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Summary at the Closing Ceremony in Viterbo August 30, 2003

Working group 3 enjoyed a very hot meeting this year. There were a total of 25 papers
comprising 11 oral papers and 14 posters - one of few years that posters have outnumbered
oral presentations in this working group. Colleagues from Austria, Belarus, Czech, Germany,
Greece, Hungary, Italy, Poland, Russia, Turkey and Yugoslavia presented their work on soil-
plant relationships.

The lack of information that can be displayed in a poster can lead to very tough questioning
from the audience, and this was in evidence several times during our poster sessions. It can
also lead to a total lack of response if there is little clarity in the poster. I recommend and
encourage authors to present their work orally at future meetings as this provides a basis for
sensible debate.

Over the last 11 years there have been a few outstanding papers that warrant the attention of a
wider audience. We had one of these papers this year concerning the quality assurance of soil
sampling in respect of environmental radioactivity. A clear and well thought out sampling
methodology is essential to the defence of an hypothesis. The sources of uncertainty
contributing to individual measurements were discussed and worked examples showed how
sampling frequency, location and analysis can contribute to overall uncertainty and can in
some cases lead to erroneous conclusions.  There were messages for every scientist at the
meeting whatever their discipline.

There were several papers by young researchers demonstrating one of ESNA's strengths - the
opportunity for scientists at the start of their careers being able to further their experience in a
friendly constructive environment. There was also evidence that the society enables
collaboration between European countries that would not otherwise have occurred. One
example was that of a young researcher from Belarus working for a PhD in Germany in
collaboration with colleagues from Switzerland.

After several years as co-chair to this working group, personal circumstances resulted in me
resigning from the position. An election was therefore held in order to find a new co-chair.
The members duly elected Vlado Licina as co-chair to work alongside Gregor Zibold. I wish
both of them every success over the coming years. It is my intention to continue attending
future ESNA meetings - I have thoroughly enjoyed my experiences over the last 11 years and
very much wish that I had joined the society earlier in my career.

Regards

Nick Mitchell



Preface

Finally not all but most of the papers presented in Viterbo in Working Group 3 could be
collected in these proceedings. For compensation some additional papers presented in other
working groups are also included here. These are from Lopareva et al. from Belarus and
France, and from Yordanova, Misheva, Bineva et al., and Banov et al. from Bulgaria.

We thank the Chairman of the meeting in Viterbo, Professor Stefano Grego, and his team for
their warm hospitality and perfect organisation at the beautiful S. Maria in Gradi center of
Universita della Tuscia.

Nick Mitchell, Vlado Licina & Gregor Zibold
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137
Cs ACCUMULATION IN ELAPHOMYCES GRANULATUS FR. AND ITS

TRANSFER TO WILD BOAR

PUTYRSKAYA V.
1, 2

, KLEMT E.
2
, PALIACHENKA H.

2
, AND ZIBOLD G.

2

1 International Sakharov Environmental University,
Dolgobrodskaya str. 23, 220009, Minsk, Belarus
2 Fachhochschule Ravensburg-Weingarten, University of Applied Sciences,
D-88241 Weingarten, Germany

Summary

Elaphomyces granulatus fr. is a fungus growing mainly in coniferous forests below the soil
surface and e.g. wild boar like to dig them out for consumption. As this fungus grows in soil
depths where most of 137Cs is accumulated, it contains high 137Cs activity concentrations. We
studied the transfer of 137Cs to wild boar in the forest of Bad Waldsee during 5 years, and we
compared these data to those of fungi, especially Elaphomyces granulatus fr. and green plants
from the same forest. Comparison of our results with published data strongly indicates that the
extraordinary high 137Cs activity concentrations in wild boar are due to the consumption of
fungi Elaphomyces granulatus fr.
The very high 137Cs activity concentrations in some wild boar, especially during the period
from December to February/March, when food on agricultural fields is not available for them,
are by far exceeding the European limit of 600 Bq/kg. In this situation continuous monitoring
of 137Cs activity concentrations of wild boar shot by hunters during this period should be
obligatory to avoid high doses in population groups which are consumers of these wild boar.

1. Introduction

Forest ecosystems tend to accumulate radionuclides such as radiocaesium discharged into the
atmosphere through nuclear weapons testing and nuclear accidents. Even 17 years after the
Chernobyl accident, radiocaesium contamination of forest products is high in contrast to that
of agricultural products. Since the removal of radiocaesium from a contaminated forest is not
feasible on a large scale, studies on the distribution and transfer of this radionuclide in forest
ecosystems are important from radiation protection point of view.
According to measurements by the Federal Office for Radiation Protection (BfS, 2002), even
16 years after the accident, berries, certain types of mushrooms (e.g. Xerocomus badius) and
game in southern Bavaria and the Bavarian Forest still show significant levels of
contamination. Values of around 800 Bq/kg of 137Cs have been recorded in venison, up to
2.5 kBq/kg in Xerocomus badius and up to 7-9 kBq/kg in wild boar meat. In the European
Union only foodstuffs with a radiocaesium content of less than 600 Bq/kg may be sold. 17
years after the Chernobyl accident maximum values of 137Cs activity concentrations in wild
boar are still increasing whilst mean values are decreasing with an ecological half-life of
about 10 years in Bavaria (Schwind, 2002, Kirchner et al., 2003). This is astonishing because
since 1995 aggregated soil-plant transfer factors for forest plants like fern, blackberry,
bilberry, raspberry, and wood sorrel as well as for fungi like chestnut boletus, Xerocomus

badius, are more or less constant in time (Zibold et al. 2001). In very recent years, however,
Hecht 2001 and Fielitz 2002 have reported about the fungus deer truffle, Elaphomyces

granulatus fr., which accumulates 137Cs in high amounts and is usually dug out from the
forest soil by wild boar. This fungus belongs to Ascomycetes and is considered to be inedible
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for people. Fielitz 2002 found it in the rumens of highly contaminated wild boar from
Bavarian Forest. From the results of Fielitz 2002 the aggregated transfer factor of 137Cs from
soil to Elaphomyces granulatus fr. can be estimated to be near 1 m²/kg which is a factor 10 to
100 higher than for other fungi or green plants.

2. Materials and Methods

Wild boar, Sus scrofa scrofa L., from the state-forestry Bad Waldsee, were measured since
1997 with respect to their 137Cs activity concentration of muscle meat (up to 70 animals per
year). Wild boar are transient and the shooting sites are mixed forest and spruce forest in
winter, and agricultural area in summer, e.g. maize fields. Samples of fresh wild boar muscle
meat of 10 to 50 g have been analysed gamma-spectrometrically using HPGe detectors.
The 137Cs soil inventory  varies between 10 and 50 kBq/m², decay-corrected to 1.5.1986. Soil
samples were taken in 1987 and 1994 at several sites and since then every year at the sites
where the plants were collected.
Plant samples of fern, Dryopteris carthusiana, bilberry, Vaccinium myrtillus, wood sorrel,
Oxalis acetosella, blackberry, Rubus fruticosus, and raspberry, Rubus idaeus, comprising
mainly leaves of about 5 to 10 plants, were collected always in September, at up to 12 sites in
and near the forestry Bad Waldsee. 137Cs activity concentrations were determined after drying
at 105°C for 24 hours.
Fungi samples of Xerocomus badius comprising 5 to 12 fruitbodies each, have been collected
since 1987 in the forestry Bad Waldsee at Gauss Krüger coordinates 3552387, 5303451,
where the 137Cs soil contamination was about 27 kBq/m² on 1.05.1986.
Deer truffles, Elaphomyces granulatus fr., were collected on 10.03.03 in a neighbouring
forestry, Bad Wurzach, at Gauss Krüger coordinates 3570373, 5306480, where the soil
contamination with 137Cs was 23.3 kBq/m² on 1.05.1986.
Fungi and plants were measured in fresh and dry state, respectively, and contamination is
given relative to fresh weight (fw) and dry weight (dw).
The aggregated transfer factor Tag is defined as the ratio of the activity concentration in the
plant (Bq/kg(dw)) or in fungi (Bq/kg(fw)) and the soil inventory (Bq/m2) at a site.

3. Results and Discussion

Since 1997 about 200 samples of wild boar from the state forestry Bad Waldsee have been
measured. 137Cs levels of wild boar vary widely from less than 5 to more than 8000 Bq/kg
(fw). The time-dependency of the 137Cs activity concentration of these 200 samples is shown
in Fig.1. Since 2000 we observe maximum values of 137Cs activity concentrations during the
winter period. The results of the measurements from the first months of 2003 show
dramatically high values with a maximum at 8.3 kBq/kg (fw) in the meat of wild boar. We
interpret this pronounced maximum to be due to the consumption of highly contaminated
fungi Elaphomyces granulatus fr. which are available for wild boar in winter.
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Fig. 1. Time-dependency of 137Cs activity concentration of wild boar, Sus scrofa scrofa L,

from the state forestry Bad Waldsee.

Fig.2 shows a photo of Elaphomyces granulatus fr.. The activity concentration of 137Cs in
these fungi which were collected in March 2003 is 8987 Bq/kg (fw). The truffle sample grew
in a depth of 6-8 cm in spruce forest soil which corresponds to Oh/Ah horizon where we still
observe the peak of 137Cs activity.

Fig. 2. Deer truffle, Elaphomyces granulatus fr., from Oh/Ah horizon of spruce forest soil in
Bad Wurzach.

According to Fielitz 2002 who studied the rumen content of wild boar the main percentages of
what these animals consume are forage (28%), herbs (24%), and fungi (14%). Fielitz 2002
found 3 cases of rumens of wild boar containing no forage but the highest percentage of fungi
of all rumens studied.

For comparison aggregated transfer factors Tag were calculated for different plants and fungi.
The results are presented in Table 1. They demonstrate a very high transfer factor for
Elaphomyces granulatus fr. which is a factor 10 higher than for Xerocomus badius and even a
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factor 100 higher in comparison with such plant as Rubus idaeus, although for plants Tag is
related to dry weight.

Table 1. Aggregated soil-plant transfer factors Tag and mean activity concentration for 137Cs
in spruce forest in 2002 and 2003.

Plant
Tag,

m²/kg (dw)

Number of

samples
Bq/kg (dw)

Dryopteris carthusiana 0.2 7 1000

Vaccinium myrtillus 0.07 3 825

Oxalis acetosella 0.04 7 210

Rubus fruticosus 0.01 7 64

Rubus idaeus 0.009 6 46

Fungi
Tag,

m²/kg (fw)

Number of

samples
Bq/kg (fw)

Xerocomus badius 0.06 12 1657

Elaphomyces granulatus fr. 0.6 1 8987

Taking into account the fact that the aggregated transfer factor Tag for different forest plants is
more or less constant in time (Zibold et al., 2001) we can conclude that these plants cannot be
responsible for the sharp increase of 137Cs concentration in wild boar which we observe in the
winter period of 2003. It leads us to the conclusion that the consumption of the fungus
Elaphomyces granulatus fr. causes most probably the high levels of contamination of wild
boar.

4. Conclusion

After the strong winter 2002/03 many wild boar showed extremely high values of 137Cs
activity which is unusual 17 years after the Chernobyl accident. The digging out from the soil
plus consumption of Elaphomyces granulatus fr. rich in 137Cs seems to be the reason for that.
Elaphomyces granulatus fr. is the fungus containing often a factor 10 more 137Cs than other
fungi or plants. It grows under the soil surface in the horizon where most of 137Cs is
concentrated. It is found by animals during the whole year, especially by wild boar in winter
when normal food from agricultural fields is not available for them. Due to these facts
Elaphomyces granulatus fr. can be considered to be the candidate for causing atypically high
values of 137Cs activity concentration in wild boar.
As wild boar is shot in numbers of about 50000 per year in Baden Württemberg, continuous
monitoring of 137Cs activity concentrations in the wild boar meat should be obligatory to
avoid high doses in consumers.

5. Acknowlegment

We thank H.J. Schodlock for providing us with samples from Bad Wurzach. We are grateful
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Abstract

In the framework of a FAO/IAEA/IUR coordinated research project corn and cabbage plants

were grown in a greenhouse pot experiment. Plants were grown on two volcanic and two

"representative" Greek soils artificially contaminated with 
134

Cs for a three years period.

Results for the 3
rd

 year of experimentation as well as the main findings for the whole period

are presented in this paper. In the third year of the project, two sweet corn (Elite and

Vilmorin) and two cabbage varieties, (Kozanitiko and Brunswick) were tested. The above crop

varieties, except Vilmorin, were also grown on the same soils the previous years. 
134

Cs

transfer factors (TFs) were significantly higher in the two volcanic soils than in the other

soils, in agreement with previous years’ data. Despite the crop species or variety, the clay-

calcareous soil continued to show the lowest TF values. Comparing 
134

Cs uptake by the two

corn varieties, it was found that Vilmorin plants absorbed approximately two times more 
134

Cs

than Elite plants. No such difference was observed for the cabbage varieties. 
134

Cs TFs for

both seeds and vegetative part of Elite variety significantly decreased compared to the

respective values of the previous year. A similar trend, rarely significant, was observed for the

two cabbage varieties. The ratio TF cabbage / TF corn (seeds) in the four soils increased this

year and ranged from 6 to 16 with a mean value of 9. This increase is due to the higher

reduction of corn 
134

Cs TFs than that of cabbage TFs. For all studied varieties and in all

possible combinations the mean value of the ratio TF cabbage / TF corn was 8, coinciding

with the respective values of the previous two years (7 and 6 respectively). During the three

years of experimentation, three different corn varieties were tested and mean reference TFs

for corn seeds in the studied soils were calculated.

Introduction

This study is part of the FAO/IAEA/IUR Research Co-ordinated Project "The Classification

of Soil Systems on the basis of Transfer Factors of Radionuclides to Reference Plants" which

was initiated in 2000 with the participation of 16 countries.

The purpose of the present work was to study 
134

Cs uptake by corn and cabbage plants grown

on two "representative" and two volcanic Greek soils during tree years. Conversion factors for

cabbage using corn as a reference crop, were also calculated. Based on corn's TFs in the

different soils, reference TFs for all the studied corn varieties are presented. Finally, two

years' results are discussed.
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Materials and methods

Experimental set up

Four soils with contrasting properties were selected; two volcanic from Santorini island and

two from South Eastern Greece (Peloponese) representative of big agricultural areas. The

main characteristics of the selected soils are presented in Table 1. More details regarding the

soil properties are reported by Skarlou et al. (2002).

Table 1: Main soil characteristics

Soil Clay

(%)

Silt

(%)

Sand

(%)

Texture pH

(1:1)

O.M
1

(%)

C.E.C.
2

cmolc kg
-1

Exch. K
+

cmolc kg
-1

1 8.6 18.0 73.4 SL 5.6 0.46 7.39 0.23

2 29.3 47.0 23.7 CL 7.4 2.11 17.39 0.42

3 8.6 27.2 64.2 SL 5.8 0.56 3.48 0.39

4 7.0 18.0 75.0 LS-SL 6.9 2.71 9.44 1.06

1: Organic Matter; 2: Cation Exchange Capacity

The plants were grown in pots which contain 14 kg air-dried soil, in four replications.

On July 28
th

 1999, soil in its pot was contaminated by spaying the radioactive material in

layers (1.9 MBq 
134

Cs pot
-1

). The technique followed for soil contamination is described by

Skarlou et al. (1996 and 1999).

Experimental conditions

Corn was selected as a reference crop followed each year by cabbage in order to check the

constant ratio, which supposed to exist between the TFs of the two plants in the different

soils.

Plant species

2000-2001: Corn, var. Corduna

       Cabbage, var. local-Kozanitiko

2001-2002: Corn, var. Corduna and sweet corn var. Elite

       Cabbage, var. local-Kozanitiko and var. Brunswick

2002-2003: Sweet corn, var. Elite and sweet corn var. Vilmorin

       Cabbage, var. local-Kozanitiko and var. Brunswick

For the last year of the experiment, the corn variety Corduna was replaced by sweet corn

variety Vilmorin, because of its poor growth on some soils.

The second and the third year, in addition to NH4NO3, 5 g of K2SO4 were added in each pot.
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Analytical methods

Soil properties were determined according to standard methods as described by Page (1982).

After harvesting plants were separated into edible and vegetative parts, where necessary

(corn); representative plant samples were cut into small pieces, dried at 70
o
C and counted for

134
Cs with the following system: HpGe detector (efficiency 22%) connected to a

CANBERRA 35
+
 4K multichannel analyzer plus a computer with suitable software for

gamma-ray spectroscopy analysis. The concentration of 
134

Cs in plant samples was expressed

in Bq kg
-1

.

Results

Transfer factors

Radiocaesium soil-to-plant transfer factors (TFs) for the studied plant species are presented in

Tables 2 (corn) and 3 (cabbage). Significant differences of 
134

Cs TFs in the four soils are

illustrated in Figures 1, 2 and 3. Though mean 
134

Cs TFs were considerably different in the

four soils in some cases these differences were not significant due to the high variation of the

values.

For corn and cabbage varieties, 
134

Cs TFs were also this year significantly higher in soil 3

followed by soil 4 (volcanic soils). The light texture and the presence of pumice that enhances

water retention, may explain the increased availability of 
134

Cs in the volcanic soils. The

significantly lower 
134

Cs TF was observed again in soil 2, which is a calcareous soil with high

clay content and high CEC, factors resulting in a more effective fixation of radiocaesium

compared to other soils (Frissel et al., 1990; Nisbet, 1993; Skarlou et al., 1996; Gerzabek et

al., 1998). This year's data support the observation that despite the plant species or variety,

soil to plant radiocaesium transfer is higher in the two volcanic soils (soils 3 and 4) and lower

in the heavy textured soil 2 (Skarlou et al., 2001 and 2002).

Table 2: Transfer factors of 
134

Cs (Bq kg
-1

 D.W. plant / Bq kg
-1

 D.W. soil) of corn plants

grown on the four soils (in parenthesis standard deviation).

Elite          Vilmorin

Soil Seeds Vegetative Seeds Vegetative

1 0.009

(0.004)

0.036

(0.011)

0.012

(0.004)

0.038

(0.017)

2 0.002

(0.001)

0.010

(0.002)

0.001 0.007

(0.002)

3 0.026

(0.007)

0.110

(0.020)

0.074

(0.009)

0.213

(0.039)

4 0.017

(0.005)

0.085

(0.023)

0.038

(0.003)

0.117

(0.052)

Mean 0.014

(0.004)

0.060

(0.014)

0.031

(0.005)

0.094

(0.028)
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Table 3: Transfer factors of 
134

Cs (Bq kg
-1

 D.W. plant / Bq kg
-1

 D.W. soil) of cabbage plants

grown on the four soils (in parenthesis standard deviation).

     Kozanitiko        Brunswick

Soil

1 0.050

(0.017)

0.114

(0.039)

2 0.012

(0.003)

0.008

(0.004)

3 0.431

(0.163)

0.308

(0.042)

4 0.120

(0.016)

0.173

(0.010)

Mean 0.153

(0.050)

0.151

(0.024)

Figure 1: 
134

Cs TFs for sweet corn plants variety Elite grown on the four soils. (i) seeds, (ii)

vegetative (t-test, same letter no significant difference, N=4).

Figure 2: 
134

Cs TFs for sweet corn plants variety Vilmorin grown on the four soils. (i) seeds,

(ii) vegetative (t-test, same letter no significant difference, N=4).
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Figure 3: 
134

Cs TFs for cabbage plants grown on the four soils. (i) Kozanitiko, (ii) Brunswick

(t-test, same letter no significant difference, N=4).

Compareing the varieties of the same plant species, 
134

Cs TFs for the seeds and the vegetative

part of the sweet corn variety Vilmorin were higher, not always significantly, than the

respective values of sweet corn variety Elite (Figure 4). As indicated by the mean 
134

Cs TF

values the plants of Vilmorin variety absorbed approximately two times more 
134

Cs than the

plants of Elite variety (Table 2).

Considering the two cabbage varieties, in most cases no significant difference of 
134

Cs TFs

was observed (Figure 5), though in the previous year 
134

Cs concentration in plants of

Brunswick variety was significantly higher than in plants of Kozanitiko variety (Skarlou et

al., 2002).

Figure 4: Comparison of 
134

Cs TFs for sweet corn varieties Elite and Vilmorin (i) seeds, (ii)

vegetative (t-test, *: p<0.05, **: p<0.01, ***: p<0.001, N.S.: no significant

difference, N=4).
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Figure 5: Comparison of 
134

Cs TFs for cabbage varieties Kozanitiko and Brunswick (t-test, *:

p<0.05, N.S.: no significant difference, N=4).

In all studied soils, 
134

Cs TFs of corn plants variety Elite significantly decreased in the second

growth period (2002), by a factor of 3 to 4, both in the seeds and the vegetative part (Figure

6). A similar trend, not always significant, was observed for the cabbage varieties in most

cases (Figure 7). This findings are in accordance with Noordijk et al (1992), who found that

the transfer of caesium to edible parts of several plants decreased by a factor of 4 over a seven

year period. Similar data are also reported by Nisbet and Shaw (1994). Gerzabek et al (1998)

and Massas et al (2002) however, did not observe any significant change or a consistent trend

in radiocaesium plant uptake with time, in a period of seven and three years respectively.

Figure 6: 
134

Cs TFs of sweet corn plants, variety Elite, grown on the four soils for the

years 2001 and 2002 (i) seeds, (ii) vegetative (t-test, *: p<0.05, **: p<0.01, ***:

p<0.001, N=4).
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Figure 7: 
134

Cs TFs of cabbage plants grown on the four soils for the years 2001 and 2002 (i)

Kozanitiko, (ii) Brunswick (t-test, *: p<0.05, N.S.: no significant difference, N=4).

Conversion factors and reference TFs

Based on the observations that most individual species of a crop group show almost the same

soil-to-plant uptake factors on the same soil and that between crop groups uptake factors seem

to be more or less constant, Frissel et al. (2002) described a method to correlate radiocaesium

uptake as a function of the soil type.

A reference transfer factor (reference TF) depending solely on soil properties is derived for a

reference crop. Crops are dived into groups, depending on the characteristics of the group;

cereals serve as a reference group. The transfer of the other groups can be calculated by

multiplying values for cereals with a conversion factor.

According to this method conversion factors for cabbage (var. Kozanitiko) were calculated for

the previous years, using corn (var. Corduna) as a reference crop (Skarlou et al., 2002). Since

this year Corduna variety was replaced by Vilmorin conversion factors for cabbage were

calculated using sweet corn variety Elite as the reference crop (Tables 4 and 5). The

calculated ratio 
134

Cs TF cabbage / 
134

Cs TF corn (seeds) in the four soils increased the last

growth period and ranged from 6 to 16 (2 to 4 in the previous year) with a mean of 9 (3 in the

previous year), though no significant difference was observed (Table 4). Such an increase was

rather expected, because in 2002 
134

Cs TFs for corn seeds were highly decreased while 
134

Cs

TFs for cabbage remained in most soils more or less constant (Figures 6i and 7i).

Table 4: Calculated ratios 
134

Cs TF cabbage (Kozanitiko) / 
134

Cs TF corn seeds (Elite)

Soil 1 2 3 4 Mean

Year 2001 2 4 2 3 3

Year 2002 6 7 16 7 9

Table 5: Calculated conversion factors for the year 2002

Corn Cabbage

Cs conversion factor 1 9

Range 6 - 16
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Considering the ratios TF cabbage / TF corn for all studied varieties and in all possible

combinations gave mean values ranging from 3 to 16 with a mean value of 8 (N=16). This

value is very close to those of the previous two years (mean values 7 and 6 respectively) and

it coincides with the generic values reported by Frissel et al. (2002) for cereals and leafy green

vegetables.

The studied soils were classified according to reference TFs of corn seeds for the three

varieties used over the three years of experimentation (Table 6).

Table 6: Reference 
134

Cs TFs for corn (seeds)

      Corduna         Elite     Vilmorin

Soil type 1
st
 year 2

nd
 year 2

nd
 year 3

rd
 year 3

rd
 year Mean

Clay-Calcareous 0.005 0.004 0.007 0.002 0.001 0.004

(0.002)

Sand-Acid 0.015 0.015 0.029 0.009 0.012 0.016

(0.008)

Volcanic 0.100 0.066 0.069 0.022 0.056 0.063

(0.028)

Mean 0.048

(0.048)

0.028

(0.033)

0.035

(0.031)

0.011

(0.010)

0.023

(0.029)

References

Frissel, M., Noordijk, H., & van Bergeijk, K.E. (1990). The impact of extreme environmental

conditions as occuring in natural ecosystems on the soil-to-plant transfer of radionuclides.

In G. Desmet, P. Nassimbeni, & M. Belli (Eds.), Transferof radionuclides in natural and

semi-natural environments (pp. 611-618) London, Elsevier.

Frissel et al. (2002). Generic values for soil-to-plant transfer factors of radiocesium. Journal

of Environmental Radioactivity, 58, 113-128.

Gerzabek, M.H., Strebl, F., & Temmel, B. (1998). Plant uptake of radionuclides in lysimeter

experiments. Environmental Pollution, 99, 93-103.

Massas, I., Skarlou, V., & Haidouti, C. (2002a). Plant uptake of 
134

Cs in relation to soil

properties and time. Journal of Environmental Radioactivity, 59, 245-255.

Nisbet, A.F. (1993). Effect of soil-based countermeasures on solid-liquid equilibria in

agricultural soils contaminated with radiocaesium and radiostrontium. The Science of the

Total Environment, 137, 99-118.

Nisbet, A.F., & Shaw, S. (1994). Summary of a 5-year lysimeter study on the time dependent

transfer of 
137

Cs, 
90

Sr, 
239,240

Pu and 
241

Am to crops from three contrating soil types: 1.

Transfer to the edible portion. Journal of Environmental Radioactivity, 23, 1-17.

Noordijk, H., van Bergeijk, K.E., Lembrechts, J., & Frissel, M. J. (1992). Impact of ageing

and weather conditions on soil-to-plant transfer of radiocesium and radiostrontium.

Journal of Environmental Radioactivity, 15, 277-286.

Page, A.L. (ed.). 1982. Methods of soil analysis, Part 2. 2
nd

 edition. Am. Soc. Agron.

Madison, WI.

Skarlou, V., Papanicolaou, E.P., & Nobeli., A. (1996). Soil to plant transfer of radioactive

cesium and its relation to soil and plant properties. Geoderma, 72, 53-63.



14

Skarlou, V., Nobeli, C., Anoussis, J., Haidouti, C., & Papanicolaou, E. (1999). Transfer

factors of 
134

Cs for olive and orange trees grown on different soils. Journal of

Environmental Radioactivity, 45, 139-147.

Skarlou, V., I. Massas, J. Anoussis, C. Haidouti and G. Arapis. 2001. 
134

Cs uptake for crops

grown on representative and volcanic Greek soils. European Society for new Methods in

Agricultural Research. MAICH, Chania, Crete, Greece, 3-9 September. Proceedings of the

XXXI Annual Meeting. (in press).

Skarlou V., I Massas, C. Haidouti and Y. Papatheohari. 2002. Ratio 
134

Cs transfer factor

cabbage / 
134

Cs transfer factor corn for plants grown on different soils: two years results.

Proceedings of the  XXXII ESNA Annual Meeting, Warsaw, Poland, 10-14 September

(in press).



15
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Abstract

Red pepper plants were treated with radionuclides in order to determine the behaviour of

radiocesium and radiostrontium in plants. The treatments were carried out at different time

during the vegetable season. It was observed, that the 
134

Cs and 
85

Sr uptake of red pepper

increased after foliar contamination in the leaves and stem. The edible parts of plants showed

the smallest radioactivity. We established, that the TF values of 
85

Sr uptake of red pepper are

several times higher than, those of experiments treated by isotope 
134

Cs.

Introduction

The knowledge of the contributions of direct contamination of plant fruits and of the process

of root to fruit transfer can improve the understanding of exposure through ingestion and of

the mechanism determining sorption and translocation.

Agricultural soil can be contaminated because of the radioactive fallout in the atmosphere or

because of irrigation water which uses contaminated water. Plants growing on that soil absorb

radionuclides by roots and/or by leaves (Massas et al., 2002, Frissel et al., 2002, Papastefanou

et al., 2002, Paaskallio et al., 1994).

In our study the fate of 
134

Cs and 
85

Sr in the above ground of red pepper plants after wet

deposition on soil and leaves was examined under pot experiment conditions. The aim of

foliar contamination was to determine the 
134

Cs and 
85

Sr uptake by red pepper depending on

the time and level of radioactive contamination.

Materials and methods

The pot experiment of red pepper was established on alluvial meadow clay soil on 23
rd

 May

2002. 6.0 kg absolute dry soil was put in each pot, which had been mixed with fertilizer 150

ppm N, 150 ppm P, and 150 ppm K previously.

Some soil characteristics of the experimental field: pH (KCl): 6.55, Viscosity: 52, Organic

matter: 2.86%, Available P (AL-method): 140 ppm, Available K (AL method): 180 ppm.

Variety of red pepper: Szegedi (Hungarian variety).

At the same time of the planting of paprika we have contaminated the soil by watery solution

of 
134

Cs and 
85

Sr isotopes in different amount of solution: 50ml, 500ml and 1500ml. We have

repeated the same treatments during the vegetation season on 26
th

 June, 30
th

 July and 4
th

September. The soil and plant surface were contaminated by radioactivity 150 kBq/pot. When

we calculated it in Bq/m
2
, the level of contamination was 4.5MBq/m

2
 (Table 1.)

The paprika was harvested at full ripening stage, on 30
th

 August and 20
th

 September. So, the

yield was picking 2 times during the vegetable season, and finally was collected stems, leaves

and roots of plants. The radioactivity of each plant part was determined separately. The

isotope uptake of plants from the soil was characterised by the transfer factor.
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Table 1. Treatments of red pepper in pot experiment, 2002.

Code Contamination

time kBq 
134

Cs/ml water and kBq
85

Sr/ml water vegetation

season

P/1 23 May 150kBq/50ml soil surface

P/2 23 May 150kBq/500ml soil surface

P/3 23 May 150kBq/1500ml soil surface

P/4 26 June 150kBq/50ml flowering time

P/5 26 June 150kBq/500ml flowering time

P/6 26 June 150kBq/1500ml flowering time

P/7 30 July 150kBq/50ml green yield

P/8 30 July 150kBq/500ml green yield

P/9 30 July 150kBq/1500ml green yield

P/10 4 Sept. 150kBq/50ml ripening stage

P/11 4 Sept. 150kBq/500ml ripening stage

P/12 4 Sept. 150kBq/1500ml ripening stage

P/13 Control 50ml water

P/14 Control 500ml water

P/15 Control 1500ml water

Results and discussion

In the Table 2 is shown the data of yield of red pepper. The average yield of fresh red pepper

was 165g/pot and the yield of by-products was 110g fresh weight/pot.

The radioactivity of red pepper plants was measured in the edible part, seeds, leaves and stem

samples after harvest. The relative distribution of mean specific 
134

Cs activities among plant

organs has been displayed in Fig. 1 and Fig. 2. Significant difference appears among plant

organ for each treatment. In conclusion, 
134

Cs was allocated especially in leaves, independent

of treatment.

The relative distribution of mean specific 
85

Sr activities among red pepper organs has been

displayed in Fig. 3 and Fig. 4. The distribution of 
85

Sr in the plant components is quite similar

to the translocation of 
134

Cs radioisotope. Approximately 50% of the whole activity in the

plant is allocated to the leaves.
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Table 2. Data of yield of red pepper experiment, 2002.

Treatment Yield, g/pot

Code Time ml/pot Red pepper,

fresh

Red pepper,

dry matter

Stem+leaves

fresh

Stem+leaves

dry matter

P/1 05.23 50 166 46 145 48

P/2 05.23 500 133 36 116 43

P/3 05.23 1500 179 44 120 48

P/4 06.26 50 139 44 76 31

P/5 06.26 500 162 47 94 37

P/6 06.26 1500 190 48 109 40

P/7 07.30 50 176 45 90 35

P/8 07.30 500 166 43 114 40

P/9 07.30 1500 178 55 112 37

P/10 09.04 50 171 56 121 43

P/11 09.04 500 174 58 107 38

P/12 09.04 1500 165 52 110 38

P/13 ∅ 50 167 55 112 40

P/14 ∅ 500 141 53 102 42

P/15 ∅ 1500 165 58 120 44

Average 165 49 110 40
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Fig. 1. Percentage of distribution of 
134

Cs into red pepper plants after soil and 1
st
 foliar

treatment, 2002.
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Fig. 4. Percentage of distribution of 
85

Cs into red pepper plants after 2
nd

 and 3
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 foliar

treatment, 2002.

Based on the results of the red pepper experiment it was found that the TF value

characterising the 
134

Cs contamination of the yield changed between 0,35-0,80*10
-3

, m
2
 (kg

dry matter)
-1

 depending on the amount of precipitation (Table 3.) The stems and leaves of

capsicum were highly contaminated in case of plant contamination and the transfer factors

were much higher.

The TF of 
85

Sr values fluctuated between 1,66-2,09*10
-3 

m
2
 (kg dry matter)

-1
 in the yield in

the case of soil contamination (Table 4.). The highest radioactivity was shown by the stems

and leaves of red pepper, the TF values were also the highest in these parts with a value of

17,56-27,03*10
-3 

m
2 
(kg dry matter)

-1
.

The results show that 
134

Cs and 
85

Sr accumulation by yield depends on the contamination

time and the specific activity. Transport of 
134

Cs to red pepper was the lowest in the case of

soil contamination. It was observed an important contamination in plants polluted at harvest

time. In all the considered trials 
134

Cs is mainly stored in to leaves

Table 3. Soil-plant transfer factors for red pepper, 2002.

134
Cs: Transfer factor, m

2
 (kg dry matter)

-1
 * 10

-3

Code

Cont.

level

kBq/ml Edible part Seeds Stem Leaves

P/1 150/50 0,80 1,28 5,05 6,90

P/2 150/500 0,58 1,14 4,70 6,91

P/3 150/1500 0,35 0,78 4,00 6,20
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Table 4. Soil-plant transfer factors for red pepper, 2002.

85
Sr: Transfer factor, m

2
 (kg dry matter)

-1
 * 10

-3

Code

Cont.

level

kBq/ml Edible part Seeds Stem Leaves

P/1 150/50 2,09 4,46 19,28 24,86

P/2 150/500 1,96 4,16 19,26 27,03

P/3 150/1500 1,66 3,47 17,56 26,52

Conclusions

♦ The 
134

Cs and 
85

Sr uptake of red pepper increased after foliar contamination.

♦ The activity rate of the red pepper and stems have changed in all treatments, the 
134

Cs

activity of stems was higher in all cases comparing to the paprika.

♦ The radioactivity of red pepper and by-products samples were decreased parallel with

increasing amount of precipitation after foliar contamination.

♦ It was found that the TF value characterising the 
134

Cs contamination of the yield

changed between 0,35 - 0,80*10
-3

 m
2
 (kg dry matter)

-1
 depending on the amount of

precipitation. The stems and leaves of capsicum were highly contaminated in case of

soil contamination and the transfer factors were much higher.

♦ The TF of 
85

Sr values fluctuated between 1,66 - 2,09*10
-3 

m
2
 (kg dry matter)

-1
 in the

yield. The highest radioactivity was shown by the stem of red pepper and the TF

values were also the highest in these parts with a value of 17,56 - 19,28*10
-3 

m
2
(kg dry

matter)
-1

.

♦ The TF values of 
85

Sr uptake of red pepper are several times higher than, those of

experiments treated by isotope 
134

Cs. According to the activity results of the

experiments there was significant difference between the contaminations of the plant

parts.
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CHARACTERIZATION OF TYPICAL RUSSIAN SOILS IN TERMS OF

RADIOCAESIUM AVAILABILITY TO PLANTS.

SYSOEVA A.A., KONOPLEVA I.V.

Russian Institute of Agricultural Radiology and Agroecology, 249032 Obninsk, Russia

Summary

Based on a model of 
137

Cs soil to plant transfer, an expression has been derived for a

bioavailability parameter which is a combination of soil properties: content of exchangeable

potassium and soil fixating ability estimated by a fixation of 
137

Cs exchangeable form. In a

laboratory experiment on growing 14 days barley seedlings on 10 various soil types, the

bioavailability parameter is shown to be linearly related to 
137

Cs transfer factor from soil to

plant. Based on the soil properties, 
137

Cs bioavailability parameter is calculated for different

soils in the Russian Federation.

Introduction

Following the Chernobyl accident methods for calculating parameters of transfer and

bioaccumulation in the environment of radionuclides, primarily the two most dangerous ones

– 
137

Cs and 
90

Sr – have been rather actively developing. In recent years for 
137

Cs and 
90

Sr a

number of methods were proposed for TF parameterization in plants through the soil

properties (Konoplev et al., 1997; Konopleva et al., 2003). The objectives of this study were

to identify the main processes responsible for 
137

Cs transfer, develop a predictive model for
137

Cs soil-plant transfer and parameterize on its basis 
137

Cs TF using the physico-chemical

soil properties, experimentally determine the parameters of radiocaesium bioavailability in

different Russian soils.

Description of the model for 
137

Cs transfer from soil to plant

The transfer of an element from soil to plant is a result of physico–chemical processes

occurring in soil, on the soil – root surface and inside plants. The most available for plant

transfer radionuclide is known to be in soil solution and in the exchangeable part of the soil

absorbing complex. Therefore, the content of the exchangeable form is an essential feature

responsible for radionuclide transfer to plants (Yudintseva, Guljakin, 1968; Pavlotskaya,

1974).  The plant root uptake of 
137

Cs as well as other nutrients occurs from soil solution in

the ion form. A conceptual model of 
137

Cs soil – plant transfer consists of 3 compartments:

soil solid phase, soil solution and plant root. An exchange between solid and liquid phases is a

soil chemical process. A peculiar feature of this process is that 
137

Cs ions are selectively

sorbed at sorption centers located at the edge ends of weathered clay minerals and vary

significantly in the strength of binding. The 
137

Cs soil to plant absorption (a process of ion

absorption by the root cells and translocation to the above ground parts) is a process

controlled by plant physiology. Cs
+
 can be absorbed by the transport systems of its

macroanalogue K
+
. Water culture studies have shown that 

137
Cs root uptake markedly reduces

with increase in K
+
 concentrations in substrate (Smolders et al., 1996). High concentrations of
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K
+
 ions reduce effectively an opportunity of Cs

+
 absorption through the potassium canals or

by carriers located in the root cell membrane.

The soil to plant 
137

Cs s transfer can be described by two serial reactions:

137
Cs soil <�137

Cs soil solution <�137
Cs plant

The first reaction is a balance between 
137

Cs sorbed by solid soil and 
137

Cs of soil solution,

which is described by the distribution coefficient  KD. The second reaction is 
137

Cs absorption

by plant root from soil solution – a process which is described by the concentration factor

(CF) defined as:

                  CF = 
137

Cs specific activity in plant/ 
137

Cs specific activity in soil solution     (1)

CF strongly depends on K concentration in soil solution, particularly in the concentration

interval between 10 and 250 mM (Smolders et al., 1996). Waegeneers et al. (2001), based on

regression model, calculated parameters to plot CF as a function of potassium concentration

in soil solution for different crop species (Table 1). Parameters of the regression model

describing  log(CF) – log([K]) relationship are presented as follows:

                                               log CF = b0 + exp(b1 log[K])                                                (2)

Where CF is the concentration factor m
3
/g and [K] is the K concentration in soil solution,

mol/m
3
 (Waegeneers et al., 2001).

