
 

 

ESNA        UIR  
      
European Society for New Methods   International Union  
In Agricultural Research     of Radioecologists 
 
 
 
 
 
 
 
 
 
 

XXXIV Annual Meeting of ESNA / jointly organised with IUR working 
group soil-to-Plant transfer 

 

University of Novi Sad, Serbia and Montenegro,  
 

August 29-September 2, 2004 
 

Working Group 3, Soil-Plant-Relationships 
 
 

Proceedings 
 

December 2004 
 
 

Vlado Licina & Gregor Zibold (eds.) 
 
 
 

Fachhochschule Ravensburg-Weingarten University of Applied Sciences 
 

D-88241 Germany 
 
 
 
 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
For this report all rights are reserved by  
Fachhochschule Ravensburg-Weingarten University of Applied Sciences 
 
ISSN 1611-9223 
 
Fachhochschule Ravensburg-Weingarten University of Applied Sciences 
D-88241 Weingarten, Germany 
 
Tel +49 751 501 9562 
Fax +49 751 501 9876 
E-mail zibold@fh-weingarten.de 
 
 
An electronic version of these proceedings is accessible at the following 
websites: 
 
http://www.fh-weingarten.de/~zibold/ 
 
http://www.iur-uir.org 
 
 
 
 



 

 

Summary at the Closing Ceremony in Novi Sad    September 2, 2004 
 
Soil plant relationships were discussed in 23 papers - 8 oral and 15 posters - during 4 sessions 
chaired by Prof. Vlado Licina and Prof. Gregor Zibold. 
 
Contributions came from 8 countries: Belarus, Czech Republic, Germany, Greece, Hungary, 
Poland, Romania, Serbia and Montenegro. 
 
3 papers reported on radiotracer methods to study nutrient uptake and translocations in plants, 
and residence half-times in soil. 16 papers dealt with fertilizers, plant nutrition, soil humus 
modelling, analysis of heavy metals their influence and optimal concentration concerning fruit 
yield. Foliar fertilization was addressed in 4 more papers. 
 
We had interesting discussions and enjoyed the pleasant atmosphere in Novi Sad during 
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efficient team for the perfect organization of the meeting. 
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ABSTRACT 
 
In a greenhouse pot experiment, the effect of potassium application on 134Cs concentration in 
the vegetative part (shoots and leaves) and the flower heads of sunflower plants were tested. 
Seven soils with contrasting properties were selected for the purposes of the experiment. Soil 
in each pot was contaminated with 134Cs by adding the radioactive material in layers in the 
form of CsCl. For each soil twelve pots were used, but only in six of them K was added in the 
form of K2SO4. Prior to the addition of potassium fertilization the soils had been cultivated 
with sunflower plants for four consecutive periods. Potassium application significantly 
reduced 134Cs concentration in both the vegetative part and the flower heads, while 
significantly increased K concentration. Plants grown in the pots received K fertilization 
showed a mean 134Cs concentration reduction of 2 and 3,5 times for the vegetative part and 
the flower heads respectively. 134Cs and K concentrations followed a similar distribution 
pattern in the studied plant parts, and were significantly negatively correlated. Finally, in all 
soils, K addition resulted to lower flower heads / vegetative part concentration ratios for both 
134Cs and K. 
 
Key words: 134Cs, K fertilization, soil, sunflower 
 
 
INTRODUCTION 
 

To understand the mechanisms that control caesium status in soils and to develop 
effective countermeasures in case of radioactive fallout, potassium – caesium relationship 
have been extensively studied, due to similarities in the chemical behaviour of the two 
elements. The concentration of different K forms in soils (exchangeable, water soluble, total) 
was found to be negatively correlated to caesium concentration in plants (2, 4, 13). However, 
data processing of the IUR database resulted to no clear relationship between exchangeable K 
values and 134,137Cs transfer factors (7). Potassium application in soils contaminated with 
134,137Cs is considered as an effective tool to reduce radiocaesium availability to plants (3, 6, 
10, 15), though it is also supported that in soils of low C.E.C. the addition of large quantities 
of potassium fertilizer may result to increased caesium concentration in soil solution and 
consequently to increased 134,137Cs availability to plants (9, 12). 

The aim of the present study was to examine the effect of potassium fertilization on 
134Cs concentration in the vegetative part (shoots and leaves) and the flower heads of 
sunflower plants grown on seven contaminated with 134Cs soils. 
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MATERIALS AND METHODS 
 
Experimental set up 
 

For the purposes of the study, a completely randomized pot experiment, in six 
replicates, was conducted under controlled conditions (greenhouse). 134Cs uptake by 
sunflower plants was examined in relation to potassium application in soils. 

The pots used, had already been cultivated with sunflower plants for four consecutive 
periods. Seven mineral soils with contrasting properties had been selected for the experiment 
(Table 1). In June 1998, soil in each pot was contaminated with 134Cs (1,1 MBq pot-1), by 
spraying the radioactive material in layers in the form of CsCl (11). The soils were left to 
stand for two months, for 134Cs to reach equilibrium (1); the pots were then sown with 
sunflower seeds. During these four growth periods no K fertilizer applied to the soils. 

To accomplish the aims of the present experiment, sunflower plants were grown again 
(in 2002) in all the contaminated pots (twelve for each soil), after the fourth harvest. Prior to 
sowing, 1,5g of K2SO4 per pot was added to six pots of each soil. Thus, two treatments, 
named No K and K+, were tested. 

To monitor possible changes in soil properties, two control pots for each treatment 
were used (pots with no 134Cs contamination). 

The plants were harvested at maturity, separated into seeds, flower heads and 
vegetative part (shoots + leaves) and prepared for further analyses. In this paper data only for 
the vegetative part and the flower heads are presented.  
 

Table 1. Selected properties of the studied soils  
 
 Soil 1 Soil 2 Soil 3 Soil 4 Soil 5 Soil 6 Soil 7 
Soil properties (1998)        
Clay (g kg-1) 144 434 330 180 96 200 110 
Silt (g kg-1) 206 194 182 286 132 266 132 
Sand (g kg-1) 650 372 488 534 772 534 758 
pH (1:1) (s/w) 5.2 6.1 4.3 5.9 7.0 6.1 7.6 
Organic matter (g kg-1) 11.2 19.8 20.6 15.6 11.1 11.7 14.6 
C.E.C.( cmolc kg-1) 18.0 47.5 30.0 18.0 9.2 13.3 9.9 
Exchangeable Cations (cmolc kg-1)        
K+ 0.40 0.66 0.61 0.15 0.66 0.30 0.20 
Ca2+ 3.05 7.35 3.50 2.85 1.85 2.29 5.60 
Mg2+ 1.28 5.70 3.22 1.66 0.74 0.75 0.54 
Na+ 0.33 0.92 0.37 0.37 1.32 0.47 0.31 
Exchangeable K (2002)         
(cmolc kg-1) 0.30 0.33 0.41 0.10 0.35 0.12 0.15 
 
Analytical methods 
 

For the determination of soil properties and K concentration in plant samples, standard 
methods were followed (8 & 14). 

The plant samples were cut into small pieces, dried at 70o C and counted for 134Cs. For 
the determination of 134Cs the following counting system was used: HpGe detector (efficiency 
22% and FW 1.8 keV for the 1332 keV 60Co γ-ray) connected to a CANBERRA 35+ 4K 
multichannel analyzer plus a computer with suitable software for gamma-ray spectroscopy 
analysis. The concentration of 134Cs in plant samples was expressed in Bq kg-1 dry material.  
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RESULTS AND DISCUSSION 
 

No significant effect of potassium application on either the vegetative or the flower 
head dry matter yield was observed (data not presented).  
 

Figure 1. 134Cs concentration in the vegetative part (a) and the flower heads (b) of 
sunflower plants grown on the seven soils (n=6) 
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As is shown in Figure 1, K application in most soils significantly reduced 134Cs 
concentration in both the vegetative part and the flower heads of the sunflower plants. Mean 
134Cs reduction was 2 and 3,5 times for the vegetative part and the flower heads respectively, 
in accordance with the results of other studies (3, 6, 10). In general for both plant parts, the 
higher differences in 134Cs concentration between the two treatments were observed in soils 
presented the higher reduction in exchangeable K values over the four years period (Table 1 
and Figure 1). This finding strongly indicates that potassium status in soils is one of the key 
parameters that control caesium availability to plants, as was also supported in previous 
studies (4, 5). 
 

Figure 2. K concentration in the vegetative part (a) and the flower heads (b) of 
sunflower plants grown on the seven soils (n=6) 
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In all soils, plants grown in the pots treated with potassium showed significantly 
higher K concentration in the vegetative part (Figure 2a). Regarding the flower heads, the 
differences between the two treatments were not so pronounced, though significant in most 
soils (Figure 2b). 134Cs and K concentrations followed a similar distribution pattern in the 
studied plant parts, and were significantly negatively correlated (p<0,001, n=84) (Figure 3). 

In Figure 3, 134Cs and K distributions between the vegetative part and the flower heads 
of sunflower plants are presented. In all soils, K application resulted to lower flower heads / 
vegetative part concentration ratios for both 134Cs and K, suggesting a decreased translocation 
of both elements to flower heads. Thus under the specific experimental conditions, K 
fertilization resulted to both lower 134Cs concentration and translocation to flower heads. 
 

Figure 3. 134Cs (a) and K (b) distribution between the vegetative part and the flower 
heads of sunflower plants grown on the seven soils (n=6) 
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Figure 4. 134Cs concentration in the vegetative part of sunflower plants grown on the 
seven soils, for five growth periods (n=6) 
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134Cs concentration in the vegetative part of sunflower plants was also examined in 
relation to time for a period of four years and five growth periods (Figure 4). For the fifth 
growth period, data only from the No K treatment were used, since in all the previous periods 
no potassium applied to the soils. In most soils, a decreasing tendency of 134Cs concentration 
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with time was observed. Comparing 134Cs values of the first and the last growth period, a 
significant reduction was found in soils 1, 2, 4 and 6, while for the other three soils 134Cs 
concentration in the vegetative part of the sunflower plants remained rather constant, 
indicating that 134Cs availability in these soils is still high four years after contamination. 
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RESIDENCE HALF-LIVES OF 137Cs IN EUROPEAN FOREST SOILS* 
 

Zibold G. and E. Klemt 
 

University of Applied Sciences Fachhochschule Ravensburg-Weingarten, D-88241 
Weingarten, Germany 

E-mail: zibold@fh-weingarten.de 
 
 
ABSTRACT 
 
The distribution of 137Cs in the compartments of a forest ecosystem in the south of Germany 
was measured in a deciduous forest, mainly beech, and in a coniferous forest, mainly spruce. 
The data were used to calibrate a compartment model similar to RIFE1. The empirical data 
for the soil compartments indicate that the majority of the 137Cs in the coniferous forest is 
accumulated in the organic horizons of the soil, whereas in the deciduous forest, it is in the 
mineral horizons. Higher values for the residence half-lives of 137Cs in the organic horizons of 
the coniferous forest than for deciduous forest were found, in agreement with those for other 
European forests. Our results indicate that 10 years after a spike contamination, only about 1 
% of the total 137Cs in organic soil horizons is left in plant available form. 
 
Keywords: Radiocaesium; Forest Scenario Germany; Chernobyl; Dynamic model 

 
INTRODUCTION 
 
Achievements and similarities of published models were assessed in EVANET-TERRA, a 
European project to review available models with special concern to the estimation of the 
transfer of radionuclides from soil to plant and further down the food chain (4). Such an 
assessment has the objective to understand the capability of each system and to propose an 
adequate strategy plan for a cross comparison between them, in order to evaluate their 
response for a European scenario. For this purpose, tables are given listing the environments 
considered by Decision Support Systems (DSS), the approaches adopted for the systems 
considered, the characteristics of the DSSs and the software used. Thus, the efficient use and 
combination of models is possible. Again, to test the DSSs and their compatibility, data sets 
(scenarios) providing extended time-dependencies are needed. For this purpose, parts of our 
data from the State forestry Bad Waldsee are presented in the following. Furthermore, our 
scenario was compared to the RIFE1 model, which was extended by adding compartments for 
green plants and roe deer. RIFE1 was used in this study, because of its successful application 
in Seminat (3) and in the Forest Working Group (5). Another reason for its use is the relative 
simple structure of RIFE1.  
 
 
MATERIALS AND METHODS 
 
1 Scenario Bad Waldsee 
The studied area is located in the south of Germany, 30 km north of Lake Constance near the 
city of Bad Waldsee. It has Gauss-Krueger co-ordinates (x: 3556, y: 5309) and comprises 30 
km² of forest.  

                                                           
* Parts of this work have been submitted to J. Environ. Radioactivity 



 7

The Initial deposition in the soil, due to atmospheric tests of nuclear weapons in the years 
until 1964, amounted to about 2 kBq/m² of 137Cs on May 1, 1986. The additional spike 
deposition with precipitation on May 1, 1986 was 27 kBq/m² of 137Cs. 
Soil: The main type of soil is Luvisol, with a tendency to podsolic Luvisol belonging to the 
soil family mottled loam. The geology of the bedrock is mainly moraine. Between 1987 and 
2003, more than 200 soil samples were collected for analysis. The values of 137Cs inventory in 
the soil on May 1, 1986 were distributed lognormally, with a median (geometric mean) of 
27600 Bq/m² and 1 standard deviation of the median ranging from 16000 Bq/m² to 39000 
Bq/m².  
Tree characteristics: Bad Waldsee state forestry comprises spruce and mixed forest, where 
beech and spruce dominate. One spruce tree at district 1, section 25 (BW1/25) was 
investigated with respect to 137Cs . The above ground total 137Cs inventory in the spruce forest 
was determined as 880 ± 220 Bq/m² at May 1, 2000, (9). 
Understorey green plants: We used blackberry (Rubus fruticosus) as a representative for 
understorey plants. 30 samples from different sites in 1991 and 5 samples from different sites 
(the same each year) in the years 1992 and 1995 - 2002 collected, and the geometric mean for 
each year determined. To calculate the inventory, we used the value for biomass of 
understorey "1.5 kg fm/m² of forest soil" (7).  
Forest game: The main game species in this area is roe deer (Capreolus capreolus), with 
about 20 to 30 animals per km², and transient wild boar (Sus scrofa scrofa L.) The game 
grazes in the forest but also on agricultural land surrounding the forest. In the state forestry 
Bad Waldsee, from 1987 until 1991 about 300 roe deer were shot per year. The average 
weight of an animal alive is about 17 kg. More than 50% of the roe deer shot are younger than 
1 year (11). These deer belong to a population of 720 ±  70 animals. In the model, only roe 
deer were considered because their time dependent 137Cs activity concentration is known by 
calculating geometric mean values for the first half of the year (1185 data points). The 
fraction of 137Cs inventory in game is about 10-6 of the total 137Cs inventory. 
 
2 Model calculation 
We use an extended RIFE1 model for prediction of the temporal pattern of the radioactive 
inventory of the following compartments of the forest: trees, soil horizons, greenplants and 
roe deer. The model was implemented in the software package Model Maker 2 and was 
solved numerically using the 4th order Runge-Kutta algorithm. The model consisted of 8 
compartments and 11 parameters describing the flow of 137Cs between them. The 
compartments were chosen according to the available data points (137Cs inventories), which 
are empirical data points collected after 1986. In the model, uncertainties of data points are 
taken into account with a default value of ±10 %, corresponding to the relative statistical error 
of 137Cs determination in soil, roe deer, wood or green plants.  
 
 
RESULTS AND DISCUSSION 
 
1 Extended RIFE1 model. 
The structure of the extended RIFE1 model is shown in Fig.1. Compartments C1 to C5 are the 
same as in RIFE1. The added compartments C6 and C7 correspond to 137Cs in green plants 
and roe deer. The compartment C8 corresponds to immobilised 137Cs in organic soil. It was 
introduced to distinguish between the two forms of 137Cs in organic soil i.e. immobilised (C8) 
and mobile (C4). “Mobile caesium” is that fraction which can be transferred from soil to 
plants and roe deer and back to soil, whereas “ immobilised caesium” is assumed not to be 
bioavailable. 
The flows F6 and F11 in Fig. 1 allow to model the time-dependencies of plants and roe deer.  
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Figure 1: Structure of the model. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The sum of the 137Cs inventory in compartments C4 and C8 fits the empirically determined 
137Cs inventory of the total organic soil. The initial inventories of 137Cs, on May 1, 1986, 
were: 68 % of the total 137Cs inventory (29000 Bq/m²) is on the canopy surface (C1), and 32 
% is on the litter surface (C3) (2). The flow Fj between compartments is calculated as a 
product between a rate coefficient kj, j = 1 to 11, and the inventory in the source compartment 
Ci, i = 1 to 8. In addition, we took into account radioactive decay with the radioactive decay 
rate (λ) The mathematical model consists of a system of 8 ordinary differential equations: 
 
 dC1/dt = - (k1 + k4 + λ)* C1     
 dC2/dt = k1* C1 - (k2 + λ)* C2 + k3 * C4    
 dC3/dt = k4 * C1 + k2 * C2 - (k5 + λ)* C3 + k7 * C6 + k10 * C7 
 dC4/dt = k5 * C3 - (k3* + k6 + k8 + k11 + λ)* C4   
 dC5/dt = k6 * C4 - λ * C5     
 dC6/dt = k8 * C4 - (k7 + k9 + λ)* C6    
 dC7/dt = k9 * C6 - (k10 + λ)*C7    
 dC8/dt = k11 * C4 - λ * C8 
     
We assumed k1 = 0, meaning that the uptake of 137Cs by trees is only through the roots, 
because our data cover the period more distant in time from the date of contamination, when 
surface effects are not any more relevant. We assumed k4 = 0.0042 [1/d], which is the same 
value as was used in RIFE 1 by (3). This choice is arbitrary as can be seen from the literature 
values of the residence half-time T4 in Table 1. So, we actually used 9 free parameters. The 
number of measured data points was 18, however, some of them are mean values of many 
measurements. R² = 0.63, the fraction of the total variation explained by the model was 
achieved after optimisation of 9 rate constants simultaneously.  
 
2 Mixed forest Bad Waldsee 
In Fig. 2, empirical data for the beech forest area Bad Waldsee district 8, section 7 taken in 
September 1998 are shown for the soil. For the “tree internal” data we took the data for the 
spruce tree. The effective half-live (Teff ) which can be deduced from the time-dependency 
calculated for 137Cs in green plants and roe deer is about 2 years. It is interesting that C4, the 
compartment of "organic soil with mobile 137Cs", determines the time-dependencies of green 
plants and roe deer starting in 1988 and for litter and tree internal starting in 1993. This is  
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Figure 2: Extended Rife 1 calculation of 137Cs contamination at a mixed forest site in Bad 
Waldsee State forest. Most 137Cs is in the mineral soil 
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Table 1: Residence half-lives Tj = (ln2/kj) for 137Cs in European forests.  
 

Belli (3) Avila (1) Schell (8) (9) This work 137Cs Flow Res. 
Half- 
Life 

Min Max Min Max Min Ma
x 

Spru
ce 

Mixed 
forest 

Spruce 
forest 

 y y y y y y y y y y 
Tree external ⇒ internal T1 - -     - - - 
Tree internal ⇒ Litter T2 2 5     2.4 6 ± 1 5 ± 1 
Org. Soil (Soil 10) ⇒ 
Tree int. 

T3 6 69   1 100 38 5 ± 1 5 ± 2 

Tree external ⇒ Litter T4 0.45 0.45 0.5 9.5 0.01 10 0.3 0.45 0.45 
Litter ⇒ organic (Soil 
10) 

T5 0.3 4 0.38 9.5 0.2 0.8 6 0.15 ± 
0.02 

0.3 ± 0.1

organic(Soil 10) ⇒ 
mineral (Soil 20) 

T6 3 23 0.19 9.5 0.2 6.3 90 1.2 ± 0.2 11 ± 3 

Green Plant ⇒ Litter T7 - -   0.1 0.4 10-4 67 ± 2 1 ± 0.5 
organic (Soil 10) ⇒ 
Green Plant 

T8 - -   1 100 1592 21 ± 3.4 25 ± 5 

Green Plant ⇒ Roe Deer T9 - -     1.6 0.8 ± 0.1 2.4 ± 0.6
Roe Deer ⇒ Litter T10 - -     10-4 2*10-4 ± 

2*10-5 
7*10-4 ± 
2*10-4 

Organic soil Cs mobile 
⇒ fixed 

T11   0.095 0.38   - 5 ± 0.6 1.2 ± 0.3

 
because the input of 137Cs into these compartments arises from compartment C4 (Fig. 1). By 
taking the immobilised 137Cs out of compartment C4 and putting it into C8 we are able to fit 
the time-dependency of compartments C6 and C7. We concluded that 10 years after a spike 
contamination, only about 1 % of the total 137Cs in the soil is left in mobile form. This result 
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is supported by data of Konoplev et al. (6), who determined the exchangeable fraction of 
137Cs in the rooting zone of plants in a neighbouring spruce forest and found fractions in the 
range of 2.5 % to 10 % and even smaller values for “deciduous forest” in Switzerland. From 
the best fit of the model parameters k2 to k10 we obtain the residence half-lives T2 to T10 given 
in Table 1. Our values T2 to T6  compare well to minimum and maximum values obtained in 
the SEMINAT project for other European forests and used in the model RIFE1 (3). Avila (1) 
gave a description of the model FORESTGAME and calculated ranges of residence half-times 
as given in Table 1. The values for T4 to T6 lie within the range of those from RIFE1 and the 
range for T11 is near the values determined with our model. Schell & Linkov (8) provided 
parameter values for a model of 137Cs transfer in forests. However, they concluded that the 
ranges quoted have poor reliability. As can be seen in Table 1, the values provided by (8) for 
T4 to T6 compare well with those reported by other authors and with the results of this work. 
The ranges of T2 to T10 given in the literature and in this study were in reasonable agreement 
with those of (9) besides for T8. However, this comparison is complicated by the fact that in 
(9) a different model (without compartment C8) was used and data for roe deer and plants 
originated from neighbouring forestries.  
 
3 Spruce forest Bad Waldsee 
 
For the spruce forest area we choose Bad Waldsee district 1, section 25 in March 2000 for the 
soil and the tree internal data are for the spruce tree of section 3.2. The green plant and roe 
deer data are again the same as for mixed forest (Fig. 2). The results for the spruce forest are 
shown in Fig. 3.  
 
Figure 3: Extended Rife 1 calculation of 137Cs contamination at a spruce forest site in Bad 

Waldsee State forest (most 137Cs is fixed in the organic soil C8). 
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The 17 empirical data points in the spruce forest can be fitted by the model. The fraction of 
"organic soil with mobile 137Cs” in compartment (C4) is about the same as for mixed forest, 
and the time-dependencies of green plants, roe deer, litter and spruce tree are again 
determined by the mobile 137Cs in organic soil as indicated by the flows arising from C4 
(Fig.1). But the empirical value of the inventory of 137Cs in the organic horizon of the spruce 
forest (Fig. 3) is much higher than in mixed forest (Fig. 2). In addition, 137Cs in one spruce 
tree has been measured at the same site. The inclusion of compartment C8 in Fig. 1 is 
especially helpful to describe the measured data in the spruce forest because most of the 137Cs 
in organic soil is found to be in compartment C8 in a “not mobile” form. From the best fit of 
the model parameters k2 to k10 we obtain the residence half-lives T2 to T10 in spruce forest 
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given in Table 1. Again, our values T2 to T6 compare well to the minimum and maximum 
values obtained in the SEMINAT project (3), and to the ranges given by Avila (1), and Schell 
& Linkov (8). In mixed forest the residence half-time in the organic soil horizon T6 is an order 
of magnitude smaller than in spruce forest, which explains why a much higher inventory of 
137Cs was observed in the organic compartment of the spruce forest. 
 
 
CONCLUSIONS 
 
Our empirical data show that inventories of 137Cs in soil >> 137Cs in tree >> 137Cs in 
understorey >> 137Cs in roe deer. The model describes these findings and the time-
dependencies of green plants and roe deer. For 137Cs in soil horizons, it was observed that in 
mixed forest the residence half-time in the organic soil horizon is an order of magnitude 
smaller than in spruce forest. In mixed forest the transition of 137Cs from the mobile into the 
immobilised form in the organic horizon is slower than in spruce forest. Our results indicate 
that only about 1 % of the total 137Cs in soil is left in phytoavailable form 10 years after a 
spike contamination. Further studies are needed for the interpretation of compartment C8. 
More data points will be collected to improve the uncertainties of the model fit – especially on 
137Cs in trees. 
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ABSTRACT 
 
The knowledge of phosphorus (P) dynamics in the soil system in relation to management 
practices is essential for sustainable agriculture. In this paper we examined the distribution of 
various phosphorus fractions of a Greek Alfisol under continuous cultivation complemented 
with NPK fertilizers, using a chemical sequential extraction. The P fractions, in order of 
decreasing lability, were: resin extracted inorganic P (resin-Pi), inorganic and organic P 
extracted by Na-bicarbonate (NaHCO3-Pi and NaHCO3-Po), inorganic and organic P 
extracted by Na-hydroxide (NaOH-Pi and NaOH-Po), dilute hydrochloric acid extracted 
inorganic P (d.HCl-Pi), concentrated hydrochloric acid extracted inorganic P (c.HCl-Pi) and 
organic P (c.HCl-Po), and P measured by a sulfuric/peroxide digestion (residual-P). 
Concentrations of total P (sum of the fractions) ranged from 281 to 526 µg g-1 and decreased 
with soil depth. The accumulation of total soil P (Pt) in the soil surface has been induced by 
fertilization where the plow layer was almost two times higher in Pt than the C-horizon. The 
relative sizes of labile (resin-Pi + NaHCO3-P) and stable (c.HCl-Pi + residual P) phosphorus 
fractions were found to be in 1:0,69 and 1:2,02 ratio for the surface horizon and parent 
material, respectively. Extractable forms of inorganic P (Pi) and organic P (Po) accounted for 
79-87% and 13-21% of Pt, respectively. The labile P amounts comprised 37% of Pt, were the 
most important fraction in the soil surface. The d.HCl-Pi, which represent the Ca-bound P and 
usually considered to be present at very low levels in weathered acidic soils (as the soil of our 
study) accounted for 10% of Pt and decreased as the pH of soil increased. Overall, these 
results show the accumulation of large amounts of labile P in the surface horizon Ap of the 
soil profile due to the fertilization and the enrichment of the soil surface with inorganic P 
fertilizers in the form of Ca-P (single superphosphate). The distribution of phosphorus forms 
with increasing soil depth appeared to be primary controlled by the nature and availability of 
sorption surfaces, mianly Al and Fe oxides, which act as sinks for phosphorus in the soil 
profile. 
 
