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Abstract. The ability to supply P to plants (agronomic effectiveness) of local rock phosphates (RP) from
the Polpino deposit in the Bryansk region was determined in a sod-podzolic acid soil. In addition, the effective-
ness of using the RP to reduce 137Cs accumulation in barley was also studied. A series of greenhouse
experiments were carried out using 32P and 137Cs as tracers. Standard methods for soil analysis and evaluation of
chemical status of RP in soil were employed. The grain yield increased by 17.7, 44.3 and 57.5% compared to
the control at rates of 21.8, 43.6 and 87.2 mg P/kg soil, respectively. The relative availability of phosphorus from
RP applied at a rate of 21.8 P mg/kg soil was 56.1% compared to superphosphate and reached 74.5 and 81.3%
at rates of 43.6 and 87.2 mg P/kg soil. The uptake of P by plants was increased with the increase in the rates of
the fertilizers applied, but the percent of P fertilizer utilization decreased. The amount of P used by plants from
fertilizers depended on the type and rates of P fertilizers. With an increase in SP rates from 21.8 to 87.2 mg/kg
soil, the use of fertilizer P by plants dropped from 32.6 to 21.9%. For local RP, these differences were
less pronounced with the percent of the total amount of P used by plants 2.1 times less than that from SP.
The application of local RP at rates of 43.6 and 87.2 mg P/ kg soil resulted in a 1.3-fold decrease in 137Cs
accumulation in grain and straw of crops. At a rate of 21.8 mg P/kg soil, the differences in 137Cs accumulation
between grain and straw were insignificant compared to the control.

1. INTRODUCTION

In Russia low levels of chemical fertilizers are applied on cultivated land resulting not only in poor
yields but also in a substantial decrease of soil fertility. In 1996, the average doses of applied mineral
fertilizers amounted to 10 kg/ha of major nutrients. Currently, this amount is continuously decreasing.
One of the main limiting factors of farm crop production is the low level of mobile forms of
phosphorus in soil. For 65% of arable lands in Russia, the P content in soil is low and does not exceed
50 mg/kg extracted with 0.2 N HC1 [1]. The application of phosphorus fertilizers has been greatly
reduced due to the difficult economic situation and the soil phosphorus status constantly tends to
decrease.

About 70% of arable lands in the Non-Chernozemic area of the Russian Federation are acidic
(pH<5.5). This condition results in the possibility of a widespread use of ground rock phosphates since
dissolution of phosphate rocks in the soil begins at a potential acidity of 2.5 meq/100 g of soil and
greater [2].

Following the accident at the Chernobyl NPP, 19 regions of the Russian Federation were affected by
radioactive contamination. One of the most effective ways to reduce radionuclide (137Cs and 90Sr)
uptake and transfer from soil to plant products is the application of higher doses of phosphorous
and potassium fertilizers. However, the difficult economic situation in Russia prevents the application
of phosphorous and potassium fertilizers on arable lands at recommended rates resulting in elevated
levels of radioactive contamination of products and extra irradiation of local population due to con-
sumption of these products. The exploitation of local deposits of rock phosphate and their utilization
as fertilizers is a promising way to solve the problem. They have the potential to improve soil fertility,
increase productivity of farm crops, and improve quality of products reducing their content of
radionuclides in areas affected by radioactive contamination.

