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Spatial heterogeneity of soil properties

L. Brodsky, V. Van&k, J. Szdkova, K. Stipek

Czech University of Agriculture in Prague, Czech Republic

ABSTRACT

This paper illustrates the spatial variability of plant-available soil nutrients P, K and Mg and soil pH on two fields of an
area of 54 and 67.5 ha, located around Cesky Brod. Both of these are orthic luvisols fields. The use of the coefficient of
variation (CV) as a criterion of comparison for different soil properties on the two examined fields showed the following:
the highest variability was in the available P; the second highest variability was in the available K; and the lowest vari-
ability of main non-mobile nutrients was in the available Mg. In addition, the lowest of all measured soil properties was
in soil pH. An additional comparison method was used. This relates to the parameter of the field area proportion of
different soil test levels. The spatial continuity of examined properties is illustrated on combined contour and image

maps.

Keywords: soil properties; spatial heterogeneity; maps of soil variability; levels of variability

As Oliver (1999) suggested, the areas of land on the
earth’s surface are covered by soil, the type of which
varies from place to place. This variability is caused by
the interaction of independent soil forming processes.
These processes are affected by numerous natural phe-
nomena including climate, geology, relief, hydrology,
micro biota and so on, all of which operate on different
characteristic spatial scales. Soil properties can therefore
vary at different scales of soil resolution, from millime-
tres to several kilometres.

James and Wells (1990), citing Waynick (1918), claim
that there has long been an awareness of soil heteroge-
neity. The only method to evaluate the soil heterogene-
ity was the uniformity trial. However, although effective,
its use was time-consuming (LeClerg et al. 1962 — in
James and Wells 1990). This method evaluated the divid-
ing of a field into small segments. The characteristics of
each segment were then measured.

James and Wells state the general conclusion from
uniformity trials to be:

— Soil fertility variations are not distributed randomly, but
they are, to some degree, systematic; that is, contiuous
field segments are more likely to be alike than are seg-
ments separated by some distance.

- Soil fertility is seldom distributed so systematically that
it can be described by a mathematical formula.

Peck and Soltanpour (1990) suggested: in the past,
before fertilizers were commonly used, it was relatively
uncommon to find big differences in nutrient levels in
different parts of a given field, except where extreme het-
erogeneity of soil types existed; now, the large differenc-
es found in nutrient levels of samples are usually not
sampling or testing errors but actual variations in fertili-
ty patterns.

James and Wells (1990) divided the sources of field
variability into two types: natural variation (soil-forming
processes), and human variation (different cropping sys-
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tems and associated fertilizer management). The degree
of soil variability falls into three categories based on the
variation between points separated: micro- (0-0.05 m),
meso- (0.05-2 m), and macro- (>2 m).

There is a further significant source of soil heteroge-
neity, caused by human variation that brings higher lev-
els of variability. That relates to an extension of field
boundaries of several smaller fields with different treat-
ment histories. This practise creates larger fields and was
very common in the Czech Republic.

It is difficult to separate different sources of spatial
variability and their levels on any examined field without
a recorded detailed history of the field. Overall informa-
tion about thg spatial distribution of the soil properties
generally derives from observations, for example, soil
sampling. The use of grid sampling to map soil test lev-
els has been shown to give the most accurate maps (Fra-
zen and Peck 1995).

Sampled properties can have large differences in the
magnitude of their spatial variability. Wilding (1985) in
Wollenhaupt et al. (1995) classified selected soil proper-
ties into low, medium and high categories of spatial vari-
ability according to their coefficient of variation.
Wollenhaupt ¢t al. (1995) quantified magnitudes of vari-
ability for soil properties, thus: available P has an interval
of CV'39-157%; available K 31-61%; and soil pH 8-14%.

MATERIAL AND METHODS

In this study of spatial heterogeneity of soil properties
two field sites were examined. Kluéov field with an area
of 54 ha was sampled in 1999 and Tiebovle field with area
of 67.5 ha was sampled in 2000. Both are orthic luvisols
fields located in the area of Cesky Brod.

Soil samples were collected from soil profile (0-30 cm)
using the point sampling method, with regular grid square
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Figure 1. Soil sampling points (Klucov field)

pattern of 40 x 40 m across the whole fields. 14 individual
core samples were taken from each point from a circle area
with a radius of 3 m from the centre point. The total num-
ber of soil samples collected from Klucov field was 368
(Figure 1) and from Ttebovle field 426 (Figure 2).

All point sample locations were recorded as x, y co-
ordinates with GPS receiver Garmin GPS II+ in datum
WGS-84. In 1999, GPS receiver was supported by the
DGPS receiver RACAL (LandStar Europe) while the SA
(Selective Available) error was included in GPS signals.

Both sets of samples were air-dried, the ground on 2 mm
sieve and manually homogenized. To determine the avail-
able P, K and Mg Mehlich III solution method was used.
Mehlich I1I is an official method of soil testing in the

Czech Republic including soil test levels classification
(intimation no. 477/2000). The Scalar (San System) seg-
mented continuous flow analysis with photometric de-
tector was used for the detection of P. The Spectr AA-300
(Varian) atomic absorption spectrometer was used for the
detection of K and Mg. Soil pH was determined in 0.2 M
KCl extract. An Acidimeter (Druopta) with a glass and
calomel electrodes was used to determine pH.

All statistical analyses were processed in software SAS
v. 8.00 (SAS Institute). Map plots were processed in soft-
ware Surfer v. 7 (Golden Software) with the default gird-
ing method settings (interpolation — kriging with the
default linear variogram).

Quality assurance of analytical data

Since there is a lack of reference material for the
Mehlich IlI extraction method, other samples were used
to evaluate the quality of the analytical data:

—repeated measures of one extraction of one sample weight
from examined field soil sample (ISS — Internal Soil Sam-
ple from examined field)

—repeated measures of different weights of homogenized
soil sample from the examined field (ISS — Internal Soil
Sample from examined field)

—repeated measures of one extraction from internal refe-
rence material, soil sample from the International Soil-
Analytical Exchange organized by WEPAL (1999),
Wageningen, The Netherlands (IRM - Internal Refe-
rence Material); the median of results of the determi-
ned available K from published laboratories for this
sample was 175 ppm with MAD 13.0 and for available
Mg 231 ppm with MAD 21.0 in report 99.3
Quality assurance samples were posted at the begin-

ning, in the middle and at the end of the main analysed

sample sets to check analytical accuracy during the
whole measuring process.

For statistical calculations of data from additional
analysis median and MAD (median of absolute devia-
tions) were used since in this case abnormal values have
less influence on the estimated central value and the
spread of this value. Another reason is that these small
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Figure 2. Soil sampling points (Tiebovle field)
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Table 1. The results of the quality assurance of the analysed data

Kluéov set Ttebovle set
Properties Statistics
n ISS-repetition n ISS-weights n IRM-repetition

P median £ MAD 9 39 %1 4 332 - a
ppm Z-score - = -
K median £ MAD 29 2125 5 219 =10 9 171 = 2
ppm Z-score - - 1.95
Mg median £ MAD 29 133 £ 2 5 136 £ 3 9 228 + 8
ppm Z-score - - 0.37
pH median £ MAD - a 10 73+ 0.3 - a

Z-score - - -

n — number of samples, a — not measured

data sets do not usually have normal distribution. The
Z-score was applied for the accuracy evaluation of the
measured data with analysed internal reference material.
For the Z-score the following formula was used:

— Y-Yom
Z= MAD

where: Yis the reported value and Y(m) is median of measured
values; for evaluation of the accuracy was used Z-score clas-
sification with |Z| < 2 satisfactory, 2 < |Z] < 3 questionable
and |Z| 2 3 unsatisfactory intervals

RESULTS AND DISCUSSION

It is problematic to attempt a separation of levels of
spatial variability in different sources (natural variation
and human variation) without detailed records of field
history. However, it is possible to quantify the variability
of the analytical system.

The statistical results of repeated measures of one ex-
traction of soil sample from the examined field in Table 1
indicate very low deviation. A slightly higher deviation
of repeated measures was indicated in different weights
of one soil sample from this examined field. This devia-
tion is influenced by analytical error as well as soil sam-
ple homogeneity. In addition to the Tiebovle soil sample
set analysis for K and Mg, IRM soil samples were used.
This allowed to be Z-scores calculated. Both Z-score re-

Table 2. Summary statistics of Klu¢ov field sets

sults 1.95 for K in Table 1 and 0.37 for Mg were under the
level 2, which proves that the analysis of the main sets
was processed with satisfactory accuracy. These valida-
tion analyses proved that the error in the analytical sys-
tem is not the source of measured data variation.

For each field data set, a summary of statistics was
calculated (Tables 2 and 3). The coefficient of variation
(CV%) was used to compare the levels of variability of
different soil property on both fields. The disadvantage
of the use of this parameter is that parametric statistics
require normal distribution of the measured data. As an
additional comparison, the parameter of proportion of
field area for different soil test levels was used. This pa-
rameter describes the spatial cover of the field belong-
ing to different levels of the soil tests but does not
include information on whether the total amount of area
counted in some level is a compound of many smaller
areas or if it is larger part of the field. This parameter
also helps to better describe and understand the aver-
age statistic characteristics of some measured property
for the whole field.

The spatial continuity of the soil properties is visually
illustrated on the interpolated image maps combined with
contour maps showing the boundaries of soil test prop-
erties for different levels. In the maps plotted in this pa-
per, smaller or more minor areas of different test levels
surrounded by a bigger area appear, which is an indica-
tion of the high resolution of the maps. That is to say the
high sampling density.

Table 3. Summary statistics of Tfebovle field sets

Variable/parameter P (ppm) K (ppm) Mg (ppm) pH

Variable/parameter P (ppm) K (ppm) Mg (ppm) pH

Average 25.6 211 141 7.2 Average 34.1 141 121 6.4
Standard deviation 14.3 85.9 21.2 0.35  Standard deviation 13.5 35.8 16.9 0.55
Coefficient of variation (%) 56 41 15 5 Coeficient of variation (%) 39.5 25.4 14 8.7
Minimum 4 101 90 Sl Minimum 10.4 58.9 68.4 5
Median 22 192 139 7.3 Median 31.3 136 122.4 6.4
Maximum 105 953 258 7.6 Maximum 90.9 351 162.5 7.3
Skewness 1.69 3.49 1.48 -2.16  Skewness 1.04 1.86 -0.28 -0.35
ROSTLINNA VYROBA, 47, 2001 (12): 521-528 523
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Table 4. Proportions of field arca for different soil test levels on
Klucov field

Table 5. Proportions of field area for different soil test levels on
Trebovle field

ppm P <20 20-40 > 40
Area (ha) 22 26.2 5.9
% 41 48 11
ppm K < 160 160-320 > 320
Area (ha) 10.9 40.6 2.6
% 20 75 5
ppm Mg < 110 110-160 > 160
Arca (ha) 0.7 46.9 6.5
% 1 87 12
pH < 6.5 6.5-7.2 >72
Area (ha) 2.3 17.2 34.6
Y% 4 32 64

ppm P <20 20-40 > 40
Area (ha) 4.7 44.6 18.2
% 7 66 27
ppm K < 160 160-320 > 320
Areca (ha) 53.3 14 0.2
% 79 21 0
ppm Mg <110 110-160 > 160
Area (ha) 15.6 51.9 0
% 23 77 0
pH < 6.5 6.5-7.2 > 12
Area (ha) 36.1 26.7 4.7
% 53 40 7

A comparison of soil properties variability (CV) accord-
ing to published results (Wollenhaupt et al. 1995) shows
that Klucov field set results (P 56%, K 41% and pH 5% in
Table 2) are all inside given intervals. Tiebovle field set
results in Table 2 have a soil P coefficient of variability
39.5%, just at the lower border of given CV interval of P
(39-157%) and the coefficient of variability for K data
25.4% is lower than the given interval (31-61%). The re-
sult of the soil pH coefficient of variability 8.7% was in-
side the given interval (8-14%).

An average value of the P data set in Table 2 together
with histogram (Figure 3) show that major parts of Klucov
field have a very low P test level according to classifica-
tion. A slight asymmetry of P data set distribution (Fig-
ure 3) quantified in the parameter of skewness (1.69) in
Table 2 appears in the P map as smaller areas of higher
concentration of available P. The total area with P level
over 40 ppm is then only 11% of the whole field area (Ta-
ble 4). The Klucov field P map (Figure 11) shows that
areas of higher test levels (over 40 ppm of P, 11% area of
field) are in the southern part of the field. The northern
small erratic area of high values is caused by samples
taken close to the field boundary where it is not repre-
sentative for the whole northern part of the field. The
average value of the P data set of the Trebovle field in
Table 3 has a slightly higher value compare to the Klucov
field P average but still according to the Mehlich IIT clas-
sification falls in very low soil P test level. Only 7% area
of the field (Table 5) has P test values less than 20 ppm.
Tiebovle field P map (Figure 15) shows higher values
(over 40 ppm P, 27% area of the field) mainly in the east
part of the field. Figure 4 shows slight asymmetry of P test
values in Trebovle field set illustrated with the coefficient
of skewness 1.04 in Table 3. P values of Trebovle field
set have a lower level of variation (CV 39.5%) compare
to Klucov field, but higher average value of soil P test.

The results of available K analysis of the Klucov field
set in Table 2 indicate high range of the data values, which
cover low, medium, high and very high soil K test levels
according to the Mehlich III classification. This data set
has a positive asymmetry of the distribution (Figure 5)

ROSTLINNA VYROBA, 47, 2001 (12): 521-528

illustrated with a high value of the coefficient of skew-
ness 3.49 in Table 2. There are several point samples with
K test over 320 ppm which appear on the map of K (Fig-
ure 12) either as small erratic areas in the south-west and
the north-east parts of the field or as a bigger area in the
south-east part of the field. The average value of soil
K test (Table 2) falls in the medium level according to
Mehlich III classification and also 75% area of this field
(Table 4) has medium K test level. The coefficient of vari-
ation of available K on the Klucov field reached only
41% despite the high range of the data. Ticbovle field
K test indicate low level of variability (CV 25.4%), low
average value of K data set with 79% area of the field
with a low level of available K according to the Mehlich I11
classification. Trcbovle ficld K map (Figure 16) illustrates
low variability with several erratic higher values at the
boundary of the field. The histogram (Figure 6) of this
field K data set shows a slight asymmetry with the coef-
ficient of skewness 1.86 (Table 3).

The statistical results of Mg on both fields show a low-
er level of variability (Klucov set with CV' 15% and Tre-
bovle set with CV 14%). This indicates, that there is not
effect of the different cropping history and Mg fertiliser
was not used. The ranges of the data sets fall into the
intervals of very low and low-test levels according to the
Mehlich III classification. The average values of both
sets fall into low Mg test level. Klucov field has 87% area
of a low Mg test level and Trebovle field has 77% area of
a low Mg test level (Table 5). Klucov field Mg map (Fig-
ure 13) shows higher values in the south-east part of the
field. Tiebovle field Mg map (Figure 17) shows areas of
lower values in the eastern part of the field. The histo-
gram of the both data sets in Figures 7 and 8 indicates
fairly normal distribution.

Soil pH test on the Klucov field has the average value
7.2 with a very low level of variation (CV 5%) in Table 2.
This data set has a higher negative asymmetry of the
data distribution (Figure 9) with the coefficient of skew-
ness —2.16 (Table 1). This negative asymmetry is caused
by a minor number of soil samples, which tested values
under pH 6.5 (4% area of the field). Klucov field pH map
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(Figure 14) shows several smaller areas with values un-
der the value 6.5 spread mainly in the southern part of
the field. Trebovle field set tests the average soil pH 6.4
(Table 3), which is a slightly lower compared to Klu¢ov
data set. The coefficient of skewness of the Tiebovle
field set —0.35 (Table 3) indicates very low negative
asymmetry of the data. The double peak histogram (Fig-
ure 10) with the Trebovle pH data set indicates that this
data set is compound of two different distributions. The
Trebovle field map of pH (Figure 10) shows that the
castern part of the field test mainly lower values of pH
(53% arca of the field tests pH under 6.5) and the west-
ern part of the field tests higher values from 6.5 to 7.3.
This indication suggests that the field might be
a compound of two different fields with extended
boundaries.

CONCLUSIONS

The results of the two examined fields of 54 and 67.5 ha
area indicate that all analysed soil properties have differ-
ent degrees of spatial variability according to the soil
property. Generally, the highest variability in the analy-
sed soil properties is that of available P; the second high-
est level is that of variability has available K; a lower
variability is indicated in that of available Mg; and the
lowest variability has soil pH. The coefficient of varia-
tion (CV) as a criterion of comparison has been used.

Also, the levels of the spatial variability differ from field
to field. Klucov field has higher variability (CV) of soil
available P and K, while Trebovle field has a slightly
higher level of variability of soil pH. The variability of soil
available Mg is basically at the same level in both fields.

ABSTRAKT

Prostorova heterogenita agrochemickych vlastnosti pud

By the way of an additional comparison, the parameter
of the proportion of the field arca for different soil test
levels helps to understand the average value calculated
for the whole field. The spatial continuity of the soil prop-
erties is illustrated visually on the interpolated maps.

This research was funded by the research plan No.
MSM 412100005 of the Ministry of Education, Youth and
Sports in the Czech Republic.
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Na dvou pozemcich v oblasti Ceského Brodu o vymérach 54 a 67,5 ha byla sledovina prostorova variabilita rostlinam pri-
stupnych zivin v pidé P, K, Mg a pidniho pH. Oba pozemky patii do klasifikace hnédozem typicka. Pro srovnani riiz-
nych pldnich faktorti na obou sledovanych pozemcich byl pouzit koeficient variability (CV). Ukézalo se, Ze nejvyssi variabilitu
vykazoval fosfor, druhou nejvy3si Groven variability draslik a nejniz8i variabilitu z méfenych pristupnych zivin hoicik.
Nejnizsi variabilitu ze viech méfenych pidnich faktort mélo pidni pH. Pro dal$i srovnani prostorové variability byl stano-
ven podil plochy pozemku piistudejici k vymezené trovni méfeného faktoru. Prostorové rozlozeni méfenych pudnich fak-
tort je znazornéno v kombinovanych vrstvach konturové a rastrové mapy.

Kli¢ova slova: padni faktory; prostorova heterogenita; mapy padni variability; Grovné variability
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The differences in the interpolation methods for mapping
spatial variability of soil properties

L. Brodsky, V. Vanék, M. Bazalovai, J. Balik

Czech University of Agriculture in Prague, Czech Republic

ABSTRACT

In this study kriging and inverse distance weighting methods were used to compare their performance. Ordinary kriging
with the default linear variogram and with the modelled variogram was implemented. Inverse distance weighting method
with powers p = 1, 2, and 4 was used. Two data sets of high sampling density on the field of an arca of 54 ha with
a higher and a lower variability were used in the comparison. The results show that the choice of the interpolation meth-
od for characterizing the spatial heterogencity of the soil properties does affect the resulting map. Kriging with the mod-
elled variogram produce smoothed maps, while kriging with the default linear variogram show all levels of the measured
values. Inverse distance weighting method tends to generate maps with a pattern of round areas, which size is strongly

dependent on the used value of the power p.