Table 1. Estimated parameters of the regression model (Waegeneers et al., 2001)

lettuce bean barley ryegrass

b0 -5,34 -5,22 -5,16 -5,09

b1 -0,68 -0,54 -0,67 -0,55

R
2

0,996 0,97 0,99 0,97

The mobility of soil 
137

Cs is defined by processes of selective sorption and fixation. A high

sorption ability of soils with respect to 
137

Cs depends on the presence in soils of layer clay

minerals with the 2:1 crystal lattice and selective sorption centers are located in edge sites

(Frayed Edge Sites). Monovalent ions with low hydration energy and ion radius close to Cs
+
,

such as K
+
, NH4

+
, compete for selective sorption sites. To describe a migratory ability of

radionuclide in soil, its KD value is used that equals the ratio between the equilibrium total

concentration of the radionuclide in the solid phase and its equilibrium concentration in

solution. Recently, a concept of exchangeable distribution coefficient has been introduced, KD

exchangeable, which is equal to the ratio of the exchangeable radionuclide concentration  and

its equilibrium concentration in solution (Konoplev et al., 1992)
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                                             KD
exch 

= . DD                                                                                               (3)

:KHUH� .� LV� WKH� IUDFWLRQ� RI� 137
Cs exchangeable form in soil. The use of this parameter is

necessary because part of radionuclide in the solid phase is in a non-exchangeable form and

does not take part in the desorption processes to the liquid phase. The KD
exch

 value depends on

the soil sorption properties and cation composition of soil solution. For mineral agricultural

lands where NH4 
+
 concentration in soil solution is insignificant, KD

exch
 value is defined as

follows:

where [D+
] is the K

+
 molar concentration in soil solution and RIP(K) is the radiocaesium

interception potential defined as a product of FES capacity and Cs
+ 

selectivity coefficient with

regards to K
+
 in FES exchange. According to the model suggested, TF can be expressed as:

        TF = [Cs]plant/[Cs]soil ~ CF/KD ~ . CF/KD
exch 

 = k . CF[K]soil solution/RIP(K)               (5)

By simplifying Eq. (5), TF 
137

Cs in plants can be written as a linear function of the

bioavailability parameter:

                                                            TF (
137

Cs)= B�Â�:����������������������������������������������������������

Where B is the proportionality coefficient that defines the effectiveness of 
137

Cs transfer from

the root surface to plant and is dependent on plant physiology; A is the parameter of 
137

Cs

bioavailability in soil expressed through the soil properties:

                                                      
)(

][

KRIP

solutionsoil
KCF

A

α

=                                               (7)

Materials and methods

To verify the model, a laboratory experiment was carried out on growing 14-day barley

seedlings, on 10 soils sampled from arable horizons in different soil climatic zones of the

European part of Russia. General soil properties were determined as follows: pH in a 1:2,5

soil/1M KCl suspension (for peat S/L 1:25); soil texture using the pipette method, humus

content with a wet combustion technique using K2Cr2O7 and H2SO4; the exchangeable cations

(Ca, Mg, K) in 1 M NH4OAc soil extract (S/L 1:10) by atomic absorption spectrophotometry.

7KH�KEC was calculated by summing exchangeable cations and potential acidity estimated

using 1g CH3COONa. Physico-chemical soil characteristics are given in Table 2.
137

Cs (carrier free) was introduced to air dried pre-sieved (2mm) soil as deluted hydrochloric

acid solution. After through manual mixing soils were incubated for a month at a room

temperature with periodic drying and moistening (up to 60% of the total water capacity,

)4(
][

)(
+

=

K

KRIP
K

exch

D
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TWC) and subsequent drying at a room temperature. The 
137

Cs specific activity in soil was

1000 Bq/g.

Each soil type was packed into pots, 0,5 kg soil per pot, 4 replications. Germinated seeds were

sown at a rate 15 seeds per pot. Soil moisture was maintained at 60% of the TWC.

Exchangeable 
137

Cs form was extracted from a solid phase of 1M NH4OAc (pH = 7) during

24hours at a phase ratio of 1:10.

RIP(K) in soils was measured by determining KD(Cs) in a mixed KCl-CaCl2 solution in the
137

Cs presence (Wauters et al., 1996).
137

Cs  activity in samples of soils, soil extracts and plants, was measured using the gamma-

spectrometer with intrinsic Ge detector (Canberra). The measurement error was ± 10%.

Table 2. Physico-chemical characteristics of soils

Exchangeable cations

K Ca Mg
� Soil pHKCl

Humus,

%

Clay

<1µm

cmol/kg

CEC

1 Soddy podzolic 5,8 1,8 3,6 0,37 4,8 1,3 9,4

2 Grey forest 5,4 0,6 14,0 0,45 5,2 1,2 9,2

3 Leached chernozem 5,5 2,1 18,5 0,51 23,3 3,7 32,4

4 Leached chernozem 5,6 1,6 18,9 0,37 22,5 4,2 30,0

5 Podzolized chernozem 6,9 1,6 21,2 0,46 28,7 2,0 31,8

6 Ordinary chernozem 6,0 2,8 29,6 0,66 26,6 5,4 36,2

7 Typical chernozem 6,2 2,8 35,9 0,76 28,4 4,7 36,8

8 Meadow flooded 7,0 1,4 28,2 1,07 23,7 4,2 29,8

9 Chestnut 7,4 1,8 30,7 1,04 24,9 6,2 32,4

10 Lowland peat 5,5 25,2 - 0,59 40,5 2,4 116,8

Results and discussion

Analysis of the results derived shows that the highest TFs for barley seedlings are observed

on soddy-podzolic and lowland peat soil (Table 3). The minimal TFs values are obtained for

chernozems and chestnut  soil, soils with a high level of clay fraction. The fraction of 
137

Cs

H[FKDQJHDEOH� IRUP� �.exch) varies between 0,09 and 0,41 as a function of soil type. The

minimal Cs mobility is reported for chernozems, maximum for soddy-podzolic soil which

shows a lower content of clay fraction. The RIP(K) values vary in a wide range: minimal for

lowland peat and soddy-podzolic soil and maximal for meadow chernozemic, chestnut soils

DQG�OHDFKHG�FKHUQR]HP��$�FRPELQDWLRQ�RI�ORZ�5,3�YDOXHV�DQG�KLJK�.ex  values indicates that

in soils such as soddy-podzolic and lowland peat the radionuclide is rather mobile, as

evidenced by high TF values (experimental data) and high estimated values of the

bioavailability parameter (A). The Table 3 also contains estimated with the regression model

CF values (Waegeneers et al., 2001).
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Table 3. Results for the analyzed parameters in the study soils

� soil
.ex,

(
137

C

s)

RIP(K),

meq/kg

[K]ss,

meq/l

CF,

l/kg

:Â��-4

kg

/cmolc

TF,

(Bq kg
-1

/

Bq kg
-1

)

1 Soddy podzolic 0,41 442 1,63 9,0 232,1 0,708

2 Grey forest 0,27 1377 0,18 11,5 3,9 0,043

3 Leached chernozem 0,14 3212 0,07 13,5 0,6 0,107

4 Leached chernozem 0,10 2943 0,04 15,2 0,4 0,069

5 Podzoliz. chernozem 0,12 2519 0,05 14,5 0,3 0,039

6 Ordinary chernozem 0,09 2392 0,05 14,5 0,5 0,028

7 Typical chernozem 0,10 2709 0,09 12,9 0,7 0,029

8 Meadow flooded 0,27 3464 0,87 9,5 9,5 0,033

9 Chestnut 0,16 3243 0,14 12,0 1,2 0,028

10 Lowland peat 0,18 211 1,43 9,1 217,3 0,778

Fig. 1 illustrates the dependence of the TF for 14-days barley seedlings on A, calculated in

Eq. (7). Results of the regression analysis shows a good TF and A correlation for barley  (r =

0,991, p<0,05). A close agreement of theoretical and experimental relationship indicates that

the parameterization method suggested is applicable for prediction of specific for the given

soil TF 
137

Cs values in plants.

Fig. 1 
137

Cs TF for barley as a function of biological availability, A.
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For RIP(K) determination a long run and laborious procedure is used. In present paper we

estimated  RIP values based on the soil properties. It’s known, that the FES capacity which is

defines the number of selective exchange sites located at frayed edges of the interpacked

spaces of the mineral 2:1 crystal lattice and, consequently,  its RIP derivative proposed that

the mineral composition is the same, must be connected with the content of finely dispersed

soil fraction.  The RIP(K) values in the study soil samples were compared with the content of

clay fraction (< 0,001mm)  (Fig. 2).

The regression analysis showed a linear correlation between RIP(K) values and relative

content in soil clay fraction (r = 0,775, p<0,05). The derived empirical expression is:

                                  Y1 = 77,08 X1 + 776,6                                                  (8)

Where Y is the RIP(K) value, meq/kg; X1 is a content of soil clay fraction, %.
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Fig. 2 RIP as a function of soil clay fraction

Conclusions

An equilibrium model is suggested that describes 
137

Cs migration from soil-to-plant. The

basis for the model is a concept that 
137

Cs bioavailability in soil is controlled by two factors:

its mobility in  soil and K
+
 concentration in soil solution. Using the model of 

137
Cs soil-to-

plant transfer, an expression has been for the parameter of biological availability, which is a

combination of soil properties. A laboratory experiment on growing 14-days barley seedlings

on 10 different soils has demonstrated that bioavailability is linearly connected with 
137

Cs
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soil-to-plant transfer factor. The suggested model is applicable for predicting TF 
137

Cs values

in farm crops on the basis of soil types. Parameters of 
137

Cs bioavailability are calculated for

typical zonal soils of the European part of Russia.
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FROM THE ROOT LAYER IN PEAT SOILS
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Russian Institute of Agricultural Radiology and Agroecology, 249032 Obninsk, Russia, E-mail:

podvorko@mail.ru

Summary

Vertical distribution of Chernobyl-derived 
137

Cs in peat bogs of Bryansk region was investigated.

The 
137

Cs migration rate was estimated on the base of purification degree of upper 10 cm layer.

The profound effect of ammonium concentration in soil solution on the migration rate of 
137

Cs in

bogs was clearly recognized. Countermeasures for reducing 
137

Cs content in root layer must be

aimed on intensification of organic matter decomposition and ammonium production.

Introduction

The contamination of peat soils with 
137

Cs where the radionuclide is more available for the root

uptake than in mineral soils a topical radiological problem for the south-western districts of the

Bryansk region. Currently, meadows located on the contaminated peat soils are being actively

used for cattle grazing, thereby resulting in producing polluted animal products. A need to study

vertical migration of radionuclides in the soil profile is dictated by two factors: Firstly,

radionuclides distribution in the soil profile and removal from the root layer is responsible for the

size of their accumulation in farm crops and natural vegetation; secondly, radionuclide

distribution in the soil profile influences dose of external irradiation of humans. The objective of

the present paper is to study in the long term after the Chernobyl accident 
137

Cs vertical migration

in boggy soils as critical components of natural ecosystems and to justify the effectiveness of

agrochemical countermeasures aimed at the rehabilitation of contaminated areas.

Materials and methods

Within the Bryansk region in the long term (15-16 years) after the Chernobyl accident 
137

Cs

vertical distribution has been studied on experimental plots located on lowland bogs which have

different physico-chemical properties. Plot 1 on dried lowland bog is presented by shallow peaty-

gley soil with a peat layer depth of 15 cm followed by a gley horizon. In the woody story the bog

edges are dominated by birch trees, the herbaceous story is presented by sedge and green mosses.

The soil cover of plot 2 lowland bog is presented by well-decomposed humus peaty-gley soil

with a peat layer depth of 35 cm. The woody story is dominated by black alder, the grass story

includes different grasses. Plot 3 is a forest stand on a lowland bog. The soil is humus peaty,

waterlogged. Up to a depth of 20 cm the soil profile is presented by well-decomposed peat

followed by a layer of humus sand. In the woody story, the bog edges are dominated by birch and

aspen trees. The shrubby-grassy story contains bilberry, sedge, heather, motley grasses. Plot 4 is
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located on lowland bog and has boggy shallow peaty-gley soil. The grassy story is dominated by

black sedge (up to 70% of projective cover), there are also cattail and cinquefoil.

To study 
137

Cs vertical migration, soil samples were collected layer-by-layer 5 cm spaced by

“monolith method”. Physico-chemical soil properties were determined as follows: pH in a 1:25

soil/1M KCl suspension; humus content with a wet combustion technique using K2Cr2O7 and

H2SO4; the exchangeable cations (Ca, Mg, K) in 1 M NH4OAc soil extract (S/L 1:10) by atomic

DEVRUSWLRQ� VSHFWURSKRWRPHWU\��7KH�KEC was calculated by summing exchangeable cations and

potential acidity estimated using 1N CH3COONa. Ash content in soils was determined as loss on

ignition at 450
o
C. Physico-chemical soil characteristics are given in table 1.

137
Cs forms were measured by method of consistent extractions.  Exchangeable 

137
Cs form was

extracted from a solid phase of 1M NH4OAc (pH  7) during 24hours at a phase ratio of 1:20, then

acid-soluble 
137

Cs form - in 1N HCl during 24hours at a phase ratio of 1:20. Mobile 
137

Cs form

was calculated as a sum of exchangeable and acid-soluble 
137

Cs forms. Radiocaesium

interception potential RIP(K) in soils was measured by determining KD(Cs) in a mixed KCl-

CaCl2 solution in the 
137

Cs presence (Wauters et al., 1996).

To isolate soil solution, the peat soils were weted to the field moisture, kept for 24 hours in

dessicator with water, then centrifuged in dual test tubes with a perforated bottom. The cation

content in extracts and soil solution was measured by the atomic-absorption spectrophotometer

(AAS). The NH4
+ 

concentration in soil solution was measured with a colorimetric method by

indophenol reaction (Krom, 1980).

The content of  
137

Cs in samples was determined using gamma-spectrometer with a Ge detector

and on a multi-channel IN-1200 analyzer.  .

Table 1. Physico-chemical properties of lowland peat soils

Exchangeable cations
CEC

D Ca Mg

Plot

�
Soil type

(subtype)

Depth,

cm
pHKCl Humus,

%
Ash

conten

t,

% cmolc kg-1

1 Lowland

boggy

(boggy

shallow

peaty-glay)

0-5

5-10

10-15

15-20

4,16

4,16

4,32

4,44

21,84

21,44

1,12

1,23

49

51

94

90

0,9

0,4

0,7

0,5

3,7

1,7

3,6

3,2

0,6

0

0,3

0,4

15,8

8,9

2 Lowland

boggy

(boggy humus

peaty-glay)

0-5

5-10

10-15

15-20

20-25

7,37

6,25

6,28

6,20

6,45

36,63

35,74

36

39

29

32

50

2,1

1,2

0,6

0,8

0,3

39,5

30,6

34,6

34,5

32,8

5,0

3,6

2,9

3,6

3,4

74,7

94,3

92,3

3 Lowland

boggy

(boggy humus

peaty)

0-4

4-11

11-20

20-30

3,25

3,25

3,44

3,69

36,85

8,49

2,23

4,69

19

44

85

92

3,2

1,0

0,2

7,7

1,7

1,7

1.7

1,8

0,03

0

169,9

199,2

27,0

   4 Lowland

boggy

(boggy

shallow

peaty-glay)

0-5

5-10

10-15

15-20

20-25

7,62

6,25

6,24

6,38

6,38

14,07

9,60

64

68

78

83

81

2,5

0,8

0,4

1,3

38,1

19,5

21,7

37,6

3,7

2,2

2,5

4,4

4,1

45,2

28,5

45,8
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Results and discussion

On the study soils in the long term after the Chernobyl accident various character is observed of

the radionuclide vertical distribution in the soil profile. The lowest 
137

Cs content in the 0-10 cm

layer, 42% of the total inventory, was reported on plot 2 lowland bog; the highest, 92%, in peaty-

glay soil of a dried bog on plot 1. The highest migration rate is reported on plot 2 where 
137

Cs

reached a depth of 30 cm, with the radionuclide being uniformly distributed, without pronounced

SHDV�DORQJ� WKH� OD\HUV��2Q� WKUHH� ORZODQG�SHDW�VRLOV� ������������ WKH� UDGLRQXFOLGH� LV�GHWHFWHG�DW� D
depth to 15 cm, however the pattern of vertical distribution is significantly different-on plot 1 at a

10-15 cm depth is only 5% of the overall 
137

Cs inventory, on plot 3-28% and plot 4-15%.

Analysis of the experimental data shows that the study bogs vary significantly in the pH value.

As to 
137

Cs species (exchangeable or mobile), the results of the investigation show that in

lowland peat soils more than 90% 
137

Cs is in a fixed state. In the cation composition of soil

solution relatively high [NH4
+
] concentrations are registered. It is known that in waterlogged

organogenic peat-boggy soils as a result of increased microbiological activity occurs intensive

conversion of organic to an increase in soil solution of ammonium concentration.

Soil 
137

Cs mobility depends on processes of selective sorption and fixation. Commonly accepted

that natural organic matter can bind 
137

Cs only non-selectively and reversibly. At present,

however, a hypothesis is being actively discussed that 
137

Cs  sorption and fixation in soils with

high content of organic matter occurs mainly by mineral particles, despite their low content in

soil (Shand et al., 1994; Hird  et al., 1995). A high sorption ability of soils with respect to  
137

Cs

depends on the presence in them of layer clay minerals with the 2:1 crystal lattice and the

selective sorption centers are located at frayed edges of the interpacket  spaces of the crystal

lattice of minerals, FES (Frayed Edge Sites) and non-selective sorption centers located on the

surface of particles  - RES (Regular Exchange Sites) (Cremers et al, 1988). Monovalent cotions

with low hydration energy and ion radius close to Cs 
+
, such as K

+
, NH4

+
, compete for selective

sorption sites.

The radionuclide mobility in soil is described using an exchangeable distribution coefficient

(KD
exch 

) which is the ratio of concentration of the radionuclide exchangeable form in the solid

phase to its equilibrium concentration in solution (Konoplev et al, 1992):

                                                   KD
exch   �.�DD                                                                               (1),

ZKHUH���.��LV�WKH�IUDFWLRQ�RI��137
Cs exchangeable form in soil.

The KD
exch

 value depends on the soil sorption properties and the cation composition of soil

solution. A very low  
137

Cs content in soil solution allowed us to measure KD
exch 

 only in some

layers. We, therefore, estimated its value based on the soil properties as follows [8]:

                                                KD
exch  

= RIP�D���>D+
] + 5,3[NH4

+
])                                 (2),

where [K
+ 

], [NH4
+
] are the K

+
 and NH4

+
 molar concentrations in soil solution; RIP(K) is the Cs

+

selective sorption potential which is determined as a product of FES capacity and Cs
+ 

selectivity

coefficient with respect to K
+
 in the FES exchange. The selectivity coefficient (KS) is a constant

of ion exchangeable equilibrium of Cs
+
 with a competing cation. For instance, for illite, KS of Cs

+

sorption on FES with respect to K
+ 

equals 1000 and with respect to NH4
+
- 200 [9]. The potential

of Cs
+ 

selective sorption is a quantity that defines the ability of soils to selectively and reversibly
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sorb 
137

Cs. According to Eq (2) KD
exch  137

Cs is determined by a number of highly selective

exchange sites located at expanded edges of the crystal lattice of clay minerals and concentration

of competing cations , K
+
 and NH4

+
. As is evident from the soil solution composition (Table 2),

the main cation for the examined peat soils that is responsible for 
137

Cs mobility is ammonium,

since its concentration in all the study layers noticeably exceeds [K
+
]. Competing cations

mobilize 
137

Cs from the selective exchange sites, with the ammonium action being more

effective, because the selectivity coefficient of NH4
+
  with respect to K

+
  in FES exchange is

roughly 5.3.

Convective and diffusive transfers are known to be the main processes of vertical radionuclide

migration. In this case the condition needs to be obeyed of the equilibrium between the liquid and

solid phase. The radionuclide migration is described by the convective diffusion equation:

                                               
X

C

R

v

X

C

R

D

t

C

∂

∂

∂

∂

∂

∂
−=

2

2

                                                       (3)

where D is the coefficient of diffusion in water, V is the convective velocity of moisture travel, R

is the retardation factor caused by the processes of radionuclide sorption and  fixation by the soil

solid phase:

                                                      DKR
θ

ρ
+=1                                                              (4)

 where P is the soil density,  O is the moisture. Eqs (3,4) demonstrate a reversaly proportional

dependence of migration rate on KD.

Table 2. Some characteristics of soil (root layer), which are responsible for 
137

Cs mobility

137Cs

inventory

in layer, %

[NH4+], mM
Sampling

site

D
ep

th
, 

c
m

Kf
M

o
is

tu
re

, 
%

Total

 0-10

cm

layer

>D�@�
mM

Mea

n

 0-10

cm

layer

.Â�����
fraction

 of

137Cs

mobile

form

RIP(K),

meq/kg
D'H[FK
Pre-

dicted

D'H[FK
Mea-

sured

3ORW��� 0-5

5-10

53

66

60,1

32,3 92,4

0,38

0,22

3,59

2,29 2,94

4,4

1,4

560

586

29 ± 8

47 ± 12

19 ± 6

-

3ORW��� 0-5

5-10

280

171

23,2

19,2 42,4

1,55

0.86

6,86

6.86 6,86

4,5

4,8

484

501

13 ±1

13 ± 2

-

-

3ORW��� 0-5

5-10

263

178

40,7

28,6 69,3

4,38

1,08

5,51

3,39 4,45

40,8

7,7

460

460

14 ± 3

24 ± 2

16 ± 1,0

34 ± 12

3ORW��� 0-5

5-10

204

151

20,8

62,3 83,1

5,70

1,13

7,90

3,37 5,64

4,1

0,8

106

506

10 ±2

27 ± 7

-

-

Analysis of KD
exch 

values calculated based on those for RIP and soil solution cation composition

(Eq.2) and measured experimentally (Table 2) shows their good agreement. Using as a

characteristic of 
 137

Cs migration rate the extent of clearance of the upper 10 cm layer, the

experimental data on the relative 
137

Cs content in the 0-10 cm layer were compared with the
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KD
exch

 value (Eq.2) and ammonium concentration in soil solution of the 5-10 cm layer for 4

lowland peat soils. This layer, unlike the upper 0-5 cm layer, which is in fact peat dust, shows

more stable physico-chemical properties. The regression analysis has revealed a close correlation

of the clearance rate of the upper 10 cm layer with KD
exch

 and ammonium concentration in soil

solution of the 5-10 cm layer (Fig 1, Fig 2). The cleanup rate of the 0-10 cm layer was calculated

as:

                       V=(100- X)/15                                                                                         (5)

where V is the rate of the upper 10 cm layer clearance (%/year), X is the fraction of the

radionuclide inventory in the 0-10 cm layer (%) in15 years after the radionuclide deposition on

the soil surface.

Fig.1. Relationship between total 
137

Cs content in 0-10 cm layer of different boggy soils and

exchangeable distribution coefficient KD
exch

Fig.2. Relationship between total 
137

Cs content in 0-10 cm layer of different boggy soils and

ammonium concentration in soil solution
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The radionuclide inventory in the root layer determines the level of its accumulation in plants.

Therefore, the rate of self clearance of the soil upper layer is essential from the point of view of

contaminated areas. Experimental data indicate a governing ammonium influence on 
137

Cs

migration rate. Hence, to accelerate processes of selfclearance of the peat soil root layer,

agroameliorative measures need to be implemented aimed at enhancing mineralization of soil

organic nitrogen.
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Summary

The interrelation between the distribution of 
137

Cs and presence of preferential flow paths within

the upper 50 cm of four different soils was examined. Two soils were located in Hoiniki district,

Belarus: a) a tilled agricultural soil, b) a forest soil; both were Podsoluvisol. The other two soils

were located in Switzerland: a) an undisturbed meadow, Gleyic Cambisol; b) a forest soil,

Dystric Cambisol. A dye tracer (Brilliant Blue FCF) was applied to the soil surface in order to

visualize the flow paths areas (stained zones). The agricultural Belarussian soil showed no

correlation between current structure and radionuclide activity. Whereas the Swiss meadow soil

displayed less stable preferential flow path: average 
137

Cs values were higher in present-day flow

zones than the matrix, yet no clear bimodal distribution could be detected. These differences can

be explained by the effect of ploughing in altering the soil structure which creates a homogenous

profile.

1. Introduction

Chemical transport in structured soil is affected by preferential flow, a phenomenon intensively

studied the late 1970 (Thomas and Phillips,1979). Macropores, which serve as pathways for

preferential flow, are more numerous in soils managed with conservation tillage than in

intensively tilled soils (Logsdon et al.). In contrast to the chromatographic infiltration model

where a horizontal boundary layer between resident and infiltration water migrates downward,

preferential flow allows bypass of the soil solution and appearance of the tracer at the soil bottom

(Flury, 1996). Generally speaking, high intensity rainfalls yield higher bypass of the soil matrix,

greater chemical transport in the macropores and enhanced leaching. Chemical diffusion into the

matrix and sorption to the walls of the preferential flow paths, on the other hand, are processes

that reduce soil leaching (Edwards et al., 1993). The impact of the soil water content on

preferential water and solute transport remains a matter of dispute (Albrecht et al, 2003). Some

investigators have suggested that dry soil conditions and related hydrophobicity of surface litter

and soil enhance infiltration into macropores (Burcar et al., 1994, Edwards et al., 1992) and thus,

preferential flow. Others have found that dry conditions either inhibit macropre flow or limit flow

to at or near saturation conditions (Coles and Trudgill, 1985, Seyfried and Rao, 1987). Some

investigators showed that interaction of rain with matrix water increased with the initial soil
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water content (Shipitalo and Edwards, 1996), in contrast to others, who found no pronounced

effect of initial soil water content on preferential flow (Flury et al., 1994, Flury et al., 1995). In

spite of this disagreement on the factors controlling preferential flow, there is a general

agreement on the importance of bypass and the related reduction in soil filter effect. Sorption,

which occurs as water passes through macropores, was postulated (Edwards et al., 1992,

Stehouwer et al., 1994), and shown for a forest soil (Bundt et al., 2000). Natural, unsupported
210

Pb (not supported by the presence of the parent radionuclide) and anthropogenic 
137

Cs and Pu

were found to have significantly higher activities in present-day preferential flow paths in the

matrix, even at depths greater than 50 cm.

For agricultural soils, this link between the sorption of surface applied particle –reactive

contaminants and the soil structure has yet to be shown. Plant uptake of toxic elements represents

an important transfer pathway to the human food chain. Plant uptake parameters are incorporated

into ecological and risk assessment model (Renaud et al., 1999) with single transfer coefficients,

derived from pot experiments where plants are grown in uniform and homogeneously

contaminated soils (Ng, 1982). To develop a soil to plant uptake model that takes the

heterogeneous distribution of surface-applied chemicals into account requires a detailed analysis

of sorption as a function of flow pattern.

To study the preferential transport and sorption of highly sorbing substances in differently–

structured soils, there are two different experiments:

a) Combined radio- and dye-tracer study to determine the persistence and efficiency of

preferential flow paths, Switzerland.

b) Comparing vertical distribution of Chernobyl 
137

Cs in two different ecosystems in Gomel

region, and to determine the activity of 
137

Cs as a function of presence or absence of Brilliant

Blue FCF dye as a marker of preferential water flow paths.

2. Materials and methods

Two studied areas were located in Hoiniki district, Belarus: a) a tilled agricultural soil, b) a forest

soil; both were Podsoluvisol. The other two plots were in Switzerland: a) an undisturbed

meadow, Gleyic Cambisol, b) a forest soil, Dystric Cambisol (FAO. 1988). A dye tracer

(Brilliant Blue FCF) was applied to the soil surface in order to visualize the flow paths areas

(stained zones).

In all experiments we studied the influence of preferential flow on the distribution of surface-

applied substances (radiotracers, dye). The main task was to determine if 
137

Cs activity

concentrations correlate spatially with dye-stained flow paths (primary depositional source –

1986 fallout).

The first series of experiments can be described by surface application of four radionuclide salt

solutions (
134

Cs, 
57

Co, 
65

Zn, and 
54

Mn) and a dye tracer (Brilliant Blue FCF, to facilitate

sampling):

on occasion 1 - a bare uncultivated surfaces were maintained plots which were excavated within

6 days. A little structural change is assumed.

on occasion 2 - Maize (Zea Mays L. cv. Corso) was grown for two months, after which soil plots

were excavated.

Another series of experiments were carried out on a tilled agricultural and undisturbed forest

soils. The plants were cut out on the 5 cm level above the ground, in the forest the litter was
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removed, and Brilliant Blue FCF dye diluted in water in the concentration of 1g/l was applied to

the surface of each plot. The dye distribution was studied by vertical profile observation on the

next day. Soil samples were taken as a function of stained and non-stained zones Brilliant Blue

FCF concentration and 137Cs activity were measured by gamma-spectrometry and UV –viable

spectrophotometer UV-1601 (630 nm). The detailed procedure is described in Putyrskaya et al.,

2002.

Soil moisture was determined gravimetrically after drying to a constant weight at 104
0
C for 24 h.

Bulk density was determined by core method (Blake, 1965). Soil pH was determined with a 1:1

pastier of soil and water (McLean, 1982), organic matter (OM) and clay content – using Bulluck

et al procedure, total organic carbon by dry combustion (Nelson et al., 1982); CEC were

estimated by (Rhoades, 1982).

3. Results

The main chemical and physical characteristics of the used soils are presented in Table 1 and

Table 2.

Table 1. Soil characteristics of experimental plots in the Switzerland

Depth, cm Ks, cm/h Sand/Silt/Clay,% Organic C, % Bulk density,g/cm
3

0-10 0.32 41 / 32 / 27 5.7 1.1

20-30 1.06 34 / 36 / 30 1.6 1.5

50-60 0.009 32 / 40 / 28 0.2 1.7

Table 2. Soil characteristics of experimental plots in the South of Belarus

Exchangeable cations,
mEq/100g soil

Plot Depth
,

cm

Hygroscopic
moisture,%

pHH2

O

Bulk
density,g/cm3

K+ Na+ Mn2+ Co2

+
Fe3+

0-20 0.6 6.9 2.5 18.7 2.2 3.7 2.7 2.9Field
20-40 0.4 6.9 2.6 16.9 1.6 2.5 2.5 2.7

0-20 0.9 5.8 2.3 5.6 1.9 3.4 2.4 3.1Forest
20-40 0.8 6.7 2.7 4.1 1.9 1.5 2.3 2.6

Many factors affect plant availability of radionuclides. Soil pH has an important influence on

their solubility (Bergeijk et al., 1992). For a most realistic description of the mass transfer of

radionuclides from soil to plant material the calculation of “fluxes” is introduced using additional

easily available information such as yield and growth time (Gerzabek et al., 1998).
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Another important factor affecting radionuclide availability is the CEC of soil since the

concentration of Cs
+
 in solution is controlled by equilibrium phase partitioning between the

aqueous and solid phases. This capacity is determined by soil clay and organic matter contents

(Schuller et al., 1998). Although clay content is an inherent feature of soils, their organic levels

are directly influenced by agronomic factors such as tillage frequency (Sawhney., 1972).

The term “soil matrix” can be defined as a dye concentration per sample (measured

spectrophotometrically) that corresponds to negligible radioactivity in the control soil plot.

Threshold value is set conservatively at < 0.03 mg dye/g soil (Fig.1).

Fig. 1. Brilliant Blue concentration and 
137

Cs activity concentration in soil samples.

Radioactivity distribution differs between different plots, for example, the cultivated maize plots

and bare soil plots. Matrix soil becomes contaminated during the growing season, but stays

isolated from macropore conduits during the 6 day uncultivated experiment.

Soil distribution ratios do not vary significantly from surface application ratios over the 5 – 35

cm sampling depth

Sorption behavior is expected to differ with time or depth (based on Kd) unless transport was

rapid or the system was otherwise far from equilibrium.

The results of 
137

Cs distribution and differences in matrix and preferential zones are presented on

Fig. 2.

It illustrates that 
137

Cs has a clear vertical distribution, but no lateral correlation with present day

flow paths for undisturbed meadow soil. On the contrary, in the forest soil 
137

Cs activity

concentration is correlated with present day flow paths (Bundt et al., 2000).
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Fig. 2. Vertical distribution of 
137

Cs on one maize plot in Switzerland.

More 
134

Cs has been taken up by plants grown under field condition due to the following

processes:-stronger sorption of 
134

Cs on sieved soil (more sorption sites are available);

-higher concentration of available potassium in the sieved soil;

-higher K uptake, resulting in a lower Cs uptake due to competition between Cs and K.

On Fig. 3. 
137

Cs activity concentration in the soil measured at different depths is presented. There

is a clear distinction between two soil compartments. The activity is higher in the preferential

flow paths than in matrix.

Fig 3. Vertical distribution of 
137

Cs measured in two soil compartments: matrix (green) and flow

paths zones (blue).

Two tests of root weight density at two different depths were made during the field and pot

experiments. In the field most of the radiotracers remained in the 0-20 cm horizon and roots were

also concentrated there presenting the same root weight density as in the pot.
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In agricultural soil in the South of Belarus 
137

Cs was evenly distributed throughout the tilled layer

(0-20 cm) (Fig.4a). In forest most of 
137

Cs was in the 0-5 cm horizon (Fig. 4b). In 0-20 cm forest

soil and 5-15 cm field soil 
137

Cs concentration was higher in the matrix (unstained area) than in

the flow paths (stained area) (Fig. 4a,b).

Fig. 4. Differences in activities of 
137

Cs in preferential flow paths and matrix in an agricultural

soil (a) and forest soil (b) with depth.

4. Discussions and conclusions

We examined the correlation between the distribution of 
137

Cs and the presence of preferential

flow paths within the upper 50 cm of four different soils. The agricultural Belarussian soil

showed no correlation between current structure and radionuclide activity. Whereas the Swiss

meadow soil displayed less stable preferential flow path: average 
137

Cs values were higher in

present-day flow zones than the matrix, yet no clear bimodal distribution could be detected.

These differences can be explained by the effect of ploughing in altering the soil structure, which

creates a homogenous profile. On the other hand, the Swiss forest soil exhibited distinct higher

concentration of 
137

Cs in the preferential flow zones, showing three times fold enrichment (Bundt

et all,2000, 2001) while in the Belarussian forest soil no clear links could be drawn between

structure and radionuclide presence. A clear explanation for these differences between forest soils

can not be given although they can be possibly attributed to differences in soil physical properties

(the Belarussian soil is a sand loamy soil while the Swiss soil is a loamy soil) and in plant species

population.
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Summary

After isolation of 58 Rhizobium sp. from Medicago sativa plants grown on radionuclide

contaminated area plasmid content study of all strains revealed presence of one plasmid of

about 135 kb which corresponds to cryptic plasmid Sinorhizobium Meliloti. 49 strains

revealed no plasmid content, one strain had 3 plasmids. 8 strains containing one plasmid

chosen for further analysis showed important presence (about 50%) of glucuronic acid in their

structure and also acetate and pyruvate modifications. Presence of uronic acids and the fact

that these strains acidify culture media lets us suppose that they could be used to enhance

heavy metal phytoremediation. As a first step of this approach we verified Rhizobium survival

on two industrial soils contaminated with Zn, Ni, Cd and Pb. Strains isolated from plants

grown on the area contaminated with radionuclides showed better growth characteristics than

strains that have never been exposed to radionuclides.

 Introduction

Recently much attention was paid to the problem of soil pollution with heavy metals due to

various human and natural activities. Phytoextraction of soil contaminants with plants has

attracted growing attention owing to their low cost and environment friendly characteristics

[1]. At present a limiting step of successful use of phytoremediation in large scale is a slow

transport of heavy metals from the non-available soil compartment to the phytoavalable one.

The aim of our work consists in isolation and characterisation of polysaccharides produced by

rhizobium radionuclide contaminated areas. Also is considered a possibility of developing

microorganisms-plant system for phytoremediation. Some progress has been made in

understanding mechanisms of metal hyperaccumulation by plants and the role of rhizosphere

[2]. Soil bacteria were shown to play an important role in increasing the metal availability

thus enhancing heavy metal phytoextraction [3].

Soil microorganisms have a great impact on soil fertility, especially nitrogen-fixing bacteria.

Among them Rhizobium-legume symbiosis plays an important role in a process of biological

fixation of nitrogen. Polysaccharides produced by Rhizobium play a significant role in

establishment of symbiotic system Rhizobium-Medicago and its possible role in leaching

heavy metals and radionuclides now is also discussed.
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Materials and methods

The study site was located in Southern Belarus in the area close to the 30km exclusion zone

of the Polesky State Radioecological Reserve (PSRR). The PSRR was established in June

1986. It covers a total area of about 170 000 ha. Samples of Medicago sativa  plants were

collected at 3 different sites with the total 
137 

Cs deposition the levels of 185, 555, and 1480

kBq/m
2
. Techniques for sampling and measurements are described in [4]. Strains were

isolated using standard methods and stored on Rhizhobium complete (RC) medium and in RC

broth (added 20% glycerol) at -20
0
C [5]. Bacterial megaplasmid profiles were studied by

Ekhard method: bacterial cells were lysed and liberated plasmids migrated in agar gel with

vertical electrophoresis. Polysaccharide production was performed in Erlenmeyer 2L in GMS

media [6] supplemented with vitamins.

Bacteria were incubated at 30°C for about 80 hours, 123 rpm. They were eliminated from

medium by centrifugation at 13880g for 30 min. Obtained polysaccharides were purified by

precipitation of 3 volume of cool ethanol.

The EPS content was determined after trifluoroacetic acid hydrolysis. Samples were dried

under atmosphere of argon and analysed by High Performance Luiquid Chromatography

(HPLC). The quantification of acid and neutral carbohydrate components was realized by

colorimetric analysis based on the reaction of the furfuric substitutes with aromatic

composites: resorcinol (1.3-dihydroxybenzene) for the dosage the neutral sugars [7], the

meta-hydroxybiphenyle (m-hbp) for the dosage of uronic acids [8]. Samples for proton NMR

spectroscopy were sonicated, lyophilized, exchanged twice with 99,8% D2O and dissolved in

D2O. Analysis were performed with a Brucker AM-300 WB spectrometr at 300,13 MHz and

70 
0
C with 3-trimethylsilyl-1-propianate sodium as an external standard. Cell growth was

monitored by measurements of the absorbance at 600 nm. The cell concentration was

determined after dilution of the culture on RC agar (Difco Laboratories) plates. All bacterial

strains and polysaccharides were compared to wild strain from laboratory collection [5] with

known properties. All experiments were conducted in triplicate.

Estimation of growth of selected Rhizobium strains on two soils with different heavy metal

concentration was realized. Anthropogenic soils A and B from industrial sites (iron and steel

site) are contaminated with Cd, Ni, Zn and Pb; A Cd 1,450 ppm, Ni 52 ppm, Zn 1237,1 ppm,

Pb 388 ppm B: Cd 147, Ni 50,2, Zn 41750 ppm, Pb 42400 ppm.

Soils and metal concentrations results were provided by LSE, ENSAIA-INPL, France. 20 mg

of each soil was added to 100 ml GMS agar media and selected Rhizobium strains were

incubated in Petri dishes for 48 hours.

Results and discussion

From 3 plots with different levels of contamination in PSRR 32 Medicago plants were

collected. After cultivation of about 150 nodules we isolated 58 bacterial strains able to

produce polysaccharides. Usually for Sinorhizobium meliloti the genes that carries the

necessary genetic information (symbiose establishment, nitrogen fixation, environmental

adaptation) are situated on characteristic megaplasmides and chromosome [9]. We have

studied plasmid content of all isolated cultures by vertical electrophoresis and compared it to

S.meliloti M5N1 which has two megaplasmides 1400 and 1700 kb and one cryptic

chromosome 136 kb (Fig.1).

58 isolated strains are distinguished to 3 plasmid profile groups. Eight strains had 1 plasmid

of about 136 kb, one strain had 3 plasmids. The rest of strains had no plasmids visualized.

Interestingly, in a study of Zn tolerance of Rhizobium leguminosarum from metal
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contaminated soils, Lakzian and colleagues showed that observed increases in the number of

plasmids were associated with the increase of metal tolerance [10]. In our study despite of

absence of revealed plasmids, strains survived in radionuclide contaminated soils. Also all

isolated strains are able to form healthy nodules on Alfalfa plant roots.

Majority of strains with one plasmid were isolated from plants collected in zone with 555

kBk/m
2
 contamination which can be considered as intermediatory contaminated area.

Nevertheless, our study did not revealed relationship between plasmid diversity and strain

morphology with contamination zone. This observation is in accord with conclusion of

Lazkian and colleagues [10] that the complex relationship between diversity of Rhizobia and

heavy metal stress is not linear and further studies should reveal this complex relationship.

