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ABSTRACT 
Iron toxicity is a widespread nutrient disorder of lowland rice grown in tropical and sub-tropical regions of the world on acid sulfate soils, 
Ultisols and sandy soils with a low cation exchange capacity, moderate to high in acidity, high in easily reducible or active iron and low to 
moderately high in organic matter. The stress is caused by a high concentration of ferrous iron in soil solution. It is estimated that iron 
toxicity reduces lowland rice yields by 12-100%, depending on the iron tolerance of the genotype, intensity of the iron toxicity stress and 
soil fertility status. Iron toxicity can be reduced by using iron-tolerant rice genotypes and through soil, water and nutrient management 
practices. The objective of this paper is to critically assess the pertinent literature on the role of iron-tolerant rice genotypes and other 
plant nutrients in reducing iron toxicity in lowland rice. It is emphasized that research should provide knowledge that would be used for 
increasing lowland rice production and productivity on iron-toxic wetlands on a sustainable basis by integration of genetic tolerance to 
iron toxicity with soil, water and nutrient management. 
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INTRODUCTION 
 
Since the first report of its occurrence (Ponnamperuma et al. 
1955), iron toxicity in lowland rice has been reported to be 
widespread in several countries, especially in the humid 
tropical regions in Asia, South America and West and 
Central Africa (Howeler 1973; van Breemen and Moor-
mann 1978, Yoshida 1981; De Datta et al. 1994; Sahrawat 
et al. 1996; Kyuma 2004; Sahrawat 2004; Balasubramanian 
et al. 2007; Fageria et al. 2008). 

Large areas of wetlands ideally suited for rice produc-
tion remain underused, especially in Asia, South America 
and West and Central Africa, because of iron toxicity stress 
as a constraint (Ponnamperuma 1972; Kyuma 2004; Sahra-
wat 2004; Balasubramanian et al. 2007; Fageria et al. 2008). 
In West Africa, iron toxicity has been reported to reduce 
rice yields by 12–100% depending on the intensity of the 
stress and tolerance of the rice cultivars (Abifarin 1988; 
Sahrawat et al. 1996, Sahrawat 2004); and iron toxicity 
affects rice growth and yield on approximately 30% of the 
lowland swamp soils in rainfed and irrigated lowland areas 
in West and Central Africa (Sahrawat 2004). 

Ponnamperuma et al. (1955) for the first time reported 
that the bronzing disease of lowland rice grown on soils 
high in reducible iron under flooded or submerged water 
condition was associated with a high concentration of 
ferrous iron in soil solution; and the disorder was caused by 
iron toxicity (Ponnamperuma et al. 1955). The iron toxicity 
stress in the field occurs in reduced soils when a toxic 
amount of ferrous iron is mobilized in soil solution in situ 

or when inflow brings in soluble iron from upper slopes 
(van Breemen and Moormann 1978). A large body of 
literature on iron toxicity in lowland rice since the first 
report of its occurrence (Ponnamperuma et al. 1955) has 
confirmed the association of iron toxicity in the rice plant 
with high but varying amounts of soluble iron in the soil 
solution or growing media (Sahu 1968; Ponnamperuma 
1972, van Breemen and Moormann 1978; Bode et al. 1995; 
Sahrawat 1998; Narteh and Sahrawat 1999; Olaleye et al. 
2001; Sahrawat 2004, 2005). 

Iron toxicity occurs mostly in Ultisols, Oxisols and acid 
sulfate soils, high in active iron and potential acidity, irres-
pective of organic matter and texture. But texture, cation 
exchange capacity and organic matter content influence the 
concentration of ferrous iron in soil solution, in which iron 
toxicity occurs (Ponnamperuma 1972; van Breemen and 
Moormann 1978; Sahrawat 1979; Sahrawat et al. 1996; 
Sahrawat 2004; Fageria et al. 2008). Plant and growing 
medium-related factors such as plant age, acidity reserve 
and accumulation of hydrogen sulfide, organic acids and 
other reduction products under reduced soil conditions also 
are implicated in the occurrence of iron toxicity in the rice 
plant (Tanaka et al. 1968; Yoshida 1981; Genon et al. 1994; 
Sahrawat 2004; Fageria et al. 2008). 

Iron toxicity symptoms vary with rice cultivars. They 
are characterized by a reddish brown, yellow, or purple-
bronzing or orange discoloration of the lower leaves of the 
rice plants. Typically, iron toxicity symptoms are manifes-
ted as tiny brown spots starting from the upper tips and 
spreading toward the bases of the lower leaves. With 
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progress in iron toxicity, the brown spots coalesce on the 
interveins of the leaves. With increased iron toxicity stress, 
the entire affected leaves look purplish brown, followed by 
drying of the leaves, which gives the rice plant a scorched 
appearance (Sahrawat et al. 1996; Sahrawat 2004). The 
disorder may be expressed as reduced plant height, reduced 
tillering, leaf discoloration and loss of chlorophyll, and re-
duced root growth (Fageria et al. 2008). Equally impor-
tantly, the roots of rice plants affected by iron toxicity 
become scanty, coarse, short and blunted and dark brown in 
color; with the alleviation of the stress, the roots may 
slowly recover to the usual white color (Sahrawat 2004; 
Fageria et al. 2008). Iron toxicity symptoms on rice leaves 
and changes in root color and morphology are useful for 
diagnosis of the stress. The iron toxicity symptoms com-
monly develop at the maximum tillering and heading 
growth stage, but may be observed at any growth stage of 
the rice crop (van Breemen and Moormann 1978). 

