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INTRODUCTION 

 Iron (Fe) toxicity is the major nutritional syndrome expressed in rice plants cultivated 
in paddy soils and can frequently result in formation of reactive aldehydes in plant tissues. 
Malondialdehyde (MDA) occurs as a result of oxidative degradation of polyunsaturated fatty 
acids and is one of the main thiobarbituric acid reactive substances (TBARS) present in 
plants. MDA is involved in deterioration of various biological functions through its attachment 
to biomolecules such as proteins and nucleic acids, which can result in agricultural 
production decline (CHATTERJEE et al., 2006; YAMAUCHI et al., 2008).  
 Fe-toxic soils share a significant amount of physical-chemical characteristics such as 
the content and type of the clay minerals, the amount of exchangeable Fe in the soil, the soil 
pH, and the presence of “stress factors” such as nutritional deficiencies (BECKER and 
ASCH 2005; RAJKUMAR et al., 2008). Phosphorus (P), in the form of phosphate (Pi), is an 
essential element for all living organisms, including plants. Interestingly, increased P 
availability can mitigate heavy metal stress through increases in biomass production and 
consequently metal dilution in tissue (MARSCHNER, 1995). Moreover, in cases of nutritional 
disorders resulting from nutrient excess, uptake of other nutrients can be affected, resulting 
in several secondary nutritional deficiencies. 
 A systematic approach, classification of Fe-toxicity sensitive species of rice plants, 
and knowledge of the required adaptation mechanisms in rice genotypes are all needed, in 
combination with agronomic management interventions to efficiently address the Fe toxicity 
problem. The aim of this study was to evaluate the effects of P levels, irrigation systems 
(which induce different Fe levels) and different genotypes on flag leaf TBARS levels as well 
as to evaluate differences between the TBARS levels in the main culm and in tillers. 

 
MATERIALS AND METHODS 

A field experiment was established at Restinga Seca, Rio Grande do Sul. The 
area has a history of iron toxicity in rice. There were 18 treatments consisting of three doses 
of P2O5 (0, 75 and 1200 kg ha-1), three irrigation systems (I-continuous irrigation, with a water 
layer of 5 cm since V3-V4 stage; II-with one drainage between V6-V8 covering the whole 
phenological period between V6-V8 stages; and III-irrigation with a drainage covering the 
whole phenological period between V6-V8 stages and another between V8-V10 stages); and 
two rice genotypes, one susceptible and one tolerant to Fe toxicity (BR/IRGA 409 and IRGA 
425 respectively). The reason to use the dose of 1200 kg P2O5ha-1 was aimed for the 
observation of possible interactions with other treatments, as well as to evaluate differences 
in comparison to recommended agricultural doses (as 75 kg P2O5 ha-1). It must be clear that 



 

	
  

it is not the intention of this work to suggest exaggerative using of P in rice fields or even 
suggest this activity as viable. But this work aim to assess whether or not occur benefits in 
terms of production of rice plants under extremely high P2O5 doses. The rice was cultivated 
in a conventional system. The experiment was conducted in a three factorial randomized 
block design with three replications. Rice seeds, indica varieties, were obtained from IRGA 
(Instituto Rio Grandense do Arroz), RS, Brazil. The potassium and nitrogen fertilizations 
were 200Kg ha-1 KCl and 330 Kg ha-1 (NH2)2CO respectively.	
  The soil P concentration in the 
experimental area, determined previously to the experiment, was 2.9 mg dm3. 

During the end of the vegetative stage, rice plants were harvested and separated 
into main culm and tillers. Flag leaves were than collected and immediately placed in liquid 
nitrogen, where they remained until pulverized to a fine powder using a porcelain mortar. 

TBARS were quantified using the method described by El-Monshaty et al. (1995). 
A sample was mixed with the same volume of a 0.5% (w/v) thiobarbituric acid solution 
containing 20% (w/v) trichloroacetic acid. The mixture was heated at 95 °C for 30 min and 
the reaction was stopped by abrupt placement in an ice-bath. The cooled mixture was 
centrifuged at 10,000g for 10 min, and the absorbance of the supernatant at 532nm and 
600nm was measured. The data was subjected to a variance analysis using the averages for 
comparison by Tukey test at 5% probability of error, with the aid of the SAS program. 
 

RESULTS 
In this study, we observed a three-way interaction between the factors, irrigation 

systems, genotypes and phosphorus (P) levels in both tissues of the main culm and tillers 
tested. In general, the lipid peroxidation evaluated in terms of thiobarbituric acid reactive 
substances (TBARS) in flag leaves had distinct responses when quantified in flag leaves 
from main culm or from tillers. In tillers flag leaves, the overall TBARS concentration was 
significantly higher under low P levels (0 P2O5 Kg ha-1) in comparison to the other treatments 
in all irrigation systems. However, for the BR/IRGA genotype, no difference occurred 
between 75 and 1200 Kg P2O5 ha-1 treatments in tillers tissues regardless of irrigation type. 
Moreover, the IRGA 425 genotype had a marked response with increasing addition of P, 
resulting in a significant reduction in TBARS levels from 75 to 1200 Kg P2O5 ha-1 treatment 
under one and two drainages (Tables 1, 2). Field symptoms of Fe toxic such as bronzing of 
leaves and plants undeveloped were observed in both genotypes, being however the 
bronzing more pronounced in the BR/IRGA 409 under treatments without addition of P2O5 
(Data not shown). Interestingly for this genotype, the treatment with one drainage promoted 
a visual reduction of leaves bronzing as compared to the treatment with continuous irrigation, 
but this result was not confirmed in terms of TBARS concentration. Additionally this genotype 
had an increase in grain production with one and two drainages in relation to the treatment 
with continuous irrigation, and responded positively to the increase of P2O5 (Data not 
shown). 

