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Summary A solution culture experiment was conducted using 2 rice cultivars (EEA 304, 
and CICA 4) to determine the effects of A1 concentrations on chemical composition. The 
treatments consisted of five A1 concentrations: 0, 10, 30, 40 and 60 ppm. 

Aluminum content in plant tissues way increased with increasing levels of A1 in two cul- 
tivars. Increased A1 concentrations in the nutrient solution exerted an inhibiting effect on the 
uptake of N, P, K, Ca, Mg, S, Fe, B, Cu, Zn, and Mn. Rice cultivars responded differently 
to AI treatments with respect to nutrients uptake. Tolerant cultivar, EEA 304, absorbed more 
phosphorus compared to susceptible cultivar CICA 4. Macro and micronutrients inhibiting 
effect was much lower in this A1 tolerant cuttivar. These results suggested that one of the 
AI tolerance mechanism in rice cultivars is associated with more efficient nutrients uptake. 

Introduction 

Aluminum toxicity is a well-known limitation to crop production 
in tropical regions around the world 9. 

Estimate based on soil surveys reveal the extensive geographical 
distribution of aluminium toxicity in the different regions of Brazil 7. 
More than 50% Brazilian soils are known to have aluminum toxicity 
measured by its saturation in the total bases. Aluminum toxicity limits 
plant growth in these soils. It is particularly harmful in the subsurface 
of these soils, because it restricts rooting depth and branching, which in 
turn decrease drought tolerance and the use of subsoil nutrients. 

Several studies have shown modification in the mineral nutrition of 
plants exerted by aluminum, which is absorbed in the free trivalent 
form in acid soils 1'3'8. The results were mostly restricted to P, K, Ca 
and Mg 4, s. However information in this respect is limited in relation to 
other nutrients and especially in relation to the rice crop. 

Therefore, the objective of this investigation was to study the effect 
of A1 on the content of nutrients in rice cultivars to understand nu- 
tritional aspects of the rice crop under acidic soil conditions. The effect 
of A1 on growth of these cultivars was discussed in a separate paper 2. 
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Materials and methods 

FAGERIA 

An experiment was conducted in a glasshouse at the National Rice and Bean Research 
Center, Goiffnia, Goids (Brazil), to study the influence of A1 on chemical composition in rice 
cultivars. 

Seeds of 2 rice (Oryza sativa L.) cultivars were germinated in pure sand using plastic trays 
of 30 • 45 • 8 cm. Eight to 10 days after sowing, 4 uniform seedlings were transplanted to 
acrilic discs with holes in the center. The seedlings were held in place with cotton. These discs 
were then transferred to plastic pots containing 7.5 liters of nutrients solution. Each pot had 
3 discs with 4 plants each. 

With slight modifications the nutrient solutions used were those developed by the Inter- 
national Rice Research Institute in the Philippines for rice 1~ It had the following composition 
in tal/: NH4NO3 2857; NaH2PO , .H20 129; K2SO 4 1023; CaC12 1000; MgSO, .7H~O 1645; 
(NH,)6Mo7024.4H20 0.5; MnC12.4H20 9; H3BO3 18.5; ZnSOa.5H20 0.15; CuSO, 0.16 
and FeC13 .6H20 36. AICI~ in amounts required for AI concentrations of 0; 371; 742; 1484; 
and 2226 ~ (0, 10, 20, 40 and 60 ppm A1). The nutrient solutions were changed once a 
week. The pH of the solution was adjusted to 4 • 0.2 initially and once every two days there- 
after with 0 .1N NaOH or 0 .1N HC1. 

The experiment was conducted in a randomized block design with two replications. Maxi- 
mum and minimum air temperature means during the experiment were 28 • 2~ and 18 • 2~ 
respectively. 

After 20, 40, 60 and 80 days growth in A1 treated solutions, plant tops and roots were 
harvested separately. Roots were rinsed thoroughly in distilled water and blotted. Roots and 
tops were separated, dried to a constant weight at 80 ~ C and weighed. Chemical analysis of plant 
tissue was done at the Soil and Plant Analysis Laboratory, University of Wisconsin, Madison, 
USA. 

