electrophoresis (SDS PAGE) was done
on 10% gel, in Tris-glycine buffer (pH 8.3) according to the procedure descri-
bed by Vapa and Savic¢ (1988).

DNA isolation. Total genomic DNA was isolated from wheat grains ac-
cording to Plaschke etal. (1995). The DNA concentrations were determi-
ned spectrophotometrically.

PCR analysis. PCR analysis was performed according to Ahmad (2000).
The 50-pul amplification reaction mixture contained 10 mM Tris-HCI, pH 8.3,
50 mM KCI, 2 mM MgCl,, 300 mM dNTP (deoxyribonucleotide), 250 ng of
each primer, 1U of Taq DNA polymerase and 50 ng genomic DNA. Primers
used for identifying 2 vs. 5 x-type allele, designated as P1 and P2, and primer
pair applied for identification of 10y vs. 12 y-type allele, designated as P3 and
P4, were published in Ahmad (2000). Amplifications were performed in an
Eppendorf Mastercycler programmed at 94°C for 5 minutes, followed by 45
cycles at 94°C for 1 min, 63°C for 1 min and 72°C for 1 min. After 45 cycles,
the extension temperature was kept at 72°C for 10 min. PCR products were
analyzed on 2% agarose gel containing 0.5 ug/ml ethidium bromide and visua-
lized under UV light.

RESULTS AND DISCUSSION

During SDS PAG electrophoresis, proteins are separated into their subu-
nits according to molecular weight. HMW glutenin subunits coded by the
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Glu-1 loci are grouped in the upper part of the gel. In the examined cultivars,
only subunits 5+10 and 2+12 controlled by the genes at the Glu-DI locus
were determined (Figure 1). The subunits 5+10 were more frequent as a result
of Novi Sad wheat breeding programs favoring the parents carrying these sub-
units (Vapa et al, 1995, 1997; Vapa and Obreht, 2000).

9 9 9 K1 10 11 K2 2 1 1

Figure 1. SDS PAGE of the analyzed wheat cultivars (K1 — Jugoslavija, K2 — Baranjka,
1 — Alfa, 2 — Anastasija, 9 — Di¢na, 10 — Draga and 11 — Dragana)

When primer combinations P1 and P2 were used, 450 bp amplification
products were visible on the gel in ten out of the eighteen analyzed genotypes,
indicating the presence of Dx5 alleles. In the other eight cultivars amplifica-

<«— 450 bp

M 5 6 7

Figure 2. Separation of amplification products on agarose gel (2%) using the P1/P2
primer set (M — 100 bp marker 5, 6 and 7 are cultivars Becejka, Cipovka and Dejana)
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tion products were detected indicating that allele 2 at Glu-DI locus was not
present (Figure 2).

With primer sets P3 and P4, specific 576 bp fragment characterized Dy10
allele and it was present in ten cultivars. The other eight cultivars expressed
612 bp amplification product showing the presence of Dy12 allele at the ana-
lyzed locus (Figure 3).

612 bp 576 bp

M 5 6

Figure 3. Separation of amplification products on agarose gel (2%) using the P3/P4
primer set (M — 100 bp marker and 5 and 6 are cultivars BeCejka and Cipovka)

Identification of HMW glutenin alleles at Glu-DI locus of the 18 selected
bread wheat cultivars revealed that 10 cultivars possessed 1Dx5 and 1Dy10
alleles at the Glu-D1 locus, while 8 cultivars possessed 1Dx2 and 1Dy12 alle-
les at the analyzed locus (Table 1).

Table 1. Glutenin alleles presence at Glu-DI locus in the selected bread wheat cultivars

No. Cultivar (ngr)fg) (415]())Xb5p) (517%%?)) (é?zyt?))
1. Alfa — + + —

2. Anastasija + — — +

3. Bajka — + + —

4. Balkan — + + —

5. Becejka + — — +

6. Cipovka — + + —

7. Dejana — + + —

8. Delta — + + —
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9. Di¢na — + +

10.  Draga + — — +
11.  Dragana + — — +
12. Evropa + — — +
13. Evropa 90 + — — +
14.  Fortuna — + + —
15.  ltalija + — — +
16. Ivanka — + + —
17.  Jarebica — + + —
18. Jarka + — — +

Bread wheat cultivars typically possess Dx5+Dy10 or Dx2+Dy12 allelic
combinations at the Glu-DI locus. In wheat cultivars of different origin, allelic
combinations Dx5+Dy12 and Dx2+Dyl10 were reported as well (Payne,
1987, Margiotta et al.,, 1993). Since HMW subunits x5+y10 at Glu-DI
locus provide good quality and subunits x2+y12 provide poor quality, simulta-
neous marker-assisted selection for both alleles is crucial in wheat breeding.
1Dx2 and 1Dx5 alleles have a high degree of homology, similarly to 1Dy10
and 1Dy12 alleles (Anderson et al, 1989). Selected site-specific primers
proved to be efficient in distinguishing 1Dy10 and 1Dy12 (A hmad, 2000).

In this research each set of allele-specific primers amplified a single pro-
duct, 450 bp in size, in the case of 1Dx5 allele, and specific 576 bp and 612
bp products, in the case of 1Dy10 and 1Dy12 alleles, respectively. Ten of the
eighteen analyzed genotypes possessed Dx5+Dy10 allelic combination, repre-
senting potentially good bread making quality genotypes that can be used in
wheat breeding programs. In order to completely qualify these genotypes as
cultivars with good bread making quality characteristics, it is necessary to
apply the same approach of marker-assisted selection and define the HMW
glutenin allelic compositions at Glu-Al and Glu-BI loci.

The development of PCR-generated DNA markers in the concept of mar-
ker-assisted selection represents the approach that can help to avoid misleading
interpretation of the results obtained by SDS-PAGE analysis and can help to
identify genotypes for specific purposes in wheat breeding programs. Simpli-
city and speed make the new PCR-generated DNA markers a valid alternative
to standard SDS PAGE method.

CONCLUSION

Eighteen bread wheat cultivars developed at Institute of Field and Vege-
table Crops in Novi Sad were screened for the alleles present at Glu-D1 locus
using SDS PAGE and PCR-based approach. The Glu-DI locus was analyzed
for two main x-type alleles which code for HMW glutenins 2 and 5, and two
main y-type alleles which code for 10 and 12 HMW glutenin subunits. Among
the analyzed cultivars, 55.6% expressed the presence of 1Dx5 and 1Dyl10 alle-
les at Glu-DI locus. They are potentially good bread making quality geno-
types, which can be used as parents in wheat breeding programs.
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Diagnostic PCR system with primers specific for nearly identical alleles
represents a useful new tool in marker-assisted selection, enabling identifica-
tion and selection of a single allele, instead of the polypeptide gene product.
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MOJIEKYJIAPHA KAPAKTEPU3ALINJA TJIYTEHMHCKUX
AJIEJIA Glu-DI JTJOKYCA

Jbwmpana b. Bama, [parana P. O6pext, bopucias b. Koowmbcku!,
Muxajna P. JaBumnouh
IMpupoaHo-marematnuku dakynrer, Tpr ocuteja Obpanosuha 2,
21000 Hosu Cagn, Cpouja u LlpHa T'opa
I MHCTUTYT 3a paTtapcTBO M ToBpTapcTBo, Makcuma T'opkor 30,
21000 HoBu Can, Cpouja u LlpHa T'opa

Pesume

Ilo3HaTo je ma xomrmo3uuMja cyOjeiMHUIIA TJYTEHWHA BEJMKE MOJIEKYJICKE Mace
yThuue Ha KBaiuTeT xieba. HajsHauajHuja je yMmeHMIA 1, HACYINPOT cyOjenrHuIiaMa
1Dx2-1Dy12, cy6jenunuue 1Dx5-1Dy10 ycnoBmaajy 100py eJaCTUYHOCT TeCTa U AO-
TMPUHOCE KBaJUTETy xjeba. Y pamy cy aHanmsupanu anenu Glu-DI jnokyca copTu
mineHuie MHcTutyta 3a parapctBo u noBpTapctBo y HoBom Cany. [MpumereHa je
CTaHJIapAHa HaTPUjyM IOAeUMI cyacdar ToJvakpuiaaMui rei ejaekrpodopesda (SDS
PAGE) u MosekylapHa aHaiu3a 0a3upaHa Ha JlaH4aHoj peakiuju noiammepase (PCR).
VY nokycy Glu-DI1 miponaljeHa Cy ABa OCHOBHA TUIA X ajiejia 2 M 5, Ka0 U IBa OCHOBHA
tuna y anena 10 u 12. YtBpheHo je na 55,6% coptu nocenyje 1Dx5 u 1Dyl10 anene y
Glu-DI nokycy. OBM T€HOTUIIOBM TIPEACTaBJbajy ITOTEHUMjaJIHO OOOpPE pPOIUTEIbE Y
OoILIeMEHhUBalby IIIEHUIE Ha Ho0ap KBajauTeT xjeba. PesyataTu cejekuuje momohy
MOJIEKYJJapHUX MapKepa Mory rnomohu maeHTMdUKAIMjU TeHOTUIOBA 3a CreHU(pUUHY
MpUMEHY Yy IporpaMuMa OILIeMelhMBatba IIIeHMUIEe, IIpU YyeMy ce mpeaHocT aaje PCR
aHaJiM3aMma Koje oMoryhyjy uneHTudUKaluyjy M ceeKlujy TojelMHaYHuX ajieyia, a He
MPOTeUMHCKUX IpoaykaTa reHa, nooujeHux SDS PAGE metomom.
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HMW GLUTENIN VARIATION AND RYE CHROMATINE
PRESENCE IN WHEAT GENOME

ABSTRACT: For estimation of wheat end-product quality during wheat breeding pro-
grams, composition of high-molecular-weight glutenin subunits (HMW GS) and the presen-
ce of 1BL/1RS translocations serve as markers due to their profound effects on dough elas-
ticity and viscous properties. Ninety-three wheat genotypes from Institute of Field and Ve-
getable Crops in Novi Sad have been analyzed by sodium dodecyl sulfate polyacrylamide
gel electrophoresis (SDS-PAGE) in order to determine their HMW GS composition and
1BL/IRS translocation presence. Eleven alleles were found at the Glu-1 loci. Subunits 1
and 2* and the null allele N were determined at the Glu-Al locus. Subunitis 7, 7+9, 7+8,
6+8, 20 and 21 were found at the Glu-BI locus, subunits 2+12 and 5+10 at the Glu-DI lo-
cus. The 1BL/IRS translocation was discovered in 28 cultivars, although three of them
were heterogeneous.

KEY WORDS: electrophoresis, glutenins, rye chromatin, wheat

INTRODUCTION

Some potentially important traits of plant genotypes cannot be revealed
by classical morphological and agronomical description. Molecular markers
have been set up for the description of plant genetic diversity and genetic
structure. Electrophoretic analyses of seed storage proteins — glutenins and
gliadins have proven to be useful in wheat evaluation and characterization. It
was shown that up to 60—65% of variability in bread making quality (BMQ)
can be accounted for by differences in HMW glutenin composition (Payne
et al., 1988, Rogers et al., 1989). The HMW glutenin subunits represent
one of the prolamine fractions of seed proteins. They are encoded by homeolo-
gous Glu-1 loci located on the long arms of group 1 chromosomes in cultiva-
ted bread and durum wheats as well as in wild species of the Triticeae tribe.
Allelic variability at the Glu-Al locus in bread wheat cultivars is low when
compared to the variability of the Glu-Bl and Glu-D1 loci. It is known that
only three alleles in the Glu-Al locus are present in bread wheat cultivars,
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whereas thirty and eleven alleles are present in the Glu-BI and Glu-DI loci,
respectively.

The most widely spread translocations in wheat are those in which the
short arm of rye chromosome 1 replaces the short arm of wheat group-1 chro-
mosome. Wheat breeders worldwide have used rye as a source of genes for
agronomic improvement of wheat. Unfortunately, some undesirable quality
characteristics are often associated with the presence of the 1RS translocation
in wheat. Hence, a long-term goal of breeders and geneticists has been to sup-
press the undesirable quality effects associated with 1RS whole-arm transloca-
tions. 1RS carries resistance genes to rusts (Lr26, Sr31, Yr9), powdery mildew
(Pm8) and insects (Berzonsky et al, 1999; Graybosch, 2001). Also,
IRS may directly increase yield (Villareal et al., 1997). Conversely, de-
pending of wheat genotype, 1RS chromatin can negatively impact wheat end-
-product, meaning reduction of flour yield or production of undesirable ’sticky
dough® McKendry et al., 1996).

The aim of this paper was to analyze genetic variability of HMW GS and
to identify the presence of the 1BL/1RS translocation by the method of SDS
PAG electrophoresis in 93 genotypes of hexaploid wheat originated from Insti-
tute of Field and Vegetable Crops in Novi Sad.

MATERIAL AND METHOD

Plant material. Single grains of 93 wheat genotypes developed at Institu-
te of Field and Vegetable Crops in Novi Sad were used in this study. Twenty
grains of each cultivar were analyzed. The cultivars Jugoslavija and Baranjka
were used as controls for HMW composition analysis. The cultivars Chinese
Spring and Proteinka were used as negative and positive controls for detection
of the 1BL/1RS translocation, respectively.

Methods. Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-
-PAGE) on 10% gel, in Tris-glycine buffer (pH 8.3) was used for the analyses
(Vapa and Savic, 1988). Total reduced seed proteins were separated in or-
der to define HMW GS composition. The presence of the 1BL/IRS transloca-
tion in different wheat cultivars was detected by separation of unreduced total
seed proteins.

RESULTS

Storage proteins of the 93 wheat genotypes were separated by SDS-PAG
electrophoresis to determine their HMW glutenin subunits.