Key words: phosphorus, sequential extraction, availability 
 
INTRODUCTION 
 

Phosphorus (P) is an essential nutrient for plant growth and its deficiency is a major 
agronomic constraint, which limits the optimum crop growth. Therefore P fertilization is a 
key component of increasing soil productivity and profitable agriculture. Previous studies 
have shown that the cultivation and the associated P fertilizers applications affect soil fertility 
via the forms of P that develop in the soil, and the availability of this P to plants (2,16,18). 
However most agricultural soils in Europe have been fertilized over many years to supply 
plants with P, regardless of soil native P status (5). Accumulation of P in soils receiving long-
term application of fertilizers has been linked with degradation of water quality due to the 
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eutrophication (12). Thus, the influences of cropping practices on soil P distribution in 
fractions of differing availability is of increased interest due to the significance of P forms in 
relation to environmental, agronomic and economic concerns.    

Chemical sequential extraction procedures are widely used to extract soil P into 
inorganic (Pi) and organic (Po) fractions of differing bioavailability. The fractionation 
procedure of Hedley et al. (6), a sequential extraction of P forms with increasingly aggressive 
reagents, has been widely used to a wide range of soils under different management practices 
with considerable success. Several studies based upon this procedure have shown that in 
fertilized systems labile inorganic fractions increase and fertilizer-P is slowly transformed 
into more strongly bound P forms (1,9,15). The objective of this study is to determine P 
concentrations and chemical fractions of a Greek Alfisol under continuous cultivation 
complemented with NPK fertilizers, using a modified fractionation procedure of Hedley et al 
(6) in order to understanding the fate of P fertilizer in the soil. 
 
Figure 1. Flow diagram of the sequential P fractionation procedure applied in the study. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
MATERIALS AND METHODS 
 

For the purpose of the study, samples from all the genetic horizons of a cultivated 
Alfisol at the region of Kilkis (North Greece) were collected, air-dried, crushed, and passed 
through a 2 mm sieve. Detailed description, physical and chemical properties of the study 
profile is reported elsewhere (14). Phosphorus was fractionated according to Tiessen and 
Moir (13) as modified by Gasparatos et al. (8) (Figure 1). All P measurements were 
performed by the Murphy and Riley (10) procedure, after pH adjustment using p-nitrophenol 
as an indicator. 
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RESULTS AND DISCUSSION 
 

The concentrations and the depth distribution patterns of Pi and Po fractions among 
the different P pools as obtained from the sequential fractionation of soil P are given in Table 
1 and Figure 2. The resin P ranged from 26.18 to 70.93 µg/g and represented 9-13% of the 
total P. This fraction that represents Pi either from soil solution or weakly absorbed on 
oxy(hydroxides) or carbonates usually represent only 4% of total P in native soils (3). The 
contents of NaHCO3 extractable Pi and Po ranged from 12.70 to 49.48 µg/g and from 29.27 to 
72.99 µg/g, respectively. These labile forms accounted, on average, for 7% and 11% of total 
P, respectively and are considered to correspond to the loosely sorbed P forms and the easily 
mineralizable Po fractions. The NaOH-Pi and –Po fractions, which represent the moderately 
labile P forms, i.e. those held by chemisorption to Fe and Al oxides and associated with 
humic substances, ranging from 10-18% and 3-14% respectively. The d.HCl-Pi values, the P 
forms associated with Ca, were unexpected high (10% of total P) since this fraction usually 
considered to be present at very low levels in weathered acidic soils, as the soil of our study 
(11). The c.HCl-Pi content, the more stable forms of P, was higher in Bt and BC horizons 
than in surface horizons and represented 14 to 28 % of total P. The residual P (H2SO4/H2O2-
P) the most resistant and insoluble fraction, increased with soil depth, ranging from 11 to 20 
% of total P. These results indicated that the various labile and moderately labile fractions 
were consistently higher in the surface horizon Ap while the more stable forms predominated 
at the subsurface horizons. The relative sizes of labile and stable P fractions were found to be 
in 1:0,69 and 1:2,02 ratio for the surface horizon and C-horizon (parent material), 
respectively. 
          

Table 1. Concentrations of phosphorus in the fractions of sequential extraction (µg g-1) 
 

Horizon Depth 
(cm) 

Resin 
Pi 

NaHCO3 
Pi 

NaHCO3 
Po 

NaOH 
Pi 

NaOH 
Po 

d.HCl 
Pi 

c.HCl 
Pi 

H2SO4/H2O2 
P 

Ap 0-24 70.93 49.48 72.99 95.26 36.92 67.22 73.81 59.79 
AB 24-40 51.55 46.19 34.22 46.60 62.88 49.07 76.70 85.91 
Bt 40-56 34.02 16.08 42.96 39.81 17.09 35.67 85.36 63.23 
C 56-75 26.18 12.70 29.27 42.06 7.42 25.57 80.25 57.33 
 
Figure 2. Depth distribution of soil P fractions expressed as a percentage of total P 
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Figure 3. Depth distribution of total P (Pt), organic P (Po) and available P (Pavail) (µg g-1) 
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The total P (sum of the P fractions) ranged from 281 to 526 µg g-1 with a strong 
accumulation at the soil surface, where the value is almost two times higher than the C-
horizon. The Ap-horizon also contained almost 200 µg g-1 of labile or plant-available P 
fraction (sum of Resin Pi, NaHCO3-Pi and –Po), a very high concentration compared to 30 µg 
g-1, an average value among the 13 unfertilized soil samples of Alfisols examined by Cross 
and Schlesinger (4) (Fig. 3). Total organic P (NaHCO3-Po and NaOH-Po) is at least 20% of 
total P in the top 40 cm and decreases with depth. Total inorganic phosphorus ranged from 
244 to 416 µg g-1, increases steadily with soil depth (Fig. 4). The high accumulation of total P 
in the Ap-horizon and the large proportion of the labile P fractions at the surface are the result 
of the fertilization and the enrichment of soil with inorganic P fertilizers. Several studies have 
shown that long-term mineral fertilizer P additions increase labile P, with more occurring as 
Pi than as Po pools (7,15,17). The strong enrichment of labile Pi pools indicates that P 
fertilization had been in excess of crop requirement. Increases in NaHCO3-Pi and NaOH-Pi 
fractions due to fertilizer P additions could be ascribed to resorprtion of P added in excess of 
crop removal. Hedley et al. (6) stated that the Pi not utilized by plants is readsorbent to soil 
components as weakly and strongly absorbent fractions (resin-Pi, NaHCO3-Pi and NaOH-Pi). 
  

Figure 4. Depth distribution of inorganic P (Pi) and organic P (Po) expressed as 
percentage of total P. 
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Figure 5. Depth distribution of HCl-Pi and pH in the studied soil profile 
 

0

10

20

30

40

50

60

70

80

Ap AB Bt C

µg
/g

0

1

2

3

4

5

6

pH

HCl-Pi
pH

 
 

Our results indicate that the inorganic P fertilization has been in the form of Ca-P 
(single super phosphate) since the increase in d.HCl-P at the soil surface are probably due to 
the effect of exchangeable Ca2+ or Ca2+ + Mg2+ (Figure 5). 

Compared with labile and moderately labile forms, the very stable forms (c.HCl-Pi 
and H2SO4/H2O2-P) predominated at the subsurface horizons, where the dynamics of 
phosphorus appeared to be primary controlled by the significant role of Al and Fe oxides 
which act as sinks for phosphorus in the acidic weathered soil environment (11).   
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ABSTRACT 
 
The aim of this paper is to demonstrate the potential of sequential fractionation to assess soil 
contamination with Cu. A five-stage sequential extraction procedure for determination of 
operationally defined: exchangeable, carbonate, Mn/Fe oxides, organic and residual fraction 
of copper, has been applied to vineyard soils and arable soils, as control. In the vineyard soils, 
at the depth 0-20 cm, substantial proportion of Cu was associated with those fractions that 
constitute an important source of potentially available forms (19.3-35.4 % of total Cu bound 
to Mn/Fe oxides; 8.5-23.8 % bound to organic matter and 9.1-15.0 % bound to carbonates). 
As a result, Cu content in less mobile and chemically inactive residual fraction decreased 
(33.5-53.0 %), comparing to control. In the control soil, Cu was primarily associated with the 
residual fraction (81.8-91.8 %), while smaller proportions of its total content were found in 
potentially available soil fractions (1-11.6 % bound to Mn/Fe oxides; 0-9.6 % bound to 
organic matter and 1.1-3.1 % bound to carbonates). The lowest Cu content was found in the 
exchangeable fraction in vineyard and arable soils (0-0.9%; 0-0.1 %, respectively), due to 
their favorable pH (6.8-7.9). At the depth 20-40 cm, in the vineyard soils, the proportion of 
Cu in residual fraction increased (69.4-85.3 %), followed by the decrease of its content in 
potentially available soil fractions, while in the arable soils content of Cu in soil fractions at 
0-20 cm and 20-40 cm statistically didn’t differ. The results obtained demonstrate that, in 
comparison with total soil Cu concentration alone, fractionation data can provide much more 
useful assessment of metal-contaminated soil, as well as estimates of metal’s potential 
availability and mobility.   
 
Key words: copper, soil, sequential fractionation, contamination 
  
 
INTRODUCTION 
 
 Present methods for the assessment of soil contamination with heavy metals are 
usually based on their total concentrations in a soil. However, despite of rapidity and relative 
simplicity of such methods, it is generally recognized that total metal concentrations or single 
dissolving reagents do not provide good information on the potential mobility or availability 
of metals in soils. Comparing to that, the sequential fractionation procedure can provide more 
detailed information about the origin, mode of occurrence, mobility and availability of trace 
metals in a soil (9). Although the nature of heavy metal’s source in a soil (geochemical or 
anthropogenic) directly affects their availability (4), availability has also been controlled by 
some soil properties, such as: pH, Eh, content of organic matter, clay minerals, Mn/Fe oxide, 
etc (1). Once the nature of the source is assessed, regulation of some soil properties might 
shift available forms of heavy metals toward less available ones and, consequently, reduce 
their uptake by plants. 
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The aim of this paper was to demonstrate the potential of the sequential fractionation 
procedure to assess soils contaminated with copper. Two groups of samples were analyzed. 
The first control group represents arable soils, that usually contain between 5 and 50 mg 
Cu/kg, originating primarily from geochemical sources. The second one consists of vineyard 
soils, with elevating Cu concentrations, frequently from 100-1000 mg Cu/kg (1), originating 
from large amounts of copper salts used to fight mildew (Plasmopara viticola) on vines.   
 
 
MATERIALS AND METHODS 
 

Five samples have been analyzed within each group of soils. Sampling was made at 
two depths: 0-20 cm and 20-40 cm, while the sampling sites have been chosen so that fields 
and vineyards had been located near each other and belong to the same soil type (eutric 
cambisol), in order to exclude the influence of soil chemical properties on the results of 
sequential fractionation.  
Fractionation of Cu was carried out on 1 g of air-dried soil sample, ground in an agate mortar, 
using the procedure proposed by Tessier et al. (9). Soil samples were fractionated into five 
operationally defined fractions of elements: I – soluble and exchangeable (extraction with 1 M 
MgCl2); II – bound to carbonate and specifically adsorbed (extraction with 1M NaOAc, pH 
5.0); III – bound to Mn/Fe oxides (extraction with 0.04 M hydroxylamine hydrochloride, pH 
3.0); IV – bound to organic matter (extraction with 0.02 M HNO3+30 % H2O2, pH 2.0, after 
which 3.2 M NH4OAc was used to prevent adsorption of extracted metals into the oxidized 
particles) and V – residual fraction (acid digestion of residuum from previous extractions, 
mainly consisting of silicates, by HNO3, HF and HClO4). All solid/liquid separations were 
performed by centrifuging at 2000 rev./min for 20 minutes at room temperature. Prior to the 
start of the next extraction step, samples were shaken with deionized water for 5 min and the 
wash solution was discarded after 20 minutes centrifuging. The final extraction step was 
carried out in Pt-dishes, after the residue had been transferred from the centrifuge tubes. 
Concentrations of copper after selective extractions were determined by flame atomic 
absorption spectrophotometry, on a Varian SpectrAA 220 spectrophotometer, using standard 
solutions made in corresponding extraction reagents. Matrix solution, containing average 
concentrations of macro elements in a soil, was added in standard solutions for determination 
of Cu in the residual fraction. 
Basic chemical properties of soil have also been determined (pH, in H2O and 1M KCl, CaCO3 
– by Scheibler, humus – by dichromate method and CEC - by NH4OAc, pH 8.2).       
 
 
RESULTS AND DISCUSSION 
 

Basic chemical properties of the investigated soils (table 1.) are relatively uniform at 
all analyzed locations, except location 5, with high carbonate content and low CEC. As the 
humus content at that location isn’t significantly lower, comparing with the other sampling 
sites, low CEC implying to low clay content. Both humus and clay are important soil 
constituents that have direct influence on soil sorptive capacities for heavy metals (3). Since 
the basic soil properties can affect the distribution of heavy metals between the chemical 
fractions of the soil, their relative uniformity indicate that the obtained distribution of copper 
between soil chemical fractions comes as the result of copper source in the investigated soils. 
The total content of Cu in 0-20 cm layer of arable soils (table 2.) is within its average for 
world soils (1), while the obtained total Cu in vineyard soils exceeds the value for unpolluted 
soils (100 mg/kg), except at location 5. High and statistically significant correlation 
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coefficient has been found between total soil Cu in the layers 0-20 cm and 20-40 cm of arable 
soils (r = 0.94 **), which indicates its geochemical origin (10). The decrease of total Cu with 
the increase of soil depth has been found in the vineyard soils, which is the characteristic of 
anthropogenic influence on the heavy metal’s distribution in the soil profile (2,7). The 
anthropogenic source of Cu has also been confirmed by the luck of statistical significant 
correlation coefficient between total Cu in the layers 0-20 cm and 20-40 cm of vineyard soils.  
 

Table 1.  Basic chemical properties of the analyzed soils 
 
                                
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 2. Copper content (mg/kg) in chemical fractions of the analyzed soils 
 
  Arable soils Vineyard soils 
 
N0

Depth 
(cm) I II III IV V 

 
∑ I-V I II III IV V ∑ I-V 

1 0-20 0.00 0.80 7.10 3.22 49.98 61.10 0.00 14.60 39.60 30.80 76.00 161.00
 20-40 0.00 0.80 5.60 1.40 42.20 50.00 0.00    3.90   9.20   6.20 43.72   63.02
2 0-20 0.04 0.60 0.00 2.00 29.94 32.04 1.04 17.40 34.34 23.40 39.95 116.13
 20-40 0.00 0.40 0.00 1.40 34.60 36.00 0.00   0.70   2.95   6.80 25.12   35.57
3 0-20 0.03 0.50 0.00 2.60 26.93 27.00 0.40 12.70 33.80 26.20 36.90 110.00
 20-40 0.00 0.30 0.00 1.20 25.60 27.00 0.00   0.60   0.00   6.80 29.10   36.35
4 0-20 0.00 0.55 5.20 3.50 41.70 50.95 0.30 16.20 32.60 30.40 89.50 169.00
 20-40 0.00 0.40 3.60 2.10 45.60 52.00 0.00   0.50   3.40   3.72 44.18   51.80
5 0-20 0.00 1.64 3.80 0.00 47.60 53.04 0.00   8.70 29.00   7.00 37.30   82.00
 20-40 0.00 0.50 2.70 0.00 28.30 31.50 0.00   0.60   3.20   2.00 30.26   36.06
 
In the arable soils, at the depth 0-20cm, the most important fraction of Cu was the less soluble 
and chemically inactive residual fraction (table 2.). In relation with its total content, relative 
amount of residual Cu is in the range 81.8-91.8 % (graph. 1.). Substation proportion of total 
Cu is bound to oxide Mn/Fe (0-11.6 %) and soil organic matter (0-9.6%). The concentrations 
of Cu found in second chemical fraction (bound to carbonates and specifically adsorbed) were 
in the range 1.1-3.1 % of total Cu. That fraction represents the pool of metals in a soil that can 
easily become available under the condition of lower soil pH (9). The lowest portion of total 

 Arable soils Vineyard soils 
Depth pH CaCO3 Humus CEC pH CaCO3 Humus CEC 

 
 

N0 (cm) H2O n KCl % % meq/100g H2O n KCl % % meq/100g 
1 0-20 7.09 6.17   0.08 3.18 31.90 6.77 5.77   0.00 3.89 28.12 
 20-40 7.47 6.32   0.16 1.95 28.50 6.84 5.72   0.00 2.49 27.70 
2 0-20 7.29 6.48   0.08 3.88 22.40 6.80 5.44   0.00 2.75 21.90 
 20-40 7.33 6.59   0.25 2.78 18.00 6.95 5.55   0.00 2.32 22.20 
3 0-20 7.60 6.79   0.49 2.59 20.40 7.46 6.64   0.41 2.94 21.20 
 20-40 7.74 6.81   0.50 1.36 20.80 7.80 6.87   0.63 2.04 22.00 
4 0-20 7.34 6.50   0.25 2.43 20.60 7.18 6.20   0.21 3.22 19.60 
 20-40 7.55 6.70   0.30 1.95 18.50 7.35 6.40   0.30 1.40 17.50 
5 0-20 7.89 7.27 29.68 2.11   8.30 7.90 7.30 46.11 1.61   8.00 
 20-40 7.98 7.26 35.87 1.94   7.40 7.94 7.30 51.53 0.96   4.80 
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Cu (0-0.1 %) was found in the first fraction that extracts water soluble and exchangeable 
metal forms. Such low solubility and availability of Cu in the investigated arable soils is the 
result of both neutral soil reaction (pH 7.0-7.9) and its geochemical origin.  
The relative Cu content increased in the residual fraction at the depth 20-40 cm of arable soils, 
comparing with its relative content in that fraction at the depth 0-20 cm, followed by the 
decrease of its relative content in the “potentially available” and available fractions. The 
obtained distribution of Cu between chemical fractions of arable soil corresponds to metal’s 
associations found in soils where they occur from geochemical sources (6).   

At the depth 0-20 cm, there is a major difference in the distribution of Cu in different soil 
fractions between the investigated arable and vineyard soils. Significant decrease of Cu 
content in residual fraction (33.5-53 % of its total content, graph. 2.) of vineyard soils has 
been recorded, followed by the increase of its content in potentially available fractions (19.3-
35.4 % of total Cu bound to Mn/Fe oxides; 8.5-23.8 % bound to organic matter and 9.1-15.0 
% bound to carbonates). But, the elevated total Cu content in the analyzed vineyard soil didn’t 
cause the significant increase of its available forms. The portion of Cu in the first 
operationally defined chemical fraction is considerably low (0-0.9% of total Cu). This 
indicates fast translocation of Cu added in the form of soluble salt into the chemically more 
stabile fraction, probably due to neutral soil reaction (8) of the analyzed vineyard soils. Below 
20 cm, there is no significant difference between vineyard and arable soils, regarding the Cu 
distribution between different chemical fractions.   
It is interesting that there is no differences in Cu distribution in the chemical fractions 
between vineyard soil at location 5, comparing with the other vineyard soils, although total 
Cu at that location doesn’t exceed the guideline for uncontaminated soils (100 mg/kg). This 
example clearly shows the insufficiency of total metal concentration in distinguishing 
between contaminated and uncontaminated soils. 
The higher proportion of metal in the more labile chemical fraction in contaminated soils, 
compared with uncontaminated, is commonly found in soils (2,5,7). Such sharp difference 
between chemical forms of Cu in contaminated and uncontaminated soils, implies that 
sequential extraction procedure might successfully be used to assess soil contamination with 
Cu, even in the case when there is no suitable control or where there is no knowledge of 
“background” geochemical Cu level in a soil. Since differences between contaminated and 
uncontaminated soils in proportional distribution of other heavy metals have also been 
reported (2,7), there is no limit in using sequential fractionation procedure only for assessment 
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of soil contamination with Cu, but it can also be used in wide range estimations of soil 
contamination with different heavy metals. 
 
 
CONCLUSIONS 
 
There are significant differences between the distribution of Cu in chemical fraction 
depending on its origin in the soil. In the soils where Cu dominantly originates from 
geochemical sources, its great proportion is associated with the chemically most resistant 
fraction (silicates, oxides) which, therefore has little environmental concern. Opposite to that, 
substantial proportion of Cu from anthropogenic sources is associated with more labile 
chemical fractions, which constitute an important pool of its “potentially available” and 
available forms in the soil. According to the obtained results, the procedure of sequential 
fractionation can successfully be used to assess soil contamination with Cu. Comparing with 
total Cu determinations the sequential fractionation procedure provides more useful 
information on Cu origin, availability and mobility in the soil. As the other heavy metals 
show a similar distribution pattern of chemical fractions depending on their origin, sequential 
fractionation can be recommended for the large scale of distinguishing between contaminated 
and uncontaminated soils.    
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ABSTRACT 
 

Efficient fruit yields in dry regions with water deficit less than 600 mm need 
technological measures, other than irrigation, like the foliar treatments with complex 
substances including: amino acids, ureides, microelements from metal-protein complexes 
(CAS). These substances penetrate the leaves changing their metabolism, reducing 
perspiration and maintaining plant normal level productivity (2,7). 
 The tested substances CASa, CASb, and CASc were foliarly applied in 0.3% 
concentration in apple Idared variety. The phenotypical phases of the treatments were: fruit 
set, the beginnig of intense offshoots growing and before the physiological fruit falling. 
 The results were statistically significant in all variants, regarding fruit yield, energetic 
indicators and photosynthetic activity. 
 The yield increased between 24.8 %-61,8% being maximum when treated with CASb. 
 The energetic inputs were maximal in the same variant, by 15 088 Mcal/ha. 
 The content in chlorophyll a increased from 1.1709 mg/g in V1 to 1.6122mg/g in V2. 
Chlorophyll b significantly increased from 0.4583 mg/g in V1 to 0.6340 mg/g in V5 and 
0.6894 mg/g in V3 (p<0.01). 
 The amount of assimilating pigments increased from 2.0518 mg/g (V1) to 2.8101 mg/g 
in V5. Leaves carotene increased from 0.4230 mg/g in V1, to 0.5639 in V5. 
 Leaves microelements content increased from 2.91% in V1 to 3.31% in V4. 
 The rates of foliar nutrients utilization were greater than 100 %, this fertilization being 
an unpolluting measure of attenuating drought effects. 
 
Key words: drought, apple, production, quality, ecology  
 
 
INTRODUCTION 
 

In intensive agriculture the scientific exploitation of fruit tree ecosystems implies 
maximum agro-productive efficiency, without any ecological aggression that could have 
negative effects on the environment and on humans’ and animals health. 

Fruit tree ecosystems should be ecological and highly productive, which implies a 
continuous and diverse inflow of nutrient elements (1, 4) 

The permanent renewal of the nutritive supplies consumed by the ligneous and vegetative 
biomass requires not only a strict application of fertilizers, but also the increase of the degree of 
productive use of the nutrients in the crop. All these and others contribute to the diminution of the 
negative effect of stress caused by the moderate drought over the plants (1, 3). 
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MATERIALS AND METHODS 
 

The experiments took place during 2001 - 2003 in an intensive apple tree orchard of 
Idared/MM106 variety, placed on a cambic chernozem with a medium fertility. In this area the 
average of annual precipitations is 517 mm, and the average annual temperature is 9.8°C. 

Table 1. The main properties of the soil 
 

Soil  
horizon 

Depth 
cm 

pH  
H2O 

Humus 
% 

Nt  
% 

Bs 
Meqiv.

Pal 
ppm 

Kal 
ppm 

V 
% Texture % 

clay 
Am 0-20 6.81 4.53 0.28 24.5 36 265 85 T 33.5 
Am 20-40 7.18 3.84 0.18 23.1 35 241 89 T 35.1 
A/B 40-60 7.76 2.09 0.15 20.5 30 173 91 T 38.4 
Bv1 60-75 7.92 1.34 0.10 19.4 24 165 93 T 37.7 
Bv2 75-95 8.05 0.62 0.08 18.4 28 156 96 T 35.1 
Bv2 95-120 8.41 0.11 0.02 22.6 20 172 98 T 34.2 

 
The climatic conditions have varied in normal limits with the specification that the 

precipitation does not have a uniform distribution, being recorded periods of prolonged 
drought especially in the spring-summer period. 

