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Abstract 

Baycheva, O., H. Samaliev, Z. Udalova, K. Trayanov, S. Zinovieva and G. Folman, 2018. Selenium and its effect 
on plant-parasite system Meloidogyne arenaria – Tiny Tim  tomatoes. Bulg. J. Agric. Sci., 24 (2): 252–258

Effect of Se on the host -parasite system – tomatoes cv. Tiny Tim – Meloidogyne arenaria was studied. Seeds of tomatoes 
were moistened in water colloid solution of Se (nano solution) in concentration of  0.336 mg per L for 2 h. During the period of 
two months the development of the plants as well as the development of M. arenaria  were observed. The following parameters 
of the plants and the parasite were measured: 1. Period for development of one M. arenaria generation; 2. Size of females; 
3. Gall formation on the roots (after Barker,1985); 4. Plants height; 5. Fresh weight of the plants; 6. Size and fresh weight of 
the fruits. The positive effect after treatment with Se on the invasion of the plants was statistically proved. On the base of our 
experiments the changes of M. arenaria morphologic characteristics and  the normal development of the plants can be explain 
through the effect of Se treatment on the plants–improvement of some plant innate mechanisms to Meloidogyne invasion. 
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Introduction  

Root knot nematodes belonging to Meloidogyne are 
among the most pathogenic plant parasitic nematodes of 
great economic importance. Their control is in the focus of 
the specialists and particularly application of methods with 
no nematicides. 

Selenium (Se) is a trace element and interest in it has 
increased in the last decades. In trace amounts this element 
is essential and places important role in metabolism of hu-
mans and animals (Terry et al., 2000). However, at high 
dosages Se is toxic. That is why this element has been con-
sidered as toxic and environmental contaminant. It has been 
proved the role of Se in the prevention of atherosclerosis, 
some kind of cancer and altered immunological defi ciency 

(Germ and Stibilj, 2007). Defi ciency of Se was believed to 
cause some human diseases (Zahara et al., 2004). Selenium 
has been found in waters at Kesterson Reservoir California 
and has been shown as an agent responsible for mortality, 
developmental defects and reproductive failure in migratory 
aquatic birds and fi sh (Ohlendorf et al.,1986). The range be-
tween useful and toxic dosages is very narrow and specifi c 
for a given organism. Selenium has been shown in formation 
of important antioxidant enzymes, like glutathione peroxi-
dase (Rotruck et al., 1973). It has been found the suppres-
sive effect of Se on carcinoma and some symptoms of AIDS 
(Hori et al., 1997). The narrow margin between benefi cial 
and harmful levels has been important implicate for human 
health. The toxicity of Se is due to its ability to replace sul-
fur (S) with Se in amino acids resulting in incorrect folding 
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of the proteins and consequently nonfunctional proteins and 
enzymes. Plants that accumulate Se may be useful as a Se-
delivery system (in forage and crops) to supply the mamma-
lian diet in many arias that are defi ciency of Se. On the other 
hand the abilities of plants to absorb and sequester Se can 
also been harnessed to manage environmental Se contami-
nation by phytoremediation (Terry et al.,1998). The special 
attribute of plants for phytoremediation of Se is their ability 
to convert inorganic Se to volatile forms predominantly di-
methilselenide by process called phytovolatilisation (Terry 
et al., 2000). 

Recently Se has been found to increase the antioxidant ca-
pacity of plants and to enhance their growth under UV stress 
(Pennanen et al., 2002). Selenium has increased yield under 
ambient radiation conditions (Germ et al., 2005). Plants re-
spond to oxidative stress through increasing the enzymatic 
and non-enzymatic antioxidants (superoxide dismutase, cat-
alase, ascorbic acid and carotenoids) (Kattab, 2004). 

