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EXTREMOPHILES — LINK BETWEEN EARTH
AND ASTROBIOLOGY

ABSTRACT: Astrobiology studies the origin, evolution, distribution and future of life
in the universe. The most promising worlds in Solar system, beyond Earth, which may har-
bor life are Mars and Jovian moon Europa. Extremophiles are organisms that thrive on the
edge of temperature, hypersalinity, pH extremes, pressure, dryness and so on. In this paper,
some extremophile cyanobacteria have been discussed as possible life forms in a scale of
astrobiology. Samples were taken from solenetz and solonchak types of soil from the Voj-
vodina region. The main idea in this paper lies in the fact that high percentage of salt found
in solonchak and solonetz gives the possibility of comparison these types of soil with “soil"
on Mars, which is also rich in salt.

KEYWORDS: Astrobiology, extremophiles, cyanobacteria, halophiles

1. INTRODUCTION

1.1. About astrobiology

Astrobiology studies the origin, evolution, distribution and future of life
in the universe. Astrobiology is multidisciplinary and brings a common biolo-
gical perspective to such diverse fields as astronomy, astrophysics, biochemi-
stry, chemistry, the ecology of extremophiles, geology, molecular biology,
microbiology, paleontology, physiology, planetary sciences, space exploration
and technology, without omitting law and philosophy (J a v a u x, 2006).

One of the prominent goals of astrobiology is to discover life or signs of
life on planets beyond Earth. To approach this goal it will be useful to know
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the physical and chemical limits for life on Earth and to understand the un-
derlying biophysical characteristics of life that set these limits (T r e n t, 2000).

There are many definitions of life, but no one generally accepted. This is
because it has become evident that there is such a gradual transition between
abiotic structures and indisputable life forms, that any boundary drawn be-
tween them must, be based on a criterion that is questionable. Many biologists
adhere to the view that the presence of DNA or at least RNA is a suitable cri-
terion for life (V a n L o o n, 2005).

The most promising worlds, which may harbor living microbes are Mars
and Jovian moon Europa (S e c k b a c h and C h e l a - F l o r e s, 2001). Some
authors also suggest possible habitats on other icy satellites, in Venus and on
the Saturnian moon Titan (J a v a u x, 2006).

Mars today is a frozen, dry world. The temperature of the surface ranges
from –125 to +25°C (average –65°C), with wide diurnal and seasonal fluctua-
tions. Diurnal surface temperature can span over 100 degrees (B e n n e t t et
al., 2002). The high fluctuations between midday and midnight temperatures
pertain only to the several mm of the surface (H o r n e c k, 2000). Mars has a
very thin atmosphere composed of carbon dioxide (95,3%), nitrogen (2,7%),
argon (1,6%) and traces of oxygen (0,15%) and water (0,03%). The average
pressure on the surface of Mars is less then 1% of Earth's. Europa, a moon of
Jupiter which is slightly smaller than Earth's Moon, is one of the smoothest
objects in the solar system. A liquid water ocean thought to be between 50
and 100 kilometers deep surrounds its rocky interior, and is covered by a layer
of water ice a few kilometers thick (B e n n e t t et al., 2002). Following the
analyses of pictures taken of the surface of Europa, it is assumed that under its
heavy ice sheaths this Jovian moon contains a liquid water ocean warmed up
by volcanic sources. This water body may contain living organisms similar to
those found in various places on Earth (S e c k b a c h and C h e l a - F l o r e s,
2001).

Martian life may not be on the surface but in hiding in the subsurface of
the dusty red Planet. The same subsurface extraterrestrial life could exist on
several planets of the solar system and beyond it in the cosmos. Today the
surface of Mars is inhospitable because it lacks surface liquid water, but fluids
may exist in the warmer interior of the planet. Also, there is an opinion that
on Mars, any liquid water would have to be a highly concentrated brine solu-
tion. Hence, that means that any present-day Martian microorganisms would
be similar to terrestrial halophiles. Even if present-day life is not present on
Mars, it is an interesting consideration that ancient bacteria preserved in salt
deposits could be retrieved from an era when the climate of Mars was more
conducive to life (L a n d i s, 2001).

1.2. Extremophiles and extreme environment conditions

When biologists ask the question 'What is life?' they are constrained by
the range of life forms on Earth. However, when the astrobiologist asks the
same question all boundaries are removed. Imagination is the only limitation
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to the astrobiologist's thinking. In case of that, extremophiles are only one of
possibilities in human imagining of beginning, evolution and distribution of
life in the Universe.

The special microorganisms which are able to colonize ecophysiological
severe conditions are called “extremophiles". From our anthropocentric point
of view these habitats are considered “extreme" although by the microorga-
nisms themselves these places are essentials “oasis" (S e c k b a c h and C h e -
l a - F l o r e s, 2001).

Extremophiles thrive on the edge of temperature, hypersalinity, pH, pres-
sure, dryness and desiccation. All three domains of life (Archea, Bacteria and
Eukarya) are among the extremophiles (S e c k b a c h and C h e l a - F l o r e s,
2001). Two of these domains are prokaryotes, namely Bacteria and Archea.
Extremophiles have been found in a wide range of environments on Earth,
wherever there is liquid water. Extremophiles thrive at 3 km depth under the
surface, in nuclear reactors, hydrothermal vents and springs, acid mine draina-
ges and acid rivers (Rio Tinto river in Spain), in areas of high heavy metal
concentrations, in halite crystals, in polar ice and lakes and in vacuums and
under anaerobic conditions. They have been also found in the Dry Valleys of
Antarctica and in the Atacama desert of Chili (J a v a u x, 2006).

Classification and examples of extremophiles are given in Table 1.

Tab. 1 — Classification and examples of extremophiles (G r o s s, 1998)

Type Definition Examples

Tempera-

ture

hyperthermophile
thermophile
mesophile
psychrophile

growth > 80°C
growth 60—80°C
15—60°C
< 15°C

Pyrolobus fumarii, 113°C
Synechococcus lividis
Homo sapiens
Psychrobacter, some insects

Radiation Deinococcus radiodurans

Pressure barophile
piezophile

Weight loving
Pressure loving

Unknown
For microbe, 130 MPa

Gravity hypergravity
hypogravity

> 1g
< 1g

None known
None known

Vacuum tolerates vacuum (space
devoid of matter)

tardigrades, insects, microbes,
seeds.

Desiccation xerophiles anhydrobiotic Artemia salina; nematodes,
microbes, fungi, lichens

Salinity halophile Salt loving (2—5 M
NaCl)

Halobacteriacea, Dunaliella salina

pH alkaliphile

acidophile

pH > 9

low pH loving

Natronobacterium, Bacillus firmus
OF4, Spirulina spp. (all pH 10.5)
Cyanidium caldarium,
Ferroplasma sp. (both pH 0)

Oxygen

tension

anaerobe
microaerophil
aerobe

cannot tolerate O2
tolerates some O2
requires O2

Methanococcus jannaschii
Clostridium
Homo sapiens

Chemical

extremes

Gases
Metals

Can tolerate high
concentrations of
metal (metalotolerant)

Cyanidium caldarium (pure CO2)
Ferroplasma acidarmanus (Cu, As,
Cd, Zn); Ralstonia sp. CH34 (Zn,
Co, Cd, Hg, Pb)
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1.2.1. Extreme Temperatures

Life on Earth is based on the chemistry of carbon in water. The tempera-
ture limits compatible with the existence of life are thus imposed by the essen-
tial properties of chemical bonds engaged in this type of chemistry at different
temperatures. Two requirements are obligate. Firstly, the covalent bonds be-
tween carbon and other atoms involved in the structure of biological molecules
should be sufficiently stable to allow the existence of large macromolecules
with informational, catalytic properties or both. Secondly, non-covalent links
(ionic and hydrogen bonds) should be labile. This is a very important point
since only weak bonds can allow specific, fast and reversible interactions of
biological molecules and macromolecules. These chemical limits will mainly
define the upper and lower temperatures for life. And, it is known that terre-
strial organisms can live in the temperature range from –12°C to 113°C (ESA,
1999).

1.2.1.1. High Temperatures

The thermophiles and hyperthermophiles are microorganisms living at
high temperature. Thermophiles are found in hot waters, geothermal areas and
sun-heated soils. In the hot springs of Yellowstone National Park several spe-
cies, including the bacterium Thermus aquaticus, grow at temperatures higher
than 70°C. Hyperthermophilic Archea and bacteria have been cultured from
production fluids at temperature up to 110°C from oil reservoirs 3 km below
the bed of North Sea (S e c k b a h, 2000). Pyrolobus fumarii inhabits subma-
rine hydrothermal vents at temperature for over 100°C, and it has a highest
temperature tolerance of 113°C among all forms of life (B l ö c h et al., 1997).
An older publication suggested extremely high values for archaean temperature
limits of cells isolated from submarine vents or “black smokers" (B a r o s s &
D e m i n g, 1983). Those archean cells were reported to grow at 250°C at 265
atmospheres. It is interesting to note that the most deeply rooted organisms are
thermophiles, both in Bacteria and Archea, suggesting that the earliest com-
mon ancestors might have been thermophilic microorganisms (H o r n e c k, 2000).

1.2.1.2. Low Temperatures

Life is extremely diverse in the ocean at temperatures of 2°C. Living or-
ganisms, especially microorganisms, are also present in the frozen soils of arc-
tic and alpine environments (R u s s e l, 1992). Though, their optimal growth
temperatures are ordinarily well above the temperature of the site of isolation.
Those organisms with optimal growth temperatures below 15°C and mini-
mal growth temperatures below 0°C are psychrophiles. And those capable of
growth at 0°C but with optimal growth temperatures above 15°C are psychro-
trophs. Psychrotrophs usually outnumber psychrophiles in a given biotope, be-
cause they can benefit more efficiently from ephemeral “warm" conditions
(ESA, 1999; C a v i c c h i o l i, 2006).
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1.2.2. High-Salt Environments

A group of well-studied extremophiles are the salt-loving organisms known
as extreme halophiles (G a l i n s k i & T y n d a l l, 1992). Monovalent and di-
valent salts are essential for terrestrial life (K+, Na+, Mg++, Zn++, Fe++,
Mn++) because they are required as co-catalysts in many enzymatic activities.
All organisms are salt-dependent, in that sense. But, the tolerated salt concen-
trations are usually quite low (< 0.5%) because high salt concentrations disturb
the networks of ionic interactions that shape macromolecules and hold together
macromolecular complexes. The extreme halophiles, have managed to thrive in
hypersaline biotopes (salines, salted lakes) up to 250—300 g/l NaCl. They are
so dependent on such high salt concentrations that they cannot grow at con-
centrations below 10% NaCl (ESA, 1999). Halophiles may grow in hypersa-
line water bodies such as the Great Salt Lake (Utah) or in the Dead Sea
(Israel) and in saltern evaporation ponds. Halophiles have been also observed
in underground salt deposits. Many of these environments contain microorga-
nisms that may have survived millions of years in a dormant state (S e c k -
b a c h, 2000; R o b e r t s, 2005).

1.2.3. Acidic and Alkaline Environments

The chemistry of life on Earth is optimised for neutral pH. Some micro-
organisms have been able to adapt to extreme pH conditions, from pH 0
(extremely acidic) to pH 12.5 (extremely alkaline), although maintaining their
intracellular pH between pH 4 and 9 (ESA, 1999). Acidophilic microorga-
nisms are found in all three domains of life. These organisms grow at pH
levels of 0 to 4. Among the acidophiles are sulfur bacteria, Archea and photo-
trophic hot spring protest like the thermoacidophilic algae Cyanidium calda-
rium, Dunaliella acidophilum and diatoms. Hyperthermophilic archaean Pyro-
lobus fumari lives at pH range of 4 to 6,5 (B l ö c h et al., 1997; M a d i g a n
& O r e n, 1999). Many bacteria and a few archaea, live at the other extreme
of the pH range, from pH 9 up to pH 12, they are called the alkaliphiles
(G r a n t & H o r i k o s h i, 1992). They are present everywhere on Earth. So-
me of them, which have been discovered in soda lakes rich in carbonates, are
also halophiles (haloalkaliphiles). Most alkaliphiles are mesophiles or medium
thermophilic, but there are hyperthermophilic alkaliphiles, like Thermococcus
alkaliphilus (K e l l e r et al., 1995).

1.2.4. High-Pressure Environments

The barophilic Archaea and bacteria are present in deep subterranean lo-
cations as far as 4 km below the continental crust and on the ocean floor
(pressure 1100 bar) (S e c k b a c h, 2000). The extreme pressure limit for life
on Earth is unknown, environments of above 1100 bar have not been explored.
Though, it might be quite high, because macromolecules and cellular consti-
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tuents apparently only begin to denature at pressure of 4—5000 bar (ESA,
1999). Recent space travel to the Moon and back to Earth has shown that bac-
teria can tolerate long periods (at least 2.5 years) of vacuum. These observa-
tions confirm the extent of the diversity of microorganisms (S e c k b a c h,
2000).

1.3. Extremophiles and Extraterrestrial Life

Among early microorganisms, Cyanobacteria played a major role, inven-
ting oxygenic photosynthesis and causing the most profound alteration in hi-
story of our planet. A few decades ago S a g a n (1961) proposed an extra-
vagant planetary engineering plan. He suggested seeding the atmosphere of ho-
stile planet with cyanobacteria for making these planets habitable for life.
F r i e d m a n n and O c a m p o - F r i e d m a n n (1995) followed this idea of
Sagan's and also proposed propagating Mars with cyanobacteria for extra-
terrestrial terraforming (S e c k b a c h, 2000). S v i r å e v (2005) define practi-
cal use of cyanobacteria in astrobiology, with term “astrobiotechnology".

The only criteria that is required without an exception is that every ecolo-
gical niche which supports life has the presence of water in liquid form for
some portion of the year. Mars is a salt-rich environment. Any present-day
water would likely be a saturated salt solution, with a lower vapor pressure
and a lower melt temperature than pure water (L a n d i s, 2001). Conditions
for life on present-day Mars do not exist, but it may be possible that halobac-
teria may still be retrieved in salt deposits on Mars and cultivated in a suitable
medium for growth. It is verified that bacteria on Earth can survive in salt de-
posits that are over 650 million years old. It is reasonable to extrapolate that
possibly bacteria could survive in salt deposits for over a billion years. If this
were to be true, then bacteria might be retrieved and cultured from an era da-
ting to the time that Mars had a warm climate with liquid water, approxi-
mately 3.5 billion years ago (L a n d i s, 2001). Although the number of extre-
me conditions on Mars surpass all natural combinations of extreme conditions
on Earth, it can be drawn a parallel between, in this case, salt rich soils on
Earth and environment on Mars, which is also salt rich.

Because Mars is a salt-rich environment some halophiles might survive
there. Here we are considering, basically, salinity as the reason why we should,
in some cases, identify these two environments on Earth and on Mars. Vojvo-
dina has regions that are salt rich and there are found many different strains of
cyanobacteria (G a n t a r et al., 1991; S v i r å e v, 1992). In this paper are gi-
ven some data of cyanobacterial strains sampled and cultivated from regions
mentioned above. This data can serve for the further investigations in this
field, and help us to understand better life and conditions under it can be ob-
tained, also to understand connection between extremophiles, Earth and space.

The aim of this paper is to try in some way to connect extraterrestrial
extreme environments (in this case on the Mars), with extreme environments
in our region.
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2. MATERIAL AND METHODS

Analysis of cyanobacterial appearance and isolation and determination of
cyanobacterial strains have been performed on the samples of salt soils be-
longing to solonetz and solonchak types. The samples were taken from diffe-
rent depths (0—1 cm, 1—30 cm and 30—60 cm) during spring, summer and
autumn 1996.

Solonchak soil has been found on locality near Horgoš. Solonchak be-
longs to halomorphic and salt-accumulatives soils. The name itself points at
the type of soil which contains a lot of salt. The salt storage zone is usually
the largest in surface layers, but can be found on different depths. Carbonate
and bicarbonate solonchaks dominate in Vojvodina. Examined solonchaks con-
tain 1—2% of salt, but concentration reaches up to 20% in surface rinds (Ã i -
r i ã, 1989). Solonetz, like solonchak, belongs to halomorphic soils but in the
class of alkaline eluvial-iluvial soils. Solonetz was examined at village Ku-
mane in Banat. If looked from outside, the soil presents mosaic made of
meso-ridges and depressions. Meso-ridges are micro altitudes, 30—50 cm hig-
her than depressions. Salt is rinsed from meso-ridges and steppe vegetation is
developed. Salt is sedimented in depressions and form white layer on the sur-
face. Usually vegetation is not developed in depressions. In a rainy season this
type of soil, especially depressions, is covered by water. Because of the water
proof B horizon the water cannot get through deeper layers.

Quantification of cyanobacteria has been carried out in the following
way: 3g of soil were added to 50 ml of nitrogen-free (BG-11) medium (R i p -
k a et al., 1979) and mixed on rotary shaker for 15 min at 120 RPM. One ml
of soil suspension was then filtered through a Sartorius filter (pore size 0,45
mm) and washed with 10 ml of BG-11. The filter was placed on solid BG-11
medium and incubated under cool white light at a photon fluence rate of 20
mmol m2 s–1. Dark green colonies on the filter surface were counted after 20 d
and numbers of cyanobacterial colonies are expressed per g of dry soil. Indivi-
dual colonies were transferred to a liquid medium (BG-11). Care was taken to
select morphologically different colonies which were apparently free from bac-
teria and fungi. Axenic cultures were obtained by isolating individual migra-
ting hormogonia following gamma irradiation (1 x 108 and 2 x 108 rads)
(K r a u s, 1966) and antibiotic treatment (V a a r a et al., 1979). The axenic or
unialgal cultures were maintained in BG-11 medium under cool-white lights at
a photon fluence rate of 20 mmol m2 s–1 at 24°C. Cultures of different ages
were microscopically examined both in liquid and solid media.

3. RESULTS

3.1. Number of cyanobacteria

The amount of nitrogen-fixing cyanobacteria in the surface layer of so-
lonchak was 39040 ind.g–1, and in the surface layers of solonetz was 17533
ind.g–1 in absolutely dry soil in 1996 (Fig. 1). Solonetz is found with a higher
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number of nitrogen-fixing cyanobacteria in depressions than on meso-ridges.
This specifically refers on rainy seasons of year when depressions are filled
with water. If we compare occurrence of cyanobacteria and total amount of al-
gae in solonchak and solonetz, the percentage of cyanobacteria was 69.35%
and 48.94% respectively.

3.2. Taxonomical diversity of Cyanobacterial strains

Fifteen strains of cyanobacteria are isolated during our investigation. Only
one belongs to genus Tolypothrix (Fig. 2), and the rest fourteen belong to ge-
nus Nostoc (Fig. 3) (Tab. 1). All strains are morphologically described (stage),
dimensions of vegetative cells, dimensions and percentage of heterocysts are
obtained.
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Tab. 1 — Morphological characteristics of isolated strains of nitrogen-fixing Cyanobacteria

Number
of strain Strain Cyano-

-bacteria Soil
Vegetative

cells length x
width (mm)

Heterocysts
length x

width (mm)

Hetero-
-cysts
(%)

Aserial
stage

1 NS AFCC 1 Nostoc sp. Solonetz 3.31 x 3.31 4.78 x 3.77 8.67 +

2 NS AFCC 21 Nostoc sp. Solonetz 3.03 x 3.07 5.18 x 5.10 3.06 +

3 NS AFCC 22 Nostoc sp. Solonetz 3.61 x 3.35 4.93 x 4.83 14.45 +

4 NS AFCC 23 Nostoc sp. Solonetz 2.55 x 2.75 4.95 x 3.82 5.98 +

5 NS AFCC 58 Nostoc sp. Solonchak 2.93 x 2.55 3.43 x 2.75 6.86 +

6 NS AFCC 301 Nostoc sp. Solonetz 4.96 x 4.39 5.34 x 5.04 7.16 +

7 NS AFCC 302 Nostoc sp. Solonetz 3.00 x 3.79 3.79 x 3.82 6.72 +

8 NS AFCC 303 Nostoc sp. Solonetz 3.91 x 3.67 3.98 x 4.30 12.40 +

9 NS AFCC 304 Nostoc sp. Solonetz 3.30 x 3.48 4.34 x 4.66 8.36 +

10 NS AFCC 308 Nostoc sp. Solonetz 3.34 x 3.27 3.58 x 3.62 9.57 +

11 NS AFCC 310 Nostoc sp. Solonetz 3.64 x 4.18 3.94 x 4.16 6.98 +

12 NS AFCC 312 Nostoc sp. Solonetz 4.02 x 4.20 4.16 x 3.86 — +

13 NS AFCC 68 Nostoc sp. Solonetz 2.55 x 3.40 3.22 x 3.52 9.09 +

14 NS AFCC 69 Nostoc sp. Solonetz 2.80 x 3.82 2.93 x 4.46 10.14 +

15 NS AFCC 67
Tolypothrix

tenuis f.
terrestris

Solonetz 5.00 x 6.54 3.39 x 4.65 7.76 –

4. DISCUSSION

G a n t a r et al. (1991), examined occurrence nitrogen-fixing cyanobacte-
ria in surface layer of three types of soil in Vojvodina: black meadow, solo-
netz and chernozem. Results of their studies showed that higher amount of ni-
trogen-fixing cyanobacteria were found in solonetz, with average value in one
year of 4000 ind.g–1. Together with our results, this is the indicative fact that
large amount of cyanobacteria is present in salt soils, and their presence is re-
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gistered beneath the surface (in the range of 30—60 cm). That would be, in
the case of Mars, of great significance because of the reason that intensive UV
radiation is absorbed on the surface and by that its interior is sheltered from
the big temperature fluctuations that are dominant at the Mars surface.

The thesis that water exists on Mars with a lower vapor pressure and a
lower melt temperature than pure water goes with the facts that saturated solu-
tion of K2CO3, for example, will depress the freezing point of water to below
236 K. Multicomponent aqueous salt solutions can have freezing temperatures
as low as 210 K and water in micron-scale pores between grains of regolith
would have even lower freezing point due to capillary-pore effects (L a n d i s,
2001), which could more or less successfully bridge over, on first look, insur-
mountable obstacle between water in liquid state and low temperatures on
Mars.

Initiated examination can serve for further, larger examinations in this di-
rections, and also for investigations connected with isolation of extreme cyano-
bacteria determined genes, responsible for their “extremeness" and possibilities
of forming a new species by genetic engineering which will be useful in Mars
terraformation. Various microbes on Earth developed a strategy to cope with a
combination of extreme conditions found in their habitats, such as the cyano-
bacterium Chroococcidiopsis which survives a large variety of extreme condi-
tions of dryness, acidity, salt and high as well as low temperatures (W h i t t o n,
2000).

In the case that life in the Earth surroundings does not exist itself, the ter-
raforming with Earth appropriate cyanobacterial extremophiles is still possible.

5. CONCLUSION

Despite the fact that the conditions in extreme salt-rich environments on
Earth are differed than that on Mars it is reasonable to assume that from enor-
mous diversity of strains there will be at last few of them that might serve like
a good analog for possible life on Mars, prior to the cyanobacteria have been
found in almost all extreme environments on Earth.

This work sets inside frames in which the link between Earth and astro-
biology could be proposed, or Earth and one of life possibilities beyond its
boundaries.
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Rezime

Astrobiologija se bavi prouåavawem nastanka, razviãa, rasprostraweno-
sti i buduãnosti ÿivota u svemiru. Mesta na kojima je najveãa verovatnoãa da
postoji ÿivot van Zemqe, a unutar Sunåevog sistema, su Mars i Jupiterov sate-
lit Evropa. Ekstremofili su organizmi koji ÿive i opstaju u uslovima eks-
tremnih temperatura, pritisaka, pH vrednosti, ekstremno slanih staništa,
itd. U ovom radu razmatrane su ekstremofilne cijanobakterije kao moguãi ob-
lici ÿivota u astrobiološkim razmerama. Uzorkovawe je obavqeno u Vojvodi-
ni, a uzorci su uzeti sa zemqišta solowec i solonåak. Åiwenica da solowec i
solonåak sadrÿe visok procenat soli, daje šansu poreðewa ova dva tipa zemqi-
šta sa ÿivotnim uslovima na Marsu, takoðe okarakterisanim visokim procen-
tom soli, što je i osnovna ideja ovog rada.
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PECULIARITIES OF THE AUTONOMIC BALANCE
ASSESSED THROUGH HEART RATE VARIABILITY
ANALYSIS IN SPORTSMEN AND NONSPORTSMEN

ABSTRACT: A comparative study was used to analyze the difference in autonomic
balance assessed by time and frequency domain parameters of heart rate variability (HRV)
between students — athletes and non-sportsmen. Five-minute digital ECG trays were recor-
ded in 21 students — athletes, 10 basketball players recruited from first league clubs of No-
vi Sad and the Serbian representatives and 11 rowers from the Novi Sad rowing club “Da-
nubius". The control group was formed by 15 non-sportsmen, students of the Medical fa-
culty in Novi Sad who underwent the same registrations. Time and frequency-domain of
HRV were analyzed by a software developed by the company “Neurosoft", VNS-Spektr,
Ivanovo, Russia. Resting heart rate in athletes was significantly lower (p < 0.01) than in
non-sportsmen. In time-domain parameters HRV significantly higher values were present in
the group of sportsmen as opposed to non-sportsmen — RRNN (p < 0.01), RMSSD (p < 0.02)
and pNN50 (p < 0.01). In frequency-domain of HRV statistically significant difference
between the two groups was observed only in normalized values of LF and HF (p < 0.05)
and their ratio LF/HF (p < 0.02). LFn was larger in non-sportsmen than in students-athletes.
On the other hand HFn was larger in athletes than in non-sportsmen. The LF/HF ratio was
larger in non-sportsmen (2.87 � 0.34) than in athletes (1.91 � 0.20). After dividing the at-
hletes recruited for this investigation into two groups (basketball players and rowers) signi-
ficant level of difference (p < 0.05) in HRV data was present only in the VLF spectrum
(2060.55 � 290.68 ms2 for rowers and 1303.30 ± 169.95 ms2 for basketball players).

KEY WORDS: Heart rate variability, sportsmen

INTRODUCTION

The regular practice of physical exercise is an important factor to reduce
morbidity and mortality rates of cardiovascular and all other conditions. Even
though moderate exercises enhance health conditions, there are recent and con-
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sistent evidences that high intensity or strenuous exercises have even more sig-
nificant positive effect reducing up to two times mortality rates over a decade
(T a n a s e s c u, L e i t z m a n n, R i m m, 2002).

Monitoring heart rate (HR) has been used to evaluate responses to diffe-
rent exercise stressors for a long time (S u d a k o v, Y u m a t o v, T a r a k a -
n o v, 1995). Recently, the attention has shifted slightly towards the field of
heart rate variability (HRV). Even when HR is relatively stable, the time
between two beats (R-R) can differ substantially (A c h t e n, J e u k e n d r u p,
2003). The variation in time between beats is being defined as HRV, and cur-
rently represents the most promising quantitative marker of autonomic activity
(Task Force, 1996, T u l p p o, H u i k u r i, 2004).

HRV is assessed by examining the beat-to-beat variations in normal R-R
intervals. Originally, HRV was quantified in time-domain, i.e., R-R intervals
in milliseconds (ms) plotted against time. The standard deviation of R-R inter-
vals (SDNN), that is the square root of variance, can show short-term as well
as long-term R-R interval variations. Differences between successive R-R in-
tervals provide an index of cardiac vagal control. This can be quantified by
calculating the root mean square successive difference (RMSSD) of all R-R in-
tervals and the number of adjacent R-R intervals differing more than 50 ms
expressed as a percentage of all intervals over the collection period (pNN50)
(A c h t e n, J e u k e n d r u p, 2003).

In contrast to time-domain measures of HRV, recent developments in
microprocessor technology have enabled the calculation of frequency measures
based on mathematical manipulations performed on the same ECG-derived
data. Instead of plotting the HRV as the change in R-R intervals over time, it
is plotted as the frequency at which the length of the R-R interval changes.
The main parameters on the frequency domain are very low frequency power
(VLF) > 0.4 Hz, low frequency power (LF) 0.04—0.15 Hz, high frequency
power (HF) 0.15—0.4 Hz, ratio between LF and HF (LF/HF) and total power
(TP). HF and LF can also be expressed in normalized units, which represent
the relative value of each power component in proportion to TP minus the
VLF component (A c h t e n J., J e u k e n d r u p A. E., 2003). Some authors
report even on the existence and interpretation of ultra-low frequency power
(ULF) (Task Force, 1996, T u l p p o, H u i k u r i, 2004).

Although cardiac automaticity is intrinsic to various pacemaker tissues,
heart rate and rhythm are largely under the influence of the autonomic nervous
system and of various hormones. The peaks at different frequencies reflect the
different influences of the parasympathetic and sympathetic nervous system
(P o m e r a n z, M a c a u l a y, C a u d i l l et al., 1985), involvement of some
humoral mechanisms in regulation of cardiovascular functions (K o t e l n i k o v,
N o z d r a c h e v, O d i n a k, 2002).

Part of the HRV is caused by respiratory sinus arrhythmia. Many studies
support the view that respiratory sinus arrhythmia is generated by central
coupling of the respiratory oscillator with autonomic centers in the brain stem.
However a mechanical cardiopulmonary coupling has also been suggested
(M c C r a t y, W a t k i n s, A., 1996, T u l p p o, H u i k u r i, 2004). It has
been shown in both clinical and experimental settings that parasympathetic
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activity is a major contributor to the HF component of the HRV power spec-
trum (T a n a s e s c u, L e i t z m a n n, R i m m, 2002).

The evidence for the interpretation of the LF component is much more
controversial. The LF is seen as a marker of sympathetic modulation by some
authors, while others suggest it is a parameter that includes both sympathetic
and parasympathetic influences. It was being ascribed to sympathetic modula-
tion of cardiac pacemaker activity, because a variety of studies demonstrated
that acute interventions that increase sympathetic nervous system activity, such
as orthostatic perturbations, mental stress, handgrip exercise increase LF spec-
tral power of the HR (K o t e l n i k o v, N o z d r a c h e v, O d i n a k, 2002).

It has been suggested that thermoregulation affects VLF heart rate varia-
bility. Studies indicate that both direct effects of temperature on pacemaker
activity of the sinus node and indirect effects mediated via autonomic nervous
system evoke temperature effects on HR and HRV. For not being completely
attributed to any specific physiological mechanism the interpretation of VLF
remains a subject of debate. The major constituent of this component is
thought to be non-harmonic or fractal in nature thus assessed from short-term
recordings it is a dubious measure (Mc C r a t y, W a t k i n s, 1996).

The ratio of LF to HF is considered to reflect the sympatho-vagal balance
(T a n a s e s c u, L e i t z m a n n, R i m m, 2002). This concept has been pro-
moted by some researchers, but it lacks a physiological base. Although sympa-
thetic and parasympathetic nervous activity constantly interacts there is no fun-
damental evidence that they are balanced.

The goal of our study is to reveal the differences in resting autonomic ba-
lance and in autonomic reactivity to the incremental physical load assessed by
time and frequency domain parameters of heart rate variability (HRV) between
students — sportsmen and non-sportsmen. In the current paper we have descri-
bed only the intra-group differences in autonomic tone at the state of rest.

DESIGN OF THE STUDY AND METHODS

Subjects. All the measurements were carried out on 21 students — athle-
tes, 10 basketball players recruited from first league clubs of Novi Sad and the
Serbian representatives (age 18.7 � 0.26 yrs, height 197 � 2.27 cm, weight
88.9 � 3.62 kg, active for 5.6 � 0.4 yrs) and 11 rowers from the Novi Sad
rowing club Danubius (age 16 � 0.36 yrs, height 181.82 � 2.38 cm, weight
72.46 � 2.86 kg, active for 4.27 � 0.24 yrs). The control group was formed of
15 non-sportsmen, students of the Medical faculty in Novi Sad, who had no
regular physical activity (more than 3 times a week, longer than 1 hour daily)
during the last six months prior the measurements. All the participants under-
went a general physical examination to exclude eventual acute diseases and
ailments of the cardio-respiratory and locomotor system.

Protocol. A 5-minute digital ECG was recorded in a comfortable sitting
position (VNS-Spektr, Neurosoft, Ivanovo, Russia). The epoch gained from the
I lead was saved in a computer for further analysis. All R-R intervals were
edited by visual inspection to exclude all the undesirable beats. Time- (RRNN,
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SDNN, RMSSD, pNN50) and frequency-domain analysis (after fast Fourier
transformation) (TP, VLF, LF, HF, LFn, HFn, LF/HF, %VLF, %LF, %HF)
was obtained after computer analysis of the digital electrophysiological signals.