Three Romanian products made of mixtures of ureides and protein-metal complexes 
noted as CASa, CASb, CASc were tested by applying on plants for the diminution of negative 
effects of stress caused by moderate drought (5, 6). 

Their effects are based on the possibility of easy and fast penetration of some amino 
acids and microelements (B, Cu, Mo) in the leaves middle layer and their role in the 
metabolic processes, determining a high resistance of the tissues during drought and 
maintaining plants productivity at normal level (9,10). 

The "anti-drought" compounds were applied through foliar treatments in concentrations 
of 0.3% with 1000 l water/ha, three times, in three stages: before the knotting, at the 
beginning of the intense twig growth and before the physiological falling of fruits. Their 
effects were compared with those of a foliar fertilizer Folifag applied in concentration of 1% 
in V5. 
 
 
RESULTS AND DISCUSSIONS 
 

It is known that the number of stomate/mm2 in Idared variety is 295. 
Because of high temperature and intense perspiration, the somatic cells loose their 

turgid and the stomata close (8).  
The phenomenon takes place at a hydric deficit of 21%. This mechanism of closing and 

opening of the stomata is controlled also by prolyne and other biostimulators that exist in the 
"anti-drought" products (5, 7). At a humidity level of 35 - 45% the intensity of photosynthesis 
has decreased, but after the application of the treatments it has resumed with a higher 
intensity. 

Table 2 shows that the smallest production (12516 kg/ha) was obtained in the control 
variant. 
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Table2. The productivity and energetic efficiency of the “anti-drought” products 
applied foliarly in Idared apple tree 

 
Productive efficiency Energetic efficiency 

Variants Average production 
kg/ha kg/ha % Meaning Production Consume Sum 

V1 – control 12516 - 100 - 9324 6527 2797 
V2–CAS“a” – 
0.3% 15625 3109 124.8 XXX 11641 8148 3493 

V3–CAS”b” – 
0.3% 20253 7737 161.8 XXX 15088 10562 4526 

V4–CAS”c” – 
0.3% 18437 5921 147.3 XXX 13735 9615 4120 

V5–Folifag– 
1% 13758 1242 109.9 X 10251 7175 3076 

DL 5% - 1188 kg/ha    DL 1% - 1843 kg/ha 
 
All variants (V2, V3, V4) treated with "anti-drought" products showed significant 

production growth, and also the one treated with Folifag 1% (V5). 
The production growths were situated between 24.8 and 61.8% recording a maximum in 

production in V3 variant. 
After treatments the energetic indicators were superior to those of the control. 
Thus, the production of energy was maximal, of 15088M cal/ha in V3 variant. 
The treatments had positive effects on the general metabolism and the photosynthetic 

activity (table 3). 
 
Table 3. The influence of “anti-drought” compounds on the assimilating pigments 

and the mineral elements in Idared apple tree 
 

Assimilative pigments – Meqiv. Mineral elements % 
Variants Chlorop 

hyl a 
Chlorop 

hyll b Carotene Total 
a+b+c a/b a+b/ N.t. P2O5

- K20 Na2O CaO Total 

V1 – control 1.1705 0.4583 0.4230 2.0518 2.55 3.85 0.65 0.78 0.85 0.29 0.34 2.91 
V2–CAS“a”–
0.3% 1.4362 0.4949 0.5053 2.4341 2.90 3.83 0.54 0.25 1.20 0.40 0.37 2.76 

V3–CAS”b”–
0.3% 1.4882 0.6894 0.5639 2.7415 2.16 3.86 0.49 0.30 0.90 0.25 0.40 2.34 

V4–CAS”c”–
0.3% 1.1960 0.4897 0.4230 2.1087 2.44 3.98 0.54 0.77 0.41 0.15 0.44 3.31 

V5–Folifag– 
1% 1.6122 0.6340 0.5639 2.8101 2.54 3.78 0.58 0.60 1.20 0.40 0.34 3.12 

 
Thus, the content in chlorophyll a increased from 1.1209 mg/g fresh substance in V1 to 

1.6122 mg/g in V5 at harvest moment. 
The content in chlorophyll b increased from 0.4583 mg/g in V1, to 0.6340 mg/g in V5, 

respectively to 0.6894 mg/g in V3. 
The content in leaves carotene increased from 0.4230 mg/g in V1 to 0.5639 mg/g in V5 

and respectively to 0.5639 in V3 
The total content of assimilating pigments increased from 2.0518 mg/g in V1 to 2.8101 

mg/g in V5 respectively to 2.7415 mg/g in V3. The macro elements content (P, Na, Ca, K) in 
leaves increased from 2.91% in control to 3.31% in V4 having different dynamic in all variants. 

Table 4 presents the utilization factor of the nutrient elements in caring out the fruit 
production (GAUPEN). 

All the elements had high values in the treated variants compared to the control. 
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Table3. The utilization factor of the nutrient elements foliar applied as “anti-
drought” compounds in Idared apple tree 

 

Productive efficiency GAUPEN % 
Variants Average production 

kg/ha kg/ha % Meaning N P K 
V1 – control 12516 - 100 - - - - 

V2–CAS“a” – 0.3% 15625 3109 124.8 XXX 122.50 114.05 121.41 

V3–CAS”b” – 0.3% 20253 7737 161.8 XXX 161.11 149.64 160.45 

V4–CAS”c” – 0.3% 18437 5921 147.3 XXX 147.02 133.64 145.92 

V5–Folifag– 1% 13758 1242 109.9 X 103.41 102.36 104.48 
 
The utilization factor of the nutrient elements over 100% for the N, P, K nutrients, foliar 

applied through showed that these are totally consumed and do not pollute the soil and the crop. 
 
 

CONCLUSIONS 
 
By using foliar fertilizers containing amino acids ureides, biostimulators and 

microelements significant production efficiency could be obtained in areas with moderate 
drought. 

Using CAS “anti-drought” compounds made at I.C.P.A. Bucuresti on a cambic 
chernozem at S.D.E. "V. Adamachi" Iasi at apple tree (Idared variety) we obtained 
statistically significant higher production efficiency between 24.8% and 61.8%. 

Through these unconventional methods, the utilization factor of the nutrients in crop 
increases, thus reducing the entropic dissipation and also the soil and plant pollution. 

Foliar fertilization stimulates the photosynthetic activity by each photo assimilative 
pigment but also as total value. 

The utilization factor of the nutrient elements was over 100% after using anti-drought 
compounds preventing environmental and fruit pollution. 
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ABSTRACT 
 

This study deals with the utility of zeolites tuff to ornamental plants pots. The Mirsid 
(Romania) zeolites tuff was experienced in waste water purification from leather industries 
become ammonium-enriched and then they are added to the nutritive substrate. By 
disintegration of their crystal lattice they liberate the ammonium ions which are used as 
nutrient source. In our research we used zeolites tuff with particle size 0.5-3 mm, added in 
mixture of potting substrate of ornamental plants (Ficus elastica Roxb., Hibiscus rosa-
sinensis L.). Our results showed that vegetative growth and ornamental characters were 
comparable with those fertilized with NPK. 

 
 

Key words: zeolite, hibiscus, substrate, fertilizer. 
 
 

INTRODUCTION 
 

The effect of the volcanic tuffs on the plants is known from ancient times, being 
observed the luxuriant growth of the vegetation on the former active volcanoes sides. The 
natural zeolites, used for the first time in Japan, have been extended later in other countries, in 
the crop’s technologies of different plants, operated as soil’s aerators and neutralizer of acid 
soils, control the liberation of the nutritive elements from the fertilizers, influence the soil’s 
enzymatic processes etc. 

After 1960, owing to the practical results obtained by the Japanese farmers using the 
zeolite volcanic tuffs, the scientists all over the world were interested to study the properties 
of these rocks and their influence on the mechanism of improving soils fertility. In Romania, 
zeolite effects were studied since 1931, when Cernescu used permutites, absorbent clays and 
zeolites type chabazit to improve soil features.  

This paper presents the preliminary results of tests made by adding zeolite tuffs in the 
growth substrate of two flower species cultivated in flowerpot. They were Hibiscus rosa –
sinensis and Ficus elastica usually used for inner decorations. 

 
MATERIAL AND METHODS 
 

The experiences have been set up inside the didactical green house of the University of 
Agronomy Sciences and Veterinary Medicine of Iasi (Romania) and have aimed to settle the 
possibilities of replacing partially or completely the chemical fertilizers, which are energy 
consumers and generating residues in soil and plant, with native stuffs (materials), cheap, 
unpolluting and easy to process and administer. By using in parallel the conventional and 
unconventional fertilizers we have studied the influence of these ones on the evolution of the 
growth substrate fertility and the ornamental features of the flower plants. 
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The experimental variants recorded were: the plant crop, the type of fertilizer and the 
dose of N g active substance/kg substrate (g active substance/kg substrate) (tab.1). 

 
Table 1. Analyssis of initial agrochemical substrate parametres 
 

Species pH 
(H2O) 

NO-
3+NH+

4 
(mg N/100g 
substrate) 

P-Al 
(ppm)

K-Al 
(ppm)

Ca 
(me/100 g 
substrate) 

Mg 
(me/100g 
substrate) 

Hibiscus rosa-
sinensis 

6.1 0.8 65.5 126 11.0 2.88 

Ficus elastica 6.5 0.8 60.7 110 10.8 2.30 
 
The biological material for testing were plants obtained from rooted cuttings of two bushes 

flower species cultivated in pots: Hibiscus rosa-sinensis L. (fam. Malvaceae) and Ficus elastica 
Roxb. (fam. Moraceae), very well-known and wide-spread as inner plants (3, 5). 

Hibiscus rosa-sinensis is native of China, Japan, India, it impresses by the flower’s 
beauty of different shades (red, pink, orange, yellow), simple or double. When the plant 
benefits of the best conditions, it can blossom the whole year. 

Ficus elastica is native of India. It is appreciated for its large leaves, oval – elliptical, 
bright green. It decorates also through its elegant port, with a stalk more or less ramified. 

Being warm zones native plants, in the temperate continental climate of Romania, those 
two species have been grown as pot plants, requiring to be protected totally or partially. In the 
warm season they could be kept on terraces, in balconies and gardens etc. 

The crop substrate consisted of: garden soil, oligotrophical peat, sand and compost 
(dung or manure) in different v/v ratios 1:2:1:1 for hibiscus and 1:1:0.5:0.5 for ficus. 

Were tested a conventional one NH4NO3 34% active substance and an unconventional 
one – ground zeolite tuff, from Mirsid (Romania), with a N content of 18 mg/g. They had two 
granulation forms: I with particle size of 0.5-1.5 mm and II of 1-3 mm. The nitrogen 
fertilization has been associated with the administration of super-phosphate 20% a.s. and 
potassium salt 30% active substance, achieving the ratios mentioned before (4). 

During the experiments, some morphological and ornamental features of the plants were 
determined: the height, the colour and the number of leaves, the number of flowers. 

The colour of the leaves has been determined with the Munsell color’s atlas (Munsell 
Color Charts for Plants Tissues), the colour being expressed through those three variables: the 
shade (the spectral outstanding colour, the value (luminosity) and the chroma (saturation or 
intensity) (6). 
 
 
RESULTS AND DISCUSSION 
 

Comparing the zeolite tuff fertilizer effect with ammonium nitrate one, we have found for 
both species that the nutritional plants regimen has been improved, by administering progressively 
the nitrogen doses and fertilizing constantly with phosphorus and potassium (1, 2). 

For Ficus elastica species the tuff sort II, has determined values of the assimilated nitrogen 
content of of 15.9 ppm (year 1) and respectively 16.8 ppm NH+

4+NO-
3 (fig.1 and 2), statistically 

very significant higher than the control.. Taking into account the factor “dose”, the evolution of 
the assimilated nitrogen content has been maximum by using maximum doses of fertilizers, 
respectively 18.3 ppm (year 1) and 19.1 ppm (year 2) NH+

4+NO-
3 (tab.3 and 4). 

In interaction, the two factors-type of fertilizer and dose-had a favourable effect 
concerning the assimilated nitrogen content from the crop substrate. Therefore, for both 
experimental years, the optimal fertilizing formula was 1.5:1:1 (tab. 2 and 3). Using the tuff 
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type sort II in this fertilizing variant, it has achieved in year 1 a value of 21.0 ppm NH+
4+NO-

3 
of the mixture, statistically significant higher than the control, so that in year 2, the same 
variant, the same type of tuff, reached in substrate 23.0 ppm NH+

4+NO-
3 (very significant), a 

value close to the conventional fertilizer using (NH+
4+NO-

3), respectively 24.5 ppm 
assimilated nitrogen. 

 
 
 
 
 
 
 
 
 

 
 

 
 

Table 2. The influence of the interaction type of fertilizer x dose on the assimilated 
nitrogen evolution (NH+

4+NO-
3 ppm) for Ficus elastica, year 1  
 

NPK 0.5:1:1 NPK 1:1:1 NPK 1.5:1:1 
Variant NH+

4+NO-
3 

ppm % Differ. Signif. 
NH+

4+NO-
3

ppm % Differ. Signif. 
NH+

4+NO-
3 

ppm % Differ Signif.

Unfertilized 8.0 100.00 -  8.0 100.00 -  8.0 100.00 -  
Tuff sort I 15.5 193.75 7.7 xxx 14.0 175 6.0 xxx 19.5 243.75 11.5 xxx 
Tuff sort II 19.5 237.50 11.0 xxx 15.5 193.75 7.5 xxx 21.0 262.50 13.0 xxx 

NH4NO3 20.5 256.25 12.5 xxx 19.0 237.50 11.0 xxx 24.5 306.25 16.5 xxx 
DL 5%         1.1 ppm DL 1%         1.5 ppm DL 0.1%         2.1 ppm 

 
Table 3. The influence of the interaction type of fertilizer x dose on the assimilated 

nitrogen evolution (NH+
4+NO-

3 ppm) for Ficus elastica, year 2 
 

NPK 0.5:1:1 NPK 1:1:1 NPK 1.5:1:1 
Variant NH+

4+NO-
3 

ppm % Differ. Signif. 
NH+

4+NO-
3

ppm % Differ. Signif. 
NH+

4+NO-
3 

ppm % Differ Signif.

Unfertilized 8.0 100.00 -  8.0 100.00 -  8.0 100.00 -  
Tuff sort I 16.5 206.25 8.5 xxx 14.5 181.25 6.5 xxx 21.0 262.50 13.0 xxx 
Tuff sort II 19.5 243.75 11.5 xxx 16.5 206.25 8.5 xxx 23.0 287.50 15.0 xxx 

NH4NO3 22.5 281.25 14.5 xxx 19.0 237.50 11.0 xxx 24.5 306.25 16.5 xxx 
DL 5%         1.6 ppm DL 1%         2.4 ppm DL 0.1%         4.3 ppm 

 
For the species of Hibiscus rosa-sinensis, the evolution of the assimilated nitrogen from 

the crop substrate has been similar from the point of view of the factor “dose” involving 
values a little bit greater than the factor “type of fertilizer” and more statistically significant 
than in the first experimental year (fig. 1, 2, 3 and 4). 
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By interaction, these two factors dose and fertilizer type, have reached maximum 

statistical significance for the values of assimilated nitrogen content in the complex ratio of 
1.5:1:1 for tuff sort I for both experimental years (tab. 4 and 5). 
 

Table 4. The influence of the interaction type of fertilizer x dose on the assimilated 
nitrogen’s evolution (NH+

4+NO-
3 ppm) for the plants of Hibiscus rosa-sinensis, year I 

 
NPK 0.5:1:1 NPK 1:1:1 NPK 1.5:1:1 

Variant NH+
4+NO-

3 
ppm % Differ. Signif.

NH+
4+NO-

3

ppm % Differ. Signif.
NH+

4+NO-
3

ppm % Differ Signif. 

Unfertilized 8.0 100.00 -  8.0 100.00 -  8.00 100.00 -  
Tuff sort I 15.5 193.75 7.5  14.5 181.25 6.5  12.0 150.00 4.0  
Tuff sort II 20.5 256.25 12.5 xx 17.5 218.75 9.5 x 23.5 293.75 15.4 xxx 

NH4NO3 23.0 287.50 15.0 xx 20.5 256.25 12.5 xx 25.5 318.75 17.5 xxx 
DL 5%         7.8 ppm DL 1%        10.9 ppm DL 0.1%        15.4 ppm 

 
Table 5. The influence of the interaction type of fertilizer x dose on the assimilated 

nitrogen’s evolution (NH4 + NO3 ppm) for the plants of Hibiscus-rosa sinensis, year II 
 

NPK 0.5:1:1 NPK 1:1:1 NPK 1.5:1:1 
Variant NH+

4+NO-
3 

ppm % Differ. Signif.
NH+

4+NO-
3

ppm % Differ. Signif.
NH+

4+NO-
3

ppm % Differ Signif. 

Unfertilized 8.0 100.00 -  8.0 100.00 -  8.0 100.00 -  
Tuff sort I 20.0 250.00 12.0 xxx 17.5 218.75 9.5 xxx 22.5 281.25 14.5 xxx 
Tuff sort II 21.0 262.50 13.0 xxx 18.5 231.25 10.5 xxx 23.5 293.75 15.5 xxx 

NH4NO3 23.5 293.75 15.5 xxx 21.5 268.75 13.5 xxx 26.00 325.00 18.0 xxx 
DL 5%         1.5 ppm DL 1%         2.1 ppm DL 0.1%         2.9 ppm 

 
Biometrical determinations have shown a series of differences between variants only in 

the second year. Comparing to the control, the height of the plants, both for Ficus and 
Hibiscus, has registered greater differences in the case of the complex formula 1.5:1:1, using 
NH4NO3 and zeolite 1-3 mm. Concerning the number of flowers/plant for Hibiscus and the 
number of leaves/plant for Ficus there were no influences of the fertilizers. 

The colour of the leaves, used as a marker of the nutritive plants status has been 
appreciated in 2 stages: in the first year, in 4 weeks after the establishment of the experiences 
(stage I) and in the second experimental year (stage II). 
 

Table 6. The leaves colour evolution in Hibiscus rosa-sinensis (stage II) 
 

Variant Leaves’s position N:P:K 0.5:1:1 N:P:K 1:1:1 N:P:K 1.5:1:1 
Leaves from the top 5 GY 6/10 5 GY 6/10 5 GY 6/10 Unfertilized 
Basic leaves 5 GY 5/8 5 GY 5/8 5 GY 5/8 
Leaves from the top 5 GY 5/8 5 GY 5/10-6/10 5 GY 6/8 Tuff sort I Basic leaves 7.5 GY 4/6-5/6 5 GY 4/8 7.5 GY 4/6 
Leaves from the top 5 GY 6/8 5 GY 5/10 5 GY 5/8-6/8 Tuff sort II Basic leaves 7.5 GY 5/4-4/4 5 GY 4/8 7.5 GY 4/4-4/6 
Leaves from the top 5 GY 5/8 5 GY 5/8 5 GY 5/8-6/8 NH4NO3 Basic leaves 7.5 GY 4/6 7.5 GY 5/4 7.5 GY 4/4 

 
If in the stage I, the colour of the leaves was approximately identical (5 GY 4/8 for 

hibiscus and 5 GY 4/4-4/6 for ficus), in the stage II had appeared colour differences, 
correlated partially with the assimilated nitrogen evolution from the substrate. For the variants 
with a big content in assimilated nitrogen, the colour of the leaves varied between 7.5 GY 4/4 
and 7.5 GY 4/6 for the basic leaves and 5 GY 5/8 and 5 GY 6/8 for those from the top of the 
offshoots, for hibiscus (tab.6), respectively between 7.5 GY 3/4 and 7.5 GY 4/4 for the basic 
leaves and 5 GY 5/10 and 5 GY 6/8 for those from the top, for ficus (tab.7). 
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Table 7. The colour’s evolution of the leaves Ficus elastica (stage II) 
 

Variant Leaves’s position N:P:K 0.5:1:1 N:P:K 1:1:1 N:P:K 1.5:1:1 
Leaves from the top 2.5GY 8/10-7/10 2.5GY 8/10-7/10 2.5GY 8/10-7/10 Unfertilized 
Basic leaves 5GY 5/8-4/8 5GY 5/8-4/8 5GY 5/8-4/8 
Leaves from the top 2.5GY 7/8-7/10 2.5GY 7/10 5GY 6/8-6/10 Tuff sort I Basic leaves 5GY 4/6 5GY 5/6 7.5GY 5/4 
Leaves from the top 5GY 6/10 2.5GY 7/10 5GY 6/10-5/10 Tuff sort II Basic leaves 7.5GY 5/4-5/6 5GY 5/6-5/8 7.5GY 4/4-3/4 
Leaves from the top 5GY 6/8 2.5GY 7/10-6/10 5GY 5/10 NH4NO3 Basic leaves 7.5GY 4/4-3/4 7.5GY 5/6 7.5GY 3/4 

 
As the content in assimilated nitrogen has decreased, the colour of the leaves has been 

approached more by the green – yellowish shades, the differences being more obvious to the 
young leaves. 
 
 
CONCLUSIONS 
 

In the crop of ornamental plants, the application of some unconventional fertilizers like 
the preloaded zeolite tuffs, had led to the improvement of plants nutritive regimen. 

The progressive growth of nitrogen doses, on an agricultural constant background of 
phosphorus and potassium, had exerted a favourable influence on the assimilated nitrogen 
evolution of the substrate, for all fertilized variants, statistically significant compared to the 
control. 

The fertilizing formula with the complex ratio 1,5:1:1 had a maximum efficiency in the 
evolution of assimilated nitrogen forms from the substrate, reflected also in the morphological 
and ornamental features of the plants. 

The maximum values of the content in assimilated nitrogen had been obtained with the 
zeolite tuff type II (granulation 1-3 mm). 

The ammonium nitrogen has been released gradually from the crystalline network of the 
zeolite tuff. That is why these materials could be considered unpolluting complex fertilizers, 
having similar effect with low-solubility fertilizers. 
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ABSTRACT 
 
The effects of fertilization of plants with nitrogen (N) in combination with sulfur (S) on their 
resistance to aphids were studied in sugar beet (Beta vulgaris) infested with Aphis fabae  and 
summer barley (Hordeum sativum) infested with Rhopalosiphum padi. Plants were grown in 
constant conditions, on soil fertilized before sowing with different rates of N and S.  Nitrogen 
in the form of ammonium nitrate and S in sodium sulfate were applied. Reproduction of 
aphids on plants and in parallel plant growth, nitrogen content and its uptake by plants were 
studied. Already single N and S stimulated plant growth but their effects were highly 
increased when applied simultaneously. Sulfur stimulated the utilization of applied N for 
plant growth. Stimulation of growth on all fertilized variants brought the increase in 
infestation of plants with aphids. However applied simultaneously, on variants with lower rate 
of N sulfur decreased stimulatory effect of N on the infestation. The ratio of applied N and S 
optimal for utilization of N for plant growth was optimal for plant resistance to aphids. 
Balanced N and S nutrition had positive effect even on resistance of barley, the crop that has 
low demand for sulfur. 
 
Key words: plant nutrition, sulfur, nitrogen, resistance, aphids 
 
 
INTRODUCTION 
      

Resistance of plants to pathogens and pests is above all genetically controlled, but namely 
in moderately susceptible species it can be considerably influenced by environmental factors. 
Nutrition of plants acts by effecting changes in growth pattern, in morphology and anatomy, 
and particularly in chemical composition of plants, thus altering the quality and quantity of 
food available to pests. Usually, nutrients supply which ensures optimal growth is considered 
to be optimal also for plant resistance (2). 
 
     Aphids are sucking insects infesting namely young, rapidly growing and soft plant tissues. 
They cause damages taking nutrients from phloem and injecting toxic saliva into the plants 
inhibiting their growth and forming malformations. Moreover, together with leaf hoppers, 
they are the main transmitters of virus diseases. As far as the effect of plant nutrition on 
resistance to aphids, potassium and namely nitrogen were found to be significant. 
 

Aphids need in their food especially low molecular weight nitrogenous compounds, 
namely amino acids and amides (1), therefore improved nitrogen nutrition increases 
infestation of plants with this insect (2). Potassium supply on the other hand should decrease 
the infestation of plants with aphids. The higher susceptibility of potassium deficient plants is 
related to the impaired synthesis of high molecular weight compounds. In K deficient plants 
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proteosynthesis is inhibited and the content of low molecular weight nitrogenous compounds 
in plant tissues is increased. 

Recently we found that shortage of S can negatively influence resistance of plants to 
aphids (5). Moreover, mainly owing to sharp decline of  sulfur dioxide emission, S deficiency 
in agriculture lands has been wide-spreading  in European agriculture (3,4), including Czech 
Republic (6). 
 

Sulfur has a very important role in metabolism of N. At S deficiency proteosynthesis is 
inhibited and low molecular weight N compounds, an important food component for aphids,  
are accumulated in plant tissues. Sulfur takes place in biosynthesis of secondary products that 
can also play an important role in resistance of plants.  
 

In sugar beet and barley, the crops with different demand for S, we studied the effects of 
sulfur nutrition in combination with nitrogen on their infestation with aphids. In parallel the 
effects of fertilization on plant growth and utilization of applied N were investigated. 
 
 
MATERIAL AND  METHODS 
 
Experimental plants: sugar beet Beta vulgaris (cv. Granada), 

 summer barley Hordeum sativum (cv. Ametyst) 
Aphids: Aphis fabae, precultivated on Vicia faba, 

 Rhopalosiphum padi, precultivated on barley. 
 