Some plants are able to accumulate Se, some other are 
non-accumulators. Selenium accumulators accumulate non-
protein selenoamino acids, which contain most of the accu-
mulated Se. They help and act in Se detoxication (Jackson et 
al.,1998 after Kattab, 2004). It has been proved that selenium 
accumulators are capable to exclude selenoamino acids from 
their proteins (Brown and Shrift, 1981). Selenium has been 
shown to be benefi cial for the growth of many plants, both 
hyper accumulators and even non accumulators (Pilon-Smits 
et al., 2009). This effect may be due to Se infl uence on plant 
antioxidant capacity (Hartikainen, 2005).

Selenium has been found to exists in small amounts in 
microorganisms, plants, animals and humans. However the 
essentiality of Se to higher plants is still under debate (Terry 
et al., 2000). Xue et al. (2001) and Pennanen et al (2002) 
have proved the positive infl uence of Se on the growth of 
ageing seedlings. Senescence stress is partly affected on in-
creasing of glutathione peroxidase activity. It also has been 
shown the ability of Se to regulate the water status of plants 
under drought conditions (Kuznetsov et al., 2003). Selenium 
concentration in plant accumulators are toxic to a wide va-
riety of herbivores and pathogens (Quinn et al., 2008; Boyd 
et al., 2007). It has been proved the protective function of Se 
in Brassica juncea to fungi pathogens in the leaves (Hanson 
et al., 2003).

Uptake and accumulation of Se by plants depends on the 
chemical forms and concentration, soil factors (pH), salinity 
and CaC03 content, the identity and concentration of compet-
ing ions and the ability of plants to absorb and metabolize Se 
(Kabata Pendias, 1998). 

Bacteria, fungi and algae have been shown to volatilize 
Se at rates higher than plants. Also Se content and volatiliza-

tion depends on season of the year, water temperature and 
microbial biomass. According to some data the presence of 
bacteria in the rhizosphere of Indian mustard is necessary for 
volatilization of some Se forms (Terry et al., 2000). 

On the base of above shown data is obviously the neces-
sity to investigate the role of Se to higher plants in details. 
Future investigations will fi nd new opportunities to use Se 
as a positive agent in increasing of innate plant resistance 
to unfavorable factors of the environment in different plant-
parasitic systems.  

The aim of our experiment was to study effect of the 
treatment with Se on the host- parasite system – Meloido-
gyne arenaria – Tiny Tim tomato plants.  

Material and Methods 

The experiments were carried out in three variants: 
1. control – uninvaded and untreated (10 repetitions). 2. 
invaded and untreated (10 repetitions). 3. invaded and 
treated (10 repetitions). The working concentration of Se 
(nano-solution), kindly let us from G. E. Folman (Insti-
tute of Metallurgy and Metal-Working, RAS), was 0.336 
mg per L. Seeds of tomatoes cv. Tiny Tim were moistened 
in water colloid solution of Se for 2 h and the seeds for 
the control were moistened in distilled water (DW). The 
treated seeds were left a few minutes under a laminar fl ow 
hood for drying, and then each seed was transferred in 18-
cm diameter plastic pots previously fi lled with 1500 mL of 
steam-pasteurized loam soil mixed 2:1 (v/v) with washed 
sand. Pots were arranged on greenhouse benches in a ran-
domized block design with ten replicates. The plants were 
watered as needed and fertilized weekly with 10 mL of 
commercial fertilizer (WUXALH® Super NPK fertilizer, 
8-8-6 with micronutrients, 2.5 g / L). One month  later a 
suspension of freshly hatched second-stage juveniles (J2S) 
of M. arenaria, extracted from galled tomato roots with 
egg masses using the methods described by Whitehead 
and Hemming (1965), was adjusted to ~ 500 J2s / mL and 
4 mL of suspension per pot (2000 J2S) were applied with 
an injection on 6 places in the rhizosphere. For the space 
of three months (April-June) the growth and the devel-
opment of the plants as well as the development of M. 
arenaria (upon invasion) were observed. The greenhouse 
temperature during the cropping period was [16.5-31.6ºC 
(22.2ºC±3.4)] and humidity [26.5-79.1% (38.5%±91)]. 
The following parameters of the system were measured: 
1. Time for development of one M. arenaria generation; 
2. Size of females; 3. Gall formation on the roots (after 
Barker, 1985); 4. Plants height; 5. Fresh weight of the 
plants; 6. Size and fresh weight of the fruits. 
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The results obtained were analyzed by analysis of vari-
ants using SPSS 12.0 program.