Iron toxicity is a complex nutrient disorder and the 
deficiencies of other nutrients, especially phosphorus (P), 
potassium (K), calcium (Ca), magnesium (Mg) and zinc 
(Zn), are considered in the occurrence of (Ottow et al. 
1983) and tolerance to iron toxicity (for review of literature 
see Sahrawat 2004). Other nutrients may play an important 
role not only in reducing the effect of iron toxicity but also 
in the expression of iron tolerance by various rice cultivars 
(Sahrawat et al. 1996; Sahrawat 2004). Deficiencies of P, K, 
Ca, Mg and manganese (Mn) decrease the iron-excluding 
power of rice roots and can thus affect the rice plant’s 
tolerance of iron toxicity (e.g., see Yoshida 1981; Sahrawat 
2004). Deficiencies of Ca, Mg and Mn are not commonly 
observed in lowland rice, except probably on acid sulfate 
soils; deficiencies of P, K and Zn therefore deserve special 
attention (Yoshida 1981; Sahrawat et al. 1996; Sahrawat 
2004). 

The objective of this paper is to critically review salient 
research on the role of tolerant genotypes and plant nutri-
ents in reducing iron toxicity and enhance rice productivity 
on iron-toxic soils. The ultimate goal is to provide infor-
mation that can be used for increasing rice production and 
productivity on iron-toxic wetlands on a sustainable basis. 
 
TOLERANT GENOTYPES FOR REDUCING IRON 
TOXICITY 
 
Rice cultivars differ in their tolerance for iron toxicity and 
the selection of rice cultivars with superior iron tolerance is 
an important component of research for reducing iron toxi-
city. Genetic differences in adaptation to and tolerance for 
iron-toxic soil conditions have indeed been exploited for 
developing rice cultivars with tolerance for iron toxicity 
(Virmani 1977; Yoshida 1981; Gunawardena et al. 1982, 
Abifarin 1988; Winslow et al. 1989; DeDatta et al. 1994; 
Sahrawat and Sika 2002; Sahrawat 2004; Balasubramanian 
et al. 2007; Nozoe et al. 2008). 

Research on the screening of rice cultivars for iron 
tolerance has also been conducted under controlled condi-
tions in nutrient solution experiments to identify cultivars 
that are tolerant to high iron as well as to establish the role 
of various factors in the mechanisms involved in the occur-
rence of and tolerance to iron toxicity (Patrick 1966; Tanaka 
et al. 1966; Fageria and Rabelo 1987; Bode et al. 1995; 
Asch et al. 2005). The reported levels of iron in culture 
solution that cause iron toxicity have a wide range and vary 
from as low as10 to >500 mg Fe L-1 (Tanaka et al. 1966; 
Patrick 1966; Fageria and Rabelo 1987; Bode et al. 1995; 
Asch et al. 2005). It has been observed that during most 
solution culture experiments no precautions were taken to 
prevent the oxidation of soluble ferrous iron to insoluble 
ferric hydroxides and hence the real concentrations of fer-
rous iron might have been lower than those reported in such 
studies (van Breemen and Moormann 1978; Sahrawat 2004). 
For example, Bode et al. (1995) in study of iron toxicity in 
a hydroponic system reported that 5-10% of the ferrous iron 
was indeed oxidized to ferric iron in experiments lasting 3-4 

weeks. On the other hand, Narteh and Sahrawat (1999) ob-
served that an iron-toxic Ultisol released 50 to 150 mg 
ferrous iron L-1 in soil solution during 3-10 weeks after 
flooding in greenhouse pots; and in the field experiment, 
rice plants growing on the soil showed severe iron toxicity 
symptoms (Sahrawat et al. 2001). Thus, under field condi-
tions, depending on the land hydrology, both ferrous iron 
inflow from upper slopes and the in situ release of ferrous 
iron contribute to the occurrence of iron toxicity to rice 
(Sahrawat 2004). Such factors relating to the inflow of iron 
from upper slopes and the in situ generation of ferrous iron 
in the entire soil profile are not considered in solution cul-
ture experiments (Sahrawat et al. 1996, 2001). 

 Thus it is not entirely surprising that contradictory 
results on the iron-toxicity tolerance of rice cultivars have 
been reported by employing solution culture and field stu-
dies (van Breemen and Moormann 1978; Sahrawat 2004). 
The use of standard iron-toxicity tolerant and iron-toxicity 
susceptible rice cultivars in experiments used for screening 
cultivars for iron-toxicity tolerance can be very valuable 
(Sahrawat et al. 1996, 2001). With lessons learnt from the 
past research in this area, it is suggested that the selection of 
rice cultivars for iron toxicity tolerance is better expressed 
in the field and is greatly influenced by the length of the 
growing season, which especially facilitates the mainte-
nance of root growth until the late stage of the rice crop 
growth (Sahrawat 2000; Sahrawat 2004; Nozoe et al. 2008). 

With emphasis on the application of results on the 
management of iron toxicity in practical agriculture, this 
paper mainly focuses on the results obtained in the studies 
made under field conditions. 