Keywords: soil properties; mapping spatial variability; interpolation methods; kriging; inverse distance weighting

The accuracy of spatial maps of soil properties depends
on many factors such as sample density, sample config-
uration and interpolation method (Gotway et al. 1996).
Since the point sampling method is used for the spatial
description of soil heterogeneity, it is necessary to use
some of interpolation methods to predict values in areas
we have not sampled. Gridding, or interpolation fills holes
(not sampled points) by interpolating or extrapolating
Z values at the locations where no data exists using the
measured data values (Golden Software 1999).

Kriging and inverse distance weighting methods are
commonly used interpolation techniques to obtain the
spatial maps. Isaaks and Srivastava (1989) suggested,
that using point estimation some method perform very
well according to some criteria, while they may not do as
well according to other criteria.

While the interpolation technique influence the result-
ing spatial description, it is important to assess the dif-
ferences of the gridding methods. Kriging and inverse
distance weighting methods are linear interpolators
where predictor at any location is assumed to be a linear
combination of the available data surrounded by the es-
timated point:

2(x,) = il,z(.\")

where: z signifies estimate at x, point, z is the number of points
used to interpolate at each node, A, arc weights and z(x) are
z values at the /" point; the methods differ on the choice of the
weights A,

With the inverse distance weighting method approach-
es, data are weighted during interpolation such as that

ROSTLINNA VYROBA, 47, 2001 (12): 529-535

the influence of one point relative to another declines
with the distance from the grid node (Golden Software
1999). The weights for inverse distance weighting meth-
od are given by

o2 i)

' gwm%nv

where: d(x, x,) is the distance between x, and x; weighting
power, p, controls how fast the weights tend to zero as the
distance from the grid node increases

In kriging, data carry different weights according to
their positions both in relation to the unknown point
and to one another (Oliver and Webster 1991). To ob-
tain the kriging weights variogram must be modelled,
which provides knowledge about the underlying spa-
tial relationships in a data set as well. Kriging incorpo-
rate distance through the semivariance in the
variogram:

vla . x )= varlz(x, )~ z(x, )]
The weights for the estimates are chosen to minimize

the estimation variances. Unbiasedness of the estima-
tions is given by the equation:

4, =1
i=l

Theoretical details of the minimization procedure can
be found in Isaaks and Srivastava (1989).
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MATERIAL AND METHODS

Geostatistical methods for mapping soil properties, krig-
ing and inverse distance weighting (IDW), were used to
compare their performance. Two data sets from one exam-
ined field site (Klucov field) were used in the comparison.

First data set is the result of determined plant available
P in soil with high level of variability (CV 56%) and the
second is the result of determined plant available Mg in
soil with low level of variability (CV 15%). These data sets
are based on regular square point sampling, where the
spacing between points is 40 m in both the north-south
and the east-west directions. Detail description of soil
sampling, methods of the data determination and analyt-
ical quality assurance is in Brodsky etal. (2001).

Ordinary point kriging with default linear variogram (de-
noted K1), ordinary point kriging with modelled variogram
(denoted K2) and inverse-distance weighting methods
with distance powers p=1, p=2, and p =4 (denoted IDW 1,
IDW2, and IDW4) were implemented with both data sets.
The default linear variogram in Surfer 7 software is sup-
posed to be gridding method, which gives good results
for most XYZ data sets. An exponential variogram model
was used to fit empirical variogram for both data sets (Fig-
ures | and 2) using GS+ v. 5 (Gamma Design Software). All
estimations made with inverse distance weighting method
were obtained using GS+ v. 5 (Gamma Design Software).
Since the typical value of the power p used for IDW is
p=2,p=1as smaller value and p = 4 as a higher value
were used to evaluate differences in the estimations influ-
enced by chosen value of the power.

All maps were plotted from estimated grid data at points
located on a regular square grid of 5 m. For evaluation dif-
ferences of the performance of the interpolation methods
residuals were computed for each grid data file of 40 m grid.
The formula used to compute a residual value is:

2 =z -z
Zres = “dar T < grd
where: z_is the residual value, z, is the z value in the input

data file (measured value), and :wis the z value of the surface
at the XY coordinate from the grid file (after interpolation)
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Figure 1. P data set empirical variogram and fitted model; the fitted
exponential model has parameters: a nugget effect of 73.2 ppm?,
asill of 179.8 ppm?, and a range of 278 m
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The summary statistics include ranges of the estimate
values for the different interpolations were calculated. An
additional parameter, field area proportion of different
soil test levels, was used to evaluate changes in plotted
maps of the two data sets with the different interpolation
technique.

RESULTS AND DISCUSSION

For cach data set six different interpolation methods
were used. The univariate description of the measured
data (input file) and the estimates (calculated from the
residuals) are summarized in Table | for P data set and in
Table 2 for Mg data set.

These results indicate that the choice of the interpola-
tion method has no influence on the average value of the
calculated estimates compared to the measured data. There
was only slightly lower average of P data for inverse dis-
tance weighting interpolation method with power p = 1
indicated in Table 1. Using non-parametric statistics, the
median calculated for P data after kriging with modelled
variogram indicated slightly higher value (24 ppm) com-
pared to the measured data in Table I. The results for Mg
data did not show any slight differences. Since the all
used interpolation techniques are linear interpolators, the
correlation coefficients for these methods indicate very
high value without any significant differences.

The differences were indicated in the parameters de-
scribing variability and the range of the data. Generally,
these parameters show that implementation of the inter-
polation methods lower coefficient of variation and the
range of the data, or reach the same level. The coefficient
of variation 37% for P data set and kriging with the mod-
elled variogram together with the range 45 ppm indicate
the highest reduction in calculated estimates (Table 1).
This is caused by the nugget effect in the modelled vario-
gram. The same situation became for Mg data set in Ta-
ble 2. Kriging with the modelled variogram showed the
highest reduction in calculated estimates. The coefficient
of variation changed from 15 to 11% and the range from

4641 n.n-no—

Semivariance

L S
200 300 400

Separation

Figure 2. Mg data set empirical variogram and fitted model; the
fitted exponential model has parameters: a nugget effect of
100 ppm?, a sill of 465.7 ppm?, and a range of 104.4 m

ROSTLINNA VYROBA, 47, 2001 (12): 529-535



ppm

A

Figure 3. P map. kriging with modelled variogram Figure 4. P map, inverse distance weighting (p = 1)
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Figure 5. P map, inverse distance weighting (p = 2) Figure 6. P map, inverse distance weighting (p = 4)
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Figure 7. Mg map, kriging with modelled variogram Figure 8. Mg map, inverse distance weighting (p = 1)
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Figure 9. Mg map, inverse distance weighting (p = 2) Figure 10. Mg map. inverse distance weighting (p = 4)
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Table 1. Summary statistics of measured available P data and residuals for different interpolation methods

Interpolation method

Parameter Origin data

K1 K2 IDW1 IDW2 IDW4
Average 25.6 25.7 25.5 24.5 25.5 25.6
Standard deviation 14.3 13.8 9.5 10.8 13.9 14.3
cv 56 54 37 44 55 56
Min 4 4 11 5 4 4
Median 22 22 24 22 22 22
Max 105 102 57 66 101 105
Range 101 98 45 61 97 101
Correlation coefficient 0.999 0.96 0.968 0.999 0.999

K1 - kriging with the default linear variogram

K2 - kriging with the modelled variogram

IDW1 - inverse distance weighting method with power p = 1
IDW2 - inverse distance weighting method with power p = 2
IDW4 — inverse distance weighting method with power p = 4

168 to 111 ppm. The observed reduction for kriging inter-
polation method with the default linear variogram was
very low.

The differences in inverse distance weighting interpo-
lation method are dependent on the value used for pow-
er p. The results show that the highest change is in
situation with power p = 1. Coefficient of variation in P data
set changed from 56 to 44% (Table 1) and in Mg data set
changed from 15 to 12% (Table 2). The range of P data
set changed from 101 to 61 ppm and range of Mg data set
changed from 168 to 119 ppm. These reductions in both
data sets decrease with the increase of the used value of
the power p. For inverse distance weighting interpola-
tion method with power p = 2 and P data set was a slight
reduction in the coefficient of variation 55% and the
range 97 ppm indicated. For Mg data set was not any
change in the coefficient of variation indicated, while the
range of the data changed from 168 to 160 ppm. When
the value of power p =4 was used, not any changes in the
coefficient of variation, nor in the range were indicated.

The field area proportion of different soil test levels, as
an additional parameter, was used to evaluate changes

in plotted maps with the different interpolation tech-
nique. The results for P data set are in Table 3 and for
Mg data set are in Table 4.

Because of the lack of true map for different interpola-
tion techniques comparison, one of the interpolated maps
has to be chosen. According to the literature, kriging with
the default linear variogram is one of the more flexible meth-
ods and is useful for gridding almost any type of data set.
Also changes in the data set (residuals) after gridding are
very slight. The maps from this interpolation method can
be chosen to compare other techniques.

Generally, there were not enormous changes indicated
despite the visual changes in the distribution maps. In
the P data set was for kriging with the modelled vario-
gram and the area calculated for values under 20 ppm
indicated reduction from 41% (calculated from map with
kriging with default linear variogram) to 36% of total field
area. The area calculated for values over 40 ppm in P data
set and K2 method was reduced from 11 to 8%. Conse-
quently, area for interval between 20 to 40 ppm indicates
the highest value 56% (part of field area) of all used inter-
polation methods. The highest reduction of the area cal-

Table 2, Summary statistics of measured available Mg data and residuals for different interpolation methods

Interpolation method

Parameter Origin data

K1 K2 IDWI IDW2 IDW4
Average 141.4 141.5 141.5 141.5 141.4 141.4
Standard deviation 21.2 20.3 16.1 16.6 20.7 21.2
cv 15 14 11 12 15 15
Min 90 91 105 101 91 90
Median 139 139 139 139 139 139
Max 258 245 216 220 251 258
Range 168 154 111 119 160 168
Correlation coefficient 0.999 0.939 0.968 0.999 0.999
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Table 3. Field area proportion for different P test levels and
interpolation methods

Table 4. Field area proportion for different Mg test levels and
interpolation methods

ppm P <20 20-40 > 40 ppm Mg < 110 110-160 > 160
K1 K1

Area (ha) 22 26.2 5.9 Areca (ha) 0.7 46.9 6.5
% 41 48 11 % 1 87 12
K2 K2

Area (ha) 19.7 30.1 4.2 Area (ha) 0.2 47 5.8
% 36 56 % 0 87 11
IDWI IDWI

Area (ha) 23.2 28.2 2.6 Area (ha) 0 49 5
% 43 52 % 0 91 9
IDW2 IDW2

Area (ha) 22.8 27 Area (ha) 0.3 48 5.7
% 42 50 Y% 1 89 11
IDW4 IDW4

Area (ha) 23.1 253 5:5 Area (ha) 0.9 46.7 6.4
% 43 47 10 % 2 86 12

culated for values over 40 ppm was indicated for inverse
distance weighting interpolation method, from 11 to 5%.
For this interpolation method and P values situation over
40 ppm shows that with the increase of the power p the
reduction of the field area proportion of different soil test
levels decrease.

In the Mg data set (Table 4) was the area calculated for
values under 110 ppm very small. For kriging with the
default linear variogram was calculated area of 0.7 ha, 1%
of the whole field area, for kriging with the modelled vari-
ogram then only 0.2 ha, and for inverse distance weight-
ing method with power p = 1 was even not indicated at
all. For values of Mg between 110 and 160 ppm was the
highest change indicated with inverse distance weight-
ing method with power p = 1, from 87% for K1 situation
to 91% of whole field area. For values of Mg over 160 ppm
was the highest reduction of the field area calculated for
inverse distance weighting method with power p = 1,
from 12 to 9%. For the situation of IDW interpolation
method, the reduction of field area proportion of Mg
values (over 160 ppm) decreases with the increase of the
power p. Consequently, the field area calculated for IDW
method with power p =4 has the same value (12%) as the
use of kriging with the default linear variogram. Both
kriging interpolation methods indicated only very slight
differences with Mg data set.

The spatial distribution of the data is illustrated in the
maps. For kriging with the default linear variogram and
P data set is map in Brodsky et al. (2001, Figure 11). Map
for kriging with the modelled variogram with P data set is
in Figure 3. Maps for inverse distance weighting method
and P data set are in Figure 4 for power p =1, Figure 5 for
power p =2, and Figure 6 for power p =4. Spatial map for
kriging with the default linear variogram and Mg data set
is map in Brodsky et al. (2001, Figure 13). Map for kriging
with the modelled variogram with Mg data set is in Fig-
ure 7. Maps for inverse distance weighting method and
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Mg data set are in Figure 8 for power p = 1, Figure 9 for
power p =2, and Figure 10 for power p =4.

There are obvious visual differences between the
maps plotted with different interpolation methods.
These differences are emphasized with the used contour
map layer. In the maps of kriging with the default linear
variogram is shown that small erratic areas (local ex-
tremes) surrounded by contour lines appear as a part of
bigger area. The kriging with the modelled variogram
creates smoothed maps. This smoothing effect is caused
by the nugget effect in the modelled variogram. Maps
are divided in larger areas surrounded by contour lines
of some level. Small erratic areas in the previous maps,
usually created from one point sample of extreme value
without support from close surrounded samples, disap-
peared in the maps where the modelled variogram with
the nugget effect was used.

The maps plotted with the inverse distance weighting
interpolation method implemented are similar to some
degree. The similarity is in round areas appearance in the
maps, while the main difference is in the size or area of
the circles. The size of these areas increases with the in-
creases of the power p. Another result of this interpola-
tion method’s implementation is that with power p = 1,
local extremes (small erratic areas) appear in the maps as
small dots. Larger areas belonging to some soil test level
are very similar to those in the maps of kriging with the
modelled variogram. The contour lines plotted with in-
verse distance weighting method and power p = 1 are not
as smooth as with the kriging method.

CONCLUSIONS
In this study, two data sets of high sampling density

on the field of an area of 54 ha with higher and lower
variability were used to compare performance of the five
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different interpolation methods. The results show that
the choice of the interpolation method for characterizing
the spatial heterogeneity of the soil properties does af-
fect the resulting map.

The use of the different interpolation technique has
not any influence on the parameters of the average and
the correlation coefficient. In the data set with the higher
coefficient of variation, the higher changes in parameter
of variability occur as well as in the parameter of the field
area proportion of different soil test levels. The visual
differences in the plotted maps are obvious in the chang-
es of the small erratic areas, local extremes.

All maps constructed from some interpolation methods
are to some degree subjects of uncertainty. The reason of
the mapping of measured properties should be considered
before some of the interpolation methods is chosen.

Kriging with the modelled variogram produces
smoothed maps, where the field is divided into larger
areas of some level of the measured property. Kriging
with the default linear variogram shows all levels of the
measured values. Smaller areas in larger areas do not in-
dicate any repeated patterns in the maps caused by the
used interpolation method. The size and the shape of
the areas is simply dependent on the input data. Chang-
es in the estimated values (calculated from the residu-
als) were very small. Inverse distance weighting method
tends to generate maps with a pattern of round areas,
which size is strongly dependent on the used value of
the power p.

There are also differences in the ease of the implemen-
tation of the interpolation methods. The lack of automa-
tion and the subjectivity in variogram model selection

ABSTRAKT

disadvantage kriging with the modelled variogram. The
important advantage of the kriging with the modelled
variogram method is that it allows a measure of the error
in each estimated point. The use of the default linear
variogram in kriging makes this method fully automated,
but the above-mentioned advantage of this method can-
not be used. The advantage of the inverse distance
weighting method is its ease of automation. The parame-
ter, which has to be chosen, is the power p. While the
changes with the different value of the power p are obvi-
ous, the effects have to be considered.

This research was funded by the research plan No.
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Sports in the Czech Republic.
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Rozdily v interpolaénich metodich pro mapovini prostorové variability vlastnosti pid

Pro srovnani rozdill interpolacnich technik byly pouzity metody kriging a inverse distance weighting, Bézny kriging byl
pouzit s pfedem nastavenym linearnim variogramem a s modelovanym variogramem. Metoda inverse distance weighting byla
pouzita s nastavenymi parametry power p = 1, 2 a 4. Pro srovnani téchto metod byly vyuzity dva soubory dat s vysokou
a nizkou rovni variability. Data byla ziskdna z pozemku o vyméie 54 ha s vysokou hustotou vzorkovéni. Vysledky uka-
zaly, Ze vybér interpolaéni metody ovliviiuje vyslednou mapu popisujici prostorové rozlozeni méfeného faktoru. Kriging
s modelovanym variogramem vytvafi vyhlazenou mapu, pfi¢emz kriging s nastavenym linearnim variogramem zobrazuje
viechny Grovné méfenych dat. Interpola¢ni metoda inverse distance weighting vytvaii mapy s opakujicim se vzorem ploch
kruhového tvaru, jejichz velikost zavisi na zvoleném parametru power p.

Klicova slova: pidni faktory; mapovani prostorové variability; interpolaéni metody; kriging; inverse distance weighting
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Determination of cytotoxicity of selected liquid fertilizers
by pollen bioassay
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ABSTRACT

Pollen from Brassica campestris L. subsp. oleiferae DC. cultivar Toria cultivated in vitro conditions is useful for bioas-
say of xenobiotics. Test of toxic effect by using germination of pollen grains (male gametophyte) is very simple method.
Maximum tested dose for pollen biotest was calculated from field dose. For liquid nitrogen fertilizer DAM 390 (Urea
Ammonium Nitrate Solution, UAN) toxic values were calculated LD, 4.25 mL.kg™' pollen, LC, 22.9 pL.mL"" cultivated
medium and NOEC 9.54 pL.mL"' cultivated medium. For liquid fertilizer Vegaflor contained macro- and microelements
toxic values were calculated LD, 943 nL.kg™ pollen, LC, 6.43 uL.mL"' cultivated medium and NOEC 6.68 fL.mL"'
cultivated medium. Toxic values was also calculated for the whole sum of active ingredients of Vegaflor (LD,,, NOEL,
NOEC, LC,, etc.). Our results confirmed necessary to restrict application of fertilizers during the both pollen evolution
and germination time of mature pollen grains on stigma for crops cultivated for reproduction and plant breeding. The

yield of seeds will not decrease after application of tested fertilizers.

Keywords: fertilizer; pollen; cytotoxicity; ecotoxicity; plant breeding; Brassica campestris

The tests of effect of xenobiotics on living organisms
are evaluated in many papers (Warne et al. 1998, Cotelle
and Ferard 1999, Warne and Westbury 1999). Steinberg
etal. (1995) reported biological and ecological systems
responding to effects on the various levels of aggrega-
tion, from molecule to ecosystems. In many, but not all
instances, in this tier the sensitivity of responses decrease,
whereas the ecological relevance increases (Table 1).

In principle, ecotoxicity tests can be carried out at any
level in the biological hierarchy of systems ranging from
molecules to ecosystems (Calow 1993). Shaw and Chad-
wick (1995) also reviewed effects on biotic systems ac-
cording to the procedure of OECD. This resulted in OECD
testing procedures used to assess toxicity of the sub-
stances to biotic environment devided into three cate-
gories of plant based on the major human food plants
groups (category 1 — Monocotyledonidae: rye, grass,
rice, oats, wheat and sorghum; category 2 — Brassiceae:
e.g. mustard, rape, radish, turnip and Chinese cabbage;
category 3 — Fabaceae: vetch, mung beans, red clover,
fenugreek, lettuce and cress). The test aims to shed light

upon the consequence of soil contamination by the test
chemical or agrochemical. The plant growth test involves
measuring the effects of the test chemical on seed germi-
nation (LC,; lethal concentration in 50% of a test popula-
tion or IC,; concentration at which 50% inhibition root
growth) and root and shoot growth (EC, a concentration
necessary to give a toxic effect in 50% of a test popula-
tion). The latter are measurements including plant root and
shoot growth and evaluation of the biomass production.