Some 250 deposits of rock phosphates have been explored on the Russian Federation territory.
Of these, 35 are suitable for immediate development with overall ore reserves reaching 483 million
tons. The largest RP deposits are located in a central part of the Russian Federation, including regions
subjected to radioactive contamination and where acid soils are widespread [3]. Previous studies have
shown high agronomic effectiveness of RP from several different deposits with different P content
and chemical composition.
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The major challenge nowadays is to find those local rock phosphates, which are highly effective on
acid soils and contribute to improve the soil fertility and increase crop yields. The most effective way
for an agronomic evaluation of phosphorus fertilizers and P availability for plants are through the use
of isotopic tracers. For this purpose, the fertilizer being tested is labelled during manufacture with
the radioactive isotopes 32P or 33P without changing its physical and chemical properties. The labelled
fertilizer can then be applied to the soil. The labelling of natural rock phosphates with radioactive
phosphorus isotopes is impossible without severe chemical treatment resulting in significant alteration
of RP physical and chemical properties and an incorrect evaluation of the availability of RP
phosphorus to plants. In this context, a radioisotope technique has been suggested by a number of
researchers to assess RP phosphorus available to plants without direct incorporation of radioactive
phosphorus into rock phosphates [4-7]. This technique is an extension of a direct isotope method
and consists of estimating P uptake by plants from 32P or 33P-labelled source in the presence or
absence of unlabelled source.

The purpose of this work was to evaluate the ability to supply P to plants (agronomic effectiveness) of
local rock phosphates (RP) from the Polpino deposit in the Bryansk region was determined in a sod-
podzolic acid soil. In addition, the effectiveness of using the RP to reduce 137Cs accumulation in barley
was also studied.

2. MATERIALS AND METHODS

A series of studies on the evaluation of the effectiveness of local rock phosphates were conducted
under greenhouse conditions in the laboratory of Radioecology, Russian Institute of Agricultural
Radiology and Agroecology using commonly established methodologies for soil/plant studies [8].
The phosphorus fertilizers included finely ground apatite ore (RP) and granulated superphosphate
(TSP) with total P content of 6.7 and 9.6%, respectively.

For the experiments, pots measuring 20 x 30 cm with a capacity of 5 kg soil were utilised. A sod-
podzolic light loamy soil sampled in spring from a homogeneous virgin plot was employed.

Two series of experiments were prepared using a similar scheme. The first series studied the agro-
nomic effectiveness of rock phosphates from the Polpino deposit by means of 32P.isotope dilution
technique. The second series evaluated the effectiveness of the Polpino rock phosphate in reducing
137Cs accumulation in plant yield. The treatments consisted of RP and TSP applied at three P rates:
21.8, 43.6 and 87.2 mg P/kg soil plus a control (no P) treatment. The experimental design was
a completely randomised of 7 treatments with 4 replications. Barley variety "Zazersky-85" was grown
as a test crop.

In the first experiment 32P was applied to the pot soil in the form of a readily soluble salt NaH2
32PC>4

with a total activity of 920.26 kBq/kg of air-dry soil. The content of stable phosphorus (31P) in
the water solution of NaH2

32PO4 amounted to 30 u.g/cm3 or 300 u.g/kg soil. In the second experiment
137Cs in the form of a readily soluble salt 137CsCl was applied to the soil in pots. The 137Cs activity was
7.4 kBq/kg soil. During the experiment, soil moisture was maintained at a level of 60% of the field
capacity. The salts KNO3 and NH4NO3 were added as background fertilizers with a total rate of N
and K being 150 and 85 mg / kg of air-dry soil, respectively.

The plants were harvested at maturity. The above- ground plant material was harvested and oven-dried
at 60°C. Sample dry weight was recorded and 32P activity was determined in grain and straw using
the radiometric device "Nuclear Chicago". The 32P activity was corrected on the date the experiment
was established in accordance with the half-life period of 32P. The total P was determined in grain,
straw and chaff following dry ashing and subsequent analysis of P in solution by the method of
Truog-Meyer [9]. The specific activity of 32P (S.A.) was measured and expressed in Bq/mg P.