Breeding and screening efforts at the International Rice 
Research Institute in the Philippines and at WARDA (West 
Africa Rice Development Association, now Africa Rice 
Center) have identified a number of rice cultivars with im-
proved tolerance to iron for growing in iron-toxic soils (De 
Datta et al. 1994, Sahrawat 2004; Balasubramanian et al. 
2007; Nozoe et al. 2008). 

Sahrawat et al. (1996) evaluated 20 lowland rice culti-
vars for tolerance of iron toxicity at an iron-toxic site in 
Korhogo, Côte d’Ivoire, under irrigated conditions. The 
cultivars differed in iron-toxicity tolerance. Grain yields 
varied from 0.10 to 5.04 t ha–1 and iron toxicity scores, 
based on the extent of bronzing symptoms on foliage, 
ranged from 2 to 9 (1 indicates normal growth and nine in-
dicates that most plants are dead or dying). Further evalua-
tion of rice cultivars during 1992-97 showed that among 
three promising iron-tolerant cultivars, CK 4 was the top 
yielder (mean grain yield 5.33 t ha–1), followed by WITA 1 
(4.96 t ha–1) and WITA 3 (4.46 t ha–1) and tolerant check 
Suakoko 8 (3.80 t ha–1) (Table 1). These and other results 
suggest that high rice yields and iron toxicity tolerance are 
physiologically compatible (Sahrawat et al. 2000; Audebert 
and Sahrawat 2000; da Silveira et al. 2007). 

Work done by WARDA in West Africa showed that 
some Oryza glaberrima cultivars, adapted to lowland rice-
growing conditions, possess a higher tolerance for iron 
toxicity than their O. sativa counterparts. Sahrawat and Sika 
(2002) conducted experiments at an iron-toxic site (Kor-
hogo, Côte d’Ivoire) during the 2000 wet and dry seasons to 
evaluate the performance of promising O. sativa (CK 4, 
tolerant check; Bouake 189, susceptible check) and O. 
glaberrima (CG 14) cultivars. While CK 4 and Bouake 189 
showed typical iron toxicity symptoms in varying degrees, 
CG 14 plants did not show any iron toxicity symptoms at all 
as measured by iron toxicity scores. Although CG 14 did 
not give high grain yields because of its lower harvest index, 
lodging of the crop, especially under the application of 
nutrients and shattering of seeds at maturity, the cultivar 
showed remarkable tolerance for iron toxicity. Research 
showed that CG 14 has a high tolerance for iron toxicity 
and remains an obvious choice as a donor for iron tolerance 
in breeding programs (Sahrawat and Sika 2002; Sahrawat 
2004). 

With the objective to select suitable lowland rice vari-
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eties for growing in the iron-toxic soils of Orissa, India, 
Nayak et al. (2008) evaluated 65 genotypes for their toler-
ance to iron in the field by growing them on a typical iron-
toxic Haplaquept (pH 5.1; DTPA extractable iron 368 mg 
kg-1) low in organic matter and cation exchange capacity. 
The results showed that there was a wide range in tolerance 
to iron toxicity and iron- tolerant rice genotypes irrespective 
of their growth duration produced higher grain yields than 
the iron-susceptible cultivars in the respective duration 
groups. The grain yield of the rice cultivars evaluated ranged 
from 0.77 to 3.6 t ha-1 and was influenced by tolerance to 
iron toxicity and growth duration (Nayak et al. 2008). 

Several physiological mechanisms have been proposed 
for the tolerance for iron in rice and detailed discussion on 
the topic has been provided in a review by Sahrawat (2004). 
Briefly, the physiological status of a rice plant under sub-
merged soil condition greatly modifies its ability to tolerate 
high iron in soil solution. Rice roots play three important 
functions to counter iron toxicity and these include (i) oxi-
dation of iron in the rhizosphere to keep iron concentration 
low in the growth media, (ii) rice roots exclude iron at the 
root surface and thus prevent iron entering the root and (iii) 
rice roots are able to retain iron in the root tissue and thus 
decreases the translocation of iron from the root to the shoot 
(Tadano 1975). There is another mechanism involved in 
which the rice plant is able to tolerate a high concentration 
of iron in the tissue (Sahrawat 2004). 

Rice roots diffuse molecular oxygen into the root 
medium through air chambers and aerenchyma in the rice 
plant leaves, stems nodes and roots, which makes the 
rhizosphere more oxidative than the bulk growing soil. This 
leads to the oxidation of ferrous iron in soil solution to 
ferric iron, which can be seen as deposits on the surface of 
the rice roots. The oxidizing power of the rice roots is 
greater at the growing points and at the elongating parts of 
the roots than at the basal parts of the roots (Yoshida 1981). 

Audebert and Sahrawat (2000) conducted field experi-
ments on iron-toxic soils in an attempt to determine the 
mechanisms involved in cultivar differences in iron-toxicity 
tolerance. They found that iron-tolerant rice cultivar ab-
sorbed less iron or translocated less iron from the roots to 
leaves. Also, at any given concentration of iron in the leaves, 
net photosynthetic rates were lower in the iron-toxicity 
susceptible than in the iron-toxicity tolerant rice cultivar. 
The iron-tolerant rice cultivar owed its superior perfor-
mance under iron-toxic conditions partly to avoidance (less 
iron accumulation in the photo- synthesizing leaves) and 
iron tolerance, by maintaining superior photosynthetic pot-
ential in the presence of absorbed iron in the leaves (Aude-
bert and Sahrawat 2000). Interestingly, these mechanisms of 
iron-toxicity tolerance were further enhanced by the ap-
plications of other nutrients such as N, P, K and Zn (Aude-
bert and Sahrawat 2000; Sahrawat 2004). 