Eleven alleles were determined at the Glu-I loci: three alleles at the
Glu-Al locus, six at the Glu-BI locus and two at the Glu-DI locus (Table 1).
Subunits 1 and 2* and the null allele N, which did not form a visible band on
the gel, were determined at the Glu-Al locus. Subunits 7, 7+9, 7+8, 6+8, 20
and 21 were found at the Glu-BI locus. Subunits 2+12 and 5+10 were deter-
mined at the Glu-DI locus (Figure 1).
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Table 1. HMW GS composition and 1BL/1RS translocation presence in the analyzed wheat cul-

tivars
HMW GS .
Cultivar
Glu-Al Glu-B1 Glu-D1
Nova Banatka, Partizanka, Podunavka, Vojvodanka,
Bac¢vanka 1, Bac¢vanka 3, Banadanka 1, Banacanka
2, Banija, Dobro Polje, Podunavka 1, Balkan*,

o 749 5410 Posavka 2*, Kozara*, Podunavka 2, Posavka 1%,
Zelengora*, Partizanka niska, Pomoravka*, Banatka
niska, Staparka, Jednota, Poljana*, Subotianka,
Hlebna*, Jadranka, Kosovka, Lozni¢anka, NS 6001,
Rodna, Studena, Tanjugovka, NS 3205*

Becejka, Zrenjaninka, Nova Posavka, Evropa,

N 7+9 2+12 Francuska, Italija, Sremka

1 7+9 2+12 Sidanka, Ravnica, Zitnica,

Sremica, Tisa, Macvanka 1*, Mac¢vanka 2*, Zvezda,
Una, KosSava, Kolubara, Apatinka*, Somborka,

N 7+9 5+10 Pancevka, Viktorija, Ibarka*, Jedina*, Panonka,
Tamis*, Avala*, Belozrna*, Pomurka*, RudniCanka,
Valjevka*, Vukovarka*

N 7+8 5410 Lasta
Novosadska Brkulja*, Sutjeska*, Iskra*, Duga,

! 7+9 10 Crvenkapa, NS 7000, NS 7014

2% 749 2+12 Nizija, Li¢anka*

N 7 5+10 Nova rana*

N 6+8 2+12 NS 6389*

N 7 2412 NS rana 1, NS rana 2, NS rana 3, NS rana 4, NS
3183, Zora

1 6+8 2+12 Novosadska Crvena,

1 7+8 5410 NS6002, Jelica

1 7+8 2+12 Sava, Biserka, Drina, Senka*

2% 7+8 2+12 Vera*

N 21 2+12 NS 100

2% 20 5+10 Fruskogorka

* — indicating cultivars with the 1BL/IRS translocation

Figure 1. SDS-PAGE electrophoregram of HMW glutenin subunits

45



At the Glu-Al locus, subunits N and 2* were found at same frequency
(40.86%), at the Glu-BlI locus subunits 7+9 (79.57%) and at the Glu-DI locus
subunits 5+10 (72.04%) were found at the highest frequency. The most fre-
quent HMW glutenin composition was 2*, 7+9, 5+10 (33.33%).

Nine investigated genotypes were heterogeneous, showing one to two dif-
ferent electromorphs in addition to the predominant pattern. Six genotypes
(Sutjeska, Zvezda, Iskra, Lasta, Nova posavka, Novosadska 6001) had two
electrophoretic patterns, three of them (Zora, Novosadska 6002, Novosadska
6389) possessed three patterns.

Unreduced proteins from single grain of 93 bread wheat cultivars develo-
ped in Serbia were analyzed by the method of SDS PAG electrophoresis.
When the 1BL/IRS translocation was present, secaline protein bands were vi-
sible in the upper part of the gel. Of the 93 wheat cultivars analyzed, 64 did
not express secaline protein subunits, which meant that they did not posses the
I1BL/1RS translocation. Twenty-eight cultivars possessed 1RS rye chromatine,
detected as secaline bands on the electrophoregram (Table 1.). The cultivar
Novosadska 100 possessed the 1B/IR substitution. Three cultivars, Tisa, Sutje-
ska and Novosadska 6389, showed intracultivar heterogeneity.

DISCUSSION

SDS-PAGE analysis of the 93 hexaploid wheat genotypes revealed the
presence of 11 alleles at the Glu-1 loci. Subunits 1 and 2%, as well as the null
allele N, were determined at the Glu-Al locus. Subunitis 7, 749, 7+8, 6+8, 20
and 21 were found at the Glu-B1I locus, subunits 2+12 and 5+10 at the Glu-DI
locus. Subunit 21, which is rare, can be found only in wheat cultivars possess-
ing the 1B/1R translocation or substitution (Vapa and Savic, 1988). This
finding was confirmed in this research, by detecting subunit 21 only in the
cultivar Novosadska 100, which had previously been characterized as a culti-
var possessing the 1B/1R substitution (Petrovic et al., 1988).

Ample evidence has been provided (Dencic and Vapa, 1996; Re-
daelli et al, 1997) that the allelic composition of the Glu-1 loci is one of
the major determinants of bread-making quality in wheat. Payne (1986) de-
termined Glu-1 quality scores on the basis of the relationships of certain
HMW glutenin subunits and the SDS sedimentation value. The maximum
Glu-1 quality score for glutenin subunits can be 10, the minimum can be 3. It
was confirmed that glutenin subunits differing in the number and location of
cysteine residues have variable disulphide bonding capabilities, thus contribut-
ing differently to the overall structure of gluten. For example, Anderson
et al. (1988) found that additional cysteine residue in a good quality subunit 5
when compared with a poorer quality related subunit 2 supports a cysteine res-
idues importance model in gluten macropolymer structure. Among the 93 ana-
lyzed wheat genotypes, 31 had a high value of Glu-1, score 9. The proportion
of high quality genotypes proved a high potential of desirable technological
properties. This germplasm can be used in future breeding programs for im-
proved bread-making quality.
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The presence of the 1BL/IRS translocation in wheat cultivars was suc-
cessfully proved using different cytogenetic and biochemical methods (Pe -
trovic et al, 1988; Javornik et al, 1991). SDS PAG electrophoresis
confirmed the presence of the 1BL/1RS translocation in 27% of the analyzed
cultivars from Serbia (Vapa et al., 1993). This research revealed the presen-
ce of the 1BL/IRS translocation in 30.11% of the cultivars developed in Insti-
tute of Field and Vegetable Crops in Novi Sad. Although alien chromatin may
have negative impact on wheat bread-making performance (Hussain et al.,
1997), the relatively high frequency of cultivars possessing the 1BL/1IRS tran-
slocation was a consequence of the presence of beneficial genes controlling re-
sistance that can be useful in wheat breeding programs (Graybosch, 2001).

Careful selection of parents for crossing with known 1RS lines, coupled
with rigorous selection for end-use quality, can diminish negative impact of
the 1BL/1RS translocation. In addition, the tools of genetic engineering can
now be used to improve the quality of 1RS lines.

CONCLUSION

SDS-PAGE analysis of the 93 hexaploid wheat genotypes from Institute
of Field and Vegetable Crops, Novi Sad, revealed the presence of 11 alleles at
the Glu-1 loci. Subunits 1 and 2* and the null allele N were determined at the
Glu-Al locus. Subunits 7, 749, 7+8, 6+8, 20 and 21 were found at the Glu-BI
locus, subunits 2+12 and 5+10 at the Glu-D1I locus. The 1BL/IRS transloca-
tion was discovered in 28 cultivars, although three of them were heteroge-
neous.
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BAPUJABMJIHOCT TJTIYTEHMHA BEJIMKE MOJIEKYJICKE MACE
N TTPUCYCTBO PAXKEHOI' XPOMATUHA ¥ TEHOMY ITIIEHULE

Jparana P. O6pexrt, Jbupana b. Bama, Muxajna P. JlaBumosuh
HWucTutyt 3a 6uosorujy u exosorujy, IlpupogHo-maremaTuuku (akyiaTeT,
Tpr Hocureja O6pamosuha 2, 21000 Hosu Can

Pesnme

VY uwmy yrBphUBaba KBaJMTETa MIUEHULE TOKOM Mpolieca OIIeMEeHNBakba, Ofi-
pehyje ce kommnosuiMja cyOjenrHUIA TJYTEHUHA BEJIMKE MOJIEKYJICKE Mace W TPUCY-
ctBo 1BL/IRS TpaHciokanuje, Koju cy Mapkepu edekTa Ha eJacTUYHOCT UM BUCKO-
3HOCT OpaimrHa. Opabpana 93 reHortuna mieHune 3 HayyHor mHcTuTyTa 3a paTtap-
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cTtBO U moBpTapctBo y HoBom Caay aHaqu3upaHu cy METOIOM HATPUjyM JOAELIMJ
cyiadar nonumakpwiamun rej einekrpodopese (SDS-PAGE) y numy nerepmuHanuje
KOMITO3ULIMje CyOjeMrHuIa TIyTeHWHA BEJIMKEe MOJIEKyJICKe Mace u mnpucycrtsa 1BL/
IRS Ttpancnokainuje. [1ponaheno je 11 anena y Glu-1 noxkycuma. Y nokycy Glu-Al ot-
KpuBeHe cy cyojenunauiie 1 u 2*, kao u Hyatu anen N. Y Glu-Bl nokycy cybjeauHule
7, 7+9, 7+8, 648, 20 u 21 cy nerekroBane, u y Glu-DI nokycy 2+12 u 5+10 cy6jenu-
nuue. 1BL/IRS TpaHciokamuja yrBpheHa je ko 28 copTu, JOK Cy TpU copTe Ouie xe-
TEpPOreHe 3a aHAJM3UPAHO CBOjCTBO.
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A COMPARATIVE ANALYSIS OF STOMATA AND
LEAF TRICHOME CHARACTERISTICS IN
Quercus robur L. GENOTYPES

ABSTRACT: The objective of this study was to determine genotype variability of le-
af trichome and stoma characteristics. Leaves were sampled from seventeen pedunculate
oak (Quercus robur L.) genotypes originating from clonal seed orchard Banov Brod (Srem,
the Vojvodina Province). The pedunculate oak has hypostomatal leaves. Statistically signifi-
cant differences were found for the dimensions and density of stomata. Genotype variability
of stomatal dimensions was less pronounced in comparison with their density (CV =
8.88%). Stomata number ranged from 530 to 791 per mm? of leaf area; genotypes 18 and
25 could be distinguished from the others for the highest stomata number per leaf unit area,
genotype 35 for the lowest number. In all genotypes, only solitary eglandular trichomes
were observed on the adaxial leaf surface, while both solitary eglandular and uniseriate
glandular hairs were present on the abaxial surface. Single glandular trichomes were obser-
ved in all genotypes, while some of them were characterized by the presence of two (geno-
types 4, 5, 6, 16, 22, 25, 28, 29, 30, 35, 38, 40, and 85) or three (genotypes 16, 25, 35) ha-
irs joined by their basal cells.
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INTRODUCTION

The leaf epidermis has numerous functions (S en gbush, 2003). There-
fore, it has several differentiated cell types to serve various functions: basic
epidermis cells, cells of the stoma complexes and cells of the trichomes. Leaf
trichomes have been used for a long time in the recognition of species in nu-
merous groups of angiosperms, either by the presence/absence or by the pres-
ence of different types of them (Penas et al.,, 1994). In addition to other
characteristics, leaf trichomes are often used for classification and identifica-
tion of Quercus species and their hybrids (Buck and Bidlack, 1998; Is-
hida et al, 2003). Llamas et al. (1995) and Penas et al. (1994) crea-
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ted keys for identification of different oak species according to a detailed anal-
ysis of the foliar trichomes. Other authors studied the functions of leaf tricho-
mes. Karabourniotis et al. (1998) found that nonglandular leaf hairs
present a very effective barrier against abiotic (UV-B radiation) and probably
biotic (pathogenic) stresses. Occurrence of a dense trichome layer may play a
protective role against not only ultraviolet radiation damage but also high inso-
lation (Karabourniotis et al., 1999). Results of Choi et al. (2001) in-
dicated that trichomes might participate in cadmium detoxification.

Stomata number and their dimensions are attributes associated with geno-
type, with strong influence of ecological factors of the sites where the species
predominates (Jo§t, 1972). According to Baci¢ (1981), features of the gu-
ard cells of oaks can also be used for classification purposes within the genus
Quercus. Interspecific differences in stomatal density, and, in some cases, in
stomatal length, were reported by Ashton and Berlyn (1994) for three
oak species belonging to section Erythrobalanus.

It is well known that the structure, density (i.e., number per leaf area
unit), and pattern of distribution of stomata and trichomes on leaf surfaces dif-
fer greatly among plant species. To our knowledge, no such study has exam-
ined intraspecific variability of trichome and stoma characteristics in the pe-
dunculate oak.

In this study, the structure, dimensions and density of stomata and the
morphology of leaf trichomes were examined in the pedunculate oak (Quercus
robur L.). To avoid environmental influences on these characteristics, we stud-
ied trees sharing the same ecological conditions. We expect these results to re-
veal the existence of genotype specificity for the studied leaf characteristics.

MATERIAL AND METHODS
Plant material

Leaf samples were taken in July 1998, from 20-year-old trees in the clo-
nal seed orchard Banov Brod situated along the left bank of the Sava River
(44°55° N, 19°23’ E). The orchard had been established by grafting, and it in-
cludes 85 Q. robur genotypes. Seventeen genotypes were analyzed, with desig-
nation numbers 4, 5, 6, 16, 18, 20, 21, 22, 25, 28, 29, 30, 33, 35, 38, 40 and
85. To reduce the within-tree variability, one branch was taken from the mid-
dle of the crown of each genotype. Branches were transported to the labora-
tory in closed plastic bags. Three leaves were randomly chosen to represent
each genotype. Only fully expanded, undamaged leaves without signs of scar-
ring, disease, or herbivory were examined.

Stomata and trichome characteristics

The characteristics of stomata (characteristics of guard cells, number per
square mm /stomatal density/ and dimensions /length and width/) and tricho-
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mes (type, structure, distribution) were studied on prints of epidermal layer
made by the ,collodion method” (W olf, 1954), using a light microscope.
Prints were made on the middle portion of the sampled leaf laminae. Leaf bla-
des were painted with colorless varnish on the adaxial and abaxial epidermis.
After drying, varnish was removed by adhesive tape, which removed also a
part of leaf epidermis. The specimens were mounted on glass slides for micro-
scopic evaluation of stomata and trichomes. The number of stomata per mm?
was counted in three randomly chosen fields of view of each print using an
eyepiece micrometer. The size of stomata was calculated as average of fifteen
measurements per print (five per field of view). Images were taken using Mo-
tic Image Analyzing System, Version 2.0.

Statistical analyses

The collected data were subjected to various statistical analyses including
calculation of parameter means, LSD test and coefficients of variation. The
comparison of genotypes was done by Duncan’s test at a = 0.05 significance
level.

RESULTS
Trichome characteristics

In this paper leaf hairs were described and classified according to the
complement of trichome types given by Penas et al. (1994) and Llamas
et al. (1995). They accepted trichome nomenclature and morphology proposed
previously by Hardin (1976).