According to plasmid content results 8 strains were chosen with one plasmid for further

analysis of produced polysaccharides.

Characterization of EPS produced by isolated strains.

All polysaccharides were produced in Erlenmeyers 2L. All strains isolated from the

radionuclide contaminated zone have shown their ability to produce extracellular polymers in

GMS media. Productivity of studied strains is various (table 1), four strains produced more

than 1 g of EPS per L of culture medium, strains 5.3H and 5.5H produced more than 2 g/L.

Rhizobium strains in the same conditions produced about 0.7-1.6 g/L of EPS [6].

Table 1. Production of EPS by mutant strains and media acidification

1.2 B 1.2D 5.3H 5.5A 5.5H 6.1A 6.1D 9.2A 7.1D M5N1

g/L 1,28 0,39 2,26 1,27 2,15 0,75 0,14 2,64 1,55 1,4

pH initial

pH final

7,07

6,49

6,87

4,86

6,87

5,41

6,86

4,45

6,84

4,06

6,92

4,50

6,52

4,78

6,67

4,72

7,23

7,12

7,31

6,92

Fig.1 Plasmid profiles of isolated strains.

5.3A      5.3F       5.3G     5.5A       5.5E      5.5H       5.5F      M5N1
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All strains acidify culture media from pH 6.9±0.1 to pH 4.6 ± 0.1, only strain 1.2B acidify

medium from pH 7.0 to pH 6.5.

Study of sugar content in polysaccharides was realized by colorimetric methods in

microplates which are very sensible. Results are presented in table 2.

Table 2. Sugar analysis of isolated polysaccharides

Strain 1.2 B 1.2D 5.3H 5.5A 5.5H 6.1A 6.1D 9.2A 7.1D M5N1

Uronic acids/

Neutral sugars 1,05 ND 1,00 0,71 0,84 ND ND ND 0,05 0,11

ND – not detected

Results presents mean of three repetitions minimum.

Four polysaccharides from different plots of contamination with powder structure did not

reveal presence of uronic acids or carbohydrates. Other four strains with cotton structure

showed an important concentration of uronic acids. Sinorhizobium meliloti strains in

conditions without stress produce succinoglycan, polysaccharide that do not contain uronic

acids and reveal a little presence of such organic acids as pyruvate, acetate and succinate.

Monosaccharide composition of 8 polysaccharides was determined by gas chromatography

(GC) and GC Masse after acid hydrolysis. Four polysaccharides that revealed a powder

structure were difficult for GC analysis and the study of their nature needs following

investigation. Four polysaccharides with cotton structure contain glucose and galactose in

proportion of about 1.2-2 glucoses for one galactose, also they contain acid glucuronic with

the same proportions. Polysaccharide produced by strain 1 contains fucose.

Peaks in the NMR spectra were identified based on succinoglycan spectra, produced by

Sinorhizobium meliloti M5N1 that is well studied. Study of spectra from four polysaccharides

showed a presence of acetate and pyruvat at 2.8 and 2.1 ppm, respectively. No polysaccharide

contains succinyl modifications. Strain 1 revealed presence of acetate and a double pick at

2.03 and 1.9 ppm. The pick of 1.9 ppm corresponds to pyruvate, but because of interference

of two picks at 2.0 and 1.9 ppm it was not possible to separate area. That is why we could not

calculate correctly acetate/pyruvate ratio. The four polysaccharides from strains 2, 6, 7 and 8

could not be studied by RMN as they were not dissolved in water and it was not possible to

lock champ.

Thus, analysis of eight polysaccharides produced by strains from radionuclide contaminated

soil showed two groups of polymers, 4 polymers with powder structure, unusual for

rhizobium sp. polysaccharides and 4 strains containing glucose, galactose, acetate and

pyruvate organic acids; also four strains contain a strong degree of uronic

acids – neutral sugars/uronic acids ratio is about 1 for all EPS. Strain 1.2B also contains

fucose which is confirmed by CPG and NMR studies. Sinorhizobium meliloti is known for

production of succinoglycan or EPS I, that contains d-glucose and d-galactose in ratio 7:1

with succinic, pyruvic and acetic acids. Production of glucuronic acid containing

polysaccharides is common to Rhizobium leguminosarum species.

In order to study resistance to heavy metals and ability to survive in contaminated soils of

isolated strains Rhizobium sp. were incubated on Petri dishes containing two soils A and B

from two industrial sites as success of contribution to phytoremediation depends on survival

of selected microorganisms in contaminated soil. For this study two polysaccharides isolated

from Medicago sativa plants grown on radionuclide contaminated area and described above

were selected. These polymers from strain 1.2B and 5.5H contain about 50% of glucuronic

acid.
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Fig. 2 Results on bacterial strain cultivation For each strain 4 repetitions are presented.

Bacterial colony: 0 – not detected; 1 – less than 1 mm; 2 – 1-2 mm; 3 – 2-4 mm; 4 – 4-

5 mm; 5 – more than 5 mm

Succinoglycan produced by Sinorhizobium meliloti M5N1 is principally neutral polymer,

consisting of 6 glucose, 1 galactose and succinyl, acetyl and pyruvyl acids; glucuronane

consists of glucuronic acid chains [5]. Bacterial strains were cultivated on Petry dishes

containing contaminated soils at concentration 200 mg/l in GMS media. Results for 24 and 48

hours observations shown on Fig.2, in every group presented 4 repetition observations. After

48 hours of incubation bacteria growth on metal contaminated media, bacteria which were

isolated from plants grown on the radionuclide contaminated soil presented slime colonies

much more mucous and growth rate was more important than laboratory strains. The

mechanism of heavy metal resistance of Rhizobium strains can be associated with widely

reported ability of polysaccharides to bind heavy metals [11]. All bacteria grew better on soil

A which has less metal contamination than soil B.

Conclusions

This work presents biochemical characterisation of polysaccharides produced by mutants of
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rhizobium issued from plants exposed to a long term radioactivity. Were isolated and

characterised bacterial strains from radiation exposed Medicago plants. Plasmid profiles and

polysaccharide production of these strains were characterised and 8 bacterial strains were

chosen for further biochemical characterisation of their polysaccharides’ structure. The large

amount of uronic acids present in isolated rhizobium strains can be useful for bioremediation,

as uronic acids are known as binding sites for heavy metals and possibly radionuclides [11].

Also rhizobium strains used in present study could very probably aquire heavy metal and

radioactivity resistance traits as PSRR of contamination polluted not only by radionuclides

but also by heavy metals, as Pb for example.

Our results suggests that isolated bacteria produce polymers with new and perspective

properties that can be used for enhancing of phytoremediation, this study is under

investigation. Actually, a study of heavy metals (Cd, Ni, Zn) leaching by these

polysaccharides according to their chemical structure is in progress. Some isolated strains are

very attractive for industrial applications because of their high polymer production properties.
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Abstract

The water catchment basin in the Rila Mountains, Bulgaria was studied for accumulation of

natural and artificial radionuclides in soil and plants. Results of the radiochemical determination

of 
234

U, 
235

U, 
238

U, 
238

Pu and 
239+240

Pu activities in samples of soil, plant and water from the Lake

region were reported. U and Pu isotopes were analyzed by alpha spectrometry. Uranium isotopes

were detected in all samples analyzed. The 
234

U and 
238

U activities determined in the soil and

sediment samples vary from 40 to 2390 Bq/kg dry. The results obtained for the plant samples

vary within the same range (from 2 to 2200 Bq/kg dry weight), the highest values having been

detected in some mosses. The values of specific Pu activities detected in the soil and plant

samples show rather a spot-like contamination. Results of 
137

 Cs activities are also discussed. A

comparison is done with some results for the contamination with the above-mentioned isotopes

of soils from other regions in the Rila Mountains.

Introduction

The Beli Iskar Dam Lake catchment basin in the Rila Mountains is one of the main sources of

drinking water for Sofia – capital of Bulgaria. This turns it into a very important object of

radioecological investigations. Our efforts were directed to study the accumulation of some

natural and artificial radionuclides in soil and plants.

Materials and methods

22 sampling points at the Beli Iskar Dam Lake  ( fig.

1) and at some of its feeders were selected and

marked. Water and sediment samples were taken. All

water samples were analyzed for their Ra-226

content [1]. Taking into consideration these results,

some sampling points interesting in terms of

radioecology were selected in which soil and plant

samples were also taken. Some soil and sediment

samples were collected from the regions where the

main feeders of the Lake come from. All soil, plant

and sediment samples were analyzed by means of

low level gamma-spectrometry. The samples with

higher natural radioactivity were analyzed for U and

Pu content by means of alpha-spectrometry after

%HOL�,VNDU
S uka V al aGr unchar

Kovach
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�
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�
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Fig. 1
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radiochemical separation.

All samples were dried at 110°C and homogenized. Some of them selected for alpha-

spectrometric measurements were ashed at 550°C. Concentrated nitric acid was added and the

samples were dried on a sand bath to completely destroy the organic matter. Then ashing at

550°C was repeated overnight. The samples completely ashed underwent further analysis,

chemical separation including.

Uranium determination

Aliquots of the ashed soil and sediment samples (up to 2 g) were decomposed with HF, HNO3

and HClO4, and then leached with 8M HNO3 [4]. In case of plant samples decomposition was

made with HNO3, HCl and H2O2. The chemical procedure used for concentration and purification

of uranium isotopes includes extraction with  TOPO (tri-n-octylphosphinic oxide), co-

precipitation with LaF3 and saparation on an anion exchange column. Chemical yield was

determined by adding 
232

U to each sample and it varied from 35 to 70%; the lowest level of

detection (LLD) being in the range from 0.6 to 1.2 mBq per sample depending on counting

efficiency and chemical yield.

Plutonium determination

Soil and sediment samples (100 g of ash) were leached in two steps with HNO3/HF- and

HNO3/Al(NO3)3-solutions. Decomposition of plant samples (5g of ash) was performed with

HNO3, HCl and H2O2. Radiochemical analysis was made in accordance with the procedure

developed in the Research Center in Karlsruhe [2, 3]. Chemical yield was determined using 
236

Pu

as an internal tracer.

For 
238

Pu and 
239+240

Pu LLD was from 0.5 to 1 mBq per sample and the chemical yield varied

from 50 to 85%.

All the samples were measured for 1 000 min each.

Results and dicussions

The preliminary data received from the low level gamma-spectrometry showed presence of Cs-

137 in all samples [1]. The results obtained for natural radionuclide content were close to 80

Bq/kg for 
232

Th and 90 Bq/kg for 
226

Ra (except for one moss sample in which 190 Bq/kg 
226

Ra

was detected), and showed relatively high values for 
238 

 U - up to 4 kBq/kg [Yordanova, to be

published]. The behavior of uranium in aquatic systems on the other hand is rather conservative

and inert. The mean residence time for uranium in seawater for example is considered to be about

5 × 10
3 

y [5]. For this reason uranium is of special interest in monitoring of water basins.

Uranium and Pu were investigated by means of radiochemical separation and alpha-spectrometry.

Results are shown in Table 1. Two of the main feeders of the Lake come from the regions of

Maljovitsa and Ribno ezero so some samples were collected too.

Mosses were examined in more details as they are expected to accumulate heavy metals and

some radioactive elements. Results from these analyses are shown below (Table 2).

The results obtained for the soil samples refer to a 2 mm soil fraction and for the plant samples –

to an air dry weight. The highest specific activities detected were in the moss samples from

sampling points 4, 11 and 17.. The grass and leave samples from those points showed also

relatively high specific activities. Few soil samples collected from the region showed higher con-

centrations of Uranium. For the sampling points where higher concentrations of Uranium are

detected accumulation of uranium in the moss is observed. At sampling point 4 two moss



50

samples were analyzed situated very near to each other (10 cm). The specific activities for

uranium in both samples differ by a factor of two. This shows the spot like type of contamination

with uranium.

Table 1 Uranium and Plutonium activity in soil and plant samples from diferent regions, Rila

Mountain  (Bq.kg-1 dry weight)

No. of Sample

(SP – sampling point)

234
U,

Bq.kg
-1

235
U,

Bq.kg
-1

238
U,

Bq.kg
-1

238Pu,

Bq.kg-1

(239+240)Pu,

Bq.kg-1

The Bely Iskar drinking water catchment basin

SP 04, soil from the roots 470 ± 60 22 ± 3 430 ± 50 < 0,31 3,70 ± 0,35

SP 04, roots 290 ± 20 14 ± 2 270 ± 20 < 1,17 3,2 ± 0,5

SP 17, soil in the middle 24 ± 2 1.5 ± 0.4 25 ± 2 0,27 ± 0,07 9,7 ± 0,3

SP 17, soil from main stream 70 ± 6 2 ± 1 60 ± 5 0,28 ± 0,05 8,3 ± 0,6

SP 17, plants main stream 0,8 ± 0,1 <0,5 0,8 ± 0,1 <0,12 0,78 ± 0,08

SP 17, plants in the middle 2,0 ± 0,2 0,6 ± 0,2 2,3 ± 0,2 <0,13 0,35 ± 0,05

Bely Iskar River Valley, soil 66 ± 5 3 ± 0.2 63 ± 5 < 0,37 < 0,32

The Ribno ezero region

Ribno ezero, sediment 20 ± 2 < 5 23 ± 2 < 0,31 0,28 ± 0,03

Ribno ezero, soil 44 ± 4 3 ± 1 39 ± 5 < 1,17 0,62 ± 0,06

Treshtenique, soil 42 ± 4 3 ± 1 38 ± 4 < 0,22 0,05 ± 0,01

The region of Maljovitsa

Maljovitsa, soil 41 ± 4 2,3 ± 0,5 316 ± 4 < 0,3 2,7 ± 0,3

Reznjove, soil 37 ± 3 3 ± 1 35 ± 3 < 0,06

Alinitsa, soil 160 ± 10 < 6 128 ± 7 < 0,3 0,83 ± 0,07

Table 2 Uranium and Plutonium concentrations in moss and the soil under them from the the

Beli Iskar region  in the Rila Mountains (in Bq.kg
-1

 dry weight)

No. of Sample

(SP – sampling point)

U-234 U-235 U-238 Pu-239+240 Pu-238

SP 3 moss 88 ± 9 <14 65 ± 6 1,6 ± 0,1 0,06 ± 0,01

SP 3 soil under 648 ± 104 <25 656 ± 105 1,8 ± 0,1 0,06 ± 0,01

SP 4 moss -1 2130±150 540±60 1790±215 6,0 ± 0,8 <1

SP 4 moss -2 1058±70 <67 1000±120 0,33±0,08

SP 4 soil under moss 1540±140 <216 1480±130 0,42 ± 0,05 <0,06

SP 4 moss in water 296 ± 30 28 ± 2 265 ± 30 0,20 ± 0,03 < 0,08

SP 4 moss on river bank 330 ± 30 <20 310 ± 20 <0,4

SP 7 moss 26 ± 2 1,0 ± 0,3 29 ± 3 0,6 ± 0,1 <0.2

SP 7 soil under moss 73 ± 8 5 ± 2 68 ± 7 0,54 ± 0,04 0,02 ± 0,01

SP 11 moss 190 ± 20 8 ± 1 160 ± 20 2,0 ± 0,2 <0,4

SP 11 soil under moss 1370 ± 200 50 ± 10 1140 ± 170 0,94 ± 0,11 < 0,22

SP 17 moss 1990 ± 160 53 ± 6 1640 ± 130 1,0 ± 0,2 < 0,5

SP 17 soil under moss 250 ± 22 <3 204 ± 20 1,1 ± 0.1 0,05 ± 0,01
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All the samples were analyzed for plutonium.The specific activities for Pu detected in all soil

samples were in the normal levels which are expected from fallout deposition. Relatively high

activities were measured in some moss samples. In all plants analyzed the Pu activity was above

the limit of detection and correlated to the Cs-137 contamination. An interesting result is the

significant difference in the specific activity of Pu, measured in moss-1 and in moss-2 at SP4

(almost a factor of 2). As the samples were taken from one and the same place this difference can

be explained by a spot-like contamination with those isotopes.
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Fig. 2. Pu, U and Cs content in soil, moss and grass samples from the SP with the highest

activities determined.

The distribution of  the isotopes  examined in the soil, moss and the grass for the sampling points

where the highest activities were determined is graphically presented at fig. 2. For uranium

relatively higher spesific activities are detected in the soil samoles while for Pu they are higher in

the moss. This is another mark for the diferent source of contamination – naturally and by the

fallout.

Table 3

Sample jG
(H2O)

jG (1n KCl) Sorption Capacity

T8,2(meqv/100g)

Saturation with

basis T8,2 (%)

SP4. soil under moss 4.6 3.9 43.4 47.9

SP7. soil under moss 4.3 3.8 48.9 51.5

SP11. soil under moss 5.0 4.2 14.6 65.8

SP19. soil 4.8 4.0 27.3 55.7

SP17. soil under moss 4.2 3.3 44.0 42.7
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For the places with higher specific activities some physical and chemical characteristics of the

soil were determined (Table 3). Correlation between them and the behaviour of the different

isotopes was looked for.

No significant correlation was observed between the physics chemical characteristics of the soil

and the soil-plants contamination.

As the drinking-water-supply-basin is the major objective of this investigation, water samples

were analyzed for their uranium content to follow the infiltration of this isotope into the water.

The highest values received were up to 200 mBq/l which is very low even when extremely

conservative assumptions are considered .

CONCLUSIONS

1. Natural radioactivity (uranium isotopes) and cesium was determined in all samples analyzed.

The specific activity is not higher then cited in literature values for samples  from

mountains with similar geomorphology.

2. In almost all soil and plant samples Pu was detected. The significant variations in the specific

activities of Pu and Cs in samples, correspond to an inhomogeneous spot-like

contamination. No clear correlation was observed between the physics chemical

characteristics of the soil and the soil-plants contamination.

3. The most probable origin of the Pu and Cs contamination detected is from fallout, whereas U

contamination is a consequence of the geological conditions.

4. The radioactive contamination of the water is very low and the resulting dose can be neglected

even when extremely conservative assumptions are considered for calculation.
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Abstract

The article deals with the elaborated and adopted in our condition method for radiochemical

determination of the isotopes of americium-241 from soil and water samples and ratio of Am-241

/ Pu-239+240. The simultaneous determination of the above-quoted isotopes becomes possible by

the use of a series of radiochemical steps of dissociation, concentration and extraction, as well as

purification of the matrix material from the obstructive micro- and macro-elements. The method

is applicable in our conditions, profitable and comparatively swift. This allows us to adopt it in

our routine practice, as it would provide reliable results.

Key words: measuring, method, alpha radionuclide, americium, soil, water, alpha spectrometry.

Introduction

The most sensitive and reliable methods for determination of trans uranic elements are

radiometric methods. This is due to the fact that the most important isotopes of these elements are

of a great separation activity, which allows wide usage of radiochemical and radiometric methods

for determination of extra small amounts of these elements in solutions of complex composition.

Americium, as one of these elements, with a sequence number 95, appears to be of the actinide

succession, homologue of Europium and one f the latest so-called "heavy" elements in the

homological succession of trans uranic elements, which are used for wider macro chemical

research.

Americium is a radioactive element, possessing 11 isotopes variance from Am-237 -Am246. The

most prominent isotope appears to be Am-241; in a valence state it is observed as being of (0),

(III), (IV), (V), and (VI) valence.

The amazing chemical behavior of Americium in soils and its precipitation cause great interest

towards its chemical research, its states and its accumulation in soil profile. This has led to

thorough research of the element Americium, which is also the aim of our investigation and our

present paper - determination of Americium in soil and water samples through radiochemical

determining methods developed and introduced in practice by our team.

Material and methods

The methods could be applicable to a wide range of environmental objects such as soils, water,

filters and slime. The methods imply the possibility for efficient separation of the hindering

micro components - Fe, Al, Ca, Mn, etc., being a substantial obstacle to electrolysis and at the

same time found in large quantities in Bulgarian soils. / Astaphurov, V.I., Zemlyanuchina N.A,
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1984; Zverev B.D., 1968. The selectivity of methods allows the separation of the hindering Th-

230, Ra-226 Ru-220, Po-216 and Bi - 238, having alpha lines, similar to these of Pu-238. /

Astaphurov, V.I., Zemlyanuchina N.A, 1984; De Bortoli M.C., 1967 /.

Two different approaches have been used for the extraction of Pu and Am from the matrix

material /in its classic shape/:

a. Extraction of the wanted trans uranic elements by using mineral acids

b. Full disintegrations of the sample and its transformation into solution - cheap and commonly

spread chemicals are used in the radiochemical order of these methods.

A method for determining the contents of Americium - 241 in soil and water samples after

continuous radiochemical purification and concentration is presented in this paper. The so called

method of the "mineral acids", which we have adapted, allows the amount determination of the

contents of Am-241immediately after the separation of Plutonium isotopes from the same extract.

Results and discussion

Tables 1 and 2 contain data of the Am-241 amount in soil and water samples, analyzed through

the methods of "mineral acids".

Table 1 presents the final results about the amount of Americium in the analyzed soil samples.

Radiochemical analysis is based on the method of "mineral acids", allowing the determination of

Americium immediately after the determination of the Plutonium isotopes Pu-238, 239+240As it

has been already quoted in our papers (Misheva L, et al. 1992; Misheva L, 2002) this kind of

determination leads to both rationality and efficiency.

Table 1 - Radiochemical determination of Am-241 in the soil samples through the method of

"mineral acids"

Sample Depth cm Yield % Am–241 Bq. kg.
-1

Soil samples – so called “ spots” from the production zone nuclear power station “Kozlodui”

1. South beach of second collector 0 – 5 20 30, 6± 3,3

2. Sediments of dry canal 0 – 5 13 198± 19,4

3.Waste material of power area I 0 – 5 39 6,51± 0,83

Soil samples from NPP Kozlodui – Bulgaria

4. Kozlodui acacia forest 0 – 2,5 75 10,6± 0,63

5.Kozlodui catchment 0 – 5 81 9,66± 0,54

Soil samples from Rodopa Mountain - Bulgaria

6.Smolijan place “winding river “ 0 – 2,5 50 3,0± 0,54

7.Peak Snezjankca 0 – 5 81 10,7± 1,37

8. Peak Rozjen 0 – 5 27 1,34± 0,17

9. Solishta 0 – 2,5 31 1,96± 0,17

10. Chepelare, the Mount of Persenk 0 – 5 30 1,94± 0,08

11.Simitly 0 – 20 38 4,96± 0,24

12.Igralishte 0 - 20 80 8,98± 0,35
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Table 2 presents the data of the analyzed water samples through the method of "mineral acids"

for determination of the amount of Americium-241 after the separation of plutonium from the

matrix material and radiochemical and alpha-spectral analysis.

Table 2 - Amount of Am-241 in water samples from the industrial site of Kozloduy Nuclear

Power Station, analyzed through the method of "mineral acids".

Water samples Yield % Am – 241 Bq.l
-1

3K 67 LLD< 1,9

6K 50 20,9 ± 3,8

7K 37 LLD< 1,9

Graphs 1 and 2 present the final results of the analysis, with the samples for soils and waters.

Graph 1

Graph 2
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Graph 1 logically follows the numeration of the samples from Table 1 and that from Table 2

conforms to Graph 2.

It is impressive how comparatively large the scope of data about Americium is. We can again

quote literary data from Eakens et.al., according to which the ratio of K = Am-241 / Pu-239+240

(data obtained through analysis of the isotopes from one extract) vary in too large a scope of 0,80

- 2, 30 for total surface contamination. Research shows that Am-241 is fighting its way forward

along the profile substantially faster than Plutonium isotopes depending on the type of soil,

location, terrain, and subterranean water. It is precisely this dynamics that leads to a large scope

of determination.

Conclusions

To sum up from the stated above:

1. The methods of the "mineral acids" provide the opportunity for determination of Plutonium

isotopes in the scope of 0,5mBq/ for sample Pu-239+240 and 1,3 mBq/ for sample Pu-238

2.The ratios we have obtained through the method of radiochemical analysis fully correlate with

the already established ones in publication on different kinds of soil and water samples - in

different conditions, different sample selections and climatic features.

3.A merit of the method is the opportunity to determine both nuclides Pu and Am in one extract,

which makes the analysis profitable in routine practice.
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Abstract

Pot vegetative experiments with spring oats, cultivar Hanza 152, were carried out. The plants

were grown under controlled conditions and in the phase of stem extension they were

irradiated with Cesium-137 gamma rays, at a dose of 5 Gy, and dose intensity of 2 Gy/min.

On the day after the irradiation the plants were sprayed with a radioprotector for the purpose

of decreasing the radiation damage. Two types of protectors were tested: protector 1 (P1) –

N1-(2-tiazolil) –N-2-phenyltiocarbamide; and protector 2  (P2) – 1,1,-ethilendi [3-(4-

hlorphenyl)]carbamide. The parameters of the leaf gas-exchange and the content of plastid

pigments were determined 7 days after the treatment with P1 and P2. The influence of the

irradiation and the radioprotectors on some indexes of the productivity was studied in the

phase of full ripeness. The coefficient of protection of the applied radiomodifiers was

determined as well. In case of irradiation of oats with a dose of 5 Gy in the phase of stem

extension, the reproductive organs were strongly damaged, which led to a considerable

reduction of the plant productivity.

It was established that protector 1 and 2, applied after the irradiation, affected positively, to a

certain degree, such indexes as tillering, sterility, number and weight of the obtained grains,

as a result of which the plant productivity was increased by 10,5% (Protector 1) and 20,03%

(Protector 2). The more strongly expressed radioprotective effect of Protector 2 (K2 = 1,69)

may allow it to be put into practice when needed.

Introduction

The problem of the protection of the organisms from irradiation damage is closely connected

with their resistance to the impact of the unfavorable factors. The study of these issues has a

number of applied aspects and is closely connected with the increased role of the nuclear

energy in human life. It is established that by means of some chemical substances applied

before or after the irradiation, it is possible to increase the radioprotective capacity of the

plants and to decrease the losses caused by the radiation.(Bineva et al, 1992; Grodzinskij,

1989; Gudkov, 1985). It is well-known that compounds of the phenyl-carbamide and tiasole

type, applied in the gamma-irradiation of beans and triticale seeds, have a positive effect on

the growth and the development of the plants (Stoeva, Bineva, 2001,2002). The joint effect of

the gamma rays and the chemical agents on some quantity characteristics of the productivity

in the cereal crops was studied by Rachovska and Dimova (2000).

Mehandziev et al. (1993) established that the carbamide derivative N1-(3-chlorphenyl)-N2-(2-

piridil) carbamide at concentrations of 10
-3

, 10
-4

, and 10
-5

, applied immediately after the

irradiation of peas seeds,  had a considerable radioprotective effect. The treatment with the
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synthetic substance reduced strongly the frequency of the induced chromosome aberrations

(Vassilev et al., 1994; Mehandjiev et al., 1993). The phytoprotective effect of P1 and P2 in

gamma-irradiated plants has not been studied yet.

The objective of the study was to find out the influence of high doses of gamma-irradiation, in

case of radiation situation, on the photosynthesis rate and the productivity of oats, and also to

study the effect of some potential radioprotectors for the purpose of reducing the loss of the

plant produce.

Material and methods

The experiments were carried out with spring oats, cultivar Hanza 152, under controlled

conditions. The plants were grown in vegetative pots, each with a capacity of 5kg soil /Haplic

chernozem/.After the germination, in each pot there were left 15 normally developed plants.

In the phase of stem extension, the plants were severely irradiated with gamma-rays of Cs-137

with a dose of 5 Gy, at dose intensity of 2 Gy/min. On the following day, with the purpose of

decreasing the irradiation damage, the plants were sprayed only once with the radioprotectors

1 and 2.

The radioprotctive capacity of protector 1: N1-(2-tiazolil) –N-2-phenyltiocarbamide; and

protector 2 : 1,1,-ethilendi [3-(4-hlorphenyl)]carbamide, synthesized at the Institute of Plant

Physiology (Bulgarian Academy of Sciences), was studied. The protectors were tested in

solutions having concentration of 10
-3

 M. The experiment was repeated three times. The

impact of the radiation and the tested modifiers was analyzed at the end of the vegetation

period with respect to various indexes influencing the plant productivity: survivability,

sterility, plant height, tillering, average number of grains, and average grain weight per plant.

The coefficient of protection (Kp)of the applied  radiomodifiers was also determined. The leaf

gas-exchange parameters were determined by means of a photosynthesis measuring system

LCA-4 (UK), while the plastid pigment content was determined spectrophotometrically

(Lichtenthaler, Wellburn, 1983) in the phase of stem extension.

Results and discussion

The results from the physiological studies of the oat plant are shown in table 1. They indicate

that as a result of the irradiation, the photosynthesis rate decreased by 22%. In the treated

variants the photosynthesis rate was higher and these values were with 10% (P1) and 4% (P2)

below the control level. Photosynthesis is an integral physiological process, which to a large

extent influences the plant productivity. One of the reasons for the reduction of the

photosynthesis rate was the lower transpiration intensity (25%) and the lower stomata

conductance in case of irradiation of the plants with 5 Gy. As a result of the applied

protectors, the transpiration intensity was increased and in the plants treated with protector P2

it was only with 2% below the control. The data on the stomata conductance followed the

same tendency and for protector P2 the values were with 3% below the control. The

phenylcarbamide compounds had a stimulating effect on the photochemical activity of the

chloroplasts, the photosynthesis rate, and the plastid pigment content (Iliev et al., 1985;

Karanov, Iliev, 1982;1985).

The plastid pigments are one of the most important internal factors, which, in certain cases are

able to limit the photosynthesis rate. The results in table 1 show that the total chlorophyll

content in the irradiated plants was by 15% lower than that in the control plants. In the plants,

treated with P2, its amount was by 3% higher than that in the non-irradiated and the
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Table 1. Effect of radioprotectors P1 and P2 on leaf gas-exchange {PN -net photosynthetic rate

[µmol (CO2) m-2 s-1]; E – transpiration rate [mmol (H2O) m-
2
s-

1
] ; gs – stomatal

conductance.[mol m-
2
s-

1
]} and pigment contents (mg g

-1
 dry mass) in oats plants

irradiated with 5 Gy in phase stem extension.

Parameters Control 5 Gy P1 5 Gy+ P1 P2 5 Gy + P2

PN 4.54±0.11 3.55±0.16 4.21±0.21* 4.11±0.14* 4.45±0.11** 4.35±0.22**

E 2.82±0.09 2.13±0.11 2.75±0.10 2.64±0.09 2.92±0.19* 2.77±0.11*

gs 0.060±0.002 0.045±0.002 .053±0.004 0.056±0.001 0.062±0.002 0.058±0.001

Chls (a+b) 10.064±0.89 8.645±1.1 8.633±0.55 9.524±0.41* 10.320±0.94* 10.302±0.86**

Carotinoids 2.551±0.082 2.722±0.064 2.430±0.11 2.585±0.087* 2.372±0.084* 2.363±0.056*

                             *p<0.05    **p<0.01

non- treated plants. The carotinoids content remained below the control in both of the treated

variants.

The positive effect of the compounds of tiazol and phenylcarbamide type on the chlorophyll

synthesis was also established by Tsenova (1987). As a result of this, an increase of the

photosynthesis rate and formation of a larger amount of dry tissue were recorded.

The data on the productivity elements of the oat plants are shown in Table 2.

Table  2. Effect of protectors 1 and 2 on the oats plants, irradiated with 5 Gy in the phase

stem extension.
Cultivar

And

variants

Hight of

plants

�kP��
Average

number of

tillers in

1 plantt

Average

number of

grains in

1 plant

Average weight

of grains
in 1 plant

/g/

%

Survived

olants

%

Sterile

plants

%

Produc

tivity

Control 53,78±2,44 1,20± 0,51 30,00±5,01 0,70 ±0,08 100 0 100

5 Gy 43,46±300 1,75 ±0,26 12,75± 6,50 0,33± 0,16 92,31 33,31 29,03

P 1 50,72± 2,17 1,27±0,13 33,27± 5,18 0,80± 0,19** 100 0 114,28

5 Gy+P1 45,38 ±1,75* 1,85± 0,36 14,69± 4,06 0,36±0,10 100 23,08 39,56

P2 52,87± 1,40 1,13± 0,09 33,13± 2,19** 0,81± 0,05*** 100 0 1155,71

5 Gy+P2 45,18 ±2,45* 1,80± 0,13 16,70 ±4,85** 0,42± 0,12** 90,91 10,0 49,09

DS����� �����;   �DS����� ������             *p<0.05    **p<0.01    * **p<0.001
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The results indicate that the severe gamma-irradiation with a dose of 5 Gy, applied in the most

radiosensitive phase of the ontogenesis, strongly reduced the basic indexes stimulating the

productivity. The irradiation suppressed the growth, as a result of which the height of the

irradiated plants was reduced. Stimulation of the tillering and the emergence of new tillers

were also observed. This can be explained with the delay of the fission of the top meristem

cells and the stimulation of the peripheral meristem under the influence of the radiation. The

survivability index was slightly influenced due to the late phase of irradiation and the

cessation of the growth processes. 92,31% survived plants were recorded, 33,3% of which

were sterile. The greatest reduction was observed with respect to the average number and

weight of grains per plant – they decreased by 57,5% and 52,8% respectively, in comparison

with the non-irradiated control plants. The gamma-irradiation in the phase of stem extension

strongly affected the formative processes in the flower cluster, as a result of which the

productivity decreased considerably – with 70% in comparison with the control. The

treatment of the plants with protector 1 affected positively, but to a slight extent, the height

and tillering of the irradiated variants.

The average weight of the obtained grains per plant increased by 9.09%, the sterility

decreased by 10%, and the number of the obtained grains increased more considerably – by

15,21% in comparison with the irradiated plants, where no protector was applied. As a result

of this, the productivity increased with almost 10%. The application of protector 2 exerted

more considerable influence on the indexes connected with the productivity. The percentage

of the sterile plants decreased from 33,31% in the irradiated variants to 10,0% in the plants

treated with the radiomodifier. The number and weight of the obtained grains increased by

31% and 27%, respectively. This also affected the productivity of the irradiated plants, which

increased by 20% in comparison with that of the irradiated and non-treated variants. In the

case of Protector 2 application, a higher coefficient of protection –1.69 – was recorded. The

results show that irradiation of oats in the phase of stem extension causes strong suppression

of the development of the generative organs and the gametogenesis, as a result of which the

indexes directly connected with the productivity – sterility, number and weight of the

obtained grains – were strongly affected. The obtained results correspond to those of Gudkov

(1980), according to whom, during the plant ontogenesis, the morphogenesis phases,

connected with the formation of the generative organs, are characterized with the lowest

radioresistance. The relatively weak protection capacity of the protectors in the phase of stem

extension can be explained with the high irradiation dose (5 Gy) and the late development

phase, when the irradiation causes a strong damage of the reproductive organs and the applied

radiomodifiers are not able to affect irreversibly the damage – causing processes, and to

reduce the harmful effect of the radiation. The considerable reduction of the oats productivity,

caused by the irradiation, is an indicator of the strong suppression of the miotic processes and

the damage of the generative organs, in case of negative impact in this ontogenesis phase.

Conclusions

On the basis of the results obtained during the study on the radiosensitivity of oats, cultivar

Hanza 152, and the tested radioprotectors for reducing the irradiation damage, the following

conclusions were made:

 In case of irradiation of oats with a dose of 5 Gy in the phase of stem extension, the leaf gas-

exchange and the plastid pigments synthesis were inhibited, the reproductive organs were

strongly damaged, a fact which led to a considerable reduction of the plant productivity.

The application of protectors 1 and 2 after the irradiation affected positively, but to a

different extent, the photosynthesis rate, the transpiration rate, and some other indexes, such
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as tillering, sterility, number and weight of the obtained grains, as a result of which the plant

productivity was increased by 10,5% (Protector 1) and 20,03% (Protector 2).

The more strongly expressed radioprotective effect of Protector 2 (K2 = 1,69) would allow it

to be put into practice when needed.

References

Bineva Tz., T. Grudev, S.Tzvetkova. Cultivar radio sensitivity of some basic leguminous

crops in case of gamma-irradiation. Scientific konf. of protection and preservative of

population of calamity and crash,  29-30 IV 1992, book II, p.105-107.(Bulg).

Grodzinski D.,Radiobiligy of plants. Kiev, Naukova dumka, 1989, p.384 (Russian).

Gudkov, I.. Contemporary problems of radiobiology ��F���������p. 234 (Russian).   

Gudkov, I. Mechanism of sells restore after irradiation of plants.� ±�DLHY� Naukova dumka,

1985, p. 223 (Russian).

Iliev L., E.Karanov, R. Bojkova. Influence of citokinins of  purin and phenylcarbamide type

and atrazin on the photochemical activity of chloroplasts of old leafs of radish, 7,1985,

63-66. (Bulg).

Karanov E., L. Iliev.Interaction betwin kinetin and difenilcarbamidurea with glutation in sone

citokinins physiological reactors .  Plant Physiology, 8, 1, 1982, 53-57 (Bulg).

Karanov E., L. Iliev. Pfenilcarbamidic citokinins- structure and activity. Plant physiology, 7,

1985, 67-79 (Bulg).

Lichtenthaler, H., A. Wellburn, 1983. Determination of total carotenoids and chlorophyll a

and b of  leaf extracts in different solvents. Biochem. Soc. Trans.  603,p.591-592.

Mehandjiev, A., G. Vassilev, P. Yonova (1993). Radioprotective effect of thiourea

derivatives. Biotechnol. & Biotechnol. Eq., 7, N 2, 66-71.

Rachovska, G., D. Dimova. Independent and combine effect of gamma-rays and sodium aside

on the  changeability of some quality characteristics of productivity in winter wheat in

M2 and M3.  Plant science, 7,   2000, p. 420-425 (Bulg).

Stoeva N., Tz. Bineva (2001). Modifying effect of diphenilurea on gamma-irradiated seeds of

beans. J. Environmental Protection and Ecology, 2, No 2, 293-298.

Stoeva N., Tz. Bineva (2002).Protective effect of Tidiazuron in triticale seedsand plants

subjected to gamma-irradiation stress. J. Environmental Protection and Ecology, 3, No

4, 867-837.

Tsenova E. Citocinin activity of DROPP on some photosynthetic parameters in young barley

plants.            Proceeding of IV Int. Symp. Of Plant Growt regulators, Pamporovo,

1986, Part II, Sofia, 1987, p. 559-563.

Vassilev, G.N., A. Mehandjiev, S. Noveva, P. Yonova (1994). Radioprotective effect of the

newly synthesized N1-(3-chlorophenyl)-N2-(2-pyridyl)urea on pea plants.

Compt.rend.Acad.bulg.Sci., 47, N 12, 87-90.



62
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 Motto:   - If at first the idea is not absurd, then there is no hope for it (Albert Einstein)

- The great truths are simple, but you reach them after you nourished with essences (Annonymous)

Summary
Researches have been carried out on a data set using the Microsoft EXCEL in order to

calculate polynomial regressions that describe the disposition of the data. At the same time,

the correct polynomial regressions have been calculated. Evaluations of the values y = f(x)

have been made using the EXCEL equations and the correct equations, then they have been

graphically represented and compared to the testing data and to each other. The paper

illustrates that the polynomial regressions presented by EXCEL on display and on printer are

wrong because of the small number of decimal fractions presented and when they are used to

estimate the y values they lead to errors that increase by the increase of the equation degree

and by the increase of the independent x variable.

1. Introduction
A good software must be friendly – flexible and easy to use, and must offer confidence to the

user in what it does. Sometimes, softwares, even the best of them, offer unwanted surprises.

This paper deals with such a surprise. One purpose of the paper is to draw attention to

Microsoft that something is wrong with EXCEL and that it must be corrected. Another

purpose is to draw attention to the users (especially to researchers) that the polynomial

regressions displayed and printed by EXCEL are wrong and that, until the error’s correction

by Microsoft, the use of EXCEL for such calculations is wrong.