The results discussed in this section clearly bring out 
that the lowland rice cultivars possess a wide range in gene-
tic tolerance to iron toxicity and this trait could be utilized 
to select genotypes with superior tolerance to iron. The next 
step is to build appropriate soil, water and nutrient manage-
ment practices to go with iron-tolerant genotypes for achie-
ving their potential in the longer-term. 
 

Role of other nutrients in reducing iron toxicity 
 
A high concentration of iron in soil solution can cause nut-
rient imbalance through antagonistic effects on the uptake 
of nutrients, including K, P, Mn and Zn (Tanaka and Nava-
sero 1966; Yamauchi 1989; Verma 1991; Sahrawat et al. 
1996; Sahrawat 1998; Sahu et al. 2001; Ramirez et al. 
2002; Kyuma 2004; Sahrawat 2004, 2007; Fageria et al. 
2008). 

To study the involvement of other plant nutrients in the 
occurrence of and tolerance to iron toxicity, Sahrawat (2000) 
determined the elemental composition of iron tolerant (CK 
4) and iron susceptible (Bouake 189) lowland rice cultivars 
grown on an iron-toxic Ultisol (pH 5.4; DTPA extractable 
iron 490 mg kg-1 soil) under irrigated conditions in the field 
without and with the application of N, P, K and Zn. For both 
iron-tolerant and iron-susceptible rice varieties, there were 
no differences in elemental composition of the whole plant 
tops, sampled at 30 and 60 days after transplanting, except 
for iron. All the other nutrient element concentrations were 
in the adequate range (Sahrawat 2000). Both iron-tolerant 
and iron-susceptible rice varieties had a high concentration, 
well above the critical limit of 300 mg iron kg-1 plant dry wt 
(Table 2). These results showed that iron toxicity is single 
nutrient (iron) toxicity and not a multiple nutrient defici-
ency stress. 

The results reported by Sahrawat (2000) are in accord 
with those reported by Sahrawat et al. (1996) and da Sil-
veira et al. (2007). da Silveira et al. (2007) found that 
except for Mn, the uptake of other nutrients was not im-
paired by iron toxicity and the effects of iron toxicity were 
directly due to excess iron rather than the secondary effects 
of high iron on mineral nutrition of the rice plant. 

The deficiency or lack of availability of other nutrients 
can also affect the rice plant’s ability to decrease uptake of 
iron in the tops through physiological functions carried out 
by roots such as iron oxidation, iron exclusion and iron 
retention (Yoshida 1981; Audebet and Sahrawat 2000; Sah-
rawat 2004). Thus, it is not entirely surprising that the 
application of other nutrients reduces iron toxicity and 
improves yield of rice on iron-toxic soils. 

Several reports show that the applications of nutrients 
such as P, K and Zn reduce iron toxicity, improve growth 
and increase rice yield; and the role, especially of K in 
reducing iron toxicity in the rice plant has been a subject of 
several studies (Tanaka and Tadano 1972; Trolldenier 1977; 
Yamauchi 1989; Ismunadji and Ardjasa 1989; Genon et al. 
1994; Sahu et al. 2001). The effects of other nutrients is not 
merely as plant nutrient, but their role could be physiolo-
gical in nature. For example, plant nutrients such as K re-
duce iron toxicity through enhanced root activity to exclude 
or retain iron or by influencing the redox-based reactions 
that influence the amount of iron in soil solution in the rice 
plant rhizosphere (Tadano and Tanaka 1970; Tadano 1975; 
Trolldenier 1977; Chen et al. 1997; Sahrawat et al. 2001; 
Nayak et al. 2004; Sahrawat 2004). 

Also, it has been reported that K content of rice plants 
exhibiting physiological diseases such as Akagare Type 1, 
bronzing and Akiochi (Park and Tanaka 1968), all linked or 
attributed to iron toxicity, is often low than in the rice plants 
free of these physiological disorders (for review see Yoshida 

Table 1 Grain yields (t ha–1) of WITA 1 and WITA 3 rice cultivars during 1992-97 relative to the performance of iron-tolerant (Suakoko 8 and CK 4) and 
iron-susceptible (Bouake 189) check cultivars under irrigated conditions in the wet season at an iron-toxic site in Korhogo, Côte d’Ivoire.a 
Year CK4 WITA1 WITA 3 Bouake 189 Suakoko 8 LSD (0.05) 
1992 – 4.33 5.04 2.87 4.85 1.080 
1993 5.87 5.53 5.17 4.08 5.07 0.630 
1994 6.05 6.66 4.30 4.69 3.73 1.100 
1996 3.76 3.24 3.21  2.81 2.57 0.760 
1997 5.63 5.02 4.59 4.99 2.79 1.345 
Mean 5.33 4.96 4.46 3.88 3.80  

aEach season, all cultivars received a uniform application of 100 kg N ha–1, 50 kg P ha–1 and 10 kg Zn ha–1. 
Source: Sahrawat KL, Diatta S, Singh BN (2000) Reducing iron toxicity in lowland rice through an integrated use of tolerant genotypes and plant nutrient management. 
Oryza 37, 44-47, ©2000, Association of Rice Research Workers, Central Rice Research Institute, Cuttack, Orissa, India. 
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1981). Deficiencies of K, Ca, Mg, Mn or Si (silicon) 
decrease the rice roots’ ability to retain iron. The rice roots’ 
ability to exclude or retain iron in the rice plant deficient in 
nutrients such as K, P, Mg, Mn or Si makes such a plant 
more susceptible to iron toxicity than a healthy plant well 
supplied with these nutrients (Yoshida 1981; Sahrawat 
2004). 