Sugar beet and barley were grown in constant conditions, at day/night temperature 
25/20oC and 20/18oC resp., illumination   250 µE.m-2.s-1,  photoperiod 16/8 h light/dark, on  
soil taken up from sugar beet growing region, with pH (CaCl2) = 7,1, total content of C = 0,98 
%, N = 0,14 and S = 98,5 mg. kg-1, water soluble S 20 mg.kg-1 of dry soil, well supplied with 
other nutrients. Sulfur in the form of sodium sulfate and nitrogen in the form of ammonium 
nitrate, at doses 0,1 g/kg (S, resp. N) and 0,2 g/kg (2S, resp. 2N) dry soil were mixed into the 
soil before sowing in following variants: C – unfertilized, N, 2N, S, N+S, N+2S, 2N+S, 
2N+2S. Seedlings were grown in pots containing 200 g of dry soil. Each variant had at least 4 
replication and the experiments were 2 times repeated. 
 

Plants of 20 days old sugar beet and 5 days old barley were treated with 5 adult aphids 
Aphis fabae and Rhopalosiphum padi resp. The effect of fertilization on plant growth and 
reproduction of aphids were examined over a period of several days. The infestation was 
expressed as number or mass of aphids per plant and unit of plant matter. Shoots from about 4 
weeks old sugar beet and 3 weeks old barley were dried and used for nutrient analyses. 
 

Samples of soil and plant tissues were analyzed for total content of nutrients by  LECO 
CNS-2000, Elementar Combustion Analyser. Water extractable content of S (1:5) in soil was 
determined using inductively coupled plasma-atomic emission spectroscopy (ICP-AES 
TraceScan).  
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RESULTS AND DISCUSSION 
 
Plant growth 

In both crops, fertilization with N and S brought after transient inhibition, stimulation of 
growth. Sugar beet responded to fertilization much more expressively than barley. The 
different growth response of the crops on particular variants at time of aphids treatment and 
after a period of about two weeks of sucking is shown in Fig.1. Already single N and S 
stimulated plant growth, but their effects, namely in sugar beet were considerably enhanced 
when applied simultaneously. Sulfur increased the utilization of N for plant growth as 
manifested namely in combination with lower doses of N. Barley had lower demand for 
sulfur. The variants N+S in barley and N+2S in sugar beet were optimal for shoot growth. 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
    Fig. 1. The effects of fertilization of sugar beet and barley with N and S on shoot growth 
expressed as percentage of unfertilized control. Fresh matter of shoots measured at time of 
aphids treatment and at the end of the period of aphids sucking. 
 
Nitrogen content 

Contents of N in sugar beet and barley shoots were increased on all variants fertilized with   
N (Fig. 2). In most cases S simultaneous supply did not change the content of N significantly. 
However, namely in sugar beet due to significantly stimulated growth, the uptake of N by 
plants was increased. On both crops, S added to lower dose of N had the best effect on 
utilization of N, in sugar beet on N+2S variant and in barley on N+S variant.  
 
Aphids infestation 

It has been known that fertilization of plants with N decreases their resistance to aphids. 
Namely over-fertilization with N should have a stimulatory effect on the infestation of plants. 
In our experiments, the higher rate of N dosage did not bring further stimulation of infestation 
and in sugar beet the infestation even declined. Although single S also increased the number 
of aphids per plant in combination with lover doses of N it decreased the stimulatory effect of 
N. The variants N+2S in sugar beet and N+S in barley had the lowest  amount of aphids per 
plant from all fertilized variants (Fig. 3).  
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    Fig. 2. The effect of fertilization with N and S on content of N in shoots of sugar beet and 
barley   and  on N  uptake by plants, expressed as percentage of unfertilized control. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
    Fig. 3. The effects of S and N fertilization on infestation of sugar beet plants with Aphis 
fabae  and barley with Rhapalosiphum padi. Infestation is expressed as a mass of aphids  
(mg) per plant and per unit of plants matter, average of 4 replications + SD. 
 

The differences between particular variants and also different response of crops to the 
fertilization are more evident after calculation of the amount of aphids per unit of plant 
matter. Infestation, in comparison with unfertilized control, was increased on variants 
fertilized with single N in sugar beet nearly about 200 %, in barley about 20 %. A positive 
effect of S on resistance to aphids in sugar beet is also more evident. On the best variants, in 
sugar beet (var. N+2S) addition of S to N decreased the effect of N about more than 80 %, in 
barley (var. N +S) about 40 %.  
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CONCLUSION 
 

Effect of nitrogen fertilization in sugar beet and barley on their resistance to aphids can be 
significantly influenced by sulfur. 

Balanced nutrition of crops with N and S that provides the highest utilization of nitrogen 
for their growth is optimal for their resistance to aphids. 
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ABSTRACT 
 
The effect of sulfur application on yield and quality of winter wheat grain, cv. Nela was 
investigated in a large scale field trial at season 2002/2003.  The experiment design consisted 
of six variants, including control (C), S (20 kg S.ha-1 in GS 21), 2S (20 kg S.ha-1 in GS 21 and 
20 kg S.ha-1 in GS 31) in combination with fungicide (Falcon 0,5 l.ha-1). In spite of the very 
dry end of the season 2003 sulfur fertilization enhanced yields and contents of  sulfur, 
nitrogen and gluten in grains as well as in flour. In conditions of drought, when rainfall was 
only 36 mm from the beginning of ear emergence to harvest, water stress negatively 
influenced grain yield, mainly due to significantly reduced weight of kernels. Grain yield was 
increased significantly on all variants treated with fungicide, however the total production of 
proteins was significantly higher (up to 20%) only on the variants where S was supplied. 
Higher grain yields resulted mainly from the increase of number of kernels per ear after S 
application. Better sulfur nutrition of plants enhanced production and improved quality of 
proteins and had a positive effect on some rheological properties of dough, especially 
extensibility and loaf volume and improved quality of bread. 
 
Key words: wheat, sulfur, fungicide, draught, grain yield and quality. 
 
 
INTRODUCTION 
 
The high yields of today’s modern wheat cultivars require higher inputs of mineral fertilizers 
and also fungicides, which lead to a greater risk of environmental pollution. Previously, 
sufficient sulfur (S) was supplied to meet field crops requirement. In European agriculture S 
deficiency becomes widespread as a consequence of  reduction in sulfur dioxide emissions, 
low S inputs with farm yard manure, the use of low S-containing fertilizers, high-yielding 
crop varieties and a declining use of S-containing fungicides (3, 4, 5). In the Czech Republic 
atmospheric sulfur deposition have been dramatically decreasing since 1990. In most arable 
areas sulfur dioxide supply are below 10 kg S.ha1, which is insufficient to meet the 
requirements for this nutrient by intensively growing rape and probably by other crops (7, 8).  
 
Although crop quality is genetically determined to a large scale, environmental factors also 
play a significant role. The most important environmental factors are the general nutritional 
status as well as the water content of soil. Sulfur and nitrogen (N) are nutrients necessary for 
organic matter production. S is a macronutrient which serves not only as a structural 
component but also plays characteristic functions in cells. This work was aimed to investigate 
the effects of different sulfur rate application in combination with fungicide treatments on 
yield and quality of winter wheat grain.  
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MATERIAL AND METHODS 
 
Winter wheat (Triticum aestivum L.), cv. Nela was grown in the season 2002/2003 at a large 
scale experiment conducted at Lány, district of Pardubice in East Bohemia. Topsoil was a 
clay-loam and subsoil sand. Topsoil (0-30 cm) had pH (H2O) 6,5 and  total C 1,02%; N 0,15% 
and S 0,013% with water-soluble content of S 16,2 mg.kg-1. The presowing inputs included 
50 kg.ha-1 of P2O5 and 80 kg .ha-1 of K2O in the form of granulated superfosfate and Kamex, 
respectively. The sowing was on 3 October 2002 at 4 mil. seeds ha-1.   
The experiment design consisted of control (C), S (20 kg S.ha-1 in GS 21), 2S (20 kg S.ha-1 in 
GS 21 and 20 kg S.ha-1 in GS 31) combined with fungicide treatment (Falcon 0,5 l.ha-1). The 
plots were 1 000 m2 with four replications. Nitrogen was applied in spring at 4 separate doses 
up to total rate 150 kg N.ha-1 to each variant. Nutrients and fungicide were applied in growth 
stages determined according to Zadok et al. (6). Rainfalls were 21 mm in April, 138 mm in 
May, 6 mm in June and 30 mm in July to the harvest day on 21.7.2003. The recorded data: 
grain yield (t/ha-1), 1 000 kernel weight (g) and ear numbers per square meter were 
determined for each plot.   
Samples of soil and subsoil were analyzed for total content of the nutrients by a LECO CNS-
2000, Elementar Combustion Analyser. Water extractable S (1:5) in soil, content of other 
nutrients in soil and plant tissues were determined using inductively coupled plasma-atomic 
emission spectroscopy (ICP-AES TraceScan). To evaluate the bread making quality, grain 
samples from each plot were individually milled. Content of N in grain was determined after 
Kjeldahl´s method. Quality of grain, wheat flour standard and bakery were analyzed in the 
specialized laboratory of the Czech Agriculture University in Prague.  
 
 
RESULTS  AND DISCUSSION 
 
Effect of sulfur on yield and yield components of wheat 
 
Sulfur fertilization had stimulative effect on growth of plants. Rate of 20 kg S.ha-1 in the 
growth stage 21 was sufficient for the crop and repeated application of 20 kg S.ha-1 in the 
growth stage 31 did not further increase production of grain. In condition of the year 2003 
when rainfall was only 36 mm from the beginning of ear emergence to harvest water stress 
very negatively influenced final yield of grain, which was in control variant only 4,43 t.ha-1. 
In spite of dry end of the season sulfur fertilization especially in combination with fungicide 
treatments stimulated metabolism of plants and significantly increased yields (Fig.1).  

 
Fig. 1   Effects of sulfur fertilization in combination with fungicide on yield of winter wheat 
grain in condition of water stress in the end of the season 2002/2003 (n = 4).  
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Higher yields on the variants where S and S with fungicide were applied resulted mainly from 
the higher number of kernels per ear (Fig. 2). Our results are in agreement with findings of 
Haneklaus et al. (2). They found in pot experiments with spring wheat that the number of 
kernels per ear was the component most closely associated with S effect on grain yield. The 
results show that fungicide treatment is necessary when vegetative growth of plants is 
stimulated with sulfur.  

 
 
Fig. 2.  Yield components as affected by sulfur and fungicide treatments (KW = 1 000 kernel 
weight, E = ear numbers per square meter and GE = number of kernels per ear).   
 
 
Effect of sulfur on quality of grain and flour 
 
Sulfur concentration in grain was enhanced at all variants where S was applied. The N/S ratio 
is an indicator of grain quality and the balance between these nutrients has a large impact on 
the quality of products. In our experiment all grain samples from the plots, which received S, 
were lower in N/S ratios compared to control variant. However grain from control plots had a 
N/S ratio much smaller than 31, which was shown by Byers et al. (1) as completely unsuitable 
for making bread. In our trial S fertilization increased also gluten contents in grains as well as 
in flour (Fig. 3). 
 

 
 

Fig. 3   Effects of sulfur fertilization in combination with fungicide on gluten content in flour. 
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Only on the variants where S with fungicide was applied, yields of proteins increased very 
significantly, up to 20%. Better sulfur nutrition of plants had a positive effect on some 
rheological properties of dough, especially extensibility and loaf volume and improved 
quality of bakery products (Fig 4).  
 

 
 

Fig. 4   Effect of sulfur fertilization on quality of bread (left - control variant, right side 
fertilized with sulfur).  
 
 
CONCLUSIONS 
 
The results show that sulfur fertilization can improve utilization of nitrogen by plants even in 
conditions of water shortage that occur after anthesis of wheat. The spring rate of 20 kg S.ha-1 
(after pre sowing superfosfate fertilization) in the growth stage 21 was sufficient and the most 
effective.  
Improved sulfur nutrition of plants affects positively not only grain yield, N/S ratio, but also 
quality parameters of dough and finally quality of bakery products. In condition of water 
shortage after anthesis S fertilization enhanced grain yield mainly due to increase of kernels 
number per ear. 
Fungicide treatment was very effective in all plots. Significantly higher yields and better 
quality of grain and flour were gained on the variants where sulfur fertilization were 
combined with fungicide treatment.   
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ABSTRACT 
 

To simulate acute releases in the form of wet depositions, 134Cs and 85Sr transfer to 
green beans was examined. A field experiment with green bean plants was established on an 
alluvial meadow soil in 2003. Radioactive contamination was performed by sprinkling soil 
surface on 9 May and plant surface on 7 July. With all treatments different amounts of water 
were applied: 1, 10, 20 and 30 L m-2. For each level of contamination, four harvests were 
carried out on 23 and 30 of July, and on 6 and 13 of August. 

The translocation process was quantified by translocation factor (TF). Higher TF 
values were observed for the leaves, stems and roots, and lower TF values were characterized 
the green bean yield after soil contamination. In the case of foliar contamination the highest 
radioactivity was observed for the leaves and roots for both radionuclides. The lowest value 
was observed, when 30 L m-2 of radioactive solution was applied.  
Key words: radiostrontium, radiocaesium, green bean, transfer factor. 
 
INTRODUCTION 
 

Biosphere contamination can affect plants by direct deposition onto leaves and/or root 
uptake of contaminants from soils. Knowledge of the efficacy of the two routes of 
radionuclide incorporation, into the food chain is fundamental in understanding the 
mechanisms by which radioactive contamination reaches man (2). The magnitude of direct 
deposition depends on the radionuclide, the soil type, the stage of plant development, the crop 
species, the agricultural practices and the season during which the contaminating event occurs 
(1), (5). 

Radiocaesium and radiostrontium are fission products of nuclear reactors and 
atmospheric nuclear weapons tests. They are persistent in the biosphere because of their half-
lives (27 yr for 137Cs and 28 yr for 90Sr). To minimise the environmental impact of the 
experiment (3), the isotopes 134Cs and 85Sr were chosen because of their shorter half-lives (2.1 
yr and 64.8 days for 134Cs and 85Sr respectively). 

The translocation process is quantified by the translocation factor (2, 8). The 
translocation factor is defined as the fraction of the radioactivity deposited on the foliage 
being transferred to the edible parts of the plants until harvest (7), (4). To determine the 
transfer factors of 134Cs and 85Sr from soil to leaves and the edible part of beans, field 
experiments were established on an alluvial meadow soil. We performed the study of plant 
contamination by adding known activities of 134Cs and 85Sr to the soil-plant system. 
 
MATERIALS AND METHODS 
 

The experiment was carried out at the Research Institute for Fisheries, Aquaculture 
and Irrigation, located in the city of Szarvas. To study the relative significance of the 
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incorporation of the radioactive contamination into the edible parts via the roots and leaves 
different experiments were designed based on green bean crops with different rates of growth 
and harvesting seasons. A micro plot technique was applied on the experimental site. The 
micro plot size was 1,0x1,0 m with an area 1 m2. The number of replicates was four, the 
variety of green bean was Lada (Hungarian variety). The approximate time for green bean 
plants to reach maturity was around 120 days. The soil used to grow the plants was alluvial 
meadow with neutral pH (Table 1).  

For the analytical study of root and leaf uptake we used 85Sr and 134Cs in the form of 
their chlorides, both dissolved in 0,1 M HCl. The specific activities at the time of addition of 
the contaminants to the soil and for the leaf uptake were 2,5 MBq m-2 for 134Cs and 85Sr 
respectively. The amount of solution ranged between 1 – 30 L m-2 (1, 10, 20, 30 L m-2). 
Radioactive contamination was done by sprinkling soil in 8 treatments on 9 May. The leaves 
(plants) were contaminated at dates prior to their flowering in 8 treatments too on 7 July.  

The radioactive content of green beans was determined for four harvests in fresh 
matter, i.e. on the 23 July (first harvest), on the 30 July (second harvest), on the 6 August 
(third harvest) and on the 13 August (fourth harvest) for soil and plant contamination. The 
specific radioactivity of leaves, pod, stems and roots were analyzed after the final harvest 
time. The leaves of plants were dried at 60 oC. All samples were analysed by scintillation 
method. All activity data were decay corrected to the date of contamination. The transfer 
factor (TF) (Bq kg-1 plant / Bq m2 soil), was used to describe the transfer of 134Cs and 85Sr 
from soil to plants (6). 
 

Table 1. Soil characteristics (2003) 
 

Organic 
matter 

Total-N CaCO3 Available- 
P2O5 

Available- 
K2O 

Depth, cm pH(KCl) 

% mg kg-1 mg kg-1 

0-20 6,72 1,81 0,15 0,10 383 636 
20-40 6,82 1,50 0,12 1,40 408 412 

 
 
RESULTS AND DISCUSSION 
 

The concentration of 134Cs in the fresh yield was almost the same in the first and 
second harvest, the transfer factor of 134Cs varied from 0,0504 – 0,0988 x 10-3 m2 (kg fresh 
matter)-1 in green beans after the first and second harvest (Table 2). The radioactivity of yield 
was increased under the 3rd and 4th harvest. The TF ranged between 0,076-0,184 x 10-3  m2 (kg 
fresh matter)-1. 
 

Table 2. 134Cs soil-to-plant transfer factor for green beans (2003) 
 

134Cs: Transfer factor, m2 (kg fresh matter)-1 * 10-3 Treatment, L m-2 
9 May 1st harvest 2nd harvest 3rd harvest 4th harvest 

1 0,0552 0,0692 0,0760 0,0896 
10 0,0504 0,0988 0,1136 0,1460 
20 0,0568 0,0652 0,1076 0,1808 
30 0,0780 0,0892 0,1228 0,1844 

SD5% 0,0126 0,0156 0,0284 0,0304 
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Higher 134Cs TF values were observed for the leaves, stems and roots. The highest TF 
value was calculated for the leaves (Table 3).  
 

Table 3. 134Cs soil-to-plant transfer factor for the different plant parts (2003) 
 

134Cs: Transfer factor, m2 (kg dry matter)-1 * 10-3 Treatment, L m-2 
9 May Green bean Pod Leaves Stems Roots 

1 0,0976 0,4556 2,0356 1,0196 1,6812 
10 0,1652 0,7848 4,1300 1,6452 2,4172 
20 0,2096 0,8528 4,7344 2,0048 2,9344 
30 0,2284 1,0960 5,8516 2,2352 3,3496 

SD5% 0,0168 0,0532 0,4824 0,2408 0,284 
 

The 85Sr uptakes of green bean were a little higher, than 134Cs uptakes (Table 4). The 
TF value of green beans was ranged between 0,0580-0,2236 x 10-3 m2 (kg fresh matter)-1. The 
highest value was obtained during the 4th harvest time. 
 

Table 4. 85Sr soil-to-plant transfer factor for green beans (2003) 
 

85Sr: Transfer factor, m2 (kg fresh matter)-1 * 10-3 Treatment, L m-2 
9 May 1st harvest 2nd harvest 3rd harvest 4th harvest 

1 0,0580 0,1044 0,1416 0,1721 
10 0,0696 0,0900 0,1108 0,1668 
20 0,0700 0,0976 0,1416 0,2236 
30 0,0732 0,0944 0,1336 0,1668 

SD5% 0,0120 0,0144 0,0160 0,0204 
 

The TF for strontium was higher in the other plant organs, especially in leaves and 
roots (Table 5). The TF value reached 4,39 x 10-3 m2 (kg dry matter)-1 for the leaves. 
 

Table 5. 85Sr soil-to-plant transfer factor for the different plant parts (2003) 
 

85Sr: Transfer factor, m2 (kg dry matter)-1 * 10-3 Treatment, L m-2 
9 May Green bean Pod Leaves Stems Roots 

1 0,0700 0,3648 1,718 1,0528 2,7096 
10 0,1036 0,5120 3,046 1,3468 3,5784 
20 0,0636 0,5500 3,184 1,5792 3,9856 
30 0,1364 0,7340 4,387 1,8668 5,0000 

SD5% 0,0260 0,0676 0,360 0,1260 0,4040 
 

According to our data, TF values of both radionuclides were mainly influenced by two 
factors, i. e. plant part and harvest time. 
 

After the foliar contamination, the specific radioactivity of leaves, pods, stems and 
roots was estimated; the results are showed on Fig. 1 and 2. The activity concentration of 
134Cs in the different plant parts varied from 961 to 53596 Bq kg-1 dry matter and ranked in 
the following order: seeds<pods<stems<roots<leaves (Fig.1). The specific radioactivity was 
highest in the leaves, with values between 21423 and 53596Bq kg -1 dry matter depending on 



 45

the amount of radioactive solution. The lowest value was observed, when 30 L m-2 of 
radioactive solution was applied.  

The activity concentration of 85Sr in the different plant parts of green bean ranged 
between 4359 and 113178 Bq kg-1 dry matter and ranked in the following order: lowest in 
seeds<pods<stems<roots<leaves (Fig. 2). The highest value of 85Sr activity was observed for 
leaves. The other parts of green bean plant showed usually a lower strontium uptake. 

 
 

Figure 1. 134Cs specific radioactivity in the different plant parts after foliar contamination 
 

 
 

Figure 2. Specific radioactivity for 85Sr of different parts of plant, after foliar contamination 
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CONCLUSIONS 
 

The main aim of this study was to gain a better understanding on caesium and 
strontium uptake and internal cycling in green bean plants and to assess the transfer of 134Cs 
and 85Sr from contaminated soil to plants. It was observed that transfer factors for both 
radionuclides increased at 3rd and 4th harvest after soil contamination. The results confirmed 
the hypothesis that of 134Cs and 85Sr accumulation differs between plant organs. There were 
differences in the distribution pattern between caesium and strontium. Leaves had the highest 
134Cs activity concentration, while 85Sr activity concentration was highest in roots. 

In the case of foliar contamination the highest value was observed for the leaves. The 
activity concentration of 134Cs in the different plant parts varied between 961 and 53596 Bq 
kg-1 dry matter and ranked in the following order: seeds<pods<stems<roots<leaves. The 
activity concentration of 85Sr in the different plant parts of green bean ranged between 4359 
and 113178 Bq kg-1 dry matter and ranked in the following order: 
seeds<pods<stems<roots<leaves. The lowest value was observed, when 30 L m-2 of 
radioactive solution was applied for both radionuclides. 
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ABSTRACT 
 
 Maize plants, grown hydroponically on a standard nutrient solution, with and 
without exposing to 3-days treatment with 50 mg⋅l-1 Pb were further transferred to 2-days 
treatment with 200 mg⋅l-1 of either Pb or Zn. Plants were harvested before and after 
addition of higher metal concentrations, and fresh and dry masses of their parts were 
weighed, and accumulation and distribution of essential cations (K, Ca, Mg, Mn, Fe, Cu) 
as well as of Pb and Zn were determined. Plants pretreated with low Pb concentration and 
control plants responded to high Zn and Pb differently. Pretreatment with low Pb mainly 
prevented plants exposed to high Zn and Pb to accumulate Ca, Mg, Mn and Fe ions 
which are known to be capable to displace heavy metal ions from important binding sites 
in the cell. We concluded that pre-treatment with low Pb, although stimulative in itself 
for plant growth and essential cation accumulation, made maize plants (especially roots) 
more vulnerable to toxic effects of high Zn and Pb levels.  
 
 
INTRODUCTION 
 
 The mechanisms of Pb toxicity in plants are still unclear. Although Pb mobility in 
plants is low and its root concentration may be several times higher than the one in shoot, 
toxic effects are apparent in the whole plant. Beyond a threshold value of substrate  Pb 
concentration, specific for each species (or genotype), growth inhibition and disturbance 
of photosynthetic process become apparent. There have been reported disturbances of 
plasma membranes of root meristem cells (2) and mitosis inhibition (8), which may 
explain root growth inhibition by Pb as well as the decrease of some ions (Ca, Fe, Mn, 
Zn, Mg) concentrations, probably by ion leakage from cells (1, 4).  
Zinc is, at low concentrations, an essential element for plant growth, being a cofactor to 
several enzymes. Excessive quantities of Zn in soil originate mostly from sludge, manure 
and smelting activities. Signs of zinc toxicity most frequently appear above 300 mg⋅kg-1 
plant dry mass (6). They consist mostly of growth inhibition,  appearance of small leaves 
and feeble roots, brown-red spots on leaves and necrosis at leaf edges. These effects 
might be direct or indirect consequence of Zn presence, because an interference of Zn 
with uptake of other nutritive elements has been reported (9).  
But, in areas polluted by anthropogenic activities and sources, plants are usually exposed 
to toxic effects of more than one heavy metal (3).  Pb and Zn simultaneous presence is to 
be expected in mining or smelting areas, in mine waste heaps, or in the areas with dense 
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traffic. Plant spontaneously adapted to such sites, by selection, are tolerant to all toxic 
metals present (13). Together with such examples, however, findings have been reported 
of tolerance induced by exposure to low doses of  toxic metals (12,11). In such cases, 
tolerance could be induced toward several metals at the same time, some of which had 
not been encountered before by the plant (7). 
The first aim of the present paper is to investigate the possibility of inducing Pb- 
tolerance in maize plants by previous exposure to low Pb doses. Also, by exposing of the 
low Pb-treated plants to high Zn concentrations, the hypothesis is tested that possible 
induced tolerance towards Pb includes also the tolerance to other heavy metals (like Zn).   
The parameters used to measure the impact of pretreatment and higher toxic metal 
concentrations are accumulations of several essential nutrient elements (K, Ca, Mg, Mn, 
Fe, Cu) known to be susceptible to heavy metal presence.  
 
