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ABSTRACT

Iron (Fe) toxicity, particularly in the ferrous form (Fe2*), poses a serious threat to rice productivity in lowland
regions of Bangladesh due to waterlogging and the use of Fe-rich irrigation. This study evaluated six rice
genotypes-four previously identified as tolerant (BU Line-2, BU Line-5, BU Line-8 and BU Line-12), one
moderately susceptible (BU Line-7), and one susceptible (BRRI Dhan-102)—under three Fe2* levels i.e.
Feo=Control, Fe600o=600 mg L1, and Fei200=1200 mg L! in semi-controlled pot conditions. Key
physiological traits, including biomass allocation, root and leaf characteristics, leaf bronzing score (LBS), and
tissue damage, were measured at 75 days after transplanting. Genotypes responded differentially to Fe stress.
At 1200 mg L1 Fe, BU Line-12 showed the lowest total dry weight reduction (28.2%), compared to 55.7% in
BU Line-5 and 50.5% in BRRI Dhan-102. BU Line-12 also recorded the lowest LBS (2.7 at Feso0), while BU
Line-2 exhibited strong root resilience (only 9.7% root DW reduction at Fesoo) but suffered higher shoot
damage (LBS 7.84 at Fe1200). Reproductive biomass was especially sensitive, with up to 96.2% reduction in
BU Line-5 under severe Fe stress. BU Line-12 consistently maintained shoot-root balance and showed fewer
fully damaged leaves, making it the most promising candidate for Fe-toxic environments. The findings
highlight the complex nature of iron (Fe) tolerance in rice and emphasize the effectiveness of trait-based
screening in identifying tolerant genotypes. These results are valuable for guiding rice breeding efforts and

selecting genotypes suitable for Fe-rich lowland ecosystems.
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INTRODUCTION

Iron (Fe) toxicity is a major abiotic stressor affecting
rice (Oryza sativa L.) production, especially in
waterlogged and acidic soils of lowland ecosystems.
Under such situations, excess iron is primarily soluble
in the form of ferrous (Fe2+), making it readily
available for plant uptake at toxic levels. Globally,
about 18% of soils are affected by moderate to severe
Fe toxicity, which limits crop productivity (Das and
Roychoudhury, 2014; Rout et al., 2014). For example,
in West Africa, more than 55% of rice-growing areas,
particularly in Guinea, Ivory Coast, and Ghana
experienced yield losses between 16% and 78%
(Audebert and Fofana, 2009). High Fe concentrations
disrupt nutrient uptake, reduce plant growth and
grain quality, and negatively impact soil redox status
and microbial health (Kirk et al. 2022; Aung and
Masuda 2020; Becker and Asch, 2005).

Although Fe toxicity is widely recognized as a global
issue, it has received relatively limited attention in
Bangladesh. However, recent evidence indicates its
increasing relevance, particularly in areas reliant on
iron-rich groundwater for irrigation. Prolonged
application of Fe-rich irrigation water results in the
accumulation of soluble Fe in surface soil. Several
studies have reported high levels of Fe in soils of
Mymensingh, Tangail, and Jamalpur districts, where
rice yields have also been adversely affected (Sheel et
al., 2015; Islam et al., 2020; Ahmed et al., 2018). The
Soil Resource Development Institute (SRDI) has
further documented widespread iron accumulation
across different regions of the country, highlighting
an emerging threat to crop productivity in Bangladesh

(Sultana et al., 2015; Miah and Uddin, 2005).

Most research on Fe toxicity in rice has focused on
the ferrous form (Fe2*), which predominates in
anaerobic environments and is highly bioavailable
(Aung and Masuda, 2020; Bashir et al., 2017; Miiller
et al., 2015). Ferrous iron stress causes various
physiological disturbances, including oxidative
stress, membrane damage, chlorosis, root inhibition,
and impaired reproductive development (Khairullah

et al., 2021; Li and Lan, 2017). In lowland rice

ecosystems in Bangladesh, characterized by
declining soil conditions and water stagnation,
Fe2*  toxicity is particularly relevant and is
expected to intensify with climate change, increasing
irrigation demand, and declining groundwater

quality (Ahmed et al., 2018; Hassan et al., 2017).