In all pedunculate oak genotypes, the adaxial surface of mature leaves
contained only solitary nonglandular type of trichomes. They were single,

Figure 1. Solitary type of trichomes on the adaxial leaf epidermis (x 400)
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Figure 2. Abaxial epidermal surface of a mature Q. robur leaf. A: glandular trichomes
and stomata (x 1000); B: two trichomes joined at the base (x 400).
Apical cells are often misshapen or missing.

erect or appressed, characterized by thin walls and variable length (Figure 1).
These trichomes were situated only on the main vein. Two types of trichomes
were observed on the abaxial surface: uniseriate (glandular) and solitary hairs.
Unlike solitary hairs, uniseriate trichomes were distributed over the entire la-
mina surface, in the armpits that the secondary nerves form with the main
vein. They were multicellular and uniseriate. Their cells were thin-walled, with
exception of the oval-shaped basal cell characterized by thick walls. Going to
the top of the hair, cells became smaller, the apical cells often being missha-
pen or missing. Trichomes were mostly single, but in some genotypes two or
three were joined at the base (Figure 2, B).

Stomata characteristics

In the studied pedunculate oak genotypes, stomata were observed only on
the abaxial leaf surfaces. The stoma complex was composed of two guard
cells, characterized by thinner walls and extended lumina at their ends and
markedly thick walls in the middle part, and a spindle-like form of the apertu-
re (Figure 2).

Table 1. Stomatal density and their dimensions in Quercus robur genotypes

Genotype Stomatal density Stomatal dimensions (pum)
(no./mm?2) Length Width
4 606 cd 26.5 abc 19.4 abced
5 606 cd 25.4 bed 18.2 cde
6 593 cd 27.2 ab 19.5 abc
16 597 cd 25.5 bed 18.6 cde
18 785 a 26.6 abc 18.4 cde
20 691 abc 26.0 abced 18.9 cde
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21 763 ab 25.6 bed 19.1 bede

22 687 abc 25.4 bed 178 e
25 791 a 25.7 bed 20.7 a
28 595 cd 26.7 abc 18.9 cde
29 682 abc 27.6 a 20.5 ab
30 619 cd 25.5 bed 19.7 abc
33 613 cd 25.5 bed 19.5 abc
35 530 d 26.4 abcd 18.6 cde
38 669 bc 25.5 bed 19.4 abcd
40 612 cd 25.8 bed 17.9 de
85 685 abc 247 d 18.8 cde
Average 654.4 25.98 19.05
CV% 8.88 3.49 4.11

a Letters after the mean values denote differences among the genotypes at letter do not differ
significantly.

Statistically significant differences were observed for the dimensions and
density of stomata (Table 1). The stomata number ranged from 530 to 791 per
mm? of leaf area. Most of the studied genotypes had between 600 and 700 sto-
mata per leaf area unit. The highest density of stomata on the abaxial leaf side
occurred in genotypes 18 and 25, the lowest in genotype 35. This characteris-
tic showed low genotype variability according to the coefficient of variation
(8.88%). The variability of stomatal dimensions, i. e., length and width, was
almost two times lower. Taking into account all genotypes, stomata had larger
length than width. The longest stomata were found in genotype 29 (27.6 um),
the shortest in genotype 85 (224.7 um). Stomatal width ranged from 17.8 pum
(in genotype 22) to 20.7 um (in genotype 25). The genotype with the highest
density of stomata could be distinguished from others also by the widest
stomata. In addition, stomatal density and length were correlated negatively
(r> = —0.13), while positive correlation was found for density and width (12 =
0.24).

DISCUSSION

Forest trees, as well as other plant species, are exposed to fluctuating eco-
logical conditions and other negative consequences which are in part caused
by industrial development and other human activities. Their survival depends
on the ability to avoid or reduce the effect of these factors. Studies on the im-
pact of unfavorable factors of the environment, particularly of air pollution, on
morpho-anatomical changes of leaves in different tree species (Quercus, Tilia,
Acer) have shown that stomatal alterations are possible consequences (Jan -
kovié¢, 1991). A dense trichome layer could be advantageous during leaf de-
velopment under stress conditions (Karabourniotis et al, 1999). Its
protective role against biotic and abiotic environmental factors is important du-
ring early leaf development stages, to be taken over later on by the epidermis
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(Karabourniotis, Fasseas, 1996). This may be the reason for hair
density decrease with age (Llamas et al.,, 1995).

Furthermore, leaf trichomes have often been used in taxonomy for species
identification, but with variable success. While some authors reported that
identification of some oak species could be based solely on trichome characte-
ristics (Penas etal, 1994; Llamas et al.,, 1995; Lee et al., 1999), Ba-
¢i¢ (1996) could not distinguish among Q. brachyphylla Kotschy, Q. dalma-
tica Radic, and Q. pubescens Willd. using the micromorphological characteris-
tics of their trichomes, stomata, common epidermal cells and abaxial epicuticu-
lar wax.

Our results showed that trichomes were present on both leaf surfaces, alt-
hough they were more abundant in terms of density and type on the abaxial le-
af surface. Solitary nonglandular trichomes were observed on the adaxial epi-
dermis, while uniseriate glandular and solitary nonglandular trichomes were
present on the abaxial epidermis. Engel et al. (1993) reported that only the
abaxial side of Q. robur leaves possesses numerous glandular trichomes ,,as
long stretched tubes with an ovally shaped basis”. Glandular trichomes of Q.
robur leaves contain an essential oil, which dissolves the wax crystalloids after
it has been released onto the leaf surface (Engel et al., 1993). According to
Hardin (1976), uniseriate trichomes are quite common in the genus Quer-
cus. Guttenberger (2000) found them on the abaxial epidermis in Quer-
cus x viridis, while Penas et al. (1994) and Llamas et al. (1995) obser-
ved them in many other oak species and their hybrids. The length, diameter,
and number and shape of cells of uniseriate trichomes are variable (L1amas
et al., 1995).

Although the density of trichomes was not assessed in this study, we ob-
served that the amount of glandular hairs varied among genotypes. For exam-
ple, genotype 25 could be distinguished from the others for a very dense tric-
home layer. Furthermore, the genotypes differed also in the pattern of glandu-
lar trichomes arrangement. Uniseriate hairs were most abundant in all geno-
types. In some cases, which differed in trichome density, two hairs would
emerge from the same basal cells (genotypes 4, 5, 6, 16, 22, 25, 28, 29, 30,
35, 38, 40 and 85). Genotypes 16, 25, and 35 could be distinguished from the
others for the presence of three joined glandular trichomes. The available liter-
ature on this subject makes no mention of similar observations. Bacic
(1981) reported that the lower epidermis of Q. robur leaves has tufted hairs,
which consisted of three or four cells joined only at the base, which were
planted in the epidermis.

The stomata of oak leaves have certain structural features which make
then mutually distinguishable. Considering the absence of accessory (subsidiary)
cells, the stomata of oak leaves belong to the ,acexTHuit” type (AHeau,
1975) or anomocytic type (Metcalfe and Chalk, 1957). According to
the structure of guard cells (the markedly thick middle part of ventral walls,
thin walls and wide lumina at terminal parts, the spindle-like form of the aper-
ture), the stomata in Q. robur belong to ,,raHTesneryooBuaHuMiA” type (AH e 1 U,
1975). Electron-microscopic scan of the stomata of oak leaves (Bacié, 1981)
showed the presence of cuticular lamellae on the ventral guard cell walls. The-
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se lamellae undoubtedly reduce the intensity of transpiration. Also, there is a
protrusion arising from the outher walls of the guard cells, which overhangs
the central part of the stoma and surrounds it almost completely, reducing air
movement above the aperture.

There were significant differences in the number of stomata per unit leaf
area. Considering all genotypes studied, the average number of stomata per le-
af mm? was 654, while the average dimensions of stomata were 26.0 x 19.1
um. Engel et al. (1993) reported that the stomata in mature Q. robur leaves
were 25—30 pum long and 15—20 um wide. Our values of stomatal length and
width are closer to the results published by Baci¢ (1982) for the peduncula-
te oak (24.0 x 19 pum), but the number of stomata in the genotypes we studied
was notably higher. It is well known that the number of stomata per unit leaf
area varies among plant species as well as among individual Quercus species.
Studying three oak species, Ashton and Berlyn (1994) obtained the
highest stomatal density in Q. coccinea, followed by Q. rubra and Q. velutina.
Spector (1956) suplied data on interspecific differences among several oak
species. The variability of stomatal number and dimensions among Q. robur,
Q. cerris, and Q. fraineto species was found by Baci¢ (1982) to depend on
location, tree age and part of the leaf. Studying within- and between-tree vari-
ability of stomatal density and dimensions in Q. petraea, Brushi et al.
(2003) found that the observed trends in the studied parameters reflected,
among other environmental factors, the patterns of responsiveness to moisture
within the tree crown. According to Ashton and Berlyn (1994), the stu-
died oak species did not vary in the stomatal length of the shaded leaves and
those exposed to sun, while the stomatal density was higher in the leaves ex-
posed to full sun as compared with those growing in the shade.

Generally, atmospheric CO, concentration and temperature must be taken
into consideration when studying stomatal density. Beerling and Cha-
loner (1993) reported that Q. robur leaves developed under the summer tem-
peratures had a reduced stomatal density compared with their spring counter-
parts. Paoletti et al. (1998) studied modifications of leaf surface structures
in Q. ilex L. due to natural CO, increase in the environment. Their results
showed that CO, increase decreases stomatal frequency, the reduction curve al-
most equaling that obtained for the CO, change from the preindustrial age till
the present day. Furthermore, after experiments with young Q. petraea seed-
lings grown at ambient and elevated carbon-dioxide concentrations, Kur -
schner et al. (1998) ascertained the same trend. According to Burgh et
al. (1993), relation between atmospheric CO, increase and stomatal density de-
crease could be used as a bioindicator of paleoatmospheric CO, change during
last 10 million years. So, when studying genotype variability of stomatal char-
acteristics, one must have in mind that their number per unit leaf area as well
as their dimensions are strongly influenced by ecological conditions (B acic¢,
1982).

Some characteristics of leaf anatomic structure, including stomatal den-
sity, could influence biomass production in tree species. For example, while
studying poplar clones, Orlovi¢ et al. (1994) found a positive correlation
between stomatal frequency and leaf anatomical structure on one side and bio-
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mass production on the other. Hence, parameters like these should be taken in-
to consideration in the selection and breeding of tree species.
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KOMITAPATUBHA IMPOYYABAHbA OCOBMHA CTOMA U JIMCHUX
TPUXOMA KO T'EHOTUITIOBA XPACTA JIVKHbAKA (Quercus robur L.)

Harama I1. Hukonuh,! Jbumana C. Mepkyjios,!
bopuBoj b. Kpctuh,! Cama C. Opiosuh?
I lemapt™maH 3a Guosnorujy u exosnorujy, IIpupoagHo-MareMaTUuku (haKyiTerT,
Tpr Hocureja O6panosuha 2, 21000 Hosu Can, Cp6uja u LpHa T'opa
2 TMoswonpuBpeaHu ¢akyaret, MHCTUTYT 3a TOIOJIAPCTBO,
AntoHa Yexosa 13, 21000 Hosu Can, Cp6uja u LlpHa Iopa

Pesume

VY pany cy npoyyaBaHe KapaKTepUMCTUKE CTOMA M JIMCHUX TPUXOMa y LIWJbY YTBP-
HuBamwa reHOTUIICKe BapujaObUIHOCTU. Y30pIIM JMCTOBA Cy Y3€TU Ca CelaMHAaecT TeHO-
TUIIOBA XpacTa JyKmwaka (Quercus robur L.), KOju MOTUYY U3 BereTaTUBHE CEMEHCKE
miantaxke banos Bpon (Cpem, BojoauHa). XpacT JyKHbak uMa XUIIOCTOMAaTaIHE JIM-
cToBe. YTBpheHe cy CTaTMCTUYKU 3HauyajHe pasjidKe 3a OJUMeH3uje U Opoj ctoma. ['e-
HOTUIICKA BapujaOMIIHOCT AY:KMHE W LIMPUHE CToMa OuJia je Mame U3pa)keHa y rnope-
hemwy ca muxoBuM OpojeM (CV = 8.88%). Bpoj croma 10 jeIMHUIM OBPIIMHE JTUCTa
ce kpetao o 530 no 791. I'enotunosu 18 u 25 cy ce u3aBajuin no Hajsehem, a reHo-
tun 35 no HajMameM Opojy ctoma. Koa cBuUX reHOTHIIOBA, Ha agaKCHjaJHOj IMOBPILIM-
HM JIMCTa YTBPHEHO je MPUCYCTBO HEMJIE3TAHUX TPUXOMA COJUTAPHOT TUMA, OK CYy Ha
abaKcHjajiHOj, IMOopeln HeXJIe3TaHuX, IIPUCYTHE U IIPOCTe-jeMHOHM3HE JKIe3IaHe IIaKe.
IlojennHauHe kjie3naHe Ij1ake Cy HajMHOTOOPOjHUje M TIPUCYTHE CY KOJ CBUX F€HOTH-
noea. Heku on mUX ce KapaKTepully MPUCYCTBOM aBe (reHotunosu 4, 5, 6, 16, 22,
25, 28, 29, 30, 35, 38, 40, 85) wiu tpu (reHotumnoBu 16, 25, 35) »xire3naHe aiake, Koje
Cy CIIOjeHE CBOjUM Oa3aJlHUM JEJIOM.
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A CONTRIBUTION TO THE STUDY OF STAND
DEGRADATION PROCESS ON THE TERRITORY
OF FRUSKA GORA NATIONAL PARK

ABSTRACT: We analyzed the process of stand degradation of individual forest eco-
systems in the region of the zonal community 7ilio-Carpino-Quercetum robori-cerris Jov.
79 located in the western part of FruSka Gora National Park. Degradation occurred is conse-
quence to regeneration felling and it progressed towards the extinction of oaks, first of all
the valuable pedunculate oak and Vergilius’s oak, and then also Turkey oak. The analyzed
mature stands were degraded, coppice and mainly predominated by the Turkey oak in the
tree stratum. In juvenile stands, often initially well regenerated with Turkey oak, the domi-
nant species in the tree stratum are lime, hornbeam, flowering ash, field maple and other
secondary species, predominantly of coppice origin. Restitution of the degraded stands is
possible by applying an adequate regeneration system. Taking into account the primarily
protective function of the analyzed forest ecosystems and the fact that these are degraded
and coppice stands, the system of regeneration should be based on combined restoration.