 
MATERIAL AND METHODS 
 
Plant material 
 Maize (Zea mays L.)  seeds were germinated for three days in the dark, between 
moist filter papers, at the temperature of 25°C. The seedlings were then grown 
hydroponically under the following conditions: relative humidity 70%, day-night cycle 
14/10 h, average temperature 20°C and average illuminance of 120 lx. The nutrient 
solution was that according to Römheld and Marchner (10). After 3-days growing on the 
solution, one half of the plants was submitted to a 3-days pre-treatment with 50 mg l-1 Pb. 
In the last two days of the experiment,  each half was divided into three groups with 
further three treatments: 0 (conditions same as before), Zn (200 mg l-1 Zn added to 
nutrient solution) and Pb (200 mg l-1 Pb added to nutrient solution). Before adding to the 
nutrient solution, Pb (in the form of Pb-nitrate) was dissolved in equimolar solution of 
EDTA. After termination of the experiment, plants were harvested and fresh and dry 
masses of their parts were determined.  
  
Determination  of concentrations of K, Ca, Mg, Fe, Mn, Cu, Zn and Pb 
 The plant segments were air dried till reaching a constant weigth. They were then 
ground and mineralized by “wet digestion procedure”, in the presence  of HNO3 and 
H2O2.  Determination of  the metal contents in the obtained solutions were performed by 
AAS on Pye Unicam 192 atomic absorption spectrophotometer.  
 
Statistical analysis 
Differences between mean values were tested by Student’s t-test for statistical 
significance.  
 
 
RESULTS AND DISCUSSION 
 
 The results of fresh and dry mass determination (Table 1) indicate a stimulative 
effect of pre-exposure to Pb on root and leaf fresh masses and leaf dry mass, and a 
depressive effect on stem dry mass. After exposing to Zn treatment, there continued mass 
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increase in fresh masses of roots and stems and dry mass of leaves in untreated plants, as 
well as dry mass increase in stems and leaves in Pb pre-treated plants. In plants treated 
with 200 mg ⋅ l-1 Pb, root growth ceased both in controls and in Pb pre-treated plants. 
Stem fresh mass increased, but not the dry mass in Pb pre-treated plants. Leaf fresh and 
dry masses increased only in plants  not exposed to pre-treatment.  
 
TABLE 1. Fresh and dry masses (mg ⋅ plant-1) of the parts of maize control plants and 
those pre-treated with 50 mg ⋅ l-1 Pb (50 Pb),  before (I) and after (II) the exposure to 200 
mg ⋅ l-1  Zn (200 Zn) or 200 mg ⋅ l-1 Pb (200 Pb). Presented are mean values of 10 samples 
± S.D.  
 
                 T  r  e  a  t  m  e  n  t    
Plant part   Control   50 Pb   
    200 Zn 200 Pb  200 Zn 200 Pb 
Root f. 

mass  
I 41,3±3,2a   65,1±4,8c   

  II 55,1±2,6b 54,4±4,3b 43,3±1,7a 68,3±2,9c 60,5±3,5bc 54,4±2,9b 

 d. 
mass  

I 5,02±0,32a   5,10±0,21ab   

  II 5,10±0,61ab 5,14±0,37ab 4,94±0,15a 5,50±0,17ab 5,50±0,12b 5,30±0,18ab 

Stem f. 
mass  

I 81,9±5,3a   86,5±4,8ab   

  II 99,1±8,1c 98,1±3,5c 92,7±3,2bc 98,8±6,0c 95,7±4,7bc 103,1±7,8c 

 d. 
mass  

I 10,8±1,1a   8,4±0,6b   

  II 12,5±1,0a 11,6±1,7a 11,9±1,3a 12,3±2,1a 12,1±0,9a 9,1±1,6ab 

Leaves f. 
mass  

I 69,3±7,0a   98,8±8,1b   

  II 95,3±8,9b 70,7±6,3a 98,9±3,9b 100,4±7,6b 97,0±10,2b 99,7±6,9b 

 d. 
mass  

I 9,1±0,8a   11,0±0,7b   

  II 13,9±1,9bc 13,4±0,9bc 14,2±1,2bc 14,9±2,3bc 14,7±1,3c 12,4±1,1b 

 
Values within one row marked with the same letter do not differ significantly according to the Student’s t-test. 
 
As it could be expected, there is a mutual dependence of Zn and Pb contents in the plant 
parts (Table 2). Zinc concentration is highest in roots and lowest in leaves in plants 
exposed to Zn, both in controls and in Pb pre-treated plants, but its absolute values are 
significantly lower in Pb pre-treated plants. On the other hand, Zn presence induced 
displacement of already accumulated Pb in Pb pre-treated plants from root to shoot parts. 
Pb treatment induced Pb distribution pattern change in 200 Pb plants. After exposing of 
controls to 200 mg ⋅ l-1 Pb, the highest Pb concentration was found in stem, but in Pb pre-
treated plants exposed to high Pb, the greatest Pb accumulation was in roots and leaves. 
High Pb concentration also caused almost complete exclusion of Zn from Pb pre-treated 
plants.  
Table 3 shows that the effect of low Pb is more stimulative than inhibitory for cation 
uptake. In the presence of 50 mg⋅kg-1 Pb only Cu concentration is decreased in roots, 
while Mg, Fe and Mn concerntrations are several times increased, mainly in roots, and K 
concentration is increased, to a lesser degree, in stems.  
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TABLE 2. Lead and zinc accumulation in maize plant parts (mg ⋅ kg-1 dry mass) in 
controls and plants pre-treated with 50 mg ⋅ l-1 Pb (50 Pb), before (I) and after (II) the 
exposure to 200 mg ⋅ l-1 Zn (200 Zn) or 200 mg ⋅ l-1 Pb (200 Pb). Presented are mean 
values or 4 replicates ± S.D. 
 
                       T  r  e  a  t  m  e  n  t    
Plant 
part 

  Control   50 Pb   

    200 Zn 200 Pb  200 Zn 200 Pb 
Root Zn I 29,9±3,1a   88,2±12,7c   

  II 37,6±4,6a 1429,9±298,1b 70,8±11,3c 79,2±7,5c 1409,1±152,3c n.d. 

 Pb I n.d.   334,3±36,7c   

  II n.d. n.d. 62,7±5,8b 360,7±43,5c 169,1±27,1d 263,2±25,4e 

Stem Zn I 32,2±5,6a   65,8±5,2c   

  II 35,5±2,7a 1090,5±150,7b 44,5±7,1a 61,8±4,8c 665,8±79,8d 5,5±2,0e 

 Pb I n.d.   92,7±10,6b   

  II n.d. n.d. 130,2±10,9a 105,6±7,8b 102,5±9,5b 68,1±6,2c 

Leaves Zn I 40,7±5,2a   59,2±6,2b   

  II 50,1±3,7b 712,7±92,3c 17,6±1,5d 55,9±7,5b 417,8±39,4e n.d. 

 Pb I n.d.   28,2±3,2b   

  II n.d. n.d. 65,3±7,5a 50,3±6,2c 73,7±6,9a 162,5±21,3d 

 
n.d.  - not detected  
Values within one row marked with the same letter do not differ significantly according to the Student’s t-test. 
 
Table 3. Concentrations of essential cations in plant parts of control maize plants and 
those pretreated with 50 mg⋅l-1 (mg⋅kg-1 dry mass). Presented are mean values or 4 
replicates ± S.D. 
 
Cation Root Stem Leaves 
K (mg⋅g-1)       control 21.9a 27.6a 26.4a 
           Pb-pretreated  17.2a 46.0b 29.1a 
Ca (mg⋅ kg-1)   control 668.0a 556.0a 589.8a 
           Pb-pretreated 798.2a 641.9a 427.7b 
Mg (mg⋅g-1)   control 0.53a 3.95a 2.97a 
           Pb-pretreated 12.12b 4.63a 3.44a 
Fe (mg⋅kg-1)     control 1153.2a 1308.5a 2139.9a 
           Pb-pretreated 1960.7b 2077.5b 1725.6a 
Mn (mg⋅kg-1)    control 11.9a 38.7a 65.9a 
           Pb-pretreated 105.8b 35.9a 76.5a 
Cu (mg ⋅ kg-1)  control 23.7a 12.0a 6.9a 
           Pb-pretreated 7.9b 15.6a 7.8a 

 
There is no significant difference between control and pretreated plants according to the Student’s t-test if 
marked with the same letter. 
 
 



 51

Table 4. Accumulation of essential cations in control and Pb-pretreated maize plants 
after addition of higher Pb and Zn concentrations. Presented are mean values of 4 
replicates.  
 
Cation + 200 mg⋅l-1 Pb CONTROL + 200 mg⋅l-1 Zn 
K(mg/plant) 0.800a 0.650b 0.681b 
Ca(µg/plant) 10.74a 14.76a 34.88b 
Mg(µg/plant) 250.69a 72.60b 136.62c 
Cu(µg/plant) 0.200a 0.312b 0.290b 
Mn(µg/plant) 2.844a 1.079b 1.980c 
Fe(µg/plant) 38.42a 39.47a 52.10b 
  + 50 mg⋅l-1 Pb  
K(mg/plant) 0.592a 0.793b 0.793b 
Ca (µg/plant) 15.43a 14.09a 8.05b 
Mg(µg/plant) 72.16a 138.38b 301.18c 
Cu(µg/plant) 0.291a 0.256a 0.279a 
Mn(µg/plant) 1.740a 1.680a 1.740a 
Fe(µg/plant) 43.17a 46.31a 50.00a 

 
Values within one row marked with the same letter do not differ significantly according to the Student’s t-test. 
 
 
From the Table 4 it may be seen that high Pb concentrations induce different responses in 
control and Pb-pretreated plants. In control plants, high Pb concentration induces an 
enormous increase of Mg concentration and moderate increases of Mn and K 
concentrations, with decreases of Ca and Cu concentrations. However, in Pb-pretreated 
plants the same concentration of Pb induces Mg and K loss, but on the other hand there is 
no Ca concentration decrease. Zinc presence induces a high accumulation of Ca in 
control plants, as well as an increase of Mg, Mn and Fe concentrations. In Pb-pretreated 
plants, however, under the influence of Zn, Ca concentration is decreased, while Mg 
concentration is still more increased, and the concentrations of other elements are 
unchanged.   
Our results show that pretreatment with lower Pb dose changes the responses to higher Pb 
and Zn concentrations, but these changes are not aimed towards activation of processes of 
tolerance towards these metals. Namely, pretreatment with lead still increases 
accumulation of Pb in the high Pb treated plants in comparision with accumulation in 
control plants transferred on the high Pb treatment. Pretreatment with Pb actually 
decreases Zn uptake at high Zn concentration compared to the control, but the presence 
of this Zn at the same time stimulates Pb distribution through the whole plant compared 
with the plants treated only with low Pb concentration (Table 2).  
The only favourable effects of Pb-pretreatment are the lack of Ca concentration decrease 
under the influence of high Pb and stimulation of Mg accumulation under the influence of 
high Zn. However, there being more negative effects,  it may be said that the processes of 
accumulation of some cations (primarily of Mg, Ca, Mn and Fe) which may be 
considered to be protective processes with the aim of displacing heavy metal ions from 
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some binding sites in the cell (5)are better preserved in plants that are not pretreated with 
Pb.   
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ABSTRACT 
 

Sulfuric acid industry and non-ferrous metals metallurgy pollute, with cumulative 
effects, Zlatna depression (Romania) soils for approx. 100 years. These industrial emissions 
are loaded in excess with sulfur oxides and heavy metals sulfides that in contact with soil 
acidify soil reaction and contaminate the soils upper horizons. 

This paper addresses the ecological remediation of the area by applying neutralization 
and acidity correction measures, using along with CaCO3, bentonite and volcanic tuff, with 
positive influences on buffering capacity of the soils, the organic and complex mineral 
fertilization measures. 

 
Key words: agrochemical measures, heavy metals, pollution, liming, fertilizer 
 
 
INTRODUCTION 
 

Sulfuric acid and non-ferrous metals industry emissions that act on soils of Zlatna 
(Romania) mountain depression have changed by over 100 years cumulative excess and effect 
the soils from this area, that present an advanced pollution degree, with chemical, physical 
and biological degradation. 

In the last decade, the industrial activity of the area diminished, the emissions 
decreased quantitatively, context in that pollution is reduced but it is highly required a 
ecological rehabilitation of the area, based on complex and efficient measures in order to 
increase the soil productivity. 

 
MATERIALS AND METHODS 
 
 On soil and plant samples, collected by an appropriate protocol, were assessed the 
pollution effects with acidic emissions and heavy metals on soils, accumulation and 
translocation coefficients of heavy metals in plants. 
 An experiment was set on albic luvisol cultivated with maize and natural hay, in order 
to assess the efficiency of acidity correction and buffering capacity, and multiple fertilization 
measures on productivity. 
 The experiment comprised the effects study of the following soils improvement 
factors: 
  a. CaCO3 :  

 8, 16 tones/ha for hay field 
 5, 10, 15 tones/ha for maize 
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b. half-rotted manure: 
 30, 60  tones/ha for hay field 
 30, 60, 90 tones/ha for maize 

c. the interaction between liming, manure and mineral fertilization: 
 N100P100; N200P200; 
 CaCO3 – 10 tones/ha + N100P100; 
 CaCO3 – 10 tones/ha + manure – 60 tones/ha 
 Bentonite – 10 tones/ha + N100P100; 
 Zeolitic tuff – 10 tones/ha + N100P100. 

 
The researches included soil and plant laboratory analysis, following the 

recommended methodology in Romania (1). 
  
RESULTS AND DISCUSSION 
 

a) Acidification and depletion of bases of the soils polluted with acidic emissions and 
heavy metals (Pb, Cd, Cu, Zn) 
Acidic emissions loaded with sulfur oxides and heavy metals sulfides determine for 

soils a severe acidification with accompanying depletion of bases. In the predominant types of 
the luvisol class (typical haplic luvisol, typical and albic luvisol), in the superficial horizon 
(Ao) this type of pollution determines values of soil pH reaction at the level of pH 3.6 – 4.5, 
with an excessive mobility of aluminum ions, at level of 1.8 – 3.4 m.e./100 g soil and 
depletion of bases measured on base saturation (V%) at level of 21 – 51% (2). 

The presence in the atmosphere of the sulfurous and sulfuric anhydrides and also of 
metal sulfides depositions determines the high acidification, explained by the reactions: 

1. 2 SO2 + O2 + 2 H2O → 2 SO4
2- + 4H+ 

       SO3 + H2O →  SO4
2- + 2 H+ 

2. ZnS + 2 O2 + 2 H2O → SO4
2- + Zn(OH)2 + 2 H+ 

Simultaneous depletion of bases of this soils is produced by the proton excess (H+) as 
well as debasification effect of the heavy metals sulfides which corresponds for 10 ppm heavy 
metal accumulated in the arable layer (0 – 25 cm) to 15.3 kg CaCO3 for PbS, 26.7 kg CaCO3 
for CdS, 23.8 kg CaCO3 for Cu2S and 46.0 kg CaCO3 for ZnS, respectively.  

b) Heavy metals accumulation in soils 
Heavy metals accumulation process realized in a multiannual period confirm that in 

the soils pollution phenomenon are severe involved excessive concentrations of Pb, Cd, Cu 
and Zn (table 1). 

Table 1. Heavy metals content in Zlatna polluted soils 
 

Concentration (ppm) C.V. N.Cx) A.T.xx) Soil type 
Land use Metal Min. Max. Average % ppm ppm 

Pb 310 1074 671 40.37 15 50 
Cd 1.75 2.24 2.04 9.82 0.3 – 1.0 3 
Cu 231 439 335 22.48 20 100 

Typical luvisol 
Natural hay-field 

Zn 170 307 236 26.08 50 300 
Pb 236 430 350 22.06   
Cd 1.02 1.26 1.11 8.71   
Cu 90 178 138 28.62   

Typical luvisol 
Arable 

Zn 69 111 91 22.48   
X) N.C. = normal content; X) A.T.= attention threshold 
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The absolute values of these concentrations are higher at crude soil because of the 
surface accumulated raw organic material and are decreased in arable soils in which the 
concentrations are homogenized on a greater depth (at least 0 –25 cm). The accumulation of 
heavy metals decreases with the distance from the polluting source. 

To the extremely active regime of heavy metals in polluted soils contribute along with 
the higher acidity, the degradation of adsorption and retention functions of the soils colloids 
(table 2). 

Table 2.Some physical properties of the acid polluted soils 
 

Particle-size components Albic luvisol 
Ao 

Typical luvisol 
Ao 

Rough sand (%) 13.8 – 15.9 10.70 – 11.30 
Thin sand (%) 58.24 – 63.19 51.48 – 56.86 
Dust I – II (%) 12.45 – 16.45 20.72 – 21.31 

Clay (%) 9.41 – 11.73 11.13 – 16.50 
 
By analytical analysis is proved that especially the silica components ”are stripped” of 

mineral colloids, the synthesis of organic colloids is blocked by acidity, heavy metals and 
slow process of quantitative degradation of vegetable residues, due to the almost inexistent 
microbiological activity, all these processes combined with the high acidity determine a high 
mobility of heavy metals in soils. 

Heavy metals accumulation in plants on polluted soils presents a great variability, 
determined by the type of chemical element, contamination level of the soil, species or 
vegetable organ analyzed (3) (table 3). 

Table 3. The heavy metals content in plants growing on polluted soils 
 

Concentration (ppm) Soil type 
Land use Metal Min. Max. Average 

C.V. 
% 

Pb 55 111 83 26.01 
Cd 0.7 1.2 0.9 24.39 
Cu 109 174 144 17.71 

Typical luvisol 
Natural hay-field 

Zn 14.6 28.4 20 27.01 
Pb 59 119 87 30.31 
Cd 0.65 1.33 1.0 25.30 
Cu 92 188 153 25.08 

Typical luvisol 
Maize leaves 

Zn 14.5 31.5 23.0 28.39 
Pb 7.2 21.8 17 34.31 
Cd 0.03 0.08 0.05 37.42 
Cu 4.5 11 8.2 30.62 

Typical luvisol 
Maize grains 

Zn 66 140 101 26.59 
 
The heavy metals content in plants growing on polluted soils are with the exception of 

zinc higher than normal values. The highest exceeding is observed for Pb, Cu and Cd. The 
green plants and their organs that are in full photosynthetic activity accumulate larger 
quantities of heavy metals. Maize grains in turn accumulate lesser quantities of Pb, Cd, and 
Cu and higher of Zn, maize being a great user of this element (Fig. 1). 

The different values of heavy metals accumulation in plants and also their 
translocation coefficients recommend as a new direction, the use of “phytoterapy” in soil 
depollution (4). 
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Fig.1. The obtained translocation coefficients size with the average 
values of the heavy metals in plants and soils 
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c) The effect of some agrochemical measures in soil depollution. 
The advanced acidification established for the polluted soils with acidic emissions and 

heavy metals requires measures of soil acidity correction together with reasonable fertilization 
(tables 4, 5, 6).  

Table 4. The effect of liming on agricultural yield of a polluted typical luvisol 
 

Yield kg/ha 
Difference Liming material 

(tones/ha) Dry matter kg/ha % 

Difference 
significance 

Hay field (dry matter) 
0 2481 0 100 - 
8 3303 822 133 - 
16 4330 1849 174 ** 

DL 5% = 1283 DL 1% = 1690 DL 0.1% = 2155   
Maize - grains 

0 2019 0 100 - 
5 2693 674 133 - 
10 3291 1272 163 *** 
15 3142 1123 156 *** 

DL 5% = 646 DL 1% = 851 DL 0.1% = 1085 
 
Table 5. The effect of organic fertilization on the agricultural yield of a polluted 
typical luvisol 
 

Hay field (dry matter) 
Yield kg/ha 

Difference Doses (tones/ha) 
Manure Dry matter kg/ha % 

Difference 
significance 

0 2430 0 100 - 
30 3967 1537 163 * 
60 4221 1791 174 ** 
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DL 5% = 1343 DL 1% = 1767 DL 0.1% = 2254 
Maize - grains 

0 2019 0 100 - 
30 3375 1356 167 ** 
60 3517 1498 174 ** 
90 3855 1836 191 *** 

DL 5% = 913 DL 1% = 1202 DL 0.1% = 1533 
 
Table 6. The interaction effect of liming material and fertilization on the maize yield 
 

Yield kg/ha 
Difference Liming 

Fertilization Standard 
grains kg/ha % 

Difference 
significance 

1. Control 2019 0 100 - 
2. N100P100 3643 1624 180 ** 
3. N200P200 3725 1706 184 ** 
4. CaCO3 – 10 t/ha; N100P100 4384 2365 217 *** 
5. CaCO3 – 10 t/ha; Manure, 60 t/ha 5907 3888 293 *** 
6. Bentonite – 10 t/ha; N100P100 4060 2041 201 *** 
7. Zeolitic tuff – 10 t/ha; N100P100 4507 2488 223 *** 
DL 5% = 1048 DL 1% = 1380 DL 0.1% = 1759 

 
The experimental data confirm the positive significance of the treatments effects of 

reaction correction in interaction with organic or complex mineral fertilization as well as the 
interaction of the zeolitic tuffs and bentonite with fertilizers. These agrochemical measures 
aim to acidity neutralization, decrease of the heavy metals mobility activity, calcium and 
primary macro elements contribution and in the last but least, restoration of the soil buffering 
capacity. 
 
 
CONCLUSIONS 
 

1. The acid industrial emissions contaminated with sulfur oxides and heavy metals 
sulfides act with a pollutant effect on soils by excessive acidification and depletion of 
bases and also by heavy metals accumulation. 

2. Advanced acidity, colloidal components and adsorption functions degradation 
maintain the heavy metals ions at high bioaccesibility and translocation levels. 

3. The acidity relevant agrochemical indexes recommend application of reaction 
correction measures in interaction with organic and mineral fertilizations and other 
interventions that have as significant effect the attenuation of pollutant negative effects 
and soil buffering capacity restoration. 

4. Differentiated accumulation of heavy metals in plants (different species and vegetal 
organs) recommends in the same time the use of ″phytoterapy″ measures.  
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SUMMARY 
  

The paper deals with soil humus synthesis process. Soil humus results by synthesis 
from organic matter. Two main types of organic matter are considered as sources for humus 
synthesis: crop residues (with two fractions: easily decomposable and resistant decomposable 
fraction) and manure. In order to estimate the amount of synthesised humus, the isohumic 
coefficients concept was used. Each type and fraction of organic matter is considered to have 
specific decomposable rates and isohumic coefficients. The factors considered to influence 
the decomposition rates and, consequently, the synthesis rates are: soil temperature, moisture 
and clay content. The paper presents the specific relations used to compute the amounts of 
organic matter mineralised as well as the synthesised humus. It also presents simulation 
results using NICROS – NItrogen CROp Simulation model, for given soil and climatic 
conditions. 

 
Key words: modelling, soil, humus, synthesis 
 
 
INTRODUCTION 
 
 Estimating the amount of humus synthesis from crop residues and organic fertilizers 
(manure, composts) is of a great importance (1, 5). 

The paper proposes an original way to take into consideration the organic matter from 
soil, to consider the specific synthesis rates for specific organic matters decomposed in soil, to 
take into account the influence which abiotic factors have on the humus synthesis rates. 

The elaborated mathematical relations are used in NICROS model (1, 5, 6). 
 
 
MATERIALS AND METHODS 
 
 The concept of many types and fractions of organic matter was used, each with 
specific decomposable rates and isohumic coefficients. Detailed description of the crop 
residues and manure mineralization modelling was given elsewhere (1, 2, 5, 6), as well as 
modelling the influence which the abiotic factors have on the mineralization and, 
consequently, synthesis rates (1, 3, 4, 5). The NICROS model, that uses the modelling results, 
has been written in SEMoLa – Stata Easy Modelling Language (7). The simulations have 
been accomplished by NICROS (preliminary model) for the mollic reddish brown soil from 
“Moara Domnească” (east of the Romanian Plain) and the specific climatic conditions of this 
area (temperate continental). For the simulation year (1990), the average temperature was 
10.2 ºC and the yearly sum of precipitations was 370.5 mm. 
 



 60

 
RESULTS AND DISCUSSION 

 
Two main types of organic matter were considered as source for humus synthesis: a) 

crop residues – with two fractions: a1) easily decomposable fraction and a2) resistant 
decomposable fraction; b) manure. For each type and fraction, specific decomposable rates 
and isohumic coefficients have been used. 
 The daily amount of synthesised humus, Hsr, kg·ha-1·day-1, is described by the 
equation: 

Hsr, kg·ha-1·day-1 = HsrDPM + HsrRPM + HsrOF 
    HsrDPM = DPMmr · kihDPM ·1.724 
    HsrRPM = RPMmr · kihRPM

 ·1.724 
    HsrOF = OFmr · kihOF 
where: 
 HsrDPM = humus synthesis rate from the easily decomposable fraction of the 
crop residues, DPM (kg·ha-1·day-1); 

HsrRPM = humus synthesis rate from the resistant decomposable fraction of the 
crop residues, RPM (kg·ha-1·day-1); 
 HsrOF = humus synthesis rate from the organic fertiliser, OF (kg·ha-1·day-1); 
 DPMmr and RPMmr = DPM and RPM mineralization rates (kg.ha-1.day-1); 

OFmr  = organic fertilizers mineralization rate (kg.ha-1.day-1); 
 kihDPM and kihRPM = DPM and RPM isohumic coefficients; 
 kihOF  = organic fertilisers isohumic coefficient; 
 1.724  = conversion coefficient of organic C into humus. 
 The quantities of C from the two fractions of crop residues, DPMmr and RPMmr, and 
from organic fertilisers, OFmr, which are daily mineralized, kg C·ha-1·day-1, are computed by 
the rate equations: 

DPMmr = kdpm
. Ftm . Fum . Fagm . DPM 

RPMmr = krpm . Ftm . Fum . Fagm . RPM 
OFmr = kofm 

. Ftm . Fum . Fagm . OFDM 
where: 

DPM = easily decomposable fraction of the crop residues, kg C/ha; 
RPM = resistant decomposable fraction, kg C/ha; 
OFDM = the quantity of the dry matter applied as organic fertiliser, kg/ha, calculated 

by the relation: 
OFDM = OF . OFsu . 10 

OF  = quantity of the applied manure, at the application moisture, t/ha, 
OFsu = medium content of dry substance from the manure, %; 

kdpm and krpm are the rate constants of the 1-st degree reaction of DPM and RPM 
decomposition in optimal conditions of temperature and moisture, day-1; 

kofm = maximum decomposition rate of manure in optimal conditions of 
temperature and moisture, day-1; 

Ftm = temperature factor for mineralization (1, 4, 5); 
Fum = moisture factor for mineralization (1, 4, 5); 
Fagm = clay factor for mineralization (1, 5). 