Papers (Jandurové and Pavlik 1995, Pavlik and Jan-
durovéd 1998) and Table 1 show specific suitability of
pollen germination for bioassay of toxicity. Properties of
pollen — male gametophyte (sensitivity and ecological
relevance) are useful for cytotoxic observation (Strube
etal. 1991, Kristen 1997, Pavlik and Jandurova 1999) and
also for ecotoxic evaluation of xenobiotics (Pfahler 1992,
Jung et al. 1999, Abo-Elkhier and Abd El-Shafy 2000,
Pavlik and Jandurova 2000). The percentage of pollen
germination responds to changes of environmental prop-
erties and is also influenced by tested substances in
conditions in vitro (Holub and Ostrolucka 1983, Wolters

Table 1. Spectrum of biological responses of test systems to stressors

Targets Effects Sensitivity Ecological relevance
Molecule genotoxicity, immoresponse, enzyme inhibition, etc. highest low

Cell mutagenicity, death, change in reproduction. metabolic changes, ctc. high middle
Organisms death, metabolic changes, changes in reproduction and growth, etc. middle high
Ecosystems changes in genetic information, loss in ecological functions, etc. low highest
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Table 2. Doses of fertilizers added into nutrient medium

Treatments
Fertilizers Unit
K H G F E D G B A
DAM 390 nL 0 0.04 0.4 4 40 400 4 000 10 000 40 000
Vegaflor pL 0 1.6 16 160 600 16 000 160 000 400 000 1 600 000
K = control treatment
and Martens 1987, He et al. 1995). These observations of ~ Bioassay

cytotoxicity and/or ecotoxicity on the cellular level are
difficult to detect on plant sporophyte in vivo tests.

The main objective of our study was focused on de-
termination of cytotoxicity of two liquid fertilizers
DAM 390 and Vegaflor. Both fertilizers are applied in
period of the vegetative plant growth and also in the
period before flowering and therefore viability of pol-
len can be affected.

MATERIAL AND METHODS
Characterization of fertilizers

DAM 390 contains 30% N in 1 kg of solution (25% in
an ammonium form, 25% in a nitrate form and 50% in an
amidic form) (Vanék et al. 1998). For any crops it is rec-
ommended to apply this fertilizer in the period before
flowering, for rape in the period from early spring to
yellow flower buds. According to crop the applied dose
fluctuates from 10 to 40 kg N.ha™' (Vasak and Miksik
2001). Vegaflor classified as liquid fertilizer used for wide
range of crops. According to crop the concentrations
0.2-0.25% are applied during the plant growth. Vegaflor
contains 75-85 g N, 34-37 g P, 62-70 g K, 90-132 mg Fe,
80-115 mg Mn, more than 75 mg B, 40-115 mg Cu, 64—
86 mg Zn, 10-20 mg Ni, 5-15 mg Mo, 3-7 mg Co and
plant growth stimulators (4—7 mg a-naphthylacetic acid,
nicotinic acid amide and 6-benzylaminopurine) in 1 L so-
lution.

probability
of pollen germination
1
1 Function 11. is the function
08 1= y = f (x) polynome n™ of level
e of common from:
' f(z)=a’+a'z' + a2+ ... + a2,
0.4 == where f (z) = f (log x)
02 4 111,
001 = r r ; doses
10g Xin 10€ Yuax
log x;” log x;,; 10g 12 log i3 108 X;sy

Figure 1. Function of dependence of pollen germination on con-
centration of agrochemicals (fertilizers)
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Doses of the tested fertilizers used for bioassay are
summarized in Table 2. Pollen from cultivar Toria of
Brassica campestris L. subsp. oleiferae DC. (Williams
and Hill 1986) was used for test. Cultivation of plants,
collection of pollen, pollen cultivation conditions and
evaluation of pollen germination has been formerly re-
ported by Pavlik and Jandurové (2000). The pollen was
germinated in 1 mL of Roberts’ medium (Roberts et al.
1983). There were 8 uL of Roberts” medium without fer-
tilizers as the control treatment (K) and other treatments
(A,B,C,D,E,F, G and H) were prepared as mixtures of
8 pL of Roberts’ medium with the appropriate volumes
of fertilizer. For treatments A, B, C and D fertilizer
DAM 390 was added into solution without dilution (Ta-
ble 2). The calculation of fertilizer concentration used in
the test treatment is derived from doses used in field ap-
plication. This calculation of doses for in vitro test con-
verted from field doses was reported by Pavlik and
Jandurova (2000). Field dose was calculated for
DAM 390 10 mL.m™ and for Vegaflor 0.4 mL.m, Treat-
ment A (maximum dose) for DAM 390 contains 39 kg
N.ha™' and for Vegaflor 1% concentration of solution.

Histochemical staining methods were used to detect
activities of enzymes alkaline phosphatase, nonspecific
esterases, succinate dehydrogenase and peroxisomal
catalases, in pollen grains after treatment and the evalu-
ation of enzymes activities was described by Pavlik and
Jandurova (2000).

Evaluation of toxicity, effect on living organisms, prin-
ciples methods using in environmental monitoring are
mentioned by Krejéik (2000), Warne et al. (1998), Warne
and Westbury (1999) and Shaw and Chadwick (1995).

Statistics

Programs Quattro Pro 3.01 for DOS, Statgraphics 4.0 for
DOS and Delta Graph Professional 2.0 for Windows were
used for calculation. The curve describing the effect of
fertilizers on pollen germination is showed in Figure 1
(Pavlik and Jandurova 2000). It is not possible to include
extreme measured values (dependent variable y, = 0 or
»,=1) for calculating the regression equation that follows
from single doses (independent variable x,) (Pavlik and
Jandurova 2000).
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Table 3. Some factors involved in the statistical characteristics of the methods

Factors® Average Variance SD SE cv

A 6.5 mg 2.8 mg 1.7 mg 0.3 mg 26.2 %
B2 53.1 % 6.4 % 25 % 0.8 % 4.7 %
D2 7.4 % 38 % 2.0 % 0.2 % 26.6 %

* A mass of six anthers in mg

B2 % pollen germination of control from one collection measured after 2 h

D2 % nonhydrated and nongerminated pollen grains in all variants from one collection measured after 2 h

SD = standard deviation, SE = standard error, CV = coefficient of variation

Table 4. Regression describing the effect of fertilizers on pollen germination after 2 hours

Fertilizers f(x)

DAM 390 -0.0002173x* + 0.002919x* — 0.01021x2 - 0.1379x + 1.142

Vegaflor ~0.003768x* + 0.06575x% - 0.4037x + 1.290

Fertilizers R R R;? R? R? R2
DAM 390 0.77 0.85 0.93 0.98 0.98 0.90
Vegaflor - 0.59 0.69 0.83 0.95 0.77
RESULTS AND DISCUSSION ed xenobiotics as well as for potential toxic substances

Statistical characteristics of the well reproducible used
method are shown in Table 3. Figure 2 showed that the
doses of both used fertilizers decreased pollen germina-
tion. Calculated regression curves (showed on Figure 2)
described the effect of fertilizers on pollen germination
are showed in Table 4, which we used to calculate by
Statgraphics from the value of probability of germination
(y) to value of fertilizer doses (x) (Table 5).

The evaluation of ecotoxicity of a given dose is possi-
ble when optimum conditions for pollen germination of
donor plants are determined (Jandurova and Pavlik
1995). If the presence of xenobiotic compounds is the
only one significant difference between control (optimal
conditions) and treatment the difference should be ex-
plain as a direct reaction to the stress factor. Pollen ger-
mination of Brassica campestris in this selected in vitro
conditions was very sensitive for broad interval of test-

1.00 ~ 3 n
,§ DAM 390 - Urea Ammonium Nitrate
o
=
£ 0.80 ¥ 8
E) \\ —— lhour
Doy N
£.0.60 ~ —— 2 hours
2
"9’. 0.40
=

0.20

0.00 T T T T

T T
0 16 26 36 46 56 66 10
log doses (pL)

(Pavlik and Jandurova 1998, 1999 and 2000). This test was
used for determination of cytotoxic effect of liquid fertil-
izers (Figure 2, Table 5). The results showed pollen ger-
mination of Brassica campestris cultivar Toria cultivated
in selected conditions is in useful to biotest of broad
spectrum of substances. In Figure 2 maximum doses from
first to third logarithmic doses correspond to field doses
of tested fertilizers. Any different biotests (Pavlik et al.
2000) do not make many possibilities of results applica-
tion as in this bioassay (Table 5 — LD, lethal dose, LC,;
lethal concentration, NOEC — no-effect concentration,
NOEL - no-effect level, LD, , LC  etc.).

The results of different pollen bioassays confirmed
(Stanley and Linkens 1974, Wolters and Martens 1987,
Strube et al. 1991) that potentially toxic substances de-
creased pollen germination. Decrease of pollen germina-
tion can be explained by interaction between toxin and/
or receptor, and/or enzymes and/or NA (nucleic acid). We

1.00
8 Vegaflor
=
g
E 0.80 4
S —b— 1 hour
% 060 ‘ 21
.60 4 N v 2 hours
27—y v L :
~— v
3; 0.40 s ¢
‘S. \‘\\ ‘
b
0.20 L
=
0.00

T T T T T T T
00 32 42 52 62 172 82 86 92
log doses (fL)

Figure 2. Influence of fertilizers on probability of pollen germination
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Table 5. Calculate doses of fertilizer X, (fL), of a.i. X (pg), and toxic doses of fertilizer X, (nL.kg™) and of active ingredients X _(pgkg™) from
Y, according to the function f(x) or their toxicity concentration (1 mL testing medium), respectively

Fertilizers or
active ingredients

Probability of pollen germination Y,

0 0.001 0.1 0.25 0.5 0.75 0.9 1
X, DAM 390 8.79:10'0  8.68:10'0  2.29:10'%  220:10° 274107  4.3810°  437:10%  9.54-10%
Vegaflor 1.81-10'0 1.79:10'°  6.43.10%  7.76:10% 6.08-10%  6.66-10! 1.51-10'¢ 6.681
X NH,NO, 4.82100 47610 1.2910'%  1.2010°  1.51:107  2.40110°  2.39:10%  523:10%
Vegaflor® 3.67:10°  3.63:10° 1.30:10%  1.5710%  1.23:10% 13510 3.05¢ 1.351
X,  DAM 390 1.36:10'  1.35110'  3.56:10%  3.41410% 425107 6.80:10*  6.77:10%"  1.48:10%
Vegaflor 2.81:10°  2.78:10°  9.9810%  1.20-10%  9.43:10*"  1.03-10' 2.34h 1.04
X NH,NO, 7.48:107 7.39:10° 1.95.10%  1.8710%  2.33:10"  3.73:10%  3.71-10%  8.11-10%
Vegaflor® 5.69.10% 5.63:10% 2.02:10%  2.44-107 1.91-10%f 2.09 0.47" 0.21)

f(x)=ax"+a, x""+..+ax'+C=0;X =X/ where fis converting factor from dose fertilizer on dose active ingredients (a.i.) these

na
fertilizers. X, = X m_-', where m,_ is average mass of
b o' ep 6p

* calculated on whole summary tested pollen, ® calculated on whole
'NOEC, ' NOEL

can see possible inhibition of activities of enzymes im-
portant for germination on Figure 3. Decreased germina-
tion of heterozygous pollen grains of Brassica
campestris (segregating population) is the basic pre-
sumption for investigation of cytotoxicity as well as ec-
otoxicity. Pollen is suitable biological material for
investigation of toxic effect to organisms (male gameto-
phyte), cell, as resulted from the papers (Strube et al.
1991, Sawidis and Reiss 1995, Kristen 1997).The presence
of toxin can evoke non specific selection changes in the
genetic structure of population. These changes could be
expressed as different germination or viability of pollen
grains in tested population.

These results showed significant difference between
DAM and Vegaflor in influence on pollen germination.
Low doses of Vegaflor decreased strongly pollen germi-
nation in contrast to DAM. Stronger effect of Vegaflor
doses can be explained by microelements concentration
of tested fertilizer. These results confirm observation of
Chaney and Strickland (1984) and Holub and Ostrolucka
(1983). They mentioned phytotoxic effect of heavy met-
als (Cd, Pb) as well as microelements (Cu, Zn, Fe). This

Vegaflor

Figure 3. Influence of fertilizers (B variant) on activity of indi-
vidual enzymes in relationship to germination of pollen grains
(2 hours control = 100%); SD = succinate dehydrogenase, PC =
peroxisomal catalases, AP = alkaline phosphatase, NE = non-
specific esterases, PK = pollen germination

ROSTLINNA VYROBA, 47, 2001 (12): 536-540

six anthers, which were used in bioassay, X, = (Xw/)m”"
summary a.i. of Vegaflor, ¢ LC,,, ¢ LD, ¢ LC

50* J LDSG’ ¥ LCIO‘ A LD]O’

difference of fertilizers effect was reduced in higher dos-
es, which confirm cytotoxicity of high concentration of
ammonium ions for plants.

Toxic effect on pollen (LD, , LC, ) was found for very
low concentrations of fertilizers (Table 5). These concen-
trations probably do not affect the crop yield. On the
basic of our results, we recommended the restriction ap-
plication in the period from yellow buds to flowering time
for liquid fertilizers to present risk of non specific selec-
tion pressure and non specific changing in gene pool of
breeding population. The yield of seeds will not decrease
after application of tested fertilizers.

Authors thank for financial support Research Project
Z4055905.
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Stanoveni cytotoxicity vybranych kapalnych hnojiv pylovou biozkou$kou

Pyl z Brassica campestris L. subsp. oleiferae DC., odrida Toria, kultivovany v podminkach in vitro, se ukazal jako vhodny
k biozkousce na Siroké spektrum xenobiotik. Test toxického vlivu za pomoci kliceni pylovych zrn (saméiho gametofytu)
piedstavuje velmi jednoduchou metodu. Maximalni testovaci ddvka pro pylové biotesty byla vypo&tena z polnich davek.
U kapalného dusikatého hnojiva DAM 390 byly stanoveny toxické hodnoty LD, (letdIni ddvka) 4,25 ml.kg™ pylu, LC,
(letalni koncentrace) 22,9 pul.ml™' kultiva¢niho média a NOEC (neefektivni koncentrace) 9,54 pl.ml™ kultivaéniho média. Pro
kapalné hnojivo Vegaflor, které obsahuje makro- i mikroelementy, byly vypo¢teny hodnoty LD, 943 nl.kg™' pylu, LC,
6,43 pl.ml™' kultivaéniho média a NOEC 6,68 fl.ml' kultivaéniho média. Toxické hodnoty byly stanoveny také pro celko-
vou sumu aktivnich slozek Vegafloru (LDy,, NOEL - neefektivni ddvka, NOEC, LC,; apod.). Z vysledkii vyplyva, Ze je
vhodné omezit aplikaci hnojiv béhem vyvoje pylu a v dobé kli¢eni zralych pylovych zrn na blizn& u semenaiskych porosti
a pii $lechténi rostlin. Vynos semen po aplikaci hnojiva nebude snizen.

Kli¢ova slova: hnojivo; pyl; cytotoxicita; ekotoxicita; $lechténi rostlin; Brassica campestris
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Differential lead tolerance of rice and black gram genotypes
in hydroponic culture

G.R. Rout, S. Samantaray, P. Das

Regional Plant Resource Centre, Orissa, India

ABSTRACT

High yielding cultivars of black gram (Vigna mungo L.) and rice (Oryza sativa L) were tested for their tolerance to differ-
ent levels of lead (Pb**) (0, 4.83.10~, 9.65.10~%, 1.93.10-* and 3.86.10-* mol.I"'") in nutrient solution at pH 6.8 under
controlled environmental conditions. Root length, shoot length, root/shoot dry biomass and root/shoot tolerance index
(RTI and STI) were used as markers of lead toxicity. Root measurements on 9" day after root emergence yielded signifi-
cant differences among twelve cultivars of black gram and twenty cultivars of rice. Black gram cultivars G-31, UPU-1 and
UPU-2 showed better root growth in the presence of 1.93.10-* mol.I*! lead. In case of rice, Bharati, Deepa and Annapurna
showed better root growth as compared with other cultivars. Root tolerance index (RTI) and shoot tolerance index (STI)
of G-31, UPU-1 and UPU-2 of black gram and Bharati, Deepa and Annapurna of rice were relatively higher indicating
their relative tolerance to lead. Enzyme activities (peroxidase, catalase and G6PDH) were higher in tolerant cultivars than
in non-tolerant ones. Based on the growth parameters, twelve cultivars of black gram and twenty cultivars of rice were
ranked in respect of their tolerance to lead. This method can be employed for quick screening of mung bean and rice

cultivars for lead tolerance in breeding programmes.

Keywords: black gram; rice; peroxidase; catalase; G6PDH; lead toxicity; nutrient culture; screening

Lead was identified as one of the most commonly occur-
ring contaminants, it is considered as an extremely toxic
pollutant of the biosphere resulting from various agricul-
tural, lead mining, primary and secondary lead smelters and
industrial activities (Hafen and Brinkmann 1996). Lead is
an abundant metal and inhibiting photosynthesis, calci-
um metabolism and ATP (adenosine triphosphate) synthe-
sis. The toxic effects of lead in aquatic ecosystems were
reported by various authors (Swaine 1978, Ye et al.
1997a, b). Lead in soils and solutions causes stunted
growth and chlorosis. Phyto-toxicity, however, varied with
the concentration of Pb in the soil solution as well as with
the plant species (Jones et al. 1973, Burzynski 1987,
Wierzbicka and Obidzinska 1998). Hydroponics have been
employed to assess tolerance or the efficient utilization of
nutrients in several crops (Hewitt 1966). Studies on hydro-
ponics by non-destructive methods allow easy observa-
tions for screening of selected plants on the basis of
relative growth rate. Therefore, identifying lead tolerant
genotypes for better growth and productivity in Pb-toxic
and infertile soils could be the best strategy to circumvent
Pb toxicity. The present investigation was intended to
identify the Pb-tolerant cultivars on the basis of root elon-
gation, biomass production in hydroponic cultures. This
study could also be a prerequisite for establishing
a breeding programme for lead tolerance in rice (Oryza
sativa L.) and black gram (Vigna mungo L.).