Although global studies have reported significant
genotypic variation in Fe2* tolerance among rice
genotypes (Rajonandraina et al., 2023; Stein et al,
2019), local genotype responses remain insufficiently
explored. The development and establishment of Fe-
tolerant rice genotypes provides a practical solution
to reduce yield losses in iron-prone soils. Fe-toxicity
tolerance mechanisms in rice involve complex
physiological and biochemical adaptations, including
exclusion, compartmentalization, and antioxidant
defense mechanisms (Das et al., 2017: Lopez-Millan
et al., 2016). However, these processes may vary
across developmental stages and environmental
conditions, requiring targeted screening under

context-specific situations.

The aim of this study was to evaluate the performance
of six rice genotypes, previously classified based on
their responses to Fe2* stress, under three levels of
iron toxicity (control, medium and high) in semi-
controlled pot conditions. The primary objectives
were to assess genotypic variation in biomass
allocation, quantify root and leaf morpho-
physiological traits, and assess visible indicators of
stress such as leaf bronzing and tissue damage. The
results of this study are expected to guide the
development, breeding and soil management
strategies of Fe-tolerant rice varieties and contribute
to sustainable rice production in the Fe-affected

lowland ecosystems of Bangladesh.

MATERIALS AND METHODS

Planting materials

Six rice genotypes were selected based on prior
observations, which have known differential
responses to iron (Fe) toxicity. These included four
tolerant genotypes (BU Line-2, BU Line-5, BU Line 8

and BU Line-12), one moderately susceptible

184 |Islam et al

International Journal of Biosciences | 1B
Website: https://www.innspub.net



Vol. 27, Issue: 1, p. 183-193, 2025 Int. J. Biosci.

genotype (BU Line-7), and one susceptible genotype
(BRRI Dhan-102). Seeds were obtained from the
Genetic Resources Unit, Department of Agronomy,
Gazipur Agricultural University (GAU), Gazipur-1706,
Bangladesh.

Experimental site, design, and treatments

The experiment was conducted under semi-controlled
environmental conditions at the Agronomy Field
Research Site, GAU, from February 24, 2023, to July
2024. The soil at the site was classified as silty clay
loam. A completely randomized design (CRD) was
used with a factorial combination of six rice
genotypes and three Fe treatments: control (Feo = 0
mg L-1), moderate (Feeoo = 600 mg L-1), and high
(Fei2o00 = 1200 mg L1). Each treatment was

replicated four times to ensure statistical reliability.

Plant establishment

Surface-sterilized seeds were germinated in nursery
trays, and 20-day-old seedlings were transplanted in
plastic pots (24 cm height, 27 cm top diameter, 18 cm
bottom diameter), each pot filled with 8 kg of silty
clay loam soil. Three seedlings were transplanted per
pot, and Fe treatment was applied through irrigation
water. A standing water level of 3-5 cm was
maintained until the maximum grain-filling stage to
simulate anaerobic field conditions favorable to Fe2*
solubilization. To reduce the evaporation and
oxidation of Fe2*, 5 mL of paraffin oil was added to

each pot.

Measurement of dry matter allocation

At 75 days after transplanting (DAT), plants were
harvested to assess the distribution of dry matter in
different plant components. Leaves, stems, and roots
were carefully washed to remove soil residues, oven-
dried at 70°C to a constant weight (approximately 72

hours), and then weighed using an analytical balance.

Measurement of root and leaf traits

Root and leaf characteristics were measured at 75
DAT. Root length was determined by measuring the
longest intact root. Root volume was assessed using

the water displacement method in a graduated

cylinder. The number of fully expanded leaves per
plant was recorded manually. Leaf area per plant was
measured using a leaf area meter (Model AAM-8,
Hayashi Denkoh Co., Ltd., Tokyo, Japan).

Leaf bronzing score (LBS) assessment
Leaf bronzing was scored visually using a
standardized 0—10 scale, where 0 = no symptoms and
10 = completely dead leaves. Severity scores were
categorized following IRRI (2002) and Novianti et al.
(2020): 0-1 (9% affected) = very tolerant; 2—3 (10—
29%) = tolerant; 4-5 (30—49%) = moderately
tolerant; 6—7 (50—69%) = susceptible; 8—10 (=70%) =
highly susceptible (Fig. 1).