 Total (cumulated) amount of synthesized humus during t time, HSINT, kg/ha, is 
computed by the state equation (in SEMoLa language):  

“HSINT=HSINT+dt*Hsr” 
where HSINT from the right side of the equation means the cumulated amount until the time 
t-dt, and dt is the time step for simulation. 
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Humus synthesis simulation. Figure 1 presents the results of the simulation with the 
NICROS model concerning the humus synthesis when 6 t of soybean residues have been 
incorporated in the ploughed layer (25 cm) of the mollic reddish brown soil from “Moara 
Domnească” (east of the Romanian Plain), after which winter wheat was sown. The results 
concern the 276 days from winter wheat sowing on October 10-th to harvesting. The daily 
humus synthesis rate varied between 0, in winter, to a maximum of 10.2 kg·ha-1·day-1, in 
summer. The total amount of synthesised humus between sowing and harvesting raised to 770 
kg·ha-1. 

Considering also the mineralized humus, a negative balance resulted (fig. 2), a loose 
of 482 kg humus·ha-1. This shows that the soybean crop residues are not enough to 
compensate the humus mineralization and the need of manure use. 

 
 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 – Dynamics of humus synthesis, HSINT, and humus 
synthesis rate, Hsr (simulation with NICROS model) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2 – Dynamics of humus balance, HBIL (simulation with 
NICROS model) 
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CONCLUSIONS 
 

The paper deals with the “Humus synthesis” submodel of the NICROS – NItrogen 
CROp Simulation model, which allows simulations of many soil processes implied in 
nitrogen dynamics, such as nitrification, denitrification, volatilisation, leaching etc., and, of 
course, humus synthesis. 

Two main types of organic matter are considered into the model as source for humus 
synthesis: a) crop residues – with two fractions: easily decomposable and resistant 
decomposable fraction; b) manure. For each type and fraction, specific decomposable rates 
and isohumic coefficients are used. 

Specific relations have been elaborated in order to compute the amounts of 
mineralized organic matter as well as the amount of synthesised humus from the considered 
organic matter types. The factors considered to influence the decomposition rates and, 
consequently, the synthesis rates are: soil temperature, moisture and clay content. 

Useful simulation results can be obtained with NICROS model concerning the humus 
synthesis rate and the amount of synthesised humus in given soil and climatic conditions. 
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SUMMARY 
  

The paper describes the visual symptoms of manganese toxicity in some field crops: 
barley, soybean, red clover, and in some vegetables: cucumber, tomatoes and garlic. 1000 
ppm Mn was applied at sowing time on a reddish brown soil in a pot experiment conducted in 
a vegetable house. 
Alongside descriptions, relevant images are presented. Garlic was the most resistant to Mn 
toxicity, which showed no symptoms18 days after rising. The most sensitive one was the red 
clover, which disappeared in cotyledon stage, and soybean, which showed severe growth 
stunting and specific necrosis. 

 
Key words: plant, nutrient disorders, manganese, toxicity, field crops, vegetables 
 
 
INTRODUCTION 
 

Plant nutrient disorders influence the yield level and the quality of agricultural 
products - with negative consequences on people’s health and life quality. Knowledge of 
visual symptoms of disorders is indispensable to growers for a rapid diagnosis and taking in 
useful time the correcting measures by fertilisation, a right fertilisation being a guarantee of a 
sustainable agriculture. Many authors (1–9) brought important contributions to the visual 
diagnosis. Some of them (1–4) presented disorder identification keys. And yet, nutrient 
disorder descriptions are either unavailable, or insufficient for many vegetable, floriculture 
and field crops, and for many fruit trees. This paper brings contributions which represent the 
basis for the improvement of the nutrient disorder identification keys. The images are useful 
for academic, teaching and practical purposes. 
 
 
MATERIALS AND METHODS 
 

The pot experiments have been carried out in a vegetable house. A mollic reddish 
brown soil was used, with following properties: pHH2O = 6; hydrolytic acidity (Kappen 
method), Ah = 3.45 me/100 g; sum of exchangeable basis (Kappen method), SB = 19 me/100 
g; degree of base saturation, VAh = 85 %; mobile P and K content (Egner-Riehm-Domingo 
method): 34 ppm P and 224 ppm K; humus content (Walkley-Black-Gogoasa method), H = 
2.09 %; soil nitrogen index (Borlan nitrogen index), IN = 1.8. 
Each pot contained 2 kg air dried soil. A background fertilization was done before sowing, 
equivalent to 100 kg N, 100 kg P2O5, 100 kg K2O and 50 kg MgO/ha. At the same time, 1000 
ppm Mn have been applied as MnSO4·4H2O. 
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RESULTS AND DISCUSSION 
 
Mn toxicity in barley (fig. 1). 1-2 days after rising (stage 1-2 leaves), rowed disposed 

white dots appear on basal leaves, starting from leaf tip, because of chlorophyll destruction; 
the small spots can rapidly become rust-coloured and join one another into streak-like lesions; 
the leaf tip can be completely white at the beginning, and then necroses. Later, dark brown or 
even black irregular spots can be observed on leaves because of the MnO2 deposition in the 
epidermis cells. 
Mn toxicity in soybean (fig. 2). Leguminous are the most sensitive species to Mn excess and 
toxicity. Plants are most sensitive in the first stages, especially in seedling stage, during and 
after rising. At rising, the cotyledon leaves show severe light brown necrosis, which advance 
from tip to base; generally, the green healthy tissue is separated from the light brown ill tissue 
by a blackish line, also ill tissue; the cotyledons can be cracked; the ill tissue can fall. The 
younger leaves are deformed, even goffered, because the cell division and elongation is 
disturbed; leaf blade growth can be more or less chaotic; chlorophyll synthesis inhibition 
leads to chlorosis on young leaves, whom main veins are blackish discoloured. Dark brown or 
blackish spots are spread on older leaves, especially alongside and on the main veins. Older 
leaves show the most severe symptoms. Severe growth stunting is induced by Mn toxicity: 
30-35 days after rising, plants with Mn toxicity hardly try to form the first trifoliate leaf, while 
normal plants have 4 trifoliate leaves and start flowering; at 38 days, the plants have only 5-7 
cm in height, they are bushed and branched in 4 small shoots. 
Mn toxicity in red clover (fig. 3). At 1000 ppm soil Mn content, yellowing and brown 
necrosis can be seen on cotyledon leaves just at rising. Necrosis rapidly proceed towards the 
cotyledon basis and all the seedlings die in a week without making true leaves; none survives 
at this concentration. Red clover was the most sensitive to Mn toxicity. 
Mn toxicity in tomatoes (fig. 4). Cotyledon leaves become chlorotic, starting from the tips. 
The first true leaves show chlorotic symptoms with green veins, similar to Fe deficiency. 
Growth stunting is observed. Later, the older leaves can become necrotic and die; the shoot 
brownish in the upper half; the entire plant can die. Some plants survive. 
Mn toxicity in cucumber (fig. 5). The symptoms appear on the first true leaf and later they are 
more evident on older leaves. Irregular papery or light brown necrotic lesions spread on the 
leaf blade can be seen, especially alongside the main veins; then they become reddish-brown 
or dark brown. The main veins are dark brown or reddish-brown, especially towards the basis. 
The plant stunt growth. As the symptoms advance, the older leaves die. 

 

  
 
 
 
 
 
 
 
 
 
             MnO2 deposed in  
              the epidermis cells 
 

                 1-2 days after rising        15 days after rising 
 

Fig. 1 – Mn toxicity in barley (original photos by Gh. Budoi) 



 65

 

 

Fig. 3 – Mn toxicity in red clover cotyledon leaves (original photos by 
Gh. Budoi) 
 
 
 
Mn toxicity in garlic (fig. 6). At 1000 ppm Mn, the garlic was the 
most resistant crop. 18 and 30 days after rising, the plants showed 
no visual symptoms, excepting growth delaying. At harvesting 
time the bulb is pinky in section, the tissue is discoloured and loses 
the internal structure. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
                   detail old leaf   detail new leaves 
 

14 days after rising     30 days after rising 
 

Fig. 2 – Mn toxicity in soybean (left pot – severe growth stunting, right pot – normal plant) 
(original photos by Gh. Budoi) 

 
 
 
 
 
 
 
 



 66

 
 

 
 
 
 
 
 
 
 
 
 
 
 

12 days after rising 
 
 
 
 
 
 
 
 
 
 

31 days after rising 
 
Fig. 4 – Mn toxicity in tomato seedlings. Upward (12 days after rising): left image – growth 
stunting and chlorosis (right pot: normal growth); right image – detail of Mn toxicity on 
cotyledon leaves and on first true leaves. Downward (31 days after rising):  growth stunting, 
basal leaves death, some plant death (original photos by Gh. Budoi) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5 – Mn toxicity on older leaves in cucumber at 27 days 
after rising (original photos by Gh. Budoi) 

 
 
 
 
 
 
 
 
 
 
Fig. 6 – Mn toxicity in garlic, 
18 days after rising: no visual 
symptoms, excepting growth 
delaying (original photo by Gh. 
Budoi)



 67

CONCLUSIONS 
 

The paper brings contributions which represent the basis for the improvement of the 
nutrient disorder identification keys. The images presented are very useful for producers. 
Garlic was the most resistant to Mn toxicity, which showed no symptoms 30 days after rising. 
The most sensitive was the red clover, which disappeared in cotyledon stage, and soybean, 
which showed very severe growth stunting and specific necrosis. 
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ABSTRACT 
 

Our researches made between 1996-2002 aimed to establish the most efficient 
technology and fertilizers used in apple fruit growing. Compared to the conventional 
fertilization methods applied on the soil, foliar fertilization brings supplementary small 
nutrients amounts that act stimulating the leaf metabolism and determining increased 
absorption of soil nutrients. The experiment was placed in a high-density apple Idared variety 
orchard, and totalized 16 variants, placed into randomised blocks of 8 trees/variant. The foliar 
fertilizers were applied 3 times: immediately after blossom and every 2 weeks after. 

The experimental variants totalized 15 types of Romanian and foreign foliar fertilizers 
(F 231, Folifag, Plant power, Nutrivit, Nutricamp 10-20-40, Cropmax, ICPA 6288, Amestec, 
Nutrient expres, Calmax, PPCF, Stimucrop 10-10-10, Stimucrop 15-3-3, Kristalon start, 
Kristalon pold) compared to the control without any foliar fertilizers (1, 2). After these 
treatments the yield raised with 1.6 t/ha (7%) using F231 and 7.4 t/ha (32.4%) using 
Stimucrop 15-3-3 compared to the control. 

The foliar fertilization determined the increase of the photosynthetic efficiency and 
stimulated leaf metabolism. Total assimilating pigments increased from 2.0518 mg/g fresh 
leaves in control to 2.5423 mg/g using Cropmax solution 0.1 % and to 2.6711 mg/g with 
Stimucrop 15-3-3 1% concentration. Foliar fertilization determined increasing yields using 
small quantities of nutrients, vitamins, stimulatory substances that are totally absorbed, 
preventing environmental and fruit contamination (3). 
 
Key words: foliar, fertilizers, apple, yield, unpolluting. 
 
 
INTRODUCTION 

 
While using unconventional ways of soil fertilization, with natural and chemical 

fertilizers in order to obtain higher yields, the risk of environment degradation could appear. 
This degradation would be caused by chemical pollution of soil and crops. 

Foliar fertilization is a technique leading to an increase of the energetic and 
photosynthetic efficiency by stimulating leaf metabolism and consequently intensifying the 
absorption of soil nourishing elements (1-4). 

Our researches made between 1996-2002 aimed to establish the most efficient 
technology and fertilizers used in apple fruit growing. 
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MATERIALS AND METHODS 
 

The experiment took place in a high-density apple Idared variety orchard, and totalized 
16 variants, placed into randomised blocks of 8 trees/variant. The soil characteristics are 
presented in the table 1. 
 

Table 1. The main properties of the soil 
 

Soil  
horizon Depth pH  

H2O 
Humus 

% 
Nt  
% C/N Pal ppm Kal 

ppm V % % clay 

Amp 0-20 7.41 4.38 0.231 12.7 88 151 93.4 38.1 
Am 20-40 7.58 3.12 0.211 11.8 77 196 91.2 37.7 
A/B 40-60 7.47 1.43 0.142 11.6 41 177 82.7 39.4 
Bv1 60-90 8.24 0.88 0.056 10.8 32 166 88.4 36.1 
Bv2 90-110 8.35 0.75 0.035 10.1 10 141 98.5 34.5 
B/C 110-130 8.44 0.58 0.022 10.7 11 141 100 35.4 

 
The foliar fertilizers were applied 3 times: immediately after blossom and every 2 

weeks after, using 1000 l/ha solution. 
The experimental variants were: V1 - the unfertilized control; V2 - F 231  1%; V3 - 

Folifag  1%; V4 - Plant power  0.2%; V5 - Nutrivit  0.5%; V6 - Nutricamp 10-20-40  0.5%; V7 
- Cropmax  0.1%; V8 - I.C.P.A. 6288  1%; V9 - Amestec  1%; V10 - Nutrient expres  0.5%; V11 
- Calmax  1%; V12 - P.P.C.F. 231  0.5%; V13 - Stimucrop 10-10-10  1%; V14 - Stimucrop 15-
3-3  1%; V15 - Kristalon start  1%; V16 - Kristalon pold  1%.  
 
 
RESULTS AND DISCUSSIONS 
 

The results concerning the production and energetic efficiency of the new types of 
Romanian and foreign foliar fertilezers compared to the old Romanian Folifag and F231 
fertilizers are presented in table 2. 

The largest average production (30.2 t/ha) was obtained at V14 (fertilized with Stimucrop 
15-3-3  1%) followed by V13 - Stimucrop 10-10-10  1%; V16 - Kristalon pold  1%; V15 - 
Kristalon start  1%; V5 - Nutrivit  0.5 %; V7 - Cropmax  0.1 % and V6 - Nutricamp 10-20-40  
0.5% with production over 29 t/ha. 

When using the foliar fertilizer F231 1%, the production efficiency compared to the 
control was insignificant (1.6 t/ha). 

Folifag 1% gave a significant production efficiency compared to the control group (1.7 
t/ha). 

We noticed the following products with very significant production efficiency: Nutrivit  
0.5%; Nutricamp 10-20-40  0.5%; Cropmax  0.1%; Calmax  1%; Stimucrop 10-10-10  1%; 
Stimucrop 15-3-3  1%; Kristalon start  1%; Kristalon pold  1% with over 5.7 t/ha compared 
to the control. 

I.C.P.A 6288 - the new Romanian product which will be soon released on the market, 
applied in 1% concentration also contributed to a very significant production efficiency by 5.7 
t/ha.(4, 5). 

By using Romanian or foreign foliar fertilizers an increase in production efficiency and 
bioconversion of light energy can be observed (table 2). 
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Table 2. The productive and energetic efficiency of the foliar ferilization in Idared apple 
trees 
 

Average  
production Production efficiency Energetic efficiency 

(Mcal/ha) Variants 
kg/ha t/ha Produc-

tion t/ha % Signifi-
cance 

Consu 
mption Balance Total 

V1  Control 22825 22.8 - 100  6480 2777 9257 
V2 F231   1% 24476 24.4 1.6 107.0  7341 3146 10487
V3 Folifag   1% 24493 24.5 1.7 107.4 x 7359 3154 10513
V4 Plant Power   0.2% 26536 26.5 3.7 116.2 x 8415 3606 12021
V5 Nutrivit-0.5% 29043 29.0 6.2 127.2 xxx 9722 4167 13889
V6 Nutricamp 10-20-40 0.5% 29311 29.3 6.5 128.5 xxx 9862 4227 14089
V7 Cropmax   0.1% 29275 29.2 6.4 128.1 xxx 9843 4219 14062
V8 I.C.P.A. 6288   1% 28542 28.5 5.7 125.0 xxx 9461 4055 13516
V9 Amestec   1% 26540 26.5 3.7 116.2 x 8417 3607 12024
V10 Nutrient expres 26608 26.6 3.8 116.7 xx 8452 3623 12075
V11 Calmax   1% 29030 29.0 6.2 127.2 xxx 9715 4164 13879
V12 P.P.C.F.231   0.5% 28248 28.2 5.4 128.2 xx 9308 3989 13297
V13 Stimucrop 10-10-10  1% 29962 29.9 7.1 131.1 xxx 10201 4373 14574
V14 Stimucrop 15-3-3  1% 30279 30.2 7.4 132.4 xxx 10367 4443 14810
V15 Kristalon start   1% 29773 29.7 6.9 130.2 xxx 10103 4330 14433
V16 Kristalon plod   1% 29838 29.8 7.0 130.7 xxx 10137 4344 14481

DL 5% = 1.64   DL 1% = 3.78   DL 0.1% = 5.63 t/ha 
 

When the fertilization was made with F231 and Folifag, the energetic efficiency rose 
with about 1000 Mcal/ha compared to the control group where the total energetic efficiency 
was 9257 Mcal/ha. The treatmens with new foliar fertilizers determined total energetic 
efficiency increases of 3000 - 5000 Mcal/ha compared to the control group.  

By foliar fertilization the energetic balance rose from 2777 Mcal/ha in V1 to over 4000 
Mcal/ha in V5, V6, V7, V8 and V11. 

The increase of leaves photo-assimilative pigments content in foliar fertilized variants 
(table 3) determined an intensified photosynthesis and consequently significant production 
efficiency. 

The content of chlorophyll a increased from 1.1705 mg/g of fresh substance (fs) in the 
control group to 1.5533 mg/g fs by treating with Stimucrop 15-3-3 1% and to 1.4370 mg/g fs 
when using Kristalon start 1%. 

The chlorophyll b content showed an increase from 0.4583 mg/g fs in V1 to 0.5696 mg/g 
fs by using Calmax 1% and to 0.6108 mg/g fs with Stimucrop 10-10-10 1%. 

As an effect of foliar fertilization, the carotene content also increased from 0.4230 mg/g 
fs in V1 to 0.5237 mg/g fs in the variant fertilized with Stimucrop 10-10-10 1% (V13). 

The same tendency of increase was observed in the assimilative pigments content which 
varied between 2.0518 mg/g fs in V1 and 2.6711 mg/g fs in V14 fertilized with Stimucrop 15-
3-3 1%. 

The chlorophyll ratio a/b had values between 2.55 in the group control (V1) and 3.11 in 
V5 fertilized with Nutrivit 0.5%. 

We observed significant differences between total chlorophyll and carotene ratio 
(a+b/c), with values oscillating between 3.85 in the group control (V1) and 4.35 in V5 
fertilized with Nutrivit 0.5%. The increase of the content of chlorophyll a, b, and carotene as 
well as the total content of pigments showed the significant role of the foliar fertilizers in 
stimulating plant metabolism with a direct influence upon the crop yields. 

The results concerning the leaves mineral elements content determined by foliar 
diagnosis showed that the absorption and translocation kinetic of those elements is faster 
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when using foliar fertilizers and could prevent some negative aspects during the vegetation 
period. 

Thus, the total nitrogen content (Nt) was 0.65% in the control (V1), 0.48% in V8 
fertilized with ICPA 6288 1% and 0.38% in V5 fertilized with Nutrivit 0.5%. 

The phosphorous content varied between 0.78% in the control (V1) and 0.30% in V15 
fertilized with Kristalon start 1%. 

 
Table 3. The photoassimilative pigments and mineral elements content after foliar 

ferilization in Idared apple trees 
 

Variants 
Chloro 
phyll a 
mg/g fs 

Chloro 
phyll b 
mg/g 

fs 

Caro-
tene 

mg/g fs

Total
a+b 

mg/g 
fs 

a/b a+b/
c 

Nt 
% 

P2O5
% 

K2O 
% 

Na2O 
% 

CaO 
% 

Total 
mineral
elements

% 
V1 Control 1.1705 0.4583 0.4230 2.0518 2.55 3.85 0.65 0.78 0.85 0,29 0.34 2.91 
V2 F231   1% 0.8110 0.3442 0.3505 1.5057 2.36 3.89 0.41 0.40 1.10 0,39 0.30 2.60 
V3 Folifag   1% 1.6122 0.6340 0.5639 2.8101 2.54 3.78 0.58 0.60 1.20 0,40 0.34 3.12 
V4 Plant Power   0.2% 1.1716 0.4358 0.4038 2.0112 2.69 3.98 0.42 0.41 1.12 0,58 0.38 2.91 
V5 Nutrivit-0.5% 1.1022 0.3543 0.3343 1.7908 3.11 4.35 0.38 0.30 1.30 0,46 0.44 2.88 
V6 Nutricamp 10-20-40 0.5% 0.8017 0.2802 0.2578 1.3397 2.86 4.19 0.43 0.70 1.05 0,45 0.42 3.05 
V7 Cropmax   0.1% 1.1796 0.7988 0.5639 2.5423 1.48 3.51 0.56 0,35 0.96 0,30 0.44 2,61 
V8 I.C.P.A. 6288   1% 1.1687 0.4977 0.4230 2.0894 2.34 3.93 0.48 0.70 1.87 0,67 0.40 4.12 
V9 Amestec   1% 1.1726 0.4348 0.4028 2.0102 2.69 3.99 0.47 0,43 1.02 1,48 0.40 2.80 
V10 Nutrient expres 1.1959 0.4317 0.4431 2.0707 2.77 3.67 0.58 0.92 1.00 0,36 0.34 3.20 
V11 Calmax   1% 1.3113 0.5696 0.4431 2.3234 2.30 4.24 0.65 0.63 1.25 0,43 0.40 3.36 
V12 P.P.C.F.231   0.5% 1.0037 0.3831 0.3545 1.7413 2.62 3.91 0.58 0.73 1.95 0,65 0.34 4.25 
V13 Stimucrop 10-10-10 1% 1.4310 0.6108 0.5237 2,5655 2.34 3.89 0.56 0.67 1.25 0,42 0.41 3.31 
V14 Stimucrop 15-3-3  1% 1.5533 0.5941 0.5237 2.6711 2.61 4.10 0.57 0.58 0.90 0,29 0.49 2.83 
V15 Kristalon start   1% 1.4370 0.4756 0.4632 26758 3.02 4.13 0.58 0.30 1.00 0,36 0.40 2.64 
V16 Kristalon plod   1% 1.1722 0.4204 0.3867 1.9793 2.79 4.12 0.47 0.45 1.40 0,48 0.44 3.24 

 
 

Table 4. The apparent degree of productive use of the nutrients (GAUPEN) from foliar 
fertilizers and the harvest efficiency 
 

Efficiency GAUPEN % 
Variants 

Average 
production  

kg/ha kg/ha % Signif. N P K 

V1 Control 22825 - 100  - - - 
V2 F231   1% 24476 1.6 107.0  101.2 113.5 108.4 
V3 Folifag   1% 24493 1.7 107.4 x 102.7 113.8 107.8 
V4 Plant Power   0,2% 26536 3.7 116.2 x 129.8 130.1 129.9 
V5 Nutrivit-0,5% 29043 6.2 127.2 xxx 148.5 150.8 144.1 
V6 Nutricamp 10-20-40 0,5% 29311 6.5 128.5 xxx 148.4 151.2 148.3 
V7 Cropmax   0,1% 29275 6.4 128.1 xxx 149.9 151.2 147.7 
V8 I.C.P.A. 6288   1% 28542 5.7 125.0 xxx 136.6 146.3 139.4 
V9 Amestec   1% 26540 3.7 116.2 x 129.9 130.2 129.9 
V10 Nutrient expres 26608 3.8 116.7 xx 130.2 130.5 130.4 
V11 Calmax   1% 29030 6.2 127.2 xxx 148.2 150.4 143.8 
V12 P.P.C.F.231   0,5% 28248 5.4 128.2 xx 140.6 143.9 144.2 
V13 Stimucrop 10-10-10   1% 29962 7.1 131.1 xxx 149.7 157.7 157.4 
V14 Stimucrop 15-3-3   1% 30279 7.4 132.4 xxx 149.9 160.3 160.1 
V15 Kristalon start   1% 29773 6.9 130.2 xxx 149.3 156.2 155.9 
V16 Kristalon plod   1% 29838 7.0 130.7 xxx 149.5 156.7 156.4 
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The potassium content had higher values after foliar fertilization, respectively 1.95% in 
V12 (P.P.C.F. 231 0.5%) compared to the control. 