The numerical data were statistically processed with the Statistica for
Windows 6.0 software package. Parametric statistic was applied to calculate
standard statistical factors (mean, standard deviation, error of the mean, etc.).
Student t test was used to perform intra-group comparison. Statistical signifi-
cance of difference was established by one-way ANOVA.

RESULTS

In this investigation we analyzed the time- and frequency-domain para-
meters of HRV in athletes and sedentary non-sportsmen. The results of each
group are presented in table 1 (as the mean value and standard error).

Resting heart rate in athletes (68.00 � 1.87 min–1) was significantly lower
(p < 0.01) than in nonsportsmen (79.54 � 2.15 min–1). In time-domain parame-
ters of HRV significantly higher values were present in the group of athletes
as opposed to non-sportsmen: RRNN were 896.76 � 124.93 ms and 761.15 �

119.93 ms respectively (p < 0.01), RMSSD were 48.14 � 13.44 ms and 35.15
� 13.78 ms respectively (p < 0.02) and pNN50 were 26.09 � 2.86 and 14.17 �

3.14 respectively (p < 0.01).

Tab. 1. — Resting time- and frequency-domain parameters of HRV in students — athletes and
non-sportsmen (M�SE)

¥ Parameters Sportsmen Non-sportsmen Dif. signif.

Time-domain parameters:

1. Pulse (min–1) 68.00 ± 1.87 79.54 ± 12.15 p < 0.01

2. RRNN (ms) 896.76 ± 124.93 761.15 ± 119.93 p < 0.01

3. SDNN (ms) 61.10 ± 13.19 59.77 ± 14.99 p > 0.05

4. RMSSD (ms) 48.14 ± 13.44 35.15 ± 13.78 p < 0.02

5. pNN50 (%) 26.09 ± 12.86 14.17 ± 3,14 p < 0.01

6. CV (%) 6.90 ± 10.37 7.81 ± 10.53 p > 0.05

Frequency-domain parameters:

7. TP (ms2) 4265.67 ± 449.13 4827.92 ± 757.37 p > 0.05

8. VLF (ms2) 1699.95 ± 188.34 2275.31 ± 537.14 p > 0.05

9. LF (ms2) 1605.67 ± 222.34 1781.00 ± 254.40 p > 0.05

10. HF (ms2) 960.19 ± 152.25 771.62 ± 185.72 p > 0.05

11. LFn (nu) 62.61 ± 2.37 71.08 ± 2.84 p < 0.05

12. HFn (nu) 37.39 ± 2.37 28.92 ± 2.84 p < 0.05

13. LF/HF 1.91 ± 0.20 2.87 ± 0.34 p < 0.05

14. %VLF (%) 41.47 ± 3.07 43.12 ± 5.45 p > 0.05

15. %LF (%) 36.89 ± 2.57 40.68 ± 4.45 p > 0.05

16. %HF (%) 21.62 ± 1.70 16.19 ± 2.42 p > 0.05
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Resting time- and frequency-domain parameters of HRV in students —
athletes and non-sportsmen (M � SE)

In frequency-domain of HRV statistically significant difference between
the two groups was observed only in normalized values of LF and HF (p <
0.05) and their ratio LF/HF (p < 0.02). LFn was larger in non-sportsmen
(71.08 � 2.84) than in athletes (62.61 � 2.37). On the other hand HFn was lar-
ger in athletes (37.39 � 2.37) than in non-sportsmen (28.92 � 2.84). The LF/
HF ratio was larger in non-sportsmen (2.87�0.34) than in athletes (1.91 � 0.20).

After dividing the athletes recruited for this investigation into two groups
(basketball players and rowers) we analyzed the differences between them. As
expected, basketball players were significantly taller and weigh more than
rowers (p < 0.01). Significant level of difference (p < 0.05) in HRV data was
present only in the VLF spectrum (2060.55 � 290.68 ms2 for rowers and
1303.30 � 169.95 ms2 for basketball players). No correlation was found among
the parameters of the two sub-groups.

DISCUSSION

In light of a large number of scientific data one can not deny that aerobic
exercise leads to improvement in the maximal oxygen uptake, due to at least
in part, an increase of cardiac output from an increase in systolic volume
(C a r t e r, B a n i s t e r, B l a b e r, 2003). The volume load during endurance
training results in adaptive changes in many aspects of cardiovascular function.
The heart improves its ability to pump blood, mainly by increasing stroke vo-
lume, which occurs because of an increase in end-diastolic volume and a small
increase in left ventricular mass. In contrast, strength training results in larger
increase in left ventricular mass and little or no change in ventricular volume.
Endurance exercise also decreases the metabolic load on the heart at rest and
at any submaximal exercise intensity — by increasing stroke volume and de-
creasing heart rate (A l m e i d a, A r a u j o, 2003).

Long-term physical training influences cardiac rhythm. Maximal HR does
not tend to change, whereas sinus bradycardia is seen in resting conditions and
a slower increase in heart rate at any degree of submaximal oxygen uptake.
These changes are probably related to mechanisms such as increase of venous
return and systolic volume, improved myocardial contractility (C a r t e r, B a -
n i s t e r, B l a b e r, 2003). Adjustments of HR behavior from aerobic training
may also be due to changes of sympathetic-vagal balance — higher parasym-
pathetic and lower sympathetic activity — shown in many studies (C a r t e r,
B a n i s t e r, B l a b e r, 2003).

Enhanced vagal tone to the sinus node has also been proposed to play a
role in sinus bradycardia. Cardiac autonomic blockade study of humans has re-
ported an increase in parasympathetic control of heart rate following endurance
training of proper duration and intensity. Parallel to a large increase in VO2
after endurance training, an increase in parasympathetic control of HR was
shown (P o m e r a n z, M a c a u l a y, C a u d i l l, 1985). Still it remains un-
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clear if the improvement of the aerobic condition from training enhances car-
diac vagal tone, thus resting HR variability (A l m e i d a, A r a u j o, 2003).

When looking at the time-domain variables of HRV, in most studies
trained individuals had significantly higher R-R interval times, SDNN, pNN50
and RMSSD compared with their age- and weight-matched sedentary controls
(C a r t e r, B a n i s t e r, B l a b e r). RMSDD reflects the short-term variance
in HR and is the primary time-domain measure used to estimate the high-
-frequency beat-to-beat variations providing an estimate of the parasympathetic
regulation of the heart. Increased values in athletes like in our case would
indicate a parasympathetic predominance.

Whether the sympathetic nervous system also contributes to the lower re-
sting HR is still controversial (T a n a s e s c u, L e i t z m a n n, R i m m, 2002).
Endurance training seems to reduce the efferent sympathetic neural outflow to
the sinoatrial node in the heart (A u b e r t, S e p s, B e c k e r s, 2003). Pos-
sible mechanisms for such a decrease in a trained individual is that the reflex
heart rate response to myocardial stretch may be augmented through central,
peripheral and reflex adaptations to endurance training (T u l p p o, H a u -
t a l a, M a k i k a l l i o, 2003).

Recent studies offer a different explanation revealing intrinsic electro-
physiological adaptations, such as changes in the sinus node automaticity and
atrioventricular node conductivity (S m i t h, H u d s o n, G r a i t z e r et al.,
1989). Athletic training might induce intrinsic adaptations in the conduction
system (mostly influencing conduction velocity), which could contribute to
the higher prevalence of conductive tissue abnormalities observed in athletes
(S m i t h, H u d s o n, G r a i t z e r et al., 1989). Such indices were also pre-
sent in our study. Four of the sportsmen presented VES in rest and two of
them were diagnosed earlier with left branch block. A possible hypothesis as
to the controversy about autonomic versus non-autonomic determinants of
electrophysiological adaptations in athletes could be a fundamental difference
between short- and long-term physical training programs. Short-term trainings
could induce autonomic adaptations, with a reduction of sympathetic activity
and an increase in parasympathetic activity (leading to bradycardia). On the
other hand, long-term aerobic training, eliciting atrial and ventricular dilata-
tion, would induce intrinsic electrophysiological adaptations and enhance pa-
rasympathetic activity (S h i, S t e v e n s, F o r e s m a n et al., 1995).

When the data are interpreted using frequency domain variables, the re-
sults are slightly less consistent. While some investigators report TP, HF and
LF (in absolute values) significantly higher in athletes compared with seden-
tary individuals, others reveal no such changes (S t e i n, M o r a e s, C a v a l -
c a n t i et al., 2000). In our investigation changes appeared only in the norma-
lized values of HF and LF. The HF expressed in normalized units was signifi-
cantly higher in trained individuals in most of the studies. On the other hand
the trained individuals in the study of E. L. M e l a n s o n and P. S. F r e e d -
s o n (2001) had significantly lower LF compared with their sedentary coun-
terparts.

In our investigation athletes were characterized with lower LF/HF ratio.
The ratio of LF to HF is considered to reflect the sympatho-vagal balance. Ac-

22



cording to this view higher values suggest a sympathetic predominance and
lower parasympathetic predominance. This concept has been promoted by
some researchers, but it lacks a physiological base. However it is true that
both sympathetic and parasympathetic motoneurons respond to interrelated
neural influences. It should therefore be noted that the LF and HF components
of HRV provide a measure of the degree of autonomic fluctuation rather than
a level of autonomic tone (M c C r a t y, W a t k i n s, 1995).

Different values of VLF power spectrum between the groups of basket-
ball players and rowers could be explained by their metabolic and hormonal
adaptations to different training regimes. Alongside temperature, endocrine
factors like reproductive hormones, steroids, renin-angiotensin system also
affect the VLF component of HRV (K o t e l n i k o v, N o z d r a c h e v, O d i -
n a k, 2002). Training regimes tend to evoke hormonal changes that will even-
tually result in a morpho-physiological adaptation to the presented training sti-
mulus. Another difference between the sportsmen of these two groups is age.
The rowers are significantly younger than basketball players being in the hor-
monally active and fluctuant period of their adolescent lives.

Longitudinal studies reveal that moderate to vigorous intensity endurance
training program in adult, previously sedentary men increased markers of para-
sympathetic activity (significant increase in HF power) after 12 weeks (L o i -
m a a l a, H u i k u r i, O j a et al., 2000). Others find no consistent changes in
HRV, although a significant reduction of HR is observed. These authors blame
the short duration of the training program and suggest that in order to obtain
any effect on HRV the training program should last for a period of at least a
year (S t e i n, M o r a e s, C a v a l c a n t i et al., 2000).

Although it would be easy to conclude from the above mentioned studies
that training increases HRV, studies are needed to investigate the direct effects
of training on indices of HRV. While most cross-sectional studies show that
endurance-trained athletes have higher HRV than their age- and weight-match-
ed controls, the results from longitudinal studies are less conclusive. The data
suggest that the duration of the exercise program might be an important factor
when looking at the effects of exercise training on HRV. On the other hand
vigorous training programs are necessary to induce changes in HRV, so in ad-
dition to exercise duration, exercise intensity and training volume may also
play a role, yet no clear guidelines exist for the optimal training stimulus to
obtain solid training adaptations (S h i, S t e v e n s, F o r e s m a n et al., 1995).

In general, obtained data allows us to conclude that long-term (several
years) adaptation to regular training programs in students — sportsmen com-
paring to non-sportsmen controls at the state of rest is reflected in the increase
of parasympathetic activity, slight decrease in sympathetic mechanisms and in
shifting of the autonomic balance to vagal predominance.

The provided research was done on the base of the agreement on scienti-
fic cooperation between the Medical Faculty of the University of Novi Sad (Novi
Sad, Serbia), P. K. Anokhin Research Institute of Normal Physiology, Russian
Academy of Medical Sciences and I. M. Sechenov Moscow medical academy
(Moscow, Russia). This investigation was supported by Provincial Secretariat for
Science and Technological Development of Vovodina N°: 114-451-01395/2006-02.

23



REFERENCES

A c h t e n, J., J e u k e n d r u p, A. E. (2003): Heart Rate Monitoring — Applications
and Limitations. Sports Med 33(7): 517—38.

A l m e i d a, M. B., A r a u j o, C. G. S. (2003): Effects of aerobic training on heart ra-
te. Rev Bras Med Esporte 9(2): 113—20.

A u b e r t, A. E., S e p s, B., B e c k e r s, F. (2003): Heart Rate Variability in Athletes.
Sports Med 33(12): 889—919.

C a r t e r, J. B., B a n i s t e r, E. W., B l a b e r, A. P. (2003): Effect of Endurance
exercise on Autonomic Control of Heart Rate. Sports Med 33(1): 33—46.

K o t e l n i k o v, S. A., N o z d r a c h e v, A. D., O d i n a k, M. M. (2002): Heart Rate
variability: Over view of Mechanisms. Fiziol. Chel., 28 (1): 130—136.

L o i m a a l a, A., H u i k u r i, H., O j a, P., P a s a n e n, M., V u o r i, I. (2002): Con-
trolled 5-mo aerobic training improves heart rate but not heart rate variability or
baroreflex sensitivity. J Appl Physiol 89(5): 1825—9.

M c C r a t y, R., W a t k i n s, A. (1996): Autonomic Assessment Report — a compre-
hensive heart rate variability analysis. HeartMath Research Center 1—42.

M e l a n s o n, E. L., F r e e d s o n, P. S. (2001): The effect on endurance training on
the resting heart rate variability in sedentary adult males. Eur J Appl Physiol
85(5): 442—9.

P o m e r a n z, B., M a c a u l a y, R. J. B., C a u d i l l, M. A. et al. (1985): Assessment
of autonomic func tion in humans by heart rate spectral analysis. — Am J
Physiol 248: H151—H153.

S h i, X., S t e v e n s, G., F o r e s m a n, B. et al. (1995): Autonomic nervous system
control of the heart: endurance exercise training. — Med Sci Sports Exerc 27
(10): 1406—6.

S m i t h, M. L., H u d s o n, D., G r a i t z e r, H. et al. (1878): Exercise training
badycardia: the role of autonomic balance. — Med Sci Sports Exerc 21(1):
40—4.

S t e i n, R., M o r a e s, R. S., C a v a l c a n t i, A. V. et al. (2000): Atrial automaticity
and atrioventricular conduction in athletes: contribution of autonomic regulation.
Eur J Appl Physiol 82(1—2): 155—7.

S u d a k o v, K. V., Y u m a t o v, E. A., T a r a k a n o v, O. P. (1995): Cross-correla-
tion Autonomic criterion of Emotional stress. Fiziol. Chel., 21 (3): 87—90.

T a n a s e s c u, M., L e i t z m a n n, M. F., R i m m, E. B., W i l l e t, W. C., S t a m p -
f e r, M. J., H u, F. B. (2002): Exercise type and intensity in relation to coronary
disease in men. — JAMA 288: 1994—2000.

Task Force of the European Society of Cardiology and the North American Society of
Pacing and Electrophysiology (1996): Heart Rate Variability. Standards of measu-
rement, physiological intepretation and clinical use. European Heart Journal 17:
354—81.

T u l p p o, M. P., H u i k u r i, H. V. (2004): Origin and Significance of Heart Rate Va-
riability. — J Am Coll Cardiol 43(12): 2278—80.

T u l p p o, M. P., H a u t a l a, A. J., M a k i k a l l i o, T. H., L a u k k a n e n, R. T.,
N i s s i l a, S., H u g h s o n, R. L., H u i k u r i, H. V. (2003): Effects of aerobic
training on heart rate dynamics in sedentary subjects. J Appl Physiol 2003; 95:
364—72.

24



POSEBNOSTI AUTONOMNE KONTROLE DOBIJENE KROZ
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Rezime

Ciq istraÿivawa bila je komparativna analiza varijabilnosti sråane
frekvencije (Heart Rate Variability — HRV) kod sportista i nesportista. Spro-
vedena su registrovawa EKG-krive u trajawu od 5 minuta kod 21 sportiste, i to
10 prvoligaških košarkaša koji igraju u novosadskim klubovima i reprezenta-
tivaca, odnosno 11 veslaåa iz veslaåkog kluba “Danubius" iz Novog Sada. Kon-
trolnu grupu predstavqalo je 15 nesportista, studenata Medicinskog fakulteta
u Novom Sadu. Dobijeni vremenski i frekvencijski parametri HRV-a su ana-
lizirani pomoãu softvera Neurosofta, VNS-Spektr, koji su razvili ruski na-
uånici iz Ivanova, Ruska federacija. Vrednosti HRV-a u mirovawu su bile
znaåajno niÿe kod sportista (r < 0.01) u odnosu na vrednosti kod nesportista.
Kod analize vremenskih parametara vrednosti HRV-a su bili signifikantno
više kod sportista u odnosu na nesportiste — RRNN (p < 0,01), RMSSD (p <
0,02) i pNN50 (p < 0,01). U pogledu frekvencijskih parametara, statistiåki
znaåajna razlika je bila uoåqiva jedino kod normiranih vrednosti više (HFn)
i niÿe frekventne oblasti (LFn) (r < 0,05) i odnosa LF/HF (p < 0,02). Vrednost
LFn bile su više kod nesportista u odnosu na sportiste. S druge strane, vred-
nosti HFn bile su više kod sportista. Odnos LF/HF je pokazivao više vredno-
sti kod nesportista (2.87 � 0.34), nego kod sportista (1.91 � 0.20). Meðusobnim
uporeðivawem u grupi sportista, statistiåki znaåajna razlika (r < 0.05) kod
vrednosti HRV-a postojala je samo u domenu veoma niske frekvencije (VLF)
(2060.55 � 290.68 ms2 kod veslaåa i 1303.30 � 169.95 ms2 kod košarkaša).
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BODY HEIGHT AND WEIGHT AND NUTRITIONAL
STATUS IN ADULT POPULATION OF

NORTHWEST BAÅKA AND CENTRAL BANAT
(SERBIA, VOJVODINA)

ABSTRACT: Body height and weight are influenced by interaction of genetic and
environmental factors but also depend upon the ethnic and socio-cultural characteristics of
populations.

The aim of the study is to determine the height, weight and nutritional status of adult
population of Vojvodina, as well as to establish similarities and differences among various
ethnic groups, i.e. the natives of Vojvodina and newcomers from different parts of former
Yugoslavia.

The investigation was conducted in 10 rural settlements of northwest Baåka and cen-
tral Banat. The investigation included 608 males (mean age 41.34 � 11.49) and 768 females
(mean age 41.85 � 10.64). Data processing included standard statistical methods, while
t-test was employed for testing differences among groups. In relation to ethnic group belon-
ging, the analysis included Serbs, Hungarians and Montenegrins, while natives and new-
comers from Bosnia and Herzegovina were analysed in relation to the native land origin.

The subjects of both sexes from central Banat have greater height than the subjects
from northwest Baåka. Hungarians of both sexes exhibit lower body height in comparison
with all other groups, while Herzegovina newcomers have the greatest height values. For
body weight, similar values are obtained in both of the areas. The average BMI in males
equals 27.23 kg/m2 in Baåka and 26.59 kg/m2 in Banat. In females, the values are lower
and equal 26.12 kg/m2 in Baåka and 25.29 kg/m2 in Banat.

The population of this region is characterised by great height. Natives of both sexes
show markedly lower height and weight values in relation to all three newcomers groups.
The greatest number of male population falls in the category of overweight (46%). Females
are mostly of normal weight (47.81%), while the number of overweight and obese females
equals 34.67% and 14.42%, respectively.

KEY WORDS: Body height, weight, BMI, ethnic groups, males, females, adults, Ba-
nat, Baåka, Vojvodina
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INTRODUCTION

Body height and weight are the two traits most often characterised as the
best indicators of physical status of populations. These traits are primarily in-
fluenced by interaction of genetic and environmental factors but also depend
upon the ethnic and socio-cultural characteristics of populations. Their ratio
can be used for determining body proportions and nutritional status. Today the
use of BMI (body weight (kg)/body height (m2)) is widespread in large-scale
epidemiological surveys for assessing overweight, obesity and underweight
(H e y w a r d and W a g n e r, 2004). In the cases when BMI values exceed
the standard limit set for normal weight, serious health problems can be en-
countered. Data from the literature have pointed out that BMI values are in-
fluenced by various factors, such as age, gender, body constitution, life-style,
social status and ethnic group belonging (R o l l a n d - C a c h e r a et al., 1991,
S h e t t y and J a m e s, 1994, K u c z m a r s k i et al., 1997, H a j n i š and
P e t r á s e k, 1999, I s h i z a k i et al., 2004, D a n u b i o et al., 2005, A n -
d r e e n k o, 2005).

Due to its good geographic position, Vojvodina region has always attrac-
ted nations with different ethnic, religious, cultural, social and anthropological
characteristics. According to the latest census, today in Vojvodina there are 2
031 992 inhabitants belonging to 41 ethnic groups. The largest among them
are the Serbs (65%), followed by Hungarians (14.28%), Slovaks (2.79%),
Montenegrins (1.75%), Rumanians (1.50%), Romanies (1.43%), Bunjevci (0.79%)
etc.

According to V l a h o v i ã (1994, 2004), in present population of Voj-
vodina, the Serbs represent the oldest ethnic group. Hungarians were the next
who settled in this region, together with Slovaks, after the liberation from
Turks. In comparison with other ethnic groups, Serbs and Hungarians are the
oldest groups, or so-called natives, and represent 54% of the whole population
today (Serbian Statistical Annual, 2003). In addition, a large number of the in-
habitants of Vojvodina (46%) are so called newcomers who arrived in this re-
gion from different parts of former Yugoslavia after the First and particularly
the Second World War. In the postwar period, Montenegrins coming from all
parts of their country constituted a significant percentage of newcomers in
northwest Baåka. Bosnian population (Kljuå, Bosanska Krupa, Bosanska Gra-
diška, Livno and Bosanski Petrovac) as well as Herzegovinian (Trebinje, Mo-
star, Ljubinje, Stolac, Konjic) mostly settled in the central Banat.

Ethnic diversity is the real treasure of Vojvodina and as such offers large
possibilities for anthropological investigations. Previous investigations of the
height of Montenegrins and other newcomers to Vojvodina showed that Mon-
tenegrins had greater height in comparison with natives (G a v r i l o v i ã, 1960a, b)
and other newcomer groups (B o ÿ i ã, 1976). In first investigations of Herze-
govian population in Vojvodina, G a v r i l o v i ã (1962) concluded that Her-
zegovinian adults were characterised by great height and together with Monte-
negrins could be classified into tallest groups on the Balkan Peninsula. In
comparison with natives, they had greater weight. As for the newcomers from
Bosnia (G a v r i l o v i ã, 1964), they were characterised by great height, nor-

28



mal nutritive condition and greater weight than in natives. Following investi-
gations of the population of Vojvodina in the area of Srem (P a v l i c a, 1996,
P a v l i c a et al., 2005) showed that newcomers of both sexes had greater va-
lues of height, weight and BMI in comparison with natives.

Adults of Vojvodina were subjected to a detailed analysis in 1976, while
recent studies included only adults of Srem (1996). Therefore, there is a neces-
sity of conducting researches in other two parts of Vojvodina (Baåka and
Banat).

The aim of the study is to determine the height, weight and nutritional
status of adult population of Vojvodina living in rural areas in northwest Baå-
ka and central Banat, as well as to establish similarities and differences among
various ethnic groups, i.e. the natives of Vojvodina and newcomers from diffe-
rent parts of former Yugoslavia.

MATERIAL AND METHODS

An anthropological investigation of adult population was conducted in ru-
ral settlements of northwest Baåka and central Banat (The Province of Vojvo-
dina, Serbia) in summer and autumn 2004 and in autumn 2005. It was a
cross-sectional survey conducted in compliance with recommendations of In-
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ternational Biological Program (IBP) and World Health Organisation (WHO)
and original Martin's anthropometric instrument was employed (Sieber Heg-
ner, Switzerland).

For all of the subjects height and weight were measured and BMI was
obtained. Subsequently, the subjects were classified into categories that com-
plied with the criteria of WHO (2000).

The investigation included 279 males (mean age 43.35 � 10.85) and 367
females (mean age 42.58 � 10.73) living in northwest Baåka (Mali Iðoš, Lov-
ãenac, Sivac and Crvenka) and 329 (mean age 39.33 � 12.84) males and 401
females (mean age 41.13 � 10.56) living in central Banat (Ÿitište, Klek, Novi
Beåej, Ravni Topolovac, Seåanj and Srpska Crnja) (Figure 1).

The data obtained from all subjects in this investigation included the date
and place of birth, ethnic group and native land origin. Decimal age obtained
from the date of investigation and the date of birth was calculated for all of
the subjects. As for data regarding native land origin, they included the place
of birth of grandparents. The subjects whose grandparents were born in Vojvo-
dina are classified as natives, while those whose grandparents were born in ot-
her parts of former Yugoslavia (Montenegro, Bosnia, Herzegovina, Lika, Ko-
sovo, Dalmatia, Croatia) are classified as newcomers. Those subjects whose
grandparents from one side are natives and from the other newcomers are clas-
sified as “mixed population".

The data were processed in relation to the sex, ethnic group and native
land origin. Data processing included standard statistical methods, while t-test
for large sample was employed for testing differences among groups. In rela-
tion to ethnic group belonging, the analysis included Serbs, Hungarians and
Montenegrins, while natives and newcomers from Bosnia and Herzegovina
were analysed in relation to the native land origin. Newcomers from other
parts of former Yugoslavia and “mixed population" were not analysed separa-
tely, since their number was insufficient for a valid analysis.

RESULTS

The distribution of northwest Baåka subjects of both sexes with reference
to their ethnic group belonging and native land origin is shown in Table 1.

Tab. 1 — Distribution of the subjects by ethnic group and native land origin in northwest Baåka
settlements

Investi-
gation
site

Natives Hungarians
Newcomers

from
Montenegro

Newcomers
from

Bosnia

Newcomers
from different

parts of former
Yugoslavia

Mixed
population

n % n % n % n % n % n %

Lovãenac 11 10.48 — — 65 61.90 13 12.38 13 12.38 3 2.86
Sivac 60 31.09 5 2.59 93 48.19 4 2.07 19 9.84 12 6.21
Crvenka 25 22.52 — — 21 18.92 32 29.73 30 27.03 2 1.81
Mali Iðoš 3 0.84 227 95.78 — — — — 6 2.53 2 0.84

Total 99 15,33 232 35,91 179 27,71 49 7,59 68 10,53 19 2,94
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It includes 4 settlements and the total population is divided into 6 catego-
ries. The group of natives includes the population of Serbian origin and other
smaller ethnic groups whose grandparents from both sides were born in Voj-
vodina. The highest percentage is observed in the following 3 categories: Hun-
garians (35.91%), newcomers from Montenegro (27.71%) and natives (15.33%).
As for other categories, they are present in lower percentage.

The distribution of central Banat subjects in relation to the native land
origin (Table 2) shows that natives are the most numerous group (33.70%),
followed by newcomers from Bosnia (25.89%) and Herzegovina (21.51%).
The other categories are present in lower percentage. The distribution of
northwest Baåka and central Banat subjects obtained in this study complies
with the percentage data obtained in the latest census in 2002.

Tab. 2 — Distribution of the subjects by native land origin in central Banat settlements

Investigation
site Natives Newcomers

from Bosnia

Newcomers
from

Herzegovina

Newcomers from
different parts of

former Yugoslavia

Mixed
population

n % n % n % n % n %

Ÿitište 37 25.52 55 39.31 21 14.48 20 13.79 10 6.89
Klek 31 14.69 61 28.91 71 33.65 36 17.06 12 5.68
Novi Beåej 110 78.57 11 7.86 1 0.71 12 8.57 6 4.28
Ravni Topolovac 3 6.45 13 41.93 14 45.16 1 3.22 1 3.22
Seåanj 27 25.71 18 17.14 43 40.95 9 8.57 7 15.23
Sr. Crnja 38 38.00 31 31.00 7 7.14 14 14.28 10 10.20

Total 246 33,70 189 25,89 157 21,51 92 12,60 46 6,30

The basic parameters of descriptive statistical analysis and t-test values
for height, weight and BMI of the total number of male and female subjects
are shown in Tables 3 and 4, respectively.

Tab. 3 — Distribution of body height, weight and BMI in northwest Baåka and central Banat —
males

Northwest Baåka Central Banat

Age
Body
height
(cm)

Body
weight

(kg)

BMI
(kg/m2) Age

Body
height
(cm)

Body
weight

(kg)

BMI
(kg/m2)

n 279 279 279 279 329 329 329 329
Mean 43.35 174.78 83.32 27.23 39.33 178.40 84.72 26.59
SD 10.85 7.23 14.44 4.16 12.14 7.24 13.00 3.56
Min 18.01 156.50 51.50 18.02 17.87 157.50 55.00 18.38
Max 68.53 199.00 138.00 40.76 66.15 202.00 125.00 37.03
CV 25.02 4.14 17.33 15.28 30.87 4.06 15.35 13.38
t-test 2.01* 6.15** 1.33

* p < 0.05; ** p < 0.01

It is observed in Table 3 that the average age is 43.35 years for northwest
Baåka subjects and 39.33 years for the subjects of central Banat. The males
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from central Banat show greater height (178.40 cm) than the males from
northwest Backa (174.78 cm), this difference being statistically significant (p <
0.01). Coefficient of variation for both of the groups equals approximately 4%,
thus indicating homogeneity of the samples.

The average weight in males of central Banat and northwest Baåka equals
84.72 kg and 83.32 kg, respectively; this difference is statistically insignifi-
cant. This trait, however, shows greater coefficient of variation (15%), which
complies with usual manifestation of this trait in a human population. The ave-
rage BMI in both groups of the subjects is approximately 27 kg/m2.

Tab. 4 — Distribution of body height, weight and BMI in northwest Baåka and central Banat —
females

Northwest Baåka Central Banat

Age
Body
height
(cm)

Body
weight

(kg)

BMI
(kg/m2) Age

Body
height
(cm)

Body
weight

(kg)

BMI
(kg/m2)

n 367 367 367 367 401 401 401 401
Mean 42.58 162.38 68.79 26.12 41.13 163.06 67.21 25.29
SD 10.73 6.36 12.36 4.63 10.56 6.32 11.34 4.25
Min 15.94 140.00 40.00 16.73 19.29 143.00 45.00 17.06
Max 69.52 179.00 122.00 42.08 67.33 183.20 115.00 43.28
CV 25.19 3.91 17.96 17.72 25.67 3.87 16.88 16.81
t-test 1.84 2.58** 1.49

* p < 0.05; ** p < 0.01

As for females, both of the groups (Table 4) are above 40 years of age.
Alike males, greater height is observed in central Banat females (163.06 cm)
than in females from northwest Baåka (162.38 cm), but this difference shows
no statistical significance. Variation coefficients indicate the homogeneity of
the female sample.

The average weight of females from Baåka is 1.5 kg greater than the ave-
rage weight of Banat females, this making no significant statistical difference.
As for the average BMI, it is lower than in males.

Tab. 5 — Distribution of body height, weight and BMI in natives and newcomers from different
parts of former Yugoslavia — males

Characteristics
Serbs

natives in
Baåka

Serbs
natives in

Banat
Hungarians

Newcomers
from

Montenegro

Newcomers
from

Herzegovina

Newcomers
from

Bosnia

Body
height

n 44 63 104 82 77 87
Mean 175.8 176.50 172.42 176.33 180.74 179.48
SD 6.56 7.00 7.00 7.18 7.07 5.83

Body
weight

Mean 82.8 83.10 80.86 86.74 88.52 86.22
SD 13.63 14.26 14.74 13.81 13.02 11.69

BMI
Mean 26.7 26.60 27.14 27.89 27.10 26.80
SD 3.32 3.90 4.37 3.99 3.70 3.40

32



Tables 5 and 6 show the distribution of height, weight and BMI in nati-
ves and newcomers. In both sexes there are 6 categories representing largest
ethnic and native land groups. It can be observed in Table 5 that the lowest
height is recorded in Hungarians (172.42 cm), and the greatest in newcomers
from Herzegovina (180.74 cm) and Bosnia (179.48 cm). These differences are
statistically significant (p < 0.01). Hungarions show significantly lower values
of height in comparison with both groups of Serb natives and Montenegrins (p
< 0.01). Approximately equal values of height are observed in natives of Ser-
bian nationality and newcomers from Montenegro.

A similar distribution is observed with reference to weight. The lowest
values are recorded in Hungarians (80.86 kg) and the highest in newcomers
from Herzegovina (88.52 kg) and Bosnia (86.22 kg), this being statistically
significant (p < 0.01). It can be observed that natives of Serbian and Hunga-
rian nationality are characterised by significantly lower weight in relation to
the three groups of newcomers (p < 0.01).

The average BMI values are mostly equal. The lowest BMI is recorded in
Serbian natives in Banat (26.60 kg/m2) and the highest in Montenegrin new-
comers (27.89 kg/m2), making this difference statistically significant (p < 0.05).
No statistically differences are observed in other categories.