2. Materials and methods
Researches have been carried out on the following xy data set: (35, 4.08); (40, 4.35); (45,

4.63); (50, 4.88); (55, 5.12); (60, 5.28); (65, 5.41); (70, 5.49); (75, 5.57); (80, 5.68); (85, 5.9);

(90, 6.25); (95, 6.91); (100, 7.87), using Microsoft EXCEL – old and new versions, in order to

calculate polynomial regressions which describe the disposition of the data. Simultaneously,

the correct polynomial regressions have been calculated on the same data set. Evaluations of y

variable have been made using the EXCEL equations and the correct equations, and then they

have been graphically represented and compared to the testing data and to each other in order

to better illustrate the errors.

3. Results and discussions
EXCEL is one of the most friendly and used softwares, its flexible interface allowing to be

used by a high range of users – including researchers, for data processing and graphics.

Unfortunately, EXCEL, a software so useful, display the polynomial regressions with too few

decimal fractions, and thus generally they are not only useless, but, sometimes, lead to

incredibly great errors when used to do estimations of y variable as a function of x variable.

The wrong displayed and printed EXCEL polynomial regressions, calculated on the basis of

the following xy data for test: (35, 4.08); (40, 4.35); (45, 4.63); (50, 4.88); (55, 5.12); (60,

5.28); (65, 5.41); (70, 5.49); (75, 5.57); (80, 5.68); (85, 5.9); (90, 6.25); (95, 6.91); (100,
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7.87), are presented in table 1 and fig. 1. Table 1 also presents the correct equations. One must

emphasize that the graphs (regression curves) built by EXCEL are correct (fig. 1).

If in the case of the correct polynomial regressions the precision of y values calculated on the

basis of these equations (as compared to y values on the basis of which the equations have

been established) increases by the increase of the equation degree (tab. 2 and fig. 2), in the

case of EXCEL polynomial regressions the errors of y = f(x) estimations increase by the

increase of the equation degree (tab. 2 and fig. 3). The higher the values of the independent

variable x are, the higher the erroneous results of the EXCEL equations will be (tab. 2 and fig.

3).

Table 1
Polynomial regressions wrongly displayed and printed by EXCEL on the basis of the following xy data for test: (35, 4.08);

(40, 4.35); (45, 4.63); (50, 4.88); (55, 5.12); (60, 5.28); (65, 5.41); (70, 5.49); (75, 5.57); (80, 5.68); (85, 5.9); (90, 6.25); (95,

6.91); (100, 7.87), and correct equations (CE)

Equation

degree

Type of

equation
Equation R2 Equation

correctness

EXCEL  y = 0.0452·x + 2.4769 0.8928
practically

correct1
CORRECT EQ.  y = 0.0452307692·x + 2.4769230769 0.8928*** correct

EXCEL  y = 0.0005x2 - 0.0186x + 4.4402 0.924
ratgher

wrong2
CORRECT EQ.  y = 4.730769E-04x2 - 0.0186346154x + 4.4401923077 0.924*** correct
EXCEL  y = 4E-05x3 - 0.0075x2 + 0.4937x - 5.7938 0.9898 wrong

3
CORRECT EQ.  y = 3.95859E-05x3 - 0.0075430687x2 + 0.4937059509x -5.7937535993 0.9898*** correct
EXCEL  y = 9E-07x4 - 0.0002x3 + 0.0167x2 - 0.5111x + 9.1208 0.9999 very wrong

4
CORRECT EQ.

 y = 9.204717E-07x4 - 2.089415E-04x3 + 0.0166751988x2 -

0.5110546414x + 9.1208463595
0.9999*** correct

EXCEL  y = 8E-10x5 + 6E-07x4 - 0.0002x3 + 0.0143x2 - 0.4383x + 8.2594 0.9999
extremely

wrong
5

CORRECT EQ.
 y = 8.446456E-10x5 + 6.354038E-07x4 - 1.715659E-04x3 +

0.0143020088x2 - 0.438257658x + 8.2594323324
0.9999*** correct

EXCEL
 y = -1E-10x6 + 5E-08x5 - 8E-06x4 + 0.0005x3 - 0.0188x2 + 0.3684x +

0.3114
0.9999

incredibly

wrong
6

CORRECT EQ.
 y =  - 1.232886E-10x6 + 5.077653E-08x5 - 7.595512E-06x4 + 5.341003E-

04x3 - 0.0188305032x2 + 0.3683995669x + 0.311381671
0.9999*** correct

Table 2
Wrong y values calculated with wrong EXCEL equations from table 1 in comparison with the correct y values calculated

with correct equations (CE), and in comparison with y values for test, related to the value of the independent x variable

y values calculated with

1-st degree

equation

2-nd degree

equation

3-rd degree

equation

4-th degree

equation

5-th degree

equation

6-th degree

equation

CE EXCEL CE EXCEL CE EXCEL CE EXCEL CE EXCEL CE EXCEL

x
for test

y
for test

correct
practicaly

correct
correct

rather

wrong
correct wrong correct

very

wrong
correct

extremely

wrong
correct

incredibly

wrong

35 4,08 4,06 4,06 4,37 4,40 3,94 4,01 4,08 4,47 4,08 2,80 4,08 2,05

40 4,35 4,29 4,28 4,45 4,50 4,42 4,51 4,34 4,90 4,35 2,43 4,35 1,20

45 4,63 4,51 4,51 4,56 4,62 4,76 4,88 4,63 5,40 4,63 1,88 4,63 -0,03

50 4,88 4,74 4,74 4,69 4,76 4,98 5,14 4,89 5,94 4,89 1,09 4,89 -1,71

55 5,12 4,96 4,96 4,85 4,93 5,13 5,33 5,12 6,49 5,11 0,03 5,11 -3,92

60 5,28 5,19 5,19 5,03 5,12 5,22 5,47 5,29 7,04 5,28 -1,36 5,29 -6,73

65 5,41 5,42 5,41 5,23 5,34 5,30 5,59 5,41 7,60 5,40 -3,10 5,41 -10,19

70 5,49 5,64 5,64 5,45 5,59 5,38 5,74 5,49 8,18 5,49 -5,20 5,49 -14,33

75 5,57 5,87 5,87 5,70 5,86 5,50 5,92 5,57 8,83 5,57 -7,67 5,57 -19,14

80 5,68 6,10 6,09 5,98 6,15 5,70 6,18 5,68 9,58 5,68 -10,49 5,68 -24,59

85 5,9 6,32 6,32 6,27 6,47 5,98 6,55 5,89 10,49 5,89 -13,63 5,89 -30,61

90 6,25 6,55 6,54 6,59 6,82 6,40 7,05 6,27 11,64 6,27 -17,07 6,27 -37,09

95 6,91 6,77 6,77 6,94 7,19 6,97 7,72 6,90 13,11 6,89 -20,74 6,90 -43,90

100 7,87 7,00 7,00 7,31 7,58 7,73 8,58 7,87 15,01 7,87 -24,57 7,87 -50,85
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In the example used in this paper y for test increases in a sigmoidal manner by the x increase

(fig. 1 and 2). The curves built based on the results of EXCEL equations instead of being

increasing, as the original data are, at 5-th and 6-th degree the curves have converse sense,

that is decreasing (fig. 3).

The deviations of y = f(x) values – calculated on

the basis of EXCEL equations, from correct y

calculated with correct equations, increase by the

increase of equation degree and x value, both as

absolute and relative values (fig. 4).

The same evolution have the deviations of

EXCEL y from the y for test (fig. 5).

However, when using correct equations, the y

deviations from y for test decrease by the increase

of equation degree (fig. 5 and tab. 2).

A detailed research concerning the influence of

each erroneous coefficient on total error of the

wrong equation has been done for the 4-th degree

equation (tab. 3 and fig. 6).

The weight of error, as % from total error,

increase from coefficient of x
1
 to coefficient of x

4

(tab. 3 and fig. 6); the smallest influence, practical

nul in this study, had the free term.

Fig. 1 - Wrong displayed EXCEL equations, but correct

curves in graph, established on the basis of the

following xy data set: (35, 4.08); (40, 4.35); (45, 4.63);

(50, 4.88); (55, 5.12); (60, 5.28); (65, 5.41); (70, 5.49);

(75, 5.57); (80, 5.68); (85, 5.9); (90, 6.25); (95, 6.91);

(100, 7.87)

Fig. 3 - Graphical representation of the wrong y = f(x)

values, calculated on the basis of the wrong EXCEL

equations established on the basis of the following xy

data for test: (35, 4.08); (40, 4.35); (45, 4.63); (50,

4.88); (55, 5.12); (60, 5.28); (65, 5.41); (70, 5.49); (75,

5.57); (80, 5.68); (85, 5.9); (90, 6.25); (95, 6.91); (100,

7.87)

Fig. 2 - Graphical representation of the correct y = f(x)

values calculated on the basis of the correct equations

(CE), established based on the following xy data for test:

(35, 4.08); (40, 4.35); (45, 4.63); (50, 4.88); (55, 5.12);

(60, 5.28); (65, 5.41); (70, 5.49); (75, 5.57); (80, 5.68);

(85, 5.9); (90, 6.25); (95, 6.91); (100, 7.87)
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As a rule, concerning the xy coordonates of the points (on the basis of which the regression

equations are established), the higher the x values are and the larger the range of x variation is

and the lower the y values are and the nearrower the range of y variation is, the higher the

errors (deviations) are in using the equation in order to calculate y values depending on x

values (y = f(x)), both as absolute values and as relative values of eroneous y from correct y

estimated with correct equation. The relative values are very suggestive from this point of

view (fig. 4 and 5).

Moreover, the further from a straight line the points tend to be placed, forming a more sinuous

line, requiring a higher degree equation in order to be well represented, the higher the errors

are. The errors increase, of course, by the increase of the equation degree.

The sourse of EXCEL errors. The errors come from the reduced number of decimal fractions

displayed and printed by this software for the polynomial regression coefficients (maybe for

logarithmic, power and exponential regressions too, it is to be studied). If at the first degree

Fig. 4 –Deviations of EXCEL calculated variable y = f(x), absolute and relative values, versus y calculated

with correct equations (CE), depending on the valuDe of x variable and on the degree of polynomial

regression (the deviations increase by the increase of the equation degree and of x value)

                a) EXCEL deviations          b) Correct equation deviations

Fig. 5 – Relative EXCEL y deviations (% from y for test) compared to y deviations of correct equations, depending

on the value of x variable and on the degree of polynomial regression
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equations the errors are small, they are high for 2-nd degree equation and they increase by the

increase of the equation degree.

Suggestions  for programmers. It is indispensable that in the team which produces a software

specialized in statistical computations, alongside the programmers should also be specialists

in using such processings. This seams to have lacked from Microsoft team.

In the case of polynomial regressions, the higher the equation degree is, the higher the

precision of the coefficients must be and, for an equation of a given degree, the precision of

the coefficients must increase together with the increase of the power of x in that equation.

For example, to a 3-rd degree equation, the coefficient of x
3
 must have a higher precision than

that of x
2
, and this one higher than that of x.

It is not enough that the coefficients of an equation be accurately calculated by a software,

they must be correctly displayed on screen and printed on printer. Otherwise, the errors can

compromise the paper done using that software and, consequently, the software.

Table 3
Absolute and relative deviations of y values calculated with wrong EXCEL 4-th degree equation versus y estimated with

correct equation (relative values as % from correct estimated y)

 (EXCEL equation: y = 9E-07·x4 - 2E-04·x3 + 0.0167·x2 - 0.5111·x + 9.1208)

(Correct equation: y = 9.204717E-07x4 - 2.089415E-04x3 + 0.0166751988x2 - 0.5110546414x + 9.1208463595)

Estimated y
Total y

deviations
Deviations given to

x4 coeff. x3 coeff. x2 coeff. x1 coeff. free term
x

for

test

y
for

test
Correct

equation

EXCEL

equation

absolute

values

relative

values,

% from

corr. est.

y

absolute

values

relative

values

absolute

values

relative

values

absolute

values

relative

values

absolute

values

relative

values

absolute

values

relative

values

35 4,08 4,08 4,47 0,39 9,6 -0,03 -0,8 0,38 9,4 0,03 0,7 0,00 0,0 0,00 0,0

40 4,35 4,34 4,90 0,56 12,6 -0,05 -1,2 0,57 13,2 0,04 0,9 0,00 0,1 0,00 0,0

45 4,63 4,63 5,40 0,77 16,6 -0,08 -1,8 0,81 17,6 0,05 1,1 0,00 0,1 0,00 0,0

50 4,88 4,89 5,94 1,05 21,5 -0,13 -2,6 1,12 22,9 0,06 1,3 0,00 0,1 0,00 0,0

55 5,12 5,12 6,49 1,37 27,0 -0,19 -3,7 1,49 29,1 0,08 1,5 0,00 0,1 0,00 0,0

60 5,28 5,29 7,04 1,75 33,3 -0,27 -5,0 1,93 36,5 0,09 1,7 0,00 0,1 0,00 0,0

65 5,41 5,41 7,60 2,19 40,7 -0,37 -6,8 2,46 45,4 0,10 1,9 0,00 0,1 0,00 0,0

70 5,49 5,49 8,18 2,69 49,0 -0,49 -9,0 3,07 55,9 0,12 2,2 0,00 0,1 0,00 0,0

75 5,57 5,57 8,83 3,26 58,5 -0,65 -11,6 3,77 67,8 0,14 2,5 0,00 0,1 0,00 0,0

80 5,68 5,68 9,58 3,90 68,4 -0,84 -14,8 4,58 80,6 0,16 2,8 0,00 0,1 0,00 0,0

85 5,9 5,89 10,49 4,60 77,8 -1,07 -18,1 5,49 93,2 0,18 3,0 0,00 0,1 0,00 0,0

90 6,25 6,27 11,64 5,37 85,4 -1,34 -21,4 6,52 104,0 0,20 3,2 0,00 0,1 0,00 0,0

95 6,91 6,90 13,11 6,21 90,0 -1,67 -24,2 7,67 111,2 0,22 3,2 0,01 0,1 0,00 0,0

100 7,87 7,87 15,01 7,14 90,7 -2,05 -26,0 8,94 113,6 0,25 3,2 0,01 0,1 0,00 0,0
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A good software must not only rigurously

calculate the regression coefficients, but it must

also present so many decimals that the equation

and the estimations based on it should not be

affected by errors. It should also not present

useless decimals, because this make it difficult

to read and use the equation.

A good software should allow the user to

establish himself the precision of the data

processing.

And still, a good software for statistical

processing should do itself tests for maximum

admissible errors and, depending on these, to

establish the precision of each coefficient that

enters the equation, depending on the type of the

equation, on the equation degree in the case of

polynomial regressions, on the position of the

coefficients within the equation, on the absolute

range of values of x and y, on the degree of curving or sinousity of the trendline (disposition

of the data) etc.

These are not the objectives of this paper, but can be for new researches, and especially for

Microsoft programmers.

Acknowledgements. This paper is an homage to our professors of mathematics and statistics.
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with correct equation (% from correct estimated y).

Total deviation and deviations given by insufficient
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Abstract

Seedlings of Norway spruce (Picea abies (Karst.) L.) were inoculated with two

ectomycorrhizal fungi – Paxillus involutus, Amanita muscaria and mycorrhiza helper bacteria

– Pseudomonas  fluorescens  in  pot  cultures.  The  cultures  were  influenced  by  0 mg/l,

100 mg/l and 300 mg/l lead solutions [Pb(NO3)2]. The growth of root system of seedlings of

Norway spruce  (root length, surface area, volume, the number of root tips and forks, fresh

mass) was reduced at the presence of lead. There was no influence of Pb on shoot growth.

Selected fungal strains and mycorrhiza helper bacteria (Pseudomonas fluorescens) can partly

decrease a negative effect of lead on the growth of spruce roots.

Key words: lead, Picea abies, heavy metals, Amanita muscaria, Paxillus involutus

Introduction

Forest soils in many regions of Europe have been contaminated with heavy metals released by

various industrial, urban and agricultural activities. Increased concentrations of heavy metals

in soil may be toxic to  plants.   Lead  (Pb),  due  to its low mobility,  strongly  accumulates in

the surface, organic soil (Kabata-Pendias and Pendias 1993). The concentrations of Pb in the

upper soil layer at spruce forest stands in the southern part of Poland were estimated as 250-

350 mg kg
-1 

(Kieliszewska-Rokicka et al.), more than 2000 mg kg
-1

 was found in the vicinity

of a lead plant (Baxter et al. 1999), whereas 30-40 mg kg
-1 

has been generally reported for

forest stands free from direct influence of anthropogenic pollution (Kabata-Pendias and

Pendias 1993).  Since  the  density  of  fine  roots  of  forest  trees  is  highest in the organic

horizon, the increased levels of Pb, combined with soil acidification, may increase the

availability of the metal to plants.  Norway spruce (Picea abies (L.) Karst.), one of the main

coniferous trees in Europe, under natural conditions is obligatory ectomycorrhizal and can

develop symbiotic associations with a wide range of ectomycorrhizal fungi (Smith and Read

1997). Ectomycorrhizas are important in the nutrient uptake of forest trees and, to some

extents, in regulation of the uptake of heavy metals. Ectomycorrhizal fungi, however,  differ

in their tolerance to heavy metals and in the ameliorating effects. Mycorrhiza Helper Bacteria

(MHB), including  Pseudomonas spp.,  can  stimulate  the  growth  of  mycorrhizal  fungi  and

LQIOXHQFH�WKH�GHYHORSPHQW�RI�HFWRP\FRUUKL]DV��*DUED\H�������)UH\�.OHWW�HW�DO��������*HULþ�HW
al. 2000, Poole et al. 2001, Founoune et al. 2002). Little is known on the interactions between

ectomycorrhizas and the bacteria in soil contaminated by heavy metals, therefore the study

was undertaken.
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The aim of the study was to compare the effects of inoculation of seedlings of Norway spruce

with two ectomycorrhizal fungal species and one isolate of Pseudomonas fluorescens on the

growth of the seedlings in the presence of increased levels of Pb in soil.

Material and methods

Organisms:

Plant: seedlings of Norway spruce (Picea abies (L.) (Karst.) (seeds of Danish provenance)

Ectomycorrhizal fungi: Paxillus involutus 1004/1, Amanita muscaria PNN I (13),  (from the

collection of the Institute of Dendrology Polish Academy of Sciences, Kórnik, Poland),

Bacteria: Pseudomonas fluorescens L18 53a – isolated from a fruitbody of Paxillus involutus

(from the collection of Department of Biology, Biotechnical Faculty, University of Ljubljana,

Slovenia).

Cultures:

Seedligs of Norway spruce were cultivated in pots, in soil-sand mixture (1:1 v/v) (pH 4,3).

Seedlings were inoculated (or not) with two ectomycorrhizal fungi: Paxillus involutus 1004/1,

Amanita muscaria PNN I (13) and bacteria: Pseudomonas fluorescens L18 53a.

Bacteria culture was cultivated on tripticase soy broth medium (TSB).

Plants were grown in a greenhouse under controlled conditions (20/17
o
C day/night

temperature,  16h day). Two months after inoculation half of the plants (inoculated and not

inoculated were treated twice a week with Pb(NO3)2 solutions: 100 and 300 mg l
-1

Pb.

The experiment design included 18 variants (Tab. 1.)

Table 1. The experiment design. Fungus: 0 – control (non-inoculated), 1 – Paxillus  involutus,

2 – Amanita muscaria.   Bacteria: “-“ control (non-inoculated), “+” Pseudomonas

fluorescens.

Variant Fungus Bacteria Pb (mg/l)

1 0 - 0

2 0 - 100

3 0 - 300

4 0 + 0

5 0 + 100

6 0 + 300

7 1 - 0

8 1 - 100

9 1 - 300

10 1 + 0

11 1 + 100

12 1 + 300

13 2 - 0

14 2 - 100

15 2 - 300

16 2 + 0

17 2 + 100

18 2 + 300

After 6 weeks of Pb treatment plants were harvested and growth parameters of root and shoot

were recorded. Root systems were scanned and described by software WIN RHIZO 5.0.
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Results and Discussion
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Fig. 1.1 – 1.3. Effect of Pb and bacteria Pseudomonas fluorescens on the length of root

systems of spruce seedlings non-inoculated (Fig. 1.1) and inoculated with

ectomycorrhizal fungi: Paxillus involutus (Fig. 1.2.) and Amanita muscaria (Fig. 1.3.).

Means between treatment not sharing a common letter are significantly different; NIR

test, p = 0,05. (n=20)

A reduction in growth of root systems of spruce seedlings – root length, surface area, volume,

the number of root tips (potentially ectomycorrhizal), root forks, fresh mass were recorded in

seedlings grown in the presence of lead (Pb). Although in some cases were not significant

statistically differences between the variants, there was a clear tendency to reduction of

growth due to increasing level of Pb. Statistically significant differences in the root length

were observed between the seedlings by 300 mg/l of lead and untreated control (Figs. 1.1-

1.3.). At the presence of ectomycorrhizal fungi the differences in the root length were

particularly in the non-mycorrhizal variants relatively low (Fig. 1.1.). Similar results were

obtained for the number of the root tips (Fig. 2.1 – 2.3.), however statistically significant

differences were observed only in the control non-mycorrhizal variants (Fig. 2.1.). These

results suggest a role of ectomycorrhizal fungi in protecting spruce roots against toxicity of

Pb. Ectomycorrhizal inoculation seems to ameliorate a negative effect root length and

branching (number of forks and tips) (Figs. 1.2 – 1.3., 2.2 - 2.3., 3.2 – 3.3.), therefore between

the growth parameters of seedlings inoculated with ectomycorrhizal fungi were not so

pronounced as in the non-inoculated control. Ectomycorrhizal fungi (the fungal mantle, the

Hartig net and extrametrical mycelium) can act a filter protecting the tree against the metal

absorption (Leyval et al. 1997, Krupa 1988, Grazziotti et al. 2001). Fungal species differ in

their effect on Pb accumulation by the roots of Norway spruce (Marschner et al. 1996,
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Fig. 2.1 – 2.3. Effect of Pb and bacteria Pseudomonas fluorescens on the number of root tips

of spruce seedlings non-inoculated (Fig. 2.1) and inoculated with ectomycorrhizal

fungi: Paxillus involutus (Fig. 2.2.) and Amanita muscaria (Fig. 2.3.). Means between

treatment not sharing a common letter are significantly different; NIR test, p = 0,05.

(n=20)

Marschner et al. 1998). This study indicated a protecting effect of mycorrhizal fungus

Paxillus involutus. The growth features of roots (the length, the number of forks, the number

of tips) were relatively high even at high Pb concetration (300 mg/l) (Figs. 1.2., 2.2., 3.2.).

Micorrhiza helper bacteria can stimulate a formation of ectomycorrhiza (Garbaye 1994, Frey-

Klett et al. 1999, *HULþ�HW�DO��������Poole et al. 2001, Founoune et al. 2002,). In this study a

ositive effect of bacterial-fungal cooperation could be notice especially in seedlings

inoculated with the Amanita muscaria, where mean values of growth parameter were

relatively higher at the presence of both, Amanita muscaria and Pseudomonas fluorescens)

(Figs. 1.3, 2.3., 3.3.). No effect of Pb treatment  was observed in shoot growth.

It is well known that generally only a small part of Pb absorbed by root system is transported

WR�VKRRW��6DPDUGDNLHZLF]�DQG�:R(Q\��������WKHUHIRUH�D�GLUHFW�LQIOXHQFH�RI�WKH�PHWDO�RQ�WKH
shoot tissues would not be expected. There is possible an indirect effect of the metal on shoot

growth – by the influence on the growth of the root system and its mutualistic symbioses.

Such effect was not observed within the 7 weeks of the treatment of spruce seedlings with

lead. It is possible that a long-lasting experiment would show such growth effect.
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Fig. 3.1 – 3.3. Effect of Pb and bacteria Pseudomonas fluorescens on the number of root forks

of spruce seedlings non-inoculated (Fig. 3.1) and inoculated with ectomycorrhizal

fungi: Paxillus involutus (Fig. 3.2.) and Amanita muscaria (Fig. 3.3.). Means between

treatment not sharing a common letter are significantly different; NIR test, p = 0,05.

(n=20)

Conclusions

Selected fungal species may ameliorate the negative effects of Pb on the growth of spruce

root systems.

Pseudomonas fluorescens may reduce the toxic effects of Pb on the growth of spruce roots.

References

Baxter J.W., Pickett S.T.A., Carreiro M.M., Dighton J. 1999. Ectomycorrhizal diversity and

community structure in oak forest stands exposed to contrasting anthropogenic

impacts. Can. J. Bot., 77: 771-782.

Founoune H., Duponnois R., Bâ A.M., Sall S., Branget I., Lorquin J., Neyra M., Chotte J.L.

2002. Mycorrhiza Helper Bacteria stimulate ectomycorrhizal symbiosis of Acacia

holosericea with Pisolithus alba. New Phytologist; 153: 81-89.

Garbaye J. 1994. Transley Review No. 76. Helper bacteria: A new dimention to the

mycorrhizal symbiosis. New Phytologist 128: 197-210.

*HULþ�%���5XSQLN�0���.UDLJKHU�+��������,VRODWLRQ�DQG�LGHQWLILFDWLRQ�RI�P\FRUUKL]DWLRQ�+HOSHU
Bacteria in Norway spruce, Picea abies (L.) Karst. PHYTON (horn, Austria) 40 (4):

65-70.



73

Grazziotti P.H., Siqueira J.O., Moreira F.M., Carvalho D. 2001. Tolerance of ectomycorrhizal

fungi to heavy metal in culture media added of contaminated soil. Revista Brasileira

de Ciencia do Solo. 25:4, 839-848.

Frey-Klett P., Churin J.L., Pierrat J.C., Garbaye J. 1999. Dose effect in the dual inoculation of

an ectomycorrhizal fungus and a mycorrhiza helper bacterium in two forest nurseries.

Soil Biology and Biochemistry 31, 1555-1562.

Kabata-Pendias A., Pendias H. 1993. %LRFKHPLD� SLHUZLDVWNyZ� �ODGRZ\FK�� :\GDZQLFWZR
Naukowe PWN, Warszawa.

.LHOLV]HZVND�5RNLFND�%���5XGDZVND�0���6WDV]HZVNL�7���.XUF]\�VND�(���.DUOL�VNL�/���.XELHVD
P. Ectomycorrhizal associations in Norway spruce stands influenced by long lasting

air pollution (Silesian Beskid Mountains, Poland). Ecology. Bratislava. (in press).

Krupa P. 1988. Effect of ectomycorrhizal fungi on sorption of lead by Scots pine Pinus

sylvestris L. PracH�1DXNRZH�8QLZHUV\WHWX��O�VNLHJR�Z�.DWRZLFDFK������������
Leyval C., Turnau K., Haselwandter K. 1997. Effect of heavy metal pollution on mycorrhizal

colonization and function: physiological, ecological and applied aspects. Mycorrhiza.

7: 139-153.

Marschner P., Godbold D.L., Jentschke G. 1996. Dynamics of lead accumulation in

mycorrhizal and non-mycorrhizal Norway spruce (Picea abies (L.) Karst.). Plant and

Soil: 178 (2) 239-245.

Marschner P., Jentschke G., Godbold D.L 1998. Cation exchange capacity and lead sorption

in ectomycorrhizal fungi. Plant and Soil: 205: 93-98.

Poole E.J., Bending G.D., Whipps J.M., Read D.J. 2001. Bacteria associated with Pinus

sylvestris-Lactarius rufus ectomycorrhizas and their effects on mycorrhiza formation

in vitro. New Phytologist; 151: 743-751.

6DPDUGDNLHZLF]� 6��� :R(Q\� $�� ������ 3RELHUDQLH�� WUDQVORNDFMD� L� UR]PLHV]F]HQLH� RáRZLX� Z
UR�OLQLH�� ,Q�� $�� :R(Q\� �UHG��� 2áyZ� Z� NRPyUNDFK� UR�OLQQ\FK�� 3RELHUDQLH� UHDNFMH
RGSRUQR�ü��6RUXV��3R]QD���SS��������

Smith S.E., Read D.J. 1997. Mycorrhizal symbiosis. 2
nd

 Edition. Academic Press, London,

Cambridge, p. 605.



74
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Abstract:
Our research has been conducted on brown forest soil from long-term experiment. The soil
had a certain crop rotation (wheat-corn) and it has been fertilized according to a certain system
for 30 years. In this experiment, nitrogen fertilizers were gradually increased, where the
samples were taken from 0 to 30 cm depths. Two experiments were made: a field experiment
and pot experiment in controlled condition by using this soil. The established correlation
between the plant and soil parameters, both in field and pots, one can conclude that "A"
method from the standpoint of nitrogen availability in soil, are reliable. By this method, the
available nitrogen assessment should be relied to the parameters regarding plants and soil in
the field.

Key words:  Nitrogen, available soil nitrogen, “A” – value, ANI, plant and soil parameters

Introduction

Presently, there is no generally recognized or completely reliable method for evaluation soil
nitrogen availability (Goh and Haynes, 1986).
It is known that the “A” - value concept is based on the presumption set by Fried and Dean
(1952), whereby applied labeled elements to the soil are subsequently taken up by plants in
proportion with their available forms in soil. Many experiments have proved that the quantity
of soil nitrogen uptake, thus the “A” - value too, increased when larger fertilizer doses has
been applied (Sirota, 1973). None of the researchers deny the fact that the uptake of nitrogen
from soil and fertilizer is greater, but they disagree in the explanation of this phenomenon
(Bowen et al.1991).
The reasons for implementation of this method are different. First, this method allowed
estimation of the “A” - value, indicating quantities of available soil nitrogen to plants, and,
also, enabled a soil parameters (soil nitrogen uptake, fertilizer nitrogen uptake, total nitrogen
XSWDNH��DQG�DOVR�UDWLR�EHWZHHQ�VRLO�DQG�IHUWLOL]HU�QLWURJHQ�XSWDNH��DFFRUGLQJ�WR�6DSRåQMLNRY¶V
recommendations (1973) which may be useful for evaluation of applied method for soil
nitrogen availability.

Apart from the experiment in pots, where nitrogen isotopes were used, an experiment
in the field was made, too. The main purpose of these experiments was use the largest number
of plant and soil parameters that determine the value of this method. Since both, the NPK and
PK variants were used with  labeled 15N, it was possible to establish both soil and fertilizer
nitrogen uptake, and also to calculate the ‘activation effect’ of the applied nitrogen or ANI. As
already mentioned, it is a well known fact that application of nitrogen fertilizers to the soil
results in increased soil nitrogen uptake by plants and this uptake has been increased with the
LQFUHDVH�RI�DSSOLHG�IHUWLOL]HU�GRVH��7KLV� LV� UHIHUUHG�DV� µDFWLYDWLRQ�HIIHFW¶� �-DNRYOMHYLü��������
and lately, the term ‘added nitrogen interaction’ is used, or short ANI (Jankinson et al. 1985).
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The purpose of this research was to establish whether  “A” - value may be used for measuring
soil nitrogen availability. In this research we also tried to establish which plant and soil
parameters (from field and pot experiment) can be considered reliable in evaluation an applied
method, since they are directly used for its assessment.

Material and methods

Brown forest soil in long-term experiment was used in this research. It has certain crop
rotation (wheat-corn) for 30 years, and it was subjected to the same fertilization system with
increased nitrogen doses. The treatments in experiment was followed:

− Control (Ø)

− N1P2K2 (N1-60, P2-120, K2-120 kg/ha)

− N2P2K2 (N2-90 kg/ha)

− N3 P2K2 (N3-120 kg/ha)

− N4P2K2 (N4 150 kg/ha)

Phosphorus and potassium was applied in the autumn, at the time of wheat sowing, where 1/3
of the nitrogen dose (NH4H2PO4) was also applied. The rest of the nitrogen fertilizer
quantities were applied during the spring dressing.

a) Applied methods for soil chemical analyses

 The soil samples that were taken in spring for analyses, and agrochemical analysis has been
conducted by following methods:

Soil reaction (pH - H20 and nKCl)
Organic C and humus by Tjurin's method, modification by Simakova
Total nitrogen by Kjeldahl method
Available P and K by AL-method, Egner-Rhiem
Available Ca and Mg (1 N ammonia acetate extraction)
Adsorptive soil complex (Knappen method)
Content of soil available microelements (Fe, Mn, Zn, Cu) extraction with DTPA and

AAS
Content of soil available boron (curcurmine method)
Mobile Al (Sokolov method)
Available nitrogen (Bremner, 1965).

b) Pot experiment

Plastic pots, each containing 2 kg, were filled in the  0-30 cm soil layer. The soil was taken in
spring (in March) from field experiment. Prior to sowing, the soil was mixed with fertilizers
dissolved in water, i.e. with: NH4NO3, KH2PO4 and KCl. The ammonium nitrate was used
with labeled isotope (11,8% 15N ).
The experiment was performed with two variants: PK and NPK. In the PK variant 50 mg of
P2O5 and K2O were added to the soil, whereby, in the NPK variant, the 50 mg of N, P2O5 and
K2O was used. The amount of added nitrogen was given with the labeled nitrogen (15NH4
15NO3). Ten plants of oats per pot were grown in experiment. They were grown to the pre-
harvest phase. In the experiment, the humidity level ranged from 60 to 80% WHC was kept in
pots.



76

The isotope analysis was performed by Bremner method, described in 1965a.

c) Used plant and soil parameters from pot and field experiment for evaluation "A"-method

According to the object of this research, a selection of parameters has been used in order to
assess the value of applied method.
The selection of the most common plant parameters for plants grown in pots has been done
(Keeney and Bremner , 1966; S i ro t a , 1973; Baerug  et al., 1973; Confo r t  and
W alms ley, 1971; Pe t e r son  et al., 1960; 6 WHYDQRY Lü , 1978), also, a selection of
parameters which has been prevously concerned in field experiments (Carpen te r  et al.,
1952, Spencer  et al. 1966).
%HDULQJ� LQ� PLQG� WKH� 6DSRåQMLNRY¶V� UHFRPPHQGDWLRQV� �������� DFFHSWHG� SDUDPHWHUV� ZHUH
classified into two groups:

I Parameters of plants and soil in pots

1) Plant parameters

a) yield of oats in NPK experiment variant
b) yield of oats in the PK experiment variant
c) relative increase in yield (PK=100)
d) relative increase in yield in NPK variant (Ø 100)
e) relative increase in yield in PK variant (Ø 100)
f) difference in yield (NPK-PK)
g) difference in yield (NPK- Ø)
h) difference in yield (PK – Ø)
i) content of nitrogen in oats (NPK)
j) content of nitrogen in oats (PK)
2) Soil parameters

a)  total uptake of nitrogen (NPK)
b)  uptake of soil nitrogen (NPK)
c)  uptake of fertilizer nitrogen (NPK)
d)  ratio of soil and fertilizer nitrogen uptake
e)  soil nitrogen uptake (PK)
II Parameters of plants and soil in field

1) Plant parameters

a)  yield of grain
b)  yield of straw
c)  total yield in wheat (grain + straw)
d)  relative increase in yield (Ø =100)
e)  difference in yield (variants - Ø )
f)  content of nitrogen in wheat grain
g)  content of nitrogen in straw
2) Soil parameters

a) uptake of nitrogen - (grain)
b) uptake of nitrogen - (straw)
c) total uptake of nitrogen - (grain + straw)
d) Statistic analyses of methods and criteria used in evaluating reliability of the applied

methods
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A simple linear correlation analysis was calculated between establish plant and soil
parameters, both in  pot and field experiment, i.e. to evaluate the availability of nitrogen in
soil. This statistic analysis enabled the reach the correlation coefficient value (Pirson's) that
deals with the degree of similarity of two compared values.
The percentage of established correlative dependence for r=0,50-0,99 was calculated with the
significance probability level of 0,05-0,01, and in cases when r = 0,70 in the probability level
0,01.
This calculation was made up to help define which of the applied nitrogen availability
methods in the examined soils can be considered reliable, and, also, which group of the used
plant and soil parameters was considered as a best for determine reliability of a certain
method.

Results and discussion

Soil chemical properties of used brown forest soil

A standard chemical analysis has been done for examined brown forest. The results were
presented in Tables 1. (2, 3 and 4)

Tab . 1. - Soil characteristics of experimental brown forest soil

Treatments pH Humus Total N C/N P2O5 K2O CEC

H2O n KCl (%) (%) (mg/100g) (mg/100 g) (m.e./100g)

Control 5.40 4.60 1.43 0.098 8.5 6.4 16.2 26.7
N1P2K2 5.10 4.30 1.67 0.111 8.7 18.0 21.8 27.4
N2P2K2 5.00 4.20 1.81 0.113 9.3 14.4 21.8 25.8
N3P2K2 4.90 4.15 1.85 0.113 9.5 16.0 25.0 26.7
N4P2K2 5.00 4.05 1.88 0.116 9.4 12.5 21.8 25.8

According to the soil pH values (nKCl) one can conclude that the soil belongs to the acid
soils, or very acid soils, where the long-term application of mineral fertilizer caused the
increase of soil acidity. According to the low humus content, the examined soil belongs to the
poor one, and this is in accordance with the soil nitrogen content. The C/N relation was lower
than in standard arable soil (less than 10). It is clear, that the content of available phosphorous
and potassium were increased by intensive mineral fertilization. The lowest was in the control
variant (6.4 mg/100 g) and the highest was in the variant N1P2K2  (18 mg/100 g).The content
of available potassium was similar in all tretaments, where the soil was well supplied, whith
control with its medium level.
According to the CEC, the examined soil belongs to the medium clay soils. The adsorptive
soil complex and the content of exchangeable aluminium, Ca, Mg and microelements are
presented at the end of this paper (Tab.2, 3,4). Except the potential lack of boron and zinc, the
soil will supply  plants without deficiency symptoms.

The results of the pot experiment

In order to determine plant and soil parameters for evaluation of applied method, an
experiment was made under controlled conditions (pot experiment). Labeled nitrogen isotope,
as well as phosphorus and potassium (NPK variant in pots) and phosphorus and potassium
(PK – variant in pots), were used. Oat growth, as a bred culture, gave next results (Tab.5).
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Tab . 5 – Dry content yield in oats (g/pot), relative yield increase in dry content
of oats (%) and the difference in the yield (g/pot)

Exprime

ntal

variants

variants

Yield

NPK

Yield

PK

Relative

yield

increase

PK=100

Difference

in the yield

NPK-PK

Relative yield

increase

∅∅ = 100

Difference in the

yield

NPK PK NPK-∅∅ PK-∅∅

Control 10.26 2.25 456 8.01 100 100 - -
N1P2K2 10.84 3.58 303 7.26 106 159 0.58 1.33

N2P2K2 10.86 4.18 260 6.68 106 186 0.60 1.93

N3P2K2 11.22 4.69 239 6.53 109 208 0.96 2.44
N4P2K2 11.10 6.36 174 4.74 108 283 0.84 4.11

The most common used parameter for determining the quality of the applied method is the
yield of plants. The dry oat mass per pot was presented in Table 5, as well as the relative
increase in yield (PK=100 and Control=100) and the difference in yield (NPK-PK, NPK-
control and PK-control).
The labeled nitrogen in plants was applied in order to establish the source of nitrogen in oats
plants, as a presence of soil and fertilizer nitrogen, as well as their ratio. Since PK variant was
also used in pots, the uptake of nitrogen without ANI effect was established in the experiment
too. These research results are presented in Table 6.

Tab . 6. – Total nitrogen uptake, soil nitrogen uptake and nitrogen  uptake from fertilizer by
oat plants in pot experiment with brown forest soil (mg/pot)

Exprimen

tal

variants

Total uptake of

nitrogen

NPK

Uptake of soil

nitrogen

NPK

Uptake of

fertilizer

nitrogen NPK

Ratio of soil and

fertilizer nitrogen

uptake

Soil

nitrogen

uptake PK

Control 90.0 58.1 31.9 1.8 18.5
N1P2K2 105.8 72.4 33.4 2.2 22.9
N2P2K2 118.0 83.8 34.2 2.4 30.3
N3P2K2 110.1 78.0 32.1 2.4 30.1
N4P2K2 115.1 84.4 30.7 2.7 48.5

The  results of field experiment

The parameters of plant's growt in the field are scarcely used for evaluation of applied
investigation methods, since they give low correlative dependence. However, there are some
results where these interdependencies were significant (6DSRåQ M LNRY , 1973; Rob inson ,
1968; Fox  and P i ek i e l ek , 1978, Sa i to  and Ish i i , 1987). One can conclude, that if greater
discrepancy between the field and controlled conditions exist, the smaller correlative
dependence between plant parameters and applied methods has been obtained (Table 7).