Sahrawat et al. (2001) conducted field experiments 

during 1995-1998 to study the effects of applications of N, 
P, K and Zn in various combinations on the iron toxicity 
tolerance, indicated by iron toxicity score and grain yield of 
iron-tolerant and iron-susceptible lowland rice cultivars in 
iron-toxic Ultisols under irrigated conditions. The results 
showed that applications of N, P, K and Zn in various com-
binations reduced iron toxicity and increased yields of iron-
tolerant and -susceptible rice cultivars. The increase in grain 
yields of iron-susceptible cultivars was more than that of 
iron-tolerant cultivars (Table 3). These results clearly de-
monstrate that a combination of iron-tolerant rice cultivar 
along with balanced nutrient application provides the best 
results in terms of reducing iron toxicity and increasing rice 
yields. 

Sahrawat and Sika (2002) conducted experiments under 
irrigated conditions in the 2000 dry (January-May) and wet 
season (July-November) on an iron toxic site in West Africa 
to evaluate the effects of application of other nutrients on 
the expression of iron toxicity symptoms and grain and 
biomass production. The lowland rice varieties tested were 
CK4, an iron-tolerant variety; Bouake 189, an iron-suscep-
tible variety (both belong to Oryza sativa); and Oryza 
glaberrima variety CG14, a tolerant variety that does not 
show iron toxicity symptoms. The results showed that the 
yields were higher in the wet than in the dry season and the 
application of P, K or Zn with N increased grain yield and 
total biomass production over the control (no nutrients 
applied). The combined applications of N, P, K and Zn 
significantly increased rice grain and total biomass yields in 
the three varieties (Table 4). However, the response of the 
Oryza glaberrima rice cultivar CG14 to nutrient application 
was greatly influenced by its lower harvest index, lodging 

Table 2 Nutrient content (mg kg-1) in plant tops of iron-tolerant (CK 4) and iron-susceptible (Bouake 189) rice varieties grown on an iron-toxic Ultisol 
without (0) and with (+ NPKZn) treatments at 30 and 60 days after transplanting (DAT) in Korhogo, Côte d’Ivoire.a 

At 30 DAT AT 60 DAT 
CK 4  Bouake 189 CK 4  Bouake 189 

Nutrient 
element 

0 +NPKZn  0 +NPKZn 0 +NPKZn  0 +NPKZn 
N 31,300 31,800  21,900 23,500 15,500 16,600  13,600 14,800
P 3,800 4,100  3,200 3,400 2,800 3,200  3,000 3,300
K 27,500 28,500  34,400 36,500 18,600 22,500  24,600 23,400
Ca 5,100 6,500  1,900 2,100 2,000 2,300  2,000 2,000
Mg 3,600 4,600  1,000 1,100 1,100 1,200  1,200 1,200
Fe 2,897 4,520  3,786 5,730 2,060 1,459  1,607 1,622
Mn 170 155  146 147 224 226  164 201
Zn 60 77  28 25 34 37  37 38

a The two rice cultivars received a uniform application of 100 kg N ha–1, 50 kg P ha–1 and 10 kg Zn ha–1. 
Source: Sahrawat KL (2000) Elemental composition of the rice plant as affected by iron toxicity under field conditions. Communications in Soil Science and Plant Analysis 
31, 2819-2827, ©2000, Marcel Dekker, NY. 

 

Table 3 Effects of field applications of nutrients on grain yield of iron-
tolerant (CK 4) and susceptible (Bouake 189 and TOX 3069-66-2-1-6) 
rice cultivars on an iron-toxic soil at Korhogo, Côte d’Ivoire (1995-98).a 

Grain yield (t ha-1) Treatment 
CK 4 Bouake 189 TOX 3069-66-2-1-6

No fertilizer 4.3 (3)b 3.4 (5) 2.9 (7) 
N 4.4 (3) 4.1 (5) 3.3 (7) 
N + P 5.3 (2) 4.3 (4) 4.2 (5) 
N + K 4.8 (2) 4.4 (4) 3.8 (5) 
N + Zn 4.8 (2) 4.6 (4) 4.6 (5) 
N + P + Zn 5.0 (2) 4.4 (4) 4.2 (4) 
N + K + Zn 5.2 (2) 4.6 (3) 4.6 (4) 
N + P + K 5.4 (2) 4.5 (3) 4.5 (3) 
N + P + K + Zn 5.7 (2) 4.7 (3) 4.7 (3) 
LSD (0.05) 1.01 1.02 1.15 

aThe data are an average of four years (1995-98). All cultivars received a uniform 
application of N (100 kg ha–1), P (50 kg ha–1), K (80 kg ha–1) and Zn (10 kg ha–1). 
bIron toxicity scores are given in parentheses on a scale of 1 to 9, where 1 = 
normal growth and 9 = most plants are dead or drying. 
Source: Sahrawat KL, Diatta S, Singh BN (2001) Nutrient application reduces 
iron toxicity in lowland rice in West Africa. International Rice Research Notes 
26, 51-52, ©2001, International Rice Research Institute, Los Baños, Philippines. 