When 32P carrier-free solution is added to the soil of each pot, the S.A. of plant material in the absence
of RP is a measure of the S.A. of the soil bioavailable P. In this case, the % of P taken up by plants
from the soil bioavailable P in the presence of fertilizer is defined by the equation:
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% PdfL = S.A. plant in presence of F x 100 (1)

S.A. plant in absence of F

where F refers to RP or SP. Percent of P taken up from fertilizers is calculated as:

% PdfF = (1 - S.A. plant in presence of F) x 100 (2)

S.A. plant in absence of F

3. RESULTS AND DISCUSSION

3.1. Phosphorus availability
There was a tendency for an accelerated ripeness of plants with the increased P rates as super-
phosphate compared to the control. This tendency was insignificant for various P rates of rock
phosphates. It is essential to note that application of the high P rate (87.2 mg/kg) as superphosphate
resulted in a decrease in the mean height of plants by 4-5 cm compared to the control (Table I).
However, the plants fertilized with PR at different rates did not show change in stem height. Seed
weight was the main indicator of plant yield. Plant yield was considerably dependent on the level of P
availability in soil. The maximum increase in yield by 68.4% compared to the control was registered at
a rate of 87.2 mg/kg soil of superphosphate (Tables I and II).

TABLE I. YIELD OF BARLEY PLANTS IN GREENHOUSE EXPERIMENT

Treatment
Mean Total Seed

height, cm weight, g weight, g
Straw Chaff

weight, g Weight, j

Weight of
1000

Seeds, g

Background
control

SP=21.8mgP/kg

SP=43.6mgP/kg

SP=87.2mgP/kg

RP=21.8mgP/kg

RP=43.6mgP/kg

RP=87.2mgP/kg

73.5+1.7

73.8±0.4

71.5+2.4

67.3±2.2

70.3+3.3

70.8±3.4

71.0±1.6

18.6+1.1

25.912.0

27.212.0

34.410.3

22.0+2.3

25.311.9

27.512.7

6.5+0.5

9.0+0.8

9.511.4

10.911.2

7.610.9

9.3+1.2

10.211.1

10.110.7

14.511.7

14.911.4

15.510.6

12.011.9

13.411.0

14.9+1.6

2.2+0.1

2.4+0.4

2.810.2

2.810.2

2.5+0.3

2.6+0.7

2.410.2

41.711.2

46.311.5

45.5+2.3

49.312.7

45.713.7

45.814.2

46.914.9

TABLE II. INCREASE IN YIELD AS A RESULT OF APPLICATION OF P FERTILIZERS

Treatment

Background control

SP=21.8mgP/kg

SP=43.6mgP/kg

SP=87.2mgP/kg

RP=21.8mgP/kg

RP=43.6mgP/kg

RP=87.2mgP/kg

Grain yield,

6.45+0.52

8.97+0.75

9.5211.36

10.911.2

7.5910.90

9.3111.17

10.2+1.1

compared to the
control, %

-

39.1

47.6

68.4

17.7

44.3

57.5

Straw yield,
g/pot

10.1+0.7

14.5+1.7

15.0+1.4

15.5+0.6

12.0+1.9

13.4+0.9

14.9+1.6

Increase compared
to the control, %

-

43.9

48.0

53.5

18.8

32.3

47.5
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Rates of superphosphate such as 43.6 and 21.8 mg P / kg soil resulted in an increase in seed yield
by 47.6 and 39.1% compared to the control. The application of different rates of local RP caused
an increase in seed yield as well. However, treatment at 21.8 mg P / kg soil was less pronounced
compared to the equivalent superphosphate rate and amounted to 17.7% increase in grain yield.
At the same time application of RP at rates of 43.6 and 87.2 mg P / kg soil resulted in seed yield
increase approaching those for superphosphate.

A pronounced yield increase of barley plants as a result of application of various rates of P fertilizers
is most likely explained by a very low P availability in the soil used for the greenhouse experiment.
The same trend towards yield increasing was also noted for the straw weight when various rates of P
fertilizers were applied.

The application of superphosphate, at a rate of 87.2 mg P/kg soil, increased the weight of 1000 seeds
by 7.6 g. The application of both superphosphate and local RP, at doses of 21.8 and 43.6 mg P/kg soil,
had approximately the same effect on the increase in weight of 1000 seeds by an average of 3.8
to 5.2 g.