Fig. 1. Visual scores of leaf bronzing

Assessment of leaf damage

The extent of leaf damage due to Fe toxicity was
measured by counting both partially and fully affected
leaves. Partially damaged leaves were defined as those
that had bronzing symptoms over at least 50% of the
surface but not completely necrotic. Fully affected
leaves were completely bronzed or necrotic. Visual
assessment was conducted manually at 75 DAT to
provide a comparative measure of Fe2* toxicity

between genotypes.

RESULTS

Effects of iron toxicity on plant biomass

Plant components dry weight

Under iron toxicity conditions, all rice genotypes
showed varying degrees of dry weight (DW) reduction
in different plant components—such as roots, stems,
leaves, reproductive parts, and total biomass—when

compared to the control treatment (Feo).
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The reductions were generally more severe at higher
Fei200 concentration, although some genotypes

exhibited tolerance at the moderate Feeoo level (Fig. 2).

= Reproductive Leaf Stem = Root

Plant Component DW (g plant)

BU Line-8 BU Line-2 BU Line-5 BU Line-7

Fig. 2. Dry biomass partitioning across Fe treatments

in six rice genotypes

For root dry weight, BU Line-12 and BU Line-2
exhibited relatively small reductions of 8.52% and
9.67%, respectively, under Feeoo. In contrast, BU
Line-5 and BU Line-7 experienced more substantial
decreases, with reductions of 17.17% and 17.59%.
Under the more severe Fei200 stress, BU Line-5 was
the most affected, losing 55.53% of its root biomass,
followed closely by BU Line-7 and BU Line-8.
Meanwhile, BU Line-12 and BU Line-2 maintained
relatively better root biomass under this stress level,
18.10%,

with reductions of only 12.97% and

respectively.

Stem dry weight exhibited a similar trend. BU Line-2
demonstrated strong performance under Fesoo, with
only a 4.41% decrease. In contrast, BU Line-5 and
BRRI Dhan-102 experienced the greatest reductions
at this level, both nearing 27%, while the remaining
genotypes had moderate reductions ranging from 5%
to 13%. Under Fe1200 stress, the largest losses in stem
biomass were observed in BRRI Dhan-102 and BU
Line-5, both showing reductions exceeding 50%.
However, BU Line-12 exhibited better retention of
stem biomass, with a comparatively lower reduction

of 32.71%.

Leaf dry weight decreased across all genotypes
under both stress levels. BU Line-12 had the

smallest reduction under Feeoo, with a decrease of

just 3.69%, while BU Line-2 surprisingly showed a
slight increase in leaf dry weight. BU Line-7 also
performed well at this level. In contrast, BU Line-8,
BU Line-5, and BRRI Dhan-102 experienced more
significant reductions, ranging from 13.76% to
19.14%. Under Fe1200, BU Line-8 suffered the most
substantial loss in leaf biomass, with a decline of
51.79%, followed by BU Line-7 and BRRI Dhan-102.
BU Line-12 had a moderate reduction of 16.61%,
while BU Line-2 remained comparatively stable with

a decrease of 13.91%.

Reproductive dry weight, an important indicator of
yield potential, showed the most drastic declines
under iron toxicity, especially at the Feiz2o00 level.
BU Line-5 experienced a dramatic 96.18% reduction,
effectively losing almost all of its reproductive
biomass. Similarly, BU Line-8 and BRRI Dhan-102
also faced severe declines under the same
conditions. Interestingly, BU Line-7 exhibited a
slight increase in reproductive biomass under Feeoo;
however, this advantage was short-lived, as values
dropped sharply under Fei200. Both BU Line-12 and
BU Line-2 were heavily affected, with reproductive
losses and 55.88%,

dry weight of 71.56%

respectively, under high iron stress.

Total dry weight

Total dry weight decreased across all genotypes as
iron (Fe) stress intensified. Under Fesoo conditions,
BU Line-7 and BU Line-8 maintained relatively stable
biomass, while BU Line-2 also performed well. In
contrast, BU Line-5 experienced the most significant
reduction at 25.41%, and both BU Line-12 and BRRI
Dhan-102 recorded moderate losses. Under Fei200
conditions, the most severe reductions in total
biomass were observed in BU Line-5 and BU Line-8.
BRRI Dhan-102 and BU Line-7 experienced moderate
reductions, whereas BU Line-12 demonstrated better
biomass retention at 28.22%, closely followed by BU

Line-2.

