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Outline:  Soil-to-plant transfer of artificial radionuclides is a 
principal problem in the areas of accidental radioactive 
fallout, especially with arable lands predominating. Express 
estimation of the radionuclides root uptake by cultivated 
crops is required to solve the problem of following land use 
and to assess safety of plant production. Transfer factors 
(TFs) for groups of crops and soils with definite properties 
(texture, humus, exchangeable K, pH) are commonly used 
to provide these forecasts. Nevertheless the versatility of 
existing TFs is still open to the question and series of 
investigations treating on 137Cs root uptake by different 
crops in field conditions of radioactively contaminated 
lands (post-Chernobyl, post-Fukusima, etc. areas) and/or 
in laboratory are in progress.  



Objectives: 

 To test a comparability of natural and 
laboratory data Chernozem soil-to-wheat of  
137Cs transfer in field conditions of the “Plavsk 
radioactive hotspot” (post-Chernobyl area in 
Tula region of Russia) and in model pot 
experiment had been studied.  
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137Cs deposition 185-555 kBq/m2   
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Objects – field conditions 



Agricultural  
landscapes of  
the Plavsk  
radioactive  
hotspot 

 The main culture of crop 
rotation in natural 
chernozem zone of Tula 
region is wheat and barley 
(68% of cultivated area) 

 

Objects – field conditions 

Luvic Chernozems 



Methodology 

Vegetation  and soil 
sampling 

Above- and belowground parts of wheat 
were separated and prepared for further 
examination of  137Cs.  

Undisturbed soil 
cores with Ap 
horizon of  
arable Luvic 
Chernozems 
were separated 
and placed into 
plastic pots for 
further model 
experiment.  

Winter wheat  

(Triticum durum) of 

cultivar Moskovskaya-39 

had been grown in field 

conditions. 



Methodology 
Model pot experiment 

 Winter wheat (Triticum 
durum) of cultivar 
Moskovskaya-39 had been 
grown for 8 weeks in 
laboratory conditions. 

 Afterwards above- and 
belowground parts of  
wheat were separated  
and prepared for further 
examination of  137Cs.  

Final 137Cs 

 inventory  
9.15 MBq/m2 

 Soil cores (initial 137Cs inventory 
154 kBq/m2) were twice 
contaminated by model 
atmospheric deposition with  
5 MBq/l 137CsCl 

 One-day pause between 
contamination acts led to reach the 
quasy-equilibrium for 137Cs 
distribution in soil 



Methodology 
Once more about vegetation 

sampling… 
 Account of general 137Cs transfer from patterns of 

contaminated soil into wheat biomass had been made 
at identical inflorescence emergence vegetative stage; 
grain of wheat was later collected just before 
harvesting in field conditions.  

Wheat grown 

in field 

Wheat grown in 

model pot  

experiment 

4 repetitions 2 repetitions 



 Average 137Cs activities in total wheat biomass in the 
field and experimental conditions were considerably 
dissimilar: 89 Bq/kg and 2078 Bq/kg correspondingly, 
as well as contamination density of soils were 140 
kBq/m2 and 16376 kBq/m2 correspondently. 

 

 However, aggregated transfer factor values (TFagg)
* 

were almost equal: 0.63 in the field and 0.68-0.76 in 
laboratory.  

Results 

*  Aggregated transfer factors,  TFagg = Bq/kg in plant  /  kBq/m2 in soil  



Results 

Relationship between contamination 
density of chernozems and activities 

of 137Cs in wheat in field and 
laboratory conditions 
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 Clearly defined feature of 137Cs distribution among 
above- and belowground parts of wheat biomass was 
increasing of the radionuclide activity concentrations 
in the last. Such results were revealed both in the field 
and in model pot experiment conditions. 

Results 



Results 

Activities of 137Cs in the above- 
and belowground biomass of 

wheat grown in field and 
laboratory conditions 

Wheat grown 

in field 

Wheat grown in 

model pot  
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Results 

Average aggregated transfer 
factors* of 137Cs  in field and 

laboratory conditions 

Wheat grown 

in field 

Wheat grown in 

model pot  

experiment 

TFagg = 1.71   TFagg = 2.45-5.14  

TFagg = 0.19    TFagg = 0.36-0.63   



Results 

 The transfer of 137Cs into wheat grain (in foeld 
conditions) was even an order less, and TFagg had been 
accounted as 0.01.  



Conclusion  
 In spite of differences in general conditions of field and 

laboratory observations biological features of 137Cs root uptake 
for a fixed pair “soil-plant” may be revealed satisfactory. In 

particular, 137Cs root uptake by winter wheat from chernozems is 
characterized by distinct discrimination and weak translocation 
from roots to shoots (and from stems and leaves into grain), as 
in the case of post-Chernobyl landscape, as well in model pot 

experiment.  
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