MATERIAL AND METHODS

Plant material and environmental condition. High
yielding varieties of rice (Bharati, Deepa, Annapurna,
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Ratna, Subhadra, Vaghari, Hamsa, Hema, Pragati, Kusuma,
Nilgiri, Khandagiri, Rudra, Vikram, Panidhan-1, Sakti, San-
kar, Panidhan-2, Aswathi and Pusa-2-21) and black gram
(G-31, UPU-2, UPU-1, T-27, H-10, T-77, T-9, Mash-438,
Pusa-1, Khargone-3, BGVB-4 and LBG-263) were collect-
ed from the Department of Plant Breeding and Genetics,
Orissa University of Agriculture and Technology, Oris-
sa, India. Seeds were treated with detergent solution
Teepol (Glaxo, India) for 10 min and washed with running
tap water for 15 min. Furthermore, the seeds were steril-
ized with 0.1% aqueous mercuric chloride solution for
20 min and were sown over plastic nets on glass trays
(12 x 15 x 7 cm) (Borosil, India) containing the Hoagland
nutrient solution (Hoagland and Arnon 1950). Ten seeds
were cultured in 300 ml of nutrient solution. The trays
were kept in a growth room at 25 + 2°C under cool, white
flourescent lamp (55 pmol.m™.s™) with 16-h photoperiod.
The pH of the nutrient solution was adjusted to 6.8 us-
ing 0.1 mol.I"' HCl or 0.1 mol.I' KOHj; the solution was
changed at 3-d-intervals to maintain the desired level of
nutrients and the pH. The concentrations were selected
on the basis of preliminary experiment within a range that
produced growth inhibition. Lead was used in the form
of lead sulfate at 0, 4.83.107%, 9.65.107%, 1.93.107 and
3.86.107 mol.I"". The experiment was laid in a completely
randomized block design with three replications. The ex-
periments were repeated three times. The length of the
primary root and the shoot and number of lateral roots/
shoot were measured at 3-d-intervals from the date of
root emergence up to the 9" day. The rate of root length
in each experiment was determined by subtracting the
length of the root recorded on the day of germination
from that noted on the 9th day. Tolerance index (TI) for the
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tested plants was calculated using the formula: TI (%) =
mean root or shoot length in solution with Pb/mean root
or shoot length in solution without Pb x 100.

Biomass analysis. For biomass analysis, plants were
harvested after 9" day of root emergence in the nutrient
solution with and without Pb treatment. Shoot and root
were separated, the fresh weight measured and then kept
at 70°C in an oven till getting the constant weight.

Determination of lead. For lead analysis, plants grown
in nutrient solution in presence (1.93.107 mol.I"") and
absence of Pb were harvested after 9" day and washed
with distilled water, oven dried at 70°C and 500 mg of
grounded biomass were pre-digested in 10 ml concentrat-

ed HNO, for 12 h followed by digestion with 5 ml diacid
mixture, i.e. nitric acid (HNO,): perchloric acid (HCIO,) in
the ratio of 3:2. Distilled water was then added to the di-
gested samples which were then filtered by Whatman-42
filterpaper and, after suitable dilution, Pb was determined
by inductively coupled plasma spectrometry (ICP 8410
Plasmascan) (Australia) using wavelength 0f220.353 nm
for Pb.

Peroxidase activity. Fresh shoots (100 mg) were collect-
ed from plants grown in solution with 1.93.10~ mol.I"' Pb
and without Pb and homogenized with mortar and pestle
in4 ml of cold 0.1 mol.I"! phosphate buffer (pH 6.1) con-
taining 30 mg of insoluble PVP (polyvinylpyrrolidone)

Table 1. Shoot length, root length and number of lateral roots/plant of twelve blackgram and twenty rice cultivars in nutrient solution
with 0.0 and 1.93.10* mol.l"' lead after 9" day of root emergence; values are means of twenty replicates; repeated three times

Cultivars Root length (cm) Shoot length (cm) Number of lateral roots/plant
:‘:::]c_‘.’;’c 0 1.93.10 1.93.10-3 0 1.93.10-
Oryza sativa
Ratna 5.76 = 0.6j 4.45 + 0.81 7.67 + 0.5n 6.81 £ 0.7m 327 £ 04 2:32-40:5
Pusa-2-21 4.26 + 0.7a 2.54 + 0.6a 4.81 + 0.8a 2.96 £ 0.6a 1.70 = 0.3 0.96 + 0.3
Annapurna 6.08 £ 0.8n 4.92 £ 0.7m 8.11 £ 0.9q 7.94 £ 0.7n 3.21 £ 0.6 287 £ 0.5
Pragati 5.80 + 0.9k 4.06 + 0.6h 6.91 = 0.8k S5.11 £ 0.8i 222 £0.5 1.83 £ 0.8
Hema 5.86 = 0.51 4.13 = 0.9i 7.36 = 0.70 5.57 £ 0.4j 2.82 £ 0.6 2.21 = 0.5
Panidhan-1 5.37 + 0.8f 341 + 0.7¢ 5.23 £ 0.5d 3.55 +0.8d 226 £0.7 1.81 £ 0.4
Panidhan-2 5.26 £ 0.4d 3.23 £ 0.6d 5.12 £ 0.8¢ 3.32 = 0.6b 2.11 £0.9 1.67 £ 0.5
Kusuma 5.74 = 0.6j 4.00 £ 0.7h 6.36 + 0.8i 4.60 £ 0.7h 2.76 £ 0.5 2.01 £0.3
Bharati 6.02 + 0.8n 6.10 = 0.8n 7.09 = 0.91 8.37 £ 0.90 387 04 3.82 £ 0.6
Deepa 6.32 = 0.70 6.12 = 0.9n 7.87 £ 0.6p 9.06 + 0.8p 4.12 = 0.5 3.79 £ 0.4
Sakti 4.48 + 0.8b 2.76 + 0.8b 5.01 + 0.8b 3.31 £ 0.7b 1.83 £ 0.5 1.10 + 0.3
Hamsa 5.63 £ 0.7h 4,01 = 0.5h 6.69 = 0.9j 5.20 £ 0.8i 2.82 £ 0.6 1.98 = 0.8
Vikram 4.67 £+ 0.6¢ 2.98 + 0.7c 5.10 = 0.4c¢ 3.50 = 0.6¢ 1.88 + 0.7 1.17 = 0.5
Nilgiri 5.68 + 0.5h 3.92 + 0.8g 5.76 £ 0.7f 4.10 = 0.8f 236 0.6 1.77 = 0.6
Subhadra 5.81 + 0.8k 4.32 + 0.6k 7.56 £ 0.9n 6.22 + 0.91 2.98 £ 0.5 2.02 £ 0.6
Khandagiri 5.70 £ 0.6i 3.85 £ 0.7g 6.10 = 0.8h 430 £ 0.7g 2.88 =04 2.16 £ 0.7
Rudra 5.53 + 0.7g 3.60 = 0.9f 5.92 £ 0.6g 4.20 £ 0.8g 2.92 £ 0.5 2.00 = 0.5
Sankar 5.31 + 0.8¢ 3.27 £ 0.8d 5.66 £ 0.7¢ 3.71 £ 0.6¢e 251 £0.7 1.87 £ 0.5
Vaghari 592 = 0.7m 4.24 = 0.5j 7.22 £ 0.5m 5.90 £ 0.7k 332 £ 0.6 2.11 £ 0.6
Aswathi 532 + 0.8e 3.18 £ 0.7d 5.62 = 0.9e 3.60 + 0.8d 2.76 + 0.8 1.96 = 0.5
Vigna mungo
LBG-263 491 + 0.8a 3.52 + 0.8a 5.07 £ 0.8a 3.61 £ 0.7a 2.15'+0.7 0.76 = 0.5
BGVB-4 5.10 £ 0.9b 3.81 £ 0.7b 5.31 = 0.6b 3.80 £ 0.6b 223 £ 0.5 1.10 £ 0.4
T-9 6.12 £ 0.7f, 4.80 = 0.6f 5.81 = 0.7f 4.44 £ 0.8¢ 3.01 £ 0.7 2.00 = 0.6
T-27 6.27 + 0.8h 5.07 £ 0.7h 5.76 £ 0.9e 4.86 = 0.7g 2.83 £ 0.6 1.61 £ 0.5
T-77 6.36 £ 0.6i 5.12 £ 0.4i 5.88 + 0.6g 4.53 + 0.6f 2.76 + 0.8 1.87 £ 0.7
H-10 6.22 + 0.9g 5.01 £ 0.8g 6.82 + 0.8j 5.42 + 0.9h 2.83 £ 0.5 2,14 08
Pusa-1 5.71 = 0.7e 4,30 = 0.7e 5.53 £ 0.9d 4.01 + 0.5d 272 £ 04 1.90 = 0.6
UPU-1 6.86 + 0.9k 5.82 + 0.6k 6.74 £ 0.7i 5.81 £ 0.7j 3.02 +£ 0.6 2.83 + 0.7
UPU-2 6.67 £ 0.6j 5.66 £ 0.8j 6.57 £ 0.7h 5.73 = 0.6i 298 £ 0.8 2.11 £0.6
Khargone-3 531 £ 0.7c 4.02 £+ 0.6¢ 541 + 0.8¢ 3.93 + 0.5¢ 2.61 = 0.6 1.11 £ 0.5
G-31 6.72 £ 0.5j 5.93 £ 0.71 7.71 £ 0.6k 6.82 £ 0.7k 3.42 £ 0.6 3.06 =04
Mash-48 5.40 £ 0.5d 4,12 + 0.4d 5.50 £ 0.5d 4.03 £ 0.4d 2.26 + 0.7 1.80 + 0.6

Within a column means having a letter in common of black gram and rice cultivar are not significantly different at P < 0.05 level

by Duncan’s multiple range test
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and 15 mg sodium ascorbate. The homogenate was fil-
tered through four layers of miracloth and centrifuged
at 12 000 G for 10 min at 4°C. The supernatant was used
for the peroxidase assay. The assay mixture contained
0.1 mol.I"! phosphate buffer (pH 6.1), 0.004 mol.I"! guaia-
col, 0.003 mol.I"" H,0, and 0.4 ml of crude enzyme extract.
The total reaction volume was 1.2 ml. The rate of change
in absorbance (OD) at 420 nm was measured using a dou-
ble beam UV-Spectrophotometer (Jasco, UVIDEC-650,
Japan). The levels of enzyme activity were expressed as
pmoles H,O, destroyed/min/mg protein (Bergmeyer et al.
1974). Soluble proteins in the supernatant were deter-
mined according to Bradford (1976) using bovine serum
albumin as standard.

Table.2. Tolerance index of shoot (STI) and root (RTI) of twenty
rice (Oryza sativa L.) and twelve black gram (Vigna mungo L.)
cultivars in 1.93.10* mol.I'' lead; values are mean of 20 samples

: Tolerance index (%)
Cultivars

STI RTI

Oryza sativa

Ratna 88.78 77.25
Pusa-2-21 61.66 59.62
Annapurna 97.90 80.92
Pragati 7393 70.00
Hema 75.67 70.47
Panidhan-1 67.87 63.50
Panidhan-2 64.84 61.40
Kusuma 71232 69.68
Bharati 118.05 103.98
Deepa 115.12 96.83
Sakti 66.00 61.60
Hamsa 717.72 71.22
Vikram 68.62 63.81
Nilgiri 71.18 69.01
Subhadra 82.27 74.35
Khandagiri 70.49 67.54
Rudra 69.25 65.09
Sankar 65.37 61.58
Vaghari 81.94 71.62
Aswathi 64.05 59.77
Vigna mungo
LBG-263 71.20 71.42
BGVB-4 71.56 74.50
T-9 76.41 78.43
T-27 84.37 80.86
T-77 77.04 80.50
H-10 79.47 80.54
Pusa-1 72:33 75.43
UPU-I 86.20 84.83
UPU-2 87.21 84.85
Khargone-3 72.64 75.47
G-31 88.45 88.24
Mash-48 73.27 75.92
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Catalase activity. Fresh shoots (100 mg) were collect-
ed from plants grown in solution containing 1.93.107
mol.I"' Pb and without Pb and homogenised in 0.1 mol.I*
sodium phosphate buffer (pH 7.0) and centrifuged at 1000 G
for 10 min at 4°C. The supernatant was used as the enzyme
extract for catalase. For the catalase assay, 1 ml of the en-
zyme extract was added to the reaction mixture containing
1 mlof 0.1 mol.I"'H,0, and 3 ml of 0.1 mol.I"' sodium phos-
phate buffer (pH 7.0). The reaction was stopped by add-
ing 10 ml of 2% H,SO, after I min of incubation at 20°C.
The acidified reaction mixture with or without enzyme
extract was titrated against 0.1 mol.I"" KMnO, to deter-
mine the quantity of H,0, utilized by the enzyme. The
catalase activity was expressed as pmoles H,0, de-
stroyed/min/mg protein (Bergmeyer et al. 1974). Soluble
proteins in the supernatant were determined according
to Bradford (1976) using bovine serum albumin as stan-
dard.

Glucose-6-phosphate dehydrogenase. Fresh shoots
(100 mg) were collected from plants grown in solution
containing 1.93.107 mol.I"" Pb and without Pb and ho-
mogenised in 0.1 mol.I"' Tris-HCI (pH 7.8) containing
0.001 mol.I" EDTA and 0.001 mol.l"" dithiothreitol. The
homogenates were centrifuged at 1000 G for 10 min and
the supernatant was used for enzyme assays. Activity of
the enzyme was measured according to Bergmeyer et al.
(1974). The enzyme activity was referred to the protein
content of each sample and expressed as percentage of
control. Soluble proteins were determined in the super-
natant according to Bradford (1976) with bovine serum
albumin as standard.

Statistical analysis. In order to ascertain the signifi-
cant differences of growth among various cultivars of
black gram and rice, an ANOVA test was performed
(Sokal and Rohlf 1973). Regression analyses were per-
formed to assess the response of root length of different
cultivars of rice and black gram to lead over the time of
exposure. Effects of lead on growth variables at each lev-
el were noted with the separation of mean using the
Waller-Duncan multiple range test (Harter 1960).

RESULTS AND DISCUSSION

Twelve black gram and twenty rice cultivars were ex-
posed to four levels of lead (0,4.83.104,9.65.10, 1.93.10°3
and 3.86.107 mol.I""). The cultivars responded different-
ly in terms of seed germination, elongation of shoot and
root and root/shoot biomass. Our results show that the
seed germination was not affected at 4.83.10t0 1.93.10"3
mol.l"! of lead (data not shown). At higher concentration
of Pb (3.86.107 mol.1™"), germination rate declined. The
percentage of germination reached maximum in the nutri-
ent solution without lead 3-day after sowing. A high de-
gree of variation in the response was observed at
1.93.107* mol.l"! lead rather than other concentrations,
therefore, this concentration was chosen to compare the
performance of different cultivars. The mean root and
shoot length and number of laterals per shoot for all the
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Table 3. Correlation coefficients (#?) between different levels of lead concentration and root length at four time intervals for twelve
cultivars of blackgram and twenty cultivars of rice in nutrient solution

Cultivars Days Pb conc. Cultivars Days Pb conc.
vs. root length vs. root length
Vigna mungo Hema 3 0.981
LBG-263 3 0.974 6 0.968
6 0.937 9 0.984
9 0.975 Panidhan-1 3 0.989
BGVB-4 3 0.976 6 0.995
6 0.979 9 0.999
9 0.965 Panidhan-2 3 0.945
T-9 3 0.979 6 0.903
6 0.991 9 0.919
9 0.972 Kusuma 3 0.952
T-27 3 0.982 6 0.916
6 0.966 9 0.920
9 0.957 Bharati 3 0.357
T-77 3 0.995 6 0.896
6 0.954 9 0.365
9 0.966 Deepa 3 0.926
H-10 3 0.984 6 0.993
6 0.980 9 0.948
9 0.965 Sakti 3 0.986
Pusa-1 3 0.989 6 0.975
6 0.970 9 0.991
9 0.986 Hamsa 3 0.921
UPU-1 3 0.958 6 0.880
6 0.972 9 0.892
9 0.987 Vikram 3 0.943
UPU-2 3 0.949 6 0.937
6 0.958 9 0.973
9 0.957 Nilgiri 3 0.957
Khargone-3 3 0.988 6 0.956
6 0.982 9 0.978
9 0.976 Subhadra 3 0.983
G-31 3 0.959 6 0.978
6 0.953 9 0.985
9 0.972 Khandagiri 3 0.940
Mash-48 3 0.980 6 0.909
6 0.989 9 0.950
9 0.993 Rudra 3 0.961
Oryza sativa 6 0.960
Ratna 3 0.943 9 0.977
6 0.960 Sankar 3 0.752
9 0.634 G 0.755
Pusa-2-21 3 0.968 9 0.807
6 0.956 Vaghari 3 0.937
9 0.985 6 0.946
Annapurna 3 0.941 9 0.950
6 0.946 Aswathi 3 0.858
9 0.959 6 0.871
Pragati 3 0.953 9 0.869
6 0.977
9 0.992

cultivars of black gram and rice are presented in Table 1.
Root length in black gram (cvs. G-31, UPU-1 and UPU-2)
and rice (cvs. Deepa and Annapurna), however, de-
creased by 11.7, 15.1 and 15.2 and 3.2 and 19.0 percent,
respectively, in the presence of lead as compared to their
respective controls, while in BGVB-4 and LBG-263 of black
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gram and Aswathi and Pusa-2-21 of'rice, the root length
was reduced by 25.2 and 28.3 and 40.2 and 40.4 percent,
respectively. The cultivars BGVB-4, LBG-263 and Khar-
gone-3 of black gram and Aswathi, Pusa-2-21, Sankar and
Panidhan-2 of rice showed stunted growth with chlorotic
leaves at 1.93.107 mol.I"' of Pb. Several reports show in-
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hibition of growth of plant and physiological disorder in
presence of lead in soil (Bazzaz et al. 1975, Wierzbicka and
Obidzinska 1998). Trollope and Evans (1976) suggested
that Pb-induced chlorosis in crop plants could be due to
changes in Fe:Pb ratios. In others, lead toxicity appeared
to induce calcium deficiency or reduce water transport
problems (Zimdahl and Arvik 1973). Taylor and Foy
(1985) suggested that the root tolerance index (RTI) is
one of the most important markers to screen genotypes
and varieties for metal tolerance. Tolerance index (TI)
derived from ratios between the data of the treatment and
the control solutions have been useful to characterize
individual populations for metal tolerance. Our observa-
tions therefore provide further evidences that G-31,
UPU-1 and UPU-2 of black gram and Bharati, Deepa and
Annapurna of rice were tolerant to lead having RTI val-
ues as 88.24, 84.85, 84.83 and 103.98, 96.83 and 80.92, re-
spectively (Table 2). The regression equations and
correlation coefficients between lead concentration and
root length at three different intervals in different culti-
vars of black gram and rice are presented in Table 3. The
slopes of the regressions of oot length and lead concen-
tration clearly show the differences in response of vari-
ous cultivars of black gram and rice.

The accumulation of lead in root and shoot of G-31,
UPU-1 and UPU-2 of black gram and Bharati, Deepa and
Annapurna of rice were found to be higher than other
cultivars tested (Table 4). Lead accumulation was more
in root than shoot (stem + leaves) in all cultivars of black
gram and rice. Similar results were reported earlier in oth-
er crops (Lane and Martin 1977, Burzynski 1987, Wierzbic-
ka 1999). This fact is that the primary importance in the
uptake and transport of water by plants associated with
lead. The basic strategies of metal tolerance is metal ac-
cumulation where there is no such restriction and metals
are accumulated in a detoxified form; detoxification may
result from cell wall binding, active pumping of ions into
vacuoles, complexing by organic acids and possibly by
specific metal-binding proteins, and alteration of mem-
brane structures (Verkleij and Schat 1990, Jiang and Liu
1999).