KEY WORDS: Fruska Gora National Park, degraded stands, clear felling, regenera-
tion felling, restitution, combined restoration

INTRODUCTION

The Fruska Gora Mountain is a complex ecological and vegetation sys-
tem due to its geographical position in the southern part of the Pannonian
Plain, the size of the massif and its well-developed relief, geological-petro-
graphical, pedological as well as macro- and microclimate diversity, and rich
paleobotanic and syndynamic histories. The regional spatial plan of the Fruska
Gora Mountain till 2000 covers an area of 73,444 ha, with the national park
zone of 25,094 ha and the protection zone of 48,350 ha. Based on an ecologi-
cal-production study, the National Park has been divided into 65 forest ecosys-
tems (ecological units). According to the similar development-production char-
acteristics, they have been grouped in 43 forest types Jovic et al., 1983—
1986). In the plan documents, forest management is prescribed on ecological
bases. The principal management directives are prescribed based on the actual
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state and based on the conditionally taken optimal state, under the targeted
purposes.

According to the NP ,FruSka Gora” management plan data (1987—
1996), primarily protection forests occupy 77%, production-protection forests
occupy 5% and the remaining area is set aside for special purposes. The for-
ests of the FruSka Gora Mountain are mostly anthropogenic, formed by the
conversion of high forests into coppice and degraded forms Jankovic¢ and
Misi¢, 1980). Coppice forests occupy 82% of the area, and the conserved
coppice stands cover the highest percentage — 73% per area and 77% per vol-
ume. Mixed stands are dominant, however, the degradation processes favored
the expansion of lime, predominantly white lime, which is presently the most
frequent species. The dominating tendency of white lime is permanently pres-
ent at the sites of numerous forest communities on the Fruska Gora Mountain.
Vlatkovié¢ and Gruji¢ (1986) report that limes cover 33% of the area
in communities of zonal oaks, and limes also invaded more than 40% of the
sites of submontane beech communities. According to the data of current for-
est management plans, limes already occupy about 35% of the area and total
volume of NP ,,Fruska Gora”.

Due to inadequate and untimely regeneration felling, forest communities
in NP ,.FruSka Gora” consist mostly of the species adapted to periodically re-
peated anthropogenic effects. However, despite the adaptability, it is also pos-
sible that some species are not represented in the community. One of the main
reasons of the absence of the species regeneration is the method of regenera-
tion felling. A characteristic example is clear felling in the period when the
species did not bear fruit, so that regeneration could not occur in the felling
areas. Also, in the initially well regenerated stands, stand degradation is caused
by intraspecific competition most often between the less valuable but fast-
-growing coppice species and the slower-growing valuable oak species of seed
origin. Identical anthropogenic effects and the mentioned processes of stand
regeneration lead to still poorer, degraded stands, with the dominance of the
most resistant species. This is also how the pure lime stands were formed
(Vajda, 1956, Misi¢, 1979; Bobinac and Radulovié¢ 1997).

The continuous functional utilization of forests in the region of the Fru-
Ska Gora Mountain depends on the maintenance of the natural composition of
species in forest ecosystems, biological stability and longevity of stands. Bio-
diversity of numerous species in the NP ,,Fruska Gora” can be achieved by the
maintenance and restitution of the natural composition of species in forest eco-
systems. However, the trend of coppice lime dominance in numerous forest
ecosystems does not contribute to that process. The invasion of white lime into
individual xero-mesophilic forest ecosystems on the Fruska Gora Mountain
was primarily characterized as the consequence of the intensive anthropogenic
effect. However, the authors Mis§i¢ et al. (1997) and Dinié A. et al.
(1999) do not characterize it as the degradation, but as the beginning of the
progressive succession of vegetation in the direction of the more mesophilic
forest types. Taking into account the harmonized decisions of the Regional
Spatial Plan of the Fruska Gora Mt. till 2000 and the decisions of the ecologi-
cal-typological plan of forest management, by which the realisation of numero-
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us and complex forest functions depends on the conversion of low forests into
high forests, and on the conservation and improvement of the natural stand
composition, this study is focused on the study of actual processes of stand de-
gradation and on the definition of the main causes on the sample of the selec-
ted study stands. The aim of the study is to objectify the attitudes with regard
to this issue, which is not significant only for forestry.

STUDY AREA AND METHOD

We analyzed three stands in the region of Erdevik in the management
unit ,,Gvozdenjak-Lice” (551), which belong to forest types in the area of the
zonal community (Tilio-Carpino-Quercetum robori-cerris Jov. 79, TomiC¢,
1991, 1992) in the western part of NP ,Fruska Gora”. The singled out forest
types are characterized by poly-dominant combination of several tree species
and they are floristically rich Jovi¢ et al., 1983—1986). The study stands
are situated on a flattened, mildly sloping terrain and on the deluvium, up to
the altitude of 200 m. According to the forest management plans (1987—1996
and 1997—2006), stand no. 1 is the forest of pedunculate oak, hornbeam and
Turkey oak with limes in the higher-altitude valleys (Tilio-Carpino-Quercetum
robori-cerris collinum) on deluvium (forest type 144, Compartment 1 j, area
2.58 ha). Stand no. 2 is the forest of pedunculate oak, hornbeam, Turkey oak
and lime (Carpino-Quercetum robori tilietosum) on eutric cambisol to leached
eutric cambisol (forest type 135, Compartment 9 b, area 7.80 ha). Stand no. 3
is the forest of Turkey oak and Vergilius’s oak (Quercetum cerris virgiliane
xerophyllum) on the slopes, on pararendzina on loess to shallow brown soil
(forest type 381, Compartment 54 g, area 8.30 ha).

We analysed even-aged, coppice stands, conserved, aged 89—120 years,
which were clear-felled in the final stage of harvesting. The presented ele-
ments of stand structure and the measures of management are based on the da-
ta from the Management Plan for the unit ,,Gvozdenjak-Lice” (1987—1996).
The success of natural regeneration of oaks in the regenerated areas was asses-
sed after 6—8 years on the sample strips spaced 50 m, by the method of ocu-
lar evaluation (Stojanovié¢ and Krstié, 2000). The abundance and spa-
tial representation of oaks was assessed in the period when oak biological
property of retaining the leaves longer than the other tree species was most
pronounced. The presented photographs illustrate the characteristics of oak
species natural regeneration, and also their extinction from the regeneration ar-
eas in the conditions of competition with other species.

RESULTS AND DISCUSSION

Due to inadequate and untimely regeneration felling in the past, which re-
sulted in unequally favourable conditions for the regeneration of individual
species, the study mature stands can be considered as the result of regressive
succession. The most frequent species in the stands was Turkey oak, and the
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more valuable oaks were represented as individual trees. Table 1 shows that
the percentage of oaks in the total number of trees in the stands, above the
taxation limit, was more than 50%, and the percentage of pedunculate oak,
sessile oak and Vergilius’s oak was 1.7—6.5%. As oaks are light demanders,
the recruitment of their seedlings in an even-aged stand structure did not oc-
cur, so the presented number of oak trees is also the total number, starting
from the saplings stage, which was represented in the stands. Other tree speci-
es with lower light requirements increased the abundance in the stands, thanks
to more frequent seed yield and more intensive coppice regeneration, after pe-
riodic disturbances of the canopy (Figure 1).

Table 1. Stand Data according to Management Plan of ,,Gvozdenjak-Lice” 1987—1996

Stand state per ha
Stand 1 Stand 2 Stand 3
N V Iv ds hs N V Iv ds hs N V. Iv ds hs
Turkey oak 104 1870 43 370 223 209 3265 69 33.0 230 108 2687 4.7 400 26.6

Species

Pedunculate ¢ 130 03 40 24 - - - - - - - - _ _
oak
Sessile cak — — — - = 4 78 02 240 220 — — — — -
g’;krglllllSS - - - - - 12 63 02 240 200 3 45 00 400 28.0
Lime 62 420 1.1 300 185 88 407 12 240 190 60 91 07 150 137
Hornbeam 40 250 08 280 195 — — — — — I 10 00 370 264
E;ﬁwermg — — — — — 8 66 02 130 140 3 03 00 130 150
Other - - - — — 14 26 00 130 120 I 21 00 470 274
Total 212 2670 65 395 3905 838 176 287.7 5.5

The priority stand functions, management aims and measures
Priority soil protection soil protection soil protection
function 1st degree 1st degree Ist degree
Origin coppice stand coppice stand coppice stand
Management stand for regular stand for transition stand for transition
group management management management
Management . . . . .
System Regeneration felling Regeneration felling Clear felling
Felling type Final felling Final felling —
Age 89 89 120
Year of 1993/1994 1994/1995 1995/1996
felling

Due to inadequate regeneration procedure, more valuable oaks are almost
completely absent in the newly-formed stands today, and the dominant species
are Turkey oak, lime, hornbeam, flowering ash, field maple, etc., predomi-
nantly of coppice origin. As reported in the Management Plan (1997—20006),
the stands are classified in the management group for the transitional manage-
ment. Based on the method of ocular assessment, the status of oaks in the
newly-formed stands, is as follows:
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Figure 1. Structure of a mature stand
(Erdevik, GJ-551, Compartment 54 g, Photo: M. Bobinac)

a. regeneration area 1 — in the eighth year it was satisfactorily regenera-
ted with Turkey oak, and not sufficiently with pedunculate oak. Turkey oaks
were of seed origin and in the greater part of the area there were 5—10 tre-
es/m?, height 1.5—2.5 m, only individual trees were above 3 m high. In the
initial stages of tree growth, tree height was lower than the potential height,
due to cattle grazing (Figure 2);

b. regeneration area 2 — in the seventh year it was partly satisfactorily
regenerated with Turkey oak, and not sufficiently with other oak species. The
regeneration was richly established, with the dominant lime coppice trees, he-
ight up to 8 m, diameter up to 13 cm, flowering ash, field maple, hornbeam
and Turkey oak. Turkey oak of seed origin occurs in individual, smaller,
densely formed groups, height 2.0—4.0 m. Individual Turkey oaks surrounded
with other species are characterised by a high degree of slenderness (h:d 200)
or retarded development (height 0.5—1.0 m). Other oaks are very rare and
they have a subdominant position in the stand (Figure 3);

c. regeneration area 3 — in the sixth year it was partly satisfactorily re-
generated with Turkey oak. The dominant trees in the regeneration area are
coppice trees of lime, height up to 6 m, flowering ash, field maple, hornbeam
and Turkey oak, etc. Turkey oak of seed origin occurs in individual groups,
height 2,0—3,0 m. Individual Turkey oak trees are above 3 m high, with a
high degree of slenderness (h:d 200). A great number of trees are retarded,
height 0.5—1.0 m. Other oaks are not represented in the regeneration area (Fi-
gure 4).
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Figure 2. Abundantly formed Turkey oak regeneration in the whole area
(Erdevik, GJ-551, Compartment 1j, December 2001, photo N. Stankovi¢)

Figure 3. Sessile oak and Turkey oak retarded growth compared to lime coppice
(Erdevik, GJ-551, Compartment 9b, December 2001. Photo: N. Stankovi¢)
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Figure 4. Groups of Turkey oak in the fifth year, surrounded with coppice lime,
flowering ash, etc. (Erdevik, GJ-551, Compartment 54 g, photo: M. Bobinac)

The study stands belong to vital forest ecosystems that prevent site degra-
dation, because of their fast natural regeneration after clear felling, but they
are subject to the processes of regressive succession. The main reason for Tur-
key oak dominance in the study stands, regenerated in the late 19" century, is
the interaction between the specific purpose of the forest complex and mana-
gement measures in that period in and the Turkey oak regenerative potential.
Juvenile Turkey oak grows in height somewhat faster than pedunculate oak
and sessile oak Jovanovié, B. 2000), so it is considered as an aggressive
species in the communities with these species. The competitive force of Tur-
key oak in the juvenile period, compared to other oaks, can be explained also
by the better adaptation to different site conditions (Bobinac, 1997, Bo-
binac, 200la, Bobinac, 2002a, Bobinac and Viloti¢, 1998) and
by fast growth in favourable conditions (Bobinac, 2000, Bobinac et al,
2001).

During the last decades, due to frequent sanitation felling, as the conse-
quence of forest dying Jovic¢ et al, 1995, Marinkovi¢ and Stoja-
novid, 1995, Markovic¢ etal., 1995), the structure of the stands was dis-
turbed and the species which are more shade-tolerant in the juvenile period oc-
cupied the underwood layer. Clear felling in the study stands was synchronised
with the years of abundant seed yield of Turkey oak trees and with the degree
of Turkey oak natural regeneration, defined in the conditions of the stand can-
opy. Due to difficult conditions of forest management operations in stands 2
and 3, although individual parts were initially well regenerated with Turkey

67



oak, the development of many Turkey oaks gradually slowed down and the
dominant position was taken by the coppice species. Turkey oak is the domi-
nant species today in stand 1, thanks to a more favourable structure of the
underwood layer, better preparation measures and the synchronisation of clear
felling with the more abundant acorn yield of a greater number of trees. Tur-
key oak is also superior in the competition with other species. Tending measu-
res which were directed at enhancing the least valuable oak — Turkey oak in
the regeneration areas 2 and 3 were not profitable procedures. As they could
not be performed timely and frequently enough, the stands were left to the
spontaneous development till the beginning of the first thinning, i.e. the first
income. After the first thinning, we can expect the dominance of lime, and the
other species are going to be reduced to single tree or group representation
(Bobinac, 1996, Bobinac and Radulovid¢, 1997).

The prevailing percentage of coppice regenerated species (lime, hornbe-
am, flowering ash, field maple, etc.) in the regeneration areas results from the-
ir higher number in the mature stands (Figure 1) and the absence of prepara-
tory measures in the regeneration phase. In such conditions, naturally or artifi-
cially regenerated pedunculate oak and other oaks barely survive, because they
are heliophytes. Pedunculate oak is also highly susceptible to the effect of var-
ious factors (Bobinac and Karadzid, 1994, Bobinac, 1999). There-
fore, at the site potentials enabling the production of highly valuable oak
wood, the dominating management system is similar to that which was imple-
mented on the territory of the FruSka Gora Mountain in the previous rotations,
although the present period has better technical-technological means for estab-
lishing the conditions for the progressive succession in forest ecosystems.