Tab. 6 — Distribution of body height, weight and BMI in natives and newcomers from different
parts of former Yugoslavia — females

Characteristics
Serbs

natives in
Baåka

Serbs
natives in

Banat
Hungarians

Newcomers
from

Montenegro

Newcomers
from

Herzegovina

Newcomers
from

Bosnia

Body
height

n 34 90 145 95 80 104
Mean 163.5 162.33 160.63 164.58 166.48 163.24
SD 6.02 6.04 6.39 5.97 6.14 5.78

Body
weight

Mean 71.5 66.48 67.67 69.18 68.41 67.22
SD 13.22 11.50 12.63 12.66 10.67 11.04

BMI
Mean 26.9 25.22 26.23 25.62 24.74 22.58
SD 5.49 4.10 4.62 4.83 3.91 4.24

In females (Table 6), lower height is observed in Serbian natives in Banat
and Hungarians, while newcomers from Montenegro and Herzegovina show
greater height values. Significantly lower height is observed in Hungarian fe-
males (160.63 cm) in comparison with all native and newcomer groups (p < 0.05
and p < 0.01, respectively). The greatest height is recorded in female new-
comers from Herzegovina (166.48 cm).

The lowest weight value is observed in Serbian females from Banat
(66.48 kg) and the heighest in Serbian females from Baåka (71.5 kg). Diffe-
rences observed among individual groups are statistically insignificant.

The average BMI shows greater variability than in males ranging from
22.58 kg/m2 (female newcomers from Bosnia) to 26.9 kg/m2 (Serbian natives
in Baåka). Female newcomers from Bosnia show significantly lower BMI (p <
0.01) in comparison with other groups.
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Graph 1 and 2 present the category of BMI in both sexes of different
ethnic groups. In males (Graph 1), the identical trend of BMI distribution in
all groups is observed. The greatest number of subjects are overweight (25—
29.9 kg/m2). In general, 46% of subjects from all ethnic groups are over-
weight. Within this category, the smallest number is observed in Hungarians
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Graph. 2 — Categorization of body mass index in relation to ethnic groups — females



(37.50%) and the greatest in newcomers from Bosnia (52.87%) and natives
from Baåka (52.27%). The percentage of subjects with normal weight equals
31.51%. This refers to all ethnic groups with an exception of newcomers from
Montenegro and Herzegovina where this percentage is lower. Obesity (BMI
30—39.9 kg/m2) is present in 21.88%, varying from 13.64% (Serbian natives
in Baåka) to 31.71% (newcomers from Montenegro). In none of the cases
pathological obesity has been observed.

In females (Graph. 2), the identical trend of BMI distribution for all
ethnic groups is also observed. Female subjects are mostly of normal weight
(47.81%), while a smaller number falls into the category of overweight and
obese (34.67% and 14.42% respectively). The same percentage (0.36%) is re-
corded with reference to pathological obesity and medial underweight.

DISCUSSION

The paper analyses height, weight and nutritive status in adult population
of northwest Baåka and central Banat (Serbia). The analysis included 1376 su-
bjects of both sexes in 10 rural settlements. The subjects' average age is above
40 years, except males from central Banat (39 years). Apart from natives who
are mostly of Serbian and Hungarian nationality, the analysis included the
offspring of newcomers of Serbian nationality that settled in this region. They
mostly arrived from Bosnia and Herzegovina in the period from 1946. to
1952.

The results obtained in the analysis of the whole sample in northwest
Baåka and central Banat indicate that the population of this region is characte-
rised by great height. The subjects of both sexes from central Banat have grea-
ter height than the subjects from northwest Baåka. This is particularly obser-
ved in males, where the difference is statistically significant (3.62 cm), which
is not the case with females (0.68 cm). The reason for such distribution pro-
bably lies in the fact that most of the population of northwest Baåka are nati-
ves, opposed to central Banat where there are a lot of newcomers from Herze-
govina and Bosnia. This population, as previous studies have shown (G a v r i -
l o v i ã, 1962, 1964, B o ÿ i ã, 1976), is characterised by greater height than it
is the case with natives. In relation to some studies of the Czech and Slo-
vak populations of the same age (H a j n i š and P e t r á s e k, 1999), similar
values of body height are observed.

The analysis based upon ethnic group belonging and native land origin
shows that Hungarians of both sexes exhibit lower body height in comparison
with all other groups, while Herzegovina newcomers have the greatest height
values. Natives of both sexes show markedly lower height values in relation to
all three newcomers groups, which is in compliance with earlier investigations
of body height of natives and newcomers (G a v r i l o v i ã, 1960a, b, 1962,
1964, B o ÿ i ã, 1976, P a v l i c a, 1996, P a v l i c a et al., 2005).

With reference to the first investigations of Herzegovinian (G a v r i l o -
viã, 1962) and Bosnian (G a v r i l o v i ã, 1964) populations in Vojvodina,
which included only male subjects, an increase in height is observed (5.74 cm
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in Herzegovinians and 6.48 cm in Bosnians). It points to the acceleration, i.e.,
higher growth and physical development, a phenomenon which has been pre-
sent worldwide.

As for body weight, similar values are obtained in both of the areas in-
cluded in this investigation. In males of central Banat and northwest Baåka
body weight equals 84.72 kg and 83.32 kg, respectively. Speaking of females,
the average weight is greater in Baåka (68.79 kg) than in Banat (67.21 kg),
but in neither of the cases these differences are statistically significant. Similar
values of body weight are observed in the Czech and Slovak populations
(H a j n i š and P e t r á s e k 1999).

The analysis of the results by ethnic group belonging and native land ori-
gin indicates the same distribution of males' weight as it is the case with
height. The lowest body weight is recorded in Hungarian males (80.86 kg) and
the highest in newcomers from Herzegovina (88.52 kg) and Bosnia (86.22 kg).
Natives show lower weight values as compared with newcomers, which com-
plies with previous investigations of body weight in Vojvodina (G a v r i l o v i ã,
1962, 1964, P a v l i c a, 1996, P a v l i c a et al., 2005). Opposed to males,
greater uniformity is observed in females' weight, which is also in compliance
with previously obtained results (P a v l i c a, 1996). The lowest body weight is
recorded in Serbian females from Banat (66.48 kg) and the highest in Serbian
females from Baåka (71.5 kg). Differences observed among various groups are
not statistically significant. In comparison with previous studies (G a v r i l o -
v i ã, 1962, 1964) there has been an increase in body weight equalling approxi-
mately 12 kg.

In the sample of the total population of Vojvodina the average BMI in
males equals 27.23 kg/m2 in Baåka and 26.59 kg/m2 in Banat. In females, the
values are lower and equal 26.12 kg/m2 in Baåka and 25.29 kg/m2 in Banat.
These values are markedly higher in comparison with the results obtained for
the same age in Japan (I s h i z a k i et al., 2004), in Italian immigrants (D a -
n u b i o et al., 2005), in France (R o l l a n d - C a c h e r a et al., 1991) and in
developing countries (S h e t t y and J a m e s, 1994). American population
measured in the period between 1988 and 1994 (K u c z m a r s k i et al., 1997)
shows similar averages for 30—59 year-old subjects (males 27.1, females
27.0). The same is observed in the Czech and Slovak population (H a j n i š and
P e t r á s e k, 1999).

The average BMI of different ethnic and native land origin groups is al-
most identical in males and indicates the condition of overweight in all of the
categories. Significant differences are only observed between the lowest and
the highest values (Serbian natives and Montenegrin newcomers).

With regard to females, the average BMI is lower but varies in a larger
span. The lowest BMI is recorded in female newcomers from Bosnia, this
being a significant difference when compared to all other groups.

In BMI categorisation of different ethnic groups the same trend of distri-
bution is observed. The greatest number of male population falls in the cate-
gory of overweight. In all ethnic groups the percentage of individuals with
BMI ranging 25—29.9 kg/m2 equals 46%, with the largest number recorded in
Bosnian newcomers and the smallest in Hungarians. The number of indivi-
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duals of normal weight is above 30%. The percentage of obese males varies
from 13.64% (Serbian natives in Baåka) to 31.71% (Montenegrin newcomers).
The first degree obesity is recorded in all of the subjects (30.0 kg/m2 — 34.9
kg/m2). No cases of pathological obesity are recorded. A similar distribution of
BMI categories is observed in male Bulgarians (A n d r e e n k o, 2005).

Females of different ethnic groups are mostly of normal weight (47.81%),
while the number of overweight and obese females equals 34.67% and 14.42%,
respectively. Pathological obesity and moderate underweight is present in 0.36%.
In relation to the results of BMI studies from different parts of the world
(S h e t t y and J a m e s, 1994), our results point to certain similarities be-
tween the population of Vojvodina and American and Hungarian populations,
as far as the percentage of the overweight and obese is concerned. In compari-
son with developing countries of South America and Africa, however, the per-
centage of the overweight and obese is markedly higher in Vojvodina region.

Adults of this region is characterised by great height. Natives of both
sexes show markedly lower height and weight values in relation to newcomers
groups. The greatest number of male population falls in the category of
overweight (46%). Females are mostly of normal weight (47.81%), while the
number of overweight and obese females equals 34.67% and 14.42%, respec-
tively.
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VISINA TELA, MASA TELA I STAWE UHRAWENOSTI
KOD ODRASLOG STANOVNIŠTVA SEVEROZAPADNE BAÅKE
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Rezime

Visina i teÿina tela su pod uticajem genetskih i spoqašwih åinilaca,
ali na wihovo formirawe utiåu i etniåke i sociokulturne osobine popula-
cija.

Ciq rada je bio da se utvrde visina, teÿina i stawe uhrawenosti odra-
slih stanovnika Vojvodine, kao i sliånosti i razlike izmeðu etniåkih grupa,
starosedelaca Vojvodine i doseqenika iz razliåitih krajeva bivše Jugoslavije.

Istraÿivawe je sprovedeno u 10 ruralnih naseqa u severozapadnoj Baåkoj i
centralnom Banatu. Istraÿivawem je obuhvaãeno 608 muškaraca (41.34 � 11.49)
i 768 ÿena (41.85 � 10.64). Pri obradi podataka korišãena je standardna stati-
stiåka metoda, a razlike izmeðu grupa su testirane t-testom. Prema etniåkoj
pripadnosti analizirani su Srbi, Maðari i Crnogorci, a prema zaviåajnom
poreklu starosedeoci i doseqenici iz Bosne i Hercegovine.

Ispitanici oba pola iz centralnog Banata imali su veãe vrednosti visi-
ne tela od ispitanika iz severozapadne Baåke. Maðari oba pola imali su mawu
visinu tela u poreðewu sa svim ostalim grupama, dok su doseqenici iz Herce-
govine imali najveãu telesnu visinu. Za masu tela uoåene su sliåne vrednosti u
oba ispitana regiona. Proseåna vrednost BMI kod muškaraca je 27.23 kg/m2 u
Baåkoj i 26.59 kg/m2 u Banatu. Kod ÿena vrednosti su niÿe i iznose 26.12 kg/m2

u Baåkoj i 25.29 kg/m2 u Banatu.
Populacija ovih regiona karakteriše se visokim stasom. Starosedeoci

oba pola imaju znaåajno niÿe vrednosti visine i teÿine tela od sve tri grupe
doseqenika. Muškarci su preteÿno prekomerno teški (46%). Ÿene su veãinom
normalno uhrawene (47.81%), prekomerno teških je 34.67%, a gojaznih 14.42%.
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PHYSIOLOGICAL AND GENETIC BASIS
OF PLANT TOLERANCE TO EXCESS BORON

ABSTRACT: Boron (B) deficit as well as excess may significantly limit the organic
production in plants. In extreme cases they may kill the affected plants. Boron excess oc-
curs primarily in arid and semiarid regions, in saline soils or in consequence to human
action. Excessive boron concentrations retard plant growth and cause physiological and
morphological changes (chlorosis and necrosis) first of all in leaf tips and then in marginal
or intercostal parts of the lamina. Physiological mechanisms of plant tolerance to boron
excess have not been studied in sufficient detail. The predominant opinion holds that they
are based on restricted uptake and accumulation of boron in the root and aboveground plant
parts. Significant differences in boron excess tolerance have been observed not only be-
tween different crops but even between different genotypes of the same crop. This has ena-
bled the breeding of crop genotypes and crops adapted to growing on soils rich in available
boron and intensified the research on the inheritance of plant tolerance to high B concentra-
tion. Sources of tolerance to high B concentration have been found in many crops (wheat,
mustard, pea, lentil, eucalypt). Using different molecular techniques based on PCR (RAPD,
SRAP), plant parents and progenies have been analyzed in an attempt to map as precisely
as possible the position of B-tolerant genes. Small grains have been studied in greatest de-
tail for inheritance of B tolerance. B tolerance in wheat is controlled by at least four addi-
tive genes, Bo1, Bo2, Bo3 and Bo4. Consequently, there exists a broad range of tolerance
levels. Studies of Arabidopsis have broadened our understanding of regulation mechanisms
of B transport from roots to above ground parts, allowing more direct genetic manipulations.

KEY WORDS: boron toxicity, mechanism of action, inheritance of tolerance, crop
plants

INTRODUCTION

Effect of a chemical element on vital processes and organic production in
plants depends primarily on its physiological role in plant growth and develop-
ment and its concentration in the environment. Optimum provision with essen-
tial elements is a prerequisite for normal growth and development of plants. If
an element's concentration in nutritive medium is above the optimum but
below a toxic level, it may accumulate in plant tissues, i.e., there occurs a la-
tent excess of that element. If the element's concentration in nutritive medium
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exceeds the toxic level, disturbances in plant vital processes may affect plant
condition and chemical composition, organic matter production and they may
cause death of the affected plants.

Boron is a biogenous element for higher plant. Boron excess as well as
shortage cause physiological and morphological changes in plants. The range
between boron deficit and excess is quite narrow. Excess B in nutritive me-
dium is a frequent limiting factor in crop production. Reasons for the occur-
rence of excess B may be lithogenic and pedogenetic processes or human acti-
vities. Symptoms of B toxic action on crop plants were observed and identi-
fied for the first time in the early 1930s. Signs of B excess have been regi-
stered in southern Australia, western Asia, northern Africa, Turkey (central
Anatolia) and other parts of the world. Previously, scientific attention has been
focused on B shortage. Presently, the attention is beginning to shift towards B
excess, as the practical aspect of this problem gains importance.

SOURCES OF BORON

Boron is widely distributed in nature, but in exceedingly low concentra-
tions. Its content in Earth's crust is approximately 0.0003%. In nature it is
exclusively bound to oxygen, most frequently in the form of polyborates such
as borax, kernite or colemanite. Turmaline is the most important B-containing
mineral (3 to 4%). Total B content in soil ranges from 20 to 200 mg kg–1,
most frequently from 30 to 40 mg kg–1. A major portion of soil B is not
available to plants. Of total B in soil solution, only 5 to 15% are available to
plants, mostly in the form of boric acid (G u p t a, 1979). B concentration in
soil solution typically ranges from 0.01 to 5 mg L–1 (S c h i l l i n g, 2000).
Soils in moderate climate regions also contain available B in the form of cal-
cium borate. In arid regions, available Ca-, Na- and K-borate can be found in
increased amounts. Soils developed from igneous rocks are typically poorer in
B than those developed from sedimentary rocks. Average B proportion in arid
and semiarid soils is higher than in humid soils. This is why B excess is more
frequent in semiarid and arid regions than in humid ones. Because of facili-
tated B leaching in humid regions, their soils are typically poorer in B, espe-
cially sandy soils. Soils in littoral zones frequently have an increased B con-
tent because surf spray contains 4 to 5 mg B L–1. In arid conditions, especially
in soils subject to sodium accumulation, Na- and Ca-borate accumulate on soil
surface. Besides, irrigation water in arid regions frequently has an increased B
content. Also, soils developed from marine sediments have an increased B
content. Toxic concentrations of B had been found in water extracts of most
saline soils from the Vojvodina Province (M i l j k o v i ã, 1968).

B availability to plants depends on a large number of factors (K a s t o r i
1990). Soil organic matter has a particularly positive influence on B availa-
bility. The amount of available B in soil varies in the course of the year. B
availability decreases in proportion to increase in pH, except in the case of
saline soils. If a high pH is due to a high Na concentration, B availability to
plants tends to increase.
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Human activities may affect B content in soil. The problem of B excess
intensifies in greenhouses used for production of vegetables and decorative
plants. Use of irrigation water containing 0.5 to 1.0 mg–1 of B may gradually
lead to its excess (N a b l e and P a u l l, 1991). Plant species vary in reaction
to B content in irrigation water. According to N a b l e et al. (1997), B con-
tent in irrigation water should range from 0.3 do 1 mg–1, 1 to 2.1 mg–1 and 2.1
to 4.0 mg–1 for susceptible, medium tolerant and tolerant species, respectively.
Irrigation with tap water containing an increased B content also may cause ac-
cumulation of excess B in plants. Tap water with B content of 2 mg–1 or more
is considered as unsuitable for irrigation. Ground waters also may have a high
B content. Fertilization with urban compost (P u r v e s and M a c k e n z i e,
1974) or residues containing a large proportion of brown coal may lead to B
excess because of a relatively high B content in brown coal. There was a case
when toxic B action occurred after the application of manure that had been
treated with boric acid to control insects and their larvae. Excess B may also
occur in clay and enameled pots (Mitscherlich pots) used for laboratory growth
trials. Barren soil with high B content removed from strip mines and used as
landfill also may cause B toxicity in plants. Industrial and urban air pollutions,
especially if they contain large amounts of ash, may contribute to B accumu-
lation in soils and plants (K o z m a and T ö l g y e s i, 1978). According to
R o m n e g et al. (1977), risk of B accumulation in soils and plants is present
in the vicinity of coal-fueled power plants because lignite contains up to 300
mg kg–1 B, and its ash, which is an air pollutant, contains from 19 to 51 mg
kg–1 B. Conifers are particularly sensitive to air pollution. B accumulation in
soil may result from systematic application of B fertilizers of B-enriched mine-
ral fertilizers. According to R e i s e n a u e r et al. (1973) toxic B action may
be expected to occur in field crops when B content extracted from soil with
boiling water exceeds 5 mg kg–1, and B shortage when B content goes below 1
mg kg–1. Symptoms of B excess in sandy soil, loamy sand, loamy sand and
loamy and clayey soils occur when B content extracted with boiling water
exceeds 0.80 mg kg–1, 1.00 mg kg–1, 1.20 mg kg–1 and 2.00 mg kg–1 (R o -
b e r t s o n et al., 1975). Considering the narrow range between optimum and
toxic B concentrations, it is necessary to be careful when applying B fertili-
zers, especially to light soils.

PHYSIOLOGICAL BASIS OF TOLERANCE

Boron movement in plants is mostly associated with transpiration course,
which explains why it accumulates in leaf tips and margins. According to
P e t r o v i ã and K a s t o r i (1983), B concentration in leaves identified for
excess B fell from 212 mg B kg–1 DM at leaf margin to 45 mg B kg–1 DM in
the center of the leaf. Because of such distribution pattern, first signs of B
excess occur on leaf tips and margins, in the form of a necrosis, first in mature
and later in juvenile leaves. In the case of high B excess, symptoms also occur
in intercostal parts of the lamina, first as brown spots which necrotize later on.
Progression of symptoms of B excess depends also on B concentration in the
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environment. If B accumulation in plants is gradual, chlorotic spots first occur
on leaves which then become necrotic. If B accumulation is rapid, necrotic
spots develop immediately. Also, various plant organs react differently to high
B concentration. After K l u g e (1990) symptoms of B excess on wheat leaves
appear at lower B concentration than the reduction of grain yield. B content in
wheat seeds may increase 20 times without negatively affecting germination
rate and seedling growth (N a b l e and P a u l l, 1990). In addition to leaf ne-
crosis, excess B causes other morphological and physiological changes such as
reduced plant height, impaired growth of aboveground plant parts (P a u l l et
al., 1990) and roots (H u a n g and G r a h a m, 1990).

Some plant species exhibit specific symptoms of B excess (B e r g m a n n
and N e u b e r t, 1976). In wheat, the stem acquires a pink-red color. In to-
mato, there occurs the curling of top leaves. In grapevine, the edges of young
leaves curl dorsally and pollen variability is reduced. In rice, numbers of
spikes and grains per spike are reduced. Special care should be exercised when
applying B in orchards. Apple fruits mature earlier and such fruits are suscep-
tible to various physiological disorders. If B content in apple fruits is above 40
mg kg–1 DM, the fruits have shorter shelf life.

Morphological changes of plants are not a reliable indicator of B excess
since toxic concentrations of other elements may cause similar symptoms. To
reliably establish B status in plants, it is necessary to determine first B concen-
tration in plants and then in the nutritive substrate. Here it should be kept in
mind that the total B content in soil does not provide a reliable information of
B availability to plants.

The investigations conducted so far seem to suggest that plant tolerance
to toxic concentrations of B is based on several mechanisms. N a b l e (1988)
stated that sensitivity to toxic B concentrations in wheat cultivars depends pri-
marily on tissue capacity to release B. P a u l l et al. (1992) pointed out the
importance of B release via roots, slow B uptake and limited B translocation
to the aboveground parts, singling out the intensity of B uptake as the most
important factor. According to C h a n t a c h u m e et al. (1995) wheat geno-
types tolerant to B excess have a longer root system than sensitive genotypes.
Root length could thus be used as a criterion in breeding for plant tolerance to
excess B. In barley, reduced B uptake is based on genetically controlled slow
passive B transport through the plasmatic membrane of root cells, and not on
the anatomy of the root or transpiration intensity (N a b l e and P a u l l,
1991). As sugars form complexes with B, high sugar concentration may re-
duce B toxicity (Y o k o t a and K o n i s h i, 1990). While some authors claim
that plant species capable of effective B bonding in the cell wall have im-
proved tolerance to high B concentrations, others hold the opinion that B bon-
ding in the cell wall does not play an important role in B detoxication (D a n -
n e l et al., 1998). It is the prevailing opinion that the mechanism of plant to-
lerance to high B concentrations is based on a restricted uptake of B and thus
on its lower accumulation in roots and aboveground parts.

A high B concentration in the cytosol causes disturbances in plant meta-
bolism, also manifested through B complexing with NAD+ or rRNA or through
a specific inhibition of ureide metabolism (L u k a s z e w s k i et al., 1992). Si-
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milarities exist between mechanisms of plant tolerance to high concentrations
of salt and high concentrations of B (N a b l e et al., 1997).

Unfavorable effects of B excess in soil can be mitigated to a certain mea-
sure by calcium application, use of irrigation water low in B or the application
of 90 do 100 kg N ha–1, in the form of lime-ammonium saltpeter. It was ob-
served that satisfactory soil provision with K may lessen the harmful effects of
excess B (S h a l a b y and K á d á r, 1984).

Tab. 1 — Limit values of high and toxic B concentrations in some crops (cit. B e r g m a n n and
N e u b e r t, 1976)*

Crop
Growth stage
at the time of

sampling
Plant organ

Limit value
(mg kg–1 in dry

matter) Reference

High Toxic

Maize Start of
flowering

Leaf next
to the ear 25—35 > 35 *J o n e s, 1967

Wheat Tillering Entire plant 31—100 > 100 *F i n c k, 1968

Potato Start of flower Basal and
medium leaves 53—100 > 140 *W r a z i d l o, 1973

Sugar beet June/July Lamina from
rosette center 201—800 > 800 *N e u b e r t et al.,

1970

Bean Start of
flowering

Lamina of fully
developed top leaf > 150 *C h a p m a n, 1967

Soybean Before the start
of pod forming

Fully developed
top leaf 56—80 > 80 *J o n e s, 1967

Alfalfa 1st cut before
flower

Entire
aboveground part 53—99 > 99 *G u p t a, 1972

Lettuce Before harvest Entire
aboveground part 41—60 > 60

*R o o r d a v a n
E y s i n g a et al.

1971

Sour cherry July/August Leaf 54 — *N e u b e r t et al.,
1970

Grapevine Flower/maturity Leaf opposite to
the grape bunch 40 — *L e v y, 1968

Maize — Leaves — 100 E l - S h e i k h et
al., 1971

Cucumber — Leaves — 400 E l - S h e i k h et
al., 1971

Squash — Leaves — 1000 E l - S h e i k h et
al., 1971

Wheat — Leaves — 100—270 P a u l l et al. 1988

Snap bean — Leaves — 100 F r a n ç o i s , 1989

Cow pea — Leaves — 330 F r a n ç o i s , 1989

Picea sp. — Needles — 960 J u d e l , 1977

Grasses — — — 270—520 J u d e l , 1977
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GENETIC BASIS OF B TOLERANCE

The only correct approach to increasing yields of crops grown on B-rich
soils is the development of plant genotypes tolerant to B excess (K r a l j e -
v i ã - B a l a l i ã et al., 2003). Recent physiological and genetic studies have
contributed significantly to the understanding of the role of genetic variability
in plant response to high B concentrations. Also, these studies facilitated the
development of genotypes adapted to growing on soils high in B. Most of the
crops found to possess large variability regarding the tolerance to B excess
have the same tolerance mechanism — reduced B uptake.

Genetic variation for tolerance to B toxicity exists in a number of crops,
including wheat and barley (C a r t w r i g h t et al., 1987; M o o d y et al.,
1988; P a u l l et al., 1988; Y a u 2002, T o r u n et al., 2006), lentil (Y a u
and E r s k i n e 2000), field pea and other forage crops (P a u l l et al., 1992).
H u a n g and G r a h a m (1990) stated that distinct and consistent differences
among wheat genotypes in response to B toxicity, at both organ and cellular
levels, could serve as a basis for breeding. The genotypes Evropa 90 (YUG),
Peking 11 (CHI) and Kalayan Sona (IND), with lowest mean values of B con-
centration in leaves at heading stage, were appropriate sources for B tolerant
germplasm. They may serve as B tolerant donors in hybridizations. Hexaploid
wheat genotypes had, on average, higher B concentration in leaves at heading
stage than tetraploid genotypes (K r a l j e v i ã - B a l a l i ã et al., 2002).

Largest advances in the study of inheritance of tolerance to excess B have
been registered in cereals. In wheat, this trait has been found to be coded for
by at least four major genes, Bo1, Bo2, Bo3 and Bo4. As these genes exhibit
an additive action, there exists a broad array of tolerance levels. The occur-
rence of transgressive segregation in some crosses indicates that more than
four genes may be involved in the control of this trait (P a u l l et al., 1993,
C a m p b e l l et al., 1994). The wheat chromosomes that carry these genes are
labeled as 4A, 7B, 7D and 7EB, which confirms the earlier hypothesis that the
group 7 of homologous chromosomes play an important role in the control of
tolerance to high B concentration. It is also probable that an allele on the chro-
mosome 4D contributes to the increased sensitivity to B (C h a n t a c h u m e
et al., 1994). As the wheat genotypes tolerant to B excess originate from va-
rious regions (K r a l j e v i ã - B a l a l i ã et al., 2004) and as the transgressive
segregants were found in the progenies of tolerant parents, it may be assumed
that chromosomes other than those in groups 4 and 7 may carry genes that
control the tolerance to excess B. A tolerant genotype, which outyielded sensi-
tive ones by 50% when grown on B-rich soils, had been obtained by backcros-
sing the gene Bo1 from a moderately tolerant genotype into a sensitive geno-
type which, on the other hand, was well adapted to other agroecological condi-
tions (C a m p b e l l et al., 1994).

Using generation mean analysis, K r a l j e v i ã - B a l a l i ã et al. (2004)
found that the mode of inheritance of B concentration in wheat leaves in the
F1 and F2 generations was intermediate, dominant or superdominant, depending
on cross combination. B concentration was under the control of genes with ad-
ditive, dominant and epistatic effects (a x a, a x d, d x d, respectively).
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QTL analyses of barley showed that a major toxicity tolerance locus was
located on the second arm of the chromosome 4H, while a moderate tolerance
locus was on the chromosome 6H (J e f f e r i e s et al., 1999). To obtain re-
liable PCR markers for fine mapping of tolerance to excess B in all plant spe-
cies, S c h n u r b u s c h et al. (2005) used the EST sequences from barley and
wheat and genomic sequences identified in collinear regions of rice (Oryza
sativa L., chromosomes 2, 3 and 6). These authors believe that the search
through these EST data bases, together with the screening of a BAC library
deriving from the lines tolerant to excess B, will enable a map-based isolation
of such genes in barley and wheat, to determine ultimately the molecular me-
chanisms that ensure the tolerance to B excess in cereals.

K a u r et al. (2004) studied the genetic divergence of different canola ge-
notypes (Brassica rapa) in hydroponic trials, field trials and by the method of
molecular markers. The tolerant genotypes had significantly lower B contents
than the sensitive ones, which confirmed that the tolerance mechanism is ba-
sed on the capacity to avoid the uptake of high amounts of B. Analyses of ge-
netic divergence by SRAP (Sequence Related Amplified Polymorphism) revea-
led that sufficient variability existed between the tolerant and sensitive geno-
types for genome mapping of the B tolerance trait. The SRAP technique speci-
fically targets coding sequences and results in the screening of co-dominant
markers (L i and Q u i r o s, 2001).

B tolerance exists also in some lentil genotypes (Lens culinaris), as re-
flected in their high yields when grown on soils rich in B. Application of these
genotypes in breeding programs, particularly back crossing, produces signi-
ficant results, especially when B tolerance is combined with tolerance to salts
and diseases (H o b s o n et al., 2004). According to B a g h e r i et al. (1995),
RAPD markers may be successfully used to characterize pea genotypes for ge-
netic divergence regarding B tolerance.

Extensive studies have been conducted on arabidopsis (Arabidopsis) with
the aim of identifying genes and proteins capable of providing tolerance to
excess B. Five different types of genes have been found which, when expres-
sed in yeast (a model eucariotic organism), exhibit tolerance to excess B
(F u j i w a r a and N o z a w a, 2005). An arabidopsis protein BOR1 has been
found to transport B into the xylem. The amount of this protein regulates B
transport from roots to aboveground parts. Under conditions of B shortage in
the medium, it intensifies B transport to aboveground parts and under condi-
tions of B excess it prevents excessive B accumulation in aboveground parts
and toxic effects. It has been found that post-transcriptional mechanisms play a
key role in the regulation of amounts of BOR1 (T a k a n o et al., 2005).
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Rezime

Kako nedostatak tako i suvišak bora (V) moÿe znaåajno da smawi organsku
produkciju biqaka, a u ekscesnim sluåajevima moÿe da dovede i do wihovog ugi-
nuãa. Suvišak bora se pre svega javqa u aridnim i semiaridnim predelima, na
zaslawenim zemqištima ili kao posledica aktivnosti åoveka. Ekscesne kon-
centracije bora smawuju rast biqaka i izazivaju fiziološke i morfološke
promene (hlorozu i nekrozu) pre svega vršnog i rubnih ili interkostalnih de-
lova liske. Fiziološki mehanizmi tolerantnosti biqaka prema suvišku bora
nisu dovoqno poznati. Preovladava mišqewe da se oni zasnivaju na restrik-
ciji usvajawa i time nakupqawa V u korenu i nadzemnom delu biqaka. Utvrðeno
je da postoje znaåajne razlike u tolerantnosti ne samo vrsta nego i genotipova
prema suvišku V što omoguãava da se putem oplemewivawa stvore genotipovi
gajenih biqaka podesni za gajewe na zemqištima sa poveãanim sadrÿajem pri-
stupaånog V. S tim u vezi intenziviraju se istraÿivawa u vezi sa nasleðiva-
wem tolerantnosti biqaka prema suvišku V. Utvrðeno je da kod velikog broja
biqnih vrsta (npr. pšenica, slaåica, grašak, soåivo, eukaliptus) postoje iz-
vori tolerantnosti prema suvišku V. Upotrebom razliåitih molekularnih teh-
nika koje se zasnivaju na PCR-u (RAPD, SRAP) za analize roditeqskih kompo-
nenata i potomstva nastoji se da se što taånije mapiraju geni nosioci tole-
rantnosti prema suvišku V. Do sada je najboqe prouåeno nasleðivawe ovog svoj-
stva kod ÿitarica. Utvrðeno je da kod pšenice tolerantnost prema suvišku V
uslovqavaju najmawe åetiri gena, Bo1, Bo2, Bo3 i Bo4 koji deluju aditivno, tako
da postoji åitav spektar nivoa tolerantnosti. Prouåavawa na arabidopsisu do-
vela su do boqeg razumevawa mehanizma regulacije transporta V iz korena u
nadzemne organe, što otvara moguãnost direktnijih genetiåkih manipulacija.
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GRAIN FILLING PARAMETERS IN HIGH-YIELDING
NS WHEAT CULTIVARS

ABSTRACT: Grain yield of wheat is dependent on grain weight, which is the result
of grain filling duration and rate. The study was undertaken to examine the relation between
grain weight and rate and duration of grain filling in five high-yielding NS wheat cultivars.
Stepwise multivariate analysis of nonlinear regression estimated grain filling parameters
was used to examine cultivar differences in grain filling. On the basis of three-year average,
the highest grain dry weight had cultivar Renesansa, and the lightest grains were measured
for cultivar Evropa 90. Stepwise multivariate analysis indicated that all three nonlinear re-
gression estimated parameters (grain weight, rate and duration of grain filling) were equally
important in characterizing the grain filling curves of the cultivars studied, although se-
quence of their significance varied in different years, which is probably caused by different
environmental conditions in three years of experiment.