Among the genotypes, BU Line-12 and BU Line-2
exhibited the most consistent tolerance in terms of

root, stem, leaf, and total dry weight, particularly
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under Fesoo conditions, and retained a reasonable
level of biomass under Feiz200 as well. BU Line-7
also performed moderately well under Fesoo and
showed some resilience in total and leaf biomass
under sharp decline in

Fei200, despite a

reproductive weight. BU Line-5 and BU Line-8 were

highly susceptible to Fei200, especially concerning
root and reproductive biomass. Although BRRI
Dhan-102 showed slight increases in root and leaf
biomass under Fesoo conditions, it was highly
sensitive under Fe1200, particularly in reproductive

and stem dry weight.

Table 1. Effects of iron (Fe) toxicity on root and leaf characteristics of six rice genotypes

Genotypes Fe toxicity stress Root length (cm) Root volume (cc) Number of leaves (no.) Leaf area (cm2 plant?)

BU Line-8 Fe, 33.50P-d 77.252 80.002 105.512°¢
Fesoo 31.68b- 71.752 77.502b 102.682¢
(5.43) (7.12) (3.13) (2.68)
Feiz00 22.908h 37.75° 46.004f 57.74%h
(31.64) (51.13) (42.50) (45.28)
BU Line-2 Fe, 41.002 49.50b-¢ 76.002P 98.47%¢
Fesoo 36.00%¢ 45.25%¢ 71.00%b 83.40%f
(12.20) (8.59) (6.58) (15.30)
Fei2o00 27,7548 46.30°¢ 60.004-¢ 38.68h
(7.93) (6.46) (21.05) (40.41)
BU Line-5 Fe, 36.00%¢ 65.002¢ 67.752¢ 115.282
Fesoo 36.252¢ 63.00%d 63.502d 103.882¢
(2.08) (3.08) (6.27) (9.89)
Feizo0 27.004h 60.502d 38.75f 46.188h
(25.00) (6.92) (42.80) (59.94)
BU Line-7 Feo 30.750f 50.50b-¢ 65.002¢ 108.792b
Fesoo 32.50b-¢ 43.004¢ 63.75%d 105.30%¢
(4.07) (14.85) (1.92) (3.21)
Feiz00 25.00fh 30.00¢ 41.25f 50.67tn
(18.70) (40.59) (36.54) (53.42)
BU Line-81 Feo 31.15>f 79.75% 76.50%P 90.8124
Fesoo 35.30%°¢ 68.502P 71.252b 85.922¢
(2.73) (14.11) (6.86) (5.38)
Feizo0 21.00" 43.75% 43.50¢f 55.90¢h
(32.58) (45.14) (26.14) (38.44)
BRRI Dhan- Fe, 36.752 50.25"¢ 75.752P 75.61P-8
102 Fesoo 29.95¢f 47.25°¢ 72,253 73.63¢8
(18.50) (5.97) (4.62) (2.62)
Feiz00 26.25¢h 31.50° 51.00¢f 37.00P
(28.57) (37.31) (32.67) (51.06)

Note: Feo=Control (0 mg L), Fesoo=600 mg L7, Fei200=1200 mg L. Figures in parenthesis indicate percent

reduction compared to Feo-control)

Effects of iron toxicity on root and leaf traits
Root characteristics

BU Line-5, BU Line-12, and BU Line-7 displayed the
smallest reductions in root length when exposed to
Fesoo stress, indicating a strong tolerance at
moderate levels (Table 1). In contrast, BRRI Dhan-
102 experienced the highest reduction at 18.50%,
demonstrating its sensitivity even at this lower
concentration of iron. Under severe stress (Fe1200),
BU Line-2 showed excellent resilience, with root
length decreasing by only 7.93%. Conversely, BU