Root and shoot biomass production were in accor-
dance with shoot and root length, G-31 of black gram had
51.09 percent increase in root biomass as compared to the
control. The cultivars UPU-2, UPU-1, H-10, T-27 and T-77
showed 36.87, 30.23, 23.02, 12.70 and 4.33 percent increase
inroot biomass (Table 5). The results presented in Table 5
indicated that Khargone-3, Pusa-1, Mash-48, T-9, BGVB-4
and LBG-263 were sensitive to lead toxicity showing
3.29-9.79 percent reductions in the root biomass as com-
pared to the respective controls. Rice cultivars such as
Bharati, Deepa, Annapurna, Vaghari, Subhadra and Rat-
na showed increased root biomass in the presence of lead
compared to their control. The shoot/root biomass ratio
varied in the presence of lead compared to control (Ta-
ble 5). The underground biomass was higher than the
above ground biomass in most of the cultivars tested. It
may be due to the greater accumulation of lead to the root
(Wierzbicka 1999). Acceleration in the enzyme activities
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is believed to play an important role under conditions of
metal stress (Van Assche and Clijsters 1990) and there-
fore may have a subtle role in metal tolerance. Catalase,
peroxidase and G6PDH activity increased significantly in
tolerant cultivars of black gram and rice (Table 6). The
activity increased 8.0-38.4% of rice and 9.3-32.8% of
black gram in case of peroxidase, 3.9-29.9% of rice and
8.73-19.3% of black gram in case of catalase and 15.07—
121.4% of rice and 49.2-127.1% of black gram in case of
G6PDH, respectively, as compared to control. Greater
enzyme activity of catalase and peroxidase indicates that
the tolerant plants were under stress, these features are

Table 4. Lead content (pg.g™') in twelve black gram and rice culti-
vars in presence of 1.93.107 mol.l"' lead after 9 days of culture;
values are means of 10 replicates; repeated three times

Pb content (ug.g~') £ s.e.

Cultivars
shoot root
Oryza sativa
Ratna 10.6 = 1.31 13.6 + 1.8k
Pusa-2-21 3.40 = 1.0a 4.63 £ 0.9a
Annapurna 12.2 £ 0.8n 16.4 = 1.01
Pragati 6.91 £ 1.1f 9.60 + 1.3g
Hema 7.82 £ 1.2h 10.2 £ 0.7h
Panidhan-1 7.61 + 0.8g 9.61 + 1.1g
Panidhan-2 5.23 = 0.9¢c 6.72 = 1.0c
Kusuma 9.71 + 0.7k 11.4 £ 0.9
Bharati 124 £ 1.3n 16.7 +:2.2]
Deepa 11.6 £ 1.2m 13.6 = 1.7k
Sakti 6.43 £ 1.0d 8.21 = 1.3e
Hamsa 8.32 £ 0.9i 10.3 £ 1.4h
Vikram 6.72 = 1.le 8.62 = 1.0f
Nilgiri 9.12 £ 0.7j 11.3 + 0.6i
Subhadra 103 = 1.41 12.8 = 1.6j
Khandagiri 8.42 + 0.9i 11.7 £ 0.8i
Rudra 7.81 = 0.8h 10.4 = 1.0h
Sankar 6.41 + 0.6d 7.82 £ 0.8d
Vaghari 9.80 + 1.0k 12.3 £ 0.7j
Aswathi 432 + 0.8b 5.62 + 1.1b
Vigna mungo

LBG-263 5.62 £ 1.3a 7.22% L.la
BGVB-4 7.12 £ 0.9d 9.41 £ 1.2¢
T-9 6.91 £ 1.5¢ 10.3 & 1.3¢
T-27 9.72 £ 0.8g 11.6 + 0.9f
T-77 10.4 = 1.2h 12.3 = 1.0f
H-10 921 & 1:1f 10.1 £ 1.3e
Pusa-1 6.32 = 0.9b 9.41 = 1.0c
UPU-1 9.71 £ 1.7g 13.6 £ 1.1g
UPU-2 10.4 £ 1.3h 15.4 + 1.8h
Khargone-3 7.42 £ 0.9¢ 8.42 £ 1.3b
G-31 10.9 £ 1.7h 17.6 = 2.4i
Mash-48 6.82 + 1.2¢ 9.80 + 1.5d

Within a column means having a letter in common of black gram
and rice cultivar are not significantly different at P < 0.05 level by
Duncan’s multiple range test

545



Table 5. Biomass yield of twelve black gram and twenty rice cultivars in absence and presence (1.93.10" mol.I"') of lead after 9" day of

root emergence; values are means of 20 replicates; repeated thrice

Biomass yield (mg/plant)

Cultivars
shoot root shoot/root
0 1.93.1073 0 1.93.1073 0 1.93.107%
Oryza sativa
Ratna 26.7 + 0.9d 28.6 = 0.8g 28.7 = 0.8f 30.2 + 0.8i 0.93 0.99
Pusa-2-21 30.2 + 1.0g 205 + 1.1a 29.7 + 0.8g 27.4 + 0.9f 1.01 0.74
Annapurna 23.7 £ 1.2b 243 x 0.8d 22.6 = 0.9b 254 £ 0.7d 1.04 0.95
Pragati 29.8 £ 1.If 242 £ 1.0d 30.8 £ 1.0h 28.6 = 0.9g 0.96 0.84
Hema 28.4 = 0.9¢ 23.3:x0.9¢ 27.5 £ 0.7¢ 25.7 + 0.8d 1.03 0.90
Panidhan-1 31.2 = 0.6h 24,7 + 0.8d 30.2 £ 1.3h 26.7 = 1.0e 1.03 0.92
Panidhan-2 35.8 + 0.9k 25.8 £ 0.9e 32.7 £ 0.8i 223 £ 0.8a 1.09 1.15
Kusuma 32.7 £ 0.8i 28.2 + 0.8g 30.8 = 0.9h 30.0 £ 1.1i 1.06 0.94
Bharati 252 £ l.1c 283 + 1.0g 24.6 £ 1.0c 30.3 = 0.61 1.02 0.93
Deepa 26.5 £ 0.8d 29.1 = 0.8h 27.7 £ 0.9¢ 33.5 = 0.7k 0.95 0.86
Sakti 32.7 £ 0.9i 25.6 = 0.6¢e 27.8 £ 0.7¢ 27.1 + 0.4f 1.17 0.94
Hamsa 32.1 = 0.8i 29.3 = 0.9h 30.2 = 0.8h 324 £ 0.8 1.06 0.90
Vikram 34.7 £ 0.9j 26.6 + 1.0f 337 1.2 30.2 £ 1.1i 1.02 0.88
Nilgiri 35.6 = 1.3k 30.8 & 1.1i 32.2 £ 1.0i 32.6 £ 0.9j 1.10 0.93
Subhadra 23.5 £ 1.2b 22.1 = 1.0b 21.2 = 0.8a 24.8 = 0.6¢ 1.10 0.89
Khandagiri 30.7 £ 1.0g 23.6 + 0.8¢ 28.7 £ 0.7f 294 + 0.8h 1.06 0.80
Rudra 29.7 £ 0.8f 214 = 0.7b 26.2 £ 0.9d 24.6 = 0.9¢ 1.13 0.86
Sankar 30.2 £ 0.7g 24.5 + 0.9d 28.2 + 0.6f 30.4 £ 0.51 1.07 0.80
Vaghari 223 £ 0.9a 23.3 = 0.5¢ 20.7 = 1.0a 243 = 0.9¢ 1.07 0.95
Aswathi 29.7 + 0.8f 20.2 + 0.9a 27.4 + 0.7e 23.2 £ 0.8b 1.08 0.87
Vigna mungo

LBG-263 36.2 + 0.6f 243 £ 0.8a 30.2 £ 1.0b 28.7 + 1.3a 1.19 0.84
BGVB-4 35.7 + 0.9e 28.8 + 0.6¢ 32.2 £ 0.8¢ 30.2 £ 1.0b 1.10 0.95
T-9 32.8 £ 0.8¢c 27.6 = 0.7b 30.9 + 0.8b 29.3 = 0.6a 1.06 0.94
T-27 34.6 £ 0.9d 32.3 + 0.8e 30.7 £ 0.9b 34.6 + 0.9¢ 1.12 0.93
T-77 37.5 £ 0.8g 33.0 £ 0.9¢ 34.6 = 0.8¢ 36.1 = 0.7¢ 1.08 0.91
H-10 30.8 + 1.0a 28.1 £ 0.9¢ 278 £ 1.1a 34.2 = 0.8¢ 1.10 0.82
Pusa-1 36.7 £ 0.7f 313 £ 0.8d 32.1 £ 0.9¢ 34.6 £ 0.7¢ 1.14 0.90
UPU-1 32.4 = 0.6¢c 36.7 = 1.1g 30.1 £ 0.8b 39.2 = 1.0g 1.07 0.93
UPU-2 31.5 £ 0.9b 35.7 + 0.8f 28.2 £ 1.0a 38.6 + 0.8f 1.11 0.92
Khargone-3 374 £ 1.2g 323 £ 0.9e 33.7 £ 0.6d 304 = 1.1b 1.10 1.06
G-31 30.6 + 0.9a 36.7 £ 0.8g 27.4 + 0.8a 41.4 £ 0.7h k41 0.88
Mash-48 38.4 + 0.8h 32.6 £ 0.7e 36.4 + 0.9 352 + 0.8d 1.05 0.92

Within a column means having a letter in common of black gram and rice cultivar are not significantly different at 2 < 0.05 level by

Duncan’s multiple range test

often associated with metal tolerance (DeVos and Schat
1991). Nashikkar and Chakrabarti (1994) reported that
catalase and peroxidase activities were indicators of
heavy metal toxicity and subsequent stress situation in
plants. Several mechanisms of heavy metal tolerance in
plants were proposed which include production of intra-
cellular metal binding compounds, alteration of metal
compartmentation patterns, alteration of cellular metab-
olism and alteration of membrane structure (Verkleij and
Schat 1990); once absorbed, toxic metals were not com-
pletely inert, but stimulate the activity of certain enzymes
(Van Assche and Clijsters 1990). The regressions of root
length versus different concentrations of lead at 3, 6" and
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9" day of exposure also confirmed varied response in the
cultivars of black gram and rice. Therefore, it was possi-
ble to categories black gram cultivars based on their rel-
ative tolerance to lead as: G-31 > UPU-2> UPU-1>T-27>
H-10>T-77 > T-9 > Mash-48 > Pusa-1 > Khargone-3 >
BGVB-4 > LBG-263 and rice cultivars as: Bharati > Deepa >
Annapurna > Ratna > Subhadra > Vaghari > Hamsa >
Hema > Pragati > Kusuma > Nilgiri > Khandagiri > Rudra >
Vikram > Panidhan-1 > Sakti > Sankar > Panidhan-2 >
Aswathi > Pusa-2-21.

Hydroponic culture is efficient in the determination of
lead tolerance in black gram (Vigna mungo L.) and rice
(Oryza sativa) cultivars. Among the tested cultivars, it
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Table 6. Effect of lead (1.93.10* mol.lI"') on the enzyme activity of different cultivars of black gram (Vigna mungo L.) and rice (Oryza
sativa L.); peroxidase and catalase activities are expressed as pmoles H,0, destroyed per min per mg protein and glucose-6-phosphate
dehydrogenase activity is expressed as nmole NAD (P) H oxidised per min per mg protein; parentheses indicate percent of enzyme
activity increase (+) or decrease (-) as compared to the control; values given are the averages of three assays

Enzyme activity (mean + s.e.)

Cultivars
peroxidase catalase G6PDH
Oryza sativa
Ratna 37.91 (+28.2) 27.58 (+11.8) 185.6 (+105.7)
Pusa-2-21 28.11 (+9.12) 27.14 (-3.94) 95.8 (+15.07)
Annapurna 37.11 (+30.0) 32.54 (+15.7) 172.8 (+82.6)
Pragati 34.82 (+15.6) 29.43 (+19.0) 132.3 (+54.3)
Hema 36.33 (+10.9) 28.94 (+21.7) 143.2 (+62.9)
Panidhan-1 28.91 (+8.60) 24,94 (+12.3) 122.6 (+32.2)
Panidhan-2 36.72 (+13.6) 29.58 (+7.36) 117.8 (+17.3)
Kusuma 34,52 (+16.2) 25.34 (+15.9) 124.2 (+27.2)
Bharati 43.27 (+38.4) 36.24 (+25.3) 212.6 (107.9)
Deepa 40.57 (+17.2) 31.74 (+29.9) 183.5 (+86.4)
Sakti 30.12 (+8.53) 22.56 (+23.7) 134.2 (+30.6)
Hamsa 38.54 (+23.6) 25.23 (+17.7) 162.8 (+75.4)
Vikram 27.24 (+9.48) 27.31 (+11.3) 178.6 (+121.4)
Nilgiri 35.21 (+17.1) 34.32 (+13.9) 170.5 (+102.2)
Subhadra 37.32 (+32.4) 31.82 (+21.3) 175.6 (+79.5)
Khandagiri 30.16 (+9.51) 34.13 (+14.8) 182.6 (+61.9)
Rudra 33.46 (+13.4) 33.21 (+10.2) 153.8 (+54.9)
Sankar 31.19 (+8.0) 27.02 (+8.55) 140.6 (+17.1)
Vaghari 32.51 (+21.1) 31.08 (+21.7) 173.6 (+83.7)
Aswathi 30.92 (+9.52) 26.10 (+3.90) 102.7 (+22.6)
Vigna mungo

LBG-263 23.23 (+9.0) 22.21 (+10.3) 134.6 (+49.2)
BGVB-4 3111 (#9.1) 21.04 (+12.3) 138.2 (+55.8)
T-9 30.01 (+23.4) 23.64 (+15.8) 156.8 (+60.8)
T-27 33.21 (+24.3) 20.11 (+13.9) 162.7 (+75.3)
T-77 35.21 (+15.7) 25.42 (+19.2) 174.8 (+77.1)
H-10 29.76 (+31.4) 26.57 (+18.4) 176.2 (+78.7)
Pusa-1 31.27 (+19.3) 32.42 (+19.1) 160.9 (+72.6)
UPU-1 36.23 (+28.5) 29.32 (+18.1) 192.8 (+89.4)
UPU-2 34.11 (+30.0) 27.54 (+19.1) 212.6 (+89.1)
Khargone-3 28.52 (+17.3) 20.16 (+8.73) 126.6 (+65.7) .
G-31 36.14 (+32.8) 26.32 (+18.7) 278.4 (+127.1)
Mash-48 32.14 (+25.5) 30.53 (+18.9) 152.7 (+68.9)

appeared repeatedly that the G-31, UPU-1 and UPU-2 of
black gram and Bharati, Deepa and Annapurna of rice
were tolerant to lead. It is possible to select black gram
and rice for lead tolerance in progeny tests in hydropon-
ics for breeding programmes. Further studies are warrant-
ed to unravel the hidden facts on the mechanism of lead
toxicity in black gram and rice.
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Tolerance genotypii ryZe a fazolu mungo ke zvySenym koncentracim olova v hydroponii

Tolerance vysoce produktivnich odriid fazolu mungo (Vigna mungo) aryze (Oryza sativa L.) k rozdilnym koncentracim
olova (Pb*) (0, 4,83.10%, 9,65.10%, 1,93.107 a 3,86.10" mol.l"'") byla sledovana v zivném roztoku o hodnoté pH 6,8. Jako
markery toxicity olova byly sledovany délka kofenl, délka nadzemnich ¢asti, susina biomasy kofent a nadzemnich ¢asti
a indexy tolerance kofenti a nadzemnich ¢asti (RTI a STI). Hodnoceni kofeni devéty den po vzejiti ukazalo vyznamné roz-
dily mezi 12 odridami fazolu mungo a 20 odriidami ryze. Odridy fazolu mungo G-31, UPU-1 a UPU-2 vykazovaly v pfi-
tomnosti 1,93.10° mol.l"' olova v zivném roztoku vys$si kofenovy rist. V pripadé ryze byl zjistén nejvy3si kofenovy rlst
u odrtid Bharati, Deepa a Annapurna. Index tolerance kofenli (RTI) a index tolerance nadzemnich ¢asti (STI) u odrud fazolu
mungo G-31, UPU-1 a UPU-2 a u odrtd ryze Bharati, Deepa a Annapurna byl relativné vy3si, coz naznacovalo jejich vy-
razn&jsi toleranci k olovu. Enzymova aktivita (peroxidazy, katalazy a G6PDH) byla vyssi u tolerantnich odrid nez u odrtd
netolerantnich. Na zakladé sledovanych ristovych parametrii bylo uréeno poradi 12 odrid fazolu mungo a 20 odrid ryze,
pokud jde o jejich toleranci k olovu. Tuto metodu Ize pouzit ve $lechtitelskych programech k rychlému screeningu tolerance
odrid fazolu mungo a ryze k olovu.

Klitova slova: fazol mungo; ryZe; peroxiddza; katalaza; G6PDH; toxicita olova; Zivna kultura; screening
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Isolation and basic characterization of Zn-binding compounds
in spinach biomass
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K. Griiner?

!Czech University of Agriculture in Prague, Czech Republic
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ABSTRACT

Zinc accumulation in spinach biomass and Zn-binding forms in above ground biomass were investigated on Fluvisols
treated by sewage sludge in model pot experiment. For sequential analysis of dry biomass five solvents were used —
petroleum ether, ethyl acetate, methanol, methanol + H,0 & H,0, methanol + H,0 + HCl. Compounds contained in
individual fractions were indicated using IR spectrum. Petroleum ether and ethyl acetate fractions formed the lowest part
of isolated fractions (3.2% treatment without sludge, 1.3% sludge treatment) and the lowest Zn content was determined
in both fractions (3.36% treatment without sludge, 0.43% sludge treatment). Portion of methanol fraction (carboxylic
acid, aromatic and pyrrole substances) was the highest from isolated fractions at the treatment without sludge (36.2%).
Fraction methanol + H,0 & H,O contained oligopeptides, extractable polypeptides, proteins. Phytochelatins, methal-
lothioneins and chelating agents (mugineic acid, deoximugineic acid, avenic acid, nicotinamine) can be extracted in this
fraction. Fraction methanol + H,0 + HCI contained compounds isolated from cell walls and cytoskeleton after hydrolysis
(phytin). The majority of Zn (69%) was found at sludge treatment in this fraction. Zn-binding compounds indicated in
this fraction were important for intoxication of plants. Non-extractable residues formed portion of 37.6% at the treat-

ment without sludge and 46.6% at sludge treatment. Zn content in both treatments was very low.

Keywords: zinc; Zn-binding compounds; sequential extraction; spinach biomass

Zinc, the essential micronutrient, occurs in plant either
as a free ion, or as a complex with a variety of low molecu-
lar weight compounds, storage metalloproteins and insol-
uble forms associated with the cell wall. Zinc can become
inactivated within the cell either by ligand formation or by
complexation with phosphorus. Depending on plant spe-
cies and plant part, Zn portion in the range 58%-91% of
total Zn content may be soluble (Walker and Welch 1987,
Brown et al. 1993). This soluble Zn part is considered to be
the physiologically active fraction. The Zn is introducing
amedium mobility in plants and is mostly accumulated in
root tissues and seeds especially when Zn supply is high
(Tlustos 1999). In older leaves Zn can become very immo-
bile (Rinne and Langston 1960). The rate of Zn transport
to younger tissues is particularly depressed in Zn deficient
plants (Loneragan 1975).