There are frequent examples, as in the study stands, that degradation pro-
cess is the consequence of difficult conditions of forest management. How-
ever, based on the analysis of forest management guidelines in the Regional
Spatial Plan till 2000 for the territory of the National Park Fruska Gora and
based on the analysis of the prescribed silvicultural procedure in forest mana-
gement plans, the reasons of the degradation process in the generally difficult
management conditions, are also the imprecise management guidelines and im-
precisely prescribed measures of forest management in the stands intended for
regeneration. Due to the imprecise (and thus unbinding), not harmonised in ti-
me and often inadequate measures of forest management in the valid legal do-
cuments (management plans), and due to the identical or corrected decisions in
the implementation documents (annual working plans), the trend of stand deg-
radation has continued for several decades. Thus, for example, Forest Manage-
ment Plans (Table 1) in the stands 1 and 2 prescribe regeneration method in
the form of regeneration felling with a short regeneration period, and the type
of felling in the plan period is final felling. Final felling in the temporal series
of regeneration fellings means the final cutting Jovanovid, 1988), ie., it
means a measure for the final removal of the remaining crop trees, aiming at
the complete liberation and undisturbed development of the targeted establis-
hed seedlings of the present species or species designated in the typological
plan. When this is not the case, in the adopted system of forest management,
final felling should not be a priori prescribed in legal documents (nor should it
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be implemented even if prescribed in legal documents) if regeneration is not
made possible in the stand or if the development of seedlings is not possible at
the time of final felling. Also, as the main function of the analysed stand on
ecological principles is the first degree of protection against water erosion, or
the first degree of water conservation, and as the stand is the tourist-recreation
centre, this requires the prescription of measures which will optimally contri-
bute to the above purposes in practice.

According to plan documents, forest management in the National Park
Fruska Gora is based on general ecological principles and special requirements
that result from its status as a protected natural resource, and also in agreement
with the demands of forestry profession. Among the demands of forestry pro-
fession, which change with numerous effects, innovation processes and increa-
sing needs, silvicultural measures harmonised with site conditions and stand
state, by which the above demands are expressed in forest ecosystems, are tra-
ditionally clear, both terminologically and essentially, and they are also harmo-
nised with general ecological principles. Taking into account Turkey oak dom-
inance in study stands and the biological potential of Turkey oak seed yield
(Bobinac, 2002 b), the continuity of this species can be maintained in the
newly established stands by the prescribed system of forest management (rege-
neration felling) and felling type (final cutting) in forest management plans,
under the change of silvicultural form, as shown in stand 1. Regeneration fell-
ing must be synchronised with the primary and the most significant factor of
natural regeneration — abundant yield of a great number of trees on the prepa-
red areas. However, this procedure only partially improves the previous state
of the stands and the production level, and it does not improve the natural
composition and the biological stability, as the base of the functional utilisa-
tion of forest resources in future. According to the typological (ecological) ba-
se and the general ecological principles, the system of forest management by
regeneration felling in such stands requires the prescription of the combined
regeneration.

In the phase of stand regeneration, forest management plans in NP ,,Fru-
Ska Gora”, as the real demands of forestry profession for stand harvesting and
stand improvement, must be based on the precisely prescribed regeneration
system. The imprecisely prescribed system and the inadequate restoration lead
to the continuation of degradation processes in the newly established stands.
Such stands will not contribute to the future rational utilisation of the site pro-
duction potential or to numerous other functions of forests in the National
Park Fruska Gora.

Lime is an important and valuable tree species and a factor of progressive
succession in closed stands, but also it is a potential factor of regressive suc-
cession in the phase of oak stand regeneration and a factor of regressive suc-
cession when it dominates if it is vegetatively reproduced on regeneration are-
as. In individual oak ecosystems on FruSka Gora, the apparently contradictory
role of lime can best be controlled by the adoption of management system pre-
scribing the cultivation of highly valuable oaks according to the typological
base.
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CONCLUSIONS

Stand degradation of individual forest types in the region of the zonal
community (7ilio-Carpino-Quercetum robori-cerris Jov. 79) in western part
of NP ,,Fruska Gora” is the consequence of clear felling. It develops in the di-
rection of oak extinction, primarily more valuable pedunculate oak, Vergilius’s
oak, and then also Turkey oak.

The stands established in the previous rotation are characterised by the
dominance of Turkey oak, predominantly of coppice origin. The dominant spe-
cies in the newly established ,,naturally regenerated” stands in the initial phase
are often lime, hornbeam, flowering ash and field maple, predominantly of
coppice origin, with the marked tendency of lime dominance.

The coenological structure of stands after clear felling is decided by the
increased percentage of the more sciophytic species in the mature stands and
their biological potential, predominantly, vegetative regeneration.

The natural composition of species of seed origin can ensure the produc-
tion of highly valuable oaks, biological stability and longevity of stands, as
opposed to more or less degraded forms. The restitution of the degraded stands
with more or less disturbed natural composition of species is possible in the
phase of regeneration by prescribing the adequate regeneration system and by
the implementation of modern technological solutions in the restoration proce-
dure.
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MMPUJIOT TTPOYYABARY IMPOLIECA JETPAJALIMIE CACTOJHA
HA TTIOAPYYJY HIT ,®PYIIKA T'OPA”

Maptun T. bobuHaig
IIymapcku dakynter, Knesa Bumecnapa 1, 11030 Beorpan,
Cpbuja u LlpHa T'opa

Pe3nume

AHaIU3MpaH je Mmpolec Aerpamamnyje cacTojuHa Koje IIPUIIaaajy MOjeIMHUM IIyM-
CKMM €KOCHCTEMHMa Y PErvMoHy 30HajlHe 3ajenHule y 3ananHoM aeny HIT ,,Ppynika
ropa” (Tilio-Carpino-Quercetum robori-cerris Jov. 79). lerpagauuja je nocieauua
NMpUMEHMBAHUX cedya MpY OOHaB/balby CaCTOjMHA, a OABMja Ce€ y MpaBIly HecTajarba
XpacToBa, MPBO BPEIHMjUX JIy)KHbaKa, KPYITHOJMCHOT MeIyHIIa, a 3aTuM u 1iepa. Ca-
CTOjUHE HAcTaJle Y MPETXOJHOj OMXOIHM Cy ca IOMMHALIMjOM Liepa y MPBOM cIpaTy,
MPETEKHO U3MAHAYKOT TOpeKIa, a Yy HOBO(OPMUPAHUM cacTOjuHaMa, 4eCTO U TOoYeT-
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HO 100po moamjaheHUM ca LIepoM, MPU JabeM CIIOHTAHOM pPa3Bojy Yy MPBOM CHpaTy
JNOMUHMPAjy JuTa, Tpab, IPHU jaceH W APYre BPCTE, MPETEKHO M3MaHAYKOT TOpeKa.
Ha ueHosoniky usrpalleHoCT Miaanux cactojuHa omnpenesbyjyhe yrudye moehaHo yue-
mhe BpcTa apBeha Koje Bullle MOJHOCE 3aCeHy Y 3PeJIMM cacTOjuHamMa M HhUXOB OMO-
JIOIIKK TIOTEHIIWjall, TPeBAaCXOJHO, BereTaTMBHE pereHepalvje. 3aycTaB/bae perpe-
CHBHE CYKIIECHje Y cacTOjuHaMa U HUXOBO pecTUTyHpare Moryhe je y ¢a3u oOHaBba-
ha MPONMUCUBakheM oAarosapajyher cuctema obHaBbatha U JOCIEAHOM MPUMEHOM ca-
BPEMEHHUX TEXHOJIOLIKUX peliemha y 0OHOBHOM TocTyrnky. Mmajyhu y Buay npuopu-
TEeTHY 3alITUTHY (DYHKIIMjy CACTOjUHA U YMH-EHUILY Ja TOMUHMPAjy M3AaHAuYKe-OuyBa-
HE, a LIEHOJIOIIKM OCUPOMAlIeHE CACTOjuHE, CUCTeM OOHAaBIbakba MYTEM OIUIOJHE ceye
Tpeba 3aCHUBATU Ha KOMOMHOBAHOj] OOHOBM. ¥ IMOjeAMHUM XPAaCTOBUM €KOCHCTEMHUMa
Ha @pyIIkoj Topy HaW3IJIed KOHTPAAUKTOPHA YiioTa JIMIe, BakHe BpcTe npBeha u Kao
¢akTOpa MPOrpecUBHE CYKIIECHje V CKIOIUbEHMM cacTOjuHaMa, ajiyd TUMe, U Kao IMO-
TeHIIMjaTHOT (paKTopa perpecuBHe CyKlecHje y (a3n mUXOBOr oOHaB/bakba U Kao (hak-
TOpa perpecuBHe CyKIeCHje Kala JOMMHMpA BEereTaTUBHO pereHepucaHa Ha MOAMIIAMI-
HUM TIOBpIIMHAMa, HajOoO/be Ce MOXKE IpPEeBa3WJIa3UTH YCBajakbeM UM IPOIMCUBAHKEM
cUCTeMa ra3ioBakba IpU KojeM he ce rajuTé BUCOKO BPEIHO APBO PA3IMUUTUX XPaCTO-
Ba Mpema TUIOJIOIIKUM KapaKTepUCTUKaMa.
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THE EFFECT OF USE OF NITROGEN-FIXATORS
IN FORAGE PEA PRODUCTION

ABSTRACT: Microorganisms are the most numerous group of living organisms in
the pedosphere. They encompass bacteria, viruses, fungi, algae, protozoa and lichens. Their
numbers amount to several million per one gram of absolutely dry soil while their biomass
amounts to 5—20 tons per hectare.

The aims of this investigation were to examine the effect of application of root nodu-
le bacteria (single strain, mixture of strains, microbiological fertilizer ,,Nitragin™) on the to-
tal number of microorganisms, the numbers of fungi, actinomycetes, azotobacters, free ni-
trogen-fixing bacteria and ammonifiers and the activity of dehydrogenase, as well as how
the application of bacteria affects some parameters of nitrogen fixation (dry mater mass,
percentage and content of nitrogen).

In the variant with ,,Nitragin”, the total number of microorganisms and the numbers
of fungi, azotobacters and free N-fixing bacteria increased. The largest number of actino-
mycetes was found in the variant with the mixture of strains. The largest number of ammo-
nifiers was found in the variant with the single strain. The dehydrogenase activity, dry ma-
ter mass, percentage and content of nitrogen were increased in the variants with the single
strain and the mixture of strains.

KEY WORDS: microorganisms, soil, nitrogen fixation

INTRODUCTION

Microorganisms are the most numerous living organisms in the pedosphe-
re, which exert influence on soil fertility. Soil microorganisms include bacte-
ria, fungi, algae, protozoa, viruses and lichens. The number of microorganisms
goes up to several million per one gram in absolutely dry soil, and their bio-
mass amounts to five to twenty tons per hectare. The number and activity of
certain groups of microorganisms are specific for each soil type (Goveda-
rica and Jarak, 1995). Nitrogen is a major element that influences the pro-
duction of organic substances and yield performance of agricultural crops. The
atmosphere is an important and inexhaustible source of nitrogen. According to
FAO records (1993), about 175x10° tons of nitrogen a year return to the gro-
und in the process known as nitrogen fixation. This process can be performed
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without the presence of microorganisms or it may be helped by microorgan-
isms — nitrogen-fixing bacteria. Depending on the relation between the micro-
organism and the plant, biological nitrogen fixation is classified as symbiotic,
free and associative. Soil pH, moisture, temperature, mineral and organic fertil-
izers and agricultural chemicals are factors that exert influence on the process
of nitrogen fixation (Govedarica and Jarak 1995).

The goal of this research was to examine and determine how the use of
root nodule bacteria affects the number and activity of microorganisms, as
well as how it affects some parameters of nitrogen fixation (plant mass, per-
cent and content of nitrogen in the plant).

MATERIAL AND METHODS

The experiment was carried out in the location of Kljaji¢evo. The type of
soil was chernozem.

Seeds of the forage pea variety Junior were inoculated with ,,Nitragin” (a
commercial microbiological preparation made at the Institute of Field and Ve-
getable Crops, Novi Sad), Rhizobium leguminosarum bv. viciae strain 20 GH
and a mixture of strains (20GH, D1 and 897) obtained from the microbiology
laboratory of the Faculty of Agriculture, Novi Sad. The control variant was
not inoculated.

Soil samples for microbiological analyses were taken during pea flower-
ing from a soil layer of 0—30 cm. The samples were analyzed for the total
number of microorganisms, the number of fungi, actinomycetes, free N-fixing
bacteria and ammonifiers and dehydrogenase activity. The total number of mi-
croorganisms was determined by the method of Poshon and Tardiux
(1963). The number of fungi was determined on Czapek-Dox medium, the
number of actinomycetes on the synthetic Waksman-Carey medium. The num-
ber of free N-fixing bacteria was determined on Feodorov’s medium with mic-
roelements. The number of azotobacters was determined on Feodorov’s medi-
um by the fertile drop method (Anderson, 1965).

The number of microorganisms was calculated in 1 gram of absolutely
dry soil. The activity of dehydrogenase was determined using the spectrofoto-
metric method of Thalmann (1968). The effectiveness of nitrogen fixation
was determined using the dry mass of plant (g), percent and content of nitro-
gen in the plant.

RESULTS AND DISCUSSION

Microorganisms and products of their metabolism are the living compo-
nent of soil and they are one of the parameters of soil fertility.

Live cells of microorganisms are introduced into the soil by bacterization
of legumes. This changes the relations inside the microbiological population in
the rhizosphere (Jarak et al., 1994). Beside nitrogen fixing, nodular bacteria
also produce organic matter of polysaccharide and protein type, which increa-
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ses the content of nutrients needed by the resident soil microorganisms (E g e -
raat, 1975).

The bacterization of seeds of the pea varieties Karina and Pionir with ef-
fective strains of Rhizobium leguminosarum bv. viciae (StrniSa, 1999) indi-
cated the positive influence of bacterization on the total number of bacteria,
number of actinomycetes and the activity of dehydrogenase in rhizospheric
soil at the beginning of growing season.

In this study, the numbers of all examined groups of microorganisms
were extremely high. According to numerous authors, chernozem is the soil
type that provides favorable conditions for the growth of microorganisms
(Govedarica et al, 1993, MiloSevidé, 1990).

In the examined location, the total number of bacteria and the numbers of
fungi, azotobacters and free nitrogen-fixing bacteria were significantly increa-
sed in the variant with ,,Nitragin” application (Tables 1 and 2).