Interestingly, in TBARS terms, in flag leaves from the main culm of the BR/IRGA 
409 genotype, the addition of P2O5 was effective in leading to lower TBARS levels in plants 
under continuous irrigation. Conversely, in the irrigation systems with drainages, the 
treatment with 1200 Kg P2O5 ha-1 had the same TBARS concentration as that observed in 0 
Kg P2O5 ha-1 treatment. The IRGA 425 genotype was less responsive to P addition in terms 
of reduction of TBARS levels in the main culm tissue. Interestingly, when tillers were 
evaluated, the genotype susceptible to Fe toxicity (BR/IRGA 409) only showed a decrease in 
TBARS levels from 0 to 75 Kg P2O5 ha-1, with no significant reduction from the 75 to 1200 Kg 
P2O5 ha-1, regardless of the irrigation type.  

On the other hand, the IRGA 425 genotype showed a continuous reduction of 
TBARS levels in tillers flag leaves as P2O5 increased. Overall, this genotype showed lower 
TBARS levels under low and high P conditions than BR/IRGA 409 in tillers tissues.  



 

	
  

 
Table 1. Thiobarbituric acid reactive substances (TBARS) levels in the flag leaves of the 
main culm from two rice genotypes, BR/IRGA 409 and IRGA 425, under different irrigation 
systems and P levels. Restinga Seca, RS. In 2013.  

 

Means followed by capital letters indicate comparison between P doses within the same genotype and irrigation system, 
while lower case letters indicate comparisons between genotypes in  the same P level and irrigation system. Means 
followed by the letters in parentheses indicate comparison of irrigation within the same genotype and dose of P. Tukey test 
at 5% probability of error. 
 

It is important to point out that the tested genotypes had different phenotypic 
responses in relation to tillering. The IRGA 425 genotype was more effective than BR/IRGA 
409 (Data not shown). In rice plants, tillers are important to ensure good grain production. 
They are also crucial for tolerance of heavy metals as well as maintenance of regular plant 
metabolism under increased reactive oxygen species, avoiding consequent cell damage. 
TBARS contain highly reactive aldehydes such as MDA, 2-alkenals and 2,4-alkadienals. 
High levels of theses substances in plant tissues are indicative of severe stress (YAMAUCHI 
et al., 2008).  
 

Table 2. Thiobarbituric acid reactive substances (TBARS) levels in the flag leaves of tillers 
from two rice genotypes, BR/IRGA 409 and IRGA 425, under different irrigation systems and 
P levels. Restinga Seca, RS. In 2013.  

 Means followed by capital letters indicate comparison between P doses within the same genotype and irrigation system, 
while lower case letters indicate comparisons between genotypes in the same P level and irrigation system. Means followed 
by the letters in parentheses indicate comparison of irrigation within the same genotype and dose of P. Tukey test at 5% 
probability of error. 



 

	
  

In previous works, our group described different patterns of response regarding 
the uptake and translocation of arsenic (As) and sterility of spikelets in different rice 
genotypes from the main culm to tillers (personal data). This response may be a survival 
strategy under high stress. Moreover, the capacity to produce tillers in this condition may 
dilute toxic substances and guarantee tolerance. In the IRGA 425 genotype, the difference 
between TBARS values from 0 to 1200 Kg P2O5 ha-1 treatment increased with the number of 
drainages, which suggests a mutual response to P fertilization and Fe oxidation, resulting in 
alleviation of Fe intoxication and lower oxidative damage when compared to BR/IRGA 409. 

In flooded soils, the concentration of soluble Fe can reach up to about 600 mg L-1 
(PONNAMPERUMA et al. 1978). Under aerobic conditions, the concentration of soluble Fe 
declines because part of the available Fe is oxidized with oxygen contact, which is further 
promoted by drainages. With this view, drainages could alleviate Fe toxicity to rice plants. 
For this specific study, two important aspects had to be considered in relation to recovery or 
reduction of TBARS levels with drainages. One was the speed/degree of damage already 
generated up to the moment of drainage. If the damage exceeded the capacity of the plant, it 
was not possible for the plant metabolism to recover in a short time. Another important 
question was that even with the soluble Fe decline, there can be a stress condition of P 
deficiency with the treatment of 0 kg P2O5 ha-1. In this view, plants without an efficient 
amount of P acquisition and use will still have a limiting growth condition.  

 
CONCLUSIONS 

There is a wide variation in the levels of TBARS in response to P levels and 
irrigation systems between rice genotypes. The effect observed in flag leaf tissues of the 
main culm and tillers exhibited different behavior. Moreover, the differences in TBARS levels 
under low and high P conditions suggest distinct P use efficiency between the genotypes 
tested, with evidence of higher efficiency in the IRGA 425 genotype. 
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