Tab . 7. - Wheat yield in field on brown forest soil in 000 kg

Experiments

variants

Yield of grain Yield of straw Total yield

Control 0.954 12.11 2.165
N1P2K2 3.901 60.85 9.986
N2P2K2 4.378 63.04 10.682
N3P2K2 4.967 62.09 11.176
N4P2K2 5.131 67.73 11.904
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The results of the “A” - value method in pot experiment
As already mentioned, the “A” - value concept is based on the presumption that the labeled
elements applied to the soil are taken up by plants in the same ratio as their available forms.
This concept of “A” - value is not disputable to the researchers, however, they disagree in
explanations of the explanation of ANIs effect, where the quantity of added nitrogen by
fertilizer, increased soil nitrogen uptake.
The established “A” - values for brown forest soil which were fertilized with increased doses
is presented in Table 8.

Table 8 – “A” - value and ANIs for brown forest soil (mg/pot)

Field variant “A” - value ANIs

Control 90.9 39.6
N1P2K2 108.5 49.5
N2P2K2 122.7 53.6
N3P2K2 121.7 48.0
N4P2K2 138.7 36.7

In our pot experiment, the soil from field experiments was supplied with the same dose of
nitrogen 50 mg/kg. However, a higher soil nitrogen was established in field variants where the
higher amount of nitrogen fertilizer were applied, i.e. there was an increase of “A” - value.
“A” - value increased in the field variants up to variant N4P2K2, and slightly decreased in the
N3P2K2 variant. In the last variant “A” - value was highest, reaching 138.7 mg/kg.

Table 9 – Content of available soil nitrogen before planting oat and after adding labeled
nitrogen (50mg/kg)

Field variants Available soil nitrogen

(mg/kg)

Available nitrogen in pots

after adding labeled nitrogen

(50mg/kg)

Control 4.9 54.9
N1P2K2 8.4 58.4
N2P2K2 15.4 65.4
N3P2K2 12.2 62.2
N4P2K2 51.3 101.3

The increase in the “A” - value, regardless of the same quantity of added nitrogen, has been
caused by its different initial content from field variants, i.e. its content increased with the
increase of applied nitrogen dose in field (Table 9). This means, that  the quantity of nitrogen
in pots was in accordance to the field variants, i.e. there the increase of nitrogen from control
up to the variant highest N4P2K2 variant. Thus, this increase of soil available nitrogen in pots
as well as the added fertilizer nitrogen produced the effect of increased soil nitrogen uptake
(ANI), i.e. increase of the “A” - value. The occurrence of increased soil nitrogen uptake in
field variants is another proof that available soil nitrogen estimated prior to the experiment is
an outcome of added fertilizer. However, the increase of 'A' - values in field variants
simultaneously indicates an actual increase of soil nitrogen availability, and also the suitability
of application of  this method for researches.
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Tab 10 Correlation coefficient value between plant and soil parameters, the “A” - values,
and activation effect value in brown forest soil

Plant and soil parameters (in pots) “A” - value ANI

Yield (NPK) 0.60** NS
Yield (PK) NS NS
Relative yield increase (PK=100) NS NS
Relative yield increase (NPK) (Ø =100) NS NS
Relative yield increase (PK) (Ø =100) 0.93** NS
Difference in yield (NPK-PK) -0.85** NS
Difference in yield (NPK- Ø) NS NS
Difference in yield (PK- Ø) 0.93** NS
% of N in plants (NPK) 0.70** 0.50*
% of N in plants (PK) NS -0.51*
Total nitrogen uptake (NPK) 0.80** 0.53**
Soil nitrogen uptake (NPK) 0.89** NS
Fertilizer nitrogen uptake (NPK) NS 0.88*+
Soil/fertilizer nitrogen uptake NS NS
Soil nitrogen uptake (PK) NS NS

Plant and soil parameters (in field)

Grain yield 0.88** NS
Straw yield 0.80** NS
Total yield 0.83** NS
Relative yield increase (Ø =100) NS NS
Difference in yield (NPK= Ø) 0.71** NS
% of N in grain NS NS
% of N in straw 0.97** 0.89**
Nitrogen uptake – grain 0.91** NS
Nitrogen uptake – straw 0.92** NS
Total nitrogen uptake 0.91** NS

** probability level 0.01
*   probability level 0.05
                       NS – no statistic significance

A moderate correlation dependence (r=0.60*), with lower statistic significance, was
established in yield from pots (NPK), and no statistically significant correlation dependence
was found in the PK variant (Table 10). Regarding relative parameters (Ø =100), a high
correlation dependence was established in relative yield increase in the PK variant in pots
(r=0.93**). Also, a high correlation dependence was established in yield differences between
PK and control (PK- Ø) (r=0.93**) and negative one in yield difference (NPK-PK) for
correlation coefficient r= -0.85**. A high correlation dependence regarding total nitrogen
uptake (NPK) (r=0.80**) and soil nitrogen uptake (NPK) (r=0.89**) was found in the uptake
by oats. With the applied “A” - value method no other statistically significant correlation
dependence in other soil parameters was found.

Compared the soil and plant parameters from pot experiment to field experiment, a
higher coefficient correlation were found. The high correlation dependence has been found
between yield and the “A” – value, conforming the results of Poljakov (1970). For grain
(r=0.88**), straw (r=0.80**) and total wheat yield (R=0.83**), the correlation coefficients
were high (with major statistic significance), while the total nitrogen in grain (r=0.91**),
straw (r=0.92**) and total wheat yield (R=0.91**), were with higher significance. The highest
A very high correlation dependence (0.97**), was found between nitrogen content in wheat
straw and the “A” - value. High correlation dependence was established in the wheat yield
difference between (NPK- Ø) and correlation coefficient value (0.71**).
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Table 11.- The correlation dependence for r=0.50 – 0.99 (**) and for r≥ 0.70** cases between
plant and soil parameters, “A” - value, and ANIs in brown forest soil

Parameters Percentage of correlation

dependence for r= 0.05-0.99(** and

*)

Percentage of correlation

dependence for

r≥≥ 0.70**

“A” - value

Plant and soil parameters in pots and field 60.0 56.0

Plant and soil parameters in pots 46.7 40.0
Plant and soil parameters in field 80.0 80.0

ANI

Plant and soil parameters in pots and field 20.0 8.0
Plant and soil parameters in pots 26.7 6.7
Plant and soil parameters in field 10.0 10.0

Within these investigation we also tried to use the ANI value (Table 8) as a measure that
might be used for evaluation of soil nitrogen availability.
Less testing variants has significant correlation dependence regarding “A” - value (Table 9). It
was only found between the ANI and plant a soil parameters. Thus, no significant correlation
dependence was found between plant parameters from  pot experiment (yield) and relative
yield parameters, and between difference in yield and the ANI. The correlation for nitrogen
content in plants (NPK) was r = 0.50* and for PK variant was r= -0.51*. The total nitrogen
uptake was tested (r= 0.53*), and soil nitrogen uptake shown no significant correlation. It was
with high statistic significance level only in case of fertilizer nitrogen uptake (r= 0.88**),
Between field plant and soil parameters a significant correlation was established only between
nitrogen content in wheat straw (r= 0.89**) and ANI, while the all other tested parameters
were with no significant correlation.
Relating to the presented results (Table 11), with the accepted criteria, one may conclude that
the ANI is not reliable factor for evaluation availability of soil nitrogen in brown forest soil.
Upon the presented results (Table 11) and the accepted criteria one may conclude:
a) The “A” - value is a reliable method for determining nitrogen availability in brown
forest soil,
b) plant and soil parameters in field may be considered reliable in the evaluation of the

applied method.

Conclusions

1. The “A” - value method is reliable method for evaluation soil nitrogen availability in
brown forest soil.
2. The used plant and soil parameters are reliable for evaluating this method applied.
3. ANS is not a reliable factor for estimation availability of soil nitrogen in brown forest
soil.
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Tab . 2 -  Adsorptive soil complex and the content of
mobile aluminium in brown forest soil

Experime

nts

variants

H

(m.ekv/10

0g)

S

(m.ekv/10

0g)

T

(m.ekv/10

0g)

V

(%)

Mobilne

aluminiu

m

(mg/100g)

Control 3.6 18.3 21.9 83.4 0.2
N1P2K2 5.4 16.7 22.1 75.7 0.5
N2P2K2 5.1 17.5 22.6 77.3 0.9
N3P2K2 5.6 17.5 23.0 75.8 1.0
N4P2K2 5.1 16.3 21.5 76.0 2.2

Tab . 3 – Content of available Ca and Mg in brown forest soil

Experiments

variants

Ca

(mg/100g)

Mg

(mg/100g)

Ca : Mg

(m.ekv/10

0g)

K : Mg

(m.ekv/100

g)

Control 320 60.0 3.2 0.08
N1P2K2 340 60.0 3.3 0.11
N2P2K2 310 55.0 3.4 0.12
N3P2K2 327 60.0 3.3 0.11
N4P2K2 345 57.5 3.7 0.11

Tab . 4. – The content of available microelements in brown forest soil

Experimen

ts variants

Fe

(ppm)

Mn

(pp

m)

Zn

(pp

m)

Cu

(pp

m)

B

(pp

m)

Control 20.9 107 1.1 8.5 0.32
N1P2K2 21.1 92 0.6 7.9 0.34
N2P2K2 22.4 93 0.6 7.9 0.32
N3P2K2 24.7 99 0.6 7.9 0.32
N4P2K2 25.1 104 0.5 7.2 0.28
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Abstract

The effects of nitrogen and sulfur in the  form of ammonium nitrate, ammonium sulfate,
sodium sulfate, potassium sulfate and magnesium sulfate and their interactive effects on
growth and quality of two cultivars of radish (Raphanus sativus L., var. radicula) were
investigated. Both cultivars responded similarly to the same treatment but var. Lidka  more
sensitively than var. Duo. Single nitrogen application stimulated mainly shoot growth.
Simultaneous N and S treatment had a clear interactive effect on plant growth, especially
growth of bulbs. Nitrogen supply increased total content of N in plant tissues and undesirable
enhanced concentration of nitrates in bulbs. Sulfur supply significantly enhanced
concentration of S in leaves as well as in bulbs and  stimulated  N utilization by plants. N/S
ratio was in all cases higher in shoots than in bulbs and  significantly decreased on the
variants where S was applied. Simultaneous application of both nutrients enhanced content of
S-amino acids, cysteine and methionine in bulbs. The level of  about 20 mg  water-soluble
S kg-1  soil was not sufficient for stimulation of intensive growth of radish bulbs.

Key words: nitrogen, sulfur, growth, nutrients content, nutrients utilization, N/S ratio, radish,
leaves, bulbs.

Introduction

Sulfur (S) is an essential element for plants as well for animals since it is a constituent of S
amino acids cysteine and methionine, which occur in different rates in proteins. It has a very
important role in plant metabolism also as a constituent of coenzymes and vitamins. Through
the bisulfide bonds it contributes to the preservation of protein configuration  (Marschner,
1995).

During the last decade an increased frequency of sulfur (S) deficiency in western European
agriculture has been observed mainly as a consequence of reduction in sulfur dioxide
emissions (Schnug and Haneklaus, 1994,  Scherer, 2001).  From 1990 a sharp decline in
sulfur inputs to soils from fertilizers to 30 % and from air emissions to about 15 % has
occurred in the Czech Republic (Zelený and Zelená, 2002) and very positive balance of sulfur
in crop production changed to negative in about 6 years ago (Zelený and Zelená, 1997).
Nitrogen (N) applied in high rates to ensure crops yields is  often uneconomical and can have
even a negative influence even to the environment. We investigated the effects of different
nitrogen and sulfur sources and their interactive effects on growth of radish. In this
contribution we present some results from our experiments conducted in regulated conditions.
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Materials and methods

Pot experiments were conducted in constant conditions of light and temperature in growth
chamber. Radish (Raphanus sativus L., var. radicula), cultivars Lidka and Duo were grown
on a soil from sugar beet growing region well supplied with macro and micronutrients. The
soil was  pH (CaCl2) = 7,1; C ( LECO) = 0,98%; N ( LECO) = 0,138%; S (LECO) = 98,5 mg S kg-1

with water-soluble content  21 mg S kg-1.  Nitrogen and sulfur suply were  0,1g and 0,2 g kg-1

in the form of ammonium nitrate (N), ammonium sulfate (NS),  sodium sulfate (S), potassium
sulfate (KS)  and magnesium sulfate (MgS) in different combinations. Fertilizers  were mixed
into the soil before sowing and 200 g of dry soil was filled per pot. Each experiment was at
least 2 times and each variant  4 times repeated.

Harvested plants of radish (n = 8 per variant) were washed by tap and distilled water and
separated to leaves and bulbs, without roots. Total contents C, N and S in soil and plant
material were determined by CNS 2000 analyser LECO. Concentration of S in plant material
and water soluble S content in soil (extract 1:5) after sieving (2 mm) were measured by ICP
spectrophotometr TraceScan. S - amino acids in plant tissues were determined using HPLC.

Results and discussion

1. Influence of nitrogen  and sulfur on growth of radish

Radish differently response to nitrogen and sulphur supply. Both variety of the crop
responded similarly to the same treatments, but cv.  Lidka much more expressively then cv.
Duo, which on variant where both nutrients were simultaneously applied produced increase in
bulb yield up to 60 %. Potassium in the form of potassium sulfate (KS) and magnesium in the
form of magnesium sulfate had not an additional effect on growth of plants. Single N
application stimulated mainly shoot growth (Fig. 1).

Fig. 1  Effect of nitrogen and sulfur supply on growth of leaves and N concentration in leaves.

Sulfur, on the contrary to nitrogen, had higher impact on bulbs growth. Simultaneous
application of both nutrients supplied in the form of ammonium nitrate (N) and sodium sulfate

���

���

���

���

���

& 1 �1 6 �6 1�6 1��6
�1�6

�1��6
16 16�6

.6 0J6

)U
HV

K�P
DWW

HU�
��J

���S
ODQ

W�

���

���

���

���

���

���

���

�1
�FR

QWH
QW�

���
�

)�0� 1����
/L
/HDYHV



86

(S) had a clear interactive effect on intensity of growth of plants, especially that of  bulbs
(Fig. 2).

Fig. 2   Effect of nitrogen and sulfur supply on growth of bulbs and N content in bulbs.

2.  Influence of nitrogen and sulfur on content of nutrients  in radish

Nitrogen concentration in shoots correlated to the doses of N  and  significantly decreased
with S application. Utilization of nitrogen increased with supply of sulfur (Fig 3).

.
Fig. 3  Effect of nitrogen and sulfur application on content and N and its uptake by leaves of

radish.

Figure 4  shows that total content of N compounds, including undesirable content of nitrates,
in bulbs of radish increased in dependence to nitrogen supply. Sulfur  stimulated uptake of
nitrogen and its better utilization by plants. Sulfur and nitrogen simultaneously applied
enhanced also content of S-amino acids, cysteine and methionine in bulbs.
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.
Fig. 4  Effect of nitrogen and sulfur application on content of N and  its uptake  by  bulbs of

radish.

Sulfur supply very significantly enhanced concentration of S in plant tissues of radish. N/S
ratio in shoots and bulbs correlated to the doses of both nutrients and significantly decreased
with S application. It was in all cases higher in shoots than in bulbs and  decreased in radish
grown on the variants where sulfur was applied (Fig.5).

.
Fig. 5  Effect of nitrogen and sulfur application on S content in leaves and bulbs of radish.
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Summary

Physiology of growth and use of nitrogen for yield formation of spring barley, cv. Amulet,
Krona and historical cv. Nürnberg, on soil moisture level 60-70% maximal water capacity
(MWC) and soil moisture level 30-35% MWC has been studied in micro-plot experiment in
2000 – 2001 years. The soil drought and water stress of plants has been induced in period
25.DC - 61.DC of ontogeny of spring barley. Ammonium nitrate with 12% atomic enrichment
of stable isotope 15N in each from nitrogen form was used as nitrogen fertilizer. In selected
phases of ontogeny (21.DC, 31.DC, 61.DC, 75.DC and 91.DC) were taken samples of above-
ground parts of plants for determination of dry matter formation and nitrogen contents. The
dry matter formation and nitrogen accumulation in leaves culminated generally in phase
61.DC of ontogeny of this varieties of spring barley. The generative compartment of plants
(spikes) reached of intensive dry matter formation and nitrogen accumulation in second part
of ontogeny. The modern varieties of spring barley showed higher dynamics of this process
than the historic variety Nürnberg. The water stress reduced significantly quantum of
accumulated  nitrogen  in  plants  and restricted growth of leaves and assimilation after escape
of  drought. It caused depression of formation of assimilates needful for filling of grains in
spikes in maturing phase. Spring barley varieties accepted and utilized nitrogen from fertilizer
(15N) generally in first half of vegetative period. and accumulation of this nitrogen culminated
generally in phase 61.DC. The rake-off nitrogen from fertilizer on total nitrogen was higher in
plants limited by water stress than in plants on favourable moisture conditions statistically
significantly, generally in generative stage of ontogeny of this varieties of spring barley.
Key words: spring barley (Hordeum vulgare L., conv. Distichon), various water conditions,
dry matter formation, nitrogen  utilization, 15N

Introduction

The drought is most frequent environmental stress factor that limit growth-production process
�%UHVWLþ� ������7KH� GHSUHVVLRQ� RI� \LHOG� GHSHQGV� RQ� LQWHQVLW\� DQG� WLPH� SHULRG� LQFLGHQFH� RI
drought, on specification of plant species and cultivar.The searching for physiological criteria
of genotypes sensitivity to drought and introduction of positive marks of water stress
tolerance and resistance in new cultivars are very important (Gorny 2001). The aim of this
experiment was physiological determination of influence of various soil moisture on nitrogen
utilization, dry matter formation and yield formation by plants of modern and historic spring
barley varieties.
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Materials and methods

Physiological response of spring barley (Hordeum vulgare L., conv. Distichon), cv. Amulet,
Krona and historical cv. Nürnberg from 1832 year, on various soil moisture has been studied
on medium heavy Fluvisol in micro-plot experiment in years  2000 – 2001.  Fluvisol on
fluvial deposits had a favourable moisture conditions, medium humus content and neutral
reaction. Micro-plots had an area 0.029 m2 each, contained 9 000 g of soil with moisture level
60-70% MWC (maximal water capacity) and were composed of cylindrical pots without
bottom of 19 cm in diameter and embedded 30 cm into soil. In each micro-plot was grown 21
plants of spring barley. Ammonium nitrate with 12% atomic enrichment of stable isotope 15N
in each from nitrogen form was used as nitrogen fertilizer. It was applied in rate 170 mg N per
micro-plot, or 60 kg.ha-1 respectively, in the form of solution as watering after emergence of
spring barley plants. The soil drought (soil moisture level 30-35% MWC) and water stress of
plants has been induced by cassation of watering on half micro-plots in period 25.DC - 61.DC
of ontogeny of spring barley. In selected phases of ontogeny (21.DC, 31.DC, 61.DC, 75.DC
and 91.DC) were taken samples of above-ground parts of plants (9 plants from each of
variants) for determination of dry matter formation and nitrogen contents. The total nitrogen
content of plant parts was determined as described by Kjeldahl and isotope composition was
measured by an emission spectrometer NOI-6. The trial was evaluated statistically by the
6WDWJUDSKLFV�VRIWZDUH�XVLQJ�PXOWLSOH�DQDO\VLV�RI�YDULDQFH�DW�.� ������
Results and conclusions

The dry matter formation and nitrogen accumulation in leaves culminated generally in phase
61.DC of ontogeny of this varieties of spring barley. The generative compartment of plants
(spikes) reached of intensive dry matter formation and nitrogen accumulation in second part
of ontogeny (Fig. 1-6 and Table 1). The modern varieties of spring barley showed higher

0.00

0.50

1.00

1.50

2.00

2.50

21.DC 31.DC 61.DC 75.DC 91.DC 21.DC 31.DC 61.DC 75.DC 91.DC

Soil moisture level 60-70% MWC Soil moisture level 30-35% MWC

in period 25.DC-61.DC 

D
ry

 m
a

tt
e

r 
(g

 p
la

n
t

-1
)

leaf  blades stems spikes

     

0.00

0.50

1.00

1.50

2.00

2.50

21.DC 31.DC 61.DC 75.DC 91.DC 21.DC 31.DC 61.DC 75.DC 91.DC

Soil moisture level 60-70% MWC Soil moisture level 30-35% MWC

in period 25.DC-61.DC 

D
ry

 m
a

tt
e

r 
(g

 p
la

n
t

-1
)

leaf  blades stems spikes

Fig. 1: The dry matter formation in
selected phases of ontogeny of
spring barley, cv. Amulet, in the
year 2000.

Fig. 2: The dry matter formation in
selected phases of ontogeny of
spring barley, cv. Amulet, in the
year 2001.
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Fig. 3: The dry matter formation in
selected phases of ontogeny of
spring barley, cv. Krona, in the
year 2000.

Fig. 4: The dry matter formation in
selected phases of ontogeny of
spring barley, cv. Krona, in the
year 2001.
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Fig. 5: The dry matter formation in
selected phases of ontogeny of
spring barley, cv. Nürnberg, in the
year 2000.

Fig. 6: The dry matter formation in
selected phases of ontogeny of
spring barley, cv. Nürnberg, in the
year 2001.

dynamics of this process than the historic variety Nürnberg. These results are in agreement
with the observation made by Mattsson et al. (1992) and Petr et al. (2002). The water stress
reduced significantly quantum of accumulated  nitrogen  in  plants  (on an average  from  35,8
mg  N  in  plant on  favourable  moisture conditions to 22,2 mg N in plant on water stress) and
restricted growth of leaves and assimilation after escape of  drought. It caused depression of
formation of assimilates needful for filling of grains in spikes in maturing phase. Intense
water stress restricted  translocation and distribution of assimilates from sources (mature
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leaves) to sinks (spikes and grains). Before now  Švihra and Talapka (1995) made similar
conclusions. Spring barley varieties accepted and utilized nitrogen from fertilizer (15N)
generally in first half of vegetative period, when the contents of this nitrogen in total nitrogen
in plants were highest. Nitrogen from fertilizer has been used for formation of leaves and
accumulation of this nitrogen culminated generally in phase 61.DC (Table 1). The rake-off
nitrogen from fertilizer on total nitrogen was higher in plants limited by water stress (at
average 20,8%) than in plants on favourable moisture conditions (at average 16,8%)
statistically significantly.  The much higher rake-off nitrogen from fertilizer on total nitrogen
has been detected in plants limited by water stress than in plants on favourable moisture
conditions generally in generative stage of ontogeny of this varieties of spring barley.
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Sum total of nitrogen (in mg N.part of plant-1) Nitrogen from fertilizer (in % of sum total nitrogen in plant part)

Soil moisture level 60-70% MWC
Soil moisture level 30-35% MWC

in period 25.DC-61.DC
Soil moisture level 60-70% MWC

Soil moisture level 30-35% MWC in
period 25.DC-61.DC

Spring
barley
variety

Experiment
year

Part
of

plant

21.DC 31.DC 61.DC 75.DC 91.DC 21.DC 31.DC 61.DC 75.DC 91.DC 21.DC 31.DC 61.DC 75.DC 91.DC 21.DC 31.DC 61.DC 75.DC 91.DC

leaf
blades

8.35 19.65 15.34 7.40 5.42 3.84 5.75 4.21 2.92 2.90 9.2 29.8 16.6 6.2 7.7 7.2 12.1 16.7 21.9 12.7

stems 2.68 9.59 10.11 12.11 7.44 1.69 3.09 3.89 3.95 5.19 13.1 14.1 14.7 4.7 5.1 7.0 16.3 20.7 21.5 10.1

20
00

spikes   4.00 18.21 30.51   2.16 8.73 21.12   15.3 4.4 6.7   22.8 23.6 17.5

leaf
blades

6.87 8.96 8.46 10.18 7.30 6.44 7.87 8.77 7.82 2.28 57.0 45.3 30.4 21.7 10.2 57.0 41.5 26.3 26.5 18.1

stems  3.63 9.17 14.16 15.68  3.74 8.29 10.29 6.00  36.2 19.4 15.5 6.8  33.4 20.3 18.4 11.1

A
m

ul
et

20
01

spikes   4.81 11.49 59.32   3.91 8.86 28.78   22.6 16.3 7.5   18.4 18.7 15.2

leaf
blades

6.72 14.17 15.39 8.76 5.28 5.01 3.52 3.80 4.05 3.02 14.6 16.9 15.6 10.4 7.7 9.1 6.7 15.7 18.0 10.5

stems 2.74 6.55 12.14 9.87 11.63 1.93 2.19 3.74 5.93 4.75 19.5 17.6 13.1 8.6 5.8 8.3 5.6 17.3 19.5 8.7

20
00

spikes   2.65 13.92 32.46   3.52 11.28 19.95   13.9 9.1 7.0   17.1 22.0 14.8

leaf
blades

5.52 9.33 12.73 11.69 3.34 6.62 8.51 9.67 8.44 2.47 53.8 42.0 26.9 20.6 11.0 54.0 42.2 31.1 22.2 8.9

stems  3.62 10.16 15.99 7.46  5.43 8.09 12.54 6.78  32.5 19.0 14.3 7.9  34.0 25.2 15.5 10.1

K
ro

na

20
01

spikes   4.12 7.11 40.57   5.24 8.69 28.97   19.2 16.8 8.7   26.6 17.0 7.9

leaf
blades

6.79 14.53 12.88 6.86 3.96 3.87 5.87 4.49 4.18 3.66 13.7 18.0 17.0 12.1 10.1 7.7 11.4 18.0 28.8 18.6

stems 2.42 7.46 11.57 7.46 4.11 1.41 2.70 3.59 6.06 7.84 20.9 20.1 15.8 9.9 7.3 6.6 17.0 17.3 28.2 16.4

20
00

spikes   2.64 13.47 34.97   0.80 5.61 20.51   15.8 10.3 8.5   16.3 27.9 20.2

leaf
blades

5.36 6.97 9.32 9.55 5.52 6.16 6.47 6.80 6.43 2.99 55.2 43.1 21.8 18.3 9.6 54.7 44.2 31.9 27.5 21.8

stems  3.75 10.18 13.87 9.88  3.30 8.24 10.73 4.02  33.7 16.3 13.1 7.0  40.1 27.7 20.4 14.5

N
ür

nb
er

g

20
01

spikes   4.87 7.63 29.06   3.80 7.26 14.93   15.9 12.7 9.1   27.7 24.3 18.1

Table 1: Nitrogen accumulation in varieties Nürnberg, Krona and Amulet in selected phases of ontogeny of spring barley.
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THE UPTAKE OF HEAVY METALS  (Pb, Cu, Ni, Cr) BY GRAPEVINE

/,ý,1$�9���69(7/$1$��$17,û�0/$'(129,û��0,5-$1$�.5(629,û�
-$.29/-(9,û��0�

University of Belgrade, Faculty of Agriculture, Department of Agrochemistry and Plant

Physiology, SCG, E-mail: vladolic@EUnet.yu

Summary

In the glasshouse experiment the uptake of heavy metals by grapevine was investigated. The

grafts with estimated initial content of investigated elements (Pb, Cu, Ni, Cr) were planted in

3dm
3
 pots supplied with soil and inert substrate (perlite : send 1:1). Fertilizers were added to the

soil in the following doses: 100 kgN/ha, 50 kg P/ha and 100 kg K/ha, while the inert substrate

was supplied with Ried-York nutrient solution. Brown-forest soil, containing low heavy metal

concentrations (available Pb  - 4,6 µg/g of and total Pb - 28 µg/g;  1.10 µg/g of available Ni and

58 µg/g of total Ni; available Cr - 0.3 µg/g and total Cr - 47 µg/g; 2.2 µg/g of available Cu and

22.6 µg/g of total Cu) were used for the experiment. Available fractions of the investigated

elements were estimated by AAS, after DTPA extraction. The following doses of heavy metals:

100  µg/g of Pb, 100  µg/g of Cu, 100  µg/g of Ni and 20 µg/g of Cr (in the forms of: PbOAc x

3H2O, CuSO4, NiSO4 x 7H2O and K2Cr2O4 respectively) were added in pots with soil before

planting. The same salts were added into the nutrient solution, but in the lower concentrations: 20 

µg/g of Pb, 20 µg/g of Cu, 20 µg/g of Ni and 5 µg/g of Cr. Each variant has five repetitions, while

the duration of the experiment was from March to September 2002. The analyses of plants were

performed at the end of the experiment, after separation of organs: root, stem, shoots, and leaves.

The results were submitted to the statistical analyzes, and the two following factors were

discussed: the concentration of heavy metals in vine organs and their uptake by biomass.

1. Introduction

In the last period, great attention was paid to the contamination of a soil and agricultural products

with heavy metals. However, these investigations were mostly focused to the sources of

contamination, their localization in industrial and agricultural arias, or to the heavy metals uptake

by different plants species. According to literature, the most of the results obtained deal with the

accumulation of heavy metals in cereals and vegetable plants (Carry et al., 1977; Haq et al., 1980;

0LOXWLQRYLü�HW�DO���������$QWLü�0ODGHQRYLü���������ZKLOH�WKH�SHUHQQLDO�SODQWV�ZHUH�OHVV�GLVFXVVHG
(Lobersli and Steinnes, 1988). This comes as a consequence of a complex accumulation and

distribution of adsorbed nutrients between perennial organs (Liþina et al., 1995). The problem has

also been made more complex by different mobility of the heavy metals in plant tissues. This

brings the idea that perennial plants have an ability to avoid the storage of heavy metals in, or,

that these plants are less sensitive to the accumulation of heavy metals.

Actually, there are very little evidence about cycling, distribution and accumulation of

heavy metals between organs of perennial plants after their uptake. Something that was fully
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confirmed is that heavy metals in high concentrations reacts as a toxic substances in tissues of

these plants, causing a reducing of growth and distribution in ion transport system (Meharg, 1993;

Miklos and Erdei, 1995). Some of the investigations confirmed that even a very small

concentration of heavy metal (1.0 µg/g of Cd) in nutrient solution inhibited the plant growth and

dry matter production (Rupp et al., 1985). Besides the point that heavy metals reacts as a toxic

substances to the plant growth, presence of metals in fruit and berries put in jeopardize their

consumption value. So, a special attention should be paid to their distribution in plant and

accumulation in edible plant’s parts. Some encouraging results were obtained with examination

of toxic effect of Cr, Cu, Ni and Pb on raspberry plant, where the added heavy metals have mostly

EHHQ�DFFXPXODWHG�LQ�URRW��$QWLü�0ODGHQRYLü�HW�DO����������%XW��LQ�WKH�FDVH�RI�QLFNHO��WKH�GDQJHU�RI
its presence in fruits still exists. By the simulation of soil contamination with Cr, Cd, Pb and Cu,

we tried to investigate the increase of their concentration and their uptake by grapevine plants.

2. Material and methods

The experiment was conducted in the glasshouse, where the grafts of Cabernet sauvignon

grapevine variety were planted in 3dm
3
 pots supplied with soil and inert substrate (perlite : send

1:1). Fertilizers were added to the soil in the dose of 100 kgN/ha, 50 kg P/ha and 100 kg K/ha,

while the inert substrate were supplied with Ried-York nutrient solution. Before planting, the

initial content of investigated elements in grafts were estimated (Pb=54µg/g, Cu=17.2µg/g, Ni=54

µg/g, Cr=36µg/g). The used brown-forest soil was examined by standard soil analysis, and after

obtaining common agrochemical data, the heavy metal content was estimated by AAS method.

Total heavy metal content were measured after the digestion of soil samples in HNO3, with the

addition of 30%H2O2, while their available content were estimated by using the DTPA extraction

method. Brown-forest soil used in the experiment contained low heavy metal concentrations:

available Pb  - 4,6 µg/g of and total Pb - 28 µg/g;  1.10 µg/g of available Ni and 58 µg/g of total

Ni; available Cr - 0.3 µg/g and total Cr - 47 µg/g; 2. µg/g of available Cu and 22.6 µg/g of total

Cu. The following doses of heavy metals: 100  µg/g of Pb, 100  µg/g of Cu, 100  µg/g of Ni and

20 µg/g of Cr (in the forms of: PbOAc x 3H2O, CuSO4, NiSO4 x 7H2O and K2Cr2O4,

respectively) were added in pots with soil before planting. The same salts were added into the

nutrient solution, but in the lower concentrations: 20 µg/g of Pb, 20 µg/g of Cu, 20 µg/g of Ni and

5 µg/g of Cr. Each variant has had five repetitions, with the duration of experiment from March to

September. At the end of the experiment, after the separation of organs (root, stem, shoots,

leaves), dried (80
o
C) and milled plant material were subjected to the digestion in mixture of

acids: HNO3 and HClO4, with the addition of H2O2 and dissolution in 5M HCl, after which the

total content of heavy metals had been determined by AAS method. The results were submitted to

the statistical analyzes, and the two following factor were discussed: the concentration of heavy

metals in organs and the their uptake by biomass.

3. Results and discussion

The agrochemical properties of brown forest soil used for the experiment are presented in
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Table 1.

Table 1. - Agrochemical properties of brown forest soil used for pot experiment

pH PH Humus NH4
+
-N NO3

-
-N (NH4

+
 +NO3

-
)-N P2O5 K2O

 H2O KCl % µg/g µg/g µg/g mg/100g mg/100g

5,41 4,37 1,66 6,1 0,50 6,60 5,6 16,2

Ca Mg Cu Fe Mn B Zn

mg/100g mg/100g µg/g µg/g µg/g µg/g µg/g

578 42 2,2 26,1 68,5 0,3 1,0

Like the other investigated brown forest soils in Serbia, the one used as a substrate for the pot

experiment, would provide grape nutrition without any deficiency symptoms. However, its acid

reaction (pHKCl= 4,37), small amount of organic matter (1,66%) and poor supply of available

phosphorus (5,6 mg/100g), followed by medium level of available potassium (16,2mg/100g),

require fertilizer application in order to obtain a regular growth of vine. Therefore, the fertilizers

were added to the soil, as it was presented in pervious section, prior to the grafts had been planted

in pots.

In Table 2, the total and available content of investigated heavy metals were presented.

Sometimes, an acid reaction can affect a higher mobility of metals from geochemical substrates

(Lobersli and Steinnes, 1988), but in the investigated soil, available heavy metals content can be

concerned as low. Therefore, any kind of their toxic effects to plants could not be expected at the

present conditions.

Table 2 Total and available content of heavy metals (Cr, Ni, Pb, Cu) in brown forest soil

used for pot experiment

Pb Ni Cr Cu

µg/g µg/g µg/g µg/g

Total content 28.0 58.1 47.0 22.6

Available content   4.6   1.1   0.3   2.2

The simulation of soil contamination by application of heavy metals salts to the root medium,

completely changed metal’s accumulation in vine organs. This experiment, also, demonstrates the

adsorption capacity of the soil for potentially toxic heavy metals (Pb, Ni, Cr, Cu) in the

conditions of their high concentrations in a root area. The lead contamination of soil and nutrient

solution has caused the accumulation of this element in the root. Actually, root is the only organ

where an evident and statistically significant increase of Pb content has been detected. The lead

concentration in the root of treated plants was ten times higher, comparing with control plants

grown in soil (63 µg/g), while Pb content in the root of vines from inert substrate has been even

higher (85.6 µg/g). The difference between the adsorbed amount of lead by plants grown in soil
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Table 3. Lead content  (Pb) in vine organs (µg/g d.m) grown in soil and inert substrate

Soil Root Stem Shoots Leaves

∅    8.6 3.0 2.0 13.6

+Ni    9.0 3.6 3.6 13.0

+Pb   63.0 3.0 4.0 11.6

+Cr     8.6 3.0 2.0 12.3

+Cu     8.0 2.0 3.0 12.3

Inert substrate Root Stem Shoots Leaves

∅    8.0 4.0  2.3    12.6

+Ni    9.0  3.6 2.0    10.3

+Pb   85.6 4.0 1.6    11.6

+Cr     9.3  3.6 2.0    13.0

+Cu   10.0   2.3 3.0    11.3

and inert substrate could be explained by complex reaction of this element with soil colloids,

which make up soil capacity for Pb adsorption (Kabata-Pendias and Pendias, 1990). But, although

Pb concentration in the root tissue has been very high, its replacement from root to other organs

was not observed. Therefore, its accumulation in berries or clusters and, also, its toxic effect on

photosynthesis process could not be expected. The results obtained in this research are in the

agreement with our previous investigation, where similar accumulation and distribution of Pb

EHWZHHQ�SHUHQQLDO�SODQW¶V�RUJDQV�ZHUH�REVHUYHG��$QWLü�0ODGHQRYLü�HW�DO���������
Table 4 Chromium content  (Cr) in vine organs (µg/g d.m) grown in soil and inert

substrate

Soil Root Stem Shoots Leaves

∅    15.6   2.0 2.0    3.3

+Ni    12.6   3.3 2.0   1.0

+Pb    15.6   4.0 2.0    1.3

+Cr 218.0 29.0 2.0    1.6

+Cu      5.0   3.0 2.0    1.6

Inert substrate Root Stem Shoots Leaves

∅     2.6    2.0    1.3    1.6

+Ni     5.6     4.0    1.3    1.6

+Pb     8.0     5.6    1.3     2.0

+Cr 446.0 12.0    2.0     9.6

+Cu    10.3     2.3    2.0     2.3

Symptoms of chromium toxicity in plants appear at its concentrations above 5    µg/g (Kabata-

Pendias and Pendias, 1990). In this research, toxic effects of Cr on root growth were evident in

both experiments (soil and inert substrate). The root system in inert substrate where Cr was added

had been completely damaged, having 446 µg Cr/g   at the end of experiment. Similar toxic effect

was observed in roots of vines grown in soil, but Cr concentrations in root tissue was much lower

(218 µg/g), since a soil represents a system with high capacity for reduction of Cr
+6

 (the form

added in this research) to Cr
+3 

(James and Bartlett, 1983; Fendorf and Li, 1996), which is rather
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immobile in a soil and much less toxic. But, dispute of Cr immobility from root system (Wallace

and Romney, 1977), the significant increase of Cr concentration has also been found in the vine

stem, which is the next storage organ for grapevine nutrients. Nevertheless, according to the

results obtained, although the root system has been subjected to extreme toxic destruction, it stile

prevented higher transport and accumulation of Cr in upper plant parts (leaves, shoots).

Nickel is being one of the most potentially toxic pollutants in a soil. After contamination of soil

and inert substrate with high amounts of soluble Ni, its great accumulation in root system of

investigated plants has been detected (Table 5). This effect is more expressed on the vines grown

on inert substrate then in the plants grown on soil, since one portion of added Ni is being

absorbed by soil colloids.

Table 5 Nickel content  (Ni) in vine organs (µg/g d.m) grown in soil and inert substrate

Soil Root Stem Shoots Leaves

∅     8.6 3.3    2.3  5.6

+Ni   73.0 6.0    5.0   8.0

+Pb     7.3 2.6    2.3   4.6

+Cr    13.6 5.0    2.6   4.6

+Cu     9.6 2.0    2.3   5.0

Inert substrate Root Stem Shoots Leaves

∅    7.3     5.0 3.0  6.0

+Ni  94.0   13.3 7.0 12.0

+Pb 14.0   11.0  2.3   7.3

+Cr 13.6     2.6  2.0   6.0

+Cu  17.3     2.6  4.6   8.0

But, differently from the other investigated heavy metals, Ni is highly mobile element in a plant

(Cataldo et al., 1978). The results obtained gave an evidence of Ni mobility in grapevine organs,

although its concentration in the upper plant’s organs was much lower than in the root. According

to our previous investigation, after root enrichment by nickel, the danger of its presence in upper

organs exists (Antiü�0ODGHQRYLü�HW�DO����������+RZHYHU��RQH�VKRXOG�NHHS�LQ�PLQG�WKDW�UDVSEHUU\
plants, from the previous experiment, forms new shoot every year directly from root. Grape vine,

however, having a stem, distribute adsorbed elements to the other organs after saturation of this

RUJDQ��DV�KDV�EHHQ�VKRZQ�ZKHQ�HVVHQWLDO�HOHPHQWV�KDG�EHHQ�LQ�FRQVLGHUDWLRQ��/LþLQD�HW�DO���������
Future research, that has to include berries, should revile: 1) whether heavy metals, especially Ni,

show the same pattern in distribution in grapevine and 2) are there any danger of Ni accumulation

in berries in conditions of its high concentration in root and stem.