 

Table 4 Iron toxicity scores (ITS) of rice plants at 60 d after transplanting and grain and grain plus straw yields of iron-tolerant (CK4 and CG14) and 
susceptible (Bouake 189) lowland rice cultivars grown on an iron-toxic soil. 

CK4 Bouake 189 CG14 Treatment 
Grain  
(t ha-1) 

Biomass  
(t ha-1) 

ITSa Grain 
(t ha-1) 

Biomass  
(t ha-1) 

ITS Grain  
(t ha-1) 

Biomass  
(t ha-1) 

ITS 

2000 dry season 
No nutrients 2.0 5.4 5 1.6 3.9 6 1.8 3.7 1 
N + P + K + Zn 3.2 8.5 2 2.6 5.9 3 2.0 6.0 1 
Mean 2.6 6.9  2.1 4.9  1.9 4.8  
LSD (0.05) 0.42 1.60  0.41 1.65  0.31 1.15  

2000 wet season 
No nutrients 2.9 5.6 5 2.4 5.0 5 2.8 5.6 1 
N + P + K + Zn 5.9 11.0 2 5.9 12.2 3 3.7 7.8 1 
Mean 4.4 8.3  4.2 8.6  3.3 6.7  
LSD (0.05) 1.11 2.01  0.75 1.95  0.67 2.11  

Av of dry and wet seasons 
No nutrients 2.5 5.5 5 2.0 4.4 6 2.3 4.7 1 
N + P + K + Zn 4.5 9.8 2 4.2 9.1 3 2.9 6.9 1 
LSD (0.05) 0.77 1.91  0.58 1.80  0.50 1.63  
a The iron toxicity scoring system is based on the extent of bronzing symptoms on rice plant leaves and uses a scale from 1 to 9. A score of I indicates normal growth and 9 
indicates that most plants are dead or dying. 
Source: Sahrawat KL, Sika M (2002) Comparative tolerance of Oryza sativa and O. glaberrima rice cultivars for iron toxicity in West Africa. International Rice Research 
Notes 27, 30-31, ©2002, International Rice Research Institute, Los Baños, Philippines. 

73



Managing iron toxicity in rice. Kanwar L. Sahrawat 

 

of the crop, especially under the application of nutrients and 
shattering of seeds at maturity, the variety showed remarka-
ble tolerance for iron toxicity stress. The results show that 
CG14 has a high tolerance for iron toxicity and remains an 
obvious choice as a donor for iron tolerance in a breeding 
program (Sahrawat and Sika 2002). 

Ramirez et al. (2002) conducted a field experiment in 
La Mata, Dominican Republic to study the role of other 
nutrients [P, K, sulfur (S) and Zn in combination with N] on 
the occurrence of and tolerance to iron toxicity in iron-
tolerant and susceptible lowland rice cultivars. The results 
showed that the application of N, P, K, S and Zn reduced 
the effect of iron toxicity, but did not overcome the stress 
completely. Iron toxicity symptoms were observed on the 
rice plants when the DTPA-extractable iron concentration in 
the flooded soil was higher than 200 mg kg-1 soil. The 
application of nitrogen, phosphorus, potassium, sulfur and 
zinc nutrients significantly increased the grain yield of all 
three varieties (both iron-tolerant and sensitive cultivars), 
but the role of individual nutrients could not be ascertained 
from the study. The iron-tolerant rice varieties (ISA-40 and 
PSQ-4) produced high grain yields (mean grain yield of 
7.74 t ha-1 by PSQ-4 and 8.84 t ha-1 by ISA-40) and their 
yields were significantly higher than those produced by the 
iron-susceptible rice variety (JUMA-57, mean grain 5.54 t 
ha-1). 

The results reported by Ramirez et al. (2002) on the role 
of other plant nutrients in reducing iron toxicity stress and 
increasing yields of lowland rice cultivars in the field are in 
accord with those reported by Sahrawat et al. (1996, 2000), 
Sahrawat and Sika (2002), and Olaleye and Ogunkunle 
(2008) in field studies. 

More importantly, the research reviewed clearly de-
monstrates that for the best results in terms of rice yield and 
its sustainability, the use of iron-tolerant rice cultivars 
should be integrated with balanced nutrient management 
strategy. Clearly, the role of other plant nutrients (K, Ca, 
Mg, Mn, S or Si) manifest in a combination of influences 
relating to the function of roots in reducing iron toxicity in 
lowland rice (Tadano and Yoshida 1978; Yoshida 1981; 
Sahrawat 2004). 
 
CONCLUSIONS 
 
The intensified use of iron-toxic wetlands in the future is 
inevitable for meeting the food needs of the ever-growing 
population in tropical regions, where iron-toxic soils are an 
important natural resource for food production. The results 
discussed in this paper demonstrate that iron toxicity can be 
reduced by using iron-tolerant cultivars and by applying 
other nutrients whose availability is negatively affected by a 
high concentration of iron in soil solution. An integrated use 
of tolerant genotypes and improved soil and nutrient 
management is more practical for sustainable increases in 
rice productivity especially under high and sustained iron 
toxicity stress. 
 