The metabolic functions of zinc are based on its tenden-
cy to form tetrahedral complexes with N, O and S-ligands
and thereby plays a catalytic and structural role in enzyme
reactions (Vallee and Auld 1990). There is a large number
of enzymes in which zinc is a component of enzyme struc-
ture (Marschner 1995). Within enzymes with catalytic zinc
function plays an important role the carbonic anhydrase —
key enzyme for photosynthesis, while alcohol dehydroge-
nase (this enzyme contains two zinc atoms per molecule,
one with catalytic and the other with structural function)
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and the proteins involved in DNA replication and gene
expression belong to the compounds with structural zinc
function. This role of Zn in protein molecules (zinc metal-
loproteins) has been investigated in last decades (Cole-
man 1992). Zinc is the metal component in a number of
other enzymes — alkaline phosphatase, phospholipase,
carboxypeptidase, RNA polymerase etc. (Coleman 1992).
Zn deficiency also reduces auxin level, increase in plasma
membrane permeability, for example in bean roots (Pinton
etal. 1993).

Zinc toxicity is a problem in areas of natural Zn depos-
its, spoil heaps from mining and around zinc smelters.
Toxicity causes restricted growth and leaf chlorosis re-
sembling Fe deficiency (Brown et al. 1993). The increase
of Zn accumulation in plant biomass can also be due to
the application of sewage sludge to the soil (Balik et al.
1998, 2000, Tlusto$ et al. 2001).

The knowledge of binding forms of zinc in vegetative
plant organs is poor. Separation analyses are mostly fo-
cused on isolation of one group of compounds and rela-
tively few studies have been concerned with sequential
fractionation of plant biomass. Therefore the main objec-
tive of our study was focused on sequential fractionation
of spinach biomass, partial characterisation of Zn-bind-
ing compounds and determination of zinc concentration
in these fractions.
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MATERIAL AND METHODS

The Zn accumulation in spinach biomass was investi-
gated on Fluvisols (pH, ., = 4.8, C__ = 0.82%, CEC =
77 mval.kg™, total content of Zn="70.9 mg.kg™') treated by
sewage sludge in model pot experiment. Fresh homoge-
nous sewage sludge with 26-28% of dry matter and total
content of Zn 1438 + 10 mg.kg™" was used in this experi-
ment. 5 kg of soil was thoroughly mixed with 0.5 g N,
0.16 g P, and 0.4 g K applied in ammonium nitrate and po-
tassium hydrogen phosphate at control treatment and
with same amount of nutrients plus fresh sewage sludge
in equivalent to 20 Mg.ha™' at observed treatment. Soil
mixture was filled into plastic pots and sown by spinach
seeds. Soil moisture was regularly controlled and kept on
60% of MWHC. Both treatments were prepared with
three replications. Spinach (Spinacia oleracea L.) var.
Monores was planted up to full leaves development.
After harvest an above ground biomass was gently
washed with deionised water, dried, ground and analyzed
for total zinc content. Plant material was decomposed by
dry ashing procedure (Mader et al. 1989). The determina-
tion of Zn concentration was performed by atomic ab-
sorption spectrometry (VARIAN SpectrAA-300) with
flame atomization. Quality of plant analyses was con-
trolled by reference material RM 12-02-03 Lucerne with
certified contents of Zn=33.2 + 0.5 mg.kg™"' and obtained
Zn=332+14mgkg".

Sequential analysis of spinach dry matter was con-
ducted according to design extraction scheme (Table 1)
which allow us to determine Zn in five fractions. That
is, typically non-polar, highly lipophilic solvents immis-
cible with water are given at the beginning of this series
(fractions A, B), and polar hydrophilic solvents com-
pletely miscible with water are found as the third step
(fraction C). At the end of the series the mixture sol-
vents are methanol + H,0 & H,O (fraction D) and meth-
anol + H,0 + HCl (fraction E). This extraction series is
used for characterisation of natural plant substances in
isolated fractions. Fractions were extracted to constant
weight and evaporated to dryness. Variability of isolat-
ed fraction weights was to 1%. IR spectrum of isolated
fractions was measured by IR spectrometer (Brucker
IFS 88). Isolated fractions were analysed in micro tab-
lets with KBr. Owing to difficult extractions analyses
were not replicated.

Evaporated isolated fractions A, B, C, D were dissolved
in mixture 1 ml HNO, conc. + 1 ml H,O using ultrasonic
bath. Fraction E (methanol + H,0 + HCI) was decomposed
in a mixture of HF conc. + HNO, conc. (1:2) at the temper-
ature 150°C. Mixture was evaporated to dryness and the
residue was dissolved in 1 ml 1.5% HNO, using ultrason-
ic bath. Non-extractable residues (fraction F) were de-
composed by dry ashing procedure and ash was
dissolved in I ml of 1.5% HNO,. Before measurement frac-
tion solutions were diluted by 1.5% HNO, up to 10 ml.
The determination of element concentration was per-
formed by atomic absorption spectrometry (VARIAN
SpectrAA-300) with flame atomization.
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Table 1. Sequential extraction scheme

Fractions Extraction solvents Process of fractionation
A petroleum ether 5 fold 20 ml
d
B ethyl acetate 5 fold 20 ml
{
C methanol 7 fold 20 ml
{
D methanol + H,0 (1+1; v/v) 3 fold 20 ml
H,0 1 fold 30 ml
l
E methanol + H,0 + HCI (36%)
(49.3 + 49.3 + 1.4; viviv) 1 fold 15 ml
{ 1 fold 5 ml
F non-extractable residues
RESULTS AND DISSCUSION

After application of sludge to sandy soil with low CEC
Zn accumulation in spinach biomass was increased sig-
nificantly. Total Zn content in spinach biomass at sludge
treatment was more than two fold higher in contrast to
treatment without sludge (Figure 1).

The results of sequential analysis of spinach biomass
showed different portions of individual isolated fractions
at the treatments (Figure 2) and different portions of Zn
in these fractions (Figure 3). The soluble Zn part (frac-
tions A, B, C, D) was 59% from total Zn content in spin-
ach grown at treatment without sludge. Portion of
soluble Zn in plant biomass from 58 to 91% mentioned
also Walker and Welch (1987) and Brown et al. (1993).
Portion of soluble Zn part was reduced at sludge treat-
ment in contrast to treatment without sludge and it was
found 29% from total Zn. Petroleum ether and ethyl ace-
tate fractions (A and B) formed the lowest part of isolat-
ed fractions (3.2% treatment without sludge, 1.3%
treatment with sludge) and the lowest Zn content was de-
termined in both fractions (3.36% treatment without

600 A

mg Zn.kg'I
500 4
400
300 4
200 4 7
100 %

control treatment with
shudge

Figure 1. Total Zn content in spinach biomass (mg.kg™')
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Figure 2. Portion of fractions isolated from spinach biomass (%)

sludge, 0.43% treatment with sludge). These fractions
consisted of the least polar substances (Table 2). Zn ions
in petroleum ether fraction were located either in intra-
cellular space or Zn was bound to long chain hydrocar-
bons in membranes by chelate bindings. Brown et al.
(1993) also reported only a small percent of Zn present
as free ions in plant tissues. Zinc in ethyl acetate fraction
was probably bound to saturated and unsaturated fatty
acids. These organic compounds in both fractions can
be significant for membrane transport.

Methanol fraction (C) mainly contained carboxylic ac-
ids, aromatic and pyrrole substances. Brooks (1998) has
been suggested formation of zinc-citrate or zinc-malate
complexes in plants. Portion of methanol fraction at the
treatment without sludge was the highest (36.2%) from
isolated fractions and twelve fold higher in contrast to
the sum of fractions A and B. Amount of C fraction was
lower (20.2%) at sludge treatment. The lower weight of
C fraction at sludge treatment may be showed that me-
tabolism of plant natural products was inhibited by tox-
ins at this treatment. Zn contents at both treatments were
not significantly different (63.0 mg Zn.kg™ at treatment
without sludge, 60.9 mg Zn.kg™' at sludge one). These
results showed strong influence of toxins in the metabo-
lism of different substances (cytochrome P450, glutamate
kinase — biosynthesis of free proline) in this fraction at
sludge treatment (Talanova et al. 1999). Metabolism of
Zn-binding compounds was not influenced.

Table 2. Substances in isolated fractions indicated using IR spectrum

40 4

30

20

0.440.10 0.33
[}

Figure 3. Zn content in isolated fractions (%)

Portion of fraction D (methanol + H,0 & H,0) was only
12.2% at treatment without sludge, at sludge treatment
was similar as fraction C (19.3%) (Figure 2). Zn content
determined in this fraction (25.8%) and fraction C was not
significantly different at the treatment without sludge
(Figure 3). Zn content at sludge treatment was higher
(17.3%) in contrast to fraction C. Results showed that
biosynthesis of organic substances at sludge treatment
were not limited by toxins so strongly in contrast to frac-
tion C. Major compounds indicated, using IR spectrum,
were compounds with amidic bound — oligopeptides,
extractable polypeptides, proteins, phytochelatins and
metallothioneins (Kotrba et al. 1999, Leopold et al. 1999,
Rauser 1999, Sanita di Toppi and Gabbrielli 1999). Finally,
chelating agents — mugineic acid (Takemoto et al. 1978),
deoxymugineic acid, avenic acid (Fushiya et al. 1981),
amino acid nicotianamine (Budé$insky et al. 1980, Ru-
dolph et al. 1985) can be presented in this fraction. Nicoti-
anamine has an optimal molecular structure for chelating
iron ions and is considered a possible phytosiderophore
with an essential function in cellular iron transport and/
or metabolism. Walker and Welch (1987) reported these
compounds form stable anionic complexes with several
trace elements. All these cited compounds can be extract-
ed to this fraction D. In this reason fraction D is one of
most important fractions for metals metabolisms. Sanita
di Toppi and Gabbrialli (1999) reported response mecha-
nisms to metals at cellular level. In response to stress the

Fraction Substances

A saturated and unsaturated long chain hydrocarbons with or without keto group

B saturated and unsaturated fatty acids

(o) different carboxylic acids, probably not fatty acids, but acids for example from citric cycle
or free amino acids, aromatic substances and pyrrole substances

D substances with amidic bond, for example oligopeptide
or extractable polypeptide and proteins, extractable soluble oligosacharides

E substances with amidic bond, extractable hydrolysate substances from cell walls

or cytoskeleton (phytin, oligosacharides, polysacharides, proteins, glycoproteins)
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plant cell can form defense system such as synthesis of
phytochelatins and metallothioneins. Geiken et al. (1998)
reported the effect of metal stress on photochemical ac-
tivity and protein behaviour of photosystem II, mainly
for cytochrome B,,,. Aromatic substances were indicat-
ed using IR spectrum, too.

Fraction E (methanol + H,0 + HCI) contained com-
pounds isolated from cell walls and cytoskeleton after
hydrolysis. One of major compounds was phytin or dif-
ferent salts of phytic acid (Proskova 1988). Zinc was very
tightly bound to phytic acid and formation of zinc-phyt-
ic acid complexes increased the resistance to hydrolysis
(Marschner 1995). Lignins were the other compound ex-
tracted in this fraction. Morrison et al. (1981) performed
sequential analysis of plants and have been suggested
importance of lignins to bound metals.

Portion of fraction E was lower in contrast to fractions
C and D, mainly at sludge treatment. The majority of Zn
(361 mg.kg™") was found in spinach biomass at sludge
treatment (69% of total Zn) (Figure 3). This fraction of
treatment without sludge contained 77 mg.kg™" (36.5% of
Zn). Zn of this fraction was insoluble. Zn-binding com-
pounds in this fraction were very important for intoxica-
tion of plants.

In fraction F non-extractable residues were determined.
Compounds contained in residues were very difficult to
be extractable. Portion of 37.6% at treatment without
sludge and 46.6% at sludge treatment was found in spin-
ach biomass (Figure 2). Zn content in both treatments
was very low (9.3 mg Zn kg at treatment without sludge,
8.4 mg Zn kg™ at sludge treatment) (Figure 3).

The application of sequential analysis for spinach bio-
mass extraction makes to investigate complex effect of Zn
and other toxins on plant metabolism. The analysis pro-
vides possibility to isolate Zn-binding compounds and
metabolites which biosynthesis was affected by zinc. It
would be possible to investigate relationship of Zn or
other metals and biosynthesis of stress metabolites and
their effect on decrease of biosynthesis of some com-
pounds in plant biomass.

This work was supported by Grant Agency of Czech
Republic project No. 526/97/0845 and by research project
No. Z4 055 905.
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ABSTRAKT
Izolace a zdkladni charakteristika sloudenin vdzajicich Zn v biomase $penétu

V nadobovém vegetaénim pokusu na fluvizemi byl péstovan $penat po aplikaci &istirenského kalu. Z nadzemni biomasy
Spendtu bylo extrahovéno pét frakci s pouZitim petroléteru, etylacetatu, metanolu, metanolu + H,0 & H,O a metanolu +
H,0 + HCI. Ve frakcich byl stanoven obsah Zn a slou¢eniny obsazené ve frakcich byly charakterizovany pomoci IC spek-
ter. Petroléterova a etylacetatové frakce tvofily nejmensi podil z extrahovanych vzorki (3,2 % varianta bez kalu, 1,3 %
varianta s kalem). V t&chto frakcich byl stanoven nejnizi podil z celkového obsahu Zn (3,36 % varianta bez kalu, 0,43 %
varianta s kalem). Frakce extrahovana metanolem (karboxylové kyseliny, aromatické a pyrrolové latky) tvofila ve variant&
bez kalu nejvyssi podil 36,2 %, ve varianté s kalem pouze 20,2 %. Frakce metanol + H,0 & H,O obsahovala oligopeptidy,
extrahovatelné polypeptidy, proteiny. Proto mohly byt extrahovany fytochelatiny, methallothioneiny a chelatové produkty
(mugineova kyselina, deoximugineové kyselina, avenova kyselina, nicotinamin). Frakce metanol + H,O + HCI obsahovala
slouéeniny izolované po hydrolyze z bunéénych stén a cytoskeletu (fytin). V biomase $penatu péstovaného na varianté
s kalem bylo 69 % Zn obsaZeno v této frakci. Slougeniny vézajici Zn v této frakci ovlivnily intoxikaci rostlin. Podil neextra-
hovatelného zbytku tvofil ve varianté bez kalu 37,6 % a ve varianté s kalem 46,6 %. V této frakci byl stanoven nizky
obsah Zn.

Kli¢ova slova: zinek; slouéeniny vazajici Zn; sekvenéni extrakce; $penat
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The availability of Cd in aerobically and anaerobically incubated
sewage sludge amended by bentonite

P. Tlusto§, S. Kaewrahun, J. Balik, J. Szakova, A. Han¢, D. Pavlikova

Czech University of Agriculture in Prague, Czech Republic

ABSTRACT

During the evaluation of sewage sludge application on the agricultural land, the total content of potentially toxic elements
usually plays a major role, but only available portion of element can be taken by plants. Main objective of the investiga-
tion was focused on determination of Cd availability in sewage sludge incubated under aerobic and anaerobic environment
and amended by bentonite. Stabilised sludges from five different locations with different properties were incubated for
eight months with presence of air (aerated every other week) and without air (pressed into pot, covered and sealed) under
controlled conditions (20°C, 80% humidity). Each sludge was incubated as control treatment and with addition of two
rates of bentonite in three replications. The available content of Cd was extracted by 1 mol.I""¥ NH)NO, every other
month and sequential extraction was made twice during incubation. Results showed great differences in Cd availability
among tested sludges. Acrobically incubated sludges increased mean amount of mobile Cd in control as well as in bento-
nite treatments during incubation. Sludge incubated under anaerobic conditions released majority of Cd at the end of
incubation. The application of bentonite decreased mean Cd availability under both conditions. Sequential analyses
showed transformation of Cd bounds and Cd movement into labile exchangeable and oxide fractions in sludges incubated
with presence of air and stable Cd distribution in sludge incubated under lack of air.

Keywords: sewage sludge; cadmium; availability; sequential analyses: bentonite; aerobic incubation: anaerobic incubation

Growing concern on the improvement of environmen-
tal purity affected the quality of waste materials through
the world introducing decreasing content of heavy met-
als in'sewage sludge over last decade (Smith 1996). We
can assume that the total content of element plays usu-
ally a major role in the long term assessment of the rate
and interval of application, but only available portion of
element can immediately affect element accumulation in
plant biomass (Tlustos et al. 1998). Cadmium belongs to
the most mobile elements and its plant availability is af-
fected by a wide range of factors in the soil as well as in
applied ameliorative material (Adriano 1986). Among
them access of air (McBride 1989) as well as addition of
materials with high sorption capacity (Chlopecka and
Adriano 1997) can substantially affect the availability of
metals for plants. There were difterent adsorptive materi-
als as natural zeolite (Chlopecka and Adriano 1996), ben-
tonite (Sims and Boswell 1978, Hlusek and Richter 1992),
phosphatic clay (Gonzales et al. 1992) tested on contam-
inated soils or soils amended with sewage sludge to de-
crease uptake of metals by plants. Tlusto$ et al. (1996)
showed reduction of Cd content in oat biomass by 40%
planted at soil amended with bentonite. Similarly, Eriks-
son (1988) found reduced Cd content in ryegrass and oil
seed rape biomass grown on clay substrate compared to
sand one. Arnfalk et al. (1996) tested 14 different types
of minerals and soil materials for their adsorption of met-
als and found montmorillonite contained in bentonite and
in smectite as a mineral with highest element binding
capacity. However, while the effect of addition of sorp-
tion materials into soil and their effect on plant uptake

554

are described well, there is no available information on
the fluctuation of metal availability in sewage sludge
treated by such materials.

The main objective of our investigation was focused
on determination of Cd availability in sewage sludge in-
cubated under aerobic and anaerobic conditions and
amended by two rates of bentonite.

MATERIAL AND METHODS

Anaerobically stabilised sewage sludge was obtained
from five waste water factories in the Czech Republic sit-
uated in towns of different population Téabor, Protivin,
Ceské Budégjovice, Kladno and Praha. Each sewage
sludge showed slightly different properties (Table 1).
Three treatments were set up for each sludge: control
treatment, sludge with addition of bentonite (10% w/w
of dry solid) — treatment sewage sludge + bentonite I,
sludge with addition of bentonite (30% w/w of dry solid) —
treatment sewage sludge + bentonite II. Each treatment
was carried out in triplication.