KEY WORDS: grain filling, nonlinear regression, wheat

INTRODUCTION

Grain yield in wheat (Triticum aestivum L.) can be analyzed in terms of
three yield components: number of spikes/m2, number of grains/spike and
grain weight. After anthesis, yield is largely dependent on final grain weight,
which is the result of grain filling duration and rate (W h a n et al., 1996).

The existence of genetic variation in wheat has been reported for both
grain filling duration and rate (D a r r o c h and B a k e r, 1995), and signifi-
cant correlations have been found between grain weight and rate (C a l d e -
r i n i and R e y n o l d s, 2000), but also between grain weight and duration of
grain filling (E v a n s et al., 1975). G e b e y e h o u et al. (1982) found signi-
ficant correlations between both grain filling parameters (duration and rate)
and yield.
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Differences in relative importance of grain filling parameters for grain
yield are probably caused by fact that environmental factors, especially tempe-
rature, also affect grain filling (S t o n e and N i c o l a s, 1994). A better un-
derstanding of the grain filling process may be helpful in breeding efforts to
increase grain yield.

Linear regression (V a n S a n f o r d, 1985), quadratic (N a s s and R e i -
s e r, 1975; B r u c k n e r and F r o h b e r g, 1987) and cubic equation (G e -
b e y e h o u et al., 1982) are statistical methods which have been used to de-
scribe grain filling in wheat. Univariate analysis of variance (ANOVA) can be
used only to differentiate among grain growth curves and D a r r o c h and
B a k e r (1990) suggest stepwise multivariate analysis (K e u l s and G a r -
r e t s e n, 1982) of nonlinear regression estimated parameters as more appro-
priate for analyzing growth curve parameters. Stepwise MANOVA can clarify
the relative importance of the various parameters in a growth curve.

The objective of this study was to examine the relation between grain
weight and rate and duration of grain filling in five high — yielding NS wheat
cultivars.

MATERIAL AND METHODS

Five high-yielding NS wheat cultivars (Pobeda, Renesansa, Evropa 90,
Sonata and Sofija) were chosen for this study in order to examine the possible
differences in their grain filling pattern, and the relation between their grain
filling parameters. It can point out the different ways for increasing yield in
wheat.

The trial was conducted at the experimental field Rimski Šanåevi, Insti-
tute of Field and Vegetable Crops, Novi Sad, in 2000, 2001 and 2002. The
standard agrotechnic procedures were applied. Plot areas were 5 m2, sown in
four replications. Rimski Šanåevi meteorological station data (temperature,
precipitation) were used. Sampling started 14 days after anthesis and continued
at 7-day intervals in first 3 weeks, and approximately 2-day intervals after,
until maturity (13% moisture in grain). Random samples of 20 spikes per plot
were harvested on each sampling date, selected in four replications. 10 grains
from the middle of each of the 20 spikes were removed and oven dried at
80°C for 24 h. The grains were weighed before and after drying.

Dry matter accumulation over time and duration of grain filling were
expressed as a function of accumulated growing degree days (gdd — °C) from
anthesis. Growing degree days in particular sampling date is a sum of average
daily temperatures from anthesis (D u g u i d and B r û l é - B a b e l, 1994).
The grain weight and duration of dry matter accumulation data were fitted by
nonlinear regression to a logistic curve: y = W/(1+exp(B-Cx)) in order to cal-
culate estimated grain filling parameters: final grain dry weight (W — mg),
maximum rate (R — mg dry matter gdd–1) and duration (T — gdd) of grain
filling. Y is average grain weight (mg), x are gdd from anthesis, B is related
to both duration and rate of grain filling and C is related to grain filling rate.
The calculations are described in details in D a r r o c h and B a k e r (1990).
STATISTICA software package was used. Stepwise MANOVA described by
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K e u l s and G a r r e t s e n (1982) was used in order to determine which of
the estimated parameters is the most important in characterizing the grain fil-
ling curves. The most significant parameter is one with the lowest Wilks' � —
value and the set can be extended to two or all three parameters. Only if the
new parameter adds information not already contained in the set, its addition is
considered to be important.

RESULTS AND DISCUSSION

The logistic curve provided a good fit to grain filling data in the study. In
all 60 cases R2 values exceeded 0.95, similar to results obtained by D u g u i d
and B r û l é - B a b e l (1994).

Tab. 1 — Sum of temperatures (°C), average daily temperature (°C) and sum of precipitation
(mm) in May and June in 2000, 2001. and 2002 (Rimski Šanåevi meteorological station, Novi
Sad)

Year 2000 2001 2002

Sum of temperatures 1214.5 1098.5 1245
Average daily temperature 20 18 20.4
Sum of precipitation 67 308 114

Univariate analysis of variance conducted on individual trials (years)
showed significant differences among genotypes regarding all three (grain dry
weight — W, rate — R and duration — T of grain filling) nonlinear regres-
sion estimated parameters in all three trials (Tab. 3). Stepwise multivariate
analysis is used in order to determine the smallest set of estimated parameters
that characterize the grain filling curves in each trial. Grain dry weight was the
parameter with the smallest � — value in 2000, therefore, of all three parame-
ters, W was the most important in differentiating among grain filling curves.
In 2001 the smallest � — value is noted for parameter T, and for R in 2002
(Tab. 3).

Tab. 2 — Nonlinear regression estimated grain dry weight (W — mg), rate (R — mg dry matter
°C–1), duration (T — gdd) of grain filling and anthesis date (AD — number of days from 01. 01.
to anthesis) in five high-yielding NS wheat cultivars, three-year trial

Cultivar
2000 2001 2002

W R T AD W R T AD W R T AD

Pobeda 48.8 0.145 655 128 39.9 0.145 559 135 53.2 0.103 712 132
Renesansa 56.1 0.127 737 125 45.8 0.119 650 134 53.2 0.119 700 130
Evropa 90 50.5 0.130 684 128 39.8 0.116 618 135 47.4 0.099 711 130
Sonata 48.9 0.143 652 128 42.8 0.140 581 135 50.0 0.116 647 132
Sofija 50.1 0.125 711 127 44.0 0.106 706 136 50.3 0.113 680 132

Average 50.9 0.134 688 127 42.5 0.125 623 135 50.8 0.110 690 131

Variation in sequence of significance is probably the result of different
environmental conditions in three years of experiment (Tab. 1). In all cases the
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sets are extended to all three parameters (Tab. 4), which implies the significant
impact of both grain filling duration and rate on grain weight.

Tab. 3 — Tests of significance of cultivar effects in MANOVA of final grain dry weight (W),
maximum grain filling rate (R) and grain filling duration (T), measured in three trials (years)

Conditional
set df

2000 2001 2002

l F l F l F

W, R, T 12, 34 0.0121 12.46** 0.0027 24.28** 0.0006 43.31**
W, R 8, 28 0.0508 12.03** 0.0217 20.25** 0.0164 23.81**
W, T 8, 28 0.0655 10.18** 0.0221 20.05** 0.0099 31.75**
R, T 8, 28 0.0859 8.44** 0.0108 30.11** 0.0170 23.38**
W 4, 15 0.1495 21.34** 0.3250 7.79** 0.2156 13.64**
R 4, 15 0.3307 7.59** 0.0712 48.88** 0.1193 27.67**
T 4, 15 0.2222 13.13** 0.0515 69.00** 0.2602 10.66**

** — significant at the 0.01 level of probability
df — degrees of freedom
l — Wilks l criterion

Cultivar Renesansa had the highest grain dry weight in all trials, as a re-
sult of long grain filling with medium rate. On three-year average, the lowest
grain filling rate and medium long grain filling of cultivar Evropa 90 resulted
in the lightest grains of all five cultivars studied (Tab. 2). Thus, in our envi-
ronments, the condition for heavy grains is not only long grain filling duration,
but also the adequate balance between grain filling duration and rate. It is im-
portant to remark that cultivar Renesansa reached anthesis on three-year ave-
rage two days earlier than other four cultivars (Tab. 2). Grain filling of Rene-
sansa occurred in conditions different enough to provide gradual dry matter
accumulation and to avoid terminal dry and temperature stress, in contrast to
other cultivars studied.

Tab. 4. — Determination of the smallest set of variables required to completely characterize the
grain filling curves in five high-yielding NS wheat cultivars

Year Conditional set l df F Final set

2000

W 0.1495 4, 15 21.34**
R/W 0.3398 4, 14 2.51ns

T/W 0.4381 4, 14 1.79ns

RT/W 0.0809 8, 26 8.21** W, R, T

2001
T 0.0515 4, 15 69.00**

R/T 0.0108 4, 14 30.27**
W/TR 0.2500 4, 13 9.77** T, R, W

2002
R 0.1193 4, 15 27.67**

W/R 0.1375 4, 14 5.94**
T/RW 0.0366 4, 13 86.04** R, W, T

ns ** — nonsignificant, significant at the 0.01 level of probability
W — nonlinear regression estimated final grain dry weight
R — maximum rate of grain filling, T — grain filling duration
df — degrees of freedom
l — Wilks' � criterion
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Variation among wheat genotypes regarding grain filling duration and ra-
te indicates the possibility for breeding manipulation in purpose of increasing
yields, however, other factors, such as anthesis date, number of grains per spi-
ke, number of spikes per m2 and leaf area duration should also be considered.

CONCLUSION

The results of stepwise multivariate analysis of nonlinear regression esti-
mated wheat grain filling parameters showed significant impact of both grain
filling duration and rate on grain dry weight. The highest grain dry weight is
noted for cultivar Renesansa, which was characterized by long grain filling
with medium rate. Renesansa also reached anthesis two days earlier comparing
to other cultivars studied.
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Rezime

Prinos pšenice zavisi od mase zrna, koja je rezultat duÿine i intenzite-
ta nalivawa zrna. Ciq rada je bio ispitivawe veza izmeðu mase zrna i inten-
ziteta i duÿine nalivawa zrna kod pet visokoprinosnih NS sorti pšenice.
Stepwise multivarijaciona analiza nelinearnom regresijom procewenih para-
metara nalivawa zrna je upotrebqena da se ispitaju razlike meðu sortama u po-
gledu nalivawa zrna. U trogodišwem proseku je najveãu masu zrna imala sorta
Renesansa dok su najlakša zrna izmerena kod sorte Evropa 90. Stepwise multiva-
rijaciona analiza je pokazala da su sva tri nelinearnom regresijom procewena
parametra (masa zrna, intenzitet i duÿina nalivawa zrna) jednako znaåajna za
karakterizaciju krivih nalivawa zrna prouåavanih sorti, mada je redosled zna-
åajnosti varirao u razliåitim godinama. Ovome su verovatno uzrok razliåiti
uslovi sredine kojima su prouåavane sorte bile izloÿene tokom tri godine
eksperimenta.
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EFFECT OF CYTOKININS ON THE ACTIVITY
OF SUPEROXIDE DISMUTASE IN NITROGEN

DEFICIENT WHEAT

ABSTRACT: Reactive oxygen species (ROS), such as O2·¯, are formed by electron
transfer to a molecule with stable electron configuration, in electron transport chains in the
cell. ROS are very reactive molecules which are formed at higher rates under stress, such as
drought, high insolation, heath, inadequate mineral nutrition, and such conditions lead to
impairment of various physiological and biochemical processes in the cell. To reduce pro-
duction of ROS, and their detrimental effect, plants developed various enzymatic and
non-enzymatic protective mechanisms. Superoxide dismutase (SOD) is one of the most im-
portant antioxydative enzymes, which removes superoxid anion radical (O2·¯), whose rate of
production is the highest under unfavorable environmental conditions. Plant tissues that
exhibit delayed senescence often have higher cytokinin content, which is accompanied by
reduced amount of ROS. The focus of this paper is to examine whether foliar application of
cytokinins to young wheat plants insufficiently supplied with nitrogen affects the activity of
SOD and amount of O2·¯. Application of trans-zeatine (CK) reduced the activity of SOD,
but this reduction was not accompanied by an increase in the amount of O2·¯. Application
of benzyl adenine (BA) also reduced the activity of SOD, with concomitant increase in the
amount of O2·¯ in wheat leaves.

KEY WORDS: wheat, nitrogen supply, cytokinin, trans-zeatine, benzyl adenine, su-
peroksid-dismutase, superoxid anion radical

INTRODUCTION

Reactive oxygen species (ROS) are extremely reactive molecules because
they have unpaired electron in their structure. ROS formation takes place in all
parts of the cell, in which electron transport takes place (E l s t n e r, 1991).
Superoxide anion radical (O2·¯), one of the ROS, is formed by electron transfer
to molecular oxygen (O2) (M e h l e r, 1951): • (e) + O2 � O2·¯. This reaction
takes place during the electron transport processes in a number of cell com-
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partments. The highest amount of O2·¯ in plant cells are formed in chloro-
plasts, mitochondria and peroxisomes (F r i d o v i c h, 1986).

Superoxide anion radical (O2·¯) is very reactive molecule which acts as
progenitor of destructive chain reactions that finally result in the damaging of
the molecules close to the site of O2·¯ production (B e r l e t t and S t a d t m a n,
1997). Therefore, keeping the low cellular level of O2·¯ is of crucial impor-
tance for cell metabolism. To do that, plant cells developed a number of effi-
cient biochemical mechanisms during the evolution. The most efficient mecha-
nism for removal of O2·¯ from the cell is “ascorbate-glutathione" cycle, which
functions in chloroplasts, mitochondria and peroxisomes, where the highest
amount of O2·¯ is formed (A s a d a, 1999).

The first reaction in the “ascorbate-glutathione" cycle is transformation of
two molecules of superoxide anion radical (O2·¯), with two protons (H+), into
one molecule of hydrogen peroxide (H2O2) and one molecule of oxygen (O2).
The enzyme that catalyses this reaction is superoxide dismutase (SOD):

O2·¯ + O2·¯ + 2H+ SOD
� ��� H2O2 + O2

The importance of SOD in the removal of O2·¯ is thoroughly proven
( P e r l et al., 1993; Y u et al., 1999). Plants with increased synthesis of SOD
in their chloroplasts had higher tolerance to stress-inducing factors such as
drought, low or high temperatures, imbalanced mineral nutrition, etc. Under
stress, in plants with higher SOD activity the growth was less reduced than in
plants in which SOD activity did not increase upon the induction of stress
( Š t a j n e r et al., 2004). Therefore, the activity of SOD may be used as a pa-
rameter to evaluate the level of plant tolerance to particular stress-inducing
factor.

Cytokinins can also participate in removal of ROS from the cell. After
L e s h e m et al. (1979) the molecular structure of cytokinins allows them to
react directly with superoxide anion, but also with the other ROS, thus remo-
ving them from the cell metabolism.

As the possible direct antioxidant activity effect of cytokinins can also
be considered their effect on the activity of antioxidant enzymes, including
SOD. While studying the effects of cytokinins on senescence, several authors
(G r o s s m a n and L e s h e m, 1978; L i u et al., 1996) found that cytoki-
nins, such as zeatin and benzyl adenine, can increase the activity of some anti-
oxidative enzymes (SOD, catalase), and therefore delay senescence of the plant
tissue. Moreover, L e s h e m et al. (1981) showed that cytokinins inhibit the
activity of xanthine oxidaze, an enzyme that is one of the generators of ROS
in the cell. The senescence was delayed also by reduction of lipoxygenase
activity induced by cytokinins, which contributed to preserve the integrity of
cell membranes.

Although it is known that cytokinins have the potential to reduce oxi-
dative stress in plants, this was not tested under nitrogen starvation in wheat.
Therefore, the aim of this study was to analyze the effect of foliar application
of cytokinins (zeatine and benzyl adenine) on the activity of SOD and amount
of O2·¯ in the leaves of young nitrogen-deficient wheat plants.
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MATERIALS AND METHODS

The effect of cytokinins on the activity of SOD and amount of O2·¯ was
analyzed in bread wheat (Triticum vulgare), cultivar Renesansa, differently
supplied with nitrogen. Young wheat plants were grown in water cultures and
foliary treated with solutions of trans-zeatine (CK) and benzyl adenine (BA),
under semi-controlled conditions.

Plant growth

Germination was done in an incubator, in the dark, at 26°C. Seedlings
were divided into three groups at planting. One was supplied with the com-
plete ½ strength Hoagland nutrient solution (H o a g l a n d and A r n o n, 1950)
(control, N1, nitrogen supplied as [2.5 mM KNO3 and 2.5 mM Ca(NO3)2]),
another onto the same solution but with the N concentration reduced to ½
(N1/2, nitrogen supplied as [1.25 mM KNO3 and 1.25 mM Ca(NO3)2]), and for
the third group N concentration was reduced to ¼ of the full dose (N1/4,
[0.625 mM KNO3 and 0.625 mM Ca(NO3)2]). Nutrient solutions were aerated
each day and replaced every 3—4 days. Fifteen days after planting, each group
was divided into 3 sub-groups of 6 pots and 8 plants per pot each, and treated
with solutions of trans-zeatine (CK) and benzyl adenine (BA).

Treatment with cytokinins

Plants were treated with water solution of trans-zeatine (CK) of the
following concentrations: 0 mg/dm3 (deionized water-control, CK 0), 2.5 mg/
dm3 (CK 2.5), 5,0 mg/dm3 (CK 5) and 10 mg/dm3 (CK 10). Benzyl adenine
(BA) was applied at following concentrations: 0 mg/dm3 (deionized water-con-
trol, CK 0), 10 mg/dm3 (BA 10), 40 mg/dm3 (BA 40). Foliar treatments with
both CK and BA were done twice during the experiment by spraying 0.1 dm3

of each solution of 144 plants. The first treatment was done 7 days after plan-
ting and the second 14 days after planting. Plants were analyzed 7 days after
the second treatment.

Extraction of O2·¯ and SOD

O2·¯ and SOD were extracted from 1 g of fresh leaf tissue, in phosphate
buffer pH 7.0, as described by Q u y H a i et al. (1975).

Determination of the amount of O2
·¯ and the activity of SOD

Superoxide radical (O2·¯). The amount of O2·¯ was determined by the
method of M i s r a and F r i d o v i c h (1972), based on the reaction of inhi-
bition of the auto oxidation of adrenaline.
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Superoxide dismutase (SOD). The total activity of SOD was determined
on the basis of the inhibition of transformation of adrenaline into adreno-
chrome in the presence of the air (M i s r a and F r i d o v i c h, 1972).

Statistical analysis

The results were statistically processed by the analysis of variance, and
calculation of the least statistically significant differences (LSD) between the
control and cytokinin treatment, for each level of nitrogen nutrition and for
probability of 5%, using the computer program STATISTICA 7.

In the figures, in the Results section, numerical values above the bars re-
present relative (in %) increase or decrease of the measured value of each
treatment with respect to the control (control = 0). The control plants are those
grown on complete ½ strength Hoagland solution and untreated with cyto-
kinins (N1, CK 0, BA 0).

Following the ranking of mean values by the Duncan test, the significan-
ce of differences between the means is marked by letters inside the figure bars.
Two means differ significantly (for p < 0.05) if they do not share any letters.

RESULTS

The effect of cytokinins on the activity of SOD

The activity of SOD ranged from 33.57 U/g FW (in treatments N1/2 and
N 1/4, CK 10) to 205.52 U/g FW (in the control). Such a high span between
measured values suggests that both nitrogen nutrition and treatment with cyto-
kinins affected the activity of SOD (Fig. 1).

An increase in N concentration in the nutrient solution increased the acti-
vity of SOD, whereas increase in CK concentration significantly reduced acti-
vity of SOD in young wheat leaves. Analysis of variance permits to conclude
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Fig. 1 — Activity of superoxide dismutase (SOD) in leaves of young wheat plants grown
in the presence of different N concentrations and treated with different concentrations of CK



that there is an interaction between applied N and CK concentrations on the
activity of SOD. The effect of N concentration on the activity of SOD signifi-
cantly varied with the increase in the concentration of CK.

In the experiment with BA, the highest activity of SOD was found in the
control (N1 and BA0 — 186.05 U/g FW). The lowest activity was found in
plants supplied with the lowest N and the highest BA concentration (N1/4 and
BA40 — 26.00 U/g FW) (Fig. 2).

With the reduction of N concentration in the nutrient solution the activity
of SOD declined as well. On the contrary, an increase in the BA concentration
reduced the activity of SOD. However, analysis of variance showed that there
was no statistically significant interaction between N and BA concentration on
the activity of SOD.

The effect of cytokinins on the amount of superoxide radical (O2·¯)

In the experiment with CK, the highest amount of O2·¯ (4.35 mmol/g
FW) was found in plants supplied with ¼ of full dose of N and treated with
2.5 mg CK/dm3 solution, whereas the lowest amount of O2·¯ (2.64 mmol/g
FW) was found in plants supplied with full dose of N and treated also with
2.5 mg CK/dm3 solution (Fig. 3).

The concentration of N in the nutrient solution exhibited statistically signi-
ficant effect on the reduction of the amount of O2·¯ in wheat leaves. This re-
duction was the most outstanding in plants grown in the presence of full N
dose (N1) (Fig. 3). The effect of treatment with CK on the amount of O2·¯ in
wheat leaves was not statistically significant.

Treatment with BA significantly increased the production of O2·¯ in leaves.
The highest amount of O2·¯ (4.68 mmol/g FW) was found in leaves of wheat
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Fig. 2 — Activity of superoxide dismutase (SOD) in leaves of young wheat plants grown
in the presence of different N concentrations and treated with different concentrations of BA



grown on nutrient solution containing ¼ of full dose of N and treated with so-
lution containing 40 mg BA/dm3. At the same time, in control plants only 2.14
mmol O2·¯/g FW were detected (Fig. 4).

Both alteration of N and BA concentration significantly affected the pro-
duction of O2·¯ in wheat leaves. Analysis of variance showed that an increase
in N concentration, contrary to BA, reduced the amount of O2·¯. Moreover,
significant interaction between effects of N and BA was present.

DISCUSSION

There is a negative correlation between measured activities of SOD and
the determined amounts of O2·¯ in plants treated with different concentrations
of BA (Fig. 2, Fig. 4), which is in accordance with the results of A s c h l e r
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Fig. 3 — Amount of superoxide radical (O2·¯) in leaves of young wheat plants grown
in the presence of different N concentrations and treated with different concentrations of CK

Fig. 4 — Amount of superoxide radical (O2·¯) in leaves of young wheat plants grown
in the presence of different N concentrations and treated with different concentrations of BA



et al. (2002). However, in the plants treated with CK, there is an absence of
the correlation between the activity of SOD and the amount of O2·¯ (Fig. 1 and
Fig. 3). In other words, in the plants treated with CK significant reduction in
SOD activity was not accompanied by significant increase in the amount of
O2·¯. This may be explained by the role of trans-zeatine as the signal molecule
in the plants. For example, T a k e i et al. (2002) found that the synthesis of
cytokinins in root tips and their concentration in the plant tissue increased with
an increase in the concentration of nitrate N in the nutrient substrate. High
concentrations of nitrate in the soil substrate are typical for conditions of suffi-
cient content of organic matter in the soil, optimal temperature and moisture in
the soil and in such conditions the synthesis of cytokinins is stimulated. Con-
comitantly, the transport of cytokinins through xylem is also accelerated and
this represents the signal to a plant that nutritive and moisture conditions are
favorable for growth.

Because the biosynthesis of cytokinins is stimulated when environmental
conditions are favorable for plant growth and development, it is highly pro-
bable that binding of cytokinins for specific receptors in the cell membranes
induces the production of a signal that triggers the synthesis of enzymes that
allow plants to utilize as much as possible favorable environmental conditions.
This assumption is supported by experimental results of C h e n and L e i s -
n e r (1985), C h e n (1989) and A n d e r s e n et al. (1996), who, after appli-
cation of cytokinins, found an increase in activity of Rubisc/o, fructose-1,6-
-diphosphatase, glyceraldehyde-3-phosphate dehydrogenase, NADP-dependant
malate dehydrogenase, hydroxypyruvate reductase and nitrate reductase in plant
tissues.

In addition, under favorable environmental conditions, accompanied by
higher cytokinin content, the need for antioxidant enzymes is reduced. There-
fore, it is probable that under the experimental conditions described in this
paper treatment with CK induced transient increase in cytokinin concentration
in leaf tissues, which resulted in the reduced synthesis of antioxidant enzymes,
including SOD. Similar result was described by C r o w e l l and A m a s i n o
(1991). In cell culture of soybean cells, isolated from seedlings, and grown on
a medium without addition of cytokinins the synthesis of FeSOD increased,
while addition of cytokinins reduced the level of mRNA corresponding to
gene encoding FeSOD. On the contrary, H e et al. (2005) found that in
hybrid corn exhibiting delayed senescence an increase in cytokinin content is
accompanied by an increase in SOD activity. Moreover, L i u and H u a n g
(2002) found an increase in SOD activity following addition of zeatin-riboside
to the rhizosphere of the grass Agrostis palustris, which was exposed to com-
bined stress provoked by high temperatures of the soil and the air. D u r m u s
and K a d i o g l u (2005) treated maize leaves with 2.5 and 25 mg BA/dm3

and recorded an increase in the activity of SOD if plants were treated with
paraquat 8 h after the BA treatment, but if paraquat was applied 12 or 24 h
after BA there was no increase in the activity of SOD.

So variable effects of different cytokinins on the activity of SOD can be
explained by the fact that the activity of SOD depends, among the other fac-
tors, on the plant and tissue age, complexity of environmental factors, partitio-
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ning between enzymatic and non-enzymatic antioxidants in the plant, and on
the nature and intensity of the eventual stress factor(s).

CONCLUSIONS

The effects of foliar treatment of nitrogen-deficient young wheat plants
with CK and BA on activity of SOD and amount of O2·¯ were studied under
semi-controlled conditions. On the basis of the experimental results, the fol-
lowing conclusions can be drawn out:

Foliar application of CK and BA significantly reduced the activity of
SOD in the leaves of nitrogen-deficient young wheat plants.

Foliar application of BA increased the amount of O2·¯ in leaves of nitro-
gen-deficient young wheat plants while treatment with CK did not effect the
amount of O2·¯.
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Rezime

Slobodni kiseoniåni radikali (ROS) nastaju prinudnim prenosom elek-
trona sa nekog od mnogobrojnih elektron-transportnih lanaca u ãeliji, na mo-
lekule sa stabilnom konfiguracijom elektronskog omotaåa. Nastali radikali
su veoma reaktivni molekuli koji se u veãoj koliåini stvaraju u stresnim uslo-
vima (visoka osvetqenost, suša, nedovoqna ishrana), koji dovode do poremeãaja
fiziološko-biohemijskih procesa u ãeliji. Da bi se smawilo nastajawe radi-
kala i umawilo wihovo štetno dejstvo, u biqkama su se tokom evolucije razvi-
li enzimski i neenzimski sistemi zaštite. Superoksid dismutaza (SOD) je je-
dan od najvaÿnijih antioksidantnih enzima koji uklawa nastali superoksid an-
jon radikal (O2·¯), åije je nastajawe najintenzivnije u nepovoqnim uslovima
spoqašwe sredine. Uoåeno je da je jedna od karakteristika biqnih tkiva, åije
je starewe odloÿeno, da je poveãan sadrÿaj citokinina u biqnom tkivu praãen
smawewem koliåine kiseoniånih radikala. Na osnovu ove åiwenice odreðen je
i ciq ovog rada, da se, u uslovima nedostatka azota, utvrdi uticaj tretirawa
mladih biqaka pšenice rastvorima jediwewa sa citokininskom aktivnošãu na
aktivnost SOD i koliåinu O2·¯. Tretirawe pšenice rastvorima trans-zeatina
(CK) smawilo je aktivnost SOD, ali to smawewe nije praãeno poveãawem ko-
liåine O2·¯. Primena rastvora benzil adenina (VA) je takoðe dovela do smawe-
wa aktivnosti SOD, ali je ovo smawewe aktivnosti praãeno poveãawem koli-
åine O2·¯.
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ORAL CANDIDIASIS-ADHESION OF NON-ALBICANS
CANDIDA SPECIES*

ABSTRACT: Oral candidiasis is an opportunistic infection caused primarily by Can-
dida albicans. However, in recent years, species of non-albicans Candida have been impli-
cated more frequently in mucosal infection. Candida species usually reside as commensal
organisms and are part of normal oral microflora. Determining exactly how transformation
from commensal to pathogen takes place and how it can be prevented is continuous chal-
lenge for clinical doctors. Candidal adherence to mucosal surfaces is considered as a critical
initial step in the pathogenesis of oral candidiasis. Acrylic dentures, acting as reservoirs,
play an important role in increasing the risk from Candida colonisation. Thus, this review
discusses what is currently known about the adhesion of non-albicans Candida species of
oral origin to buccal epithelial cells and denture acrylics.

KEY WORDS: Adhesion, antifungals, buccal epithelial cells, Candida carriage, den-
ture acrylic surface, non-albicans Candida spp.

INTRODUCTION

Oral candidiasis is a common opportunistic infection both in immuno-
compromised and otherwise healthy individuals. Candida albicans is the most
frequently isolated pathogenic member of the genus Candida (M e y e r et al.,
1998). However, in recent years, as a consequence of the extensive use of
azole drugs, such as fluconazole, species of non-albicans Candida, such as C.
glabrata, C. krusei and C. parapsilosis, have been implicated more frequently
in mucosal and sistemic infections (K r c m e r y and B a r n e s, 2002). Can-
dida glabrata has emerged as a notable pathogenic agent in the oral mucosa,
frequently being coisolated with C. albicans or the only detectable species.
This is particularly important because C. glabrata isolated from oral lesions is
much more resistant to antifungal treatment than C. albicans (R e d d i n g,
2001). An additional recent development is the recognition of new species as-
sociated with human pathology, such as C. dubliniensis (G u t i e r r e z et al.,
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2002). Candida dubliniensis is a recently described species first isolated from
oral lesions in HIV-infected individuals (S c h o r l i n g, 2000).

CANDIDA CARRIAGE

Candida spp. form a part of the normal oral flora and is present in at
least 50% of the population. Reports of oral carriage of C. albicans vary
greatly in the literature, although most investigators agree that yeast are com-
monly found in the mouths of healthy persons and that a significant percen-
tage of the species found are C. albicans. A compilation of data from a num-
ber of reports showed that oral carriage rate in healthy individuals was from
35 to 80% (B e n - A r y e h et al., 1995). It is difficult to give a precise oral
carriage rate for C. albicans, since this depends on the age and health of the
studied population and used sampling methods (W h i t e et al., 2004). Can-
dida carriage is more frequent in women, persons of blood group 0, denture
wearers, smokers, immunocompromised persons and hospitalized patients. Also,
the high carbohydrate diet, xerostomia and use of broad-spectrum antibiotics
increase the possibility of Candida carriage (S c u l l y, 2004). Mucosa of the
tongue dorsum may represent a site of residual colonization and a reservoir of
organisms. In healthy individuals, C. albicans is most commonly isolated from
the mid-line of the middle and posterior thirds of the tongue (E p s t e i n et
al., 2001).

HOST DEFENCES

In the mouth, epithelial physical barrier, indiginous of saliva, salivary
IgA, lyzozyme, histidine-rich polypeptides, lactoferrin, lactoperoxidase seem to
play an important role in keeping Candida under control (J o r g e et al., 1993).
Candida elicits both humoral and cell mediated immune response (CMI) in a
mammalian host. CMI is a predominant defence system against Candida du-
ring infection, as well as under asymptomatic carriage, and can be detected by
in vitro and in vivo assays. Cytokines, such as interleukin (IL) IL-2, IL-12,
THF-alpha and IFN-gamma seem to be of importance in the defence system
(for more extensive discussion see review by D o n g a r i - B o g t z o g l o u and
F i d e l, 2005). Anti-Candida antibodies of all imunoglobulin types can be de-
tected in experimental and natural infections and in healthy humans carrying
Candida (S e g a l, 2005). Anti-Candida sIgA can be detected in saliva, and its
concentration is increased in whole or parotid saliva from HIV-positive indivi-
duals, but reduced in AIDS patients, suggesting that a compensatory response
is overcome with progressive immunodeficiency (C h a l l a c o m b e and S w e e t,
1997).