Table 1. Total number of microorganisms (TN), numbers of actinomycetes and fungi and the
activity of dehydrogenase in pea rhizosphere

of soil
Control 791.62 9.18 4.92 193.67
,.Nitragin” 954.81 443 12.44 308.00
Strain 20GH 606.15 5.06 2.79 315.33
D1+897+20GH 730.53 12.54 6.78 345.00
LSD 5% 11.34 0.65 1.34 7.69
LSD1% 17.18 0.99 2.04 11.65

Table 2. Numbers of azotobacter, free N-fixing bacteria and ammonifiers in pea rhizosphere

Variant Azotobacter Free N-fixing bacteria Ammonifiers
102 g—1 of soil 105 g—1 of soil 106 g—1 of soil
Control 51.49 423.43 1050.70
,.Nitragin” 55.02 738.85 884.72
Strain 20GH 35.36 417.37 1379.90
D1+897+20GH 31.80 357.88 1138.40
LSD 5% 2.25 37.86 9.52
LSD 1% 3.41 57.35 14.28

The inoculations performed with strain 20 GH and the mixture of strains
showed that the latter was more effective. The application of nodular bacteria,
both directly by inoculation and as microbiological fertilizer, tended to stimu-
late the activity of dehydrogenase.

Rhizobium leguminosarum bv. viciae strains develop nodules on pea roots
which bind elemental nitrogen — 20 kg—200 kg N ha—! are bound annually
(Wani et al, 1995). Significant amounts of organic matter are left in the
soil after harvest. After mineralization, forms of nitrogen are made which are

77



accessible to the next crop. Effective symbiotic relationship leads to an increa-
sed protein content in the seed (Jarak et al., 1997), which is of great impor-
tance for agricultural production.

In this study, the values of plant mass, the content and percent of nitro-
gen were inconsistent (Table 3).

Table 3. Effect of bacterization on plant mass, % and content of nitrogen in forage pea plants

Variant Plant dry mass (g) % of N (ml; I():;)rntslnat nt)
Control 4.06 3.94 162.47
,.Nitragin” 3.33 4.27 138.80
20GH strain 4.20 4.76 183.10
D1+897+20GH 4.66 4.65 216.46
LSD 5% 1.42 1.52 58.94
LSD1% 2.15 2.30 89.29

Increase in plant mass and the content and percent of nitrogen occurred in
the variants with strain 20 GH and the mixture of strains while ,,Nitragin” did
not produce such effects (Table 3).

An important factor that affects the process of nitrogen fixation is mutual
compatibility between the host and nodular bacteria (Lie, 1974; Ohlen-
dorf, 1986). Compatibility depends on lectin, a root exudate that makes the
structure of the surface layer of root hairs, and on polysaccharides that are
synthesized by microorganisms. The importance of compatibility between plant
variety and bacterial strain was confirmed for other legumes, too (Jarak et
al., 1992, Mili¢ et al., 1999). In the soil that contains a high amount of ni-
trogen (the chernozem soil), the efficiency of nitrogen fixation was reduced, as
implied by the results of Bolman and Wassey (1997).

CONCLUSION

The numbers of all examined group of microorganisms were high, which
is characteristic of the chernozem soil.

In the variant with ,,Nitragin”, the total number of microorganisms ad the
numbers of fungi, azotobacters and free N-fixing bacteria significantly increa-
sed.

The number of actinomycetes was the largest in the variant with the mix-
ture of strains; the number of ammonifiers was largest in the variant with the
single strain.

The mixture of strains and strain 20GH had a positive influence on
dehydrogenase activity in the soil and plant mass and the content and percent
of nitrogen in the plant.
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EDQEKAT IMPUMEHE A3BOTO®UKCATOPA HA MUKPOBHWOJIOIIKY
AKTUBHOCT ¥ PU30OCOEPU CTOYHOI T'PALIKA

CsetriaHa JokanoBuh,! Mupjana Japak?
I Cekperapujat 3a ypbaHu3aM, cTaMOeHEe MOCIOBE M 3AllTUTY
skuBoTHe cpeauHe, Hosu Can
2 TlospomnipuBpeaau dakynrer, Hosu Can

Pesume

Orien je mocTtaBbeH Ha JokanuteTy KibajuheBo. Tum 3emibuiiTa je 6O 4epHO-
3eM.

CeMe cTOYHOTr rpailika copte Jyxuop WHOKynucaHo je ca Huitipaéunom (MUKpPO-
ouosomku mpernapar HayuyHor mHcTUTyTa 3a patapctBo um moBprapctBo HoBm Can),
ca cojeM Rhizobium leguminosarum bv. viciae, 20 GH u cmemom cojesa 20 GH, D1 u
897 y uctum onHocuMma (U3 MUKpobuosonike Jadoparopuje IlomonpuBpeaHor dakyii-
teta y HoBom Cany). KoHTposnHa BapujaHTa HUje MHOKy/IucaHa. CBaka BapujaHTa je
MOCTaB/beHa Y TPU TIOHABJbarba Ha YKYITHO] TTOBPIIMHU O] je[THOT XeKTapa.

Y30pLM 3eMJbUIITA 32 MUKPOOMOJIOIIKE aHaJIM3e CY y3UMaHU y ¢da3u lLBeTama
rpamka u3 pusochepHe 30He no ayouHe ox 30 cm. Y UCNIUTHUBAHMUM y30pLMMa 3e-
MJbuIITa oapeluBaH je yKynaH 0poj MUKpoopraHu3ama, IrbiBa, aKTHHOMMIIETA, a30TO-
OakTepa, OJIUTOHUTpPOdUIA, aMOHM(pUKATOPA U aKTUBHOCT mexuaporeHase. EdekTus-
HOCT a3oTodukcaluje onpehiuBaHa je mpeko cyBe mace Oubke (), % M cagpikaja a3ora
y OubLM (MT).

BpojHOCT cBUX MCMUTUBAHUX Tpyna MUKpOOpraHm3ama Ouja je BUCOKa U Kapak-
TepUCTUYHA 3a 4yepHo3eM. Ha BapujaHTu TAe je mpuMmerseH HwuTparun mobujeHo je
CTaTUCTUYKU 3HayajHO IoBehame YKYIMHOr Opoja MUKpoopraHms3ama, IJbMBa, a30TO-
bOakTepa M ojuroHuTpodumiaa. bpojHOCT akTMHOMMIIETa OWJIa je Haj3HadajHMja Ha Ba-
PMjaHTM MHOKYJIMCAHOj ca MOjeIMHAYHUM COjeM. AKTMBHOCT OeXuAporeHasze Ouia je
Hajeha Ha BapujaHTaMa Tj€ je TIPUMEHEH TojeMHaYaH coj WM cmelna cojeBa. Ha
noBehame Mace OMJbKEe, caapikaj M IIpOlleHAT a30Ta ITIO3UTMBHO je JeJioBaja CMellla
cojeBa u coj 20GH.
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MINERALOGICAL COMPOSITION OF SOLOD

ABSTRACT: The objective of the present study was to investigate in detail the mine-
ralogical soil composition in order to obtain a clearer picture of the extent to which it and
the related pedogenetic process taking place in locations marked as solods on the R =
1:50,000 soil map of the Vojvodina Province (Nejgebauer et al, 1971) correspond to
the solodization process described in the literature.

In the profiles of the soils we studied in the regions of western Backa and southern
Srem, illite was the dominant clay mineral, but some specific phenomena were also obser-
ved that from the pedogenetic point of view are typical of a soil type previously described
in the literature (solod), namely the greater contribution of quartz in the surface horizons of
the total soil sample (which is indicative of clay mineral decomposition and destruction),
the predominance of illite and kaolinite in the surface horizons of the clay fraction, and the
fact that in the Bt,g horizon the kaolinite content decreased considerably and illuviation oc-
curred of chlorite and vermiculite, two highly dispersive minerals from the smectite group.

KEY WORDS: mineralogical soil composition, mineralogical composition of clay
fraction, solod

INTRODUCTION

Minerals account for around 60% of the volume of most soils. The de-
composition of primary minerals releases substances necessary for plant nutri-
tion. These substances are retained in secondary minerals, which are indicators
of the rate of decomposition, while the presence or absence of a particular mi-
neral is indicative of processes that lead to the development of a given soil
type.

Problems of halomorphic soils study, amelioration and utilization are as
relevant today as ever both internationally and domestically. An overview of
our country’s previous research in the field shows that solod has received less
attention than the other types of halomorphic soils (solonchak and solonetz).
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According to Bazilevich (1967), the solodization process involves
the decomposition of the mineral portion of the soil, relocation of the decom-
position products and their retention in the illuvial horizon, and the formation
of secondary clay minerals.

Rode (1969) reports that intensive changes of secondary clay minerals
continue within the eluvial horizon during the solodization process, while the
primary minerals (feldspars) stay almost intact.

Aleksandrovi¢ et al. (1973) studied the mineralogical composition
of solod near the village of Celarevo and found that montmorillonite (smectite)
had leached to a greater depth than in solonchak and solonetz. Carbonates, too,
leached away completely down to 65 cm depth. Among clay minerals, illite
dominated throughout the profile, followed by chlorite and vermiculite. There
was no clear evidence of kaolinite, while quartz was found in traces.

According to Adam (1983), the mineralogical composition of the clay
fraction of Slavonia-Baranja solod is characterized by the presence of montmo-
rillonite (smectite), chlorite, vermiculite, illite, kaolinite and quartz. Based on
the mineral distribution down the profile, the author concluded that a complete
leaching of montmorillonite from the A/E horizons had occurred in the solod
concerned.

Explaining the solodization process, Glazovska (1981) argues that
clay minerals saturated with sodium under occasional surface overwetting con-
ditions will gradually disperse and leach away. Also, in part due to their large
specific surface area, the clay minerals will undergo hydrolytic decomposition
under the influence of water saturated with H,CO,.

According to Kovda and Rozanova (1988), the mineral composi-
tion of the clay fraction of solods formed on loess is dominated by hydromica
and mixed-layer silicates of the smectite — hydromica type, and kaolinites and
illites are also present. The amount of smectite, an expanding (swelling) mine-
ral, is smaller in the eluvial part of the profile compared with the illuvial one.

The objective of the present study was to investigate in detail the minera-
logical soil composition in order to obtain a clearer picture of the extent to
which the pedogenetic process taking place in locations marked as solods on
the R = 1:50,000 soil map of the Vojvodina Province (Nejgebauer et al,
1971) correspond to the solodization process described in the literature.

MATERIALS AND METHODS

A total of 21 pedological profiles were opened in representative locations
marked as solods or solods and solonetz on the R 1:50,000 soil map of Vojvo-
dina and sampled for soil laboratory tests. Twelve of these profiles were loca-
ted in the agroclimatic region of western Backa and nine in southern Srem.

Western Backa locations:

Profile 1 — Deronje, Branjevina site
Profile 2 — Deronje, Ceric¢ site
Profile 3 — Mali Bac, Puzar site
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Profile 4 — Mali Bac, Puzar site

Profile 5 — Bodani, Bodanski Hrastik site
Profile 6 — Bodani, Komorska Suma site
Profile 7 — Mladenovo, Sv. Petar and Pavel site
Profile 8 — Backa Palanka, Novi Majur site
Profile 9 — Celarevo, Cibska Suma site

Profile 10 — Veternik, Pasnjak site

Profile 11 — Veternik, Pasnjak site

Profile 21 — Bezdan, Sekes site

Southern Srem locations:

Profile 12 — Ogar, LoSinci site

Profile 13 — Ogar, Matijevica site

Profile 14 — Ogar, Siroka Bara site

Profile 15 — ObreZ, Sevinjak site

Profile 16 — ASanja, Pustara site

Profile 17 — Petrov¢ié, Draska Bara site

Profile 18 — Petrov¢ié, Dobanovacki Zabran site

Profile 19 — Vitojevci, Jan¢ev Do

Profile 20 — Grabovci, Grabovacko Ostrvo—Durdevo Polje site

The soil unit characterization was done according to the principles of the
current classification of Yugoslav soils (Skori¢ et al., 1985), in which solod
is not mentioned as a soil type.

Based on detailed field and laboratory analyses, it was determined that all
of the profiles exhibited clear signs of hydromorphism caused by surface and
ground water action and had prounounced textural differentiation between the
Aoh, Eg, Aoh/Eg horizon and the Btg horizon as well as that in some of the
profiles the presence of adsorbed Na exceeded 15% of T, all of which resulted
in the following soil unit categorization:

ORDER: HYDROMORPHIC
CLASS: GLEYIC
TYPE: PSEUDOGLEY SOIL (formerly solod)

This type includes two subtypes:
— one with a prounounced Eg horizon of the Aoh-Eg-Btg-BCG-CG
composition, which encompasses profiles 3, 6, 7, 12 and 13 (solod 1); and
— one with no prounounced Eg horizon of the Aoh/Eg-Btg-BCG-CG
composition, which encompasses profiles 5, 9, 14, 19 and 20 (solod 2).

ORDER: HALOMORPHIC
CLASS: SOLONETZ
TYPE: SOLONETZ

This type includes two subtypes:
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— a pseudogley one with the Aoh-Eg-Btg, na-BCG-CG composition (so-
lonetz 1), variety: typical, form: deep, which includes profiles 1, 2, 4, 10 and
11; and

— a typical one with the Aoh/Eg-Btg, na-BCG-CG composition (solo-
netz 2),

variety: non-saline (profiles 8, 15, 16, 17 and 21)
saline, chloride-sulphate (profile 18)
form: shallow (profile 21)
medium deep (profile 17)
deep (profiles 8, 15, 16 and 18)

The mineralogical composition of the total soil sample was determined
using selected representative samples of profiles 1, 4, 6, 7, 8, 9, 11, 15, 17 and
20, while the mineralogical composition of the clay fraction was determined
using all the horizons of profiles 7 and 17. During the sample selection, we
made sure that all soil units from the soils of both western Backa and southern
Srem were represented.

Analyses of the mineralogical soil composition were performed in the
laboratory of the Faculty of Agriculture in Zemun. The mineralogical composi-
tion of the total soil sample was determined by the X-ray-diffraction (XDR)
analysis of non-oriented powdered samples after crushing in a McCronne cy-
lindrical mill at 10 pum and lyophilization in a vacuum. Determination of clay
minerals (< 2 um) was carried out on oriented preparations: air-dry, saturated
with ethylene glycol and potassium and progressively heated (300°C and
500°C) according to Brindly and Brown (1980). The X-ray diagrams
were obtained using SIMENS D-5000, 2 kW diffractometer, in Co Ka radia-
tion.

To identify and quantify soil minerals and clay fractions, we used the
DRX Win 1.4c¢ (1996) computer package, while the deconvolution subpackage
was used for the separation of complex peaks. Semiquantitative analysis of the
levels of clay minerals was performed using the adiabatic method, while clay
mineral identification was carried out by the clay method of Thorez J.
(1989).