Results

Development of Meloidogyne arenaria
According to the data obtained there was not found 

signifi cant difference between the two variants M. arenar-
ia  without Se (M. arenaria – Se) and M. arenaria with Se 
(M. arenaria + Se). The statistical processing of the results 
showed only a trend – elongation of the period for the devel-
opment of one generation M. arenaria in respect to variant  
(M. arenaria  + Se), Table 1, Fig. 1.

Metric characteristics of Meloidogyne arenaria 
The data about metric characteristics of M. arenaria 

(length of the female body –L- and diameter of the body – 
d -) are given in Table 2. Comparison between variant (M. 
arenaria – Se) and (M. arenaria + Se) showed the next: 1. 
The average values of  L and d variant (M. arenaria – Se) 
are highest than those of variant (M. arenaria + Se). The 

difference of these characteristics (the smallest and the larg-
est values of L) – variant M. arenaria – Se was 0.240 mm. 
This value for d (same variant) was 0.160 mm; 2. Data about 
differences between lowest and highest values of L was 
0.345mm (variant M. arenaria + Se) and of d – 0.145 mm. 
According to our experiment the treatment of the plants with 
Se refl ected on the measured parameters of M. arenaria.

Statistically processed metric characteristics of M. arenaria 
is given in Table 2a. The treatment with Se (variant M. arenaria 
+ Se) infl uenced in the metric characteristics of M. arenaria par-
ticularly on the diameter. The average value of d (M. arenaria 
+ Se) was lower compared with that of variant (M. arenaria 
– Se). Statistically signifi cant differences between variants (M. 
arenaria  – Se) and (M. arenaria + Se) were found. 

Table 1
Effect of development of one generation of Meloidogyne arenaria on tomato cv. Tiny Tim nontreated (-Se) and treated 
(+Se) with Selenium (nano-solution)
Variants Number of repetitions / Days after inoculation

1 2 3 4 5 6 7 8 9 10 Average
M. arenaria – Se 35 38 33 39 37 36 33 37 37 34 35.9
M. arenaria + Se 39 39 35 36 31 35 35 40 40 42 37.2

Figure 1. Effect of Period for development of one gen-
eration of Meloidogyne arenaria on tomato cv. Tiny Tim 
nontreated (-Se) and treated (+Se) with Selenium (nano-

solution).  
* Values followed by the same letter are not signifi cantly different 

according by Duncan’s Multiple Range Test (P0.05)

Table 2
Metric characteristics of Meloidogyne arenaria (females)
 Measured specimens (mm), n=20
Variants M. arenaria – Se* M. arenaria + Se

Lenght Diameter Lenght Diameter
1 0.630 0.450 0.700 0.400
2 0.700 0.430 0.620 0.400
3 0.680 0.470 0.670 0.430
4 0.720 0.400 0.736 0.480
5 0.610 0.500 0.590 0.390
6 0.750 0.520 0.645 0.390
7 0.800 0.470 0.850 0.500
8 0.780 0.510 0.590 0.400
9 0.730 0.510 0.600 0.410
10 0.830 0.500 0.870 0.490
11 0.850 0.550 0.900 0.500
12 0.740 0.530 0.567 0.510
13 0.800 0.520 0.825 0.390
14 0.825 0.530 0.710 0.410
15 0.690 0.470 0.800 0.410
16 0.700 0.470 0.650 0.535
17 0.720 0.500 0.555 0.500
18 0.750 0.510 0.620 0.430
19 0.800 0.560 0.760 0.400
20 0.810 0.560 0.750 0.420
Average 0.746 0.498 0.700 0.441