Line-8 and BU Line-12 were more adversely

affected, experiencing reductions of 31.64% and
32.58%, respectively. In terms of root volume, BU
Line-5 and BU Line-2 again exhibited superior
tolerance across both stress levels. BU Line-5 only
faced a 3.08% reduction under Fesoo stress, while
BU Line-2 had a slightly higher reduction of 8.59%.
Both genotypes continued to perform well under
Fei200 stress. In contrast, BU Line-8 and BU Line-
12 showed significant losses in root volume at
Fei1200, with reductions of 51.13% and 45.14%,
respectively, indicating lower adaptability to high

iron toxicity.
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Leaf characteristics

The number of leaves remained largely unaffected
under Feeoo stress across most genotypes (Table 1).
Among them, BU Line-7 demonstrated the greatest
stability, with only a 1.92% decrease in leaf count,
followed closely by BU Line-5 (6.27%) and BU Line-
12 (6.86%).

However, under Fe1200 conditions, there was a more
significant decline in leaf numbers, particularly in BU
Line-8 and BU Line-5. In contrast, BU Line-2 and BU
Line-12 maintained better stability, experiencing
moderate reductions of 21.05% and 26.14%,
respectively. Leaf area showed only minor decreases
under Feeso0, but a substantial drop was noted under
Fe1200 across all genotypes. BU Line-5 and BU Line-
8 were the most affected, with sharp reductions of
59.94% and 45.28%, respectively. On the other hand,
BU Line-2 and BU Line-12 performed relatively well
under high iron stress, retaining a greater proportion

of their leaf area.

BU Line-5 demonstrated consistent performance

across various traits under Fesoo conditions,
effectively sustaining root length, root volume, and
leaf number. However, it exhibited a marked decline
in leaf area when exposed to Fei200. BU Line-2 also
exhibited strong tolerance, especially in root traits
and leaf number, with moderate reductions across all
measured parameters. BU Line-12 performed well
under moderate stress but proved more vulnerable
under severe conditions, particularly concerning root
volume. BU Line-7 demonstrated excellent stability in
leaf traits under Feeoo but was adversely affected by
higher iron levels. BU Line-8 performed adequately
under moderate stress but displayed clear sensitivity
at Fe1200. Among all genotypes, BRRI Dhan-102 was

the most sensitive, especially in terms of root length.

Leaf bronzing symptoms as an indicator of iron
toxicity tolerance

Under conditions of iron (Fe) toxicity, all genotypes
displayed increased values for the measured trait under
both Fesoo and Fei200 treatments compared to the

control (Feo), where the values remained at zero (Fig. 3).

This pattern suggests that the trait—likely the leaf
bronzing score (LBS), a common symptom of iron
stress—was absent under non-stress conditions and
became apparent only with exposure to iron toxicity. The
severity of symptoms intensified as the stress level
increased from Feeoo to Feizo00. At the Fesoo level,
BRRI Dhan-102 recorded the lowest bronzing score
(3.6), indicating relatively better tolerance under
moderate stress, closely followed by BU Line-12 (3.7).
BU Line-7 had a score of 4.45, while BU Line-2 and BU
Line-8 exhibited slightly higher values. When the iron
stress increased to Fei200, BU Line-12 continued to
show the lowest score (4.65), demonstrating strong
resistance to severe iron toxicity. BU Line-2, BU Line-5,
and BU Line-8 displayed moderate increases in
symptom severity. Conversely, BRRI Dhan-102 recorded
the highest value (7.45), indicating the greatest

susceptibility under high-stress conditions.

7] —+—BU line-8
—=—BU line-2
—+—BU line-5
——BU line-7
4 ——BU line-12
34 —o—BRRI Dhan-102
= LSD

Leaf bronzing score

Feo Feeoo Feizo0

Fig. 3. Fe toxicity impact on leaf bronzing of six rice
genotypes. Note: Feo=Control (0 mg L), Fesoo=600
mg L, Feo0=1200 mg L-1; Leaf bronzing score: 0-1
= Very tolerant; 203 = Tolerant; 4-5 Moderate; 6-7 =
Susceptible and 8-10 = very susceptible. Bars indicate
standard error (SE).