Because of copper common application as active component of some plant protection substances

in vineyards, the question of Cu toxicity is of special interest. There are also warnings that foliar

application can induce extremely high concentration of Cu in green parts of vines, in contrast to

LWV�UHDO�ORZ�OHYHO�LQ�WLVVXHV��/LþLQD�HW�DO����������6XFK�D�KLJK�FRQWHQW�RI�Cu doesn't belong to the

physiologicaly active substances of plant cells. Acctually, it derives from cuticula bounded

copper, which couldn't be washed, rinsed or  removed by any kind of known methods of

preparation of plant material for the analyses. But, although the pattern used for setting the

experiment in this research eliminates this side effect, significant toxicaton of vine roots by Cu
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was determined. This is specially evident for plants grown on inert substrate (157.3µg/g), where

copper content in root was doubled, comaparing with plants grown on soil (77.6µg/g). The results

obtained for Cu concentration in the other plant organs are in the agrement with the fact that an

increase of available Cu in a soil is followed by its high accumulation in plant's root, but not often

by an increase of its content in above ground parts (Kabata-Pendias and Pendias, 1990). This

comes as a result of low copper mobility in plant tissues, even when the root system indicates a

copper toxity symptoms (Baker and Senft, 1995).

Table 6 Copper content  (Cu) in vine organs (µg/g d.m) grown in soil and inert substrate

Soil Root Stem Shoots Leaves

∅ 22.3 15.6 5.0 10.6

+Ni 14.8 31.6 3.3   6.6

+Pb 17.6 31.3 5.0    6.0

+Cr 15.3 13.3 4.0    5.6

+Cu 77.6 28.5 8.0    7.6

Inert substrate Root Stem Shoots Leaves

∅    22.3    28.0    5.3    4.6

+Ni    20.5    53.3    5.6     8.6

+Pb    35.3    35.6    4.6     8.6

+Cr    27.0    28.6    6.0    11.0

+Cu 157.3    29.6    8.6      9.6

The results obtained from this experiment, pointed out a great utilization of added heavy metals

by plants, specially their accumulation in root. This effect was more pronounced in a case of plant

grown on inert substrate. However, the real uptake and distribution of heavy metals between plant

organs could be seen if their estimated concentrations are being multiplied with the of dry mass

weight of each organ (Graph 1). Also, all data about the uptake of heavy metals are corrected by

lowering the total uptake of each treated element for the amount in control plants, in order to

obtaine the real uptake of heavy metals.

According to the statistical data, there is very significant increase of heavy metals in root system

after they have been added to the soil and inert substrate, comparing with control plants. The

great increase of heavy metals in stem, as an organ with the biggest mass, which, therefore,

accumulates the highest amount of applied elements, is also statistically very significant. When

the uptake of heavy metals by stem is being under consideration, it could be concluded that there

is certain mobility of nickel and chromium between grapevine organs, while the high copper

presence in stem, both in control and treated plants, indicates the use of CuSO4 in graft's

production. So, the lack of this experiment that lasted only one year is that we can not see the

possible transfer of adsorbed heavy metals from root and stem to other organs in next vegetation,

or, their hazardous effects on plant growth.
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Graph. 1. - Uptake of heavy metals (Ni, Pb, Cr, Cu) by vine  organs (mg/kg d.m.)
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 4. Conclusion

The results obtained pointed out that high concentrations of heavy metals (Pb, Cu, Ni, Cr),

added to growth medium in available forms, induce their high accumulation in grapevine plants,

specially their accumulation in root. This effect is more pronounced in a case of plant grown on

inert substrate, then in plants grown on soil.

The increase of concentration of heavy metals (Pb, Cu, Ni, Cr) in roots, however, didn't

induce the concentrations increment in the other organs, except Ni.

 Total uptake by vine organs confirms heavy metals accumulation in root and stem and

indicates mobility of nickel and chromium between grapevine organs.
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Abstract

Protection and restoration of the environment components, changed by mining activity of

humans, is related firstly to the establishment of damages caused by this activity. The size,

kind and extent of disturbances depend on the technology for disclosing ore horizons. The

open mining causes especially great damages on the environment. This kind of mining is

economically profitable and widespread.

The soil is the ecosystem component subjected mostly to the impact of the open mining. On

one hand, it is destroyed when building the mine cup. On the other hand, it is polluted and

covered with the material of over-ore layer.

The paper deals with mining problems concerning the Grey and Brown Forest Soils disturbed

and polluted by mining activity in the region of the ELATZITE-MED Mining Complex,

which is located on the northern side of the ETROPOLSKI Balkan Mountain in Bulgaria.

We established that the open mining basically changes the relief and landscape of the

Complex region. It destroys the soil cover and pollutes the surrounding soil areas.

We recommended some concrete reclaiming measures to minimize the erosion processes and

to create a fertile layer for forest and grass vegetation on the side of spoils.

Introduction

The preservation and restoration of the components of the environment, which are changed

during the extraction of ores and minerals, is related mostly to listing the damages, done by

the mining processes. The amount and type of the disturbances is determined by the

technology used for revealing the ore horizons. Especially great are the damages done during

open extraction, which is economically beneficial and thus widely used?

The environment component, which is influenced the most during the open extraction, is the

soil. First of all they are disturbed during the setting up of the cup of the mine and second,

they are being polluted and disturbed during the extraction of the ore layers.

Materials and Methods

The soils of mining complex “Elazite-Med”, which is situated on the north slope of the

Etropolska Mountain on the territory of forestry enterprise, have been used as object of

research.

The relief of the region of mining complex is mid-mountain, with steep, but vast slopes, round

ridges and deep ravines. The territory of the complex is situated between altitudes of 900 and

1530 m. The complex is surrounded by forest.

The environment specifics in the region have determined the formation of the following soil

differences:
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� Gray forest soils, shallow, stony and middle-strong eroded;

� Brown forest soils, shallow, middle-strong eroded;

They are characterized with the following morphological and physic-chemical characteristics.

Gray forest soils, shallow, stony and middle-strong eroded

Their profile is stony and has low power. They have low-powered humus horizon – 15 to 20

cm. the power of the profile varies between 16 – 40 cm. The mechanical composition of the

soil shows that they are from sandy-clay to slightly clay.

The content of the organic matter of the soil is middle humus (the content of humus is from

3% to 4.6%) and humus (the content of humus is from 5.5% to 7.9%). The content of nitrogen

is low (from 0,090% to 0,142%), middle (0,192%) and good (from 0,203% to 0,410%).

According to the common phosphorus they are with low content (from 0,059% to 0,093%),

middle content (from 0,101% to 0,141%) and well supplied (0,183%). The soil reaction varies

between strongly acid and alkaline.

Brown forest soils, shallow, middle-strong eroded

They are formed under the influence of beech forests in the environment of mountain-forest

climate, characterized with high humidity and relatively low temperatures.

Theses soils have relatively low-powered humus horizon – 12 to 20 cm. The humus horizon

varies between clay and almost non-compact transitional “B” horizon. Soil forming rock can

be found beneath. The total power of the soil profile is 30 to 55 cm.

The mechanical composition of the soil varies between heavily sandy-clay to lightly sandy-

clay and sandy-clay. The dominating fractions are mid-sized sand, fine sand and grainy dust.

The content of organic matter determines the soil as middle humus and humus. The content of

the organic matter in the surface layer is from 3.8% to 7.7% Due to the non-carbonated rock,

no carbonates are present in the soil profile. The dominating parts of the researched soils have

very strong and strong reaction of the environment. Just a small part has middle and alkaline

reaction.

The content of nitrogen is middle (0,157%) and good (from 0,320% to 0,406%). According to

the common phosphorus they are with low content (0,067%), middle content (0,150%) and

well supplied (0,233%).

Results and Discussion

The open mining of is connected with a drastic change of the relief and landscape in the

region of the project site and leads to disturbance and destruction of the soil cover. The

formed outside overburdens, built of geological materials, change the positive and negative

forms and practically form a completely new landscape. The destruction of the vegetation

layer (forest and grass) creates conditions for the activation of erosion processes, which leads

to shortening the humus horizon or its complete destruction.  This would result in additional

lowering of the soil fertility.

The type of the relief in the region of the project site contributes to the developing of erosion

done by mankind. The presences of erosion processes, natural and as result of human activity

processes, which are additionally stimulated by the techno-genetic intervention, have led to

lower the soil fertility at certain places. The conducted cutting of vegetation, followed by

mining activities has contributed to increasing the destruction processes. The lumber jacked

areas, left without the natural protection of the vegetation, are subject to active development

of erosion processes. A significant part of the humus-accumulative horizon has been taken

away, and at certain places the whole soil profile has been removed.
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In addition, the open mining processes have destroyed some lands. The disturbances

are mainly in two categories:

� Destruction of the soil cover;

� Pollution of the local soils;

The process of pollution is a result from the dust, which is released during the

explosion works, loading, transportation and� ^_ihgbjZg_lh� of the out of balance ores.

Additional amounts of dust are separated form the surface and slopes of the built outside

spoils under the influence of wind erosion.

The spoils are positioned in natural catchments areas in the region of the project site, which

leads to the passing of large amounts of water through the built up mining mass. The sulfurous

minerals, contained in the deposit materials, are put under microbe oxidizing. As a result, free

acids, which lixiviate the heave metals, are formed. This leads to making the soil in the region

of mine “Elazite” acidic and polluting it with heavy metals.  The basic elements calcium,

magnesium, sodium, and potassium are subject to heavy taking out. A large contents of

copper is observed in all soils in the region of the mine and around it (3, 4, 5). The content of

copper varies between 95 mg/kg and 1413 mg/kg and is 2-3 times higher than the allowed

concentrations, which are stated in Regulation #3 about limitations on the maximum amount

of harmful substances contained in the soil and Regulation for supplement to Regulation #3 .

The content of lead, zinc, and cadmium is 1-2 times higher than the allowed amount. These

high contents are a result of the contents of ore in the region of mine “Elazite-Med”

Table 1: Areas, subject for reclamation on the territory of mining complex “Elazite-Med”

Spoil Surface

dka

Swaths

dka

Total

dka

Altitude 1510 49,0 18,0 67,0

Altitude 1478 35,0 98,0 133,0

Altitude 1445 88,0 93,0 181,0

Altitude 1400 78,0 97,0 175,0

Altitude 1355 40,0 51,0 91,0

Altitude 1310 37,0 96,0 133,0

Spoil 45,0 96,0 141,0

Spoil over stone sink 36,0 43,0 79,0

Altitude 1285 38,0 41,0 79,0

Spoil over garage 30 48,0 78,0

Total overburdens 476,0 681,0 1157,0

Cup of the mine 954

Total 476,0 681,0 2111,0

The main problem causing disturbances in the soil cover is the waters, which are with

highly acidic reaction of the environment, drained through the over-burdens.  This imposes

fast reaction so that these processes are stopped. This can be done through reclamation

activities, which should complete the following tasks:�^Z�k_�gZfZeb�fZdkbfZegh�dhglZdlZ
gZ�\Ze_`gbl_�\h^b�k�]_heh`dbl_�fZl_jbZeb��ba]jZ`^Zsb�gZkbibsZlZ�
� Decreasing of the erosion processes to a minimum;

� Creating a fertile layer for growing forest and grass vegetation on the surface and slopes of

the over-burdens;
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� Recreation of the landscape in the region of the ore extraction complex,

The areas subject to reclamation are shown in Table 1

The delay of the conducting of the reclamation activities would lead to increasing the

processes of erosion and destruction of the current soil cover.

The possible solutions for technical and biological reclamation are the following:

1. Technical Reclamation.

- Leveling the surface of the over-burdens and cleaning it up from large rock particles

and industrial waste materials;

- reconstructing the slopes so that the reclamation activities can be done;

- spreading geological materials with appropriate physic-chemical characteristics;

- creating a screening layer so that the draining of rain waters can be reduced;

2. Biological Reclamation.

- creating a layer for growing forest and grass vegetation;

- anti-erosion support of the slopes;

- planting vegetation in the area of the over-burdens;

- growing the planted vegetation;

Having in mind that on the territory adjacent to the mining complex there are no materials that

can be used for technical reclamation, a selective collection of the ore layers, which allow the

growing of vegetation should be done. The same could be spread right away on technically

prepared surfaces. The power of the layer should be determined on the basis of the

requirement for lowering the draining of surface waters, the needs of the grown vegetation and

the present amount of materials. In order to accomplish the task, a preliminary research of the

bio-productive qualities of the layers found above the ore and their accommodation to

biological reclamation.

The usage of appropriate polymers for screening of the over-burdens is quite possible. This

would optimize the land-heap activities.

The acidic reaction of the materials, comprising the over-burdens is one of the main problems,

which should be solved during the reclamation activities. This is related to the obligatory geo-

technical treatment with appropriate lime materials. The liming should be done according to a

specific technology and on the basis of preliminary research for the differentiated norm for

liming and the type of the accompanying agro-technological materials.

The creation of fertile layer for the growing of forest and plant vegetation is possible when the

sewage sludge from the Waste Water Treating Plants are used as food environment.

The sewage sludge is biomass, rich in macro and microelements and is in limited reserve,

which can be used for sustaining and improving the soil fertility and production of the planted

cultivations. Predominating is the fraction of the fine sand. They have high hygroscopic

humidity. A large microbial occupation of microorganisms is present in the sediments. They

have low aerobic breathing ability, large amount of microbial carbon, large potential nitrogen

fixing activity and immobilization of nitrogen. The relation C/N shows high heterogeneity of

the sampled sediments and acknowledges an active process of transformation and a beginning

stage of forming of humus.  The research (6, 7), conducted by the Institute of Soil Science

“Nikola Poushkarov”, shows that the sediments improve the physical characteristics of the

soil and can be successfully used for reclamation of disturbed lands, tailing-ponds, etc.

without danger of polluting the environment. The usage of sediments (6, 7, 8) will optimize

the nutrient regime of the vegetation and will lower at maximum amounts the application of

organic-mineral fertilizing

While choosing the vegetation types, we should have in mind that the material forming the

surface of the over-burdens is stony and has different relation of the small-dimension

fractions, which makes the biological reclamation of the over-burdens more difficult. The high
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content of pyrites, chalcopyrite, magnetite, etc. in the rock material is the reason for the

oxidizing-reduction processes. These processes lead to the lowering of Ph of the water

solution and limit the reclamation activity.

Based on the above mentioned, grass mixtures, which are characterized with the ability to

grow in bad soil conditions (acidic reaction and missing elements for the plants), should be

preferred while choosing the vegetation types. The grass mixture should be able to create fast

grass layer and maximal anti-erosion protection; they should also be easy for growing and

economically beneficial.

Conclusions

1. The open mining of copper ore in the region of mining complex “Elazite-Med” is

connected with a drastic change of the relief and landscape in the region of the project site and

leads to disturbance and destruction of the soil cover. The removing of the vegetation layer

(forest and grass) creates conditions for activating erosion processes, which leads to

shortening of the humus horizon or its complete destruction.

2. Immediate reclamation activities should be done, so that the soil cover can be restored and

the processes of erosion and destruction stopped.

3. During the conduction of reclamation activities, some of the geological layers that

allow vegetation to be grown, found above the ore, should be selectively removed. They can

be spread right away on technically prepared areas. It is possible to use appropriate polymer

for screening the over-burdens, which will optimize the land-works

4. It is possible to use the sediments of Waste Water Treatment Plant as feeding environment

during the creation of fertile layer for the growing of forest and grass vegetation.

5. Grass mixtures, which are characterized with the ability to grow in bad soil conditions

(acidic reaction and missing elements for the plants), should be preferred while choosing the

vegetation types. The grass mixture should be able to create fast grass layer and maximal anti-

erosion protection; they should also be easy for growing and economically beneficial.
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Summary

The paper brings new and important contributions concerning the similitudes between the
visual symptoms of the nutrient disorders and plant diseases and the criteria for the
elimination of the confusions with the aim of a right diagnose. There are described numerous
situations, many of them reflected by original images. The paper presents for each case the
similarities, but also the differences that allow avoiding confusions in field based only by
visual symptoms.

1. Introduction

Distinguishing deficiency symptoms from other symptoms is of great importance. The
necessity for study and experience has been stressed in learning to detect symptoms due to
plant deficiencies. It is especially important to learn to tell the difference between these
symptoms and other visual symptoms that may be present (R. Killoran, 2003). The diagnosis
of the nutrient disorders by visual symptoms is the first method available for the practitioner,
the most rapid, the cheapest and the one which allows taking immediate correction measures
when the diagnostic is clear. Only when there are doubts, plant and even soil analyses have to
be made. Important contributions to the visual diagnosis brought Bergman (1992), Borlan et
al  (1992), Budoi (2000, 2001, 2002), Marschner (1993), Mengel and Kirkby (1987), Wallace
(1961), et al. Some of them – Bergman, 1992, Borlan et al, 1992, Budoi, 2000, presented
disorder identification keys.
This paper brings new contributions which represent basis for the improvement of such keys.
Also, the paper has an educational purpose.

2. Materials and methods

The researches have been carried out by studying field crops, fruit trees, grapevine, vegetables
and flowers. By comparison with normal healthy plants, the observations have been made on
plants which showed visual symptoms of nutritional disorders and on plants with visual
symptoms determined by diseases and some other factors. Numerous references in the field of
plant protection have been also consulted. In the paper text, the minus sign (–) before nutrient
symbol means deficiency.
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3. Results and discussions

a) Phosphorus deficiency versus maize dwarf mosaic virus (MDMV) and maize chlorotic
dwarf mosaic (MCDV) in corn. The violaceous or reddish tints on leaves (fig. 1) should not
lead to confuse the two causes. Differences: in –P, the older leaves are more purplish, while
the younger leaves usually are green; in the case of virus, usually the younger leaves are more
reddish (red blotches or streaks generally appear after periods of cool night temperatures (P.E.
Lipps and D.R. Mills, 2003)); generally, the viruses give more reddish tints, while –P more
purplish; in advanced stages of corn, –P symptoms become more indistinct (fig. 1 a), even if
in the early plant stages were very evident, while reddish virus symptoms become more
evident in advanced stages of plants and of virus attack; all the three causes determine growth
stunting, but the viruses do much more; when there is a MDMV infection, the plants are
excessively tillered, with multiple ear shoots (which does not happen in –P) and poor seed set.
Early infection can lead to root and stalk rots and death, which is not the case of –P. The red
leaf symptom is most common for the infection with B strain of MDMV.

P deficiency versus Phytophthora

cactorum (fruit rot and crown rot) in
apple tree. The violaceous tints on
leaves in the case of –P must not be
confused with those produced by
disease (fig. 2). In the case of the
disease the leaves become purple in
autumn, while in –P they do not wait
the autumn, the symptoms appearing
especially in cold springs. The disease
can determine the leaves wilt and trees
collapse, while –P does not. In the
case of disease, the tree crown rot, at –P does not. The disease is more intense on the trees
from the area with a slow drainage. P deficiency, on the contrary, is intensified by the
increased soil drainage and, consequently, by the water deficit, which decreases P diffusion in
soil and its root absorption.
b) Potassium deficiency versus Pepino mosaic virus, Tobacco mosaic virus and Tomato

mosaic virus on tomato fruits. All the four causes determine yellow spots (areas) on fruits
(fig. 3). In the case of –K, the yellowish area is strictly localized on the part toward peduncle,
while in Pepino mosaic virus, Tobacco mosaic virus and Tomato mosaic virus case the
yellowish spots are spread random on fruit and being more or less diffuse, the area from
peduncle could be red in the case of viruses, in opposition with –K.

              a)        b) c)
Fig. 1 – P deficiency (a) versus maize dwarf mosaic virus–MDMV (b & c). Images from: a) Gh. Budoi (original);
b) P.E. Lipps and D.R. Mills, Ohio State University Extension, 2003; c) The University of Georgia College of Agric. and
Environ. Sci., Bull. 1221/2003

                  a)        b)
Fig. 2 – P deficiency (a) versus Phytophthora cactorum (b) in

apple tree. Images from: a) Gh. Budoi (original); b) W.F. Wilcox cited
by West Virginia University, 1996-2003.
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If in the case of viruses the blossom end part of the tomato fruits can be yellowish, in the case
of K deficiency it is always red at ripen fruits. Similar symptoms to those determined by –K
could produce – Mg and the excess of N.
K deficiency and Mn deficiency versus Fusarium sp. (Fusarium wilt) and Verticillium sp.

(Verticillium wilt) in cotton. The leaf chlorosis and necroses between the main veins
produced by these diseases are frequently confused with K deficiency, and especially with Mn
deficiency. The vascular tissue discoloration (light to dark brown) of the stem in section
through the shoot base shows the diseases. In the case of –K and –Mn, the chlorosis of leaf
margins is relatively uniform and extends symmetrically toward the leaf center. With
Verticillium wilt, chlorosis and necrosis may occur only on certain leaf lobes (Potash and
Phosphate Institute, 2003).
c) Magnesium deficiency versus Colletotrichum graminicola

(anthracnose) in corn. The disease determines striped
longitudinal chlorosis and necroses which alternate with green
stripes, similar to those produced by –Mg (fig. 4). But, in the
case of –Mg, the chlorosis and necroses in "strings of beads"
are disposed more regular as compared to those produced by
anthracnose.
Mg deficiency versus Measles (Black Measles or "esca"
disease, and Spanish Measles) in grapevine. "Esca" disease, or
"early grapevine decline", or "black goo decline of grapevine",
or "Black Measles" (so named from the symptoms on grapes)
is considered one of the oldest and elusive grapevine diseases
known. The interveinal chlorosis on leaves, followed by
necrosis, determined by –Mg, must not be confused with symptoms produced by measles,
with which there are some similarities (fig. 5). The pathogen for "esca" or "black measles" is
still controversed; the causes are supposed to be the fungi Phaeomoniella chlamydospora

(Phaeoacremonium chlamydosporum), Phellinus punctatus, Phellinus igniarius,

Cephalosporium sp., Chondrostereum sp. In the case of –Mg, the green vein bands are
narrower towards the end of the veins and more and more larger towards the base of the veins,
and they are more and more larger from the leaf tip toward the base of leaf, while in the case
of measles, the green vein bands are more or less equal in breadth (fig. 5). To the leaf
symptoms will be added those from grapes and berries, which clearly differentiate the measles
from deficiency.
In description of The Regents of the University of California, in the case of measles the
affected leaves display small chlorotic interveinal areas, which enlarge and dry out. In red

                   a)               b) c)                d)

Fig. 3 – Potassium deficiency in tomato (a) versus Pepino mosaic virus (b), Tobacco mosaic virus (c)

and Tomato mosaic virus (d). Images from: a) Gh. Budoi (original); b) DEFRA, 2003; c) T.A. Zitter, Cornell
Univ., 2003; d) Th. Wallace, 1961

          a)          b)
Fig. 4 – Mg deficiency (a) versus

Colletotrichum graminicola (b) in

corn. Images from: a) Wallace, 1961;
b) Bailly et al, 1990
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varieties dark red margins surround the dead interveinal areas. Severely affected leaves may
drop and canes may dieback from the tips (which is not the case with –Mg). In the US, on
berries, small, round, dark spots, each bordered
by a brown purple ring, may occur. These spots
may appear at any time between fruit set and
ripening. In severely affected vines the berries
often crack and dry on the vine or are subject to
spoilage. In Europe, the berries fail to fill and
shrivel. These symptoms on berries cannot be
seen in the case of –Mg.
Mg deficiency versus Oidium spp. ("crown
blight") in melon and cucumber. The disease can
determine interveinal chlorosis followed by the
tissue scorching, which should not be confused
with –Mg. In "crown blight" it can be seen a
white powder on leaf.
Mg deficiency versus Raspbery leaf curl virus. The symptoms produced by virus on leaves
resemble to those of Mg deficiency. The essential differences are: the virus produces dwarf
plants, leaf curl and distortion, which does not –Mg; the virus symptoms appear first on
younger leaves, while –Mg symptoms appear first on older leaves.
Mg deficiency versus SqMV – Squash Mosaic Virus in pumpkin and squash. SqMV

determines the "vein banding" aspect on the main veins (fig. 6), and even on the secondary
ones, which must not be confused with a classical Mg deficiency.
d) Calcium deficiency versus Botrytis cinerea (gray mold) in Poinsettia. As APS describes
(1991), the disease can cause brown spots to form on poinsettia flower bracts and leaves and
the bract damage is easily confused with bract burn caused by –Ca. The fungus readily
invades tissue damaged in any way, including that caused by bract burn. The presence of the
gray mold differentiates the disease from Ca deficiency. The defoliation and death of
branches above cankers that girdle stems is another sign that shows the disease.
e) Boron deficiency versus Beet necrotic yellow vein virus (BNYVV) in sugar beet. B
deficiency determines the sugar beet "heart rot", which can be
confused with rhizomania, produced by BNYVV, which determines
the brownishing of vascular tissues of root and even caverns, like –
B does  (fig. 7). One difference is that in –B the brownishings
appear beginning from the "heart" of the root (from the center) and
from the part from the crown, while in the case of virus appear and
are more intense in the area toward the top of the tuberized root.
Another essential difference is that in the case of the virus there is
an intense proliferation of lateral roots in the half or the third part
from the top of the tuberized root (beard like pattern), that means in
the part the most affected by brownishings (fig. 7). The most evident
signes of virus are the necrotic yellow vein of the leaves, curling of the leaf edges and leaf
goffering, that differenciate it from –B.
B deficiency versus Erwinia carotovora in sugar beet (root soft rot). The disease produce
holes into the tuberized root and blackish lesions with leakings on the base of petiole, like –B
produce to. The essential difference is that in the case of disease all the leaves are wilting.
Another difference is that in the case of the disease the rot is soft, while –B can produce dry
mummifications. It has to take into account that –B deficiency is closely followed by
invasions of pathogens.

a)                 b)
Fig. 5 – Mg deficiency in grapevine (a) versus

Black Measles (Phaeoacremonium sp., Phellinus

sp.) (b). Images from Gh. Budoi (originals)

Fig. 6 – SqMV in pumpkin:

not to be confused with Mg

deficiency. Image from
Blancard et al., 1998
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B deficiency versus "Stony Pit of Pear" or Pear "dimpling" (fig. 8). A supposed, unidentified
virus determines "stony pit of pear". The disease determines spotting and deforming

(misshapening), dimpling, of the fruits, symptoms similar to –B (fig. 8). Differences: – B
produces the death of growing points; in – B, the spots are less profound in fruit pulp than on
virus; in the case of virus, the pear flesh is much more stony, because of exaggerate forming
of sclereids, becoming sometimes so gritty, especially in the dimpling area, that hardly can be
cut with the knife; –B can determines the cracking of the fruits followed by the skearcing of
the cracked tissue if it happen when the fruits are unripe (frequently the cracks are Y shaped).

f) Zinc deficiency versus HPV-High

plains virus complex in corn. The
longitudinal chlorosis (stripes)
resembles up to a point (fig. 9), and can
create confusions. Some differences: in
the case of virus, the striping symptoms
are more evident on older leaves, from
the base of plant, while –Zn determines
symptoms more evident on younger
leaves, from plant top; in the virus case
the leaves, especially the younger ones,
are rolling the margins along the leaf
length, the leaves have wilted pattern, and brownish necroses appear, starting from the leaf
top.
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Summary

The paper brings new and important contributions concerning the similitudes between the

visual symptoms of the nutrient disorders and herbicide injuries and the criteria for the

elimination of the confusions with the aim of a right diagnose. There are described numerous

situations, many of them reflected by original images. The paper presents for each case the

similarities, but also the differences that allow avoiding confusions in field based only by

visual symptoms.

1. Introduction

Distinguishing deficiency symptoms from other symptoms is of great importance. The

necessity for study and experience has been stressed in learning to detect symptoms due to

plant deficiencies. It is especially important to learn to tell the difference between these

symptoms and other visual symptoms that may be present (R. Killoran, 2003). The diagnosis

of the nutrient disorders by visual symptoms is the first method available for the practitioner,

the most rapid, the cheapest and the one, which allows taking immediate correction measures

when the diagnostic is clear. Only when there are doubts, plant and even soil analyses have to

be made. Important contributions to the visual diagnosis brought Bergman (1992), Borlan et

al  (1992), Budoi (2000, 2001, 2002), Marschner (1993), Mengel and Kirkby (1987), Wallace

(1961), et al. Some of them – Bergman, 1992, Borlan et al, 1992, Budoi, 2000, presented

disorder identification keys.

This paper brings new contributions, which represent basis for the improvement of such keys.

Also, the paper has an educational purpose.

2. Materials and methods

The researches have been carried out by studying field crops, fruit trees and flowers. By

comparison with normal healthy plants, the observations have been made on plants which

showed visual symptoms of nutritional disorders and on plants with visual symptoms

determined by herbicide toxicity. Numerous reference papers and Internet sites in the field of

plant protection have been also consulted. In this paper text, the minus sign (–) before nutrient

symbol means deficiency.
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3. Results and discussions

Nitrogen and potassium deficiencies versus residual atrazine

based herbicide in wheat. Yellowing and leaf necroses in

wheat, caused by residual herbicide, more evident on basal

leaves, can be confused in the first stages with N and K

deficiencies, especially when they manifest both.

Nitrogen deficiency versus linuron based herbicide injury in

carrot (fig. 1). A high dose of herbicide produces, as first

symptom, leaf yellowing, as does N deficiency. Knowing

that linuron was used, the most probably is herbicide injury.

Phosphorus deficiency versus

dinitroaniline based herbicide injury in

corn. The herbicide phytotoxicity can

produce purple tints on the leaves in the

first stages of corn (3-5 leaves), as does P

deficiency, but they are usually more

evident on younger leaves, while in P

deficiency – on older leaves (fig. 2).

Magnesium and potassium complex deficiencies versus atrazine based herbicide injury in

sour cherry tree (fig. 3) and rose (fig. 4). Usually Mg deficiency starts on older leaves with

chlorosis between the main veins, followed, on the most species, by necroses between veins.

K deficiency usually shows brownish marginal necroses on older leaves (fig. 4) and, in many

species the leaf margins curl upward.

Atrazine injury determines, in these two species, symptoms specific to simultaneously Mg

and K deficiencies: interveinal chlorosis and marginal necroses. Mg and K deficiency

symptoms are the most evident on older leaves, while herbicide symptoms are spread almost

uniform on plants or shoots. In the case of herbicide, the leaves remain on plant even in

advanced stages of necroses, while, in the same conditions, in the case of –Mg the leaves fall.

At the beginning, the atrasine toxicity determines only chlorosis between the main veins and

can be easily confused with –Mg. Then, the edges of the leaves become brown in color.

        a) –N               b) linuron injury

Fig. 1 – N deficiency versus linuron

injury in carrot. Images from: a) Gh.

Budoi (original); b) Ministry of Agriculture

and Fishing, Great Britain, 1981, cited by

Ghinea, Vladutu, Berca, 1987

           a) –P  b) dinitroaniline injury

Fig. 2 – P deficiency versus dinitroaniline herbicide

injury in corn. Images from: a) Gh. Budoi (original); b) The

University of Georgia College of Agric. and Environ. Sci., Bull.

1221/2003

           –Mg       –Mg & –K            –Mg & –K   atrazine injury

Fig. 3 – Mg and K deficiencies versus atrazine injury in sour cherry tree. Original images by Gh. Budoi
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In rose, the brownishing of the leaflet is specific, and distinguish the herbicide injury from the

nutrient deficiencies: at the beginning the margins become light brown, then scorch and curl

upward, the light brownish zone being separated from the unscorched zone by a distinct dark

brown line (fig. 4).

Magnesium and manganese deficiency versus azaplant

kombi injury (amitrole or aminotriazole based

herbicide) in sour cherry tree. This herbicide is used

mainly in apple tree and pear tree orchards. In overdose,

the herbicide produces in sour cherry tree interveinal

chlorosis similar to those caused by Mg deficiency (see

fig. 3). In more advanced stages, in sweet cherry tree

and sour cherry tree the herbicide injury resembles with

–Mn deficiency, because the vein banding is nearower.

Mg deficiency versus simazine based herbicide

overdosing in apple tree. Both causes determine as first

symptoms interveinal chlorosis, which in Golden

delicious with Mg deficiency progress from the leaf

edges toward the midrib, the same as in simazine

injury (fig. 5). Differences: the remained green

area is more fringed in the case of herbicide than

in that of nutrient disorder; in advanced stages of

Mg deficiency, the necroses progress between

the main veins, while in herbicide overdosing

uniformly progress from the leaf tip and margins

toward the midrib; the necroses progress is more

slow in –Mg, while it is fast in the case of

simazine.

Mg deficiency versus simazine overdosing in

raspberry. Spring application of simazine in

overdose produces symptoms that, at the

beginning, look like Mg deficiency, that means

interveinal chloroses on basal leaves (fig. 6). The difference is that, in raspberry, –Mg usually

does not lead to necroses, while the overdose herbicide does.

Mg deficiency versus metribuzine and atrazine injuries in sojabean. In the case of the two

above-mentioned herbicides, the basal leaves become chlorotic, and then necrotic, between

the main veins, as in the case of Mg deficiency. The leaves fall and, in severe toxicity, the

plants dye in short time; the plant does not dye in Mg deficiency.

            –Mg   –K                   atrazine - first simptoms          atrazine - severe and very severe simptoms

Fig. 4 – Mg and K deficiencies versus atrazine injury in rose – Rosa sp. Original images by Gh. Budoi

a) –Mg (Golden del.)       b) simazine injury

Fig. 5 – Mg deficiency (a) versus

simazine overdosing (b) in apple tree.
Images from: a) Gh. Budoi (original); b) Ministry

of Agriculture and Fishing, Great Britain, 1981,

cited by Ghinea, Vladutu., Berca, 1987

                 a) –Mg   b) simazine injury

Fig. 6 – Mg deficiency (a) versus simazine

overdosing (b) in raspberry. Images from: a) Gh.

Budoi (original); b) R.C. Funt citted by Ellis et al., 1991
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Calcium deficiency versus incorporated dual (metolachlor based herbicide) in corn. In elder

corn stages, the symptoms resemble very much: young leaves curling and bending. The plants

dye soon in the case of herbicide injury, but does not in the case of Ca deficiency. If the soil is

not a sandy or a very acid one, generally it is not Ca deficiency; if we know that Dual was

used, it means that was a wrong dose.

Zinc deficiency versus herbicide injury in apple tree. In severe Zn deficiency the shoot

internodes are very short and, as a consequence, the leave are disposed in rosette ("rosetting").

The leaves are small and narrow (fig. 7). There are herbicides that if, by technological

mistakes, are spread on apple tree leaves, produce symptoms more or less similar to –Zn. The

differences are: the symptoms of the herbicide toxicity are seen only on basal shoots of the

trees, where the herbicide is spread by mistake (instead of being spread only on soil and

weeds), while the symptoms produced by –Zn are met on all tree, especially on the top of the

shoots; in the case of the herbicide there are a high proliferation of small lateral shoots, giving

a brush pattern, which does not happen in Zn deficiency. Fig. 7 presents a comparison

between a severe Zn deficiency and an unidentified herbicide injury.

Zinc deficiency versus roundup (glifosate based herbicide) injury in rose – Rosa sp. In severe

Zn deficiency the symptoms are those presented upside for apple tree. Similar symptoms

present roundup overdosing. The difference is that in the case of the herbicide the injuries

affect al the plant almost uniform, while in the case of Zn deficiency the symptoms are

present mainly on the top of canes.
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Summary

Potassium is a main macronutrient that, in the presence of other nutrients and in interaction

with vegetation factors favoring its role, has multiple effects on quantity and quality of potato

yield. Insufficient K nutrition means low starch content in tubers, rapid browning after cutting

the tubers, etc.

Because, in the last decade, the use of K fertilizers dramatically decreased in Romania, the

optimum K requirement of potato crop was not reached, the balance of K in agriculture being

deficient. A correct fertilization with mineral and organic K fertilizers can assure a positive K

balance, adequate soil fertility level for sustainable agriculture, high yield and quality.

This paper is dealing with some aspects regarding the K fertilization in optimal economical

rates (OER) for potato crop. Therefore, the paper presents data necessary to establish the

recommendations for potassium fertilization. The optimal economical K rates are

differentiated as related to: the available soil potassium content and the expected yield.

1. Introduction

 

 Although potassium doesn
'
t participate in the chemical composition of the organic substances

in plant, due to its specific role in the physico-chemical and physiological processes in plant,

it is an important element for potato crop increase.

 As concerns the potato crop, K exports are higher than the other macronutrients (N, P).  For a

yield of only 20 tones of tubers, the average exports of macronutrients are: 104 kg N, 54 kg

P2O5 and over 144 for K2O (Borlan at al. 1994). During the intense growing season, the daily

K consumption is 2-3 times higher than the daily N and P consumptions (Borlan at al.1997).

Generally, between soil available K supply and the tuber yield formation there is a causative

positive relation.  As a rule, high tuber yield can be obtained only on soils with high available

K supply or by a high mineral potassium fertilization.

 In Romania, in the last decade, the potassium mineral fertilizer use dramatically decreased

from 134 thou tons active ingredient (a.i.) in 1990 to 15 thou tons in 2000 (around 9 times less

than in 1990). Thus, the amount of potassium (from all available sources: chemical fertilizers,

manure and vegetable residues) applied in 2000 reached only 10 kg/ha arable land and 6 kg/ha

agricultural land (Statistical Yearbook, 2001).  The obvious consequences of low potassium

fertilization are: the decrease of the soil available K content (and the depletion of soil

reserves) as well as the decrease the yield level.
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 According to the last evaluation of the National Romanian Soil Quality Monitoring System,

the arable area with low mobile K supply covers about 0.31 mill ha, and the balance sheet data

emphasizes a loss of 45 kg K2O/year/ha arable land.

 At present, when Romania desires the sustainable development of crop production, as well as

the increase the agricultural productivity and outputs (comparable to those obtained in the

countries with advanced agriculture), is necessary to establish and promote a good

management of fertilization, which includes the use of K at optimal rates for crop yield and

soil agrochemical stabilization.

 

2. Materials and methods

In order to calculate the optimal economic rates (OER) of fertilizers for potato the following

formula was used (Borlan et al. 1982, 1984, 1994):

OER, kg N, P2O5 , K2O/ha ={log[2.3·ca·Ye· (Cy/Cf)] - ca SCy}/ca

where: ca = action coefficient of nutrients, determined in long term field experiments with

fertilizers; Ye =  expected yield, t/ha; Cy= unitary yield price, lei/kg; Cf = unitary fertilizers

price, lei/kg a.i.; SCy =  soil contribution to yield, kg N, P2O5 and K2O/ha, which is evaluated

using the following equation:

SCy =  SCy max(1 – 10 
–
 
ca · IA) + c·Ye

where: SCy max = maximum soil contribution to yield under the conditions of very good

nutrients supply; c = coefficient of ecological crop conditions, experimentally established for

each species and each nutrient; IA = soil agrochemical index (in the soil layer 0-20 cm) which

is representsed by: the soil nitrogen index (IN) for N,  and the available P, K for P and K.

 With the aim of evaluating the K efficient contribution of manure to yield formation

(MKCy) the following formula was used (Borlan et al.,1982):

MKCy , kg K2O/ha = MR· Km·10(0,5/t)

where:
 
MR = manure rate, t/ha; Km =  % K2O from manure (measured at application

moisture); 10 and 0.5 = coefficients; t = year of effect (years from application: 1, 2, 3).