*Selenium (nano-solution) – nontreated (-Se) and treated (+Se)

M. arenaria – Se M. arenaria + Se
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Gall formation from M. arenaria on the roots of tomato 
Gall formation on the roots is given in Table 3, 3a and Fig-

ure 2. Degree of galling on the roots of the experimental plants 
(variant M. arenaria – Se) was considerably higher expressed 
than degree of gall formation on the roots of treated plants (M. 
arenaria + Se). Fifty percents of invaded and untreated plants 
corresponded to 4th degree. Ten percents of galling in the same 
variant corresponded to the 5th degree of invasion (Table 3). The 
highest degree of invasion on the roots of the treated with Se 
plants (M. arenaria + Se) corresponded to 3th degree (30%), while 
60% of the gall formation corresponded to 2th degree (Table 3). 

By the statistical processing of the results effi ciency of 
the treated plants with Se was made (Table 3a). The values 
up to 2 were considered as a very good effi ciency. Our data 
showed considerably high value of effi ciency (2.10) after the 
treatment (Table 3a).

Development of the plants 
Height of the plants
The height of the experimental plants is given in Table 4 

and Figure 3 (A and B).The average value of the plant height  
(control group) was considerably highest.The difference be-
tween height of the control group and that of the invaded and 
treated with Se was not signifi cant, while comparison be-
tween invaded and untreated and invaded and treated plants 
showed statistically proved difference favorable to  the treat-
ed with Se plants These results are well expressed for the 
space of the whole period of the experiment.

Infl uence of Se on the height of the plants was observed 
for the space of the 60 days (Table 4). Differences among re-
sults for M. arenaria + Se and for uninvaded and untreated 

Table 2a
Metric characteristics of Meloidogyne arenaria (females)
Variants L (μm) d (μm)

x– Sx x– Sx
M. arenaria – Se* 746 a** 1 9.1 498 a 18.7
M. arenaria + Se 700 b 18.5 441 b 17.7

*Selenium (nano-solution) – nontreated (-Se) and treated (+Se); ** Values 
followed by the same letter are not signifi cantly different according by 
Duncan’s Multiple Range Test (P0.05)

Table 3
Degree of galling of M. arenaria on the roots of tomato cv. Tiny Tim treated (+Se) and nontreated (-Se) with Selenium 
(nano-solution)
Variants Number of repetitions / Degree of galling

1 2 3 4 5 6 7 8 9 10 Average
M. arenaria – Se 3 4 4 4 5 3 2 4 4 3 50% 4 degree

30% 3 degree
10% 5degree
10% 2 degree

M. arenaria + Se 2 2 2 3 1 2 2 3 3 2 60% 2 degree
30% 3 degree
10% 1 degree

Table 3a
Effect of treatment of tomato cv. Tiny Tim with Se* against Meloidogyne arenaria 
Variants Degree of invasion / number of plants Degree of invasion**

I II III IV V
M. arenaria – Se 0 1 3 5 1 3.80 а**
M. arenaria + Se 1 6 3 0 0 2.10 b

*Selenium (nano-solution) – nontreated (-Se) and treated (+Se);**Index up to 2 (after Barker, 1985) is considered to have very high effi ciency; *** Values 
followed by the same letter are not signifi cantly different according by Duncan’s Multiple Range Test (P0.05)

Fig. 2 Gall formation on the roots of tomato cv. Tiny Tim, 
A – invaded and untreated and 
B – invaded and treated with Se

A B
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plants were not statistically signifi cant both in 30th and 60th day 
(Figure 3A and B). The treatment with Se positively affected 
the height of the invaded and treated plants and their height 
almost leaded the height of uninvaded and untreated plants.
These results for invaded and untreated (M. arenaria – Se) 
and invaded and treated (M. arenaria + Se) was statistically 

proved for the space of the vegetation period (Figure 3A,B).