Analysis for P, K, Ca, Mg, S, Zn, Fe, Mn, B, Cu, and AI was done simultaneously with a 
plasma emission spectrophotometer and N was determined on a separate sample via a semi- 
macro Kjeldahl procedure 6 . Data are means of two replications. 

Results and discussion 

Content o f  aluminum as influenced by AI treatments 
Results related to content  o f  aluminum in the tops of  2 rice cul- 

tivars as influenced by A1 concentrations are presented in Table 1. 
Aluminum content  in tops increased as a result of  increasing A1 con- 
centrations in the nutrient solution at all stages of  plant growth, except  
at 60 ppm A1 where there was little decrease. This decrease was related 
to more reduction in dry matter  production as compared to A1 accumu- 
lation. 

O n  the basis of  maximum root  length, cultivar EEA 304 was tolerant 
and CICA 4 was susceptible to A1 toxicity. These results were reported 
b y  the author in a separate paper 2. 

Based on data presented in Table 1 related to aluminum content,  
very important  conclusion can be drawn. Aluminum tolerant cultivar 
such as EEA 304 was higher content  of  aluminum in the tops as with 
cultivar CICA 8 at all stages of  plant growth. 
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Effect of  Al on nutrient uptake 
The effect of A1 treatments on N, P, K, Ca, Mg, S, Fe, B, Cu, Zn, 

and Mn in plants tops of 2 cultivars are presented in Tables 1 and 2. 

Nitrogen and phosphorus 
Nitrogen content was increased in the tops of 2 cultivars up to 

10ppm A1 in the nutrient solution, but thereafter was a decrease 
with increasing concentrations of A1. 

Similarly phosphorus, content was decreased at higher levels of A1 
in the tops in the two cultivars. One interesting feature of these results 
is that A1 tolerant cultivar EEA 304 absorbed more phosphorus as com- 
pared with CICA 4, especially at higher levels of aluminium. These 
results suggest that A1 tolerance appears to be closely associated with 
phosphorus absorption efficiency of EEA 304 cultivar. 

Potassium, calcium, magnesium, and sulfur 
Results related to content of K, Ca, Mg and S in the tops of 2 cul- 

tivars of rice are presented in Table 2. Potassium calcium and mag- 
nesium contents in the tops were decreased at higher level of A1 in two 
cultivars at all growth stages. 

Similarly content of sulfur in the tops was also decreased with in- 
creasing levels of  A1. 

Iron, boron, copper, zinc and manganese 
Content of iron in tops was decreased with increasing concentrations 

of A1. This decrease was more drastic at 60 ppm A1. 
Similarly boron, copper, zinc and manganese contents in the tops 

were also decreased with increasing levels of A1. But in some cultivars 
there was little increase in boron content up to 10 ppm A1 and then 
decrease. Decrease in contents of these elements were more drastic 
at higher levels of aluminum. 

Effect orAl on nutrient inhibition 
Nutrient inhibition was calculated taking into consideration the 

control and the highest concentration of aluminum (Table 3). 
Among the macronutrients inhibition of P absorption was more in 

the tops as well as roots up to 60 days of plant growth in two cul- 
tivars. 

While among micronutrients Mn absorption was affected highest 
in the tops while iron attained highest values in the roots in the two 
cultivars. 

One interesting feature of these results are that A1 tolerant cultivar 
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EEA 304 has lowest values of  inhibition for macro as well as micro- 
nutrients in the tops as well as roots. The susceptible cultivar CICA 4 
has the higher values for inhibition for these nutrients, tt means to- 
lerant variety has higher efficiency of  nutrients absorption under higher 
A1 concentrations. It means in acid soils where A1 is one of  the limiting 
factor, varietal resistance is related with higher efficiency of  nutrients 
absorption. 
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