PREDISPOSING FACTORS

The transition from harmless commensal to unrelenting pathogen is de-
pendent not only on virulance factor of the organisms but also equally, or even
more, on host factors. The presence of such predisposing factors, both local
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and systemic (Table 1), is important since it has been extremely rare to find a
case of oral candidiasis in which one or more of these factors cannot be identi-
fied (reviewed in S c u l l y et al., 1994).

Table 1. Predisposing factors for oral candidiasis

• Xerostomia (irradiation, Sjögren's syndrome, xerogenic drugs, cytotoxic drugs)
• Smoking
• Changes in oral microbial flora (broad-spectrum antibiotics, corticosteroids, dentures)
• Physiological (infancy, pregnancy, old age)
• Endocrine disorders (Diabetes mellitus, Addison's disease, hypothyroidism)
• Malnutrition (high-carbohydrate diet, iron, folate, vitamin B12 deficiencies)
• Malignancies (leukemia, agranulocytosis)
• Immune defects (HIV infection, AIDS, transplantation)

THE ADHESION OF NON-ALBICANS CANDIDA SPECIES

Candida species have developed an effective battery of virulence factors
and specific strategies to assist in their ability to colonize host tissues, cause
disease and overcome host defences. The virulence factors expressed by Can-
dida species causing infections may well vary depending on the type of infec-
tion, the site and stage of infection, and the nature of the host response.

The adhesion of Candida to host mucosal surfaces is a vital prerequisite
for successful colonisation and infection. Attachment enables the organisms to
avoid dislodgement by cleansing action of mucosal secretions, and it facilitates
infection. It has been shown that the yeast cell wall components, capable of in-
teracting with a variety of ligands on the host cell surface, including proteins
are carbohydrates, are important constituents of the adhesion process (reviewed
by C h a f f i n et al., 1998, C a n n o n and C h a f f i n, 1999). Oral cavity
presents a number of surfaces for candidal adhesion. The adhesion to buccal
epithelial cells (BECs) and denture acrylic surfaces will be discussed in this
review.

THE ADHESION TO BUCCAL EPITHELIAL CELLS

There are numerous reports concerning the adherence ability of C. albi-
cans, and the readers are referred to review articles which summarize the most
relevant data available (C a n n o n and C h a f f i n, 1999). However, only a
few studies evaluate the adherence ability of other Candida species. S a m a -
r a n a y a k e et al. (1995) demonstrated a positive correlation between the sur-
face hydrophobicity of C. kruzei and C. albicans and their adherence to BECs.
E l l e p o l a et al. (1999) did not find significant differences in the adherence
ability between C. albicans, C. glabrata, C. parapsilosis and C. tropicalis, and
L y m a n et al. (1999) demonstrated a hierarchy in adherence in which C. gla-
brata and C. krusei adhered in greater number to rabbit esophageal mucosa
than fluconazole-susceptible species. Differently, in a study made by B i a -
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s o l i et al. (2002), C. albicans was significantly more adherent to BECs than
C. glabrata, C. krusei and C. lusitaneae. In the recent study, C. albicans adhe-
red to BECs in a greater number, followed by C. tropicalis, C. glabrata and
C. parapsilosis with a significant difference in adhesion between the species,
except for C. glabrata and C. parapsilosis. Candida glabrata, C tropicalis and
C. parapsilosis strains obtained from the oral cavity of denture wearers with
signs of denture stomatitis were able to adhere to BECs in a higher intensity
than the isolates obtained from patients with normal palatal mucosa (L y o n
and d e R e s e n d a, 2006). T o b g i (1989) used five isolates of C. parapsi-
losis to demonstrate the hierarchy of adherence to BECs among six species of
Candida. He found C. albicans to be the most adherent, followed by C. tropi-
calis, C. parapsilosis, C. glabrata, C. guilliermondii and C. krusei. However,
P a n a g o d a et al. (2001) investigated in vitro adherence of 24 isolates of C.
parapsilosis and 12 isolates of C. albicans, and found no significant intraspe-
cies difference in the adhesion of both species to BEC, although the former
demonstrated a tendency for increased adherence. Analysis of the data reveals
that such apparent differences do not reach significant levels due to large
spread of the adhesion values. The apparent increase in the number of adhe-
rent C. parapsilosis noted may also be a reflection not only of yeast cell to
epithelial cell adherence, but also of high co-adherence between organisms.
The latter type of interaction results in the formation of yeast aggregates on
the epithelial cell surface, which was more often observed with C. parapsilosis
to BECs and that could be attributed to variation in the strains and culture
condition. In the same study, P a n a g o d e et al. (2001) observed a signifi-
cant intraspecies variation in adherence to BECs of C. parapsilosis isolates.
An analogous phenomenon was documented by S a m a r a n a y a k e et al.
(1995), where a significant intraspecies variation in adherence to BECs by 20
isolates of C. krusei was demonstrated. There is only a single study indicating
the relationship between the source of the isolate and adherence of C. parapsi-
losis to BECs. On investigation of the adherence results of superficial and
systemic isolates of C. parapsilosis, the former demonstrated a tendency for
higher adherence to BECs than the systemic isolates. Although no significant
difference was not noticed between these two groups, the superficial isolates
demonstrated 51,5% more avidity for BECs than the systemic counterparts
(P a n a g o d a et al., 2001).

Despite the availability of a spectrum of antifungals for the treatment of
oral candidiasis, therapy failure is observed frequently. The diluent effect of
saliva and cleansing effect of the oral musculature may reduce the level of an-
tifungals below their effective therapeutic concentrations (M a r t i n, 1990).
Thus, during topical treatment, the yeast undergoes exposure to a relatively
brief antifungal agent and the drug concentration is likely to vary in different
niches of the mouth. Moreover, the formation of Candida biofilms on oral sur-
faces may also contribute to a failure of drug therapy (H a w s e r and D o u -
g l a s, 1995). Nystatin belongs to the polyene group of antimycotic agents and
is widely used as a topical agent in the management of oral candidiasis. There
is only a single report on the adhesion of 30 oral isolates of Candida belon-
ging to six different species (comprising C. albicans, C. tropicalis, G. glabrata,
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C. guilliermondii, C. krusei and C. parapsilosis), to human BECs, following
their brief exposure (1h) to a minimum inhibitory concentration of nystatin.
Nystatin induced suppression of adhesion was the least for C. albicans (53,85%)
compared with the other five species (64,09—67,74%). However, such signifi-
cant intraspecies difference could not be elicited amongst the other five Can-
dida species (E l l e p o l a et al., 1999). In clinical terms these results demon-
strated that exposure to nystatin significantly reduces candidal adherence to
BECs irrespective of the Candida species concerned. The subtherapeutic levels
of antimycotics likely to persist in the oral cavity during dosing intervals may
be beneficial in reducing candidal colonisation, though possibly ineffective
in their total elimination. E l l e p o l a and S a m a r a n a y a k e (1999) mea-
sured the post-antifungal effect (PAFE) of 30 oral isolates of six different
Candida species, and found that nystatin-elicited PAFE was lowest for C. albi-
cans and greatest for C. parapsilosis, while C. krusei, C. tropicalis, C. gla-
brata and C. guilliarmondii elicited intermediate values. These findings clarify
another possibility for the persistent, chronic recurrence of oral C. albicans in-
fection despite apparently adequate antifungal drug regiments. It seems that
even a limited exposure to the minimum inhibitory concentration of nystatin
would confirm the growth suppression of non-albicans species.

There are only a few studies evaluating the action of fluconasole in the
adherence ability of other Candida yeast. D a r w a z e h et al. (1991), in a
study involving four dentate healthy subjects, found a significant reduction in
C. albicans adhesion to BECs after a week of fluconazole intake. B r a g a et
al. (1996) found that fluconazole in subinhibitory concentration was inactive to
interfere in the adhesion ability of C. glabrata. Furthermore, a reduction in the
adherence ability of C. glabrata, C. tropicalis and C. parapsilosis to BECs
was found after exposure to fluconazole, both among the isolates obtained
from the denture wearers with sign of oral candidiasis, and the isolates ob-
tained from the denture wearers with normal palatal mucosa, even considering
that C. glabrata frequently shows high minimum inhibitory concentrations to
fluconazole (L y o n and d e R e s e n d e, 2006). These results suggest that
the adhesion, even of non-albicans species, could be factor that, along with
predisposing conditions related to the host, determines whether an individual
will develop disease or remain as a healthy carrier and confirm that flucona-
zole has an impact on the adherence ability of Candida spp. D o r o c k a -
- B o b k o w s k a et al. (2003), using C. albicans and C. glabrata isolates ob-
tained from the oral cavity with denture stomatitis, found that the incubation
of human epithelial cell and human squamous cell carcinoma HSC-3 cells with
both Candida spp., in the presence of amphotericin B, nystatin or natamycin,
reduced the candidal adherence to these cells. When compared to amphotericin
B, nystatin and natamycin suppressed the adherence less effectively, and these
differences were statistically significant. Also, candidal adherence was signifi-
cantly reduced when the tested polyenes were present during the “adherence
phase". These findings suggest that subtherapeutic levels of polyenes, that are
likely to persist in the oral cavity following topical treatment may modulate
candidal colonisation when present during the “adherence phase".
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THE ADHESION TO DENTURE ACRYLIC SURFACES

The adhesion of C. albicans to denture acrylic surfaces, and the ability to
promote colonisation and infection in the oral cavity have been investigated in
a number of studies (reviewed in C h a f f i n et al., 1998). However, there ha-
ve been a few studies on the adhesion of non-albicans Candida species, and
all have used C. albicans as the test organisms. In one study, the adhesion of
C. albicans and C. tropicalis to 21 denture base material was investigated, and
the adherence of C. albicans in general was far inferior to that of C. tropicalis
(M i n a g i et al., 1985). Furthermore, the isolates of C. krusei, and emerging
pathogen, showed variable but greater hydrophobicity than C. albicans isola-
tes, and there was no correlation between hydrophobicity and adherence to
denture acrylic (S a m a r a n a y a k e et al., 1995).

There have been few studies on the adhesion of C. glabrata isolates to
acrylic surfaces with contradictory findings (M i y a k e et al., 1986, H a z e n
et al., 1986, M i n a g i et al., 1986, K l o t z et al., 1985). The reason for
these contradictory findings could be the fact that the above studies used limi-
ted number of C. glabrata (up to 6 species). Therefore, L u o and S a m a -
r a n a y a k e (2002) studied a battery of 34 oral isolates of C. glabrata and 15
oral isolates of C. albicans, with respect to their relative cell surface hydro-
phobicity (CSH) and adhesion to denture acrylic surfaces. Their results indica-
ted a remarkable intraspecies differences in both CSH and the adhesive ability
of C. glabrata strains. Compared with C. albicans, C. glabrata demonstrated a
four-fold greater CSH value and a two-fold greater tendency to adhere to den-
ture acrylic surfaces. They have also noted a highly significant positive corre-
lation between the relative CSH and adhesion of C. glabrata. This implies that
the higher hydrophobicity of isolates, the greater tendency to adhere to acrylic
surfaces. A significant positive correlation was also noted between the relative
CSH and adhesion of 24 isolates of C. parapsilosis to acrylic surfaces con-
firming the interrelationship between these pathogenic attributes (P a n a g o t a
et al., 2001). These data substantiated the close relationship between the rela-
tive CSH and adhesion of Candida spp. In this relationship there may exist
some yet unrealized changes in the surface free energy which entail the pro-
cess of attachment (M i n a g i et al., 1986, G e r s o n and A k i t, 1980). It is
also likely that the phenomenon of co-adhesion between closely apposed bla-
stoconidia, particularly of C. glabrata, may contribute, since hydrophobic cells
exhibit a higher tendency to co-adhere than their hydrophobic counterparts.

The adhesion of C. albicans, C. glabrata, C. krusei and C. dubliniensis to
heat-cured acrylics (VetexTM Rapid Simplified and ProBaseTM Hot) and cold-
-cured acrylics (Paladur® A and Paladur® B) was investigated and the most
important finding was the difference in yeast adherence between VertexTM and
the other acrylics. Only C. glabrata species attached to Vertex. All four spe-
cies tested attached to all the remainder of the tested acrylics, except Pro-
BaseTM Hot, which could not sustain the adherence of C. krusei. Also, there
were significant differences in the adhesion of C. albicans, C. glabrata and C.
krusei between heat-cured acrylics and cold-cured acrylics (H e et al., 2006).
These data indicate that candidal adhesion to denture base acrylics differ de-
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pending on the quality of the acrylic used as well as the Candida species in
question. Heat-cured acrylics in general tended to have significantly lesser
number of yeast attached than cold-cured acrylics. Thus, heat-cured materials,
such as Vertex, might be clinically the best choice. Moreover, candidal adhe-
sion to denture acrylics is reduced to a great extent following pre-treatment of
acrylic strips with nystatin (E l l e p o l a and S a m a r a n a y a k e, 1998).
Further, it has been documented that pre-treatment of BECs with nystatin re-
sulted in reduction in candidal adhesion (D a r w a z e h et al., 1997). These
studies indicate that pre-exposure of either the target surface or the yeast to
nystatin results in reduced adhesion, which in clinical terms may prevent Can-
dida adhesion and colonisation in the oral cavity.

CONCLUSION

From this review, it is evident that there are only a few in vitro studies
on the adhesion of non-albicans Candida species with a limited number of iso-
lates. As there are significant intra-species variations in Candida adhesion, it is
important to evaluate a large number of isolates in order to elicit differences in
relative adhesion among Candida species. It is not known to what extent the
relative CSH contributes to colonization in vivo as other factors, such as saliva
and the presence of bacteria on host surfaces, may confound this association.
Further studies simulating the in vivo environment are required to confirm
whether the observed phenomena operate intraorally.
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ORALNA KANDIDIJAZA — ADHEZIJA NON-ALBICANS CANDIDA SPP.
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Rezime

Infekcija gqivom roda Candida predstavqa problem od sve veãeg kliniå-
kog znaåaja. U posledwe dve decenije, prevalencija oralne gqiviåne infekcije
je enormno poveãana, verovatno zbog poveãawa populacije imunokompetentnih
pacijenata. Oralna kandidijaza je oportunistiåka infekcija primarno izazvana
C. albicans. Meðutim, u posledwih nekoliko godina uoåeno je da je ova infekci-
ja mnogo åešãe izazvana vrstama roda non-albicans Candida. Candida kao komen-
zal åini deo normalne mikroflore usne dupqe. Poznavawe naåina transforma-
cije iz komenzala u patogenu formu, i kako se ona moÿe spreåiti, je nepreki-
dan izazov za kliniåke lekare. Adhezija gqive roda Candida za površinu sluzo-
koÿe predstavqa kritiåan, prvi korak za naseqavawe i nastanak infekcije, kao
i u patogenezi oralne kandidijaze. Akrilatne proteze, delujuãi kao rezervoari
gqive Candida, igraju vaÿnu ulogu u poveãawu rizika od naseqavawa usne dupqe.
Zbog toga je u ovom radu prikazan pregled literature koji se odnosi na adheziju
oralnih izolata non-albicans Candida spp. za epitelne ãelije usne dupqe i akri-
latne proteze.
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THE IMPORTANCE OF GENUS CANDIDA
IN HUMAN SAMPLES*

ABSTRACT: Microbiology is a rapidly changing field. As new researches and
experiences broaden our knowledge, changes in the approach to diagnosis and therapy have
become necessary and appropriate. Recommended dosage of drugs, method and duration of
administration, as well as contraindications to use, evolve over time all drugs. Over the last
2 decades, Candida species have emerged as causes of substantial morbidity and mortality
in hospitalized individuals. Isolation of Candida from blood or other sterile sites, excluding
the urinary tract, defines invasive candidiasis. Candida species are currently the fourth most
common cause of bloodstream infections (that is, candidemia) in U.S. hospitals and occur
primarily in the intensive care unit (ICU), where candidemia is recognized in up to 1% of
patients and where deep-seated Candida infections are recognized in an additional 1 to 2%
of patients. Despite the introduction of newer anti-Candida agents, invasive candidiasis con-
tinues to have an attributable mortality rate of 40 to 49%; excess ICU and hospital stays of
12.7 days and 15.5 days, respectively, and increased care costs. Postmortem studies suggest
that death rates related to invasive candidiasis might, in fact, be higher than those described
because of undiagnosed and therefore untreated infection. The diagnosis of invasive candi-
diasis remains challenging for both clinicians and microbiologists. Reasons for missed diag-
noses include nonspecific risk factors and clinical manifestations, low sensitivity of micro-
biological culture techniques, and unavailability of deep tissue cultures because of risks
associated with the invasive procedures used to obtain them. Thus, a substantial proportion
of invasive candidiasis in patients in the ICU is assumed to be undiagnosed and untreated.
Yet even when invasive candidiasis is diagnosed, culture diagnosis delays treatment for 2 to
3 days, which contributes to mortality. Interventions that do not rely on a specific diagnosis
and are implemented early in the course of Candida infection (that is, empirical therapy) or
before Candida infection occurs (that is, prophylaxis) might improve patient survival and
may be warranted. Selective and nonselective administration of anti-Candida prophylaxis is
practiced in some ICUs. Several trials have tested this, but results were limited by low stati-
stical power and choice of outcomes. Thus, the role of anti-Candida prophylaxis for pa-
tients in the ICU remains controversial. Initiating anti-Candida therapy for patients in the
ICU who have suspected infection but have not responded to antibacterial therapy (empi-
rical therapy) is practiced in some hospitals. This practice, however, remains a subject of
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considerable debate. These patients are perceived to be at higher risk from invasive candi-
diasis and therefore are likely to benefit from empirical therapy. Nonetheless, empirical
anti-Candida therapies have not been evaluated in a randomized trial and would share
shortcomings that are similar to those described for prophylactic strategies. Current treat-
ment guidelines by the Infectious Diseases Society of America (IDSA) do not specify
whether empirical anti-Candida therapy should be provided to immunocompetent patients.
If such therapy is given, IDSA recommends that its use should be limited to patients with
Candida colonization in multiple sites, patients with several other risk factors, and patients
with no uncorrected causes of fever. Without data from clinical trials, determining an opti-
mal anti-Candida strategy for patients in the ICU is challenging. Identifying such a strategy
can help guide clinicians in choosing adequate therapy and may improve patient outcomes.
In our study, we developed a decision analytic model to evaluate the cost-effectiveness of
empirical anti-Candida therapy given to high-risk patients in the ICU, defined as those with
altered temperature (fever or hypothermia) or unexplained hypotension despite 3 days of an-
tibacterial therapy in the ICU.

KEY WORDS: Candida, species, human samples, candidiasis

INTRODUCTION

Background: Candida species are ubiquitous fungi and are the most
common fungal pathogens that affect humans. The growing problem of muco-
sal and systemic candidiasis reflects the enormous increase in the pool of pati-
ents at risk and the increased opportunity that exists for Candida species to in-
vade tissues normally resistant to invasion. Candida species are true opportuni-
stic pathogens that exploit recent technological advances to gain access to the
circulation and deep tissues (1).

The increased prevalence of local and systemic disease caused by Candi-
da species has resulted in numerous new clinical syndromes, primarily depen-
dent on the immune status of the host. Candida species produce a wide spec-
trum of diseases, ranging from superficial mucocutaneous disease to invasive
illnesses, such as hepatosplenic candidiasis, Candida peritonitis, and systemic
candidiasis. Management of serious and life-threatening invasive candidiasis
remains severely hampered by delays in diagnosis and the lack of reliable di-
agnostic methods that allow detection of both fungemia and tissue invasion by
Candida species.

Advances in medical technology, chemotherapeutics, cancer therapy, and
organ transplantation have had a major impact on reducing the morbidity and
mortality of life-threatening disease. Patients who are critically ill and in medi-
cal and surgical ICUs have been the prime targets for opportunistic nosoco-
mial fungal infections, primarily due to Candida species. Studies suggest that
the problem is not under control and, that it is, in fact, worsening. On a daily
basis, virtually all physicians are confronted with a positive Candida isolate
obtained from one or more various anatomical sites. High-risk areas for Candi-
da infection include neonatal, pediatric, and adult ICUs, both medical and sur-
gical. Candida infections can involve any anatomical structure (2).

Pathophysiology: Candida species are yeastlike fungi that can form true
hyphae and pseudohyphae. For the most part, Candida species are confined to
human and animal reservoirs. However, they are frequently recovered from the
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hospital environment, including foods, counter tops, air-conditioning vents, flo-
ors, respirators, and medical personnel. They are also normal commensals of
diseased skin and mucosal membranes of the GI, genitourinary, and respiratory
tracts.

Candida species also contain their own set of well-recognized virulence
factors. Although not well characterized, several virulence factors may contri-
bute to their ability to cause infection. The main virulence factors are surface
molecules that permit adherence of the organism to other structures (e.g., hu-
man cells, extracellular matrix, prosthetic devices), acid proteases, and the
ability to convert to a hyphal form.

As with most fungal infections, host defects also play a significant role in
the development of candidal infections. Numerous host defects are associated
with candidal infections.

Host defence mechanisms against Candida infection and their associated
defects that allow infection are as follows:

— Intact mucocutaneous barriers — Wounds, intravenous catheters, burns,
ulcerations

— Phagocytic cells — Granulocytopenia
— Polymorphonuclear leukocytes — Chronic granulomatous disease
— Monocytic cells — Myeloperoxidase deficiency
— Complement — Hypocomplementemia
— Immunoglobulins — Hypogammaglobulinemia
— Cell-mediated immunity — Chronic mucocutaneous candidiasis, dia-

betes mellitus, cyclosporin A, corticosteroids, HIV infection
— Mucocutaneous protective bacterial florae — Broad-spectrum anti-

biotics

Risk factors associated with candidiasis include the following:

— Granulocytopenia
— Bone marrow transplantation
— Solid organ transplantation (liver, kidney)
— Parenteral hyperalimentation
— Hematologic malignancies
— Foley catheters
— Solid neoplasms
— Recent chemotherapy or radiation therapy
— Corticosteroids
— Broad-spectrum antibiotics
— Burns
— Prolonged hospitalization
— Severe trauma
— Recent bacterial infection
— Recent surgery
— GI tract surgery
— Central intravascular access devices
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— Premature birth
— Hemodialysis

The first step in the development of a candidal infection is colonization
of the mucocutaneous surfaces. The factors outlined above are all associated
with increased colonization rates. The routes of candidal invasion are (1) dis-
ruption of a colonized surface (skin or mucosa), allowing the organisms access
to the bloodstream, and (2) persorption via the GI wall, which may occur
following massive colonization with large numbers of organisms that pass
directly into the bloodstream.

Frequency

— In the US: Candida species are the most common cause of fungal in-
fection affecting immunocompromised patients. Oropharyngeal colonization is
found in 30—55% of healthy young adults, and Candida species may be de-
tected in 40—65% of normal fecal florae.

Three of every 4 women have at least 1 bout of vulvovaginal candidiasis
(VVC) during their lifetime.

In HIV-positive persons who are not receiving highly active antiretrovi-
ral therapy (HAART), more than 90% experience oropharyngeal candidiasis
(OPC) and 10% have at least 1 episode of esophageal candidiasis.

In persons with systemic infections, Candida species are now the fourth
most commonly isolated pathogens from blood cultures.

Clinical and autopsy studies have confirmed a considerable increase in
the incidence of disseminated candidiasis, reflecting a parallel increase in the
frequency of candidemia. This increase is multifactorial in origin and reflects
increased recognition of the fungus, a growing population of patients at risk
(i.e., patients undergoing complex surgical procedures, patients with indwelling
vascular devices), and the improved survival of patients with underlying neo-
plasms or collagen-vascular disease and patients who are immunosuppressed
(3,4).

— Internationally: Similar rates of mucocutaneous and systemic candi-
diasis have been observed worldwide. In fact, throughout the world, Candida
species have replaced Cryptococcus species as the most common fungal patho-
gens affecting immunocompromised hosts.

Mortality/Morbidity

— Mucocutaneous candidiasis: Most candidal infections are mucocuta-
neous and, as such, do not cause mortality. However, in patients with advan-
ced immunodeficiency due to HIV infection, these mucosal infections can be-
come refractory to antifungal therapy and may lead to severe oropharyngeal
and esophageal candidiasis that initiates a vicious cycle of poor oral intake,
malnutrition, wasting, and early death.
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— Candidemia and disseminated candidiasis: Mortality rates for these in-
fections have not improved much over the past few years and remain in the
range of 30—40%. Systemic candidiasis is the cause of more case fatalities
than any other systemic mycosis. More than a decade ago, investigators re-
ported the enormous economic impact of systemic candidiasis in hospitalized
patients. Candidemia is associated with considerable prolongation of length of
stay in the hospital (70 vs. 40 days in patients who are comparable, matched,
and nonfungemic). Although mucocutaneous fungal infections, such as oral
thrush and Candida esophagitis, are extremely common in patients with AIDS,
candidemia and disseminated candidiasis are uncommon (5, 6, 7).

Sex: Colonization with Candida species occurs in equal numbers of males
and females. However, in women, VVC is the second most common cause of
vaginitis.

Age: Candidal colonization is at the highest levels during the age extre-
mes in neonates and in people older than 65 years. In addition, mucocutaneous
candidiasis is also more prevalent in neonates and older adults.

History: Infections due to Candida species can manifest in a wide spec-
trum of clinical syndromes as described below. The clinical presentation can
vary depending on the type of infection and the degree of immunosuppression.
Clinical syndromes associated with Candida infection are the following:

Cutaneous candidiasis syndromes

— Generalized cutaneous candidiasis: This is an unusual form of cuta-
neous candidiasis that manifests as a diffuse eruption over the trunk, thorax,
and extremities. The patient has a history of generalized pruritus, with increa-
sed severity in the genitocrural folds, anal region, axillae, hands, and feet.
Physical examination reveals a widespread rash that begins as individual ve-
sicles that spread into large confluent areas.

— Intertrigo: The patient has a history of intertrigo affecting any site
where the skin surfaces are in close proximity, providing a warm and moist
environment. Pruritic red rash occurs. Physical examination reveals a rash that
begins with vesiculopustules, which enlarge and rupture, causing maceration
and fissuring. The area involved has a scalloped border with a white rim con-
sisting of necrotic epidermis that surrounds the erythematous macerated base.
Satellite lesions are frequently found and may coalesce and extend into larger
lesions (8, 9).

— Metastatic skin lesions: Characteristic skin lesions occur in approxi-
mately 10% of patients with disseminated candidiasis and candidemia. The le-
sions may be numerous or few. Lesions are generally described as erythema-
tous, firm, nontender macronodular lesions with discrete borders. Biopsy speci-
mens of these lesions demonstrate yeast cells, hyphae, or pseudohyphae, and
cultures are positive for Candida species in approximately 50% of the cases.

— Candida folliculitis: The infection is found predominantly in the hair
follicles and, rarely, can become extensive.
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— Paronychia and onychomycosis: Frequently, paronychia and onycho-
mycosis are associated with immersion of the hands in water and with diabetes
mellitus. The patient has a history of a painful and erythematous area around
and underneath the nail and nail bed. Physical examination reveals an area of
inflammation that becomes warm, glistening, tense, and erythematous and may
extend extensively under the nail. It is associated with secondary nail thicke-
ning, ridging, discoloration, and occasional nail loss (10, 11).

Chronic mucocutaneous candidiasis

Chronic mucocutaneous candidiasis describes a group of Candida infec-
tions of the skin, hair, nails, and mucous membranes that tends to have a pro-
tracted and persistent course.

— History: Most infections begin in infancy or the first 2 decades of
life; onset in people older than 30 years is rare.

’ Most patients survive for prolonged periods and rarely experience
disseminated fungal infections. The most common cause of death is
bacterial sepsis.

’ Chronic mucocutaneous candidiasis is frequently associated with
endocrinopathies, such as the following:

� Hypoparathyroidism
� Addison disease
� Hypothyroidism
� Diabetes mellitus
� Autoimmune antibodies to adrenal, thyroid, and gastric tissues

(approximately 50%)
� Thymomas
� Dental dysplasia
� Polyglandular autoimmune disease
� Antibodies to melanin-producing cells

— Physical examination: Findings reveal disfiguring lesions of the face,
scalp, hands, and nails. This is occasionally associated with oral thrush and vi-
tiligo.

GI tract candidiasis

— Oropharyngeal candidiasis

’ The patient has a history of HIV infection, denture wear, diabetes
mellitus, or frequent use of broad-spectrum antibiotics or inhaled
steroids. Patients may be asymptomatic, but variable symptoms may
include the following:

� Sore and painful mouth
� Burning mouth or tongue
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� Dysphagia
� Whitish, thick patches on the oral mucosa

’ Physical examination reveals a diffuse erythema and white patches
that appear on the surfaces of the buccal mucosa, throat, tongue,
and gums. The following are the 5 types of OPC:

� Membranous candidiasis: This is one of the most common types
and is characterized by creamy-white curdlike patches on the mu-
cosal surfaces.

� Erythematous candidiasis: This is associated with an erythema-
tous patch on the hard and soft palates.

� Chronic atrophic candidiasis (denture stomatitis): This type is al-
so thought to be one of the most common forms of the disease.
The presenting signs and symptoms include chronic erythema
and edema of the portion of the palate that comes into contact
with dentures.

� Angular cheilitis: An inflammatory reaction, this type is characte-
rized by soreness, erythema, and fissuring at the corners of the
mouth.

� Mixed: A combination of any of the above types is possible.

— Esophageal candidiasis

’ The patient's history usually includes chemotherapy, the use of
broad-spectrum antibiotics or inhaled steroids, or the presence of
HIV infection or hematologic or solid organ malignancy. Patients
may be asymptomatic, but variable symptoms may include the fol-
lowing:

� No oral disease (> 50% of patients)
� Dysphagia
� Odynophagia
� Retrosternal pain
� Epigastric pain
� Nausea and vomiting

’ Upon physical examination, oral candidiasis is nearly always pre-
sent.

— Nonesophageal GI candidiasis

’ Most commonly, the patient's history includes an association with
neoplastic disease of the GI tract. The stomach is found to be the
second most commonly infected site after the esophagus. With less
frequency, patients may have chronic gastric ulcerations, gastric
perforations, or malignant gastric ulcers with concomitant candidal
infection. The third most common site of infection (20%) is the small
bowel. The frequency of candidal infection in the small bowel is
the same as in the large bowel. Approximately 15% of patients de-
velop systemic candidiasis.
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’ Physical examination findings are variable and depend on the site
of infection. The diagnosis, however, cannot be made solely on cul-
ture results because approximately 20—25% of the population is
colonized by Candida. The following symptoms may be present:

� Epigastric pain
� Nausea and vomiting
� Abdominal pain
� Fever and chills
� Occasionally, abdominal mass

Respiratory tract candidiasis

The respiratory tract is frequently colonized with Candida species, espe-
cially in hospitalized patients. In ambulatory patients, 20—25% of the popula-
tion is colonized by Candida species.

— Laryngeal candidiasis: This is very unusual but may be a source for
disseminated candidiasis. Laryngeal candidiasis is primarily observed in pati-
ents with hematologic malignancies. The patient may have a sore throat and
hoarseness. Physical examination findings are generally unremarkable, and the
diagnosis is made by direct or indirect laryngoscopy.

— Candida tracheobronchitis: This is a rare form of candidiasis. Most
patients with Candida tracheobronchitis are seropositive for HIV, or are seve-
rely immunocompromised, reporting fever, productive cough, and shortness of
breath. Physical examination reveals dyspnea and scattered rhonchi. The diag-
nosis is generally made after bronchoscopy.

— Candida pneumonia: It does not exist alone and occurs only rarely as
a part of disseminated candidiasis. The most common form is multiple absces-
ses due to hematogenous dissemination of Candida species. The high degree
of colonization and isolation of Candida species from the respiratory tract ma-
kes diagnosing this entity difficult. The patient's history reveals similar risk
factors for disseminated candidiasis, and patients report shortness of breath,
cough, and respiratory distress. Physical examination reveals fever, dyspnea,
and variable breath sounds, from clear, rhonchi to scattered rales.

Genitourinary tract candidiasis

— Vulvovaginal candidiasis: This is the second most common cause of
vaginitis. The patient's history includes vulvar pruritus, vaginal discharge,
dysuria, and dyspareunia. Approximately 10% of women experience repeated
attacks of VVC without precipitating risk factors. Physical examination fin-
dings include a vagina and labia that are usually erythematous, a thick curdlike
discharge, and a normal cervix upon speculum examination.

— Candida balanitis: Patients report itchiness of the penis. Lesions and
whitish patches are present. Candida balanitis is acquired through sexual inter-
course with a partner who has VVC. Physical examination reveals vesicles on
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the penis that develop later into patches resembling thrush. The rash may
spread to the thighs, gluteal folds, buttocks, and scrotum.