Overall, BU Line-12 consistently exhibited the
lowest symptom expression across both Fesoo and
Fe1200 treatments, indicating strong inherent
tolerance to iron toxicity. While BRRI Dhan-102
performed well under Feeoo, it showed a
significant increase in stress symptoms at Fe12o00,
highlighting a considerable drop in tolerance. BU
Line-2 maintained a moderate and steady increase
in symptom scores, suggesting stable performance
as stress increased. BU Lines-5, BU Line-7 and BU

Line-8 exhibited higher levels of symptom severity,
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particularly under Fei200. In summary, BU Line-12
and BU Line-2 emerged as the most tolerant
genotypes, while BRRI Dhan-102 proved to be the

most sensitive under severe iron toxicity.

Leaf damage due to iron toxicity
The effects of iron toxicity on various rice genotypes

were evident in the number of leaves exhibiting

partial and full damage under Fesoo and Fei200
treatments, compared to the control condition (Feo).
Under Feo, no visible leaf damage was observed in
any of the genotypes, indicating that all maintained
healthy leaf conditions in the absence of excess iron.
However, as iron concentration increased, distinct
variations among genotypes emerged in terms of leaf

damage severity (Table 2).

Table 2. Fe toxicity impact on the number leaves partially and fully damage of six rice genotypes

Genotypes Number of leaves partially (at least 50%) affected due to Fe toxicity
Fe toxicity level
Feo Feeoo Feio00
BU Line-8 0.00d 11.25bc 11.50bc
BU Line-2 0.00d 11.00bc 14.50b
BU Line-5 0.00d 9.50¢C 20.50a
BU Line-7 0.00d 9.50C 19.25a
BU Line-12 0.00d 9.00C 10.50bc
BRRI Dhan-102 0.00d 9.25¢ 22.75a
Genotypes Number of leaves fully (100%) affected due to Fe toxicity
Fe toxicity level
Feo Fesoo Feioo00
BU Line-8 0.00€e 14.50d 18.50cd
BU Line-2 0.00€e 16.00cd 19.25¢cd
BU Line-5 0.00€e 24.75a 26.25a-C
BU Line-7 0.00€e 22.25ab 28.00ab
BU Line-12 0.00€e 12.75¢cd 16.50d
BRRI Dhan-102 0.00e 21.50a-C 30.00a

Note: Feo=Control (0 mg L), Fesoo=600 mg L, Fe1200=1200 mg L.

For partially affected leaves under Feeoo, all
genotypes showed a noticeable increase in damage,
with counts ranging from 9.00 to 11.25 leaves (Table
2). BU Line-12 recorded the lowest number (9.00),
suggesting it has a stronger tolerance to moderate
iron stress. Slightly higher values were observed in
BU Line-5, BU Line-7, and BRRI Dhan-102 (ranging
from 9.25 to 9.50), while BU Line-2 and BU Line-8
were more affected, with 11.00 and 11.25 leaves,
respectively. When exposed to Fei200, the severity of
partial damage increased across all genotypes. BRRI
Dhan-102 showed the highest number of partially
affected leaves (22.75), followed by BU Line-5 and BU
Line-7. In contrast, BU Line-12 again demonstrated
greater tolerance, with the fewest affected leaves
(10.50), while BU Line-8 exhibited a moderate level
of damage (11.50).

Regarding fully damaged leaves, BU Line-12 had

the lowest count (12.75) under Feeoo, reflecting a

stronger defense against moderate toxicity. BU
Line-8 and BU Line-2 followed, with 14.50 and
16.00 leaves, respectively. Under severe stress
BRRI Dhan-102

pronounced damage, with 30.00 fully affected

(Fe1200), showed the most
leaves, indicating its high sensitivity. BU Line-2
and BU Line-8 experienced moderate damage
levels, recording 19.25 and 18.50 fully affected
leaves, respectively. Once again, BU Line-12
maintained the lowest count at 16.50, reaffirming

its superior tolerance to iron toxicity.

Overall, BU Line-12 consistently outperformed
other genotypes under both Fesoo and Feizo0
conditions, showing the lowest levels of both
partially and fully affected leaves. BU Line-8 and
BU Line-2 showed moderate susceptibility. In
contrast, BRRI Dhan-102 was the most vulnerable,
consistently exhibiting the highest degree of leaf

damage under elevated iron stress.
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DISCUSSION

The results of the study show that different rice
genotypes respond uniquely to Fe2+ toxicity, which is
a growing problem in flooded and iron-rich lowland
environments. The six genotypes evaluated showed
significant changes in both biomass distribution and
visible stress symptoms, such as leaf bronzing and

damage.

