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ABSTRACT 

This study compares the architecture and the structure of maize roots grown in hydroponics, aeroponics 
and soil. No significant differences were found in number of root apices per unit of weight and root 
surface per unit of weight between the three cultivation methods. The only difference was found in 
distances from the root apex where root apoplastic barriers are being formed. Formation of barriers in 
hydroponics is more distant from the root apex, resulting in higher proportion of barrier-free areas 
comparing to aeroponically and soil grown roots. This may explain previously found differences in 
cadmium uptake between the different cultivation conditions.  
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INTRODUCTION 

The aim of this work was to compare the architecture and the structure of maize roots grown in 
hydroponics, aeroponics and soil in order to find an explanation to previously found differences 
in Cd uptake rate (Redjala et al., 2007).  

MATERIAL AND METHODS 
Maize was grown in a growth chamber at the temperature 25/20 °C, irradiance 300 µmol m-2 s-1, 
light period 16/8 and air moisture 70 %. Nutrient solution used in aeroponics and hydroponics 
contained (in µM): 3000 Ca(NO3)2, 250 Ca(H2PO4)2, 500 K2SO4, 1000 MgSO4, 2000 NH4NO3, 
46 H3BO3, 9 MnSO4, 0.3 CuSO4, 0.8 Na2MoO4, 0.8 ZnSO4, 7.5 FeSO4. The nutrient solution was 
buffered at pH 5.7 by KOH addition. Another batch of seedlings was grown in pots, in a loamy 
soil sampled from the ploughed horizon of a cultivated plot. After growing, the roots were 
cleaned by soaking the soil in water and gently washing the root systems. All the plants were 
grown for the same time of 12 days. After the cultivation, plants were measured and root systems 
were fixed in boiling methanol and stored at 4 °C. Fixed plant material was used for architectural 
and structural analyses.  
The root architecture was characterised through image analysis, using the WinRhizo software. 
The roots systems were scanned and the images were analysed to give different parameters (total 
length and area of the root systems, number of apices). In order to make a quantitative 
comparison of the structures, roots were sampled and cut. The focus was on the formation of 
apoplastic barriers (Casparian bands and suberin lamellae) using fluorescence staining procedures 
and microscopy (Brundrett et al., 1988; 1991; Lux et al., 2005). Data were statistically evaluated. 
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RESULTS 
The architecture was described in terms of number of branching orders, number of lateral roots, 
root length and diameters, number of apices, etc. Analysis of root diameter classes was 
performed. Several significant differences were found documenting variability of root 
architectures of plants cultivated under different conditions. The most important parameters for 
interpretation of different Cd uptake is number of root apices per unit of weight and root surface 
per unit of weight. However, no significant difference was found in these parameters. 
White light and UV-light microscopy along with histological methods were used to characterise 
the root structure in terms of relative tissue proportions and cell wall modifications. The focus 
was on barriers of apoplastic transport - Casparian bands and suberin lamellae – which are 
developed in both, endodermis and exodermis. Distances from the root apex where root 
apoplastic barriers are being formed are significantly different among all three cultivation 
variants and decrease in following order: hydroponics, aeroponics and soil. Contrasting 
differences were found especially when comparing hydroponically grown roots with roots from 
other cultivation procedures. Formation of barriers in hydroponics is more distant from the root 
apex, resulting in higher proportion of barrier-free areas comparing to aeroponically and soil 
grown roots. The second characteristic feature of hydroponically grown roots is earlier 
development of barriers in endodermis than in exodermis, which is opposite to the situation in 
aeroponically and soil grown roots.  

CONCLUSIONS 
From the results obtained it can be concluded that the most important factor of root structure 
affecting Cd uptake is development of Casparian band and suberin lamellae. The number of root 
apices or root surface area were not significantly different in various cultivation conditions, 
therefore these characteristics may not correlate with differences in Cd uptake. 
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