— Candida cystitis: Many patients frequently are asymptomatic. How-
ever, bladder invasion may result in frequency, urgency, dysuria, hematuria,
and suprapubic pain. Candida cystitis may or may not be associated with the
use of a Foley catheter. Physical examination may reveal suprapubic pain;
otherwise, examination findings are unremarkable.

— Asymptomatic candiduria: Most catheterized patients with persistent
candiduria are asymptomatic, similar to noncatheterized patients. Most patients
with candiduria have easily identifiable risk factors for Candida colonization.
Thus, the distinction between invasive disease and colonization cannot be
made solely on culture results because approximately 5—10% of all urine cul-
tures are positive for Candida.

— Ascending pyelonephritis: The use of stents and indwelling devices,
along with the presence of diabetes, is the major risk factor predisposing pa-
tients to ascending infection. The patient frequently has a history of flank pain,
abdominal cramps, nausea, vomiting, fever, chills, and hematuria, Physical
examination reveals abdominal pain, costovertebral-angle tenderness, and fever.

— Fungal balls: This is due to the accumulation of fungal material in the
renal pelvis. The condition may produce intermittent urinary tract obstruction
with subsequent anuria and ensuing renal insufficiency (12, 13).

— Candidemia

’ Candida species currently are the fourth most commonly isolated
organism in blood cultures, and Candida infection generally is con-
sidered a nosocomially acquired infection. The patient's history
commonly reveals the following:

� Several days of fever that is unresponsive to broad-spectrum anti-
microbials; often the only marker of infection

� Prolonged intravenous catheterization
� A history of several key risk factors (see http://www.emedicine.

com/med/topic264.htm Pathophysiology)
� Possibly associated with multiorgan infection.

’ Physical examination is remarkable for the following:

� Fever
� Macronodular skin lesions (approximately 10%)
� Candidal endophthalmitis (approximately 10—28%)
� Occasionally, septic shock (hypotension, tachycardia, tachypnea).

’ Other causes of candidemia without invasive disease include the
following:

� Intravascular catheter-related candidiasis: This entity usually re-
sponds promptly to catheter removal and antifungal treatment.

� Suppurative thrombophlebitis: For the most part, this is observed
secondary to prolonged central venous catheterization. Suppura-

87



tive thrombophlebitis manifests as fever and candidemia, which
persist despite antifungal therapy and catheter removal. Sepsis
also may be present.

� Endocarditis: The frequency of endocarditis has increased in the
past few years. Endocarditis is the most common cause of fungal
endocarditis and is primarily due to Candida albicans (> 60% of
cases). The most common valves involved are the aortic and mi-
tral. The 2 different forms of endocarditis are exogenous, which
is secondary to direct infection during surgery, and endogenous,
which is due to secondary spread during candidemia and dissemi-
nated candidiasis. Endocarditis is frequently associated with 4
main risk factors. These are (1) intravenous heroin use, which is
frequently associated with infection due to Candida parapsilosis;
(2) chemotherapy; (3) prosthetic valves (approximately 50%);
and (4) prolonged use of central venous catheters.

— Disseminated candidiasis: This is frequently associated with multiple
deep organ infections or may involve single organ infection. Unfortunately,
patients with disseminated candidiasis, as many as 40—60% of them, may
have blood culture results negative for Candida species. The history of a pa-
tient with presumptive disseminated candidiasis reveals a fever unresponsive to
broad-spectrum antimicrobials and negative results from blood culture. Phy-
sical examination reveals fever (which may be the only symptom) with an
unknown source and sepsis and septic shock.

— Candida endophthalmitis: The 2 forms of Candida endophthalmitis
are the exogenous and the endogenous form. Exogenous endophthalmitis is as-
sociated with either accidental or iatrogenic (postoperative) injury of the eye and
inoculation of the organism from the environment. Endogenous endophthal-
mitis results from hematogenous seeding of the eye. It is found in 10—28% of
the patients with candidemia. The use of hematogenous candidal endophthal-
mitis as a marker of widespread disseminated candidiasis is important.

’ The patient's history reveals a broad range of manifestations.

� Eye injury
� Ophthalmic surgery
� Underlying risk factors for candidemia
� Asymptomatic and detected upon physical examination
� Ocular pain
� Photophobia
� Scotomas
� Floaters

’ Physical examination reveals fever.
’ Upon funduscopic examination, early lesions are the size of a pin-

head, are off-white in color, and are found in the posterior vitreous
with distinct margins and minimal vitreous haze. Classic lesions are
large and off-white, similar to a cotton-ball, with indistinct borders
covered by an underlying haze. Lesions are 3-dimensional and ext-
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end into the vitreous off the chorioretinal surface. They may be sin-
gle or multiple.

— Renal candidiasis

’ This is most frequently a consequence of candidemia and dissemi-
nated candidiasis. Patient's history includes fever that is unrespon-
sive to broad-spectrum antimicrobials. Frequently, patients are asymp-
tomatic and lack symptoms referable to the kidney.

’ Physical examination is generally unremarkable, and renal candidia-
sis is diagnosed after urinalysis and renal biopsy. Otherwise, this
condition is commonly diagnosed at autopsy.

’ Physical examination reveals the following:

� Fever
� Nuchal rigidity
� Confusion
� Coma

— Candida arthritis, osteomyelitis, costochondritis, and myositis

’ In the past, musculoskeletal infections were rare; currently, they are
more common, due to the increased frequency of candidemia and
disseminated candidiasis. The most common sites of involvement
are the knee and vertebral column. The pattern of involvement is si-
milar to the pattern observed in bacterial infections. The infection
may be exogenous or endogenous. The exogenous infection is fre-
quently due to direct inoculation of the organisms, such as postope-
rative infection or trauma. Affected sites include the following:

� Ribs and leg bones (< 20 years)
� Vertebral column and paraspinal abscess (adulthood)
� Flat bones (any age group)
� Sternum — Generally observed postoperatively after cardiac surgery

’ The patient frequently is asymptomatic, and the patient's history re-
veals underlying risk factors of disseminated candidiasis and loca-
lized pain over the affected site. The physical examination is fre-
quently unremarkable; otherwise, it may reveal tenderness over the
involved area, erythema, and bone deformity, occasionally with a
draining sinus.

� Arthritis: Generally, arthritis is a complication of disseminated
candidiasis, but it may be caused by trauma or direct inoculation
due to surgery or steroid injections. Most cases are acute and be-
gin as a suppurative synovitis. A high percentage of cases pro-
gress to osteomyelitis. In addition, developing Candida arthritis
after joint replacement is not uncommon.

� Osteomyelitis: The 2 forms of osteomyelitis are exogenous infec-
tion and endogenous infection. The exogenous infection is fre-
quently due to either direct inoculation of the organisms, such as
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through postoperative infection, trauma, or steroid injections. The
endogenous form of osteomyelitis is generally a complication of
disseminated candidiasis. Most cases, due to hematogenous see-
ding, infect the vertebral disks and progress to diskitis with ex-
tension into the vertebrae from contiguous spread. Other bones
affected include the wrist, femur, scapula, and proximal humerus.

� Costochondritis: This is rare and usually has 2 forms. Costochon-
dritis usually results from either hematogenous spread or direct
inoculation during surgery (median sternotomy). Frequently, co-
stochondritis is associated with localized pain over the involved
area.

� Myositis: This occurs infrequently, and an association with disse-
minated candidiasis is common. Most patients are neutropenic.
People with myositis have a history of muscular pain.

— Myocarditis-pericarditis: This is due to hematogenous spread in asso-
ciation with disseminated disease and is rarely due to direct extension from the
sternum or esophagus. Myocarditis-pericarditis occurs as diffuse abscesses
scattered throughout the myocardium with normal cardiac tissue. In persons
with disseminated candidiasis, the rate has been documented to be as high as
50%. The patient's history reveals serious complications in 10—20% of the
cases without valve disease, fever and chills. Physical examination reveals fe-
ver, hypotension, shock, tachycardia, and new murmurs or rubs (changes in
previously detected murmurs).

— Candida peritonitis

’ The patient's history frequently reveals an association with GI tract
surgery, viscous perforation, or peritoneal dialysis. Candida perito-
nitis tends to remain localized, and only in 15% of the cases does
the infection disseminate into the blood stream. The range of mani-
festations is broad and includes fever and chills, abdominal pain
and cramping, nausea and vomiting, and constipation.

’ Physical examination is significant for the following:

� Fever
� Abdominal distention
� Abdominal pain
� Absent bowel sounds
� Rebound tenderness
� Localized mass

— Candida splenic abscess and hypersplenism: Both are manifestations
of disseminated candidiasis and are usually simultaneously associated with li-
ver involvement. Manifestations of hypersplenism are common (see
http://www.emedicine.com/med/topic264.htm Hepatosplenic candidiasis).

— Candida cholecystitis: This is rare and generally associated with bac-
terial cholangitis and ascending cholangitis. Most commonly, Candida chole-
cystitis is diagnosed at the time of surgery when a culture is obtained.
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— The medically significant Candida species include the following:

’ C. albicans, the most common species identified (50—60%)
’ C. glabrata (15—20%)
’ C. parapsilosis (10—20%)
’ C. tropicalis (6—12%)
’ C. krusei (1—3%)
’ C. kefyr (< 5%)
’ C. guilliermondi (< 5%)
’ C. lusitaniae (< 5%)
’ C. dubliniensis, primarily recovered from patients who are positive

for HIV.

— C. glabrata and C. albicans account for approximately 70—80% of
yeast isolated from patients with invasive candidiasis. C. glabrata has recently
become important because of its increasing incidence worldwide, and it is
intrinsically less susceptible to azoles and amphotericin B.

— C. krusei is important because of its intrinsic resistance to ketocona-
zole and fluconazole (Diflucan). Additionally, it is also less susceptible to all
other antifungals, including itraconazole (Sporanox) and amphotericin B.

— Another important Candida species is C. lusitaniae; although not as
common as some Candida species, it is of clinical significance because it is
frequently resistant to amphotericin B, although it remains susceptible to azo-
les and echinocandins.

— C. parapsilosis is an important species to consider in hospitalized pa-
tients with vascular catheters.

— C. tropicalis has been considered an important cause of candidemia in
patients with cancer (leukemia), and in those who have undergone bone mar-
row transplantation.

Lab Studies

— Unfortunately, findings from the laboratory studies are often nonspe-
cific. Clinicians are required to act definitively and early, based on a high
index of suspicion. In the past, many patients with life-threatening candidiasis
died without receiving antifungal therapy. Patients who remain febrile despite
broad-spectrum antibiotic therapy, with either persistent neutropenia or other
risk factors and persistent leukocytosis, should be suspected of having syste-
mic candidiasis. To be effective, therapy should be provided early and empiri-
cally in such patients.

— Cultures of nonsterile sites, although not useful for establishing a di-
agnosis, may demonstrate high degrees of candidal colonization. Positive cul-
ture results from sterile sites should be considered significant and as an evi-
dence of infection.

— Mucocutaneous candidiasis
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’ Wet mount, scrapings or smears obtained from skin, nails, oral mu-
cosa, or vaginal mucosa are examined under the microscope for
hyphae, pseudohyphae, or budding yeast cells.

’ With a potassium hydroxide smear, the Gram stain methylene blue
is useful to demonstrate fungal cells, directly.

’ Cultures of affected nails are helpful to diagnose onychomycosis
versus noninfectious causes.

— Candidemia and disseminated candidiasis

’ Blood cultures are helpful but are positive in only 50—60% of the
cases of disseminated disease.

’ Urinalysis may be helpful, and results may be indicative of either
colonization or renal candidiasis.

’ The serum 1—3 D-glucan detection assay (Glucatell, Fungitell) is a
nonculture test, which was approved for use in the United States in
May 2004. This assay measures the level of beta-glucan (a fungal
cell wall component). In a large multicenter study, the assay had a
high specificity and positive predictive value with highly reprodu-
cible results.

’ Cultures of nonsterile sites, although not useful for establishing a
diagnosis, may be useful for initiating antifungal therapy in patients
with fever that is unresponsive to broad-spectrum antimicrobials.
Therefore, appropriate interpretation is required. Positive results from
blood cultures and cultures from other sterile sites imply the pre-
sence of invasive disease. Always consider positive results from
these sites to be significant and to be an evidence of infection.

’ GI, respiratory, and urinary tract culture results positive for Can-
dida may not represent invasive disease. However, consider the GI,
respiratory, and urinary tract sites of colonization.

— Cutaneous candidiasis: Use a wet mount. Scrapings or smears ob-
tained from skin or nails are examined under the microscope for hyphae,
pseudohyphae, or budding yeast cells. Potassium hydroxide smears are also
useful.

— Genitourinary candidiasis: Perform a urinalysis. Evidence of WBCs,
RBCs, protein, and yeast cells can be found. Additionally, urine fungal cultu-
res are useful.

— Respiratory tract candidiasis

’ Sputum Gram stain demonstrates WBCs and yeast cells.
’ Sputum culture demonstrates Candida species.
’ Lung biopsy is mandatory to establish definitively the diagnosis of

respiratory tract candidiasis, because the respiratory tract is fre-
quently colonized with yeast.

— GI candidiasis: Endoscopy, with or without biopsy is necessary to
establish the diagnosis.

— Focal hepatosplenic candidiasis: Elevation of the serum alkaline pho-
sphatase level is common.
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— Species identification

’ C. albicans, C. dubliniensis, and C. stellatoidea can be identified
morphologically by germ-tube formation (hyphae are produced from
yeast cells after 2—3 h of incubation) or biochemical assays.

’ CHROMagar Candida allows presumptive identification of several
Candida species by using color reactions in specialized media that
demonstrate different colony colors, depending on the species of
Candida.

’ API 20C and API 32C are biochemical assays that allow the identi-
fication of different Candida species with more precision. These
assays evaluate the assimilation of a number of carbon substrates
and generate profiles used in the identification of different fungal
species.

— Antifungal susceptibility testing

’ In vitro susceptibility testing for Candida species is now standar-
dized, using the National Committee for Clinical Laboratory Stan-
dards (NCCLS) microbroth dilution methodology (NCCLS M27-A2).

’ Although not used as a standard of care, this method may be help-
ful in guiding difficult therapeutic decisions. Most of the difficult
decisions are observed in antifungal, refractory, oral, or esophageal
candidiasis in patients with advanced HIV disease.

— Nonculture Candida detection assays

’ The Candida mannan assay has a sensitivity of 31—90% (less for
non-albicans Candida species).

’ The Candida heat labile antigen assay has a sensitivity of 10—
71%.

’ The D-arabinitol assay has a sensitivity of 50% but is not useful for
infection with C. krusei or C. glabrata.

’ The enolase assay has a sensitivity of 55—75%, which improves
with serial testing.

’ The 1—3 beta-D-glucan assay is an amebocyte lysis assay with a
sensitivity of 75—100% and a specificity of 88—100% (broad-
-spectrum assay that detects Aspergillus, Candida, Fusarium, Acre-
monium, and Saccharomyces species). Beta-D-glucan is a compo-
nent of the cell wall of a wide variety of fungi and can be detected
by its ability to activate factor G of the horseshoe crab coagulation
cascade. The Fungitell assay is used in the evaluation of invasive
fungal infections caused by the species mentioned above to guide
diagnosis. It does not detect infections caused by Cryptococcus
neoformans and Zygomycetes.

— Molecular assays such as polymerase chain reaction tests and DNA
probes are still under development and in the early reserach stage.
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Rezime

Mikrobiologija predstavqa nauku koja se razvija progresivno. Najnovija
istraÿivawa pokazuju posebne izmene na poqu dijagnoze i odgovarajuãe terapije.
Tokom posledwe dve dekade, kandida specijes dobile su na znaåaju kao uzroåni-
ci morbiditeta i mortaliteta kod hospitalizovanih pacijenata. Izolacija kan-
dida iz krvi ili drugih sterilnih podruåja iskquåujuãi urinarni trakt, potvr-
ðuje invazivnost kandida. Kandida vrste nalaze se na åetvrtom mestu najåešãih
uzroånika koji izazivaju infekcije preko krvi (kandidemija) u SAD, a naroåito
na odeqewima intenzivne nege gde se kod 1% pacijenata radi o dubokim infek-
cijama uzrokovanim kandida vrstama. Uprkos uvoðewu novijih antikandida age-
nasa, invazivna kandidijaza ostaje i daqe izazov za kliniåare i mikrobiologe.
Razlozi za propuste u dijagnostici ukquåuju nespecifiåne faktore rizika i
kliniåke manifestacije, slabu osetqivost tehnika kultivacije kandida i pri-
menu invazivnih metoda za uzorkovawe bolesniåkog materijala u sluåaju duboke
kandidijaze. Åak i kada se invazivna kandidijaza dijagnostikuje, kultivacija
kandida traje 2—3 dana, što doprinosi porastu mortaliteta. Preventivno da-
vawe (empirijska terapija) antikandida agenasa moÿe poboqšati preÿivqava-
we pacijenata. Selektivno i neselektivno davawe antikandida agenasa u vidu
profilakse primewuje se na nekim odeqewima intenzivne nege. Ostaje kontro-
verzna uloga antikandida profilakse kod takvih pacijenata, s obzirom na wi-
hov odgovor na antimikrobnu terapiju. Vodiå za aktuelni tretman kandidijaze
Udruÿewa za infektivne bolesti SAD (IDSA) nije posebno definisao da li
empirijska antikandida terapija treba da se primeni kod imunokompetentnih
pacijenta. Posebno je teško primeniti optimalnu antikandida strategiju kod
hospitalizovanih pacijenata na odeqewima intenzivne nege.
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THE PRESENCE OF UNDESIRABLE MOULD SPECIES
ON THE SURFACE OF DRY SAUSAGES*

ABSTRACT: Transition from manufacture to the industrial way of meat production
and processing, as well as contemporary concept of food quality and safety, have led to the
application of starter cultures. Their application leads towards the streamlining of the pro-
duction process in the desired direction, quality improvement and its harmonization, and
thereby to its standardization. Application of moulds in the meat industry is based on posi-
tive effects of their proteolytic and lipolytic egzoenzymes which, as a consequence, leads to
the creation of characteristic sensory properties (“flavor") of fermented products. Penicil-
lium nalgiovense is a typical representative of moulds used in the production of fermented
sausages-salamis from our region.

Samples of “zimska salama" (dry sausage), produced with Penicillium nalgiovense,
were evaluated as hygienically unacceptable. Their sensory properties changed due to conta-
mination of this mould during the ripening process. Micological analysis discovered the pre-
sence of Penicillium aurantiogriseum, which is a frequent mould contaminant in the meat
industry. At the same time, thin layer chromatography revealed no possibility of metabolic
activity of this mould in the creation of mycotoxins. However, the presence of this mould
on the surface of “zimska salama" is considered as undesirable due to formation of “off fla-
vor" in products. Such product is considered as hygienically unacceptable and cannot be
used for the human consumption.

KEYWORDS: dry sausage, mould, mycotoxin, off-flavor, Penicillium nalgiovense,
P. aurantiogriseum

INTRODUCTION

Initial usage of moulds in the production of fermented sausages is con-
nected with Italy and the year 1730, while in Hungary, their application was
first introduced by two Italian butchers in 1835 (L e i s t n e r, 1986). Today,
the application of moulds in meat and dairy industry is common in most of the
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European countries. Meat industry in southern-European countries, especially
in Italy, Spain, France, Hungary and South Germany, uses positive properties
of certain mould species during the fermentation of some fermented salamis
(S u n e s e n & S t a h n k e, 2003). Their controlled application is ensured by
the application of starter cultures.

Positive effects of moulds, such as the creation of desirable sensory cha-
racteristics of fermented sausages, so called “flavor", are the result of their in-
fluence on the proteolytic processes, lactate oxidation, amino acid degradation,
lipolysis, �-oxidation, occurring during the maturing process (G r a t i a at al.,
1986; L e i s t n e r, 1984; L ü c k e, 1997; C o o k, 1995; L ü c k e, 1998). No
less significance is attributed to the protective effect of moulds, colonized on
the surface of the sausage, against other undesirable species of yeasts, moulds
and bacteria (L u c k e & H e c h e l m a n n, 1987). The positive effect on the
colour stabilization process, as well as the process of postponing the product's
rancidity, was also described. These effects are the result of emphasized
enzymatic — catalase activity of added moulds, oxygen consumption and pro-
tection from light (B a c u s, 1986; L u c k e & H e c h e l m a n n, 1987). Fur-
thermore, white and grayish mycelia of colonized moulds on the surface of the
sausage, decreases the possibility of additional drying and the occurrence of
the so called “gray edge" (L ü c k e, 1997), simultaneously forming smooth
surface and uniform appearance of the product (G r a z i a, 1986; S u n e s e n
& S t a h n k e, 2003).

Besides the fact that many of the meat industries are using native mould
cultures for the production of certain fermented sausages, the usage of starter
cultures with already determined desired functional properties, is more and
more in practice. This approach eliminates the risk of obtaining a product with
undesirable sensory properties, as well as poisoning caused by mycotoxins
(C o o k, 1995).

As a result of inadequate, unprofessional application of moulds in the
meat industry, the economic losses can be extremely high, especially if the
mistakes are connected to the maturing process involving large part of produc-
tion lot.

Penicillium nalgiovense (Figure 1) represents the typical mould used in
the European meat industry (L u d e m a n n, 2004). Numerous researches dedi-
cated to the examination of the P. nalgiovense application in the production of
raw sausages, have shown its exquisite potential and superiority compared to
other mould species from genus Penicillium. Today, many authorities in this
area approve its application in commercial starter cultures (S u n e s e n &
S t a h n k e, 2003; G a r c i a et al., 2001).

In our country, P. nalgiovense is used for the production of “zimska sala-
ma" (R a d e t i ã, 1997). The revitalized culture, in the concentration of cca
106 cfu/ml water, is sprayed on the surface of the sausages during certain ma-
turing phases. Guided by the principles of good laboratory practice, and elimi-
nating the risk of a consequent contamination, it is also possible to use broth
mould culture made at meat industry plant laboratories.
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MATERIALS AND METHODS

Due to the presence of the spoilage elements three months after the pro-
duction the samples of “zimska salama" were subjected to the sensory ana-
lysis, as well as detailed mycological analysis, aiming at determination of co-
lonized mould species, occurring on the surface of the product. At the same
time, myco-toxicological analysis was conducted to establish mycotoxin pro-
duction ability of the isolated mould.

Mycological analysis

Mould isolation was conducted on Sabouraud — 4 Maltose Agar, (Merck)
(European Pharmacopeia II) having the following composition: peptone 10,0 g,
D(+) glucose 40,0 g, agar-agar 15,0 g. Identification of the mould of different
age (7, 14, 21. and 28. days) isolated and cultivated under laboratory condi-
tions, was conducted according to the key described by R. A. S a m s o n et
al. (2004).

Myco-toxicological analysis

The isolated mould culture, during its growth under laboratory conditions
(temperature 4° and 25°C, growth period 14 and 21 days), was examined with
the aim of determining the potential production of extra cellular metabolites —
mycotoxines. Determination of ability for mycotoxin synthesis was done by
thin layer chromatography, as described by G i e m e n o et. al. (1983). Toxin
identification was achieved by various developing solvents, spray reagents, and
chemical reactions, and then quantified. The minimum detectable concentration
of the examined mycotoxin (ochratoxin A) was 10 �g/kg.

The obtained results were evaluated according to the enforced regulative
of our country (The Official Gazette of FRY no. 5/92).

RESULTS AND DISCUSSION

The isolated mould culture, P. aurantiogriseum (synonym P. verrucosum
var. cyclopium) is a frequent contaminant of the P. nalgiovense starter culture.
The isolated mould culture (Figure 2) plays a significant role in contamination
of fermented meat products (H o r v a t - S k e n d e r o v i ã & Š k r i n j a r,
1990). Source of contamination can be attributed mostly to the disrespect of
basic principles of good hygienic practice, souch as inadequate plant hygiene,
that is, hygiene of the working plateaus in direct contact with raw materials
and end-products, as well as air contamination and, of course, human factor
that can be of decisive influence (Š k r i n j a r & D i m i ã, 1996). Of equal
influence are the mycological profiles of raw materials, additives and spices
(especially natural, thermally untreated), that can be significant sources of
moulds (H o r v a t - S k e n d e r o v i ã, 1989).
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P. aurantiogriseum, according to the literature data is potentially toxic
mould that can produce neurotoxic — verrucosidin (S c h e u e r, 1995), or
nephrotoxic, carcinogen and immunotoxic — ochratoxin A (P e s t k a, 1995).
The obtained results showed that the isolated and examined strain of P. auran-
tiogriseum, did not show the ability for mycotoxin-ochratoxin production. This
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result was quite convenient from the consumers' point of view since this pro-
duct could have come to the final user-human.

The sensory results implied that the samples of “zimska salama" were
hygienically unacceptable, and due to the changed sensory properties, could
not be used for human consumption (The Off. G. FRY no. 53/91 and annexes
— The Off. G. FRY no. 24/94 and 28/96). Visible changes were especially
emphasized on the surface of the casing and in the outer part of the filling,
right beneath the casing. At these spots, the presence of moulds was recorded.
Moulds were unevenly growing on the surface of salami, creating grayish
layers in the form of stamps of different sizes. The aroma was adverse with
expressed admixture note of mould, bitter and hot.
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Rezime

Prelazak sa zanatske proizvodwe i prerade mesa na industrijski naåin,
kao i savremeni koncept obezbeðewa kvaliteta i bezbednosti hrane, uslovili
su upotrebu starter-kultura. Wihova primena dovodi do usmeravawa procesa
zrewa u ÿeqenom pravcu, poboqšavawu i ujednaåavawu kvaliteta a time i stan-
dardizaciji proizvodwe. Istovremeno, postiÿe se higijenska sigurnost u toku
proizvodwe kao i dobijawe zdravstveno-bezbednog proizvoda. Upotreba plesni u
industriji mesa zasniva se na pozitivnim efektima wihovih proteolitiåkih i
lipolitiåkih egzoenzima, što poslediåno dovodi do nastanka karakteristiå-
nih senzorskih svojstava (flavour) sirovih proizvoda. Nezaobilazan je i zaštit-
ni efekat, kao i uticaj na stabilizaciju boje i usporavawe nastanka rancidite-
ta proizvoda. Dok je upotreba bakterija i kvasaca vezana za delovawe u unutra-
šwosti nadeva kobasice, dotle je primena selekcionisanih plesni vezana za
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površinsku „kontaminaciju". Karakteristiåan izgled (sivo-bela površina),
tipiåna aroma proizvoda kao i zaštitni efekat, koje ostvaruju selekcionisane
i namerno dodate, po površini, odreðene vrste netoksigenih plesni, predsta-
vqaju osnove wihove primene u industriji mesa.

Penicillium nalgiovense predstavqa tipiånu vrstu plesni koja se koristi na
našim prostorima u proizvodwi fermentisanih kobasica — salama.

U ovom radu analizirani su uzorci „zimske salame", u åijoj proizvodwi je
bila upotrebqena kultura Penicillium nalgiovense i koji su organoleptiåkom ana-
lizom oceweni kao higijenski neispravni. Uzorci su imali izmewena senzor-
ska svojstva, nastala kao rezultat procesne ili postprocesne kontaminacije u
toku procesa proizvodwe ili, pak, neadekvatnog ili neuslovnog skladištewa.
Mikološkom analizom utvrðeno je prisustvo Penicillium aurantiogriseum, koji je
u literaturi i praksi poznat kao åest kontaminent plesni. Istovremeno, meto-
dom tankoslojne hromatografije, u laboratorijskim uslovima gajewa, nije utvr-
ðena moguãnost wene metaboliåke aktivnosti u pravcu stvarawa mikotoksina.
Meðutim, prisustvo ove vrste plesni, na površini „zimske salame", smatra se
nepoÿeqnim, zbog nastanka „of flavour-a" proizvoda. Takav proizvod je higijen-
ski neispravan i neupotrebqiv za qudsku ishranu.
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EFFECTS OF MOULDS ON THE SAFETY AND
PROCESSING QUALITY OF TRITICUM AESTIVUM*

ABSTRACT: Wheat and wheat products are frequently subjected to mould infesta-
tions. Many of them are potential producers of various mycotoxins. Some of the conse-
quences, due to the infestations by genus Fusarium and Alternaria, are mostly: yield loss,
decrease of biological and technological quality, and unacceptable quality of infected ker-
nels for the production and processing into human food because of the possible presence of
mycotoxins.

It is unknown whether and how the contaminated grains are distributed during milling
into various flour streams and finished products. Wholegrain flours and related products
contain all anatomic parts of kernels, including mycotoxins. It is a known fact that myco-
toxins are resistant to thermal degradation, so they do not loose their toxicity during proces-
sing. Moulds from genus Fusarium spp. and Alternaria spp. synthesize mycotoxins, mostly
zearalenon and ochratoxin A.

The aim of the investigation was to examine mould contamination of wheat grain, as
well as to identify the isolated species, especially those capable of producing toxins, and to
determine their impact on technological quality, safety and sanitary condition of wheat.

Six varieties of wheat, contaminated with moulds, were investigated. Each sample
was separated manually into four fractions: sound kernels, black germ kernels, kernels in-
fected slightly and those infected severely with Fusarium spp.

KEY WORDS: moulds, mycotoxins, ochratoxin, technological quality, wheat, zeara-
lenon

INTRODUCTION

Agricultural production is a complex processing cycle susceptible to con-
tamination with field moulds and/or toxic metabolites, in all phases of pro-
duction, transport, storage, and processing. The researches have been conduc-
ted to emphasize the necessary changes needed in comprehending that wheat is
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staple food and the most important chain in the biological cycle of the migra-
tion of hazardous contaminants, posing serious health concerns to humans.

Cereals, especially wheat, represent a strategic raw material from the
aspect of human nutrition. However, cereals and cereal products can be conta-
minated with moulds in any phase of a processing cycle: in fields, during har-
vest, storage, processing, transport, and over a period between production and
consumation. Many of the moulds are potential producers of mycotoxins (Š a -
r i ã et al., 1973; Š a r i ã et al., 2004).

The aim of the investigation was to examine mould contamination of
wheat grain and wheat flour, as well as to identify the isolated species,
especially those capable of producing toxins, and to determine their impact on
technological quality, safety and sanitary condition of wheat.

MATERIALS AND METHODS

The paper presents results of investigation of 6 wheat varieties infested
severely with Fusarium spp. and Alternaria spp. Kernels were separated on
the basis of sensory properties, mycological and mycotoxical tests.

The contaminated kernels were separated into three fractions:
— Black germ fraction (Figure 1) comprises kernels with altered colour

of outer layers, mostly around germ and crease of the wheat kernel. The co-
lour changes are caused by different mould species or, so called, “black
moulds", mostly belonging to the genera Alternaria and Helminothosporum
(Š a r i ã et al., 1973; Š a r i ã et al., 2004; Š a r i ã et al., 2004a; Š a r i ã et
al., 1980). The content of these kernels is not considered impure according to
JUS E.B1.200 standard (1992).

— Fraction of kernels moderately contaminated with Fusarium spp.
consists of less shrivelled kernels with slightly expressed white or pink layers
on the surface. These kernels are mostly contaminated with Fusarium spp. du-
ring waxy or full maturity of the wheat. It is not possible to separate this frac-
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tion during milling cleaning so it enters flour. The highest contamination is
usually observed in the aleuronic layer (Š a r i ã et al., 1973; Š a r i ã et al.,
2004; Š a r i ã et al., 2004a; Š a r i ã et al., 1980).

— Fraction of kernels severely contaminated with Fusarium spp. (Fi-
gure 2) includes shrunk, and scabby kernels, coloured in white or light red.
Such kernels are consequence of mould infestation in early stages of wheat
maturity. During milling cleaning, these kernels are only partially removed,
and mostly enter further processing phases (Š a r i ã et al., 1973; Š a r i ã et
al., 2004; Š a r i ã et al., 2004a; Š a r i ã et al., 1980).

— Control sample consisted of fraction of sound wheat kernels from the
corresponding wheat sample.

At collection terminals, harvested wheat usually contains all of the de-
scribed fractions. Wheat bulk is sampled, evaluated regarding sensory proper-
ties and impurity content in order to establish its price. Only kernels severely
contaminated with Fusarium spp. are classified into organic black impurity
category, i.e. the category of deteriorated kernels. There is very little informa-
tion on the distribution of the contaminated kernels during milling cleaning
and the influence of milling processing on the safety of flour and other
end-products. Particularly hazardous is preparation of wholegrain flour, be-
cause the whole kernels, including contaminated ones, are milled and proces-
sed into bread and bakery goods.

Each kernel category was analyzed using standard mycological, myco-
toxicological, physico-chemical and rheological methods (P i t t and H o c k -
i n g, 1985; M o r e s u, 1995; Official Methods AOAC, 1990; K a l u ð e r s k i
and F i l i p o v i ã, 1998; Pravilnik, 1980; M a r a s a s et al., 1984; Š k r i -
n j a r et al., 1997).