Total P content and S.A. in plant are given in Table III. The data demonstrated the relative availability
of P derived from RP applied at a rate of 21.8 mg P/kg soil was 56.2% compared to SP (those for rates
43.6 and 87.2 mg/kg reach 74.5 and 81.3%, respectively) (Table IV). These results agree with the pre-
viously established finding that the comparison of different sources is independent of the amount of
fertilizers applied at rates from 50 to 100 mg P/kg soil [7]. At the same time, the results from
treatments with very low rates of P fertilizers (21.8 mg P/kg) may not coincide with those from
treatments with the high fertilizer rates. The differences are most likely due to the changes in the P
uptake and utilisation by plants at the low and high P fertilizer rates.

Based on the results of %PdfL and %PdfF (Table IV), and the values of the total P accumulation
in yield of plants, the amount of P taken up by plants from soil and fertilizers, and the P availability
derived from local RP and SP was calculated (Table V). The calculations performed have shown that
uptake of P by plants is increased with the P rates of the application and the percent of P utilization
from fertilizers decreased. The amount of P taken up by plants from soil is not a constant value and
tends to decrease with the increase in the rate of fertilizers. When local RP are applied to soil at a rate
21.8 mg/kg, the amount of P taken up by plants from soil is equal to the corresponding P values in
the control. With the increase in RP rates up to 43.6 and 87.2 mg/kg, the amount of P taken up by
plants from soil is reduced compared to the control by 4.15 and 6.76 mg, respectively. The type
and rates of P fertilizers define phosphorus supply to plants from fertilizers. With the increase in SP
rates from 21.8 to 87.2 mg/kg, the availability of P from SP was reduced from 32.6 to 19.3%. For local
RP the differences are less pronounced, from 14 to 10.5%. The percentage of the total amount of P
taken up by plants from local RP is on average 2.1 times less compared to SP.

3.2. Potential reduction of 137Cs plant uptake

One of the most effective ways to reduce radionuclide uptake to plant products is the application of
high doses of P and K fertilizers [10-12]. However, the difficult economic situation in the Russian
Federation prevents the application of fertilizers on arable lands at recommended doses resulting in
low yields and elevated levels of radioactive contamination of products and extra irradiation of local
population due to consuming these products. The application of local rock phosphates as fertilizers is
a most promising way to solve the problem.

Results from the second experiment showed that increasing rates of local RP influenced 137Cs transfer
from soil to barley yield (Table VI). For the treatment at 21.8 mg P/kg soil, the differences in 137Cs
accumulation in grain and straw were insignificant compared to the control. Treatments at 43.6 mg
P/kg soil resulted in 1.2- and 1.3-fold decrease in 137Cs accumulation in grain and straw, respectively.
Treatments at 87.2 mg P/kg soil caused further decrease in 137Cs accumulation in grain and straw.
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TABLE m. CONTENT OF P IN PLANTS