Among the genotypes, BU Line-12 consistently
emerged as the most tolerant across a variety of traits.
It had the least reduction in both root and shoot dry
weight and showed minimal signs of leaf bronzing
and damage. These features indicate that BU Line-12
possesses effective mechanisms for eliminating excess
iron and detoxifying it internally. Its sustained root
function under stress may indicate the development
of iron plaques or suberized root layers that limit iron
uptake (Ullah et al., 2023; Becker and Asch, 2005). In
contrast, BU Line-5 and BRRI Dhan-102 exhibited
significant  sensitivity under Fei200  stress,
characterized by sharp reductions in biomass and
extensive leaf damage—symptoms typically associated
with excess iron accumulation leading to oxidative

injury (Franklin et al., 2015; Winterbourn, 1995).

BU Line-2 and BU Line-8 exhibited moderate
tolerance, providing insights into genotype-specific
responses to stress. BU Line-2 was able to maintain
root biomass and leaf dry weight relatively well.
However, it was more adversely affected during the
reproductive phase. This indicates that Fe tolerance
in this Line may depend on developmental stage
(Stein et al., 2019). BU Line-8 performed well under
Fesoo but struggled with Fei200, reflecting patterns
observed in some upland rice genotypes (Vu et al,
2024; Miiller et al., 2017). The reproductive stage is
particularly sensitive to Fe toxicity, which highlights
the importance of considering the timing of
development and the ability to reduce oxidative stress
during panicle formation. This process relies on
hormonal regulation and carbohydrate transport,
both of which can be compromised by iron-induced
damage (Sperotto et al., 2012; Wu et al., 2016). The
reduction in biomass

significant reproductive

observed in BU Line-5 (96.18%) illustrates this

sensitivity.

Traits such as root volume and leaf area were
important in differentiating the levels Fe tolerance in
rice (Sonu et al., 2024). BU Line-2 was remarkable in
retaining these features, supporting the idea that root
morphology can serve as an early and reliable
indicator of Fe stress (Zhang et al., 2017). BU Line-12
and BU Line-8 also performed better in preserving
leaf area under stress, suggesting that mechanisms
like controlled Fe translocation and antioxidant
defense helped maintain photosynthetic activity
(Aung and Masuda, 2020). The most prominent
symptom of Fe toxicity in rice, leaf bronzing, has
proven to be a reliable secondary trait for evaluation
and breeding for tolerance, as its severity consistently
correlates with genotypic tolerance rankings (Sikirou
et al., 2016). Genotypes exhibiting high scores for leaf
bronzing, such as BRRI Dhan-102 and BU Line-5,
displayed more damage and Fe accumulation, while
BU Line-12 consistently scored low, reinforcing its

status as a tolerant variety.

These results emphasize the importance of using multi-
trait screening strategies in research on iron (Fe)
toxicity. Aung et al. (2020) found that rice genotypes
tolerant to Fe toxicity are influenced by a complex
interaction of morphophysiological and biochemical
traits. Relying on screening only at early stage may
overlook genotypes that exhibit tolerance at later growth
stages or become more susceptible during reproduction.
Therefore, to effectively breed rice for tolerance to iron
toxicity, a comprehensive selection approach is essential.
This method should consider factors such as root
structure, the amount of iron absorbed by the plant,
signs of stress or cellular damage, and overall plant
growth.

Furthermore, the study highlights the importance of
semi-controlled pot screening systems. While field
testing is crucial for verifying performance in real-world
conditions, controlled environments provide the

precision needed to investigate the underlying

mechanisms underlying tolerance. Future application of
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molecular tools, such as quantitative trait locus (QTL)
mapping and transcriptomic analysis, could greatly
improve the identification and utilization of key traits
associated with iron toxicity tolerance in rice (Miao et

al., 2024; Bashir et al., 2014).

This study reveals significant genotypic variation in
response to iron toxicity, with BU Line-12 emerging as a
promising candidate for future breeding efforts. To
genotype
identification, it is important to adopt a comprehensive

increase the accuracy of Fe-tolerant
screening method that integrates morphological,
physiological, and biochemical traits. Given the
increasing incidence of iron toxicity in South Asia—
largely due to greater reliance on groundwater
irrigation—the development and widespread adoption of
Fe toxicity tolerant genotypes like BU Line-12 will be
crucial for maintaining rice productivity in affected

regions.