The use of foliar fertilizers determined significant production increases as a result of 
improved utilization of the nutrient elements from the soil and leaves. It also diminished the 
risk of environment and fruit chemical pollution. 

The apparent degree of productive use of the nutrients (GAUPEN) from foliar fertilizers 
are greater than those usually obtained when common soil fertilizers are used (table 4). 

The GAUPEN factor for nitrogen started from 101.2% when fertilizing with F231 and 
went up to 150% when using Stimucrop products (6). 

The GAUPEN value for potassium was 107.8% using Folifag, rose to 139.4% for the 
Romanian foliar fertilizer I.C.P.A. 6288 and rose up to 160% with Kristalon and Stimucrop 
products.  
 
 
CONCLUSIONS 
 

The foliar fertilization with small doses applied three times every two weeks (using 
1000 l solution/ha) after the blossom period, determined an increase of the plants assimilation 
capacity, influencing positively the energetic and photosynthetic efficiency. 

That is why we consider the foliar fertilization an important unconventional and 
unpolluting measure, meant to increase fruit crops through an ecological process suitable for 
sustenable development. 

Foliar fertilization in Idared apple trees yielded in production efficiencies between 1.6 
t/ha (V2 - F 231 1%) and 7.4 t/ha (V14 - Stimucrop 15-3-3 1%). 

Nevertheless foliar fertilization should not substitute soil fertilization, because if used 
for a long period of time, it can determine soil degradation by mineral elements depletion.  

Therefore it is necessary to alternate correctly in time and space the unconventional 
fertilization with optimum doses of fertilizers applied on soil. 
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ABSTRACT 
 

It is well known the complex effect of stimulating substances and foliar fertilization 
upon plants. The new foliar fertilizers, with a complex content of nutrients, macro and 
microelements protein-bound, are considered ecological products. That is why, they represent 
modern means, alternative and non-conventional use for quantitative and qualitative 
improvement of agricultural production. Moreover, they improve the decorative aspects of 
ornamental plants. These products have a high solubility and are involved in mineral nutrition, 
chlorophyllian assimilation and plants metabolism, influencing the energetic and photosynthetic 
efficiency of plant. Applied in the period of vegetation, they ensure increased yields, but do not 
substitute the chemical and organic fertilizer. The work concerns a series of experiments 
designed to test the effect of four liquid compounds: three with protein sources in the form as 
amino acids and ureides (CLAAU a5, CLAAU a6, CLAAU a7) and Folisof F 212 applied on a 
Cyclamen persicum culture (3, 5). 

The experimental results showed the improvement of ornamental characters of tested plants. 
 
Key words: cyclamen, foliar fertilizer,  
 
 
INTRODUCTION 
 

The foliar fertilization associated with the soil one, or even by itself, represents a 
technological way of crop growth. The foliar nutrition does not replace the soil fertilization, 
but it can supplement the nutrition deficiency during vegetation. 

Studies in this field have shown the productive efficiency of foliar fertilization and its 
positive influence on the energetic and photosynthetic performances. The advantages of the 
foliar fertilization upon the soil one are obvious: it is used in smaller quantities, assures the 
rapid metabolic incorporation, prevents the nutrition deficits during the vegetative period and 
represents an unconventional and unpolluting way of influencing the metabolism and the 
photosynthesis (1, 2). In ornamental plants the efficiency of foliar fertilization reflects directly 
in their decorative qualities. The aim of this study was to test the possible effects of some new 
Romanian foliar fertilizers on Cyclamen persicum. 

Cyclamen persicum L. – fam. Primulaceae, originates from the Mediterranean zone. It is 
cultivated as flower-pot specie, for interior decoration, and also for the procurement of cut 
flowers, very appreciated for their resistance in water pots (4, 6). 

According to the moment of sowing and the way of leading the culture, it could blossom 
since autumn till spring. 
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MATERIALS AND METHODS 
 

The study took placed in the didactic green house of the University. It aimed to test 
some new Romanian products as stimulators and fertilizers in Cyclamen persicum. 

The tested products were liquid mixtures of amino acids and ureides coded CLAAU a5, 
a6, and a7. They were applied on seeds before sowing. The plants obtained from the seeds 
were foliarly fertilized with Folisof F 212 (1). 

Selected Cyclamen seeds were immersed in aqueous solution of the three compounds, 
obtaining four experimental variants: 

-V1- the control variant (seeds wetted in distilled water); 
-V2- seeds treated with CLAAU a5 1%; 
-V3- seeds treated with CLAAU a6 1%; 
-V4- seeds treated with CLAAU a7 1% 
The sowing has been done in boxes, in a mixture made of leaf-soil, divot and sand, in a 

v/v ratio 2:1:1. The saplings have been pricked-out twice (at 5, respectivly at 12 weeks from 
emergence), and in the end they have been planted in pots, in a mixture made of garden soil, 
oligotrophical peat dung and sand in a v/v ratio of 3:1:1:1. 

The plants obtained from the V1-V4 variants have constituted the biological material for 
testing the foliar fertilizer Folisof F 212 administered weekly, resulting other eight variants: 

-V5 – unfertilized plants obtained from V1; 
-V6 – fertilized plants obtained from V1; 
-V7 - unfertilized plants obtained from V2; 
-V8 - fertilized plants obtained from V2; 
-V9 - unfertilized plants obtained from V3; 
-V10 - fertilized plants obtained from V3; 
-V11 - unfertilized plants obtained from V4; 
-V12 - fertilized plants obtained from V4. 

 
 
RESULTS AND DISCUSSION 
 

After 30 days from sowing, at 5 days intervals, it can be seen that at the first 
determination there was a percentage of 10-15% emergence only at the plants from the V2-V4 
variants, in contrast with the control variant in which the process has started after 35 days and 
in a smaller percentage. After 40 days from sowing, the percentage of emergence was over 
65% at the V2-V4 variants, while in the control it was only 32 % (tab.1). 

Table 2 presents the treatment influence on the length and the percentage of emergence. 
Compared to the control (V1), the other variants needed a shorter time for emergence and had 
a greater percent of emergence. The variant V3 stands out with the best result in which the 
emergence in percent of 87 % (19.2 % compared to the control) was obtained during 17 days 
(with 3 fewer days than the control). With same values as emergence percent are variants V2 
and V4 which outrun the control with 15.1 and 13,7 %. 
 

Table 1. The plant emergence dynamic at Cyclamen persicum 
 

Total % of emergence after Variant 
30 days 35 days 40 days 45 days 50 days 

V1 (control) 2.0 16.0 32.0 51.0 73.0 
V2 12.0 37.0 68.0 84.0 84.0 
V3 15.0 41.0 71.0 87.0 87.0 
V4 10.0 33.0 65.0 83.0 83.0 
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Table 2. The CLAAU products treatment influence on the emergence of the plants of 
Cyclamen persicum 
 

The emergence 
necessary period 

Emergence 
percent 

Variant 
Nr. 
of 

seeds 
Sowing date The emergence

start date 

The 
emergence 
finish date Days 

Days compared 
to the control 

(+,- days) 

From 
total 

Compar
ed to the 
control 

V1 
(control) 50 16. 07.2003 14.09.2002 4.10.2002 20 - 73.0 100.0 

V2 100 16. 07.2003 12.09.2002 28.9.2002 18 -2 84.0 115.1 
V3 100 16. 07.2003 10.09.2002 26.9.2002 17 -3 87.0 119.2 
V4 100 16. 07.2003 12.09.2002 29.9.2002 19 -1 83.0 113.7 

 
We studied the dynamic of leaves growth and development in plants untill pots 

transplanting to establish the possible influence of seeds treatment (fig.1, 2, 3, 4). Our results 
show small differences between variants although V3 seemed to be superior to other variants. 
Last observations made after six months showed that the leaves number varied between 5.5-
6.6 and the petiole had 3.3–3.5 cm and leaflet dimensions were 2.6 x 2.3 cm. 
 

Fig. 1 - Developement and leaf growth dinamic at Cyclamen 
persicum (untill pots transplanting) - number of leaves
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Fig. 2 - Developement and leaf growth dinamic at Cyclamen 
persicum (untill pots transplanting) - petiole lenght (cm)
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Fig. 3 - Developement and leaf growth dinamic at Cyclamen 

persicum (untill pots transplanting) - leaflet lenght (cm)
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Fig. 4 - Developement and leaf growth dinamic at Cyclamen 
persicum (untill pots transplanting) - leaflet width (cm)

1,9 2,1 1,9 22,2 2,3 2,3 2,32,5 2,7 2,8
2,5

0

1

2

3

V 1 V 2 V 3 V 4

20.10.2002 20.12.2002 17.02.2003
 

 
The influence of foliar fertilizer Folisof F 212 was appreciated by biometric measurements 

(tables 3 and 4). In all fertilized variants height and foliar biomass were grater than in unfertilized 
ones, the differences being more evident in time. Adult plants exceeded control by 84.8 – 95.7 % 
regarding the average leaves/plant and by 29.1 – 43.9 % regarding the height. The influence of 
foliar fertilization upon plants decorative features was assessed by the number of flowers/plant, 
flowers stalk height and length of blossom period. 

Fertilized plants exceeded by 50 % the unfertilized ones concerning flower number, 
reaching even 90 % in variant V8 and V10. Flowers stalks were higher by 40 – 50 % than 
corresponding unfertilized. The blossom period has been prolonged by 7 – 10 days in fertilized 
plants. All these characters contributed essentially to the increasing ornamental plants features.
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Table 3. The influence of foliar fertilization upon Cyclamen persicum plantlets growing 
 

March 2003 May 2003 July 2003 
Nr. of leaves/plant Height Nr. of leaves/plant Height Nr. of leaves/plant Height 

Difference to the 
control 

(%) 

Difference to the 
control 

(%) 

Difference to the 
control 

(%) 

Difference to the 
control 

(%) 

Difference to the 
control 

(%) 

Difference to 
the control 

(%) V
ar

ia
nt

 

Nr. 
nr 

(+;-) % 

cm 
cm 

(+;-) % 

Nr. 
nr 

(+;-) % 

cm 
cm 

(+;-) % 

Nr. 
nr 

(+;-) % 

cm 
cm 

(+;-) % 

V5 8.0 - 100.0 5.4 - 100.0 18.4 - 100.0 9.3 - 100.0 28.9 - 100.0 10.7 - 100.0 
V6 9.4 +1.4 117.5 6.1 +0.5 112.9 26.2 +7.8 142.4 12.0 +2.7 129.0 53.4 +24.5 184.8 15.4 +4.7 143.9 
V7 8.3 - 100.0 5.7 - 100.0 16.7 - 100.0 9.8 - 100.0 27.7 - 100.0 11.2 - 100.0 
V8 10.0 +1.7 120.5 6.4 +0.7 112.2 28.7 +12.0 171.9 11.8 +2.0 120.4 54.2 +26.5 195.7 15.3 +4.1 136.6 
V9 8.5 - 100.0 6.0 - 100.0 20.1 - 100.0 8.2 - 100.0 29.5 - 100.0 9.7 - 100.0 
V10 10.5 +1.5 123.5 6.6 +0.6 110.0 29.4 +9.3 146.3 10.4 +2.2 126.8 56.5 +27.0 191.5 14.7 5.0 151.5 
V11 8.1 - 100.0 5.6 - 100.0 15.8 - 100.0 9.5 - 100.0 27.4 - 100.0 11.0 - 100.0 
V12 9.8 +1.7 121.0 6.4 +0.8 114.3 28.2 +12.4 178.5 11.0 +1.5 115.8 52.9 +25.5 193.1 14.2 3.2 129.1 

 
 

         Table 4. The influence of foliar fertilization upon Cyclamen persicum decorative features 
 

Nr. of flowers/plant The length of stalks The length of 
blossom period 

Variant 

The 
appearance 

of first 
flowers Nr. 

Difference 
to the 

control 
(%) 

cm 

Difference 
to the 

control 
(%) 

Days 

Difference 
to the 

control 
(+,- days) 

V5 8.08.2003 16.9 100.0 14.1 100.0 75 - 
V6 18.07.2003 28.2 166.9 21.4 151.8 86 +9 
V7 10.08.2003 16.5 100.0 15.2 100.0 68 - 
V8 25.07.2003 31.3 189.7 22.0 144.7 79 +9 
V9 3.08.2003 18.0 100.0 14.6 100.0 65 - 
V10 15.07.2003 34.0 188.9 22.5 154.1 72 +7 
V11 15.08.2003 17.3 100.0 14.9 100.0 78 - 
V12 28.07.2003 27.5 159.0 22.7 152.3 88 +10 
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CONCLUSIONS 
 

The CLAAU seed treatment before sowing has improved the percent of emergence and 
has reduced the time needed to the emergence. The best emergence percent was obtained with 
CLAAU a6. 

The influence of seeds treatments was less evident upon the growth and the 
development of the small plants, till prick-out. 

The foliar fertilization with the Folisof F212 after pricking-out have induced the growth 
number of leaves/plant with 84.8-95.7 % compared to the control and height plants with 29.1-
51.5 %. It determined also the increasing number of flowers/plant with 60-90 % and it 
prolonged the blossom period with 7 -9 days. 

The foliar fertilization represents an agrochemical alternative and efficient way of crop 
growth in the conditions of a sustenable development. 
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ABSTRACT 
 
The researches were performed in mollic reddish brown soil in Res. Inst. Vidra. 
In the 23 cm depth Ape horizon, the content of soil is 23.4% clay with ∅ < 0.002 mm, 28.6% 
dust and 42.3% fine sand. 
For soil structure amelioration and crust effect diminish, it was used polyelectrolyte Ponilit 
GT1 in 0.1; 0.15 and 0.2% concentrations. Treatment was done after onion drill (Diamant). 
Analyses, observations and measurements results showed the increase with 177-617% of 
hydrostable macro aggregate soil content, the diminish with 8.32% of fine particles soil 
content, the increase with 34-144% of the sprout plants number and with 9-58% of bulb yield. 
 
Key words: soil conditioned, hidrostability, dispersion, onion yield. 
 
 
INTRODUCTION 
 

In many soils, the seedbed can be unsuitable from the viewpoint of plant emergence. 
Sprinkle irrigation and rainfalls can destroy their structure and thus, by drying, they can 
evolve into crust, especially when rain is followed by warm weather. The effect of turning 
into crust is soil mechanic resistance, leading to low aeration of the seedbed under the crust. 
The process of turning into crust is often followed by microbial attack and water and nutrients 
inhibition. 
  The crust prevents water infiltration, increasing mud and favouring soil erosion by soil 
particle dislocation. The water evaporation on the soil surface can also result in an increased 
salts content with eventually has a negative effect upon plants. 
 Since 1951, the American Association for Soil Promotion held the conference 
”Improving Soil Structure” in Philadelphia, where it stated the principle of introducing small 
amounts of certain synthetic polymers with the aim of determining important changes in the 
physical properties of the soil. The possibilities to increase soil stability led to the 
organization of a special conference on this topic in 1952. The conclusion was that the 
synthetic macro-molecules were clearly superior to natural polysaccharide and polyuronide, 
already known as active in stabilizing the soil aggregates. 
 Between 1954-1965, few studies were made in Romania, but research on the use of the 
synthetic polymers has increased only after 1982. 
 In Romania, 45% of the arable land is made up of soils sensitive to crust formation 
(Canarache A., 1990). 
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 The first experiments to prevent crust formation by increasing the water stability of the 
structural aggregates on the seedbed surface were performed on sugarbeet crop with 
monogerm seed. The results were encouraging and research has been extended to vegetable 
growing on species with small seeds which can be incorporated in soil at low depths and 
whose emergence is prevented by the crust. 
Objectives: to improve soil structure on seedbed surface; to support plant emergence; to 
achieve high bulb yields. 
 
 
MATERIAL AND METHODS 
 

The experiments were carried out on the mollic brown reddish soil of ICDLF (?) Vidra 
between 2001 and 2002. 
 The soil (Ape horizon, 0-23 cm) has 23.4% clay of Ø<0.002 mm, 28.6% dust; 42.3 % 
fine sand; 4.1.% gross sand; 1.35 g cm-³ bulk density; 50% total porosity; 20% air capacity; 
5.3% hygroscopic coefficient; 7.9% wilting coefficient; 21.9% field capacity; 14.0% available 
moisture holding capacity; 17.2% minimum moisture content and 8.9% saturated hydraulic 
conductivity. 
 The synthetic polymer commercially known as Ponilit GT1 was used in order to 
reduce the crust formation process following the increase in water stability of the structural 
aggregates on the seedbed surface. This polymer is an anionic polyelectrolyte, a vinyl-acetate-
maleic acid copolymer. The products are a watery solution, light yellow in colour, transparent 
and viscous, with concentrations between 25-35% and pH 6.5-8. 
 The soil of the experimental field was cultivated with onion from the Diamant variety. 
 The experiment was monofactorial according to the random blocks method, on four 
repetitions, and consisted of the following variants: 

1. Control (water-moistened soil);  
2. Ponilit GT1, 0.1% concentration; 
3. Ponilit GT1, 0.15% concentration; 
4. Ponilit GT1, 0.2% concentration. 

The treatment was performed immediately after sowing, the solution being applied 
manually along the rows with a watering can. The treatment of 1 ha of high-bedded land 
required 2-.800 l solution prepared from 8.4; 12.6; 16.8 kg raw polymer of 33% a.s. 
respectively.  
Analysis and observations 

To determine the effect of the GT1 polyelectrolyte treatment upon the structure of the 
mollic brown reddish soil of ICDLF Vidra, samples were collected from the 0-1 cm layer and 
tested in the laboratory for: 

- the hidrostability of the structural macro-aggregates (%g g-1); 
- dispersion – the content in particles smaller than 0.01 (%g g-1); 
- structural instability, calculated index using the following formula: 

9.0
01.0

×−
<

=
sandcoarseaggregateslehydrostabi

mmparticlesSI  

Observation was performed until the time of total emergence in order to know the 
effect of improving the soil structure on the seedbed surface upon the emergence of the onion 
plants. 

The measurements were also concerned with the bulb yield. 
The data obtained by analysis and observation were statistically interpreted by the 

variance analysis method and the Tukey test of multiple comparison. 
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RESULTS AND DISCUSSION 
 
Hidrostability 

The soil content in macro-aggregates on the seedbed surface was low (6%) in the 
control, medium (17%) in the 0.1% Ponilit GT1-treated soil, and high (23-38%) in the 
concentrations of 0.15-0.2% (Fig.1). The differences were statistically significant-. 
 

Dispersion 
The soil content in fine particles (Ø<0.01 mm) was significantly reduced by the 

application of this treatment: dispersion was medium (4.5%) in the treated variant, compared 
with high (7.5%) in the control. 

Structural instability 
Structural instability recorded an important decrease. In the control, the structural 

instability index was extremely high (2.25), while in the Ponilit GT1-treated soil it was low or 
medium (0.2-0.73) (Fig. 3).  

Statistically, the differences were significant in the control and V2 and insignificant 
between V3 and V4.   
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Emergence, plant growth and onion yield 

The improvement of the soil structure on the seedbed by applying Ponilit GT1 led to a 
decrease in the crust effect upon the onion plant emergence.  
In the control the number of emerged plants was 49 ml-1 while in the treated variants it was 
66-120 plants ml-1. The difference was significant in the 0.2% concentration (Fig. 4). The 
average height of the onion plants was 17-37% and the bulbs diameter was 30-60% higher in 
the treated soil, compared with the control. 

 
The average bulb yield was 9.7 t ha-1 in the control and between 10.6 and 15.3 t ha-1 in 

the variants grown on the improved soil structure. The yield was 9-58% higher in the 
treatment variants than in the control (Fig. 5). 
 The statistical calculation emphasized significant differences between the variants of 
improved soil structure on the seedbed surface compared with the control. 
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CONCLUSIONS 
 

- The application of the treatment with the Ponilit GT1 polyelectrolyte suspension 
resulted in the improvement of the physical characteristics of the mollic brown-
reddish soil of Vidra. 

 Hidrostability increased by 177-617% compared with the control. 
 The fine particle amount (dispersion) decreased by 68-92% compared with the control. 
 The structural instability index had values lower with 8.8-32.4% compared with the 

control. 
- The plant density in the improved variants was 34-144% higher than the control. 
- While the Ponilit GT1 was used, the bulb yield increased by 9-58% compared 

with the untreated soil. 
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ABSTRACT 
 
It is known that the waste organic products resulted from various economic sectors have a 
positive effect on soil thanks to their high content in fertilizing elements. Nevertheless, at the 
same time, negative effects can also occur, due to their extremely complex composition and 
the characteristics of the different components. These effects can be seen not only on soil but 
also on the quantity and quality of crop yield. Therefore, the introduction of a new 
technological component into agricultural circulation requires thorough studies and research 
performed in controlled system under different conditions. 
Composting is the best alternative for sludge use on agricultural soils. This process requires 
composting agents that facilitate aeration and improve the carbon sources necessary to 
microorganisms. Sawdust provides best conditions as a size agent (Laos et al., 2002).  The 
resulting compost improves the physical and physico-mechanic features of the loamy and 
clayey soil (e.g., lower penetration resistance, higher porosity). 
At present, in Romania - especially in the highly wood - producing areas, there are concerns 
for sawdust recycling through composting, as sawdust is present in high amounts impossible 
to deposit or use for other economic purposes. 
Our four-year experiments were performed on a tomato crop grown in a solarium-greenhouse. 
The compost rates applied were: 30, 50, 70 and 90 t/ha. The controls were: unfertilized and 
manure-fertilized soil (50 t/ha). 
Quantitatively, the tomato yield was significantly influenced by the compost rates applied, the 
highest amounts being recorded in the highest compost rates (over 50 t/ha). Fruit quality was 
not affected by the heavy metals present in compost (in most cases, contents under the MAL).  
 
Key words: compost, tomato, heavy metals translocation 
 
 
INTRODUCTION 
 

Compared to landfilling and incineration, the application of sewage sludge to 
agricultural land is a more sustainable treatment because it recycles both nutrients and organic 
matter.  

One of the main problems that conditions the sludge use is the potential effect derived 
from the presence of heavy metals. Similarly, uncontrolled mineral fertilizers application 
could be another important input for such metal contaminants of agricultural soils as cadmium 
occurs in ores used in the production of P fertilizers (Moral et al., 2002; Andersson, 1992). 
Heavy metals are present in soil in various forms. Different forms of heavy metals have 
different mobility and phytoavailability (Chlopecka, 1996). To reduce the availability of 
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heavy metals in sewage sludge is one of the major concerns in the land application of sewage 
sludge.  

Composting has been advocated as one component of sustainable agriculture (Arrougé 
et al., 1999; Edwards et al., 2000).  

In the present work, four doses of compost resulted from sewage sludge and 
coniferous sawdust were compared with untreated soil and manure fertilized soil. The 
research was carried out in polyethylene-covered solarium during three years. The final aims 
were the evaluation of the heavy metals transfer from agricultural soils to cultivated plants, 
and the influence of the cumulative effect of some compost doses upon the soil, tomato yield 
and quality.  
 
 
MATERIALS AND METHODS 

 
The compost from sewage sludge and coniferous sawdust was produced in 

collaboration with the “Rhododendron” Association for Environmental Protection – Târgu 
Mures, and was based on well-controlled recipes so that the material should have fertilizing 
qualities to its agricultural use. Compost can act as an effective surface mulch, increase the 
concentration of soil organic matter, improve tilt and water-holding capacity, suppress weeds, 
and provide a long-term supply of nutrients as the organic material decomposes pH. 

The main physical characteristics of the compost used in the experiment were: 
Bulk density: 0.64 g/cm3; moisture: 43.5 % g/g (within the minimum limits of 

application as organic matter to agricultural soils); saturated hydraulic conductivity: very 
high, 204 mm/h on average, as a result of low bulk density and high content in organic matter. 

The main chemical characteristics of the compost were: pH: 7.35 - 7.37; M.O. (%): 
34 – 49; Nt (%): 0.64 – 0.73; P (%): 0.08-0.11; K (%): 0.22 – 0.24; heavy metals (Cu; Zn; Pb; 
Co; Ni; Mn; Cd ) under the MAL. 

Site description. Research was carried out at the Bucharest University of Agronomic 
Sciences and Veterinary Medicine in a polyethylene-covered solarium of 125 m2 in surface. 
The experiment was linear, placed in 4 repetitions. The compost was applied uniformly on 
soil surface during four years (each autumn), according to the calculated doses, then was 
incorporated into soil. This fertilized surface was cultivated with the tomato hybrid Arletta 
F1. 

The experimental variants were the following:  
V1 = control 1, unfertilized soil; V2 = control 2, 50 t/ha manure; V3= 30 t/ha compost;  
V4= 50 t/ha compost; V5= 70 t/ha compost; V6= 90 t/ha compost 

Crop and soil analyses:  
For the chemical composition of soil at the end of the experiment, soil was sampled 

from the topsoil (0-20 cm) and from subsoil layers, at 20-40 cm within the plots. Two series 
of samples were gathered and analyzed (02.07.2003 and 25.07.2003) for the chemical 
composition of the fruit. The data obtained were processed by the correlation and regression 
method. The early yield (represents the fruit that are harvested before the 10 of July) and total 
yield were determined and statistically interpreted by the variance analysis method – Student 
test.  