REFERENCES 
 
Abifarin AO (1988) Grain yield loss due to iron toxicity. West Africa Rice 

Development Association (WARDA) Technical Newsletter 8, 1-2 
Asch F, Becker M, Kpongor DS (2005) A quick and efficient screen for toler-

ance to iron toxicity in lowland rice. Journal of Plant nutrition and Soil Sci-
ence 168, 764-773 

Audebert A, Sahrawat KL (2000) Mechanisms for iron toxicity tolerance in 
lowland rice. Journal of Plant Nutrition 23, 1877-1885 

Balasubramanian V, Sie M, Hijmans RJ, Otsuka K (2007) Increasing rice 
production in Sub-Saharan Africa. Advances in Agronomy 94, 55-133 

Bode K, Doring O, Luthje S, Botteger M (1995) The role of active oxygen in 
iron tolerance of rice (Oryza sativa). Protoplasma 184, 249-255 

Chen J, Xuan J, Du C, Xie J (1997) Effect of potassium nutrition of rice on 
rhizosphere redox status. Plant and Soil 188, 131-137 

da Silveira VC, de Oliveira AP, Sperotto RA, Espindola LS Amaral L, Dias 
JF, da Cunha JB, Fett JP (2007) Influence of iron on mineral status of two 
rice (Oryza sativa L.) cultivars. Brazilian Journal of Plant Physiology 19, 
127-139 

De Datta SK, Neue HU, Senadhira D, Quijano C (1994) Success in rice im-

provement for poor soils. In: Proceedings of the Workshop on Adaptation of 
Plants to Soil Stresses, 1-4 August 1993, University of Nebraska, Lincoln, 
Nebraska. INTSORMIL Publication No. 94-2. University of Nebraska, Lin-
coln, Nebraska, USA, pp 248-268 

Fageria NK, Rabelo NA (1987) Tolerance of rice cultivars to iron toxicity. 
Journal of Plant Nutrition 10, 653-661 

Fageria NK, Santos AB, Barbosa Filho MP, Guimarães CM (2008) Iron 
toxicity in lowland rice. Journal of Plant Nutrition 31, 1676-1697 

Genon JG, de Hepcee N, Delvaux B, Duffey JE, Hennebert PA (1994) Redox 
conditions and iron chemistry in highland swamps of Burundi. Plant and Soil 
166, 165-171 

Gunawardena I, Virmani SS, Sumo FJ (1982) Breeding rice for tolerance to 
iron toxicity. Oryza 19, 5-12 

Howeler RH (1973) Iron-induced oranging disease of rice in relation to physic-
cochemical changes in a flooded Oxisol. Soil Science Society of America 
Proceedings 37, 898-903 

Ismunadji M, Ardjasa WS (1989) Potash fertilization for lowland rice can pre-
vent iron toxicity losses. Better Crops International, December, pp 12-14 

Kyuma K (2004) Paddy Soil Science, Kyoto University Press, Kyoto, Japan, 
280 pp 

Narteh LT, Sahrawat KL (1999) Influence of flooding on electrochemical and 
chemical properties of West African soils. Geoderma 87, 179-207 

Nayak SC, Sahu SK, Mishra GC, Sandha B (2004) Comparison of different 
amendments for alleviating iron toxicity in rice. International Rice Research 
Notes 29, 51-53 

Nayak SC, Sahu SK, Rout DP, Nayak RK (2008) Suitable rice varieties for 
iron toxic soils of Orissa. Oryza 45, 163-165 

Nozoe T, Agbisit R, Fukuta Y, Rodriguez R, Yanagihara S (2008) Charac-
teristics of iron tolerant rice lines developed at IRRI under field conditions. 
Japan Agricultural Research Quarterly 42, 187-192 

Olaleye AO, Tabi AO, Ogunkunle AO, Singh BN, Sahrawat KL (2001) 
Effect of toxic iron concentrations on the growth of lowland rice. Journal of 
Plant Nutrition 24, 441-457 

Olaleye AO, Ogunkunle AO (2008) Management of two potentially iron toxic 
benchmark wetland using integrated approach for rice production in Nigeria. 
Journal of Agronomy and Crop Science 194, 237-243 

Ottow JCG, Benckiser G, Watanabe I, Santiago S (1983) Multiple nutritional 
soil stress as the prerequisite for iron toxicity of wetland rice (Oryza sativa 
L.). Tropical Agriculture (Trinidad) 60, 102-106 

Park YD, Tanaka A (1968) Studies of rice plant on an “Akiochi” soil in Korea. 
Soil Science and Plant Nutrition 14, 27-34 

Patrick WH Jr (1966) Apparatus for controlling the oxidation-reduction poten-
tial of waterlogged soils. Nature 212, 1278-1279 

Ponnamperuma FN (1972) The chemistry of submerged soils. Advances in 
Agronomy 24, 29-96 

Ponnamperuma FN, Bradfield R, Peech M (1955) Physiological disease of 
rice attributable to iron toxicity. Nature 175, 265 