Weight of the plants 
The fresh weight of the plants  was measured in the end 

of the experiment (on the 60th day) (Table 5A and Figure 4A). 
The differences among values showed a positive effect of Se 

Table 4
Effect of Selenium (nano-solution) on height (cm) of the tomato cv. Tiny Tim plants 30  and 60  days after inoculation of 
Meloidogyne arenaria
Variants Number of Repetitions 

1 2 3 4 5 6 7 8 9 10 Average
30th day

M. arenaria – Se 25 30 28 20 35 40 32 29 43 45 32.7
M. arenaria + Se 32 38 35 43 40 30 45 40 45 43 39.1
No Invasion, No Se 45 33 35 47 38 50 40 45 50 42 42.5

60th day
M. arenaria – Se 30 25 33 29 35 42 35 38 45 45 35.7
M. arenaria + Se 43 45 30 35 46 55 48 55 52 45 45.7
No Invasion, No Se 50 45 40 50 52 44 55 49 46 53 48.6

Fig. 3. Effect of Selenium (nano-solution) on height (cm) of the tomato cv. Tiny Tim plants in 30th (A) and 60th (B) day 
after inoculation of Meloidogyne arenaria. 

* Values followed by the same letter are not signifi cantly different according by Duncan’s Multiple Range Test  (P0.05)

Table 5
Effect of Selenium (nano-solution) on fresh weight of the plants (A) and size of the fruits (B) of the tomato cv. Tiny Tim  
60 days after inoculation of Meloidogyne arenaria  
 Variants Number of Repetitions / 

1 2 3 4 5 6 7 8 9 10 Average
Fresh weight  / g per plant (A)

M. arenaria – Se 42 50 60 65 65 70 65 75 68 60 62.0
M. arenaria + Se 63 72 70 65 72 76 66 77 70 60 69.1
No Invasion, No Se 70 70 75 67 75 75 78 70 66 85 73.1

Size / diameter in cm (B)
M. arenaria – Se 2 2 2 2.3 2.5 2.5 2.5 2.7 2.7 2.8 2.4
M. arenaria + Se 2 2.3 2.5 2.5 2.6 2.6 2.7 2.7 3.0 3.0 2.59
No Invasion, No Se 2 2.4 2.5 2.5 2.7 2.7 2.7 3.0 3.0 3.0 2.65

M. arenaria – Se M. arenaria – SeM. arenaria + Se M. arenaria + Seno Invasion, no Se no Invasion, no Se
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on the plants after the treatment. The results obtained among 
invaded and untreated and invaded and treated plants are sta-
tistically signifi cant (Table 5A and Figure 4A).

Treatment with Se of invaded with M. arenaria plants 
affected the fresh weight of the plants and it was almost 
equal to the fresh weight of the uninvaded and untreated 
plants (variant no Invasion no Se) . The statistical processing 
showed no signifi cant difference between the two variants 
(M. arenaria + Se) and ( no Invasion no Se) while the differ-
ence between the fresh weight of invaded and untreated and 
invaded and treated plants showed the positive effect of Se 
and this result was statistically proved (Figure 4A). 

Size of the fruits
The size of the fruits is given in Table 5B and Figure 4B. 

The positive effect of selenium is particularly well expressed 
on the size of the fruits. The average values for diameter 
of the fruits between variants (M. arenaria – Se) and (M. 
arenaria + Se) were respectively favorable to the invaded 
and treated plants. Statistical processing proved signifi cant 
difference between invaded and untreated and invaded and 
treated plants (Figure 4B).