Before the experiment each sewage sludge was inten-
sively homogenized to minimize heterogeneity of mate-
rial used in the experiment. The components of each
replication were weighted separately, thoroughly mixed
in a vessel and homogeneous matter was inserted into
the plastic pot diameter 23 cm. The amount of mixture
differed from water content of sewage sludge and from
added material. All treatments were incubated as fol-
lows:
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Table 1. Physical and chemical properties of five sewage sludges and bentonite

Sewage sludge
Parameter Bentonite
Tébor Kladno Protivin C. Budgjovice Praha
Dry matter (%) 19 18 16 21 29
Zn (mg.kg™)* 1829 1945 471 1266 1524 143
Cd (mg.kg™)’ | I} 2;5 0.95 6.1 4.7 0.12
Total N (%)" 6.1 7.4 8.3 5.4 4.1
C (%) 28.3 34.0 33.3 25.1 20.8
pH/CaCl, 7.2 6.9 7.3 7.7 7.4

" in dry matter

1. under aerobic conditions, each 14 days mixed thorou-
ghly, air conditioned, and watered (60% of matter lost
was added as water to control moisture content)

2. under anaerobic conditions, homogeneic mixture was
pressed into a pot, covered by plastic bag and sealed
by elastic band. Pots were incubated in controlled incu-
bation room (20°C and 80% relative humidity). The sam-
ples were taken at 2", 4™, 6" and 8™ month from all five
sewage sludges and stored in the freezer (-26°C) until
beginning of analyses.
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The availability of Cd in treated and untreated sewage
sludge samples was determined by 1 mol.I"' NH,NO, so-
lution (Pruess et al. 1991). The available content of Cd
was determined in samples of 2™, 4™, 6" and 8" month of
incubation and sequential analysis of Cd (Szakova et al.
1999) at 2" and 8™ month in the fresh material, included
untreated sludge (beginning of experiment). For total
content of Cd, the samples were decomposed by dry ash-
ing procedure and ash was dissolved in diluted Aqua
Regia (Mader et al. 1998). For the determination of Cd

Tibor
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70010 4 B O O
2 o &
S n A
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0.000 v
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Figure 1. The Cd availability (mg Cd.kg™' d.w.) in sewage sludge
incubated 8 months under aerobic conditions
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atomic absorption spectrometer (AAS) Varian SpectrAA-
300 was used equipped by flame and flameless atomizers
in Trace laboratories of Chemistry and Agrochemistry De-
partments. Quality of analyses of total Cd sludge content
was controlled by reference material RM 12-03-12 Sludge.
Certified value of Cd in reference material was 1.97 +
0.21 mg.kg™' and obtained value was 2.04 + 0.35 mg.kg™".

RESULTS AND DISCUSSION

Tested stabilised sewage sludge showed different
properties. Sludge from Protivin contained the lowest
content of dry matter (16%) with high amount of organic
matter (33%) and extremely low content of investigated
heavy metals. On the other hand, Praha sludge contained
the highest amount of dry matter (29%), the lowest
amount of organic compounds (21%), and three to five
times higher content of Cd and Zn. The amount of avail-
able Cd in sludge before incubation was not affected by
total content of Cd in sludge and fluctuated in the range
from 0.005 (Praha) to 0.017 (Kladno) mg Cd.kg™'. Differ-
ent properties of sewage sludge affected the availability
of Cd during incubation. Aerobically incubated sludges
mostly increased amount of mobile Cd in control as well
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as in bentonite treatments (Figure 1). The highest in-
crease of availability was found in Praha sludge with the
lowest content of organic matter at the first half of incu-
bation (0.11 mg Cd.kg™). The ability of organic matter to
bound heavy metals confirmed Karapanagiotis et al.
(1991). Similar trend of increasing availability with lower
slope was determined in Tabor sludge, too. At both slud-
ges were determined drops of pH confirming higher ac-
tivity of microbial oxidation during incubation. The rest
of sludges did not significantly change Cd availability
during four months of incubation. Second half of aero-
bic incubation showed different pattern. Low Cd mobili-
ty in Protivin and Ceské Budgjovice sludges was
significantly increased at the end of incubation and con-
firmed by drop of pH, as well.

Individual changes of sludge stability under aerobic
environment were partly confirmed under the lack of air
(Figure 2). Sludges from Protivin and Ceské Budéjovice
showed similar pattern under lack of air and also sludge
from Kladno released majority of Cd at the end of incu-
bation. Content of available Cd in sludge Tabor fluctuat-
ed among ranges determined in fresh material during
period of incubation. Only in Praha sludge was released
significantly less Cd under anaerobic conditions than in
presence of air.
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Figure 2. The Cd availability (mg Cd.kg™ d.w.) in sewage sludge
incubated 8 months under anaerobic conditions
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Selection of sludges representing different quality of
waste water and treatments at individual waste water
plants showed a great importance of both factors for
specific mobilization of metals during storage of sludge
before application. Mean results presented in Figure 3
showed a slow growth of mobile Cd over the whole pe-
riod of incubation with higher element values in pres-
ence of air than under anaerobic conditions. The
presence of air led to increased Cd availability in the
first half of experiment another growth at the end of
experiment was followed by anaerobic treatments as
well. The application of bentonite did not change the
pattern of Cd availability but slightly increased differ-
ences between aerobically and anaerobically treated
sludges (Figure 3).

The differences between Cd availability at aerobically
and anaerobically incubated sludges are presented in
Figure 4. The application of bentonite led to limitation of
Cd mobility at the first half as well as at the second part
of experiment. Our results with sludge treated by bento-
nite confirmed high binding capacity a such of material
and also results published by Sims and Boswell (1978)
and Hlusek and Richter (1992). Mean trend of decreasing
Cd mobility was found at both aerobic and anaerobic
treatments with similar slope. The anaerobically incubat-
ed sludges introduced always lower mean content of

0 Fourth month of incubation

0.03 4

0.02

mg Cdkg™

0.01 4

sewage sludge +
bentonite [T

sewage sludge sewage sludge +

bentonite |

sewage sludge + bentonite I1

DOaerobic O anacrobic

Figure 3. Relative mean changes in Cd availability (%) of sewage
sludge incubated 8 months under aerobic and anaerobic conditions

available Cd than sludges incubated in presence of air
with the highest differences at the second rate of bento-
nite, where the portion of mobile Cd at anaerobic treat-
ment was only 37% compared to aerobic one. The effect
of rate of added bentonite played more important role in
the first half of experiment than at the end. After eight
months of incubation the differences in Cd mobility were
found between treated and untreated sludges but the
rate of bentonite played significant role under lack of air
only. Regular conditioning of sludge probably damaged
binding sites at treatment with higher amount of bento-
nite resulted in increased Cd mobility.

Fluctuation of Cd among main fractions during an in-
cubation was determined by sequential extraction proce-
dure. Majority of Cd in sludge was bound on organic
matter (61%) and 32% of Cd contained residual portion
of sludge. Only less than 2% of Cd was mobile in the
material before incubation. The incubation of sludge sig-
nificantly changed Cd distribution among main fractions.
The presence of air supported oxidation of organic mat-
ter during incubation (Figure 5) and release of Cd into
labile fractions. After two months of incubation organic
and residual fractions contained 63% of Cd and after
eight months 53%. Majority of element was bound at
oxide fraction 28% and at exchangeable fraction 16% rep-
resenting potentially available portion of element. Mo-
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0.06 4 DOaerobic anacrobic
TM
e
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0 T T
sewage sludge sewage sludge + sewage sludge +
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Figure 4. The comparison of mean Cd available content (mg.kg™' d.w.) in sewage sludge incubated under aerobic and anaerobic conditions
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Figure 5. The distribution of Cd among main fractions (%) during eight months of incubation

bile portion of Cd determined by water extraction grew
up consistently during incubation. Untreated sludges
showed higher variation than sludges with bentonite
addition. The application of bentonite slightly increased
a portion of Cd in labile fractions mostly in the second
half of incubation. Portion of Cd bound at oxide and ex-
changeable fractions was around 50% of total content
and grew up at the treatment with high amount of bento-
nite. Differences between lower content of Cd released
by ammonium nitrate at bentonite treatments than at the
control sludge and higher Cd content in exchangeable
fraction by acetic acid at the same treatments were
caused by different extraction capacity of both solutions.
Cd movement into mobile fractions determined by acetic
acid has not been confirmed by ammonium nitrate extrac-
tion showing potential but not immediate risk of Cd avail-
ability for plants. The sludge incubation under lack of air
has not substantially changed Cd distribution among
main fractions. During incubation was found a slight re-
duction of Cd amount in organic fraction and its increase
in oxide fraction at untreated sludges. The application of
bentonite did not significantly change Cd distribution
among fractions, only portion of exchangeable Cd went
up slightly at bentonite treatments due to high bentonite
sorption capacity.

The presence of air played an important role during
sludge storage. Sludge stored under the presence of air
lost a part of binding capacity due to oxidation of organic
matter and mobilization of ¢lement from residual portion.
Cd was mostly bound in labile fractions. The anaerobic
environment did not substantially change Cd distribution
among fractions. The bentonite addition supported Cd
movement into labile fractions in acrobic conditions, but
decreased element content in mobile fractions. Under the
lack of air, bentonite has not affected Cd distribution, but
showed higher capacity to bind mobile Cd.

Authors would like to thank for final support of pre-

sented work coming from project of Grant Agency of
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ABSTRAKT

P¥istupnost Cd ¢istirenskych kali inkubovanych za aerobnich a anaerobnich podminek a ofetfenych bentonitem

Pfi hodnoceni kvality ¢istirenskych kalt se zpravidla sleduje celkovy obsah rizikovych kovii, pfiéemz rostlina reaguje pou-
ze na pristupny podil prvku. Hlavnim cilem pfispévku bylo zjistit zmény v pfistupnosti Cd kalt inkubovanych v aerob-
nim a anaerobnim prostiedi s piidavkem bentonitu. Stabilizované kaly z péti &istiren byly inkubovény po dobu osmi mésict
za stabilnich podminek (20°C, 80% vlhkost) za pfitomnosti vzduchu (promichani vzorkt kazdy druhy tyden) a bez vzdu-
chu (utladeni kalu do plastové nadoby a jeji utésnéni). Jednotlivé kaly byly inkubovény samostatné a s ptidavkem dvou
davek bentonitu. Kazdd varianta byla tfikrat opakovéna. Pistupny obsah Cd byl stanoven ve vyluhu 1 mol.l"' NH,NO,
kazdy druhy pokusny mésic a sekvenéni analyza Cd byla realizovana dvakrat b&éhem inkubace. Ziskané vysledky potvrdily
velmi vysoké rozdily ve zménéch pristupnosti Cd u jednotlivych kali béhem inkubace. Béhem aerobni inkubace pravidelné
rostl primérny obsah pfistupného Cd na neoSetienych kalech stejné jako na kalech s pfidavkem bentonitu. P¥i anaerobni
inkubaci doslo k nartstu pfistupného Cd az na konci experimentu. Pfidavek bentonitu vedl k poklesu pfistupnosti Cd.
Sekvenc¢ni analyza prokdzala, Ze pfi aerobni inkubaci se vyznamna ¢ast Cd vdzand v pevnéjsich vazbach piesunula do labil-
nich forem, reprezentovanych vyznamné vys$im podilem Cd v oxidové a vyménné frakci. Pfi anaerobni inkubaci nedoslo
k vyraznym zménam v zastoupeni Cd v jednotlivych frakcich.

Kli¢ova slova: &istirenky kal; kadmium,; pristupné formy; sekvenéni analyza; bentonit; aerobni inkubace; anaerobni inkubace
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Dynamics of soil microbial activity and heavy metal availability
after amendment of contaminated soils by lucerne substrate

G. Miihlbachova

Research Institute of Crop Production, Prague-Ruzyné, Czech Republic

ABSTRACT

The dynamics of the soil microbial biomass and soil respiratory activity were studied during laboratory incubation with
lucerne substrate in long-term contaminated soils from vicinity of a lead smelter. The microbial biomass of non-contami-
nated and contaminated arable soils did not differ significantly after 2 days of incubation, afterward till the end of incuba-
tion, the greater contents of microbial biomass were observed in more contaminated soils, probably due to a possible
development of more resistant microbial strains. The greatest microbial biomass was determined in the less-contaminated
grassland soil where the key role could play, in contrary to other contaminated grassland soils, the greater total organic
carbon content (TOC) (3.5%). This could indicate that in this case the effect of organic matter was more important than
heavy metal contamination. The respiration was after 2 days of incubation greater in arable contaminated soils than in the
control. The important role of organic matter was manifested in grassland soils where the soil with 3.5% TOC showed
lower respiratory activity indicating lower microbial biomass maintenance requirements than in contaminated soils with
lower organic matter content. The significant relationships were obtained for DTPA-extractable lead and microbial biom-

ass in all studied soils, whereas only few correlations were found for Cd and Zn.

Keywords: heavy metals; soil microbial biomass; respiratory activity; metabolic quotient (qCO,); availability

Heavy metals belong to the most important pollutants
of the environment. The organic matter and in particular
the microbial pool and its activity can be significantly
affected by pollution of soils by heavy metals (i.e.
Brookes 1995, Giller et al. 1998). It is difficult to estimate
the relationship between microbial pool and its activity
in the soil and the actual metal toxicity, because there may
be differences between laboratory experiments with labo-
ratory addition of metal salts and the in sifu situation
where metals may be strongly bound on soil particles and
their availability for the environment can be lower. The
summary of results from such studies (Baath 1989) shows
the enormous disparity between studies as to which
metal concentrations are toxic. One of possibilities to
estimate the soil heavy metal contamination is the deter-
mination of soil microbial communities which are in inti-
mate contact with the soil environment and may give
a more exact view about the real level of toxicity of heavy
metals. Microbial properties as indicators of soil pollu-
tion by heavy metals are mainly: 1) the activities of whole
microbial population, i.e. microbial respiration, soil N min-
eralization, 2) the size of the microbial population, even-
tually the combination of both activity and biomass data,
giving specific activities of the microbial population
(Brookes 1995). Both microbial biomass and respiratory
activity measurements could serve as indicators of envi-
ronmental stress due to metals also in non-experimental
conditions (Barajas et al. 1999). The rate of respiratory
activity in contaminated soils may depend upon the na-
ture of soil organic matter and substrates which the mi-
crobial communities use. The metabolic quotient (qCO,)
described also as the specific respiration may indicate
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changes in the community composition and the change
of physiological status of the community due to altered
maintenance requirements (Insam et al. 1996). The con-
tents of microbial biomass in contaminated soils .often
decrease compared to that in non-polluted soils, while
CO, production and specific respiration increase, show-
ing a greater energetic demand for survival in polluted
soils (Brookes 1995, Leita et al. 1995, 1999, Barajas et al.
1999). However, studies focused on the evaluation of
microbial activity in long-term contaminated soils indi-
cate in accord with Insam et al. (1996) that the results
could be more discussible.

The bioavailability of metals in soil is strongly influ-
enced by the amount and quality of the organic matter
which can interact with metals, forming complexes and
chelates of varying stability (Leita et al. 1999). One po-
tentially important organic surface are soil microorgan-
isms which are small in size, but they exhibit a large area
relative to the volume, a surface which may interact with
dissolved trace constituents in the environment. Many
microorganisms possess considerable-metal accumulat-
ing ability and may also exhibit substantial selectivity
(Ledin etal. 1999). Soil microorganisms which are typi-
cally associated with the organic fractions of the soil are
expected to influence the mobilization-immobilization
equilibria of metals by changing the chemical composi-
tion of their immediate microenvironment (Leita et al.
1999).

The aim of the research was to assess the heavy metal
toxicity to soil microbial pool and its activity in non-con-
taminated and long-term contaminated arable and grass-
land soils. The particular interest was pointed on the
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dynamics of microbial biomass, its respiratory activity
and specific respiratory rate during the incubation exper-
iment after amendment of lucerne substrate. Possible re-
lationships between DTPA-extractable heavy metal
contents and soil microbial biomass were also studied.

MATERIAL AND METHODS

The sampling site is situated in vicinity of a lead smelter
in Pfibram, a historic mining and smelting town 60 km SW
of Prague in the Czech Republic. The smelter has been
operated for over two centuries, originally as a primary
lead smelter utilising lead ores mined in the area. Metal
mining has now been ceased in 1972, but a secondary
lead smelter is in operation. (Kalac etal. 1991, Riuwerts
and Farago 1996).

Arable (A, B, C) and grassland (D, E, F) soils were sam-
pled in different distances from the smelter in order to re-
ceive lower and higher heavy metal contents. The soil D is
a long-term grassland soil. The soils E and F were convert-
ed to grassland in 1995 because of their great heavy metal
contamination. The soil samples were sampled from the
depth 0-20 cm. The soils were after the manual remove of
animals and plant debris sieved at <2 mm and stored at
4°C till the beginning of experiment. The soil characteris-
tics and the total contents of heavy metals are shortly
described in Table 1, more precise data were reported by
Miihlbachova and Rzek (2000).

Approximately 1 kg of each soil adjusted at 50% of its
maximum water holding capacity (WHC) in plastic jars
were placed in three replicates in greater plastic contain-
ers with tightly fitting lids at 27°C and conditioned 1 week
before treating. The distilled water was added at the bot-
tom of the containers to avoid drying of soils. A jar with
25 mlof IM NaOH was placed to take up the CO,-evolved.
The containers were aerated daily to ensure a sufficient
oxygen supply. After one week of preincubation the soils
were treated with lucerne powder (N 2.5%, C 43%) in the
dose 1000 pg C.g™" soil. Thereafter S0 g of soil of each
treatment were weighed in three replicates and separate-
ly incubated in tightly closed jars containing 5 ml IM
NaOH to determine the CO,-evolved. Soils were analy-
sed at day 0, 2, 7, 14, 21 and 28 of the incubation for the
content of microbial biomass, respiratory activity and
DTPA heavy metal contents.

The measurements of the soil microbial biomass (B )
were performed using the fumigation-extraction method
(F.E.) according to Vance et al. (1987). Organic C in soil
extracts was determined by digestion with K,Cr,0, and
titration of excess dichromate with (NH,),Fe(SO,),.6 H,0.
The microbial biomass C was calculated from the relation-
ship: B,=2.64 E , where E_is the difference between or-
ganic C extracted from the fumigated and non-fumigated
treatments, both expressed as pg C.g™' oven dry soil.

The CO,-C evolved was determined as amount of or-
ganic carbon released as CO, after absorption in NaOH
and precipitation with BaCl, was analysed by titration
and with standard HCI. The metabolic quotient (qCO,)
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Table 1. Total organic carbon (TOC), pH, and total heavy metal
content in arable (A, B, C) and grassland (D, E, F) soils from
vicinity of a lead smelter of Pfibram

Pb Cd Zn

Soil TOC (%) PpH/H,0
mg.kg™! soil

A 1.41 5.28 58.7 0.30 50.35
B 1.63 7.21 595.7 3.31 295.9
(6] 1.51 7.00 1363.6 5.45 287.1
D 3.50 875 359.4 2.24 93.9
E 2.10 6.31 1162.6 4.99 240.6
F 2.23 6.98 2204.5 8.34 315.2

was calculated according to Anderson and Domsch
(1990) equation: qCO, = pg CO,-C.pg C, ~h".
DTPA-extractable fractions of heavy metals were ex-
tracted from 10 g weighing samples of soil with 20 ml of
extracting solution (0.005M DTPA, 0.01M CaCl2 and
0.1M TEA adjusted to pH 7.3) according to Lindsay and
Norvell (1978) procedure. DTPA extracts were filtered on
Schleicher and Schuell filters No. 310645 and clear solu-
tions were then analysed for metal content using the ICP
spectrometer Trace Scan f. Thermo Jarrell Ash.