 
 

RESULTS AND DISCUSSIONS  
 
The influence of the compost dose (0-90 t/ha) on the soil chemical properties in the 

first 20 cm. The compost obtained from sludge and sawdust decreased the soil pH up to 0.6 
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units, from 8.1 to 7.52, with the dose increasing (fig. 1). This can be explained as following: 
the general tendency of soil pH in solarium and glasshouse is to increase toward 8-8.5 
because of the soluble salt accumulation in soil surface from water. The compost positively 
influenced the soil structure and permeability, and so the salts leached in soil profile in higher 
measure as the compost dose was higher. The soil humus content positively correlate with 
compost dose (R2 = 0.97); it increased from 5.12 to 7.10. The mobile P and K soil content 
linearly increased with dose (R2 = 0.917 for P and 0.897 for K). 
 

 

Fig. 1 – Correlation between soil pH, humus (H), 
mobile P and K content (0-20 cm) and compost 

dose applied 

Fig. 2 – Correlation between soil heavy metal 
content (0-20 cm) and compost dose applied 

 The influence of the compost dose on the soil heavy metal content is presents in 
figure 2. Excepting Co, there is a positive increasing of the heavy metal content with dose 
increasing. Cu increased from 54 to 78 ppm (R2 = 0.977), Zn from 157 to 191 ppm (R2 = 
0.978), Ni from 33 to 37 ppm (R2 = 0.938), Mn from 613 to 622 ppm (R2 = 0.998), and Cd 
from 0.165 to 0.393 ppm. There is no correlation between Co content and dose (R2 = 0.083). 
None of the considered elements surpassed the maximum admissible limits (MAL). 

Fig. 3 – Correlation between tomato fruit heavy 
metal content at 2 July 2003 and compost dose 

applied 

Fig. 4 – Correlation between tomato fruit heavy 
metal content at 25 July 2003 and compost dose 

applied 
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The same tendency was registered on the soil chemical properties in the layer 20-40 
cm as in the 0-20 cm layer. No one of the elements surpassed MAL. 
 The influence of the compost dose on the heavy metal content of tomato fruit (fig. 3 
and 4). Two harvesting times was considered: beginning (2 of July) and the end of harvesting 
(25 of July). Generally the heavy metal contents increased with dose, higher values being 
registered at the 25 of July (end of harvesting) as compared with 2 of July (beginning of 
harvesting), excepting Cu. The explanation can be that toward the end of harvesting time 
there are less and less fruits on a plant and so the heavy metals concentrate. At the beginning 
of the harvesting, the heavy metals absorbed by a plant are diluted in a higher fruit biomass on 
plant. 

At 2 of July, Cu increased with compost dose from 5.13 ppm up to 8.63, Pb from 5.5 
to 5.75, Mn from 8.63 to 9.2, and Cd from 0.15 to 0.195 ppm. At 25 of July, Cu increased 
from 6.13 ppm to 7.5, Pb from 5.25 to 6.8, Mn from 7.75 to 12.25, and Cd from 0.2 to 0.25 
ppm.  

The data shows that in both considered moments the heavy metal contents have been 
under the maximum admissible limits (15-20 ppm for Cu, 200 ppm for Zn, 3-15 ppm for Pb, 1 
ppm for Cd). 
 In the case of manure treated soil (control 2), in the 0-20 cm layer, heavy metal 
contents had values around the same as in control 1 (without organic fertilizers). The 
exception was Cd, where 385 ppm Cd was registered as compared with 0.165 ppm in control 
1, and 0.394 ppm when sludge compost was used. When manure was applied, the values of 
heavy metals in tomato fruits have been around the values in control, excepting Cd, as in the 
soil case. 
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Fig. 5 - The influence of the compost on the early tomato yield (2003)

 
 
The influences of the compost dose on the early and total tomato yield  (fig. 5 and 6).  
The early yields (until 10.07.03) recorded by the variants fertilized with compost and 

manure were compared with the control 1 (untreated soil). We found very significant 
differences in the following variants: V5, with 70 t/ha compost (7.25 t/ha); V6, with 90 t/ha 
compost (6.87 /ha), and V2 (Control 2), with 50 t/ha manure (6.70 t/ha). 

 

DL 5% = 2.45 t/ha 
DL 1% = 3.89 t/ha 
DL 0.1% = 5.15 t/ha 
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The total yields have had high values in all the variants fertilized with compost, and in 
the variant with manure too. The differences were very significant for all these variants, 
compared with the control 1 (untreated soil). Comparing the compost variants with that 
treated with manure (control 2), we did not find any significant differences of early or total 
tomato yields. 
 
 
CONCLUSIONS 

 
The four-year annual applications of the compost obtained from sludge and sawdust 

determined substantial influences on the soil chemical properties: soil pH decreases up to 0.6 
units; humus content, the mobil P and K and heavy metal content (excepting Co) increase in 
positively correlation with compost dose. 

All the variants fertilized with compost determined significantly differences from a 
viewpoint of early and total tomato yield. When great doses (70 – 90 t/ha) of compost were 
applied, the yields were superior to the manure variant. 

The heavy metal contents in tomato fruit increased with compost dose, higher values 
being registered at the end of harvesting, but they have been under the MAL, and did not 
reach the phytotoxical levels. 
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ABSTRACT 

 
Quantitative effects of the genotype, nitrogen nutrition level and year on indicators of 
technological quality have been determined by the analysis of total variance. Of the total 
variance for protein content in grain, 50.2% were due to N-nutrition, 15.7% were due to year 
of growing and 8.8% were due to genotype. In the total variance for wet gluten forming, the 
portion of variance due to N-nutrition was larger than those due to genotype and year, 38.7%, 
19.7% and 15%, respectively. The portion of variance due to genotype was largest for bread 
value, 67%.  

 
Key words: wheat, N-nutrition, technological quality 

 
 

INTRODUCTION 
 

Wheat is the staple food for a greater part of the world’s population. Its wide use is due to 
its high nutritive value, long storage life and relatively low price. Further developments in 
wheat production are aimed at the improvement of not only its quantitative and nutritive 
values but also its milling and baking properties.  

Wheat proteins were extensively studied over last 90 years, more extensively that proteins 
from other crops. Genetic studies and studies if wheat protein biosynthesis have shown the 
importance of wheat proteins in human nutrition (6).  

Reserve proteins (gluten) are specific for seed tissues. These tissues are the only sites of 
their synthesis and they accumulate there relatively late when compared with starch 
accumulation. Under conditions of insufficient nutrition, wheat seeds synthesize mostly 
structural and metabolic proteins. Still, a small amount of reserve proteins is synthesized, no 
matter how harsh the nutritive stress. The portion of reserve proteins increases with mineral 
fertilization (8). 

Gluten is described as a highly elastic material left over after starch is thoroughly rinsed 
from dough. Gluten features two important properties: elasticity and viscosity. Baking 
properties depend to a large measure on the content and quality of gluten (3). 

Application of nitrogen fertilizers tends to change protein structure, i.e., it changes dough 
elasticity and viscoelastic properties. High N doses increase the ratio of high- and low-
molecular subunits. Bread volume, water absorption power and baking score increase 
considerably in response to increased N dose (4). 
 (5) showed that, in dependence of wheat variety, N fertilization increased dough tolerance. 
Dough tolerance under conditions of N nutrition is chiefly determined by the genetic structure 
of reserve proteins and a significant interaction between these two factors (9).  
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MATERIAL AND METHOD 
 

Eight winter wheat varieties have been studied: Libellula (Li), Drina (Dr), Sremica (Sr), 
Novosadska rana-2 (NSR-2), Jugoslavija (Ju), Somborka (So), Lasta (La) and Pobeda (Po). 
The varieties differed in the biological and production characteristics as well as in 
technological quality. The analyzed samples belonged to the international ISDV 
(Internationale Internationale Stickstoff Dauer Versuche) stationary field trial established at 
Rimski Šančevi experiment field of Institute of Field and Vegetable Crops in Novi Sad. The 
variants of N fertilization were: 0, 60, 90, 120, 150 and 180 kgNha-1. Nitrogen was applied 
two times, 50% in the fall and 50% in the spring. Equal amounts of phosphorus and 
potassium, 80 kgha-1, were applied in all variants. Grain samples were analyzed for protein 
content (SP) and wet gluten content (SVG) as indirect indicators and baking score (BS) as a 
direct indicator of technological quality. The tested materials were taken from the 25th, 26th 
and 27th year of the trial (1995-1997), which mutually differed in weather conditions during 
the period of wheat growth, development and maturation.  

Wheat, flour and bred quality indicators were determined by conventional analytical 
methods in the quality laboratory of Small Grains Department of the Institute, in accordance 
with Regulations on the Methodology of Physical and Chemical Analyses of Quality of 
Wheat, Flour Mill and Bakery Products, Pasta Products and Quick-Frozen Pasta Products 
(Official Gazette of SFRY, 74/1988). Baking score was made on the scale 0-7 (where 7 is 
excellent), after pilot baking in the laboratory done in accordance with the internal standards 
of Department of Wheat and Flour Technology (1976), at Faculty of Technology in Novi Sad. 

Since the dependent variables were monitored in order to assess the effects of three factors 
(year, variety and N dose), analyses of variance and linear regression were used in this study, 
with N and variety being independent variables.  

The portions of variance of year, N nutrition, variety and their interactions in the total 
variance were calculated according to the model of (1). LSD test was used to determine the 
significance of the differences among the average values for the indicators under study.  

 
 

RESULTS AND DISCUSSION 
 
All sources of variation exhibited statistically significant effects on protein content. 

Nitrogen had the highest effect on protein content. It was responsible for 50.2% of the total 
variance. Weather conditions per year had a higher effect on protein content than variety. 
Their respective percentages were 15.7% and 8.8%. 

 
Table 1. Effect of N dose and year on protein content in wheat grain (% dm-1) 

 
Protein content  (% dm-1) 

kg N ha-1  (B) Year 
(A) 0 60 90 120 150 180 

Average 
per year 

1995 10.2 10.5 11.7 12.6 13.4 13.6 12.0 
1996 10.4 11.0 12.6 12.8 13.3 13.7 12.3 
1997 10.0 10.8 11.0 11.3 11.7 11.7 11.1 

Average 10.2 10.8 11.7 12.2 12.8 13.0 11.8 
 A B A x B 

LSD 0,05 0.4 0.5 0.9 
LSD 0,01 0.5 0.7 1.2 
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The meteorological conditions in the years of the experiment differed considerably 
regarding both, rainfall and temperature. The conditions were good in 1994/95, intermediate 
in 1996/97 and poor in 1995/96.  

Nitrogen dose caused higher increases in protein content in the first two years than in 1997 
(Table 1). In 1997, N fertilizations above 60 kg ha-1 did not cause significant increases in 
protein content.  

The highest average protein content was achieved with the highest nitrogen dose; however, 
the difference between the variants with 150 and 180 kgNha-1 was not significant. 

Protein content increased in proportion with the increases in N dose.  
The value of regression coefficient was 0.017% of protein per 1kgN (Table 2). The highest 

effect of N nutrition on protein content, 76%, was registered in the variety Sremica, followed 
by Pobeda (71%), NSR-2 (69%), Somborka (68%), Libellula (66%), Lasta (50%) and 
Jugoslavija (50 %). The increase was only 37% in the variety Drina.  
 

Table 2. effect of nitrogen on protein content for the 3-year period 
 

Variety Regression equation r r2 

Libellula Ŷ = 9.559+ 0.0188 N 0.815 0.665 
Drina Ŷ = 10.773 + 0.0122 N 0.611 0.374 

Sremica Ŷ = 10.611+ 0.0186 N 0.873 0.762 
NSR-2 Ŷ = 10.488+ 0.0176 N 0.836 0.699 

Jugoslavija Ŷ = 10.347 + 0.0153 N 0.708 0.501 
Somborka Ŷ = 10.031 + 0.0178 N 0.823 0.678 

Lasta Ŷ = 9.064 + 0.0184 N 0.802 0.644 
Pobeda Ŷ = 9.901 + 0.0167 N 0.843 0.710 

Average Ŷ = 10.099 + 0.0169 N 0.789 0.629 
r  0.05 (16) = 0.468                               r 0.01 (16) = 0.590 

All sources of variation exhibited statistically significant effects on wet gluten content. The 
highest portion of the total variance for wet gluten was due to N fertilizers (38.7%), followed 
by variety (19.75%) and weather conditions (15%). Significant increases in wet gluten content 
were achieved with 120 kgNha-1 in 1995 and with 150 kgNha-1 in 1996 (Table 3). In 1997, 
however, no significant increase was registered even with 180 kgNha-1. Obviously, conditions 
during grain filling period were more favorable in 1995 than in 1997. Variability of wet 
gluten content due to environmental factors was commented by  (5) and (2). 

Table 3. Effects of N dose and year on wet gluten content (%) in wheat grain 
 

Wet gluten content ( % ) 

kg N ha-1 

 
 

Year 
 

(A) 0 60 90 120 150 180 
Annual 
average 

1995 21.0 22.0 26.0 31.0 32.0 34.0 28.0 

1996 20.0 21.0 24.0 26.0 28.0 29.0 25.0 

1997 21.0 22.0 22.0 24.0 24.0 26.0 23.0 
Prosek  20.0 22.0 24.0 27.0 28.0 30.0 25.0 

 A B A x B 
LSD 0.05 2.0 3.0 6.0 
LSD 0.01 3.0 4.0 8.0 
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Wet gluten content kept increasing with increases in N dose up to 180 kgNha-1. However, 
statistically significant differences were found only between alternate variants.  

Wet gluten content increased proportionally with the increases in N dose (Table 4). Most 
intensive increases in wet gluten content, by 0.065% and 0.061% per kgNha-1, were registered 
in the varieties Sremica and Pobeda. Correlations between N doses and wet gluten content 
were highly significant on the average for all varieties. The only exception was the variety 
Drina which exhibited a significant correlation.  

 
Tab.4. effect of nitrogen on wet gluten content for the 3-year period 

 
Variety Regression equation r r2 

Libellula Ŷ = 20.224 + 0.0531N 0.754 0.569 
Drina Ŷ = 22.164 + 0.0401 N 0.478 0.228 

Sremica Ŷ = 22.505 + 0.0646 N 0.706 0.498 
NSR-2 Ŷ = 20.712 + 0.0555 N 0.801 0.641 

Jugoslavija Ŷ = 18.952 + 0.0590 N 0.776 0.602 
Somborka Ŷ = 19.300 + 0.055 N 0.867 0.752 

Lasta Ŷ = 14.336 + 0.0525 N 0.773 0.598 
Pobeda Ŷ = 19.307 + 0.0613 N 0.795 0.631 

Average Ŷ= 19.693 + 0.0549 N 0.744 0.565 
r  0.05 (16) = 0.468                      r 0.01 (16) = 0.590 

 The largest portion of the total variance for baking score was due to variety, 67%. The 
portions due to N fertilizer and year were much smaller, only 4.6% and 1.6%, respectively. 
Baking score varied from 2.9 to 3.5 in 1995, 2.2 to 3.6 in 1996 and 2.2 to 3.8 in 1997 (Table 
5). Baking score was not affected by the interactions between year on one side and N doses on 
the other. A significant difference was found only between the highest N dose and the control, 
and even that only for the 3-year averages.  

Table 5. Effect of N dose and year on baking score  
 

 B S 

kg Nha-1 (B) 
Year 
(A) 

0 60 90 120 150 180 

Average 
BS 

 per year  

1995 2.9 2.9 2.9 3.1 3.3 3.5 3.1 
1996 2.2 2.5 2.5 3.1 3.3 3.6 2.9 
1997 2.2 2.6 3.2 3.5 3.7 3.8 3.2 

Average 2.4 2.7 2.9 3.2 3.4 3.6 3.0 
 A B A x B 

LSD 0.05 0.7 1.0 1.8 
LSD 0.01 0.9 1.3 2.3 

 
The correlations between the N doses and baking score were positive, both on the average 

and for the individual varieties. Although baking score increased proportionally with the 
increases in N dose, the increases were not significant in the varieties Libellula, Drina, 
Jugoslavija and Somborka. In the other four varieties, the coefficients of linear regression 
were highly significant, and so was the average for all varieties. A study of (7) showed that 
some varieties were more economic than others with respect to the use of N fertilizer, i.e., 
these varieties either better utilized soil N or they were more efficient in translocating the 
absorbed N.  

 (9) explained that the tolerance and strength of wheat dough may be manipulated, while 
maintaining the other dough properties at a high level, by adjusting N fertilization. Different 
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levels of N fertilization tend to change protein structure in wheat grain, which results in 
changes in the viscoelastic properties of dough which in turn cause variations in bread quality 
(4). 

 
CONCLUSION 

 
Following conclusions were drawn on the basis of the three-year study. 

The applied nitrogen doses affected protein content in grain of the tested wheat varieties.  
Wet gluten content kept increasing to the highest N dose in all years. However, the 

optimum N dose required to achieve good viscoelastic properties of wet gluten varied from 
one variety to another.  

Significant differences in baking score among the varieties were the result of dominance of 
the genetic factor for this trait. 

Use of high quality varieties should be encouraged in wheat production and processing in 
order to reduce chances for indiscriminate use of additives during wheat grain and wheat flour 
processing.  
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ABSTRACT 
 
Experiments with metal adsorption by EPS [Cd(NO3)2] and influence of EPS on metal 

dissolution in free form (Cd0) showed that 100% glucuronic acid EPS significantly stimulated 
metal dissolution compared to control. Str5 containing 50% of glucuronic acid was not as 
efficient in Cd dissolution. Grown in sterile hydroponics nutritive media contaminated with 
Cd(NO3)2 or free Cd0 Thlaspi caerulescens plants had some differences in morphology: total 
root length and root surface area compared with different EPS treatments. Treatment of plants 
with glucuronane stimulated Cd dissolution from pure metal form (Cd0) and its concentration 
in plant rhizosphere and roots, but this study showed that liberated Cd did not transfer to 
shoots – Cd concentration in shoots treated with Glu was 2.5 - 3 times less than in shoots 
treated with Str5 and control (not treated with EPS).   

 
Key words: exopolysaccharide, Thlaspi caerulescens, Cd, bioremediation. 
 
INTRODUCTION 
 
The problem of environmental pollution by heavy metals is actual nowadays. 

Phytoremediation – use of plants to extract or to stabilize environmental pollutants –is an 
attractive alternative to physico-chemical methods due to its low cost and high efficiency [1].   

 The exudates of bacteria in plant rhizosphere play an important role in plant-microbial 
interactions. The role of plant exudates on the behavior of heavy metals in soil and 
mechanism of its accumulation by plants needs deeper understanding. Among 400 species of 
hyperaccumulator plant known to the moment, Thlaspi caerulescens Presl is widely 
investigated as it is the single known Cd-hyperaccumulator [2]. 

Microbially driven processes are essential also for mineral weathering [3], where a 
complex role is played by microbial polysaccharides and proteinaceous structures, which can 
either inhibit mineral dissolution under some conditions by forming biofilms or promote 
chemical weathering by producing extracellular polymers of acidic nature and increase metal 
bio- and phytoavailability and thus affect the fertility of soils. 

 In this work we studied the influence of exopolysaccharides produced by symbiotic 
bacteria Rhizobiaceae on Cd in two forms in plant rhizosphere and it’s accumulation in shoots 
and roots of metal hyperaccumulator plant Thlaspi caerulescens. 
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MATERIALS AND METHODS 
 
During our previous study [4] mutant Rhizobium strains producing new EPS with 

perspective properties were isolated from Medicago plants. One, named strain 5 consists of 
50% glucuronic acid and of glucose and galactose. The second strain used in this study is 
glucuronane (Glu) consists of 100% glucuronic acid (patented and studied at LPMV, Amiens, 
France).  

EPS were obtained in fermentor, and precipitated by ethanol and lyophilized. Two 
polysaccharides (0.1 g/L) were injected in Thlaspi caerulescens J&C Presl (Brassicaceae)  
rhizosphere in sterile conditions during 5 weeks on 90 ml modified media Hoagland and 
Arnon (1938) in hydroponics pots. Experiment was conducted in hydroponics in phytotron 
with controlled standard conditions. Cd was added in two forms: a) Cd metal Cd (0) 280 
mg/L (Prolabo, Cd shots, 99.5%) and b) Cd(NO3)2 100µg/L.  

Cd pure solubilisation experiment was conducted in 100 ml plastic pots during 24 
hours at 28 °C with manual shaking 3 times per day. Metal concentrations and nutritive media 
were the same as in hydroponics experiment with plants. 

Morphological characterization of plants was performed after scanning plant roots in 
special equipment (WinRhizo scan system, Regent Instruments Image Analsis system). Total 
Cd content was analysed after sulfuric acid mineralization by atomic absorption spectrometry 
(Spectraa 220, Varian, Zeeman effect oven). ANOVA, Tukey multiple comparisons test and 
Lilliefors test for normality were realized with statistical software STATISTIKA 5.0. 

 
 
 
RESULTS AND DISCUSSION 
 
 
The influence of EPS of different content on morphological parameters and plants dry 

weight was analyzed. Root surface area of plants from Cd salt contaminated media treated 
with glucuronane was 1.4 times greater than str5 (p<0.05, ANOVA, Tukey multiple 
comparaisons test). Roots length of plants from Cd pur (Cd0) contaminated media treated with 
str5 was 1.6 times greater than with glucuronane. 

Comparison of root morphology in differently contaminated media showed only one 
significant difference for treatment with EPS from str5: root’s length and surface area for 
plants treated with str 5 when growing in nutritive media with Cd shots (pure metal) was 1.7-
1.8 times greater than the same ones growing on Cd(NO3)2  (p<0.01 ANOVA, Tukey multiple 
comparisons test). So the influence of strain 5 EPS on plant growth and development depends 
on metal form and possible metal concentration, as Cd concentration in Cd pure media highly 
exceeded Cd concentration in Cd salt media. EPS presence in rhizosphere did not influence 
plant dry weight. 

Experiments with influence of EPS on metal dissolution in free form (Cd0) showed 
that 100% glucuronic acid EPS significantly stimulate metal dissolution compared to control 
(figure 1). This effect is more significant in distilled water (UHQ) than in nutritive media for 
plants. In water Cd ion concentration after 24 hours treatment with glucuronane was 3.8 times 
greater than with EPS from strain 5, in nutritive media this ratio was only 1.3. Str5 containing 
50% of glucuronic acid was not as efficient in Cd dissolution. Our results are in accordance 
with a study of S. A. WELCH et al. [5] which demonstrated that, like low molecular weight 
organic ligands, the high molecular weight acid polysaccharides can also affect mineral 
weathering reactions. Acid polysaccharides tended to accelerate the dissolution reaction, and 
increase the total amount of material released to solution compared to inorganic conditions. 
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Fig 1.  Cd(0) metal in free form 

dissolution during 24 hours treatment with 
EPS in distilled water and nutritive media 
for T.caerulescens plants 

Table 1. Cd concentration in 
nutritive media (final solution) after 5 
weeks T.caerulescens culture in phytotron. 

 
 
 

 Media with Cd 
(0) pur, Cd 

concentration 
mg/L 

Media with 
Cd(NO3)2 , Cd 
concentration 

µg/L 
Glucuronane 16,87± 2,76 109,3±16,1 
EPS str5 19,68±13,99 109,1±13,1 
Control 2,80±0,30 96,7±25,0 

. 
 
 
 
 
 
 
 

 
Treatment of plants with glucuronane and EPS from strain 5 stimulated Cd dissolution 

from pure metal form (Cd0) and its concentration in plant rhizosphere and roots – in final 
solution after 5 weeks treatment Cd concentration was 6-7 times greater in presence of str5 
and glucuronane than in control pots (Table 1).  

 
Despite the fact that polysaccharide presented in solution stimulated dissolution of 

pure metal and Cd concentration in solution was high, this liberated Cd did not transfer to 
shoots (Fig. 2). Cd concentration in shoots treated with Glu was 3 times less than in shoots 
treated with control. But Cd concentration in roots was slightly (1.6 times) greater than in 
control case.  

In the experiment with Cd salt containing media presence of glucuronane decreased 
Cd concentration both in shoots and roots comparing to control and to str5 effect. EPS from 
strain 5 which have less glucuronic acid resulted in no significant difference from control. It is 
interesting to remark that glucuronane which enhanced pure metal solubilisation, in 
experiment with metal salt led to a decrease of Cd concentration even in roots. Possibly this 
effect can be explained by the fact that Cd salt concentration was low and EPS binding sites 
complexed free Cd ions. 
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Fig 2. Cd concentration in biomass (roots and shoots) of  hyperaccumulator plant T. 

Caerulescens grown on hydroponic media with 2 forms of Cd: Metalliferous Cd (0) and 
Cd(NO3)2  with 2 EPS: Glu and Str5; and control without EPS. Data are shown for dry weight 
of roots and shoots 

 
This result can be regarded in two ways. At first, the aim of our experiment was to 

find how the presence of biopolymers which help to dissolve pure metal will influence Cd 
accumulation by T.caerulescens – a hyperaccumulator plant. But the fact that glucuronane, 
the polymer consisting of glucuronic acid chains, can regulate Cd accumulation in plant 
shoots let us propose further experiments with crop plants in soil in double culture with 
leguminous plants – hosts of rhizobium bacteria, producing EPS. 

 
 
CONCLUSIONS 
 
We tested two polysaccharides with different glucuronic acid content with repect to 

their influence on metal in two forms: pure Cd (0) and Cd salt (Cd(NO3)2 ). The EPS did 
increase Cd concentration in solution after treatment, glucuronan (consist of 100% glucuronic 
acid) was more efficient than EPS from Str5 (50% glucuronic acid). But this relationship is 
complex and needs more investigation as higher Cd ion concentration in nutritive media 
entailed a decrease of Cd concentration in shoots of metal hyperaccumulator T.caerulescens. 
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