Optimal rates to compensate K export with yield (ORCKEY) were established applying the

following formulas (Borland et al., 1997):

     ORCKEY, kg K2O/ha = KEy + 0.5 · KEy             – for very low K soils;

ORCKEY, kg K2O/ha = KEy + 0.25 · KEy – for low K soils;

                  ORCKEY, kg K2O/ha = KEy               – for medium K soils;

 ORCKEY, kg K2O/ha = 0.5 · KEy     – for rich K soils;

where: KEy = potassium export by yield,
 

evaluated on the base of specific nutrient

consumptions of 5.2 kg N, 2.7 kg P2O5 and 7.2 kg K2O/ton of tubers and corresponding stems

and leaves (Borlan et al., 1994); 0.5, 0.25 are coefficients established on the basis of the

regression between soil K mobile content (KAL) and the amount K exported by yields. The

data obtained with these formulas were used to elaborate nomograms that can be used to

easily establish OER and ORCKEY for potato.

3. Results and discussions

Nutrient needs of potato and nutrient sources.

A correct potato crop management technology implies with necessity the fertilizer application.

All the fertilizer application measures need to be thoroughly integrated within potato crop

technology, while their application should be based on chemical soil testing data and leaf

analysis.
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The total nutrient export with the yield (Fig. 1) must be firstly ensured, from all available

natural sources (soil, manure, etc) and in additionally from chemical fertilizers.
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Soil nutrient contribution to yield (SCy).

The effective equations used for potato in order to calculate SCy are presented in Table 1.

Figures 2 and 3 present nomograms for easy establishment of the soil potassium contribution

for early (summer) potato and late (autumn) potato varieties. The K soil contribution increases

as the KAL and Ye increase.
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Fig. 2 Soil K contribution to yield

for early (summer) potato, as related to

available  K from arable layer and to Ye

Fig.  3   Soil K contribution to yield

for late (autumn) potato, as related to

available  K from arable layer and  to Ye
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Table 1

Equations for establishing soil nutrient contribution to potato yield(Borland et al., 1984)

Nitrogen, kg N/ha Phosphorus, kg P2O5/ha Potassium, kg K2O/ha

Early (summer) potato
Sky = 50(IN) - 5(IN)

2
 +

0,00036Ye

SCy = 130(1 - 10 
-0.0185PAL

)
 
+

0.0003Ye

SCy =180(1 -10 
-
 
0.00446KAL

)

+ 0.001Ye

Late (autumn) potato

SCy = 50·(IN) - 5·(IN)
2
 +

0,00036Ye

SCy =160(1 -10 
-
 
0.0185PAL

)

+ 0.0006Ye

SCy =210(1 -10 
-.00446KAL

)

+ 0.002Ye

*)
 IN = soil nitrogen index; PAL and KAL = soil mobile P and K extractable  with AL solution (0.1M ammonium

lactate and 0.4 N acetic acid at a pH of 3.7), expressed as ppm P and K.

Manure potassium contribution to yield (MKCy).

Manure effective K contribution to yield linearly increases as the manure rate increases, and

decreases in time (years) from direct application, being highest in the first year and lowest in

the third year (Fig. 4  and 5).
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Optimal rate of mineral fertilizers.

Optimal economic rates (OER) correspond to maximum revenue from fertilizers used. Figures

6 and 7 present the nomograms that can be used to operatively establish the OER of N, P2O5

and K2O for early (summer) potato and late (autumn) potato varieties. In these figures it can

be seen that OER of chemical fertilizers decrease as the soil agrochemical indexes (IN, PAL,

KAL) increase, and increase as the level of expected yield (Ye) increases. The OER of chemical

fertilizers should always be diminished with the effective nutrient contribution of manure.

Fig. 4  Manure K contribution to potato yield, as

 related to manure rate (MR) and   to

the time from direct application

 (manure with 0.6 % K2O at application moisture)

Fig. 5 Manure K contribution to potato yield, as

 related to manure rate (MR) and to the

 time from direct application

 (manure with 0.4 % K2O at application moisture)



122

�

��

��

��

���

���

���

���

���

���

���

���

� �� �� �� �� �� �� �� �� ��
([SHFWHG�\LHOG��W�KD

5D
WH�

�NJ
�1�

KD
IN 0,5 1

1,5 2 2,5

3 3,5 4

 

�

��

��

��

���

���

���

���

���

���

� �� �� �� �� �� �� �� �� ��
([SHFWHG�\LHOG��W�KD

5D
WH�

�NJ
�3�

2�
�KD

ppm P 5
10 15
20 25
30 35
40 45
50 70

 

�

��

��

��

���

���

���

���

���

���

���

� �� �� �� �� �� �� �� �� ��
([SHFWHG�\LHOG��W�KD

5D
WH�

�NJ
�.

�2
�KD

ppm K 40
60 80
100 140
180 220

Fig. 6 Optimal economic rates (OER) of N. P2O5 and K20 for early (summer) potato, as related to Ye

and to IN, available P and K in the arable layer ( Cy/Cf =0.41 for N, 0.30 for P2O5 and 0.53 for K2O)
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Fig. 7 Optimal economic rates (OER) of N, P2O5 and K20 for late (autumn) potato, as related to Ye and to IN,

available P and K in the arable layer (Cy/Cf =0.28 for N, 0.21 for P2O5 and 0.37 for K2O)
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When an improvement of the soil mobile K content and a stabilization of the soil yielding

capacity are desired, the K chemical fertilizers are applied at optimal rates to compensate the

potassium export with yield (ORCKEY). Figure 8 represents a nomogram of ORCKEY

establishment for potato related to expected yield and available K from arable soil layer.

Comparing Figure 1 and Figure 8, it can be observed that ORCKEY completely compensates

the K potato yield export on soils low and medium supplied with K and ensures a positive

evolution of soil mobile K content.  Figure 9 presents the correlation between OER of K and

ORCKEY for potato. From this figure it can be observed that ORCKEY are 2-3 times higher

than OER.

The fact that ORCKEY are 2-3 times higher than OER shows that the practical use of these

rates in Romanian agriculture is very reduced still.
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Fig. 9 Correlation between OER of

K2O and ORCKEY for potato
                   (late potato variety)

Fig. 8  Optimal rates to compensate  potassium

                    export with potato yield (ORCKEC),

                as related to expected yield and to

available K in the arable layer

                   (late potato variety)
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Summary

The last carried out research from the world and from our country (1993 – 2001) shown that

by biological oxidation of some residual or native materials with sulphur, positive economical

and ecological results was obtained.

From obtained results outlined the use orientation of this biological protonation means of

colloids from high base saturated soils (uncarbonated soils) in view of durable optimization of

soil pH as well as to productive use degree increasing by plants of phosphorus and of some

micronutrients by them mobilization from insoluble forms of the soil.

By using of this technology the applied sulphur in soil is gradually oxidized by enzymatic

control of sulphuroxidant bacterium from soil (Thiobacillus, especially), determining o soil

reaction removing from neutral - easily alkali to easily acid domain (specifically for some

plants), favorable in the same time for phosphorus mobilization from insoluble forms of the

soil (especially from superior calcium phosphates), as well as for other nutrients

(micronutrients especially).

The new biological protonation technology application (unpoluting technology) of high base

saturated soil colloids (uncarbonated soils) determines the obtain of following effects:

- more reduced price with secure and application of acidifying material and the durable

optimization of pH, phosphate regime and of micronutrients from soil in comparison with

classical acidifying materials used in present;

- increasing of productive degree use (superior utilization) of phosphorus from superior

calcium phosphates and of micronutrients from insoluble forms of the soil: Some yield carried

out experiments shows that during of 5 years from sulphur application in soil, them efficiency

is equivalent with a significantly rate of 50 – 80 kg P2O5/ha/an as soluble phosphate

fertilizers.

- utilization of this biological protonation means give the possibility to use some residual

materials, diminishing in this way the possible negative effect on environment.

Introduction

Due to important economical constraints of different kinds acting today in Romania, first of

all an overall low phosphorus supply status of soils, followed by predominating scarcity of

cheap phosphorus fertilizer reserves, the problem of making a higher productive use of

phosphorus from both natural (existing reserves in the fine fraction of soils) and renewable

sources (phosphate rocks and factory-made fertilizers) was and continues to be of special

concern among Romanian agriculturists. This is especially true when the crop production

systems should ensure a certain level of stabilization of soil chemical properties for sustained

crop production. Crop production sustainability may be achieved, under otherwise equal

conditions, only when fertilization system is able to compensate for both, nutrient removal by
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crops and for nutrient entopic evolution in the soil. This signifies additional need of an extra

rate of soluble fertilizer as compared with economically sound rate thought to maximize net

profit per hectare.

Objectives of this research are to obtain sustained of adequate quality with favorable

biochemical and technological data under acceptable economical conditions so to ensure

environmental protection against pollution in field crops. These may be fulfilled by:

• Making an efficient productive use of inherited through soil forming process and of

the phosphorus acquired through soil culturalization processes;

• Colloid protonation of almost base saturated soils;

• Making a complete productive use of all phosphorus containing residues (as for

instance, residues from factories of complex fertilizers and other), as well as using reactive

phosphate rocks instead of soluble phosphate fertilizers (at least by partial substitution of

expensive soluble phosphate fertilizers with phosphate rocks);

• Maintenance of soil phosphorus fertility whenever this can be posed with available

factory made (“chemical” or “mineral”) fertilizers to compensate to the highest possible

extent both for phosphorus withdrawal with increased yields and for entopic evolution of

phosphorus in the soil.

First studies on protonation of soil colloids in Romania in view of improving mineral nutrition

of plants on almost entirely base-saturated soils have been started back in 1965-1966 with

grain millet (Panicum milliaceum L.) grown in pots on a Cambic Chernozem soil developed

on loess like parent materials watered continuously with de-ionized water. Preliminary

(informative) experimental data showing the influence of the colloid protonation with mineral

acids (HCl) on phosphorus absorption in millet plants were published in 1968 by Borlan et

al.. The research, which continued in this direction being interwoven among other topics, did

result in some innovative patent-pending activities. Here to mention only some of these:

Patent nr. 95689 for “A soil acidifying amendment" and nr. 96462 for “A procedure of

improving plant mineral nutrition on almost base saturated soils" (Borlan et al., 1988). More

recently (1999), as a result of these studies a proposal has been forwarded to OSIM by Borlan

Z., Stefãnescu Daniela et al. requesting a patent for ,,Biological procedure of colloid

protonation in base- saturated soils".

Some hints on colloid protonation and the aspects involved therein are to be found in a paper

on unconventional means and methods of influencing mineral nutrition of plants, especially

with phosphorus and with metallic micronutrients grown in almost base- saturated soils

(Borlan et al., 1996).

Materials, Methodologies and Results

Soils

Based on plant experimental data one may conclude that probability of getting significant

improvements of phosphorus of cultivated plants is highest on soils (Borlan et al., 1988):

• almost completely base saturated (base saturation > 90 %);

• devoid of free or < 5% earth-alkaline carbonates (as separate phase) so to minimize

unproductive consumption of proton sources;

• containing a reserve of calcium-bound phosphates (Ca-P) on the surface of soil

colloids as determined by Chang and Jackson (1957) fractionation procedure, higher then 150

mg.kg
-1

 P;

• fine textured, consisting in a proportion of more then 15% from particles with

diameter less than 0.002 mm (table 1).
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Table 1
Some of the agrochemical properties

1)
 of the soils (call for the ploughed layer 0-25 cm) used

in colloid protonation studies (1990-2001)

Soils pH P-Ca     PAL Clay Corg x 1.724 CaCO3 V

(location) mg. kg
-1

 P % % % %

Fundulea-Calarasi 6.50 155      40 29 3.0 - 90

Marculesti-Calarasi 7.70 160      70 30 3.4 0.5 100

Razboieni-Iasi 6.80 158      30 28 3.0 - 98

Trifesti-Iasi 8.00 180      23 30 3.1 2.5 100

Budai-Iasi 7.30     185      36 35 3.4 0,5 100

Gottlob-Timis 7.70 165      55 27 3.2 2.0 100

Suceava 1 7.30 152    131 18 1.0 0.4 100

Suceava 2 7.90 156      43 31 3.5 1.1 100

1) pH of 1:2.5 soil-distillate water suspension;

    P-Ca: surface Ca-bound phosphates according to Chang and Jackson (1957) fractionation  procedure;

    PAL: AL extractable P according to Egner, Riehm and Domingo (1960);

    Clay: particles with a diameter less than 0.002 mm;

    Corg x 1.724= humus

    V- base saturated degree of soil: V%= 100
AhSB

SB

+

Laboratory methods

For disclosing the protonation effects on soil phosphorus dissolution parameters: intensity- I,

expressed as mg.kg
-1

 P in CaCl2 0.01M solution; kinetics- k, expressed as min
-1

; capacity- Q

as mg.kg
-1

 in soil; initial velocity of soil phosphorus dissolution- Qk as mg.kg
-1

 P min
-1

, all

these having been established according to Rom. Patent nr. 89540 (Borlan et al. 1984), (tables

2 and 3).

Table 2
Analytical data disclosing some of the protonation

*)
 effects on phosphorus supply status of

Trifesti base-saturated soil from small plot long duration field experiment

Analytical parameters of soil phosphorus

mg.kg
-1

 of P in soil

Colloid protonation level

meq of H
+
/100g of soil

0 2,5 5,0

PAL 23.0 21.0 17.0

P-CaCl2 0.2 0.3 0.6

P-MoCa as Q 3.9 4.7 5.6

P-Al
**)

18.0 11.0 11.0

P-Fe
**)

35.0 31.0 25.0

P-Ca
**)

180.0 166.0 162.0

   *) carried out with sulfuric acid 13 years ago (1974)

**) Chang and Jackson (1957) fractionation of soil surface mineral phosphates
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Table 3
Analytical data disclosing the influence of colloid protonation by sulfur application on

phosphorus and micronutrient mobilization in Fundulea (Cambic Chernozem) and Mãrculesti

(Vermic Chernozem) soils* in Mitscherlich-type pot experiments with oats (Avena sativa L)

Protonation level by

application of elemental

sulfur meq H
+
/100 g soil

pH in water

suspension

1:2.5

I mg.kg
-1

P in

solution

Kinetics of P

dissolution

k.10
2
 min

-1

Initial velocity of

P dissolution kQ

mg.kg
-1

 P.min
-1

a) Cambic Chernozem soil from Fundulea- Cãlãrasi

0 6.6 0.61 0.7 14.1

0.5 6.5 0.63 1.0 17.0

1.0 6.3 0.80 1.1 18.3

2.0 6.0 0.89 2.1 33.2

4.0 5.4 1.64 2.5 42.5

b) Vermic Chernozem soil from Mãrculesti-Cãlãrasi

0 7.6 0.80 0.6 13.9

0.5 7.5 0.66 0.6 12.8

1.0 7.4 0.65 0.6 12.7

2.0 7.1 0.68 0.6 13.4

4.0 6.4 0.94 1.1 20.0
*) dressed with 1.5 g of N, P2O5 and K2O in 8.0 kg soil per pot

Sources of protons and protonated ion-exchangers (cationites):

- Protonated K saturated (initially) volcanic tuff with CEC higher than 130 meq per

100g of air dry powder with a proton saturation degree of at least 70%. Such a proton source

resulted from washing K saturated, milled in powder, zeolitic tuff with nitric acid in a

procedure of manufacturing general purpose complex foliar fertilizers

- Protonated mine refuse after extracting residual micronutrients (Fe, Mn, Zn, Cu, Ni)

with nitric acid. Such materials may have a cation exchange capacity of up to 30 meq/100g of

powdered refuse with a proton saturation of up to 85-90%

- Elemental sulfur with up to 6250 meq of S per 100g. This may result as by product

from sulfur containing petroleum-processing factories.

- Changes
*)

 of standard thermodynamically properties on elemental sulfur oxidation to

sulfuric acid:

     ∆H
o
              ∆F

o

          kcal/mol

           ∆S
o

  kcal/mol . grad

       S
o
                   H2SO3   -145.5          -128.6 56

 H2SO3                  H2SO4   -216.9          -177.3 4.1

                      -305.9
              *) at 25

o
 C according to Latimer (1952)

- Being equivalent to about 38 rich energy ADP-ATP phosphate bounds, the energy

freed in sulfur oxidation (-306 kcal: ~8 ≈ 38) is probably used in chemosinthesis of soil

Thiobacteria.

- Mineral acids (sulfuric, nitric and hydrochloric). Though not altogether impossible,

their use for protonation of almost base saturated soils is cumbersome due to personal

protection measures need to be taken and thoroughly observed.

Rates of protons and of protonated cation exchanger application

These may reach up to 5 meq of H
+
 per 100g of dry soil when entire ploughed layer is subject

to protonation and may decrease to 0.25 meq H
+
 when subject to protonation is only a part of
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soil ploughed layer (row or band application) though there are not yet reliable experimental

data on this aspect, it is to be expected that the smaller the rate of protonated materials

(amendments) and the volume of soil ploughed layer so influenced the smaller and shorter its

beneficial effect on plant mineral nutrition. One may also expect that due to high binding

strength of protons on soil acidoids, including phosphate ions, vertical (downward) migration

of protonated colloids is of no importance so that the beneficial effect of protonation may be

long lasting.

Plant experiments:

Table 4
Effect of colloid protonation with protonated clinoptilolite (HCPT) on yield of oats (Avena

sativa L) cvr. Solidor in Mitschelich type pots (8 kg of dry soil) on two Suceava base-

saturated soil (g of seeds/pot)

Treatments
*)

             Suceava 1

   NK                      NPK

            Suceava 2

  NK                      NPK

Control 38.9                       42.0 38.7                      38.6

HCPT - 0 45.9***                 43.2* 38.8                      37.8

HCPT - 0.7 me 40.2**                   43.2* 40.5*                    42.8***

HCPT - 1.4 me 45.2***                 46.6*** 41.7***                42.2***

HCPT - 2.8 me 45.7***                 44.9*** 41.8***                42.3***

HCPT - 4.2 me 44.8***                 45.5*** 41.6***                42.9***

*) colloid protonation with protonated clinoptilolite (volcanic tuff) incorporated at rates of 0; 0.7; 1.4; 2.8 and

4.2 meq of H
+
/100g of soil

- Mitscherlich-type plots filled with 8 kg dry soil; oats (Avena sativa.L) for seeds

watered with de-ionized water at 65-70% of unable water holding capacity of soils; 4

replications; (table 4)

- small plot (3m
2
); rained field experiments without replication with different field crop

species (experiment conducted for 20 years but each year with a different crop on the same

plot with adequate NK fertilization (no P) (table 5).

Table 5.

Effect of colloid protonation on yields of a succession of on Trifesti soil (relative figures, no

protonation = 100) from 1976 through 1994 in small plot soil protonation research.

Crop
*)

 succession Soil protonation level (meq of H
+
/100g soil)

    0           2.5            5.0              7.0

1976-1979: sugar beet, kale, navy bean, fodder beet   100        112            116             116

1980-1983: potato, maize for kernels, fodder beet,

navy bean

  100        119            121             133

1984-1987: maize for kernels, maize for kernels,

fodder beet, potato

  100        113            119             129

1988-1991: navy bean, potato, sugar beet, potato   100        113            119             131

1992-1994: navy bean, sugar beet, potato   100          94            117             110

Average for 19 years   100        111            118             124

*) annually dressed only with adequate rates of nitrogen (30-120 kg N/year) from urea.

The improvement of the phosphorus nutrition of plants by colloid protonation proved to be

similar to that reached by annual application of 40-50 kg of soluble P2O5/ha.
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- normal size (up to 50m
2
 per replicate plot) randomized, 4 replicate rained field experiments

with winter wheat, maize for kernels, beans and other field crops. (table 6)

Table 6.

Effect of colloid protonation by elemental sulfur oxidation on some field crops
*)

 in base

saturated soils (t/ha)

Experimental sites, crops, cultivars and years

Soil protonation level

meq of H
+
 / 100 g dry soil**

)

  0          2.5           5.0           7.0

Gottlob-Timis, maize cvr.F420, 1990  5.52     7.27*       7.40*       7.11*

Trifesti-Iasi, maize cvr.Pioneer 3978, 1993  6.60     7.43*       6.98         7.27*

Trifesti-Iasi, winter wheat cvr.Fundulea 29,1994  1.91     2.57***   2.67***   2.41**

Rãzboieni-Iasi,navy beans cvr.Star, 1994  0.68     0.83*       1.02***   0.91**

Rãzboieni-Iasi, winter wheat cvr. Ariesan, 1995  4.40     5.31***   5.64***   5.46***

Rãzboieni-Iasi, navy beans cvr.Gratiot, 1996  1.50     1.88***   1.82***   1.78***

Rãzboieni-Iasi, winter wheat cvr. Ariesan, 1997  2.87     3.47**     3.48**     3.66***

Trifesti-Iasi, winter wheat cvr.Fundulea 29,1998  2.01     2.82***   3.06***   2.74***

Budai-Iasi, navy beans cvr. Ami, 1999  0.97     1.15***   1.37***   1.49***

Budai-Iasi, winter wheat cvr. Gabriela, 2000  2.58     3.45***   3.41***   3.56***

Budai-Iasi, maize cvr. Oana, 2001  4.43     6.23***   5.98***    5.76***
*) dressed each year only with adequate  rates of N

**) carried out with elemental sulfur in autumn 1990 at Gottlob-Timis, in 1992 at Rãzboieni and Trifesti-Iasi and

in 1998 at Budai-Iasi

*; **; *** : statistically significant, distinctly and very significant, respectively

Colloids protonation of high base saturated soil by elementary or residual may be used in

other branch of the agriculture for example, horticulture and legumiculture in view of pH and

nutrient regime optimization of the soil for acidofile  vegetables and flowers  or for fruit-

shrubs (gooseberry, raspberry). This action is necessary in the protected system (green house,

solarium), because due to intensive fertilization technologies in the time, the pH of those soils

is going to increase. These soils are becoming alkalized.

With a view to research of the effects by colloids protonation of the soils for the plants

cultivated in the protected system was made some preliminary trying in the decreasing pH

direction for some acidofile horticultural plants, namely Gerbera jamesonii and Anthurium

spp. crops (table 7).

Starting to the soil with the known values of the agrochemical indices of the soil, (especially

VAh, SB, Ah and pH) the data results are shows that by application of the sulphur in the

mentioned soil, the pH is increasing slowly after 2 weeks, and more quickly after that because

of microorganism development (Thiobacillus spp.) which is responsible with sulphur

transforming into the soil.

In the same time, due to the optimization pH regime, the mobile phosphorus (PAL, ppm) in the

soil increased significantly for each situation (table 8).

Therefore, the protonation method of the soil colloids using the elementary or residual

sulphur, may determine the positive effects on improving nutritional conditions of the plants,

especially in actually situation where the acid peat which is usually used in the plant

cultivation in the protected system, is deficient.
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Tabel 7

Data concerning pH evolution at Gerbera and Anthurium crops cultivated in protected system

as result of soil colloid protonation with industry sulphur

pH after sulphur applicationCrop pH at

experiment

start

Sulphur

ratio

applied

(g/m
2
)
*)

After 2

weeks

After 4

weeks

After 6 weeks After 8

weeks

6.65 0.137
**)

6.50 6.10 5.90 5.85Gerbera

jamesonii 6.65 0,274
***)

6.45 6.10 5.75 5.70

6.80 0,392
**)

6.68 6.35 6.15 6.00Anthurium

spp. 6.80 0,784
***)

6.62 6.25 6.10 6.05

*) 
DMA, kg/m

2
 = Sbi ( −

VAhd

VAhi
 1) Gvh

Ahma
⋅⋅⋅

10
,

where: DMA = acidifing material ratio (sulphur), kg/m
2
; Sbi = initial exchange base sume of the soil, m.eq; Vahi

= initial degree base saturation , %; VAhd = wished degree base saturation to acieve  in soil, %; Ahma = the

acidity of acidifing material = 6250 m.e.; h = the deep of the soil on which it is making the protonation = 25 cm;

Gv = volumetric weight of the soil , average = 1,2;
**)

 = 1/1 from calculated necessary
***)

 = ½ from calculated necessary

Table 8
Data concerning the mobile phosphorus content (PAL)  in the soil at Gerbera and Anthurium

cultivated in protected system as result of soil colloid protonation with industry sulphur

PAL (ppm) after sulphur applicationCrop PAL  (ppm)

content in

soil at start

of

experiment

Sulphur

ratio

applied

(g/m
2
)
*)

After 2

weeks

After 4 weeks After 6

weeks

After 8

weeks

0.137
**)

2,70 4,50 5,60 5,65Gerbera

jamesonii

1,50

0,274
***)

2.95 3.15 5.75 5.85

0,392
**)

2,80 4,75 5,75 5,76Anthurium

spp.

1,65

0,784
***)

2.90 3.12 5,85 5,90

Conclusions

The problem related to protonation of colloids in almost base saturated soils in view of plant

mineral nutrition betterment, especially with phosphorus and metallic microelements, has

been tackled in laboratory and plant pot experiments intermittently since 1966.

Some aspects of actual concern of this problem are also considered in this paper, namely:

- base saturated soils recommendable to be subject to colloid protonation (soils on which the

probability of getting positive effects on plant mineral nutrition by colloid protonation) is

highest

- possible and feasible sources of protons and of protonated cation adsorbers to be used for

soil colloid protonation

- rates of protons and protonated adsorbers to be incorporated into soils
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- methodologies of making evident the colloid protonation effect on: phosphorus regime of

soils; plant mineral nutrition and on Mitscherlich-Baule degrees of  nutrient sufficiency; plant

growth and yields by experiments in :

- pots with different soil capacities;

- one replication small plot (3 m
2
) field crop  experiment

- normal size plot (50 m
2
) 3-4 times replicated, fully randomised and long duration field

experiment in view of assessing the economics of colloid profanation in almost base saturated

soils.

One important aspect is that the soil colloid protonation can be used to optimization the pH

and nutrient regimes for the some crops (vegetables, flowers, fruit – shrubs) which are needs

acid pH. The obtained research is demonstrating that the pH and the phosphorus regime were

significantly improved by using this mean to protonation of the soil colloids.

On all these lines the paper presents some data and facts prove to illuminate much needed

further research.

The paper advocates especially the need of long duration field experiments to make evident

the evolution of colloid profanation effect on soils and crops.
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Summary

This paper are presents some research (in greenhouse) regarding the effect of foliar

fertilization of Lolium multiflorum on the efficient use of phosphorus from soil, at different

degree of basic fertilization of this plant with N, P and K.

The preliminary results show as that the foliar fertilization of crops is determining a

supplementary absorption of nutrients from soil reserve and by repeated foliar fertilization

(especially in no fertilized soil condition) during of the time the potential risk to exhaust the

soils is bigger. This effect is bigger in poorer soils case.

For an accurate quantification of foliar fertilization effects on soils with different fertility the

research in this way have be thoroughly in long time experiments.

Introduction

Researches carried out in the last 20 years proved that foliar fertilization of agricultural crops

determines an increased physical, economic and ecological efficiency. For this reason, this

way of fertilization becomes more and more used for all of the agricultural crops, trees and

vineyards included.

The positive effects of economic nature are due to both the efficient use of nutrients from the

applied foliar fertilizers and the supplementary up taking them from the soil reserve,

determined by the stimulation of the plant photosynthesis process. The second effect has as a

result environmental protection against chemical pollution by lowering the risk regarding the

entropic dissipation of nutrients in environmental components (soil, water, air). The effect is

beneficial especially in the areas with the restrictions regarding the use of chemical fertilizers

(slope lands, lands close to lakes etc.) as well as where there is an excess of nutrients in soil

due to a previous abundant fertilization or other reasons.

In the case of soils with a deficit of nutrients, the repeated fertilization with foliar fertilizers

(several years) a potential effect of soil depletion could occur, especially under conditions

lacking basic soil fertilization.
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Material and methods

The experiment was carried out in green house

(Mitscherlich type plot with 9 kg of soil). Two types of

soils were used: Cambic chernozem . Fundulea –

Calarasi and Albic luvisoil – Albota – Arges. Two

levels of moisture were assured: 70 % from water

capacity of soil and 50 % from water capacity of soil.

Ten base fertilization with mineral fertilizers in soil

(mg active substance/kg of soil) was made, accordance

adjointing scheme. The used plant was Lolium

multiflorum, Luky variety.

During of the vegetation three foliar fertilization for

each harvest with foliar fertilizer was made (the first

foliar fertilization at 10 days from rising or harvesting,

and the both last foliar fertilization at 7 – 8 days interval). The concentration of the solution

was 1 % and 30 ml of solution/plot was used.

Three harvest was made and the mobile phosphorus balance (PAL) was determined based on

the start of the experiment and the end of the last harvest soil analyses  The mobile

phosphorus was determined in calcium acetate – lactate at 3,7 of pH. In the papers are

presented the average values of the two years results.

The statistic calculation of the total dry mater was made with Student test.

Results and discussions

In the same foliar fertilization conditions the obtained yield increases are different function to

soil type, agrofond and moisture (table 1).

The dynamics analyze of total dry mater (harvest I + harvest II + harvest III) is shows that in

soil fertilization situation with unequilibrated ratios of NPK (no nitrogen and insufficient

phosphorus) the yield increases are smaller on both Albic luvisoil and Cambic chernozem

soils (table 2). The yield increases are raising at once optimization of NPK ratios.

In equal active substances of nitrogen conditions the L – 300 fertilizers are determining a

more bigger significance yield increase in comparison with chemical fertilization variants.

This is due to other advantages of this organo-mineral fertilizer (high humic substances

contribution in soil, high restraint capacity for water and for nutrients, high buffering capacity

for soil reaction and oth.). The total dry mater was positively influenced by the moisture.

On the fund of these aspects, the foliar fertilization determined significantly yield increases in

correlation with the soil, agrofond and moisture (table 3).

Therefore, in comparison with no foliar fertilized variant (fig. 1) the average dry mater

increases are bigger on the Albic luvisoil  than on the Cambic chernozem soil. These aspects

are more evidently on nitrogen and phosphorus poorer soils (the first three agrofonds),

decreasing gradually in the more equilibrated agrofonds situations (the last four agrofonds),

then it bring up at once with potassium  ratio decreasing.

In the case of L – 300 fertilization without phosphorus the dry mater increase was

considerable bigger. Therefore, it is observing a more significantly influence of foliar

fertilization on poorer agrofonds of soils in comparison with richer agrofonds (nearer to optim

level). This aspect is more pregnant on Albic luvisoil. This think is confirmed by previously

research from specially literature (Borlan and co lab., 1982, 1990, 1994). In accordance with

this, by improving of the intern medium of the plants with thus interventions the determined
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yield increases are bigger on poorer soils in comparison with the yield increases obtained on

fertile soils.

Until will be made thoroughly research in long field experiment, we can appreciate  that in the

organo-mineral (L – 300) fertilization case (without N and P) the effect is explained by higher

nitrogen content of it in comparison with other agrofonds, but especially, probable due to the

positive effects of this fertilizer by distinct properties of the humic substances which are bring

in the soil

5HIHUULQJ�WR�WKH�PRELOH�SKRVSKRUXV�G\QDPLF��û�3AL, ppm) into the soil (fig. 2) (the difference

between initial PAL content in the soil from the start experiment ant to end of the vegetation)
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as foliar fertilization effect, is representing by high values on Albic luvisoil in comparison

with Cambic chernozem witch is more fertile. The effect is more strongly in poorer agrofond

conditions and in optimum moisture conditions (70 % from soil water capacity). The

influence is very evidently also in the richer soils case where even were applied phosphorus

fertilizers (in more or less equilibrated ratios), this element enter in insolubilisation processes

(retro gradation by combination with Al and Fe hydroxides), therefore the positive effect is

due also to foliar fertilization and less to mineral phosphorus fertilization.

The obtaining of yield increases and the mobile phosphorus content evolution in the up

mentioned sense and especially in the cases of the soils with less natural, are shows that the

foliar fertilisation can be framed in the optimum rule from clasical agronomy. According to

this rule, by intervention with thus improving means of plant intern mediu the them

metabolism  is durable influenced, increasing significantly the eficiency of the photosynthesis

and implicite the yield increases.

The organo-mineral (L-300) fertilization is presenting an distinct situation in wich case the

phosphorus content from soil remained high, though the yield increases was significantly

biger than other agrofonds. This may be explained by an more economic consumption of

phosphorus from soil due to benefic effect of humic substances from L-300 fertilizer and to

them buffering role for equilibration of phosphorus solubilisation-unsolubilisation processes

from both Albic luvisoil and Cambic chernozem soils. Evidently, the moisture wich is acting

as a production factor to optimisation of other factors and vegetation conditions determined

increasing of the yield and implicite a more stress lower of mobile phosphorus content from

soil.

Conclusions

The research carried out in green house concerning the influence of foliar fertilization on total

dry mater production at Lolium multiflorum� DQG� RQ�PRELOH� SKRVSKRUXV� G\LQDPLFV� �û� 3AL)

from soil are distinguishing the following preliminary conclusions:

1. The avearge increases of obtained dry mater determined by foliar fertilisation are biger

on poorer agrofonds in comparison with richer agrofonds (nearer to optimum condition). The

organo-mineral (L-300) fertilization make an exception, where the average yield increases  is

more biger in comparison with all other agrofonds due to benefic effects dterminied by the

propiertis of the humic substances of this fertilizer..

2. 7KH� PRELOH� SKRVSKRUXV� G\QDPLF� �û� 3AL, ppm) from soil  (the difference between

initial PAL�LQL LDO�RI�WKH�VWDUW�H[SHULPHQW�DQG�ILQDO�3AL of the end vegetation) as effect of foliar

fertilisation is reccording more higher values on Albic luvisoil in comparison with Cambic

chernozem wich have o higher fertility.

3. The effect is stronger in poorer soil situatuion and in optimum moisture conditions (70

% from soil water capacity). The influence is evidently in richer soil case where even was

applied phosphorus fertilizer (in more or less equilibrated ratios), these enter in

unsolubilisation processes (combinations with Al and Fe hydroxides), teh effect being due to

foliar fertilization too.

4. The higher effect on total dry mater and lower on mobile phosphorus dynamic from

soil at the end of vegetation determined by organo-mineral (L-300) fertilization may be

explined (untill new thoroughly research) by a economic phosphorus consumption from soil

due to substantial nitrogen apport inti the soil but especially due to benefic effects of humic

substance  properties from this fertilizer and to buffering role of them in equilibrating of
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solubilisation-unsolubilisation processes of phosphorus from Albic luvisoil and Cambic

chernozem soils.

5. As a final preliminary  conclusion, may be apreciated that on soils with nutrient deficit

and with low natural fertility the repeated foliar fertilization (more years) should have a

potential exhausting effect of the soil especially on no base fertilized soil.

6. For a exactly quantification of foliar fertilization effects in the up mentioned

conditions the researches have be continued in stationed and long time experiments.
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Table 1
Foliar fertilization effect on average dry yields at Lolium multiflorum crop on different N, P

and K agrofonds and in different moisture conditions and soil type

Experimental variant and the yield

Increase in

comparison with  no

fertilized

Foliar fertilization and

the yield (g/plot)
g/plot %

No.

Tyipe

of soil

Moistu

re

Base fertilization

in soil (agrofonds)
Nefertilizat Fertilizat

1 NoPoKo 10.0 11.5 1.5 15.0

2 NoP25K1oo 11.0 12.9 1.9 17.3

3 NoP1ooK1oo 11.9 13.9 2.0 16.8

4 N5oP25K1oo 20.1 22.6 2.5 12.4

5 N5oP1ooK1oo 21.8 24.8 3.0 13.8

6 N1ooP25K1oo 26.9 30.1 3.2 11.9

7 N1ooP1ooK1oo 28.5 32.3 3.8 13.3

8 N1ooP1ooK5o 28.0 31.5 3.5 12.5

9 N1ooP1ooKo 27.9 31.3 3.4 12.2

10 5
0
 

%
 

fr
o
m

 
p
lo

t 
so

il

w
at

er
 c

ap
ac

it
y
 (

P
C

)

L - 300 87.2 117.8 30.6 35.1

11 NoPoKo 11.3 13.6 2.3 20.4

12 NoP25K1oo 12.3 14.7 2.4 19.5

13 NoP1ooK1oo 13.4 15.7 2.3 17.2

14 N5oP25K1oo 22.0 26.3 4.3 19.5

15 N5oP1ooK1oo 24.4 28.4 4.0 16.4

16 N1ooP25K1oo 27.3 33.6 6.3 23.1

17 N1ooP1ooK1oo 30.3 35.8 5.5 18.2

18 N1ooP1ooK5o 28.7 33.9 5.2 18.1

19 N1ooP1ooKo 28.9 33.7 4.8 16.6

20 &D
PE

LF�
&K

HUQ
R]
HP

��)
XQ

GX
OHD

���&
�O�

UDú
L

7
0

 
%

 
fr

o
m

 
p
lo

t 
so

il

w
at

er
 c

ap
ac

it
y
 (

P
C

)

L - 300 105.5 142.5 37.0 35.1

21 NoPoKo 8.8 17.0 8.2 93.2

22 NoP25K1oo 9.8 22.2 12.4 126.5

23 NoP1ooK1oo 10.9 24.1 13.2 121.1

24 N5oP25K1oo 20.7 28.7 8.0 38.6

25 N5oP1ooK1oo 23.3 31.5 8.2 35.2

26 N1ooP25K1oo 25.7 31.9 6.2 24.1

27 N1ooP1ooK1oo 29.5 35.5 6.0 20.3

28 N1ooP1ooK5o 28.9 34.4 5.5 19.0

29 N1ooP1ooKo 26.6 32.0 5.4 20.3

30 5
0
 

%
 

fr
o
m

 
p
lo

t 
so

il

w
at

er
 c

ap
ac

it
y
 (

P
C

)

L - 300 78.1 110.1 32.0 41.0

31 NoPoKo 10.2 19.7 9.5 93.1

32 NoP25K1oo 11.3 25.7 14.4 127.4

33 NoP1ooK1oo 12.5 27.6 15.1 120.8

34 N5oP25K1oo 22.0 30.9 8.9 40.5

35 N5oP1ooK1oo 25.1 34.3 9.2 36.7

36 N1ooP25K1oo 28.4 35.9 7.5 26.4

37 N1ooP1ooK1oo 33.9 41.1 7.2 21.2

38 N1ooP1ooK5o 33.7 40.2 6.5 19.3

39 N1ooP1ooKo 29.6 36.0 6.4 21.6

40 $O
ELF

�/X
YLV

RO�
�$
OER

WD�
��$

UJH
ú

7
0
 

%
 

fr
o
m

 
p
lo

t 
so

il

w
at

er
 c

ap
ac

it
y
 (

P
C

)

L - 300 85.3 120.6 35.3 41.4
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Table 2

)ROLDU�IHUWLOL]DWLRQ� LQIOXHQFH�RQ�PRELOH�SKRVSKRUXV�HYROXWLRQ��û�3AL, ppm) from soil

cultivated with Lolium multiflorum on different soil types, soil moisture and N, P, K

ratios from mineral fertilizers

Experimental variant

Mobile phos-

phorus at start

experiment (Pi)

Mobile phos-

phorus at the

end of

experiment (Pf)

û� 3AL,

ppm P

(Pi – Pf)

No.