RESULTS AND DISCUSSION
Mineralogical composition of the soil sample

Looking at the average mineralogical composition of the soil across the
profile depth, great similarity can be noticed in all of the four soil types invol-
ved in the study. Such composition is typical of soils formed on loess, which
was the parent substrate of all the profiles studied.

Reflecting the parent substrate, the soil composition was dominated by
quartz, feldspar, and mica, accompanied by smaller quantities of clay minerals,
calcites, chlorites, goethites and amphiboles (Graphs 1 and 2).
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Graph 1. Mineralogical composition means (%) of total soil sample of pseudogley
(solod 1 and 2) for the entire profile
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Graph 2 Mineralogical composition means (%) of total soil sample of solonetz
(solonetz 1 and 2) for the entire profile

The quartz content of pseudogley soils (solod 1 and 2) ranged from 34.44
to 61.37%, while that of solonetz varied between 42.57 and 58.94%. In all of
the profiles under study, highest quartz contents were found in the surface ho-
rizons (Aoh and Aoh/Eg), with gradual decreases of quartz levels with depth
(Table 1).
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Tab. 1 Quartz/plagioclase ratio in total soil sample

Profile Location Horizon  Depth, cm  Quartz ~ Plagioclase =~ Ratio
PSEUDOGLEY % %
— GLEY ZONE
Aoh 3—14 56.42 21.14 3.66
6 Bodani Eg 14—26 52.40 18.93 2.77
Bfe 26—66 49.76 18.97 2.62
Aoh 0—8 52.29 18.02 2.90
7 Mladenovo Eg 8—20 53.63 18.66 2.87
Btg 20—71 53.70 18.81 2.85
9 Eelarevo Aoh/Eg 0—40 53.68 19.39 2.77
Btg 40—88 47.94 21.22 2.26
(0] 0—10 61.37 14.06 4.36
20 Grabovci Aoh/Eg 10—25 53.56 20.12 2.66
Btfe 25—85 48.11 20.52 2.34
SOLONETZ SOIL
Aoh 0—5 57.77 16.72 3.46
1 Deronje Eg 5—19 51.06 22.80 2.24
Btg, na 19—60 50.03 22.33 2.24
Aoh 0—9 56.93 16.06 3.54
4 Mali Ba¢ Eg 9—19 54.53 17.93 3.04
Btg, na 19—58 45.26 18.81 2.40
Aoh 0—10 51.32 16.96 3.02
11 Futog Eg 10—24 49.18 21.53 2.28
Btg, na 24—67 42.57 21.54 1.98
8 Miadenovo Aoh/Eg 0—18 53.99 21.36 3.40
Btg, na 18—71 50.16 17.66 2.84
Aoh/E 0—24 58.94 17.05 3.46
15 Obrez Bt, na 24—40 54.35 18.76 2.89
Btfe, na 40—95 48.17 17.13 2.66
Aoh/Eg 0—12 57.09 16.62 3.44
17 Petrov¢ié Btg, na 12—36 56.42 14.22 3.96
Bt, na 36—70 45.38 12.95 3.50

The most common among the feldspars from the study were sodium pla-
gioclases. The total plagioclase content (Ca plagioclases + Na plagioclases) of
pseudogley soils ranged between 14.06 and 21.14% and that of solonetz be-

tween 7<.19 and 12.71%.

Other clay minerals commonly found in pseudogley soils include kandites
(halloysite and kaolinite), vermiculites and smectites as well as small amounts

of mixed layer silicates (MLS).

According to Bazilevich (1967), the solodization process involves
the decomposition of the soil’s mineral component, relocation of the decompo-
sition products and their retention in the illuvial horizon, and the formation of

secondary clay minerals. This theory is supported by:
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— a clear difference between the E and B horizon in the mineralogical
composition of the colloidal fraction. Typical for the E horizon are hydromica,
and there is a noticeable presence of kaolinite and quartz, while montmorillo-
nite is characteristic of the B horizon;

— a higher quartz to plagioclase ratio of the E horizon compared with
the B and CG horizons;

— the existence of characteristic ortstein formations in the E horizon;

— the variation of migrating capability of various chemical elements aro-
und the profile;

— the high concentrations in both the soil and the colloidal fraction of
mobile forms of SiO, and R,0,, which originate from the degradation of the
soil’s mineral component.

After calculating the quartz/plagioclase ratio (Table 1), we can see that it
was higher in all of the surface horizons than in the Bt,g and Bt,g ones in the
pseudogley soils as well as in solonetz, which, according to Bazilevich, is one
of the indicators of solodization, i.e., of the degradation of the mineral compo-
nent of a soil’s surface horizons.

Mineralogical composition of the clay fraction
Clay minerals greatly influence many soil properties and many processes

taking place in the soil. Hence, they are an important factor in determining soil
fertility.

60
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Graph. 3. Mineralogical composition means (%) of clay fraction for the entire profile
of pseudogleys (solod 1, profile 7) and typical solonetz (solonetz 2, profile 17)
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The mineral content of the clay fraction was analyzed in all the horizons
of profile 7 (Mladenovo, Z. Backa) as a representative of pseudogley (solod)
soils and profile 17 (Petrov¢i¢, J. Srem) as a representative of solonetz soils.

A look at the mean values of the clay fraction mineral content in both of
the profiles (Graph 3) reveals great similarity between them. In both profiles,
minerals from the illite group were the most common component (50%), fol-
lowed by different varieties of MLS (17—18%), kandites (halloysite and kaoli-
nite, 15—16%), smectites and Fe smectites (around 12%) and minor amounts
of chlorites and vermiculites.

Looking at the individual values within the profiles, we can notice differ-
ent distributions and redistributions of particular mineral groups across the ho-
rizons, although there was a similarity between the two profiles in this regard
as well (Table 2).

Minerals from the illite and kandite groups (kaolinite and halloysite) were
found mostly in the surface horizons. Their levels dropped gradually with
depth and were at their lowest in the transitional horizon (BC) or the parent
substrate/re-deposited loess (C horizon).

The mixed-layer silicates (MLS) had a more complex composition than
the simple clay minerals and were formed by pedogenetic processes where
they underwent interstratification in different ratios. Among the MLSs studied,
the most common were vermiculite-smectite ones. Their levels increased with
depth and were the highest in the parent substrate.

According to Kosti¢ (2000), the decomposition of mica may bypass
the vermiculite phase during pedogenesis and lead to the formation of smecti-
tes. In soils formed under temperate climate conditions, smectites are highly
important minerals because of their small dimensions, high specific surface
area and great adsorptive capacity. Smectites dehydrate faster, that is, they lose
water easily, whereas vermiculites rehydrate faster, i.e., they readily reabsorb
the lost water into their structure. During drying, smectites shrink and the soil
cracks, but wetting makes them swell again. Such behavior (shrinking/swell-
ing) is most pronounced in smonitza and vertic soils rich in smectites (Kosti¢,
2000).

The levels of smectite, chlorite and vermiculite minerals, which were
lowest in the surface horizons, gradually increased with depth. Significant in-
creases in the concentrations of these minerals were observed in the Btg hori-
zon of the pseudogley soil (solod) relative to the rest of the horizons, espe-
cially in the case of Fe smectites, whose presence may be indicative of iso-
morphic series of newly formed smectites.

The increased presence of smectites and vermiculites in the Btg horizon
of solod and the Btg,na horizon of solonetz is closely linked with the highly
unfavorable water-air properties of these soils.

Numerous smectite varieties can be found in nature as a result of ionic
changes in the tetrahedral and octahedral positions of minerals. The smectite
minerals are always found in small-grain particles and dioctahedral varieties
are the predominant type found in the soil. Their chemical composition varies
among three members of the isomorphic series: montmorillonite, beidellite and
nontronite (feri smectite). In some environments characterized by high acidity
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and aggresive humus (the mor type), gaps occur in the tetrahedral sheet, lead-
ing to the formation of special transformational smectites. The cation satura-
tion of such smectites with potassium immediately restores the structure of the
parent (initial) illite. However, in the presence of higher concentrations of K
ion in the solution, a partial fixation of these ions takes place in the interlayer
accompanied by either structural contraction or collapse.
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Figure 1. X-ray diagrams of clay fraction in horizons of profiles 7 and 17
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In some soil types, continuous isomorphic series can be observed between
beidellites, via fero-beidellites to nontronites. In that case, we can no longer
speak of transformational smectites; what we have instead are minerals created
in situ in the soil, i.e., smectites newly formed from water solutions. Proof of
their presence is provided by treating the minerals with KCI (introduction of K
ions, the K-test). In such a case, the newly formed smectites do not shrink ir-
reversibly (their structure does not collapse) but they retain the capability for
expansion of the interlayer space, i.e., the ability to swell (Kostié, 2000).

0 10 20 30 40 50 60 70 80 90 100
PROFILE 7

. SMINF
SMVM
PROFILE 17 SMTF

AolEg

Btg,Na

CcG
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0 10 20 30 40 50 60 70 80 90 100

Figure 2. Distribution of smectite phases in clay fraction
in horizons of profiles 7 and 17

Figures 1 and 2 show the results of the study of the distribution of the
smectite phases in pseudogley soil (profile 7) and solonetz (profile 17). Figure
2 clearly shows that the Aoh and Eg horizons of the pseudogley soil contained
transformational smectites and the smectite/vermiculite-type MLSs (SM-VM),
while the Btg and BCG horizons also included newly formed smectites (SMNF)
formed in situ by argillosynthesis from water solutions. In solonetz, the newly
formed smectites appeared in the Btg,na, Btg and BG horizons.
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CONCLUSIONS

Based on our study of mineralogical soil composition, it can be conclu-
ded that illite was the dominant clay mineral in the pseudogley profile. How-
ever, the following specific phenomena were also observed that from the pedo-
genetic point of view are typical of solod, a soil type previously described in
the literature:

— The greater contribution of quartz in the surface horizons of the total
soil sample, which may be indicative of clay mineral decomposition and de-
struction;

— Illite and kaolinite dominated in the surface horizons of the clay frac-
tion, while in the Bt,g horizon the kaolinite content decreased considerably
and illuviation occurred of chlorite and vermiculite, two highly dispersive min-
erals from the smectite group. The increased presence of smectites and vermic-
ulites in the Btg horizon of the pseudogley soil was closely connected with its
clayey mechanical composition and highly unfavorable air-water properties;

— The increased concentrations of the Fe-smectite mineral and the re-
sults of the K-test (distribution of smectite phases) in the Btg horizon of the
pseudogley soil relative to the other horizons suggested that there appeared
isomorphic series of the newly formed smectites;

— The great similarity in mineralogical composition between the pseudo-
gley soil and solonetz indicated a genetic linkage between these two soil types.
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MUWHEPAJIOLIKN CACTAB COJIOBA

Jbwmwana M. Heumh!, Bragumup b. Xanmh!, Hukona M. Koctuh?

I TToswonpuBpenuu dakynrer, YHuep3urer y Hosom Cany,
21000 Hosu Can, Tpr Hocureja O6pamouha 8, Cpobuja u LlpHa T'opa
2 TToswonpuBpeaHU (hakyaTeT, YHUBep3UTeT y beorpany,

11080 3emyHn, Hemamuna 6, P. O. Box 127, Cp6uja u Lpna T'opa

Pesnme

IMpurcycTBO MM OICYCTBO TMOjEAMHUX MUHEpasia y 3¢MJBMINTY yKa3dyje Ha Tpolie-
ce KOoju Cy JOBer A0 CTBapama oapeheHor tuma semsbuinta. CylITuHa mpoleca U Ha-
yrHa oOpa3oBama cosioha (ocosohaBare), HU JaHAC HUCY JTOBOJbHO jacHU. [Ipema
JIMTEPATypHUM TOAAIlMMa IIpoliec ocoyiohaBarba OJBHja Ce paclagarbeM MUHEpPaJTHOT
JleJTa 3eMJBMINTA, MpeMeINTarbeM TpoAyKaTa paclafgarba M FUXOBUM 3aJpiKaBarbeM Y
WIYBUjAJIHOM XOPU3OHTY M 00pa3oBarbeM CEKyHIApHUX TIIMHEHMX MUHepasa.

Ilwb oBor pama je ma ce Ha OCHOBY JETa/bHOTI MpOyYaBarba MUHEPAJIOIIKOr ca-
CcTaBa 3eMJbMILTA, Ha JIOKAJIMTETHMa KoOja Cy Ha IIeJ0JIOIIKOj KapTu Bojsomune P =
1:50 000 (Hejre6ayep wu cap., 1971), o3HaueHu kKao cojiohu, jacHuUje cariena y
KOjOj MepY MWHEPAJIOIIKU CacTaB, a C TUM Y Be3W M TIPUCYTHU TEJOTCHETCKU TPOIie-
CU, OIroBapajy Mmpolecy ocosiohaBarba OMUCAHOM Y JUTEPATYpH.

V npodmimMa UCIUTUBAHUX 3eMJbUINTA Ha Ioapyyjy 3amanmHe bauke m Jy:kHor
CpeMa, ol IMIMHEHUX MMHepaja JOMUHAHTAH je WJIUT, alu Cy MCIOJbeHE U CIelH-
(uuHe TOjaBe Koje Cy ca TeIOreHEeTUYKOT TIICAUINTAa KapaKTePUCTUIHE 3a paHuje y
JIUTEpATypy OMUCHUBAHU cosiol), Tj. Beha 3acTyI/beHOCT KBaplia y YKYIHOM Y30DKY 3e-
MJBUINTA, Y TIOBPIIMHCKAM XOPM3OHTHMa Koja yKa3dyje Ha paclafarbe W JeCTPYKIIU]Y
MUHepajia IJMHe, Kao M JOMMHAllMja WIUTa U KaoJMHUTA Y (hpakuuju IJIMHE Yy TOBp-
ITMTHCKAM XOPU30HTUMA, TOK ce y Btg XOpM30HTY 3HATHO CMambyje campikaj KaOoJTWHU-
Ta W BPpIIM WIyBHWjallMja BPJIO AUCIEP3HUX MMHEpaa M3 Tpyle CMEKTUTA, XJIOpUTa U
BEPMUKYJIUTA.
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EFFECT OF HUMIDITY ON THE LIFE CYCLE AND
REPRODUCTION OF DERMACENTOR RETICULATUS
(IXODIDAE) IN LABORATORY MICE

ABSTRACT: The reproductive cycle of Dermacentor reticulatus (Ixodidae) is descri-
bed in this paper. Experimental infestation was carried out on immobilized (fixed) RAP mi-
ce and those that could move freely. Dermacentor reticulatus (D. pictus) larvae, nymphs
and adults were obtained from eggs placed in glass test tubes in two variants: dry medium
(T° = 28—30°C, R.H. = 49—51%) and wet medium (T° = 28—31°C, R.H. = 94—95%).