RESULTS AND DISCUSSION

Target fungal species were detected in all of the investigated samples at
varying levels according to the total fungal count per wheat kernel (Table 1).
The highest contamination was observed in the category of grains severely
contaminated with Fusarium spp. Overall, 9 fungal species were isolated, with
Fusarium being the most dominant genus detected in higher numbers (78% of
total isolated mycopopulations). There were eleven species (identified from
Fusarium genus which could produce toxic metabolites like zearalenon (ZEA) and
trihoteceron (M o r e s u, 1995; M a r a s a s et al., 1984). Fusarium oxysporum
was the most dominating mould, comprising 38% of the contaminated sam-
ples.

Table 1 — Average content of mold number per kernel of wheat fraction pattern

Grain fraction 1 2 3 4 5 6

Sound 0,92 0,73 0,83 1,15 0,75 1,11
Black germ 2,00 2,97 2,94 1,52 2,51 1,95
Moderatcly infested with Fusarium spp. 2,87 3,12 3.21 2,21 2,62 2,94
Severely infested with Fusarium spp. 3,21 3,25 3,25 2,58 3,21 3,14

107



Besides the most commonly isolated Fusarium spp., moulds from genus
Alternaria were also present in the fraction of all the investigated wheat varie-
ties, accounting for 14% of the samples (Pravilnik, 1980; M a r a s a s et al.,
1984; Š a r i ã et al., 1997).

Investigating the physical properties of wheat fractions, it was concluded
that test weights decreased depending on the infestation level (Š a r i ã and
S e k u l i ã, 1981; Š a r i ã et al., 2001) (Table 2, Figures 3, 4). Only fraction
of sound kernels satisfied the minimum quality requirements regulated by JUS
E.B1.200 standard (1992).

Table 2 — Physical properties of kernels from various fractions

Grain fraction Test weight (kg/m3) Mass of 1000 kernels (g)

Average sample 710 27,4
Sound kernels 760 32,4
Black germ kernels 720 31,0
Moderatcly infested with Fusarium spp. 690 26,9
Severely infested with Fusarium spp. 550 19,4

Considering mycotoxicological analyses (Table 3), ochratoxin A (OA)
was present in significant numbers of samples, mostly in the fractions of
moderately and severely infested kernels with Fusarium spp., at concentrations
in the range 11—48 mg/kg, while ZEA was detected in very high concentra-
tions, ranging from 170 to 500 mg/kg. According to Regulation (Pravilnik,
1992), the maximum level of OA is 10 mg/kg, and 1 mg/kg for ZEA (Official
Methods AOAC, 1990). These samples would be rendered unacceptable with
respect to hygiene and safety, especially because toxins do not deteriorate after
thermal processing (baking).

Tabele 3 — Contamination of wheat grains with mycotoxins (µg/kg)

Grain fraction Variety
Mycotoxin (µg � kg–1)

Ohratoxin A Zearalenon

Sound 1 0 0
Black germ 1 0 0
Moderatcly infested with Fusarium spp. 1 0 0
Severely infested with Fusarium spp. 1 8 280

Sound 2 16 0
Black germ 2 32 0
Moderatcly infested with Fusarium spp. 2 32 0
Severely infested with Fusarium spp. 2 32 0

Sound 3 32 0
Black germ 3 0 0
Moderatcly infested with Fusarium spp. 3 0 0
Severely infested with Fusarium spp. 3 32 400

Sound 4 0 0
Black germ 4 34 200
Moderatcly infested with Fusarium spp. 4 11,5 0
Severely infested with Fusarium spp. 4 34 500
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Sound 5 11 0
Black germ 5 11 170
Moderatcly infested with Fusarium spp. 5 16 250
Severely infested with Fusarium spp. 5 48 350

Depending on the stage of kernel maturity, fungal infestations affect the
filling of kernels, since the mass of 1000 kernels decreases regularly from
sound to infested fractions. The kernel dimension is an important factor that
affects flour yielding.

The highest flour yield was obtained in sound fractions, and the lowest in
the severely infected fractions (Figure 3), that is in an inverse proportion with
mineral content of kernels (Figure 4). The severely infested fractions showed
the lowest flour yield, and the highest ash content, which is an unfavourable
characteristic for milling processing.
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Fig. 3 — Flour yields of wheat fractions

Fig. 4 — Mineral contents of wheat fractions



Chemical methods (protein content, wet gluten content, etc.) clearly re-
vealed the breakdown of wheat gluten/starch conglomerate provoked by fungal
infestation.

Table 4 — Protein content of wheat fractions

Variety
Protein content (%/dry basis)

Sound
kernels

Black germ
kernels

Moderatcly infested
with Fusarium spp.

Severely infested
with Fusarium spp.

1 13,3 13,7 13,8 14,0
2 13,6 14,0 14,5 15,0
3 14,0 14,6 14,8 15,1
4 14,8 15,0 14,9 15,5
5 14,3 14,8 14,9 15,1
6 13,5 14,0 14,3 14,8

All the investigated wheat varieties had relatively high protein content at
a level of the first technological class, with the highest contents determined
within the severely infested fractions (Table 4). This is the consequence of
infestation with fungi belonging to genus Fusarium that resulted in prematu-
ration and insufficient kernel filling, thus disturbing the ratio of endosperm to
aleurone cell layer, in advantage to aleurone cell layer. This disturbance arose
because moulds use carbohydrate components as a substrate for growth. Since
the fungal biomass consists of 40% protein, the higher content of proteins in
the infested fractions presumably comes from fungal mycelia present in signi-
ficant amounts in the infested kernels.

From rheological measurements, the determination of quality and content
of gluten was carried out. The wet gluten content significantly varied in the
fractions of wheat varieties. The black germ fractions were the highest in this
parameter, while the severely infested fractions were the lowest (Table 5). This
is probably the consequence of gluten degradation, especially of gliadin, the
major contributor to dough elasticity (Š a r i ã et al., 1997).

Table 5 — Wet gluten content in wheat fractions

Variety
Wet gluten content (%)

Sound
kernels

Black germ
kernels

Moderatcly infested
with Fusarium spp.

Severely infested
with Fusarium spp.

1 32 33 30 26
2 33 35 31 27
3 34 36 32 30
4 35 37 34 32
5 35 36 33 29
6 34 33 31 26

Besides the difference in wet gluten content between fractions, there was
a significant variation in the quality of gluten as well. Structural Berliner's
number (Qo) more or less regularly decreased from sound to the severely infe-
sted fractions of the examined wheat varieties (Figure 5).
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To investigate the gluten quality, gluten extensibility test was performed
( K a l u ð e r s k i and F i l i p o v i ã, 1998). Gluten extensibility varied from
fraction to fraction (Figure 6).

The sound fractions of all the investigated wheat varieties had moderately
extensible gluten which was firm, slightly sticky, and elastic. The slightly infe-
sted fractions had moderately extensible, elastic, soft and mucous gluten. The

111

Fig. 5 — Changes in the structural Berliner's number (Q0)

Fig. 6 — Changes in the properties of gluten



severely infested fractions had moderately to extremely extensible, non-elastic,
sticky, and mucous gluten. In most of the cases, the incoherent mechanical
structure enabled the gluten to return into the primary position after the
extension.

CONCLUSION

— Moulds are frequent contaminants of wheat and related products with
potential to produce mycotoxins;

— Fungal contamination by field moulds, especially from genus Alter-
naria, deteriorates the quality of wheat grains, depending on the level of infe-
station and the content of infested kernels;

— Field moulds, by their filaments, degrade the kernels, decreasing their
processing quality and sanitary condition;

— Moulds and their metabolites, and mycotoxins cannot be detected
organoleptically in grains, flour and bread, but they tend to accumulate in
human organism, posing a health risk by causing severe diseases.

Especially emphasized is the contamination with moulds and their toxic
metabolites which are resistant to heat degradation, thus representing potential
silent killers of a living world. The basic recommendations coming from this
paper are directed towards the strict enforcement of laws regarding microbiolo-
gical and mycotoxicological control of cereals, as well as to encourage the
changes and the necessary accommodation of valid regulations concerning
toxin limits and introduction of obligatory control of newly recognized toxins.

ACKNOWLEDGMENT

These resultats part the project valuation of wheeat quality and products
per designated purposes ind the Republic of Serbia Province of Vojvodina and
Republic of Macedonia in comparasion with the quality model pursuant to EU
standards.

Number: 114-451-01428/2006-03

REFERENCES

Jugoslovenski standard sa obaveznom primenom, JUS E.B1.200 (1992): Savezni zavod
za standardizaciju, Beograd.

K a l u ð e r s k i, G., F i l i p o v i ã, N. (1998): Metode ispitivanja kvaliteta ÿita, brašna
i gotovih proizvoda, Tehnološki fakultet, Novi Sad.

M a r a s a s, NJ. F. O., N e l s o n, P. E., T o u s s o u n, T. A. (1984): Toxigenic Fusa-
rium species, Identity and mycotoxicology, The Pennsylvania State University
Press, University Park and London.

M o r e s u, C. (1995): The Moulds, In Microbiological Control for Foods and Agricul-
tural Products, VCN Publ., New York, 277—292.

112



Official Methods of Analysis of the Association of Official Analytical Chemists —
AOAC (1990): Natural Poisons.

P i t t, J. I., H o c k i n g, A. D. (1985): Fungi and Food Spoilage, Academic Pres, Inc.,
London.

Pravilnik o metodama vršenja mikrobioloških analiza i super analiza ÿivotnih namir-
nica (1980): Sl. list SFRJ, 25.

Pravilnik o koliåinama pesticida, metala i metaloida i drugih otrovnih supstancija, he-
mioterapeutika, anabolika i drugih supstancija koje se mogu nalaziti u namirnica-
ma (1992): Sl. list SRJ, 5.

P r o t i ã, N., S a v i ã, M., Š k r i n j a r, M., Š a r i ã, M. (1998): Presence of Myco-
toxin Fusarium spp Originating in Wheat Production, 7th International Conference
on Stored Product Protection, Beijing.

Š a r i ã, M., P e t r i ã, D., S e k u l i ã, R. (1973): Promene u kvalitetu pšenice kao po-
sledica napada Fusarium-a, Referativni bilten JIPI, 17, 1—18.

Š a r i ã, M., S t o j a n o v i ã, T., Š k r i n j a r, M., P s o d o r o v, Ð. (2004): Plesni —
uzroånici promena tehnološkog kvaliteta i higijenske ispravnosti pšenice, Ÿito-
-hleb, 31, 1—2, 29—33.

Š a r i ã, M., S e k u l i ã, R., P e t r i ã, D. (2004a): Uticaj napada Fusariuma na kvali-
tet pšenice, Ÿito-hleb, 31, 1—2, 47—57.

Š a r i ã, M., F i l i p o v i ã, N., S e k u l i ã, R. (1980): Fusarium na pšenici, koliåina i
priroda problema, Referativni bilten JIPI, 9, 1—29.

Š a r i ã, M., Š k r i n j a r, M., D i m i ã, G., F i l i p o v i ã, N., R a š i ã, J. (1997):
Changes in Hygienic and Technological Wheat Quality by Mould Infection, Acta
Alimentaria, 26, 3, 255—269.

Š a r i ã, M., S e k u l i ã, R. (1981): Primena bioloških, hemijskih i reoloških postupaka
pri oceni ošteãenja pšenice, Ÿito-hleb, 8, 4, 3—11.

Š a r i ã, M., S t o j a n o v i ã, T., Š k r i n j a r, M., Š a r i ã - K o n c, N., G n i p, M.
(2001): Promene u higijenskom i tehnološkom kvalitetu izazvane kontaminacijom
plesni, 1. meðunarodni simpozijum „Hrana u 21. veku", Zbornik radova, Subotica,
575—580.

Š k r i n j a r, M., Š a r i ã, M., D i m i ã, G., F i l i p o v i ã, N. (1997): Study on the
Presence of Moulds and some Mycotoxins in Wheat Flour, Romanian Biotechno-
logical Letters 2, 6, 447—487.

113



UTICAJ PLESNI NA ZDRAVSTVENO BEZBEDNU ISPRAVNOST
I TEHNOLOŠKI KVALITET TRITICUM AESTIVUM

Marija D. Šariã, Tatjana V. Stojanoviã,
Marija M. Škriwar, Mirjana M. Menkovska3

1 Tehnološki fakultet, Bulevar cara Lazara 1, Novi Sad, Srbija
2 Viša škola za prehrambene tehnologije, Univerzitet u Nišu,

Prokupqe, Srbija
3 Veterinarski institut, Univerzitet Ãirilo i Metodije,

Skopqe, Makedonija

Rezime

Pšenica i preraðevine od we namewene humanoj ishrani veoma åesto pod-
loÿne su infekciji razliåitih plesni. Mnogi od wih su potencijalni produ-
centi široke lepeze mikotoksina. Kao posledica napada plesni iz rodova Fu-
sarium i Alternaria veãinom su gubici u prinosu, pad biološkog i tehnološkog
kvaliteta, nepodobnost inficiranih zrna za proizvodwu i preradu u qudsku
hranu zbog eventualnog sadrÿaja mikotoksina. Nepoznato je kako i da li se kon-
taminirana zrna plesnima odvajaju u mlinskoj åistionici i rasporeðuju u od-
reðene tipove brašna, kao i u finalne proizvode. Integralno brašno i pro-
izvodi od wega sadrÿe sve anatomske delove zrna, samim tim i mikotoksine.
Poznato je da su mikotoksini izrazito termostabilni i ne gube toksiånost pri
termiåkoj obradi, odnosno proizvodwi finalnih proizvoda. Plesni iz rodova
Fusarium spp i Alternaria spp sintetišu u zrnu ÿita mikotoksine i to veãinom
zeralenon i ohratoksin A.

Ciq ispitivawa je bio da se utvrdi prisustvo plesni u pšeniånim zrni-
ma. Posebno je vaÿno da se izvrši identifikacija izolovanih vrsta i to pre
svega toksigenih vrsta kao i da se odredi wihov uticaj na tehnološki kvalitet
i zdravstveno bezbednu ispravnost pšenice.

Ispitano je šest sorti pšenice kontaminiranih plesnima i svi uzorci
su senzorno razdvojeni na åetiri frakcije zrna: zdrava, tamnokliåna, malo i
jako fuzariozna.
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SHARE OF AFLATOXIGENIC MOULDS FROM
GENERA ASPERGILLUS AND PENICILLIUM

IN MYCOPOPULATIONS ISOLATED FROM SPICES
FOR MEAT PROCESSING INDUSTRY*

ABSTRACT: Results of this paper show share of aflatoxigenic moulds from genera
Aspergillus and Penicillium in mycopopulations isolated from spices that are often used in
meat processing (ground pepper, dried peppercorn, paprika powder, caraway and laurel).
Using standard mycological methods, it has been found that all the examined samples were
contaminated by Aspergillus species, and further 50% by Penicillium species. Additionally,
aflatoxigenic moulds A. flavus and A. niger were found to be present. A. flavus was present
with 60% in the samples of dried peppercorn — 2; paprika powder — 2, while its
frequencies in ground pepper — 1 and laurel were 50% and 28,5%. respectively. A. niger
made up 50% of all the isolates of Aspergillus and Penicillium species, isolated from pa-
prika powder — 1, although its share in the samples of laurel, paprika powder — 2 and
ground pepper — 1 was 43%, 20% and 10% respectively.

KEY WORDS: aflatoxigenic moulds, frequency, spices

INTRODUCTION

Significant number of plants has been used for a production of spices be-
cause of its characteristical aromatic attributes. Basic role of these products is
to make meals more tasty and piquant. Different parts of a plant could be used
as a spice, depending on the part of the plant where aromatic substance is
found. Such parts could be: offspring, seed, flower, leaf, cortex, root, or the
whole plant (D i m i ã, 1999).

Foodstuffs of plant origin, to which species belong, are favourable sub-
strate for development of mould. Besides the changes which are caused by
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some mould genera, like discoloration, in some definite conditions they can
produce toxic extracellular metabolites-mycotoxins (K a r a n, 2005).

Production of spices is widespread in countries with tropical climate
(high temperature and humidity, planty of rainfall), which is convenient for
contamination with moulds. Besides, spices are usually dried on the ground in
the open spaces with poor hygienic conditions. This further stimulates mould
growth and production of mycotoxines. At the global level, contamination of
spices with mycotoxines is most often registered in Ethiopia, Egypt and Portu-
gal (Z i n e d i n e, 2006).

Spices are often contaminated with soil-borne moulds, and refuse (birds,
insects, rodents). Number of moulds in spices increases because of inadequate
drying process, while it reduces when water activity level is under 0.60.
Xerophile moulds represent particular problem: they can develop at or in a
substrate with smaller content of free water (under aw 0,80) and mostly belong
to genera Aspergillus and Penicillium, that are most frequent contaminants of
spices (K a r a n, 2005)

Aflatoxins are products of a secondary metabolism of moulds A. flavus
and A. parasiticus. Almost all species of A. parasiticus are toxic, but the
synthesis of aflatoxins in A. flavus significantly varies between the species.

For both species production of toxins is a result of interaction of species
genotype and medium conditions in which they grow (M o r e a u and M o s s,
1979). Besides the opinion that aflatoxins are secondary metabolites only of
the mentioned mould species, there are opinions that other species also (A. ni-
ger, A. ruber, P. citrinum, P. digitatum, Rhizopus stolonifer and Mucor mu-
cedo) have the ability for the aflatoxin synthesis, but only in traces (G o l d -
b l a t t, 1969; K r a s i ã, 2003).

Aflatoxins are secondary metabolites of moulds A. flavus, A. parasiticus
and A. nominus, which is phenotype similar to A. flavus, but with different
shape of sclerotium. The other species produce aflatoxins in traces, including
A. pseudotamarii, A. bonbysis and A. ochraceroseus (E r d o g a n, 2004).

Aflatoxins are chemically difuro-cumaro-lactons. Until today, over 20
aflatoxins were isolated. Among them, the most famous and most toxic are the
aflatoxins B1 and G1 and their dihydro derivates B2 and G2 (M a š i ã, 2000).

Aflatoxins are substances without colour, smell or taste. Chemically, they
are stable and resistant to degradation during normal food cooking process. It
is hard to eliminate them. They could be completely destroyed by chromsulfat
acid, Na hipochlorite, concentrate NaOH and by being exposed to solar light
for an extended period of time (Š u t i ã and S t o j a n o v i ã, 1973). They are
dissolved without melting at temperature, from 268 to 269°C. Risk of produ-
cing aflatoxins is higher during dry season. When the humidity is under nor-
mal level and temperature is high, number of the spores of Aspergillus increa-
ses in the air (M a l e t i ã, 2005).

Aflatoxins are hepatotoxins and the most famous carcinogenic agents
known until today (M a l e t i ã, 2005).

Toxic effect of aflatoxins, besides carcinogenic activity, includes mutage-
nic, teratogenic and immunosuppressive activities. AB1 is the most powerfull
hepatocancer agent known in mammals and is classified by the International
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Agency of Research on Cancer as Group 1 carcinogen (IARC, 1993). The in-
cidence of AFs in foods and feeds is relatively high in tropical and subtropical
regions where climatic conditions provide optimal conditions for the mould
growth (R u s t o m, 1997). Furthermore, a correlation between dietary expo-
sure to AFs and incidence of human liver cancer in some areas, especially in
Africa and Asia has been shown (Z i n e d i n e i sar., 2006).

People are usually exposed to mycotoxins during food-consumption. Afla-
toxins have cumulative activity in human organism and they cannot be elimi-
nated by any known medicine.

The production of AB1 and AB2 has been registered at temperatures of
15, 20, 25, 30, 35 and 40°C by A d e b a j o et al. (1994), with optimal tem-
perature of 30°C. At low temperatures (5°C), they are usually not produced
(B u l l e r m a n and O l v i g n i, 1974; K r a s i ã, 2003).

Presence of aflatoxins is relatively rare in our country (M a š i ã, 2000).
But, we are importing many foodstuff, including spices, from regions with tro-
pical and subtropical climate that are often contaminated by aflatoxins. There-
fore, it is clear that all the examinations of aflatoxins and their producers have
great significance, especially if we know their nature and the fact that they are
widely used in the food industry, particularly in the meat processing industry.

The main goal of this paper was to identify the share of aflatoxigenic
moulds from genera Aspergillus and Penicillium in mycopopulations isolated
from some spices.

MATERIAL AND METHODS

Mycological investigations were conducted on eight different spices sam-
ples intended for usage in meat processing industry, respectively on two
ground pepper samples, two dried peppercorn samples, two samples of paprika
powder and samples of caraway and laurel.

Total number of moulds in 1 g of a spice sample was determined ac-
cording to Koch method. Three types of selective culture media were used:
Sabouraud-maltose agar (SMA) with the addition of antibiotics (1,0 ml chlo-
ramphenicol and 1,0 ml oksytetracykline per 100 ml of medium), maltose
yeast extract agar with 50% glucose (MY50-G), and medium for xerophile
moulds-Czapek agar (Cz). The culture, dispersed in Petri dishes, was left to in-
cubate for seven days at 25°C. Each test was repeated two times. The species
isolated were monocultivated on Czapek agar, because of taxonomic classifica-
tion. The samples were incubated for seven days at 25°C. The species isolated
were identified on the basis of investigation of the macromorphological pro-
perties of colonies and micromorfological properties of conidial and other
structures according to the key described by S a m s o n and van R e e n e n -
- H o e k s t r a (1988), and T h o m and R a p e r (1945).
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RESULTS AND DISCUSSION

Tab. 1 — Total number of moulds in 1 g of spice samples

Sample
Total number of moulds/1 g

CZ SMA MY50-G

Paprika powder — 1 200 320 680
Paprika powder — 2 680 820 1350
Ground pepper — 1 410 800 2520
Ground pepper — 2 120 530 1630
Dried peppercorn — 1 270 4040 6570
Dried peppercorn — 2 140 4210 1020
Caraway 10 0 3270
Laurel 780 810 2660

Tab. 1. shows results of total number of isolated moulds from spice sam-
ples.

The highest number of colonies in all spice samples, except dried pepper-
corn — 2 (4040 moulds/1 g of the sample, grown on SMA), was deter-
mined on MY50-G, and after that on SMA. The lowest number of colonies
was determined on Cz, which was expected, because this is a medium that has
the lowest content of nutrient compounds necessary for isolation of xerophil
moulds. The presence of moulds on SMA was not determined in the caraway
sample, after 7 days of incubation at 25°C.

The highest number of colonies on SMA was determined in the samples
of dried peppercorn (4210 and 4040 moulds/1 g of the sample). The highest
number of grown colonies on MY50-G was determined in the dried pepper-
corn — 1 sample (6570 moulds/1 g of the sample), and the most intensive
growth of moulds on Czapek agar was observed in the laurel sample (780
moulds/1 g of the sample).

Tab. 2 — Species of moulds from genera Aspergillus and Penicillium isolated from spice samples

Sample The species of moulds Frequency of species (%)

Ground pepper — 1

A. flavus Link 50
A. nidulans (Eidam) Wint. 10

A. niger von Tieghem 10
A. terreus Thom 10

A. versicolor (Vuill.) Tiraboschi 10
P. claviforme Bain. 10

Ground pepper — 2
A. versicolor (Vuill.) Tiraboschi 66,66

P. corylophilum Dierckx 33,34

Dried pepper — 1
A. ochraceus Wilhelm 75

A. versicolor (Vuill.) Tiraboschi 25

Dried pepper — 2
A. flavus Link 60

A. ochraceus Wilhelm 20
A. versicolor (Vuill.) Tiraboschi 20

Paprika powder — 1
A. niger von Tieghem 50
A. ochraceus Wilhelm 50

118



Paprika powder — 2
A. flavus Link 20

A. niger von Tieghem 60
P. expansum Link 20

Laurel

A. flavus Link 43
A. niger von Tieghem 28,50

A. ustus (Bain.) Thom and Church 14,25
P. glabrum (Wehmer) Westling 14,25

Caraway A. versicolor (Vuill.) Tiraboschi 100

Tab. 2. displays the mould species from genera Aspergillus and Penicil-
lium isolated from the investigated spice samples and their share in total num-
ber of mould isolates from the observed genera.

The presence of Aspergillus species was determined in all investigated
spice samples. The presence of moulds from genus Penicillium was determi-
ned in the following samples: ground pepper — 1, ground pepper — 2, papri-
ka powder — 2 and laurel.

Among aflatoxigenic moulds, the presence of A. flavus and A. niger was
detected in the analyzed samples except the samples of caraway, dried pepper-
corn — 1 and ground pepper — 2. In the paprika powder — 1 sample, the
only isolated aflatoxigenic mould was A. niger. Among the aflatoxigenic mo-
ulds only A. Flavus was isolated from the grain peppercorn — 2.

Fig. 1. shows the share of A. flavus in total number of isolates from gene-
ra Aspergillus and Penicillium, in the contaminated samples.
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Fig. 2. shows the share of A. niger in total number of moulds from gene-
ra Aspergillus and Penicillium, in the contaminated samples.

Investigations performed by H a d l o k (1969), H o r i e (1971), S i r -
n i k and G o r i š e k (1983), Š k r i n j a r (1983) and others, showed that the
most frequent contaminants of spices were Aspergillus and Penicillium species
(D i m i ã, 1999).

D i m i ã (1999) reported that 87,5% of the investigated spice samples
(spice mixes, black peppercorn and paprika powder) were contaminated with
moulds which belong to genera Aspergillus and Penicillium.

A. flavus detected in 50% of the mixed spice samples, and A. niger was
determined in 62,5% of the same samples.

The results of mycological investigations on black peppercorn (D i m i ã,
1999) showed that the most numerous species of moulds were from genera
Aspergillus and Penicillium, and they included 35,29% of all isolates. Asper-
gillus was detected in all analyzed samples (100%), and 62,5% of A. flavus-
-oryzae samples were contaminated by Penicillium species. The largest part of
the investigated samples (75%) contained moulds which belong to group A.
flavus-oryzae.

A. niger was isolated in 50% of black peppercorn samples. In paprika
powder, A. flavus was shared with 25%, like A. niger, in total number of isola-
tes (D i m i ã, 1999).

After investigation of 44 samples of paprika powder, E r d o g a n (2004)
reported that 38,5% of the samples were contaminated with A. flavus. He de-
tected the presence of A. niger in 57,7% of the examined samples.

K a r a n et al. (2005) detected the presence of Aspergillus in all the exa-
minated spice samples, including dried peppercorn and paprika powder.
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isolated from the investigated spice samples.



M i s r a (1981) and R o y et al. (1988) isolated high number of Asper-
gillus moulds from spices including black pepper (K a r a n et al., 2005).

CONCLUSION

It was found that all the examined samples were contaminated by Asper-
gillus species, and further 50% by Penicillium species. Additionally, aflatoxi-
genic moulds, A. flavus and A. niger, were found to be present. A. flavus was
present in 60% of samples of dried peppercorn — 2; paprika powder — 2,
while its frequencies in ground pepper — 1 and laurel were 50% and 28,5%
respectively A. niger made up 50% of all the isolates from genera Aspergillus
and Penicillium species isolated from paprika powder (regular), although its
share in the samples of laurel, paprika powder — 2, and ground pepper — 1
was 43%, 20% and 10%, respectively.
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UDEO AFLATOKSIGENIH PLESNI IZ RODOVA ASPERGILLUS
I PENICILLIUM U MIKOPOPULACIJAMA IZOLOVANIM

IZ ZAÅINA ZA KLANIÅNU INDUSTRIJU

Qubiša Ã. Šariã i Marija M. Škriwar
Tehnološki fakultet, Univerzitet u Novom Sadu, 21000 Novi Sad, Srbija

Rezime

Rezultati ovog rada prikazuju udeo aflatoksigenih plesni iz rodova Asper-
gillus i Penicillium u mikopopulacijama izolovanim iz zaåina, koji se åesto ko-
riste u industriji prerade mesa (mleveni biber, biber u zrnu, mlevena zaåin-
ska paprika, kim i lovor). Koristeãi standardne mikološke metode utvrðeno je
da su svi ispitivani uzorci (100%) bili kontaminirani Aspergillus vrstama, a
50% uzoraka i Penicillium vrstama. Od aflatoksigenih plesni utvrðeno je prisu-
stvo A. flavus i A. niger. A. flavus je sa 60% bio zastupqen u uzorcima bibera u
zrnu — 2, mlevene zaåinske paprike (qute), dok mu je uåestalost u mlevenom bi-
beru — 1 i lovoru bila 50% odnosno 28,5%. A. niger je åinio 50% svih izolata
Aspergillus i Penicillium vrsta izolovanih iz mlevene zaåinske paprike (slatke),
dok je udeo u uzorcima lovora, mlevene zaåinske paprike (qute) i mlevenog bi-
bera — 1 bio 43, 20 i 10%.
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FUNGAL DISEASES OF SOME VEGETABLES GROWN
IN GREENHOUSE AND GARDEN*

ABSTRACT: Aim of this paper was to give an overview of fungal diseases prevai-
ling on the most common vegetables grown in Novi Sad area. For investigation, lettuce and
spinach grown in a greenhouse and in open garden were chosen. In greenhouse, optimal
conditions for growing lettuce and spinach were maintained, which at the same time favour
the development of fungal diseases. The vegetables grown in a protected suburban open
garden were more problematic considering fungal diseases. In this paper, the prevention of
fungal diseases was emphasized to avoid drastic chemical treatment or minimize its applica-
tion. The adequate prevention in greenhouse is a good ecological measure.

KEY WORDS: Lettuce, spinach, greenhouse, fungal disease, fungus

INTRODUCTION

Lettuce and spinach grown in the greenhouse are different from field let-
tuce and spinach. Spinach contains other nutrients than just iron. Actually, the
amount of iron in spinach comes way down the list after vitamins A and C,
thiamin, potassium and folic acid (one of the B complex vitamins). Dark green
leafy vegetables, like spinach, also contain lutein and zeaxanthin, both carote-
noids. Studies have shown that carotenoids help our eyes stay healthy as we
age by preventing macular degeneration and the formation of cataracts. Vita-
mins A and C, both antioxidants, keep our cardiovascular system healthy,
thereby reducing the risk of strokes and heart attacks. Folic acid is essential
for the production of red blood cells and for normal growth, and may reduce
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the risk of certain cancer types. It is particularly important for pregnant
women.

Spinach, like lettuce, is a cool-weather crop; heat and long days cause the
plants to bolt, which means that they produce flowering stems and seeds, and
plants that bolt lose their flavour. These two crops require more exacting envi-
ronmental conditions for optimum growth and quality than other vegetables.
Seeds and transplants for greenhouse vegetables are expensive. These vegeta-
bles are usually started from seeds in small blocks of rock wool or similar
inert substances. Transplants are then placed in the greenhouse to be grown to
maturity. High quality transplants are critical for the success of greenhouse ve-
getable crops. It is strongly advised that growers produce their own transplants
to avoid pests or pathogen contamination during transplant production or tran-
sport. Any production system requires diligent sanitation between crops. This
involves removing old plants and bleaching, fumigating, or steaming produc-
tion system components and growing surfaces.

Crop production and maintenance require several man/hours per green-
house every day. A grower must be able to balance the demands of the green-
house work load with demands from other occupations. Vacation days are hard
to find for a greenhouse vegetable operator. Management operations include
formulating fertiliser mixtures, monitoring irrigation systems, checking green-
house operations, such as heating and cooling, ventilation, spraying for pest
control, harvesting, packing, transporting and accounting book work. All of
these operations must be done precisely on time.

The greenhouse should allow maximum photosynthetic ally active radia-
tion during the daylight hours to support optimal plant growth. The green-
house climate is warm, humid and wind free, providing an ideal environment
for the germination of spores on any part of vegetables. The continuous use
of Benomyl (methyl 1-(butilcarbamoil) benimidazol-2) and Metalaxyl (methyl
N-(2,6 dimethylphenyl)-N-(metoxyacetyl)-DL alaninate) pesticides (fungicides)
in a monocrop system (lettuce and spinach) exerts intensive selection pressure
for pesticide resistant races of the pathogens. The appearance of a resistant
strain and its further establishment and survival increase the risk of reinforcing
resistant pathogen population by the renewed use of effective fungicides. It
means to avoid the monocrop system and the use of only one kind of fungicide.

THE PROBLEM OF SUBSTRATE

In greenhouse there is a need for:
1. the substrate in greenhouse and
2. the substrate for production of nursery plant.

1. The space for the substrate in greenhouse is prepared by disinfection of
soil with chemicals, or thermally, with water vapour. The disinfection is succe-
eded with cultivation and fertilisation. The common combination of fertilizer
with fungicides does not give positive results.
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2. In a separate room in the greenhouse the nursery plants are grown. If
infested plants are transplanted, the disinfection of soil is automatically anul-
led.