Discussion

On the base of the results obtained the positive effect 
of Se on the invaded with M. arenaria tomato plants was 
shown. There were not found statistical differences of the 
investigated parameters of the plants between uninvaded and 
untreated and invaded and treated plants. Only unimport-
ant differences in the framework of the statistical mistake 
were observed. However the positive effect after treatment 
with Se on the invaded with gall forming nematode plants 

was statistically proved. The positive effect of Se (0.336 mg 
per L) confi rmed preliminary investigations about the posi-
tive results of low Se concentrations (5 μm to 10 μm) on the 
growth and development of the plants – both in plants-ac-
cumulators and non-accumulator (Pilon–Smiths et al., 2009;  
Hartikainen, 2005; Khattab, 2004). According to some ex-
perimental studies the positive effect of low Se concentra-
tions have showed increasing of the respiratory potential of 
the plants from selenium treated seeds (Germ et al., 2005). 
Selenium has been found to increase the antioxidant capacity 
and stress-depending ability of lettuce plants and to enhance 
the growth of UV stressed plants (Pennanen et al., 2002). 
Increasing of the antioxidant capacity of the plants under un-
favorable conditions (invasion with M. arenaria) explain the 
positive infl uence of the treatment with Se. The favorable 
infl uence of low Se dosage refl ects on the reconstruction of 
the lipid and fatty acids composition of the plastids in the cell 
membrane (Renwei et al., 2013). Another important func-
tion of Se has been found to increase the photosynthetic rate 
of the plants (Renwei et al., 2013). These functions of Se 
increase the plant ability to develop enough well even under 
conditions of Meloidogyne invasion. Selenium concentra-
tion in plant accumulators has been proved to be toxic to 
a wide variety of herbivores and pathogens (Boyd, 2007). 
Also it has been found the protective role of Se in Brassica 
juncea to fungal pathogens in leaves (Hanson et al., 2003). 
There are not yet data about specifi c metabolic function of 
given selenium concentrations in plant pathogens including 
gall forming nematodes (Meloidogyne spp.). The close rela-
tion between glutathione peroxidase, selenium content and 
depending on them metabolic processes is common both for 
plants and animals. On the base of our results the changes of 
M.arenaria parameters could be explained through the ef-

Figure 4. Effect of Selenium (nano-solution) on fresh weight of the plants (A) and size of the fruits (B) of the tomato 
cv. Tiny Tim  60 days after inoculation of Meloidogyne arenaria. 

* Values followed by the same letter are not signifi cantly different according by Duncan’s Multiple Range Test (P0.05)

M. arenaria – Se M. arenaria – SeM. arenaria + Se M. arenaria + Seno Invasion, no Se no Invasion, no Se
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fect of Se on the plants – improvement of some innate plant 
mechanisms for protection to Meloidogyne invasion.

References  

 Barker, K.F., 1985. Nematode extraction and bioassays, 19-35. 
In: Baker, K. F. Sasser J. N. and C. C. Carter (ed) An Advanced 
Treatise on Meloidogyne. Vol. 2. Methodology, North Carolina 
State University Graphics, Raleigh, North Carolina, 322 pp.

Boyd R.S., 2007. The defense hypothesis  of elemental hyperac-
cumulation – status, challenges and new directions. In Plant 
Soil, 293: 153-176. 

Brown, T.A. and A.S. Shrift, 1981. Exclusion of selenium from 
protein of selenium tolerant Astragalus species. Plant Apahysi-
ology, 76: 1051-1053. 

Germ, M. and J. Osvald, 2005. Selinium tretment affected respi-
ratory potential in Fruca sativa. Ata Agric. Slovenica, 85 (2) 
329-335. 

Germ, M. and V. Stibilj, 2007. Selenium and Plants. Acta Agricul-
turae  Slovenica, 89 (1): 65-71. 

Hanson, B., G.F. Garifulina S.D. Lindbloom, A. Wangeline, A. 
Ackley, K. Kramer, A.P. Norton, C.B. Lawrence and E.A.H. 
Pilon-Smits, 2003. Selenium accumulation protects  Brassica 
juncea  from invertebrate herbivory and fungal infection. New 
Phytology, 159: 461-469. 