Ramirez, LM, Claassen N, Ubiera AA, Werner H, Moawad AM (2002) Ef-
fect of phosphorus, potassium and zinc fertilizers on iron toxicity in wetland 
rice (Oryza sativa L.). Plant and Soil 239, 197-206 

Sahrawat KL (1979) Iron toxicity to rice in an acid sulfate soil as influenced 
by water regimes. Plant and Soil 51, 143-144 

Sahrawat KL (1998) Flooding soil: a great equalizer of diversity in soil chemi-
cal fertility. Oryza 35, 300-305 

Sahrawat KL (2000) Elemental composition of the rice plant as affected by 
iron toxicity under field conditions. Communications in Soil Science and 
Plant Analysis 31, 2819-2827 

Sahrawat KL (2004) Iron toxicity in wetland rice and the role of other nut-
rients. Journal of Plant Nutrition 27, 1471-1504 

Sahrawat KL (2005) Managing iron toxicity in rice: the role of tolerant geno-
types and plant nutrients. In: Toriyama K, Heong KL, Hardy B (Eds) Rice is 
Life [electronic resource]: Scientific Perspective for the 21st Century: Pro-
ceedings of the World Rice Congress held at Tsukuba, Japan on 5-7 Novem-
ber 2004. Japanese International Research Center for Agricultural sciences 
(JIRCAS) and International Rice Research Institute (IRRI), Manila, Philip-
pines. JIRCAS, Tsukuba, Japan, pp 452-454 

Sahrawat KL (2007) Soil fertility advantages of submerged rice cropping sys-
tems: a review. Journal of Sustainable Agriculture 31, 5-23 

Sahrawat KL, Diatta S, Singh BN (2000) Reducing iron toxicity in lowland 
rice through an integrated use of tolerant genotypes and plant nutrient 
management. Oryza 37, 44-47 

Sahrawat KL, Diatta S, Singh BN (2001) Nutrient application reduces iron 
toxicity in lowland rice in West Africa. International Rice Research Notes 26, 
51-52 

Sahrawat KL, Mulbah CK, Diatta S, De Laune RD, Patrick WH Jr., Singh 
BN, Jones MP (1996) The role of tolerant genotypes and plant nutrients in 
the management of iron toxicity in lowland rice. Journal of Agricultural Sci-
ence Cambridge 126, 143-149 

Sahrawat KL, Sika M (2002) Comparative tolerance of Oryza sativa and O. 
glaberrima rice cultivars for iron toxicity in West Africa. International Rice 
Research Notes 27, 30-31 

Sahu BN (1968) Bronzing disease of rice in Orissa as influenced by soil types 
and manuring and its control. Journal of the Indian Society of Soil Science 16, 

74



Plant Stress 4 (Special Issue 2), 70-75 ©2010 Global Science Books 

 

41-54 
Sahu SK, Sandha B, Dev G (2001) Relationship between applied potassium 

and iron toxicity in rice. International Rice Research Notes 26, 52-53 
Tadano T (1975) Devices of rice roots to tolerate high iron concentrations in 

growth media. Japan Agricultural Research Quarterly 9, 34-39 
Tadano T, Tanaka A (1970) Studies on the iron nutrition of rice plants: Iron 

absorption affected by potassium status of the plants. Journal of Science Soil 
Manure, Japan 41, 142-148 

Tadano T, Yoshida S (1978) Chemical changes in submerged soils and their 
effect on rice growth. In: Soils and Rice, International Rice Research Institute, 
Manila, Philippines, pp 399-420 

Tanaka A, Navasero SA (1966) Growth of the rice plant on acid sulfate soils. 
Soil Science and Plant Nutrition 12, 107-114 

Tanaka A, Loe R, Navasero SA (1966) Some mechanisms involved in the 
development of iron toxicity symptoms in the rice plant. Soil Science and 
Plant Nutrition 12, 158-164 

Tanaka A, Mulleriyawa RP, Yasu T (1968) Possibility of hydrogen sulfide in-
duced iron toxicity of the rice plant. Soil Science and Plant Nutrition 14, 1-6 

Tanaka A, Tadano T (1972) Potassium in relation to iron toxicity of the rice 
plant. Potash Review 9/21, 1-12 

Trolldenier G (1977) Mineral nutrition and reduction processes in the rhizo-
sphere of rice. Plant and Soil 47, 193-202 

van Breemen N, Moormann FR (1978) Iron-toxic soils. In: Soils and Rice, 
International Rice Research Institute, Manila, Philippines, pp 781-800 

Verma TS (1991) Bronzing disease of rice in relation to critical levels of iron 
and iron-manganese ratio in North-West Himalayan region. Journal of the 
Indian Society of Soil Science 39, 201-203 

Virmani SS (1977) Varietal tolerance to iron toxicity in Liberia. International 
Rice Research Newsletter 2, 4-5 

Winslow MD, Yamauchi M, Alluri K, Masajo TM (1989) Reducing iron toxi-
city in rice with resistant genotypes and ridge planting. Agronomy Journal 81, 
458-460 

Yamauchi M (1989) Rice bronzing in Nigeria caused by nutrient imbalances 
and its control by potassium sulfate application. Plant and Soil 117, 275-286 

Yoshida S (1981) Fundamentals of Rice Crop Science, International Rice Re-
search Institute, Manila, Philippines, 269 pp 

 
 

75