In this work, for the protection of the nursery plants, “Previcur N" and
thermical treatment with water vapour were used. It is recommended to use
low cost waste as a fuel due to economical reasons.

Maintaining the Conditions in Greenhouse
for Vegetable Production

The appropriate microclimate in greenhouse is one of the most important
conditions. It requires the use of contemporary polyethylene (PE) sheets to
avoid condensation of water vapour from air on the plants.

In winter time, the sunlight for photosynthesis must be supplied, and also
the absorption of the UV spectrum 300—340 nm wave length. The technology
with PE sheets was studied in detail in Israel, and they produce sheets with
different absorbance. The effects are good, but for our economic situation this
is not acceptable, even though the high technology of these sheets improves
the quality of vegetables in practice.

Fungal diseases

In this paper, 16 fungal diseases on lettuce (Tab. 1) and 12 fungal disea-
ses on spinach (Tab. 2) are presented (D a v i s, 1997). The mentioned diseases
are the most important and widespread in this region of Europe. The fungal di-
seases on lettuce and spinach are most prevalent in cool and acidic soils, when
water condenses on leaves and poor cultivation practice is used. In greenhouse,
the prevention and control of fungi is more successful than in outdoor fields.

Tab. 1 — Lettuce diseases

No. Fungal diseases Fungus

1. Alternaria leaf spot Alternaria sonchi

2. Anthracnose Michrodochium ponattonianum =
Marssinina panattonana

3. Bottom rot Rhizyoctomia solani
Thanatephorus cucumeris [telemorph]

4. Cercospora leaf spot Cercospora longissima

5. Damping-off, Pythium Pythium spp.
Pythium ultimum

6. Damping-off, Rhizoctonia Rhizoctonia solani

7. Downy mildew Bremia lactucae,
Plasmopara lactucae-radicis

8. Drop (Sclerotinia rot) Sclerotinia sclerotiorum,
Sclerotinia minor
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9. Gray mold Botrytis cinerea,
Botryotinia fuckeliana [telemorph]

10. Phymatotrichum root rot
(cotton root rot)

Phymatotrichopsis omnivora =
Phymatotrichum omnivorum

11. Powdery mildew Erysiphe cichoracearum

12. Rust Puccinia dioicae = Puccinia
extensicola var. hieraciata

13. Septoria leaf spot Septoria lactucae

14. Southern blight Sclerotium rolfsii
Athelia rolfsii [telemorph]

15. Stemphylium leaf spot Stemphylium botryosum
Pleospora tarda [telemorph]

16. Wilt and leaf blight Pythium tracheiphilum

Tab. 2 — Spinach diseases

No Fungal diseases Fungus

1. Anthracnose Colletotrichum dematium =
Colletotrichum spinaciae

2. Aphanomyces root rot Aphanomyces cochlioides,
Aphanomyces cladoganus

3. Cercospora leaf spot Cercospora beticola

4. Downy mildew = blue mold Peronospora effusa

5. Fusarium wilt Fusarium oxysporum f. sp.
spinacia

6. Leaf spot

Alternaria spp.
Ascochyta spinacia,

Cercospora spp.
Cladosporium spp.
Myrothecium spp.
Phyllosticta spp.

Ramularia spinacia,
Other fungi

7. Phytophtora root rot Phytophtora cryptogea,
Phytophtora megasperma

8. Pythium root rot
Pythium aphanidermatum,
Pythium heterothallicum,

Pythium sylvaticum

9. Red rust Puccinia aristidae,
Aecidium capsicum [anamorph]

10. Seed mold
Alternaria spp.
Curvularia spp.

Other fungi

11. White rust Albugo occidentalis

12. White smut Entyloma ellisii

Many fungi prevalent in soils can cause damping-off. Fusarium spp.,
Pythium spp., Phytophtora spp. are most active in cool, wet soils, whereas
Rhysoctonia spp. are more active in warm, wet soils (R a i d, 1997).
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Damping-off can be controlled with proper cultivation practices: seeds
should be planted on well-drained sites or in raised beds at soil temperatures
above 15°C, avoiding dense stands. Nitrogen fertilizers should not be applied
until seedlings are 6 weeks old. Soil acidity should be maintained at pH 6.0,
or slightly above. Soil fumigation or seed treatment with fungicides is some-
times necessary for adequate control.

Diseases of Lettuce

There are three major fungal diseases of lettuce grown in greenhouses:
sclerotinia drop (S u b b a r a o, 1997), bottom rot and downy mildew. All are
favoured by moist conditions, although bottom rot is favoured by warm and
moist conditions, while others are favoured by cool and moist conditions
(K e r n, 2006). All produce fungal growth under wet conditions that allow di-
seases to be distinguished (K o i k e, 1997).

Sclerotinia Drop

Sclerotinia drop is caused by the fungi Sclerotinia sclerotiorum and S.
minor. These fungi affect lettuce and many other plants, including spinach.
Sclerotinia drop is a serious disease. It is now believed to be found in green-
houses wherever there is cool and moist. Under moist conditions, the entire
plant may collapse in a few days.

Characteristic symptoms: The first symptom is wilting of the outermost
leaves. Before the leaves wilt, a water soaked area causes the fungus to grow,
and it appears on the stem near the soil. As the fungus will grow from this
point down into the roots and up through the rest of the stem, it will also grow
into each leaf, causing the base of the leaf to rot. This causes the leaves to
drop and wither, and their tips to touch the soil, or rest on leaves below. As
the fungus grows up the plant, each leaf is affected in turn. The inner leaves
usually remain moist enough for the fungus to invade them completely and
reduce them to a slimy mass. Under moist conditions, a snowy white fungus
mass will bi produced over the entire head. Black structures, as small as a
mustard seed, or as large as a bean, may be formed in this web of fungal
growth, usually on the undersides of the leaves touching the soil.

Identification of Sclerotinia drop: snowy white web-like fungal growth is
present.

Bottom Rot

Bottom rot is caused by the fungus Rhizoctonia solani, which affects let-
tuce and many other fleshy plants. It is now a greenhouse and field disease
and is favoured by warm, wet conditions. Plants are usually affected when
they are nearly mature.
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Characteristic symptoms: The first symptom seen from above is usually
wilting of the outer leaves. The fungus enters the plant through lower leaves
which are touching the soil. Spots appear on the leaf petioles and midribs, and
they can be very small or can grow rapidly to cover the entire petiole/midrib
area. Spots may ooze a light brownish or amber colour liquid. Under warm,
wet conditions, the fungus will continue to grow upward into the leaf blades
and destroy them, as it grows from leaf to leaf. The stem is usually the last
part of the head to decay. The fungus also provides a path for the entry of
secondary rot bacteria.

Identification of Bottom rot: tan to brown web-like fungal growth on
plant.

Downy Mildew

Downy mildew is caused by Bremia lactucae Reg. which attacks lettuce
and numerous other vegetables.

Characteristic symptoms: The affected leaves lose their natural green co-
lour and turn yellow. A careful examination will disclose a downy web on the
lower side of the foliage which will have a wilted appearance. The downy web
consists of the conidiophores of the fungus. These appear single and are much
branched. The conidia germinate by means of a germ tube. Downy mildew is
a disease which is troublesome in Europe. It is more serious on greenhouse
lettuce than on that grown in the open. Downy mildew attacks not only let-
tuce, but also chicory and numerous other Composite.

Control: This disease is controlled by use of systematic fungicide Be-
nomyl.

Fungal Diseases of Spinach

Downy mildew, a fungal disease, is the primary disease of spinach (S u m -
m e r, 2006). It produces slightly yellow or chlorotic lesions of irregular shape
on the top surface of the leaves, and purplish sporulation on the underside. In
order to prevent it, plants should be set apart for good air circulation and,
when watering, the plant's foliage should not get wet. To help avoid soil borne
diseases, such as Rhizoctonia, Pythium or Fusarium, the plantings should be
rotated each year; in other words, spinach should not be sowed in the same
row or bed every year (d u T i o t, 2005).

White Rust

This fungal disease is caused by the fungus Albugo occidentalis and is
the major disease of spinach. In advanced stages, the white lesions form on the
upper side of the leaf.

Characteristic symptoms: Plants infected with white rust fungus are weak
and collapse quickly if environmental conditions are favourable for disease de-
velopment. In summer, the fungus in soil is dormant, and its thick-walled
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oospores may spread within a field by windblown spores. Free moisture on the
leaf surface must be present for spore germination and development. The opti-
mum temperature for germination is 30°C. The disease develops most rapidly
at 40°C, or during periods of cool, humid nights and mild day temperatures.

Identification of white rust: Only the upper surface will be chlorotic (O l -
s e n, 1998).

Downy Mildew or Blue Mold

Downy mildew or blue mold is caused by fungi: Peronospora effusa and
Peronospora spinaciae. The underneath side of the leaf is marked by grey to
violet-grey fungal growth mat that bears sporangia. The entire leaf is killed by
susceptible varieties under optimum environmental conditions. In winter, the
fungus remains in living spinach plants and in the seed. The fungus spores
require surface moisture for development. Optimum temperature is around
27°C for germination and 30 to 35°C for development.

The disease mainly develops in mild, humid (dew) conditions, in young
plants. Sporulation and germination of sporangia occur between 9 and 12°C.
Seedlings are easily infected; adult plants are susceptible to infection while
growing, if free water is present for at least 6 hours.

Symptoms: Spots of downy mildew on leaves of spinach.
Identification of Spinach downy mildew: Downy cover of downy mildew

on the leaves of spinach.

Damping-off and Root Rot

These diseases are caused by pathogens: Fusarium oxysporum, Pythium
species and Rhizoctonia solani. Damping-off is problematic in spinach produc-
tion areas throughout the world. Severity is influenced by cultivar, soil texture,
irrigation management and pathogen populations. Severe damping-off is asso-
ciated with clay or poorly draining soils. Although spinach can be infected by
root rot organisms in all its growth stages, newly emerging plants and young
seedlings are especially susceptible.

Characteristic symptoms of damping-off and root rot: Stunted plants,
yellow lower leaves, general poor growth, wilting and eventual collapse and
death of plants. Roots of infected plants can appear water-soaked or brown to
black in colour. The upper taproot may be girded by a necrotic lesion, or the
tip of the taproot may be necrotic. In severe cases, nearly all roots may be
girdled.

MATERIALS AND METHODS

In this work, lettuce (Lactuca sativa), type: Butterhead lettuce, variety
“Atrakcija"; and spinach (Spinacia oleracea), type: Plain Leaf, variety “Viro-
flay" were investigated. These vegetables were grown in greenhouse, in expe-
rimental and control groups.
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Lettuce was produced in PVC containers (black coloured) produced by
TEKU. Thermally disinfected compost substratum was used. After 35 days,
the seedlings were transplanted in a separate room. The seedlings were moiste-
ned with diluted nutrient solution until they were ready for transplantation.
The nutrient was with low nitrogen content, KEMIRA, Ferticare IV.

Spinach was produced from seeds (ZKL, protected seed) 3500 plants (ar-
ranged on 5 x 15 cm) were fertilized with KEMIRA, Ferticare IV. The humi-
dity of the substratum was maintained under optimal conditions, the tempera-
ture of water was 12°C. The experimental plants were also protected with
“Agril folija" sheets (19 g/m2) during cool nights. The “Agril folija" sheet pro-
tects up to –5°C.

The experimental groups of lettuce and spinach were treated with syste-
matic fungicide Benomyl (Hinoin — FUNDAZOL® 50WP, 50% Benomil,
Agrochem, Budapest). The identification of fungal diseases was done by means
of practice and morphological characteristics.

Lettuce and spinach diseases were identified on the basis of visual obser-
vation of fungal diseases symptoms, and on the basis of comparison of our
photos of fungal diseases (Figures 1—3) with some photos from the Slide
Show (1—3):
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Fig. 1 — Infected and sound spinach
(Photography: Michael Pajkert)
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Fig. 2 — Lettuce infected with Bremia lactucae Reg
(Photography: Michael Pajkert)

Fig. 3 — Greenhouse with lettuce and spinach
(Photography: Michael Pajkert)



Slide Show 1: 2006 International Spinach Conference, 13—14 July 2006,
La Conner, Skagit Co., WA; Author of Slide Show Lindsey du Toit, WSU
(Washington State University), Mount Vernon NWRE, Organic Seed Alliance,
published on the occasion of Spinach Scad Field Day 23 May 2006, Seguin
WA (http://Caps.WSU.Edu/Conference/Spinach.

Slide Show 2: http://edis.ifas.UFL.Edu/VH044 from authors: Raid and
Datnoff and

Slide Show 3: http://www.hydromall.com/grower/mildew_diseases.html from
author: Dr. Lynette Morgan.

DISCUSSION

The fungal diseases were identified on lettuce in greenhouse experiment
(Figure 3). Figure 2 shows the appearance of sclerotinia drop caused by Scle-
rotinia sclerotiorum and Sclerotinia minor. Rust rot by Alternaria zinniae,
downy mildew, caused by Bremia lactucae and Plasmopora lactucae-radicis
was also diagnosed. Downy mildew is a foliar disease. Cool and moist condi-
tions are necessary for fungal development. Free moisture on the leaf surface
is essential for spore germination and infection. Initial symptoms are yellow
ribbon on upper side of a leaf on butterhead lettuce. There was also leaf spot
disease and rust fungus on leaf, but in a very small number of lettuce, because
of good every day control. None of the plants was infected with Botrytis cine-
rea, nor was grey mold identified.

Spinach was also grown in the greenhouse and treated with benomil (Fi-
gure 3). The humidity of soil was maintained without moistening the plants.
Among 3500 plants, one sample was found to be infected with spinach mosaic
virus, and as a secondary phenomenon appeared root rot, caused by Pythium
spp. (Figure 1). Identification of these fungal diseases was done usually, by
means of comparative study of digital photographs of plants and the Slide
show 1 of spinach, affected by fungal diseases.

CONCLUSION

Lettuce and spinach investigated in this work were susceptible to fungal
disease.

On the lettuce Sclerotinia sclerotiorum and Sclerotinia minor, which cau-
sed sclerotinia rot, were found. Also, Alternaria zinniae and Septoria lactuca
leaf spots were found. Bremia lactucae and Plasmopora lactucae radicis were
also identified, which caused downy mildew in experimental and control gro-
up, respectively.

Only one spinach plant, of 3500, was infected with viruses, and as a
secondary appearance, rust rot caused by Pythium spp. in experimental group
was observed.

Spinach could be produced without fungicides, scientific farming methods
if were used.
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The production of lettuce is not possible without a complete chemical
plant protection.

The spinach is one of the most suitable vegetables from the ecological
view point.
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Rezime

Ciq ovog rada je da prikaÿe uåestalost gqiviånih oboqewa onog povrãa
koje se najåešãe gaji u okolini Novog Sada, u staklenicima i u baštama. Za is-
pitivawe su odabrani salata i spanaã. Staklenici obezbeðuju optimalne uslove
za rast salate i spanaãa, a u isto vreme su ti uslovi pogodni i za pojavu gqi-
viånih oboqewa. Zaraÿene biqke treba ukloniti. Kod povrãa koje se uzgaja u
otvorenim baštama lakše se javqaju gqiviåna oboqewa. U ovom radu se istiåe
prevencija gqiviånih oboqewa, sa ciqem izbegavawa drastiånih hemijskih tret-
mana, odnosno da se wihova upotreba svede na minimum. Pod adekvatnom pre-
vencijom, u staklenicima, ostvaruju se dobre ekološke mere za rast zdravih
biqaka.
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FUSARIUM ROT OF ONION AND POSSIBLE USE
OF BIOPRODUCT*

ABSTRACT: Several species of Fusarium are causal agents of onion rot in field and
storage. Most prevalent are F. oxysporum f. sp. cepae and F. solani, and recently F. prolife-
ratum, a toxigenic species. Most frequently isolated fungi in our field experiments were F.
solani and F. proliferatum with different pathogenicity. Certain differences in antagonistic
activity of Trichoderma asperellum on different isolates of F. proliferatum and F. solani
have been found in in vitro study in dual culture, expressed as a slower inhibition of growth
of the former, and faster of the latter pathogen. Antagonistic abilities of species from genus
Trichoderma (T. asperellum) are important, and have already been exploited in formulated
biocontrol products in organic and conventional production, in order to prevent soil borne
pathogens inducing fusarium wilt and rot. The importance of preventing onion infection by
Fusarium spp., possible mycotoxin producers, has been underlined.

KEY WORDS: Allium cepa (onion), antagonism, bioproduct, Fusarium rot, Tricho-
derma asperellum

INTRODUCTION

Several species of Fusarium are associated with rot and deterioration of
onion in field and storage. Most often, F. oxysporum Schlecht. f. sp. cepae (H.
N. Hans.) W. C. Snyder & H. N. Hansen causes the rot of a basal plate, F. so-
lani (Mart.) Appel & Wollenw. in early growth stage, but recently, the atten-
tion has been paid to F. proliferatum (Matsushima) Nirenberg, as a toxigenic
species producing important mycotoxins. Only few reports on Allium disease
caused by Fusarium species, in section Liseola, were published. F. prolifera-
tum was reported on onion in Italy (M a n n e r u c c i et al., 1987), and in
Germany as mycotoxin producing fungus in garlic (S e e f e l d e r et al., 2002).
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As a Causal agent of garlic bulb rots, it is also capable of rotting actively
growing plants, but also curing garlic bulbs, as it was reported in North Ame-
rica. The same year, d u T o i t and I n g l i s (2003) reported this pathogen
on 70% of the harvested bulbs of white varieties, but not on yellow and red
onion in Columbia Basin of Central Washington and D u g a n et al. (2003)
reported it as a pathogen of serious impact on garlic and onion in the Pacific
North West. Because of documented mycotoxin production, increasing disease
pressure and currently unknown etiology, the documentation of instances of F.
proliferatum attacking bulbs is strongly warranted.

In Serbia, the presence of F. proliferatum on garlic and white onion
varieties was observed in 2000 (S t a n k o v i ã et al., 2005), and fumonisin
B1, beauvericin and fusaproliferin producing strains were confirmed (S t a n -
k o v i ã et al., 2007).

Chemical measures in management of soil borne pathogens, especially
those infecting onion in late vegetative phase, are of limited or no value. There-
fore the presence of root colonizing antagonist seems acceptable for many rea-
sons, including self propagation, longer persistence in soil environment, and
ecological and toxicological benefit for workers and consumers.

Many Trichoderma strains have been identified as having potential appli-
cations in biological control, and eight of commercial products (Bio-Fungus,
Belgium; Root Pro and Trichoderma 2000, Israel; Trochoject, Trichopel, Tricho-
dowels and Trichoseal, New Zealand; TUSAL, Spain; Trieco, India; Trichodex,
Hungary) are available against pathogenic Fusarium species (M o n t e, 2001).

The objectives of this study were: (i) determination of main Fusarium
species causing onion rot; (ii) evaluation of their pathogenicity on onion under
ambient laboratory conditions; (iii) study of potential antagonistic effects of
Trichoderma asperellum Samuels, Lieckfeldt, Nirenberg (teleomorph Hypocrea
asperella Starbäck) on Fusarium species.

MATERIAL AND METHODS

Isolation of pathogens

Onion bulbs were inspected for possible presence of Fusarium species.
The samples from diseased tissue were disinfected in 0.1% sublimate solution,
rinsed in sterile water and planted onto potato dextrose agar (PDA) amended
with streptomycin sulphate (50 mg L–1). The isolates were purified and under-
went preparation for determination.

The fungi were single-spored and sub-cultured on PDA under permanent
darkness at 25°C, on carnation leaf agar (CLA), and on nutrient synthetic agar
(SNA) under an alternating temperature of 25°C during day and 20°C at night,
with 12 h photoperiod. On the basis of morphological characteristics, Fusa-
rium isolates were identified according to G e r l a c h and N i r e n b e r g
(1982), N e l s o n et al. (1983) and B u r g e s s et al. (1994).
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Pathogenicity test

Artificial infection of onion sets (disinfection, wounding, immersion in
spore suspension) (16 sets/repetition) was done according to d u T o i t and
I n g l i s (2003), incubated in moist chamber at 20°C and examined daily for
symptoms during two weeks.

After two weeks, onion sets were rinsed in water, surface sterilized for 10
min in 0.5% sodium hypochlorite, and cross-sectioned to visualize punctures.
After incubation 2-day mycelia was transferred to solid PDA medium amen-
ded with streptomycin sulphate.

The used isolates and re-isolates were inoculated on PDA in the same Pe-
tri dish and compared.

Antagonistic experiments in vitro

T. asperellum, active moiety of biological product Trifender (BioVed),
ability to antagonize onion pathogens F. solani and F. proliferatum (obtained
from field experiment) was tested in laboratory experiment under controlled
conditions.

T. asperellum antagonism was investigated in dual culture plates against
tested phytopathogenic Fusarium species. The experiments were conducted in
Petri dishes on solid PDA in darkness at 25°C the temperature which enables
growth of both pathogens and T. asperellum. Agar plates (10 ml per Petri
dish) were inoculated with agar disks (5 mm in diameter), cut from the edges
of Fusarium colonies growing on solid PDA medium. Two days after the first
inoculation, Trichoderma was inoculated in the same way 6 cm apart from the
position of the first inoculum. The plates were incubated at 25°C in darkness,
for two to three weeks, and examined daily for growth rates and morphologi-
cal characteristics, such as colony appearance, colony diameters, sporulation
and pigment formation.

RESULTS AND DISCUSSION

Determination of Fusarium species

After undergoing the mycological procedure, F. proliferatum and F. so-
lani were found to be the most frequently isolated species. Three isolates of
each — F. proliferatum (Figures 1, 3, 4) and F. solani (Figures 2, 4, 6) were
selected for pathogenicity test and study of antagonistic effect of T. asperellum
(Figures 7, 8).

Pathogenicity of F. proliferatum and F. solani on onion bulbs

Re-isolation of the fungal strains confirmed that the symptoms on the in-
fected sets were caused by corresponding isolates of F. proliferatum or F. so-
lani used for inoculation.
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In Tab. 1, the percent of sprouted onion sets, the percent of sets with
long sprouts, and of Fusarium positive are given. The results from dual culture
growth rate of fungi both confronted and non-confronted, as well as days spent
to meet colony edges or to overlap, are given in Table 1 and in Figured
9—14.

Tab. 1 — Effects of F. solani and F. proliferatum on onion sets after artificial infection and anta-
gonistic effect of Trichoderma asperellum in dual culture experiment

Fusarium spp. Isolate No
Percentage of onion sets overgrown by

T. asperellum in

sprouted long
sprout diseased days cm

F. solani F6IIB 81,3 25 43.8 7—11 0.2—2.2
F. solani FKIIIA 50 12,3 87.5 7—11 1.1—2.2
F. solani F 5/IV bel 50 25 100 5—40 0.5—2.5
F. proliferatum FKIII dan 18.8 6.3 100 7—40 0,5—1
F. proliferatum F 8/I 37.5 18,8 81.3 6—8 0.7—1
F. proliferatum F 3/IIIB 43.8 18.8 100 10 1.0
Noninfected 81.3 56.3 12.5

Our research confirmed the pathogenicity of F. proliferatum on yellow
cultivars opposite to d u T o i t and I n g l i s results (2000) who isolated
pathogens from white cultivars. The differences were found between the isola-
tes of both pathogens: in the percent of the diseased and sprouting sets (Tab.
1, Fig. 15—20). The highest number of well-developed sprouts appeared in
non-infected control sets, that underwent the same procedure, but with sterile
water immersion. Very aggressive isolates infected 100% of onion sets. When
compared to the percentage of positive infected sets, F. proliferatum isolates
with low overgrowth in dual culture test, appeared highly pathogenic and inhi-
bited sprouting from 18.8 to 50.0% (Table 1). The high percent of set infec-
tion coincided with lowest percent of sprouting and sprout elongation, and in
dual culture test there was minimum inhibition of F. proliferatum isolate FK
III “dance", and no inhibition in case of isolate F 3IIIB by T. asperellum.

Fusarium species inhibit the sprouting and sprout elongation. Trichoderma
species are known as being capable of deactivating some enzymes formed by
pathogens. These traits should be taken into account when judging the influ-
ence on sets sprouting.

Antagonistic activity of Trichoderma asperellum in vitro

Results of comparing the antagonistic activity of T. asperellum and diffe-
rent isolates of F. proliferatum and F. solani indicated different degrees of an-
tagonism. Mycelia growth was affected to different degrees, depending on spe-
cific interactive microbial couplet.

More days were needed for Trichoderma species to approach F. prolife-
ratum than F. solani colonies. F. solani colonies were overgrown by myce-
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lium of T. asperellum to a higher extent, in comparison to F. proliferatum iso-
lates, of which some were not completely overgrown even after 5 weeks.

The investigated strain of T. asperellum was able to overgrow the isolates
of F. solani mycelia and produce conidia on their surface, indicating myco-
parasitic action (Figures 21—23).

In case of F. proliferatum isolates the difference in T. asperellum mycelia
growth was found (Figures 24—26). The isolate F K-III dance of F. prolifera-
tum, during the antagonistic interaction, produced distinct colour at the con-
fronting colony edge (Figure 26). In some cases, a clear inhibition zone was
visible and radial growth pathogen was limited to small extent (Figure 24),
whereas for isolate F 8/I of F. proliferatum, two concentric rings of sporula-
tion were formed in the zone of confrontation (Fig. 25).

T. asperellum decreased the rate of mycelia growth of F. solani and F
proliferatum. However, its ability to completely overgrow the colony was de-
monstrated only with F. solani isolates. It took five days to grow to the edge
of the colony, and eleven days to overgrow the same. However, after short pe-
riod of growth retardation, T. asperellum grew over the colony of F. prolifera-
tum to a certain limit, but never completely until after 40 days (Table 1).

One could speculate that T. asperellum is capable of mycoparasitism of
F. solani but not of F. proliferatum. The consequence could be a less powerful
protection against F. proliferatum infection. Speculations on other employed
suppression mechanisms ought to be confirmed in future experiments, to ex-
plain the good effect of T. asperellum bioproduct on onion protection in field.

The experiments were conducted at 26°C in darkness, at temperature opti-
mal for growth of both pathogens and T. asperellum, as it was known from
the literature data that T. asperellum prefer swarm soil conditions. Its optimum
growth in vitro is at 30°C. Fusarium species are also growing well on this
temperature, and infection of bulbs occurs late in the season, often aided either
by some mechanical or insect injury, or by water or heat stress in soil. There-
fore we speculated that, once present in soil, T. asperellum would develop and
overgrow the bulb roots, preventing infection of Fusarium species. Once it
establishes in the bulb microenvironment, it would significantly protect root
and bulb from pathogens.

The differences in behavior in dual culture between the isolates determi-
ned as F. proliferatum are of interest for clarifying their physiological profile.
In future experiments, the isolates should be tested to detect the nature of spe-
cific reaction.

Not only one mechanism is involved in Trichoderma — Fusarium, or
other pathogens interaction — from competition for root exudates to fungi su-
per parasitism. The nature of this particular relation, in case of onion patho-
gen, remains to be further clarified.

T. asperellum has been recently shown to induce systemic resistance in
plants through a mechanism that employs jasmonic acid and ethylene signal-
-transduction pathways. Trichoderma activates plant defence mechanisms, which
results in infection suppression the leaf pathogen Pseudomonas syringae pv.
lacrymans (Smith & Bryan) Young et al (S h o r e s h et al., 2006).
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Suppressive effect of T. viride (Pers ex Gray) Gorenz strain B35 on onion
pathogen Pyrenochaeta terrestris (Hansen) was explained by production of
extra cellular hydrolytic enzymes (protease, cell wall degrading enzymes),
( P i e t r, et al., 2004). Applied as a bulb treatment before planting, it increased
significantly the marketable yield, during three following seasons. The obser-
ved stimulating effect on the growth suggested the induction of systemic resi-
stance, resulting in soil-borne pathogen suppression.

Managing the health of onion was the focus of many investigations, due
to poor chemical protection from soil pathogens, such as Fusarium and Sclero-
tium species. Products accepted even in organic vegetable production are based
on several biocontrol organisms, such as Trichoderma species and Coniothi-
rium minitans. T. harzianum, Rifai T-22HC and T22-Planter Box (Bio Works),
formulated for broadcast seed treatment, in-furrow spray and transplant starter.
They extand root protection beyond chemical seed treatment: protects roots
against diseases caused by Pythium, Rhizoctonia and Fusarium species and
create stronger root systems.

Biocontrol agent use is justified by its persistence and self propagation in
soil, different modes of action to pathogen, activation of resistance, low toxi-
city for mammals, consumers and field workers, beneficial effect on root and
plant development, permission to use in organic production, etc. Disadvantages
are short shelf life, in most cases sensitivity to environment effects, and
necessity for know how education of farmers.

Fusarium rot are hard to control being seed and soil-borne, long persi-
stant (over 4 years), capable of infection and spread in field and storage. So
far, the best solution is the use of resistant short-day and intermediate onion
varieties. Therefore integrated measures: cultural, breeding and biological or
chemical, are the only justified approach to onion protection nowadays.

Fusarium species infecting onion, affect the health safety of agricultural
workers, especially those associated with processing and store houses, as well
as the consumers. Fumonisin B1, beauvericin and fusaproliferin producing strains
were confirmed as products of F. proliferatum on garlic and white onion
variety in Serbia (S t a n k o v i ã et al., 2005, 2007). However, the other Fusa-
rium species are of interest as well. Onychomycosis is usually caused by F.
solani and F. oxysporum, but H a t t o r i et al. (2005) reported F. prolifera-
tum as a causal agent of onychomycosis for the first time. It was reported to
cause suppurative thrombophlebitis in an immunocompromised patient (M u r -
r a y et al., 2003), endophalmitis after cataract surgery (F e r r e r et al., 2005),
and disseminated infection in a child with lymphoblastic leukemia (S u m -
m e r b e l l et al., 1988). Use of bioproducts would greatly contribute to an
improvement of health safety of both producers and consumers.
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Fig. 1, 3, 4 — Colony of F. proliferatum on PDA and morphological characteristics

Fig. 2, 5, 6 — Colony of F. solani on PDA and morphological characteristics

Fig. 7. and 8 — Trichoderma colony on PDA not amended (7) and amended (8) with
Streptomycin sulphate at 50 ppm
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Fig. 9, 10, 11 — Mutual effects of Trichoderma asperellum (Tas) and Fusarium solani (Fso)
isolates in dual culture; presented as radial mycelia growth (cm); growth of F. solani

confronted with T. asperellum (Fso x Tas); growth of T. asperellum confronted
with F. solani (Tas x Fso); black squares present distances between colony edges;

columns present colonies overlap in cm.
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Fig. 12, 13, 14 — Mutual effects of Trichoderma asperellum (Tas) and Fusarium proliferatum
(Fpr) isolates in dual culture; presented as radial mycelia growth (cm); growth of

F. proliferatum confronted with T. asperellum (Fpr x Tas); growth of T. asperellum
confronted with F proliferatum (Tas x Fpr).; black squares present distances

between colony edges; columns present colonies overlap in cm.
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Fig. 16—20 — Onion sets artificially infected with different isolates
of F. solani (16, 17) and F. proliferatum (18, 19, 20)

Fig. 15 — Control — non infected onion sets in
pathogenicity test
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Fig. 21—26: Antagonism testing on solid media PDA: F. solani challenged by
T: asperellum (21, 22, 23); F. proliferatum challenged by T. asperellum (24, 25, 26)
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Rezime

Fuzariozna truleÿ luka najåešãe je prouzrokovana vrstama Fusarium oxy-
sporum f. sp. cepae i F. solani, a i odskora i toksikogeni F. proliferatum u našim
uslovima gajewa i åuvawa luka u skladištima. Utvrðena je najveãa uåestalost F.
proliferatum i F. solani na lukovicama iz poqa. Razlike izolata u patogenosti
ispoqile su se u razliåitom uticaju na klijawe luåica, izduÿivawe klice i
intenzitet propadawa. Utvrðena je razliåita antagonistiåka aktivnost Tricho-
drema asperellum na izolate F. proliferatum i F. solani, sporija inhibicija u slu-
åaju prvog i izraÿena u sluåaju drugog patogena u in vitro ogledima. Antagoni-
stiåka svojstva vrsta iz roda Trichoderma se iskorišãavaju za formulaciju bio-
loških preparata primewivih u organskoj i konvencionalnoj proizvodwi, u
prevenciji oboqewa luka koja prouzrokuju zemqišni paraziti, pre svega fuza-
rioznog uvenuãa i truleÿi. Istaknut je znaåaj bioloških preparata u zaštiti
zdravstvene bezbednosti proizvoðaåa i potrošaåa, s obzirom da su ovi patoge-
ni potencijalni producenti mikotoksina.
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