RESULTS AND DISCUSSION

The microbial biomass dynamics in arable and grassland
soils contaminated with heavy metals during incubation
of soils with lucerne powder is shown in Figures la, b. The
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200 - o + +
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Figure 1. Dynamics of microbial biomass (y-axis) in arable (a)
and grassland (b) soils during laboratory incubation with lucerne
substrate; the vertical bars indicate a standard deviation
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Figure 2. Respiratory activity (y-axis) in arable (a) and grassland
(b) soils during laboratory incubation with lucerne substrate; the
vertical bars indicate a standard deviation

microbial biomass increase in arable soils did not show
any significant difference between less and more con-
taminated soils after two days of incubation, afterward it
decreased the most in the non-contaminated arable soil.
Although the microbial biomass in soil B also decreased,
itremained significantly greater than in the soil A through-
out the incubation. Exception was the measure after two
weeks of incubation when the microbial biomass con-
tents in soils A and B were the lowest. The greatest con-
tents of microbial biomass during the overall time of the
incubation were observed in the most contaminated ara-
ble soil C (Figure 1a). In comparison to arable soils, the
grassland soils having greater organic matter content
demonstrated the greater microbial biomass compared to
that in arable soils throughout incubation. The microbial
biomass in soil D was about three times greater than in
soils E and F (Figure 1b). A possible explanation may be
rather than lower heavy métal pollution, the significantly
greater content of organic matter in the soil D compared
to the soils E and F. In fact, the native microbial biomass
of soils from Pfibram area, irrespective to their heavy
metal content, well correlated with the total organic car-
bon content (Mithlbachova and Ruzek 2000). The dy-
namics of the microbial biomass during incubation was
in the more contaminated soil F lower compared to the
soil E, indicating that the microbial pool might be affected
by metal stress. Brookes (1995), Chander and Brookes
(1991), Giller et al. (1998), Kelly et al. (1999), Leita etal.
(1995), Simon (2000) found significantly lower microbial
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Figure 3. Metabolic quotient qCO, (y-axis) in arable (a) and
grassland (b) soils during laboratory incubation with lucerne sub-
strate; the vertical bars indicate a standard deviation

biomass contents in polluted soils. In fact, these authors
often performed their experiments on experimentally con-
taminated soils, eventually on soils from field experi-
ments in which the exposition time of pollution by heavy
metals was shorter. On the contrary, in this study of soils
polluted for more than 200 years, the heavy metal com-
plexes in soils could achieve such an equilibrium, metals
could become less available for soil environment and
therefore less toxic for microbial communities. The resis-
tance of soil microbial populations to heavy metal effects
has been studied in several studies. Microbial popula-
tion sensitive and resistant to Pb contamination have
been found in metal-stressed soils, but also in soils with
no previous exposure to lead (Roane and Kellog 1996).
The increase of micromycetes resistant populations com-
pared to more sensitive bacteria reported by Simon (2000)
may also explain the results obtained in this experiment.

The respiratory activity during soil incubation is re-
ported in Figures 2a, b. The basal respiration in arable
soils ranged between 0.537 and 0.745 pg C.g "' soil.h ™" at
the beginning of experiment. During the first two days of
incubation the respiration increased in contaminated ara-
ble soils B and C more than in the soil A. Thereafter the
respiration decreased and after 14 days of incubation it
was found to be near initial values in all arable soils. The
greatest respiratory activity in grassland soils was ob-
tained in the soil D (1.432 pg C.g™' soil.h™") and represent-
ed twice higher levels than found in soils E and F. Similar
values of respiration activity (5.895-6.174 pg C.g' soil.h™")
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Table 2. Simple linear correlation coefficients (P < 0.05) between
DTPA-extractable Pb, Cd and Zn and content of soil microbial
biomass in arable (A, B, C) and grassland (D, E, F) soils

Soil Pb Cd Zn
A 0.88 ns 0.60
B 0.83 ns ns
Cc 0.81 ns ns
D 0.92 ns ns
E 0.85 0.75 ns
F 0.88 0.54 0.66

ns — non-significant

were measured in soils D, E, and F after the first two days
of incubation. Thereafter the respiratory activity in con-
taminated soils E and F decreased more rapidly and from
the 14™ day of incubation similarly as in arable soils the
respiration was found to be close to initial values and
thereafter decreased only slowly.

The metabolic quotient (qCO,) determining the respi-
ratory activity per unit of microbial biomass can be
a more representative measure of heavy metal stress of
soils than the simple determination of soil respiration
(Anderson and Domsch 1990, Bajaras et al. 1999). The
qCO, was after two days of incubation significantly high-
er in more contaminated arable soils B and C compared
to the non-contaminated soil A and about three times
greater in grassland soils E and F compared to the soil D
(Figures 3a, b). Afterwards, the values of the metabolic
quotient decreased, the relatively lowest decrease was
observed in the less contaminated soil D. The values of
the qCO, in grassland soils E and F decreased after they
reached the maximum of 58.5% and 56.8% compared to

40.8% obtained for the soil D on the 7™ day of incuba-
tion. Thereafter the values of qCO, in soils decreased
during the next three weeks near to their original levels.
Insam et al. (1996) dispute the assumption that heavy
metal stress on the soil microflora may be easily detected
by an increased qCO, irrespective to other soil proper-
ties. In contrast to the data of FlieBbach et al. (1994), In-
sam et al. (1996) did not report any increase of the qCO,
as a result of heavy metal contamination. In fact, the ele-
vated measures of qCO, were found in studies where the
heavy metal contaminated substrates (sewage sludges
or municipal solid waste composts) were amended (Leita
etal. 1999). The results obtained in the performed incu-
bation experiment with lucerne substrate show that the
simple measure of respiratory activity or value of qCO,
could give more valuable data only in contaminated soils
with similar organic matter content (Figures 2, 3). How-
ever, the same evaluation of results in the studied grass-
land soil is more difficult to assess because of the effect
of organic matter on qCO, measured in grassland soils.
DTPA-extractable Pb well correlated with microbial bio-
mass content in all studied soils, whereas the significant
correlations for Cd and Zn were found only in two of them
(Table 2). Only few relationships obtained for the microbi-
al biomass and Cd and Zn DTPA-extractable contents can-
not give more precise estimation of the role of soil
microorganisms on their mobility in this incubation ex-
periment. The DTPA-extractable Pb increased significant-
ly in function of microbial biomass (Figures 4a—f). Leita et
al. (1995, 1999) suggest that microorganisms can be signif-
icantly involved in mobilization-immobilization processes
of toxic elements in soils. In their experiments, the avail-
able fractions of some toxic elements decreased in corre-
spondence to the microbial biomass content after soil
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Figure 4. Relationships between soil microbial biomass (x-axis) and DTPA-extractable Pb (y-axis) in arable (A, B, C) and grassland (D, E, F)

soils during laboratory incubation with lucerne substrate
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treatment by metal salts (Leita et al. 1995), or increased in
soils amended by contaminated municipal solid waste
composts (Leita et al. 1999). Metals in soils are not all avail-
able because of chelation by organic molecules and the
occurrence of chemical forms which cannot be taken up
directly. Microorganisms may alter metal availability in
their vicinity due to localised acidification of the environ-
ment, or production of compounds which complex metals.
For example, iron-oxidising bacteria, which reduce iron
pyrits to FeSO, and H,SO,, can cause an extreme acidifica-
tion causing increases in metal availability (Giller et al.
1998). One of possible explanations of increased Pb DTPA-
extractability may be also the greater microbial activity
during the incubation experiment.

G. M. thanks the Research Support Scheme for financial
support of the research by the grant No. 1842/1729/2000.
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Dynamika pidni mikrobidlni aktivity a pFistupnost t&Zkych kovii po piidavku vojtéSkového substritu

do kontaminovanych piid

V laboratornim inkuba&nim pokusu byl sledovan vliv piidavku organického substratu (vojtéskové moucky) na syntézu mik-
robidlni biomasy a pidni respira¢ni aktivitu u pid dlouhodobé kontaminovanych tézkymi kovy pochazejicimi z hutni &in-
nosti. Obsah mikrobialni biomasy se v nekontaminované a v kontaminovanych ornych pidach po dvou dnech inkubace
statisticky vyznamné nelisil, poté az do konce pokusu zistaval vyssi u vice kontaminovanych pid, coz mohlo byt zptso-
beno syntézou rezistentn&jsich mikrobidlnich kmenti. Nejvy3si obsah mikrobidlni biomasy byl stanoven u méné kontamino-
vané zatravnéné pudy, u které viak kli¢ovou tlohu ve srovnani s ostatnimi kontaminovanymi zatravnénymi pidami mél
vy$3i obsah celkového organického uhliku (TOC) (3,5 %), coz naznacuje, ze vliv organické hmoty na syntézu mikrobidlni
biomasy byl v&t§i nez vliv tézkych kovl. Respira¢ni aktivita byla po dvou dnech inkubace vétdi v ornych kontaminova-
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nych pidich neZ v kontrolni piidé nekontaminované. Vysledky pokust nasvédcuji, Ze v zatravnénych piidach hral dilezi-
tou roli obsah organické hmoty, kde pida s 3,5% TOC pravdépodobné proto, Ze mikroorganismy mély v tomto pfipadé
niZ3i energetické naroky na sviij rozvoj, vykazovala nizi respira¢ni aktivitu nez v plidy vice kontaminované s niz§im obsa-
hem organické hmoty. Mezi DTPA-extrahovatelnymi obsahy Pb a mikrobialni biomasou byly zjistény statisticky vyznam-
né zavislosti ve viech sledovanych pidach, zatimco pro Cd a Zn byly zavislosti nalezeny jen u dvou pud.

Klitovi slova: t&zké kovy; pidni mikrobidlni biomasa; respira¢ni aktivita; metabolicky kvocient (qCO,); pfistupnost

Corresponding author:

Ing. Gabricla Miihlbachova, Vyzkumny tstav rostlinné vyroby, Drnovska 507, Praha 6-Ruzyné, Ceska republika,
tel.: +420 2 33 02 22 05, fax: + 420 2 33 31 06 36, e-mail: muhlbachova@vurv.cz

ROSTLINNA VYROBA, 47, 2001 (12): 560-565 565


mailto:muhlbachova@vurv.cz

INFORMACE

Doporuceni pro vyjadfovani vysledki agrochemickych rozbori
rostlin, piid, hnojiv a potieby hnojeni

Komise vyzivy rostlin odboru rostlinné vyroby CAZV
se na svém plenarnim jednani dne 21. 3. 2001 zabyvala
problematikou vyjadiovani vysledkl chemickych analyz
rostlin, piid a hnojiv, dale pouzivanymi jednotkami a cel-
kovou urovni a znalosti v této oblasti. Byla konstatova-
na zna¢na riznorodost, nejednotnost a rozdilna Groven,
a tim i mnoho nepfesnosti a rozdilny vyklad uvadénych
hodnot, zv148té u pracovniki, ktefi se danou problemati-
kou bezprosttedné nezabyvaji. Proto piedkladdme dopo-
ruceni, kterd usnadni orientaci a jednotny vyklad.

1. Obsah Zivin v rostlinach a piddch. U vSech Zivin
(veetné rizikovych prvki) uvadét jejich obsah vyhradné
v gistych prvcich—tedy N, P, K, Ca, Mg, S, Cl, Cu, Mo, Ni,
Cr, Cd apod. Také ostatni iidaje, tykajici se rostlin a ptd,
jako je odbér, potieba a davky Zivin, uvadét jen v Cistych
prvcich, napf. odbér Zivin pSenici pfi vynosu zrna 5 t na
ha ¢ini 120 kg N, 22 kg P, 88 kg K, 20 kg Caa 11 kg Mg.
Podobné davky Zivin, napf. pro hnojeni cukrovky bylo
pouzito ddvky 90 kg N, 35kg P, 120 kg K a 1 kg B na ha.
U jednotlivych Zivin lze uvadét napi. k cukrovce byla
pouzita davka 120 kg K na ha (K.ha™) v 60% draselné soli,
davka 0,8 t Ca na ha ve formé uhli¢itanu vapenatého.

Také pro uvadéni obsaht Zivin a davek zivin ve statko-
vych hnojivech je i¢elné pouzivat istych prvkiiu P, K,
CaiMg.

2. Obsah Zivin v hnojivech. Pro uvadéni obsahti zivin
v hnojivech je nutné respektovat zékon ¢. 156/1998 Sb.
o hnojivech, pomocnych piidnich latkdch, pomocnych
rostlinnych p¥ipravcich a substratech a agrochemickém
zkouseni zemédélskych ptid ve znéni zdkona ¢. 308 /2000
Sb. a vyhlaSek souvisejicich s témito zdkony, tedy pie-
devsim vyhlasky ¢. 474/2000 Sb. Ministerstva zemédélstvi
zedne 13. 12,2000 o stanoveni pozadavki na hnojiva, ktera
stanovuje, Ze obsah ziviny v jednoslozkovych hnojivech
musi byt uveden v procentech hmotnosti jako celé ¢islo,
nebo na jedno desetinné misto, a to dusik jako N, fosfor,
draslik, vapnik a hoi¢ik v oxidech, tedy ons,lﬁ.o, CaO
a MgO. U fosforu, drasliku, vapniku a hoi¢iku se mize
uvést vedle obsahu v oxidu i obsah prvku, nejlépe
v zévorce. Pro vzdjemné piepocty z oxidu na prvky
a naopak je mozné pouzit téchto pfepocitavacich koefi-
cienti:

P,0O,naP-0,44

K,0naK-0,83

CaOnaCa-0,71

MgO na Mg - 0,60
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Uvadeéni obsahu zivin v mineralnich hnojivech v oxi-
dech ma své opodstatnéni v dlouhodobé zavedené praxi
a také v komer¢né propagacni strategii. Napf. trojity su-
perfosfét, obsahujici 40 % P,O, obsahuje 17,4 % P. Je tedy
zfejmé, Ze z propagac¢niho hlediska neni tidaj v prvku za-
douci, i kdyZ je obsah vlastni u¢inné slozky stejny.

Pro viceslozkova hnojiva je nutné pouzivat toto poradi
zivin: N, PO, (P), K,O (K). Napt. pro viceslozkové hnoji-
vo Lovofert 12-19-19, dfive oznadované jako NPK 1, by
bylo vhodné oznaceni 1219 (8,4)-19 (15,8).

Formu ziviny u dusiku je vhodné vyjadfovat takto:

— dusik dusitanovy (nitritovy) N-NO,
— dusik dusi¢nanovy (nitratovy) N-NO,
— dusik amonny N-NH_*

Bude vhodné postupné prechazet na udavani viech
obsahti v prvcich, napf. dusi¢nan hofe¢naty Mg(NO,),
obsahuje 10 % N a 8,4 % Mg ve vodé rozpustného —
podle dosavadni praxe je nutné napsat, ze dusi¢nan ho-
feénaty obsahuje vedle 10 % N jesté 14 % MgO, tedy
hoi¢ik ve vodé rozpustny vyjadreny jako MgO (oxid
hofecnaty je viak ve vodeé nerozpustny).

3. Musi byt samozrejmosti pouZivat jednotek SI. Komi-
se viak doporucuje pfi vyjadfovani vysledkt prednostné
pouZivat relativnich jednotek, predev§im % a ppm, kdy
neni nutné uvadét absolutni jednotky — bézné znama hod-
nota % je setina zékladu—1 %= 1.10a ppm je miliontina
zakladu (part per million)—1 ppm=1.10*,

Napt. obsah N v zrnu psenice je jednodudsi uvadét
jako 2,01 % Nnez2,01 gN.100 g"'nebo 20,1 gN.1000 g,
pfipadné 20,1 g N.kg™'. Z hlediska psani by bylo prak-
ti¢t&j8i napsat lomitko — 20,1 g N/kg, pfipadné slovné
20,1 gNv lkg.

Podobné nizsi obsahy, vétSinou pod 0,1 % je vhodnéj-
§i uvadét v ppm. Napf. obsah 5,5 ppm Cu je jednodussi
nez 5,5 pg Cu.g™', nebo 5,5 mg Cu.kg™, pripadné 5,5 g
Cu.t™, Jisté je jednodussi napsat, ze listy obilnin maji
obsahovat v sudiné 15-25 ppm Mn, nez Ze listy obilnin
maji obsahovat 15-25 mg Mn kg™ susiny.

Pokud je to mozné, je vhodné dodrzet v tabulkach
stejné jednotky. Neni pfipustné napf. obsah N uvadét
v procentech a obsah C v mg na 100 g apod., pfipadné
v textu procenta a v tabulkach nebo grafech hmotnost-
ni jednotky.

Prof. Ing. Vaclav Vanék, CSc.
predseda komise vyzivy rostlin CAZV
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Jednim ze znak( moderni fungujici spoleénosti je pfinos a uplatfiovani novych myslenek a technologii
v praxi, a proto tym odbornikti AGROFERT HOLDING, a. s., sestavil uceleny komplex sluzeb, radicich se
do systému precizniho zemédelstvi, nabizeny pod obchodnim nazvem:

AGRYFERT

FARM PLAN

Snahou bylo jednak lépe a efektivnéji vyuzit stévajici technické vybaveni a lidsky potenciél sdruieny
Velkoplosne intenzivni zemédélstvi s sebou pfineslo, mimo jiné, rozdilnou Groven padnich vlaslnostl
v ramci jednoho honu (zasoba zivin, vynos atd.). Ale teprve s nastupem modernich, pfedevsim
IT technologii (internet, GPS signal) je mozno tohoto faktoru cilené vyuzit.

Struktura fungovani systému precizniho hospodareni AGROFERT FARM PLAN

. SBER DAT (VSTUPY)
(6 Le
vynosovy monitor pudni vzorky mapovani pozemku N tester
> 4 »# P

CENTRALNi ZPRACOVANI DAT (CENTRUM AGROFERT FARM PLAN)

DOPORUGENi:
plany hnojeni, potieby hnojeni

VYUZIT DAT (WSTUPY)
mapy pozemku:
aplikace hnojiv: - > « pozemkova vyméra
« variabilni aplikace: podle aplika¢nich map; dusik podle N-senzoru * nadmorska vyska
« uniformni rozmetani: TERRAGATOR « tvar pozemku
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HOLDING, a.s.

Vam v ramci systému FARM PLAN nabizi:

« PLANY HNOJENI
- pomoc pri vyuziti AZP - PC program stanovi teoretickou potrebu zivin
a potrebu hnojiv

* MAPOVANI HRANIC POZEMKU
- vyuziti satelitni technologie (DGPS) - presna vyméra, nadmorska vyska
a tvar pozemku

* N TESTER
- stanoveni potreby N hnojeni na zakladé zjisténi chlorofylu (on-line)

+ ODBERY A ZPRACOVANi PUDNICH VZORKU
- presné zaznamenani souradnic odbérového mista (DGPS)

a mapy pudni zasobenosti

« CILENE ODBERY PUDNICH VZORK(

- bod(i na pozemku pro kazdoroéni kentrolu vyzivy rostlin
a cinku agrotechnickych zasaht

+ MONITORING VYNOSU v
- zpracovani dat, tvorba vynoesovych map

« ZPRACOVANI DOPORUGENI
—'pro variabilni aplikaci hnojiv, tvorba aplikaénich map

" VARIABILNi APLIKACE PRUMYSLOVYCH HNOJIV

* NSENZOR
- variabilni‘amikace N&(on-line)
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