Soil

type

Mois-

ture

Base soil

fertilization

(agrofonds)

PAL, ppm P

1 NoPoKo 31.0 24.2 6.8

2 NoP25K1oo 42.5 36.0 6.5

3 NoP1ooK1oo 77.0 71.3 5.7

4 N5oP25K1oo 42.5 32.1 10.4

5 N5oP1ooK1oo 77.0 70.3 6.7

6 N1ooP25K1oo 42.5 34.5 8.0

7 N1ooP1ooK1oo 77.0 65.0 12.0

8 N1ooP1ooK5o 77.0 65.5 11.5

9 N1ooP1ooKo 77.0 64.7 12.3

10 5
0
 

%
 

fr
o
m

 
p
lo

t 
so

il
 

w
at

er

ca
p
ac

it
y
 (

P
C

)

L - 300 31.0 17.7 13.3

11 NoPoKo 31.0 22.3 8.7

12 NoP25K1oo 42.5 35.1 7.4

13 NoP1ooK1oo 77.0 70.3 6.7

14 N5oP25K1oo 42.5 29.3 13.2

15 N5oP1ooK1oo 77.0 63.3 13.7

16 N1ooP25K1oo 42.5 29.0 13.5

17 N1ooP1ooK1oo 77.0 63.1 13.9

18 N1ooP1ooK5o 77.0 62.3 14.7

19 N1ooP1ooKo 77.0 61.7 15.3

20 C
er

n
o
zi

o
m

 c
am

b
ic

 –
 F

u
n
d
u
le

a

7
0
 

%
 

fr
o
m

 
p
lo

t 
so

il
 

w
at

er

ca
p
ac

it
y
 (

P
C

)

L - 300 31.0 15.0 16.0

21 NoPoKo 22.0 13.0 9.0

22 NoP25K1oo 33.5 22.5 11.0

23 NoP1ooK1oo 68.0 50.9 17.1

24 N5oP25K1oo 33.5 19.1 14.4

25 N5oP1ooK1oo 68.0 52.1 15.9

26 N1ooP25K1oo 33.5 21.6 11.9

27 N1ooP1ooK1oo 68.0 50.0 18.0

28 N1ooP1ooK5o 68.0 47.9 20.1

29 N1ooP1ooKo 68.0 49.4 18.6

30 5
0

 
%

 
fr

o
m

 
p
lo

t 
so

il
 

w
at

er

ca
p
ac

it
y
 (

P
C

)

L - 300 22.0 14.3 7.7

31 NoPoKo 22.0 12.2 9.8

32 NoP25K1oo 33.5 21.5 12.0

33 NoP1ooK1oo 68.0 45.7 22.3

34 N5oP25K1oo 33.5 17.1 16.4

35 N5oP1ooK1oo 68.0 50.5 17.5

36 N1ooP25K1oo 33.5 17.9 15.6

37 N1ooP1ooK1oo 68.0 48.3 19.7

38 N1ooP1ooK5o 68.0 45.9 22.1

39 N1ooP1ooKo 68.0 47.9 20.1

40 L
u
v
is

o
l 

al
b
ic

 –
 A

lb
o
ta

7
0
 

%
 

fr
o
m

 
p
lo

t 
so

il
 

w
at

er

ca
p
ac

it
y
 (

P
C

)

L - 300 22.0 11.7 10.3
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Table 3

Analisis of variance regarding the influence of  foliar fertilization on average

yield production (dry matter) at Lolium multiflorum on different soil types, soil

moisture and N, P, K ratios from mineral fertilizers

Statistic signification

LSD  5 % LSD 1 %

g/plot g/plot
Vegetation factors

and their

interactions
5 % 1 % 0,1 % Signifi-

cation

5 % 1 % 0,1 % Signifi-

cation

Sol 0,297 0,394 0,510 xx 0,363 0,481 0,623 xx

Umiditate 0,297 0,394 0,510 xx 0,363 0,481 0,623 ns

Agrofond 0,665 0,881 1,141 xx 0,811 1,075 1,392 xx

)HUWLOL]DUH�IROLDU� 0,175 0,233 0,301 xx 0,354 0,469 0,608 xx

Sol x umiditate 0,420 0,557 0,722 ns 0,513 0,680 0,880 x

Uniditate x agrofond 0,940 1,246 1,613 xx 1,147 1,520 1,969 xx

Sol x agrofond 0,940 1,246 1,613 xx 1,147 1,520 1,969 xx

Sol x umiditate x

agrofond

1,329 1,762 2,828 xx 1,622 2,150 2,784 xx

Sol x fertilizare

IROLDU�
0,248 0,329 0,426 xx 0,501 0,664 0,859 xx

)HUWLOL]DUH� IROLDU�� [
agrofond

0,555 0,735 0,952 xx 1,120 1,484 1,922 xx

Sol x fertilizare

IROLDU��[�DJURIRQG
0,785 1,040 1,347 xx 1,584 2,099 2,718 xx



140

THE FOLIAR FERTILIZATION – TECHNOLOGICAL, UNCONVENTIONAL AND

UNPOLUTING ACTION METHOD UPON TREE METABOLISM FOR A LASTING

DEVELOPMENT

GRADINARIU G.
1
, BIREESCU L.

2
, GRADINARIU FELICIA

3
, DORNEANU

EMILIA
4
, GAVRILUTA I.

4
, BIREESCU GEANINA

2
, DANA DANIELA

4

1
 – University of Agronomy Sciences and Veterinary Medicine of Iasi, Romania, email:

ggradin@univagro-iasi.ro
2
 – Institute of Biological Research

3
 – Institute of Public Health

4
 – Research Institute for Soil Science and Agrochemistry

Summary

The foliar fertilization through small nourishing quantities made during the vegetative period

represents a modern method of positive influence upon plants metabolism. Also, it represents

a complementary, unconventional and unpolluting source of nourishing for trees.

The research made in the present work emphasizes the significant production increase,

statistically assured, as well as high power and photosynthetic efficiency to Sweet Cherry and

Sour Cherry in an intensive orchard at the University of Agronomy of Iasi on a fertile soil

(chernozem), where foliar fertilization has been used.

Also, the nourishing reduced the entropic spread at soil level and plant level, following in the

same time a better correlation between nourishing, ecological and technological factors.

Introduction

The new foliar fertilizers include a matrix of macro and microelements, essential for the tree

nourishing, and with them are also included different organic substances with an important

role in assimilation and plant metabolism. The nourishing elements and stimulating

substances for growing, blossom and bearing fruits are metabolized immediately, stimulating

the clorophylian assimilation and the energetic equation (Chamel, 1990; Franke, 1967;

Dorneanu and colab. 976; Bireescu and colab. 2002; Borlan, 1989; Soare and colab. 1999).

Also, these substances had a positive effect upon the quality of the production.

A new fertilization concept means the adjustment of all factors of the system (ecological and

technological), so that on the background of physiology modification of the trees, the

nourishing elements should be applied and transported to the economical interest organs (the

fruits) (Gradinariu G. 1996, 2000, 2002).

Materials and methods

The research was made in the experimental field of Fruit Growing discipline from University

of Agronomy Sciences and Veterinary Medicine of Iasi on a three years period, on a fertile

soil (chernozem), with a high fertility potential (table 1).

There were tested three new Romanian liquid foliar fertilizers and two foreign products, with

the chemical composition presented in table nr.2. Three foliar treatments with 1000 l.

solution/ha were applied in the vegetation period, after blossoming. The interval between the

foliar treatments was of 14 days. The leaf’s analysis has been made three weeks after the last
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treatment. The ecological conditions of the experiments (years 2000 – 2002) permitted a

normal development.

Table 1: The principal properties of the fertile soil (chernozem)

Horizon
Depth

(cm.)
pH H2O

Humus

(%)
Nt (%) C/N

pAL

(ppm)

KAL

(ppm)

Am 0-20 7,37 5,05 0,274 12,4 56 400

Am 20-40 7.51 4,93 0,271 11,9 62 488

A/B 40-60 7,35 4,26 0,213 12,9 43 420

Bv 60-90 7,40 3,10 0,173 8,3 28 350

B/C 90-100 7,60 0,5 - - - -

Table 2: The chemical composition of the used foliar fertilizers

Types of foliar fertilizers

Composition U/M Nutri

leaf

Terra Sorb

foliar
Folplant 231 Biodor 05 Ecofert 2

Azot (N) g/l 200 20 80 60 35

Posfor (P2O5) g/l 200 - 130 95 20

Potasiu(K2O) gl 200 - 40 30 45

Magneziu(Mg) g/l 0,25 - - 0,09 0,02

Fier (Fe) g/l 1,00 - 0,3 0,15 0,5

Mangan (Mn) g/l 0,50 0,46 0,3 3,55 0,5

Zinc (Zn) g/l 0,50 0,67 0,05 0,95 0,45

Cupru (Cu) g/l 0,55 0,06 0,05 0,95 0,30

Cobalt (Co) g/l - - 0,010 0,006 0,04

Bor (B) g/l 0,20 0,19 0,1 0,075 0,40

Molibden

(Mo)

g/l 0,001 - 0,010 0,006 0,04

Sulf (S) g/l - - 0,2 0,075 -

Calciu (Ca) g/l - - - - 0,05

Aminoacids and

dif. organic

subst. with

stimulative

effect on plant

development

g/l - 45 - 175 80

pH g/l 6,5 6,6 6,6 6,6 6,8

Density g/l 1,10 1,10 1,2 1,2 1,1

The Sweet Cherry orchard (Stella variety) is 14 years old and the Sour Cherry (Nana variety)

is 12 years old.

The graft bearings are: Prunus avium L. for Sweet Cherry and V.V.1 for Sour Cherry.

The planting distances are 5x4 m. for Sweet Cherry and 4x3 m. for Sour Cherry.

Results and Discussions

In tables nr.3 and 4 are presented the experimental results concerning productivity and

energetically efficiency of the foliar fertilization at Sour and Sweet Cherry.
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The Romanian foliar fertilizer Folplant 231 is a classic foliar fertilizer, and the Biodor 05 and

Ecofert 2 types are new products.

In lots which were foliar fertilized with Folplant 231 they have obtained, comparatively with

the witness, productions increase, statistical assured by 2111 kg/ha (24,8%) for Sour Cherry

witness of 8118 Mcal/ha for Sour Cherry and 7774 Mcal/ha for Sweet Cherry.

The new Romanian foliar biological fertilizers (Biodor 05 – 1 %) and ecological (Ecofert 2 –

0,5 %) have realized significant production increase (comparatively to the unfertilized

witness, but watered equivalent to quantity of solution/ha applied on fertilized variant, exactly

1000 l/ha) between 45,1 – 45,5 % for Sweet Cherry and 51,2 – 52,4 % for Sour Cherry.

By foliar fertilization the leaves have realized a superior energetic efficiency to the witness

variant by a better conversion of the sunlight energy and biochemical energy, stored up in

leaves and than with positive influences upon harvest.

The energetic result achieved comparatively to the witness by a foliar contribution is extended

between 1662 – 1702 Mcal/ha for Sour Cherry and between 1658 – 1664 Mcal/ha for Sweet

Cherry.

The new foreign foliar fertilizers presented on the Romanian market, Nutrileaf (in 1 % doze)

and Terrasorb foliar (in 0,5 % doze) accomplished smaller production increase than

Romanian products, exactly between 43,1 – 44,7 % for Sour Cherry and 40,3 – 42,3 % for

Sweet Cherry. To this increase corresponds an energetic increase, comparatively to the

witness, between 1400 – 1452 Mcal/ha for Sour Cherry and 1481 – 1556 Mcal/ha in Sweet

Cherry case.

Concerning the influence upon photosynthesis, it was observed that foliar fertilizers stimulate

in a very intense way both the total content of pigments and the content of each assimilative

pigment, separate both for Sour and Sweet Cherry (tables 5 and 6).

The analyze of the assimilative pigments content was made three weeks after the last foliar

treatment.

The increasing of the content of chlorophylian “A” and “B” pigments and caroten as well as

the total content of pigments shows the significant role of foliar fertilizers in stimulation of

the plant metabolism with a direct influence upon harvest.

From tables 7 and 8 we may observe a positive influence of the foliar fertilization upon

mineral metabolism of the macro elements N P K from Sour and Sweet Cherry leaves.

Concerning the influence of the foliar fertilizers upon the quality of the fruits, in tables 9 and

10 is showed the fruit sugar content, the total acidity and C vitamin content. By foliar

fertilization bigger fruits of a superior quality with commercial aspect are obtained, the values

of the analyzed indicators are slightly modified comparatively to the unfertilized witness.
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Table 3: The productiv and energetic efficiency of the foliar fertilization

at Sour Cherry (Nana variety)

Production efficiency

(kg/ha)
Energetical efficiency (Mcal/ha)

Energetic BalanceVariants

Mean

yield

kg/ha
Differ-

ence
%

Sig

nif.

Outp

ut
Input Mcal/h

a
Dif. %

Signi

f.

V1-witness

unfertilized
8456 - 100 - 5412 2165 3247 - 100 -

V2-Nutrileaf
1223

6
3780 144,7 xxx 7831 3132 4699 1452 144,7 xxx

V3-Terra

Sorb foliar

(0,5%)

1210

1
3645 143,1 xxx 7745 3098 4647 1400 143,1 xxx

V4-

Folplant231

(1%)

1056

7
2111 124,8 xx 6763 2705 4058 811 124,8 xx

V5-Biodor05

(1%)

1278

5
4329 151,2 xxx 8182 3273 4909 1662 151,2 xxx

V6-Ecofert2

(0,5%)

1288

7
4431 152,4 xxx 8248 3299 4949 1702 152,4 xxx

LD 5% - 1542 kg/ha LD 5% - 653 Mcal/ha

LD 1% - 2016 kg/ha LD 1% - 798 Mcal/ha

LD 0,1% - 3354 kg/ha LD0,1% - 1317 Mcal/ha

Table 4: The productive and energetic efficiency of the foliar ferilization

at Sweet Cherry (Stella variety)

Production

efficiency (kg/ha)
Energetic efficiency (Mcal/ha)

Energetic BalanceVariants

Mean

yield

kg/ha

Diffe

renc

e

%
Sig

nif.

Out

put

In

put
Mcal/

ha
Dif. %

Signif

.

V1-witness

unfertilized
9567 - 100 - 6123 2449 3674 - 100 -

V2-Nutrileaf 13618 4051 142,3 xxx 8716 3486 5230 1556 142,3 xxx

V3-Terra Sorb

foliar (0,5%)
13422 3855 140,3 xxx 8591 3436 5155 1481 140,3 xxx

V4-Folplant231

(1%)
11583 2016 121,1 xx 7413 2965 4448 774 121,1 xx

V5-Biodor05

(1%)
13886 4319 145,1 xxx 8887 3555 5332 1658 145,1 xxx

V6-Ecofert2

(0,5%)
13904 4337 145,5 xxx 8897 3559 5338 1664 145,5 xxx

LD 5% - 1667 kg/ha LD 5% - 541 Mcal/ha

LD 1% - 1945 kg/ha LD 1% - 724 Mcal/ha

LD 0,1% - 3408 kg/ha LD 0,1% - 1402Mcal/ha
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Table 5: The influence of the foliar fertilization upon

photosynthesis at Sour Cherry

Assimilativ pigments mg/g fresh substace

Total pigments
Variants

„a”

chloro

philum

„b”

chloro

philum

carothen

mg/g dif. % signif.

V1-the

witness
0,4815 0,4405 0.2514 1,1734 - 100 -

V2-

Nutri leaf (1%)
0,5507 0,5195 0,3028 1,3730 0,1996 117,01 xxx

V3-

Terra Sorb foliar

(0,5%)

0,5588 0,5923 0,3115 1,4626 0,2892 124,65 xxx

V4-

Folplant231

(1%)

0,5015 0,5124 0,2981 1,3120 0,1386 111,9 xxx

V5-

Biodor05 (1%)
0,5665 0,5604 0,3017 1,4286 0,2552 121,75 xxx

V6-

Ecofert2 (0,5%)
0,5815 0.5407 0,3475 1,5312 0,3578 130,49 xxx

LD 5% - 0,088 mg/g

  LD 1% - 0,1266 mg/g

     LD 0,1% - 0,1811 mg/g

Table nr. 6: The influence of the foliar fertilization upon

photosynthesis at Sweet Cherry

Assimilativ pigments mg/g fresh substace

Total pigments
Variants

„a”

chloro

philum

„b”

chloro

philum

carothen

mg/g dif. % signif.

V1-the

witness
0,4905 0,4517 0,2831 1,2253 - 100 -

V2-

Nutri leaf (1%)
0,6084 0,5875 0,3506 1,5465 0,3731 131,80 xxx

V3-

Terra Sorb

foliar (0,5%)

0,6211 0,6011 0,3586 1,5808 0,4074 134,72 xxx

V4-

Folplant231

(1%)

0,5322 0,5241 0,3042 1,3605 0,1352 111,21 xxx

V5-

Biodor05 (1%)
0,6515 0,6188 0,3641 1,6344 0,4610 139,29 xxx

V6-

Ecofert2 (0,5%)
0,6408 0,6142 0,3601 1,6151 0,4417 137,64 xxx

LD 5% - 0,0901 mg/g

LD 1% - 0,1303 mg/g

   LD 0,1% - 0,1937 mg/g
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Table 7: The influence of the foliar fertilization upon the mineral

metabolism from Sour Cherry leaves

Variants Nt (%) P2O5 (%) K2O (%)

V1-the witness 3,24 0,21 2,12

V2-Nutri leaf (1%) 3,88 0,30 2,51

V3-Terra Sorb foliar (0,5%) 3,75 0,33 2,44

V4-Folplant231 (1%) 3,36 0,23 2,31

V5-Biodor05 (1%) 4,11 0,38 2,56

V6-Ecofert2 (0,5%) 4,08 0,37 2,70

Table 8: The influence of the foliar fertilization upon the mineral

metabolism from Sweet Cherry leaves

Variants Nt (%) P2O5 (%) K2O (%)

V1-thewitness 3,65 0,25 2,22

V2-Nutri leaf (1%) 4,21 0,38 2,71

V3-Terra Sorb foliar (0,5%) 4,32 0,39 2,75

V4-Folplant231 (1%) 3,76 0,34 2,38

V5-Biodor05 (1%) 4,56 0,40 2,64

V6-Ecofert2 (0,5%) 4,67 0,41 2,83

Table 9: The influence of the foliar fertilization upon chemical composition

of the Sour Cherry fruits

Variants
Total sugar

(%)

Total acidity

(g% malic acid)

C Vitamin

(mg/100g fresh

substance)

V1-thewitness 8,15 1,27 5,05

V2-Nutri leaf (1%) 7,41 1,03 4,11

V3-Terra Sorb foliar (0,5%) 7,35 1,08 4,23

V4-Folplant231 (1%) 7,64 1,20 4,81

V5-Biodor05 (1%) 7,38 1,28 4,21

V6-Ecofert2 (0,5%) 7,55 1,34 4,18
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Table 10: The influence of the foliar fertilization upon chemical composition

of the Sweet Cherry fruits

Variants
Total sugar

(%)

Total acidity

(g% malic

acid)

C Vitamin

(mg/100g fresh

substance)

V1-thewitness 8,82 1,41 4,53

V2-Nutri leaf (1%) 7,25 1,01 4,41

V3-Terra Sorb foliar (0,5%) 7,37 1,22 4,17

V4-Folplant231 (1%) 8,31 1,08 4,45

V5-Biodor05 (1%) 7,53 1,18 4,32

V6-Ecofert2 (0,5%) 7,48 1,15 4,21

Conclusions

The foliar fertilization with small doses used, applied in three times at every two weeks (using

1000 l solution/ha) after blossom period, determines an increase of the plants assimilation

capacity, positive influencing the energetic and photosynthetic efficiency.

As a result, we consider the foliar fertilization an important unconventional and unpoluting

measure (by the small dozes applied in vegetation period) of increasing through an ecological

way of the harvest for a lasting development.

By small quantities of applied fertilizers an important harvest increase is obtained and thus it

is prevented a residual pollution of the soil and fertilizers spreading in soil and environment

which appear in case of a chemical fertilization.
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Summary

Researches concerning the Ca influence in the context of complex fertilization on fruit

developement and the attack of Bitter Pit at apple. Ca translocation during fruit developement

affects its growing both in weight as in volume, but modifies the level of proteins from the

period of fruit developement and the incidence of bitter pit after harvesting. These is a

correlation between the Ca level protein level from fruit and the incidence of bitter pit, on the

basis of possible role of Ca in cellular division and cellular distention. Also it is noticed a

direct relation between Ca ions and ions of others studied elements both in the process of

absorbtion and accumulation. The different variants of fertilization has influenced as well the

fruits developement, as especialy the incidence of bitter pit attack at them. These effects were

correlated with the different level of calcium translocation in fruit, and also with the fruit

protein and polisaccharides content during the growth period.

Introduction

Calcium is very involved in growing control and differentiation at plants. Its part in

metabolism control, transport mechanism, cellular division during the mythosis and

cytochinesis as well in cellular extension at the membrane level, is unanimous recognized

(Hepler and colab., 1981,1985; Kauss, 1987; Marme, 1983). The calcium deficit in apple is

UHODWHG� ERWK� ZLWK� IUXLWV� TXDOLW\� DQG� WKH� %LWWHU� 3LW� LQFLGHQFH� �%&QHPDQQ� DQG� FRODE�� ����;

&RFXFLL��������5L]]L�DQG�$EUX]]H��������*U�GLQDULX��������������
A series of hypothesis were emitted about fruits developement, the quality of them, Bitter Pit

and mediator distinct role of calcium among the other minerals. The present work describes

the relation between growing (both in volume as in weight), dynamics of nitrogen, potassium,

calcium, proteins and sugars level during fruit developement as well as the Bitter Pit

incidence after harvesting. The different fertilization may directly act upon fruit level and/or

indirectly by the ions antagonism upon these transport level and upon epidermis. The fruits

content of potassium and nitrogen do not seem to be directly related to the potassium and

nitrogen quantity, that came from fertilization. The calcium translocation in fruit was

diminished by the presence of fertilization elements in V1 (N100P60K120Ca100Mg20) and V2

(N200P180K300Ca250Mg40); this effect seems to be related to a diminution of protein

accumulation even in V3 (N300P120K360Ca175Mg80) where the nitrogen quantity was maxim.

The sugar accumulation is tightly related to the protein content. The results shows that in the

first development period of the fruits the decreasing of calcium translocation reduces the

speed of protein accumulation, but not the increasing in volume of the fruits. This fact

suggests a decreasing of the cells number, but an increase of their volume. The calcium deficit

acts mainly upon the mythosis and only when this deficit is increasing, acts upon the cell
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Materials and Methods

The experiment was organized in S.C.P.P. Iassy, using the Idared variety engrafted on MM

106.

Starting from the initial analyze of the variety (pH=6,5; IN=2,11; P=0,20 %; K=1,42 %;

Ca=1,07 % and Mg=0,24 %) three fertilization variants were organized as it follows:

V1=N100P60K120Ca100Mg20;

V2=N200P180K300Ca250Mg40;

V3=N300P120K360Ca175Mg80.

From the moment when the fruits reached 10 mm in diameter (20 – 30 May) and to the

moment of harvest, they have measured the diameter of fruits at different moments with three

repetitions of every ten fruits of each variant, afterwards they have been reaped and physical –

chemical analyzed. Starting with the first stage of fruits development (May) to the fruits

harvest, the average weight of fruits; the diameter, the quantities of nitrogen, potassium,

calcium, proteins, polisaccharides etc.were monitored in time:

Results and Discussions

In table 1 is presented the incidence of fruit Bitter Pit after 180 days of keeping in

refrigerating conditions. This was lower at the fruits of the variant V2, where the increase of

the researched parameters and the fruits growth was bigger and more constant.

Table 1: The Incidence of Bitter Pit in Fruits Depending on the Fertilization Variant, After

180 Days of Keeping in Refrigerating Conditions

Variant Fertilization level (kg/ha a.s.) Bitter Pit Attack (%)

V1

V2

V3

N100P60K120Ca100Mg20

N200P180K300Ca250Mg40

N300P120K360Ca175Mg80

10,4 a

7,2 b

12,5 a

For P=5 % the values marked with the same letter are not significant differentiate.

The different fertilization with biominerals had direct influence upon fruit development both

in diameter and weight. The maximum growth was recorded at variant V2. In the case of a

more intense fertilization with nitrogen and potassium (V3), the fruit development was less

marked (fig.1). The different variants of fertilization influenced the increasing of fruits Ca
++

level depending on the stage they were. Thus, the lower fertilization (V1) reduced the

increasing of calcium content in medium stage of fruits development (8 June - !2 July)

At variant V2 the calcium level increased uniformly during the fruits development and the

increase of fruits calcium level was lower in first stage of development (25 May – 8 June).

The speed of protein accumulation in fruits was faster at the beginning of growing and than it

gradually diminished.

At the final stage of growing (15 August – 5 September), the protein content has diminished.

During the first two stages of fruits development (25 May – 12 July) the effect of the different

conditions of fertilization upon the speeds of protein and calcium accumulation was

comparable and significant (fig.2,3).

The polisaccharides with acid hydrolyze content and first of all the starch, during the fruits

development have a similar type/profile as the proteins. The diminishing of proteins and
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polisaccharides quantity in the last period of growing is due mainly to the beginning of the

fruits maturity process (fig. 3).
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Fig. 1 - The effect of fertilization upon the average weight and diameter of fruits
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Fig. 3 - The fertilization influence upon the proteins and polysaccharides in the fruits

Conclusions

The different fertilization may directly act upon fruit level and/or indirectly by the ions

antagonism upon their transport level and upon epidermis.

The fruits content of potassium and nitrogen do not seem to be directly related to the

potassium and nitrogen quantity, that came from fertilization.

The calcium translocation in the fruit was diminished by the presence of fertilization elements

in V1 (N100P60K120Ca100Mg20) and V2 (N200P180K300Ca250Mg40); this effect is related to a

decrease of protein accumulation even in V3 (N300P120K360Ca175Mg80) where the nitrogen

quantity was maxim.

The sugar accumulation is tightly related to the protein content. The results show that in the

first development period of the fruits the decreasing of calcium translocation reduced the

speed of protein accumulation, but did not affect the volume increase of the fruits. This fact

suggests a decrease of the cells number, but an increase of their volume.

The calcium deficit acts mainly upon the mythosis and only when this deficit is increasing,

acts upon the cell, affecting the cytoplasm activity and the structure of cellular membrane

(wall). In these conditions the cells may die, leading to a necrosis process and thus to Bitter

Pit.

References

%XUQHD�,��úL��FRODE��±�&KLPLH�úL�ELRFKLPLH�YHJHWDO���(GLW��GLG��úL�SHG���%XFXUHúWL�������
Cocucii S. et colab. – developement, calcium level and bitter pit in apple. Adv. Hort. Sci., nr.

3/1990.

'DYLGHVFX�'��úL�FRODE��±�$JURFKLPLH��(GLW��GLG��úL�SHG���%XFXUHúWL�������
*KHUJKL� $�� úL� FRODE�� ±� %LRFKLPLD� úL� IL]LRORJLD� OHJXPHORU� úL� IUXFWHORU�� (GLW�� $FDGHPLHL�

%XFXUHúWL�������
*U�GLQDULX�*��úL�FRODE��±�7KH�LQIOXHQFH�RI�VRPH�PLFUR�DQG�PDFUR�HOHPHQWV�RQ�WKH�TXDOLW]�DQG

crop of the main apple varietiesin Moldavia. Review of trace and macroelement

research,vol.1, 1992.

*U�GLQDULX�*��úL�FRODE�
Jones R.G., Lunt O.R. – The function of calcium in plants. Bot. Rev., nr. 33, 1967.

g. polysaccharides/fuit



152

THE EFFICENCY OF SOME ANTI-DROUGHT FERTILIZERS IN

AGRICULTURAL CROPS

SOARE M.
1
, BORLAN Z.

1
, DANA D.

1
, BUDOI GH.

2��*$95,/8���,�1, BIREESCU

L.
3
, CIOLACU M.

4
, CONDEI GH.

4��&+,�8�0�5, ISTRATE E.
6���Ì0%27$�,�7

1
Research Institute for Soil Science and Agrochemistry, Departament of Agrochemistry, 61

0�U�úWL�%OYG���������%XFKDUHVW��5RPDQLD��(�PDLO��DJURFKLP#�LFSD��UR
2
University of Agronomical Sciences and Veterinary Medicine, Bucharest, Romania;

3%LRORJLFDO� 5HVHDUFK� ,QVWLWXWH�� ,DúL�� 5RPDQLD�� 4
Research Station for Viticulture, Dragasani,

Romania; 
5
Research Institute for Pomiculture, Maracineni, Romania; 

6
Agricultural Research

Station Podu-Iloaie, Romania; 
7
Office of Pedological and Agrochemical Studies, Timisoara,

Romania

Summary

The special efficiency of some unconventional means and methods of fertilizations in

agricultural crops is determined by the fact that it acts on the plants with reduced amounts of

nutrients, the application of these products as diluted solutions on plant teguments being

concomitantly with some obliged works (phytosanitary treatments during crop vegetation).

From the group of these unconventional means of fertilizers belong the so-called anti-drought

compositions (CAS), which are liquid compositions with a special set of aminoacids

(obtained by acid hydrolization of some rich protein sources), mineral nutrients as

ammonium, nitrate, orthophosphate, potassium and residual micronutrients extracted from

mining sludges and transformed in soluble metal-protein complexes, being destined to foliar

or seed application. It counts on aminoacids role, generally, and proline especially, as well as

of purins in protein and nucleoprotein metabolism of the plants stressed by drought and other

negative vegetation factors, such as osmotic stress of plants because of high soluble salt

contents in soil (Ben Naceur et al, 1992, quoted by Borlan, 1997).

The results obtained in experimental conditions in some crops are encouraging. Thus, it can

emphasise that the CAS application on leaves in Iasi conditions led generally to important

yield increases, 40 % approximatively, in corn, potato, apple tree and grapevine. The high

values of the rates between nutrient exports in yields and nutrient inputs by foliar treatments

asure to these CAS high chances to prevent environmental polution, especially with nitrates.

1. Intoduction

Foliar fertilization is an efficient mean of fertilization, with rapid effect in correcting the plant

nutrient deficiencies, but also a measure to prevent deficiencies and to stimulate the plants,

including to easier face the stress of vegetation factors. The efficiency of the foliar application

of the nutrients is much higher than that of the soil application, the apparent coefficients of

nutrient utilization being sometimes much higher than 100 % (Budoi, 2000, 2001; Soare,

1992, 1997, 1999). Usually, the yield increases export ammounts of nutrients much higher

than those applied with foliar fertilizers, because of the increase degree of utilization of

nutrients from soil and from classical fertilizers applied in soil (Soare, 1992).

During the last years the drought affected a high surface of Romanian agricultural land, with

considerable damages for crops. From this reason, any means that can determine to diminish

the drought negative effects on plants is welcome. For this purpose it has been elaborated and
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tested, to different crops, some unconventional means of fertilization, applicable on leaves,

so-called anti-drought compositions (CAS).

Among the advantages that offer these products can be mentioned: diminution of the negative

consequences of drought stress on crops; these compositions combine some positive effects of

an adequate forms of macro- and micrnutrients with organic substances (aminoacides,

vitamins and vegetal hormones); reduced costs of the nutrient sources; reduced costs of

application, because this is done concomitantly with the phytosanitary treatments, CAS being

compatible with the pesticides.

2. Material and methods

The researches have been carried out between 1998-2000, and have had as main purposes

elaboration, production and testing, in experimental field conditions, of the some

compositions with effects of diminishing the damages caused by hydric stress on crops. These

liquid products, known as anti-drought compositions, with 3 subtypes (CAS a, b, c), are

differentiated between them by nature of the acid used to hydrolyze the protein sources and

have a complex chemical composition. They contain aminoacides and mineral nutrients as

ammonia, nitrates, orthophosphates, potassium and residual micronutrients extracted from

miner subproducts and then transformed in soluble complexes metal-proteins.

The CASS have been applied on leaves as diluted solutions, 0,35 % concentration. Generally,

four treatments have been applied, corresponding to the critical plant nutrition stages of each

crop, the amount of used solution being established depending on the foliage development.

From climatic point of view, the years taken under study generally have been droughty, with

temperatures higher than the multi-yearly average, in summer being frequently "dog days",

with intense heat, for example 41
0
C on 4 of July, 2000, in the Dragasani area. The rainfall has

been generally ununiform distributed, especially in the vegetative period. Similar conditions

have been registered in Iasi area. That's why we considered opportune to present more

detailed results from these two experimental centers (Iasi and Dragasani), and from 2000,

considered one of the most droughty years of the last period.

In all experiments an uniform background of classical soil fertilization was assured. The data

have been statistically processed by analyses of variance method, the Tukey test was used for

LSD (lowest significant differences), and correlation and regression methods have been used

in order to establish the relations between the studied indicators.

3. Results and discussions

The influence on yield of the anti-drought compositions application, on different crops, is

illustrated as relative effect of these products compared with a control considered 100 %. The

results from 1998 and 2000, in different experimental centers, are presented in table 1 and 2.

In 1998 (table 1), in Sanandrei conditions, the CAS application determined, in winter whet,

statistically significant yield increases around 10-11 %, and at Podu Iloaie between 12-16 %.

In corn, at Sânandrei, yield increases have been between 22-36 %, and at Podu Iloaie between

12-18 %, all statistically significant. The application of CAS in plum tree at Maracineni

determined positive results, but the yield increase was statistically assured only for CAS c. As

average relative results of all experimental centers, CAS can be classified as follows: CAS b >

CAS c > CAS a.
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According with data from table 2, the CAS application in 2000 generally determined

important yield increases, especially in Iasi conditions, where the level of yield increases was

Table 1 The results obtained in field experiments with CAS – anti-drought composition a, b,

c, in 1998

Relative effects of CAS

(% from control)Experimental center Crop (variety)

Absolute

yield in

control, t/ha a b c

6kQDQGUHL��7LPLúRDUD� Wheat (Flamura 85) 3,42 110** 111*** 111***

–,,– Maize (NSSK-420) 4,50 122** 136*** 122**

3RGX�,ORDLH��%XG�L� Maize 7,12 114*** 112*** 118***

,&33�0�U�FLQHQL Plum (D'Agen) 2,08 127 154 137**

Average of all 4 field experiments 118 128 122

higher 40 % in all crops. At Podu Iloaie (Budai field), the yield increases in maize have been

very high, reaching 58-66%. At Sanadrei (Timisoara region), the excessive drought negatively

influenced the crops, especially maize. Even in these conditions, the effect of CAS was good

enough, the yield increases in winter wheat being placed between 18-29 %.

The average relative results of all 7 experimental centers emphasized that generally all three

CAS led to high the yield increases, these varying between 45-48 % (CAS c > CAS b > CAS

a).

Table 2 The results obtained in field experiments with CAS – anti-drought composition a, b,

c, in 2000

Relative effects of CAS

(% from control)Experimental center Crop (variety)
Absolute yield

in control, t/ha
a b c

6DQDQGUHL��7LPLúRDUD� Wheat (Europa) 2,92 118 129 121

3RGX�,ORDLH��%XG�L� Maize (PI 110) 3,78 161*** 158*** 166***

6&399�'U�J�úDQL Grape (Selected

Cramposie)
10,3 164*** 170*** 175***

ICBiol Iasi Maize 5,56 142*** 142*** 143***

–,,– Potato 12,79 141*** 142*** 143***

–,,– Apple (Golden D.) 15,59 140*** 141*** 142***

–,,– Grape (Chasselas) 10,23 146*** 144*** 144***

Average of all field experiments 145 147 148

Fig.1 presents some aspects concerning the influence of CAS application on biometric

indexes of maize and yield to, in Iasi experiment, 2000. In this experiment, the CAS have

been compared with a control spread with water and wit another complex foliar fertilizer,

called Folifag, frequently used in crop fertilization in Romania. It is evident that all CAS (a, b,

c) are superior to control (water spread), but to Folifag to, as far as concern the effects on

yield, but also on biometric indexes. The differences registered are generally statistically

assured. There is a positive significant correlation between the chlorophyll b content of the

leaf and chlorophyll a content, and between carotenes contents and chlorophyll a (fig, 2).
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It is to underline that foliar application of CAS increased the leaves content in these pigments,

and consequently the photosynthesis. These explain the yield increases in maize in very

droughty conditions of 2000 in this area.

The results obtained in apple tree, Golden Delicious variety (fig. 3), in the same Iasi

experimental center, also emphasize the positive influence of the foliar treatments with CAS

on the level of the fruit yields. The data regarding the productive and energetic efficiency

emphasize a high level in the treated variants as compared with control and even with Folifag

treatment.

Fig. 1 – Influence of CAS treatments on corn yield (q/ha), cob weight (g/10), fruited cobs

(thousands/ha), plant height (cm) and cob insertion height (cm)

Fig. 2 – Correlation between the

chlorophyll b and carotenes

content of the leaf and

chlorophyll a content in maize

(mg/g fresh weight). Iasi

experiment, 2000

Fig.  3 – Influence of CAS treatments on apple yield

increases (kg/ha), relative yield increases (%×10) and

energetic efficiency (Mcal/ha)
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In the same Iasi center, in an experiment on

grapevine, Chasselas Doré variety, determinations

regarding the influence CAS treatments on

chlorophyll pigments were accomplished, finding

increasing in chlorophyll a, b and carotenes contents.

And in grapevine there is a positive significant

correlation between the chlorophyll b content of the

leaf and chlorophyll a content, and between carotenes

contents and chlorophyll a (fig, 4). The correlation

coefficients are statistically significant and have

higher values than in maize.

The researches carried out at SCPVV Dragasani had

as purpose to find the response of the grapevine to

CFF application. With this aim, measures have been

done regarding: the yield and the yiled qualitative

indexes (fig 5, 6); some biometric indexes (table 3) in

order to emphasize the cumulative effect of the

treatements in the next years.

The grape yield registered higher levels as effect of the foliar treatments, as compared with

control, the yield increases being between 6,4-7,5 t/ha, significant and statistically assured.

The quality indexes also registered higher values in treated variants, thus the average weight

of the grape reached 218 g in CAS b treatment, which gave the highest yield of grapes.

At the same time we can observe an increase of sugar content in must, corresponding with the

diminution of its acidity, as the effect of the foliar treatments. These data demonstrate the

utility of CAS application, in order to diminish the negative effect determined by hydric

stress, especially in vinifera grapevine varieties, such as Selected Cramposie, which are less

resistant to drought.

Fig. 4– Correlation between the

chlorophyll b and carotenes content of

the leaf and chlorophyll a content to

Chasselas doré (mg/g fresh weight)

Fig.  5 – Influence of CAS treatments on grape yield, grape weight, weight of 100 berries

DQG� WKH� VXJDU� FRQWHQW�RI� WKH�PXVW�RQ�JUDSHYLQH�6HOHFWHG�&UkPSRúLH� �6&399�'U�J�úDQL�
2000)
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There is no significant correlation between

the grape weight and the sugar content of

the must, but it is significant between grape

weight and grape yield (fig 6), which

demonstrates that as higher the CAS

fertilizers increased the grape weight, the

higher they increased the yield, so the yield

increases are mainly explained by grape

weight increases.

Table 3 emphasizes the effect of CAS on the

next biometric indexes: eye viability; shoot

fertility; vegetal biomass and wood

maturation. The fresh vegetal biomass

registered the highest values in CAS a

variant and the degree of the wood

maturation was highest in CAS b. It can be

observed that the products applied had a

positive influence on the mineral nutrition of

the grape.

From the observation accomplished on

plants was found that the treated plants

maintained a fresh tissue for a longer time,

diminishing the loss of soil water and

delaying the partial and total withered.

Table 3 Influence of the foliar application of CAS fertilizers on some biometric indexes to

JUDSHYLQH��6HOHFWHG�&UkPSRúLH�.REHU���%%��LQ�6&399�'U�J�úDQL�FRQGLWLRQV�������

Eyes viability Shoots fertility
Wood

maturation
Foliar

treatment

Vegetal

biomass

g/vine %

Control (water) 1640 69 72 75

CAS a 2030 91 60 78

CAS b 1830 75 80 86

CAS c 1960 95 48 84

4. Conclusions

The high efficiency of these anti-drought fertilizers is determined by the fact that they acts on

plants in small nutrient amounts, stimulate the productive photosynthesis, diminish the

transpiration coefficient, increase the coefficient of the soil water productive use, and they are

applied concomitantly with the phytosanitary treatments, which means no cost for special

application.

The data presented in this paper emphasize the diminution of the hydric stress negative effect

using CAS compositions, the crop productivity being maintained at an acceptable level even

in droughty conditions.

Fig.  6 – Correlation between the grape yield

(Y), weight of hundred berries (WHB), sugar

content of the must (SC) and the grape weight
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According to the results obtained in rigorous experiments, with many cultivated species, CAS

showed also theirs efficiency in the improvement of the yield quality.
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