Hartikainen, H., 2005. Biogeochemistry of selenium and its im-
pact in food chain quality and human health. Journal of Trace 
Elements Med. Biol., 18: 309-318. 

Hori, K., D. Hartfi eld, F. Maldarelli, B.J. Lee and K.A. Claus, 
1997. Selenium suplementation su supresses tumor necroses 
factor alfa-indiced  human immunodefi ciency virus type I  rep-
lication  in vitro. AIDS Research Human Retoviruces, 13 (1325-
1332). 

Kabata-Pendias, A.J., 1998. Geochemistry of selenium. Journal 
of Pathology, Toxicology and Oncology, 17: 173-177.

Kattab, H., 2004. Metabolic and Oxydative Responces Associ-
ated with Exposure of Fruca sativa (Pocket ) Plants to Different 
Levels of Selinium. Internnational Journal of Agriculture and 
Biology, 1560, 8530  (204) 06-6-1101-1106. 

Kuznetsov, V.V., V.P. Kholodova, V.V. Kuznetsov and B.A. Ya-
godin, 2003. Selenium  regulates  the water status of plants 
exposed to drought. Dokl. Biol. Sci., 390: 266-268. 

Olhlendorf, H.M., D.J. Hoffman, M.K. Salui and T.W. Aldrich, 
1986. Embrionic mortality abnormalities of aquatic birds – ap-
parent impacts of selenium from irrigation drain water. Sci. To-
tal Environment, 52: 49-63. 

Pennanen, A., Xue-Tailin, H. Hartikainen and T.L. Xue, 2002. 
Protective role of selenium in plants subjected to severe UV ir-
radiation stress. Journal of Applied Botany, 76: 66-76. 

Pilon-Smiths, E.A.H. and D.L. Le Duc, 2009. Phytoremediation 
of selenium using transgenic Plants. Current Opin Biothecnol., 
20: 207-212. 

Quinn C.F., J.L. Freeman, M.L. Galeas, E.M. Klamper and 
E.A.H. Pilon-Smiths, 2008. The role of selenium in protecting 
plants against prairie dog herbivory-implication for the evolu-
tion of selenium hyperaccumulation. Oecologia, 155: 267-275. 

Renwei, Feng, Chaoyang Wei and Shuxin Tu, 2013. The role of 
selenium in protecting plants against abiotic stresses. Environ-
mental and Experimental Botany, 87: 58-68.

Rotruck, J.I., A.L. Pope, H.E. Ganter, A.B. Swanson and D.G. 
Hafenman, 1973.Selenium biochemical role as a component of 
glutation peroxidase. Science, 179: 588-590.  

Terry, N. and A. Zayed, 1998. Phytoremediation of selenium. In: 
W.T., Frankenberger Jr., R.Engberg (ed.) Environment Chemis-
try of Selenium, New York: Marcel Dekker, pp. 633-656. 

Terry, N., A.M. Zayed, M.P. se Souza and A.S. Tarun, 2000. Se-
lenium in higher plants. Annual Review Plant Physiol. Plant 
Mollecular Biology, 51: 401-432. 

Whitehead, A.G. and J.R. Hemming, 1965. A comparison of 
some quantitative methods of extracting small vermiform nem-
atodes from soil. Annals of Applied Biology, 55: 25-38.

Xue, T.L., H. Hartikainen and V. Piironen, 2001. Antioxidative 
and growth-promoting effect of selenium on senescing lettuce. 
Plant and Soil, 237: 55-61. 

Zachara, B.A., Z. Wlodarczyk, M. Masztlerz, A. Adamowicz, J. 
Gromadzinska and W. Waso wicz, 2004. Selenium concen-
trations and glutation peroxidase activities in blood of patients 
before and after kidney transplantation. Biol. Trace Element 
Research, 197: 1-13. 

Received  December, 1, 2017; accepted for printing March, 29, 2018



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