In the mice that were experimentally infested with the eggs incubated in wet medium,
there were more fixed larvae that came off after sucking (8—786 larvae) compared with
0—7 larvae that were observed in the mice that could move freely. At the same time, more
larvae were attached to the immobilized mice (2—786) compared with the number of larvae
observed in the mice that could move freely (0—11). Infestation was not registered in the
experimental animals that could move freely when the larvae were incubated in the dry me-
dium. Experimental infestation with Dermacentor reticulatus failed in the RAP mice. The
infested mice tolerated as much as 786 Dermacentor reticulatus larvae, but they died when
12—30 nymphs were fed on them.

KEY WORDS: Dermacentor reticulatus, reproductive cycle, experimental infestation,
RAP mice, humidity

INTRODUCTION

Dermacentor reticulatus is a three-host tick affecting sheep, horses and,
occasionally, cattle and dogs. Larvae and nymphs feed on rodents and insecti-
vores and adults feed on large mammals (Cosoroaba, 1994; Gilota,
1974).

Dermacentor reticulatus is widespread in Europe. In Romania, this speci-
es is spread almost in the whole country (Cerndianu, 1957, Domingu-
ez Penafiel, 1999).
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Economic losses caused by Dermacentor reticulatus are multiple. The ini-
tial loss is due to blood sucking, during the biological cycle, at the expense of
host animals. Expenses for tick treatment and control should be added to this.
Dermacentor reticulatus can transmit a series of diseases to humans and ani-
mals (Cerndianu, 1957; Cosoroaba, 1994; Rodhain and Perez,
1985).

Studies concerning the biology and ecology of other Ixodidae species are
numerous (Aeschlimann, 1967; Cilton et al.,, 2000; Cosbie and
Boyce, 1998). However, studies of Dermacentor reticulatus are not many,
especially in Romania. Zahler and Gothe (1995) examined the effect of
temperature and humidity on Dermacentor reticulatus eggs, larvae, nymphs
and adults. On the basis of these experiments, they concluded that temperature
and humidity affected the hatching, larvae and nymphs molting and longevity,
adult longevity as well as the oviposition of Dermacentor reticulatus females.

The primary objective of this study was to monitor the biological cycle of
ticks (Dermacentor reticulatus) in laboratory mice. Another objective was to
establish the effect of humidity, under relatively stable temperature, on the egg
incubation time and the numbers of Dermacentor reticulatus larvae, nymphs
and adults that attached themselves and fed on the mice.

MATERIAL AND METHODS

Engorged females of Dermacentor reticulatus were collected from parasi-
tized horses from S.C. Izvin S.A. stud. Individual females were stored in glass
test tubes in two variants:

a) Metianu test tubes with a 6 cm water column, 2 cotton-wool layers in
contact with water, a 0.5 cm lint layer and an air column above; these were
considered as wet medium due to high humidity.

b) Ordinary glass test tubes. These were considered as dry medium due to
low humidity.

Both types of test tubes were closed with a plug wrapped with lint.

The two mediums, dry and wet, were used to observe the incubation and
molting of satiated larvae and nymphs (Tables 3 and 5).

In all cases, temperature and humidity were measured two times a day, in
the morning and evening, with the help of an electronic thermohygrometer.

RAP mice were used for experimental infestation with Dermacentor reti-
culatus. Infested forms were obtained from dry medium (T° = 28—30°C, R.H.
= 49—51%) and wet medium (T° = 28—31°C, R.H. = 94—95%).

The mice to be infested were either left free-moving in cages (non-immo-
bilized) or were immobilized with small leather straps.

The number of larvae used for infesting the mice ranged between 300
and 1000, the number of nymphs ranged between 50 and 56, and the number
of adults ranged between 7 and 9. The numbers of fixed and satiated larvae,
nymphs and adults taken out from the mice were monitored (Tables 2, 4 and 6).
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RESULTS

Table 1 shows the results concerning Dermacentor reticulatus egg incu-
bation. In laboratory conditions, under almost identical temperature regimens,
the incubation took a longer time when the medium was wet (94—95%).

Table 1. Obtaining Dermacentor reticulatus larvae ,,in vitro”

Incubating eggs T R.H. Incubating time
Dry medium 29—30°C 50% 13—17 days
Wet medium 30—31°C 94—95% 16—20 days

Legend: T — temperature; R. H. — relative humidity

More larvae raised in the wet medium remained attached to mice as com-
pared with those raised in the dry medium (Table 2). Not a single larva from
the dry medium, at the same dose per mouse (300 larvae), remained attached
to the non-immobilized mice. On the other hand, when the mice were immobi-
lized, 2—7 larvae remained attached and sucked blood.

Table 2. Infestation of RAP mice with Dermacentor reticulatus larvae

Source of Mice Larvae per Mouse Attached Feeding
the larvae infestation mouse number larvae time
1 0
. . 2 0
Nonimmobilized 300 3 0 0
Dry medium 4 0
5 7
Immobilized 300 6 7
7 2
. .. 300 8 8
Non-immobilized 4—5 days
. 300 9 11
Wet medium
. 300 10 143 5—6 days
Immobilized
1000 11 786 3—6 days

In the case of the larvae from the wet medium, at the same dose per mo-
use (300 larvae), 8 to 11 of them remained attached to the non-immobilized
mice. Attaching was easier to accomplish with the immobilized mice. At the
same dose per mouse (300 larvae), 143 larvae remained attached. When infes-
tation was carried out with 1000 larvae, 786 of them remained attached and
fed on the mice.

Dermacentor reticulatus larvae incubated at 28—31°C in dry and wet
mediums alike, the molting occurring after 8—10 days. The number of the ob-
tained nymphs is shown in Table 3.
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Table 3. Obtaining Dermacentor reticulatus nymphs ,,in vitro”

Incubating Number of Molting Nymphs obtaind
. - T R.H. .

larvae incubating larvae time Nr. %

. 40 29—30°C  95—96% 9—10 days 22 + 8 75

Wet medium

40 28—30°C  95—96% 9—10 days 23 + 6 72,5

Dry medium 40 29—-30°C 49—51% 8—9 days 28 70
Wet medium 250 30—31°C  94—95% 8 days 103 41,2
Dry medium 400 29—30°C 49% 8—9 days 101 25,25

Dermacentor reticulatus nymphs, irrespective of the type of medium in
which they were raised, could not remain attached to the non-immobilized mi-
ce (Table 4). Regarding the rate of attachment on the immobilized mice, the
nymphs from the wet and dry mediums were attached in almost equal num-

bers, 11—28 and 12—30, respectively.

Table 4. Infestation of RAP mice with Dermacentor reticulatus nymphs

Source of Mice Nymphs Mouse Attached Feeding Observations
the nymphs infestation  per mouse number nymphs time )
Wet medi 56 1 0 — —
et medium
_Non- 56 2 0 — —
—1mm0b1— 50 3 0
Dry medium lized
50 4 0 — —
50 5 11 7—38 days —
Wet medium :
" 56 6 28 5 days ‘;{ﬁdd;’;‘ ;hie
I bi- —
n;modl died on the
ize 50 7 12 5—8 days gh day p.i
Dry medium died on the
56 8 30 6 days 6 day p.i

Three out of each four infested mice died.

The nymphs incubated in the wet and dry mediums molted at 28—30°C
and adults were obtained (Table 5). The period of time necessary for molting

varied between 14 and 16 days.

Table 5. Obtaining Dermacentor reticulatus ,,in vitro”

Incubating Number of T RH Molting Adult ticks obtaind
nymphs incubated nymphs o time Nr %
. 14 14—15 14 (10* + 4*%) 100
Dry medium 28—30°C 49—50% . .
21 days 20 (14* + 6%%) 9523
. 14 15—16 14 (9% + 5%%) 100
Wet medium 28—29°C 95—96%
21 days 21 (13% + 8%*) 100

Legend: * — female, ** — male.
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The percentages of the obtained adults ranged between 95.25 and 100.
The number of females doubled that of males in all cases.

The results of mice infestation with Dermacentor reticulatus are presen-
ted in Table 6. Not a single adult tick remained attached to the immobilized
and non-immobilized mice alike, no mater if raised in the wet or the dry me-
dium.

Table 6. Infestation of RAP mice with Dermacentor reticulatus adults

Source Mice Adults Mouse Attached
of the adults infestation per mouse number adults
1 0

Wet medium

. .. 9 2 0
Non-immobilized
. 7 3 0
Dry medium
9 4 0
. 7 5 0
Wet medium 9 6 0
Immobilized
D di 7 7 0
medium
v 9 8 0
DISCUSSION

Under laboratory conditions, at 28—31°C and variable relative air hu-
midity, the reproduction cycle of Dermacentor reticulatus was successful. Al-
though the incubation of larvae was successful both in the wet medium (R.H.
= 94—95%) and the dry medium (R.H. = 50%), the period of incubation was
shorter in the later case. However, the larvae obtained from the wet medium
proved to be more active and they were more easily attached to mice. Compa-
ring the influence of humidity on the different development phases, it seemed
that increased relative air humidity was more necessary for egg incubation
than for the incubation of larvae and nymphs. This fact was demonstrated by
the higher capacity of the Dermacentor reticulatus larvae raised from eggs
kept in the wet medium to stay attached and feed on the host.

If infestation by larvae succeeded with both non-immobilized and mobili-
zed mice, the infestation by nymphs succeeded only with immobilized mice.
Moreover, the infestation by Dermacentor reticulatus adults did not succeed at
all. These results are partially contradictory to those of Metianu (cited by
Cerndian, 1957) who claimed that the larvae and nymphs were easily at-
tached while adults were more difficult to attach to the host. Perhaps he used
another Ixodidae species or his experiments were performed under different
conditions.

The mice allowed a large number of larvae to feed on their bodies (up to
786) but the number of nymphs was smaller (11—30). Furthermore, the mice
infested by 12—30 nymphs invariably died. No adults were found attached to
mouse skin. These results again partially contradict Metianu’s report (cited by
Cerndian, 1957) stating that a mouse allows 200—500 larvae or 100—250
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nymphs or 5—10 adult ticks to feed on it. According to Cosoroabad
(2000), however, only the larvae and nymphs feed on rodents while adults at-
tach and feed on large animals.

CONCLUSION

Under the laboratory conditions provided in this study, longer time was
needed to obtain Dermacentor reticulatus larvae from eggs when the relative
air humidity was increased.

The rate of attachment of Dermacentor reticulatus larvae to mice was in-
creased when the larvae were raised under higher relative humidity.

The larger the density of Dermacentor reticulatus larvae in the incubation
medium, the smaller the percentage of nymphs obtained.

Infestation with Dermacentor reticulatus nymphs was successful only
with the immobilized RAP mice.

The RAP mice tolerated the infestation by Dermacentor reticulatus larvae
rather well, but it was not the case with nymphs.

The success of raising Dermacentor reticulatus adults ,,in vitro” was not
influenced by relative air humidity.

The infestation of RAP mice with Dermacentor reticulatus adults failed
altogether.

A general conclusion was drawn that under the laboratory conditions pro-
vided in this study RAP mice are not suitable hosts for Dermacentor reticula-
tus nymphs and adults.
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YTULAJ BJIA’KHOCTU HA PEINNPOAYKTUBHU HUKIYC DERMACENTOR
RETICULATUS (IXODIDAE) KO JIABOPATOPUJCKMX MHUIIEBA
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Pesnme

VY pany je omucaH yTWIlQ] BJQXHOCTH Ha PEMPOAYKTUBHU LIMKIYyC Dermacentor
retikulatus (ixodidae). ExcnepuMmeHTanHa nHgecramnyja je crpoBeaeHa Ha R. A. P. mu-
IeBUMa UMOOMIUCAHUM ((pUKCUPaHU) U KOjU Cy Ce MOIJIU CJI0OOMHO KpeTaTu Mo Ka-
Be3y. JlapBa Dermacentor reticulatus (D. pictus), 4yaype W oapacie cy I1oOujeHe oj jaja
Koja ce TMOCTaB/bajy Y CTaKJeHE ernpyBeTe y JIBe Pa3IuuUTe CPEAUHE: y CYBU MEIUjyM
(T° = 28—30°C R. H. = 49—51%) u y Bnaxuu menujym (T° = 28—31°C; R. H. =
94—96%).

Kon mumieBa Koju cy eKCIepMMEHTAITHO 3apakeHU jajuMa MHKYOMpPaHUM y Bjla-
JKHOM MEOUjyMy €BMICHTHUPAHO je BUIIE JIAapBU KoOje Cy Oumie (puKcupaHe, Koje Cy ce
HaKOH cucama omrenuie (8—786 mapsu), y nopehermwy ca 0—7 napBu Koje Cy eBUACH-
THpaHe KaJa Cy jaja MHKyOupaHa y CyBUM yciaoBuMa. MicToBpeMeHO BUIIIE JIApBU PEru-
CTPOBaHO je Ha MMoOWIMcCaHUM MullneBuMa (2—786 mapBu) y mopehemy ca Gpojem
JIapBU KOje Cy eBUASHTHUpaHe KOI MMUIIEBAa KOju Cy MMaiu ciobomy kKpertama (0—11
napsu). MHbecranuja Huje 3abesie’keHa KON CJIOOOTHO AP)KaHUX E€KCIIePUMEHTATHUX
JKMBOTHIbA Kama Cy JIapBe MHKyOMpaHe y cyBoMm MemujyMmy. MH(pecramuja mapBama
ycrena je caMo KoJ UMOOMIM30BaHUX MUIIEBa, TOTOBO Y jeAHAKOM OJHOCY, 0e3 003U-
pa Ha MenujyM, cyBU uwiu BiraxkHu. ExcriepuMenTtanna nHdectauuja Dermacentor reti-
culatus ca onmpaciauM Jlappama HMje peructpoBaHa koin R. A. P. muiieBa. 3apakeHu
MUILIEBM Cy TPEKWB/baBaIM WHbecTanujy u no 786 mapBu Dermacentor reticulatus,
Mehytum muieBu 3apaxkeHu ca 12—30 HUM@U cy YrUHYJIU.

101



	pri10-1
	pri10-2
	pri10-3