Treatment Content of P in plants, mg/g

Grain Straw Chaff

Total P

Content, mg

S.A.,

kBq /mg P

Background control

SP=21.8mgP/kg

SP=43.6mgP/kg

SP=87.2mgP/kg

RP=21.8mgP/kg

RP=43.6mgP/kg

RP=87.2mgP/kg

2.69±0.13 0.90±0.06 0.92+0.02

3.40±0.18 1.43±0.17 1.40+0.10

3.73±0.20 2.40+0.20 2.29±0.27

4.52±0.34 2.66+0.08 2.67±0.04

3.06±0.10 1.13±0.05 1.06+0.06

3.45±0.08 1.33±O.1O 1.28±0.07

3.69±0.12 1.5110.12 1.53+0.09

28.4+2.9

54.6+5.5

77.6±8.8

111.0 ±5

41.7+5.8

52.9+4.0

65.6+ 7.3

27.1±3.3

9.48+0.68

6.07±0.54

3.7910.32

17.211.2

11.411.0

8.1510.46

TABLE IV. MEAN VALUES OF %PdfL AND %Pdf F

Treatment %PdfL %PdfF RAiD

SP=21.8mgP/kg

SP=43.6mgP/kg

SP=87.2mgP/kg

RP=21.8mgP/kg

RP=43.6mgP/kg

RP=87.2mgP/kg

35.0

22.4

14.0

63.5

42.2

30.1

65.0

77.6

86.0

36.5

57.8

69.9

56.2

74.5

81.3

TABLE V. MEAN VALUES OF P TAKEN UP BY PLANTS FROM SOIL AND FERTILIZERS

Treatment

Background control

SP=21.8mgP/kg

SP=43.6mgP/kg

SP=87.2mgP/kg

RP=21.8mgP/kg

RP=43.6mgP/kg

RP=87.2mgP/kg

Total amount
ofP in plants

(mg)

28.4

54.6

77.6

97.8

41.7

52.9

65.6

Amount of P
taken up by plants

from soil1

(mg)

26.5

19.1

17.4

13.7

26.5

22.3

19.7

Amount of P
taken up by plants

from fertilizers
(mg)

-

35.5

60.2

84.2

15.2

30.6

45.8

Use of P
from fertilizers

(%)

-

32.6

27.6

19.3

14.0

14.0

10.5
1 without taking into account P in seeds.
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TABLE VI. 137CS CONTENT IN YIELD OF BARLEY, Bq/kg

Treatment

Background control

RP=21.8mgP/kg

RP=43 .6mgP/kg

RP=87 .2mgP/kg

Yield, g

Grain

5.99±0.70

7.07+0.49

8.58+0.47

9.54±0.57

Straw

9.69±0.38

12.40+0.86

13.70+0.85

13.79±1.19

137Cs

Grain

44±7

51±5

36±3

32+3

content, Bq/kg

Straw

89±5

86+3

69+4

63±4

The observed reduction in 137Cs accumulation in yield of plants may be a result of an increase in yield
capacity of plants and decrease in 137Cs concentration per unit plant mass. The application of RP may
favor the formation of different chemical compounds in the soil with 137Cs that changes their avail-
ability to plants. The application of local RP to soil has a long residual effect on the soil agrochemical
characteristics, which in turn can significantly influence the behavior of radionuclides in the soil-plant
system. In this context, field experiments need to be conducted for several years to assess the effects
of RP application on variations in 137Cs uptake by plants.

4. CONCLUSIONS

The application of local Polpino rock phosphates on poorly cultivated acid sod-podzolic soil increased
the yield of barley. Treatments at rates of 21.8, 43.6 and 87.2 mg P/kg soil as RP resulted in
an increase in grain yield by 17.7, 44.3 and 57.5%, respectively, compared to the control. The highest
increases of grain yield were obtained with 43.6 and 87.2 mg P/kg soil as PR and approached those of
treatments with superphospate.

The relative availability of P derived from RP, applied at 21.8 P mg/kg soil, was 56 .1% compared to
SP. The values for rates of 43.6 and 87.2 mg P/ kg soil were, respectively, 74.5 and 81.3%. The uptake
of P by plants increased with the P rate of application of the fertilizers studied, and the percent of P
derived from the fertilizers decreased. The amount of P taken up by plants from soil is not a constant
value and tended to decrease with an increase in the rate of fertilizers applied. The amount of P
available for plants from fertilizers depends on the type and rate of P fertilizers. With the increase in
SP rates from 21.8 to 87.2 mg/kg soil, the P utilisation of SP by plants decreased from 32.6 to 21.9%.
For the local Polpino RP, the decrease was less pronounced, from 14 to 10.4%. The percent of the total
amount of P contained in local RP and used by plants is on average 2.1 times less compared to SP.

Different rates of local RP have been found to produce different effect on 137Cs transfer from soil
to yield of barley. In treatments at 21.8 mg P/kg soil, the differences in 137Cs accumulation in grain
and straw were insignificant compared to the control. However, at rates of 43.6 and 87.2 mg P/kg soil
the reduction in 137Cs accumulation in grain and straw was on average 1.2 to 1.4 times less than
the control without P.
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