CONCLUSION

This study highlights significant genotypic variation in
rice response to iron (Fe2+) toxicity. Key differences were
observed in biomass allocation, leaf bronzing, and tissue
damage as iron levels increased. Among the genotypes
tested, BU Line-12 stood out as the most tolerant,
showing the lowest reduction in total dry weight
(28.2%), the lowest reproductive loss, and the lowest
scores for bronzing and tissue damage. BU Line-2 also
exhibited strong root performance but was less effective
in maintaining shoot health under severe iron stress. BU
Line-7 and BU Line-8 showed moderate performance at
600 ppm of iron but performance declines at 1200 ppm.
In contrast, BU Line-5 and BRRI Dhan-102 were highly
susceptible, with biomass losses exceeding 50%. These
findings suggest that a coordinated tolerance between
shoots and roots is crucial for overcoming iron toxicity.
Furthermore, no single trait can fully capture the
potential for tolerance. Trait-based screening that
includes both morphological and physiological
indicators has proven to be an effective method for
selecting Fe-tolerant rice genotypes. These insights are
valuable for breeding programs aimed at developing
resilient varieties suitable for the Fe-affected lowland

regions of Bangladesh. Further validation under field

conditions is recommended to ensure -consistent

performance across diverse agro-ecological zones.

ACKNOWLEDGEMENTS

The work was supported by a grant (Project ID: SRG-
231048) from the Ministry of Science and
Technology, Government of the People’s Republic of
Bangladesh under Special Allocation for Science and

Technology.

REFERENCES

Ahmed S, Jahiruddin M, Razia MS, Begum
RA, Biswas JC, Rahman ASMM, Ali MM, Islam
KMS, Hossain MM, Gani MN, Hossain GMA,
Satter MA. 2018. Fertilizer recommendation guide
2018. Bangladesh Agricultural Research Council

(BARC), Farmgate, Dhaka 1215, Bangladesh, p. 223.

Audebert A, Fofana M. 2009. Rice yield gap due to
iron toxicity in West Africa. Journal of Agronomy and
Crop Science 195, 66-76.
https://doi.org/10.1111/j.1439-037X.2008.00339.X

Audebert A, Sahrawat KL. 2000. Mechanisms for
iron toxicity tolerance in lowland rice. Journal of
Plant Nutrition 23, 1877-1885.
https://doi.org/10.1080/01904160009382150

Aung MS, Masuda H. 2020. How does rice defend
against excess iron?: Physiological and molecular
mechanisms. Frontiers in Plant Science 11, 1102.

https://doi.org/10.3389/fpls.2020.01102

Bashir K, Hanada K, Shimizu M, Seki M,
Nakanishi H, Nishizawa NK.

Transcriptomic analysis of rice in response to iron

2014.

deficiency and excess. Rice 7, 18.

https://doi.org/10.1186/s12284-014-0018-1

Bashir K, Nozoye T, Nagasaka S, Rasheed S,
Miyauchi N, Seki M, Nakanishi H, Nishizawa
NK. 2017. Paralogs and mutants show that one DMA
synthase functions in iron homeostasis in rice.
Journal of Experimental Botany 68, 1785-1795.
https://doi.org/10.1093/jxb/erx065

191 |Islam etal.

International Journal of Biosciences | 1B
Website: https://www.innspub.net



Vol. 27, Issue: 1, p. 183-193, 2025 Int. J. Biosci.

Becker M, Asch F. 2005. Iron toxicity in rice-
conditions and management concepts. Journal of
Plant Nutrition and Soil Science 168, 558-573.
https://doi.org/10.1002/jpln.200520504

Das K, Roychoudhury A. 2014. Reactive oxygen
species (ROS) and response of antioxidants as ROS-
scavengers during environmental stress in plants.
Frontiers in Environmental Science 2, 53.

https://doi.org/10.3389/fenvs.2014.00053

Das S, Tyagi W, Rai M, Yumnam JS. 2017.
Understanding Fe2* toxicity and P deficiency
tolerance in rice for enhancing productivity under
acidic soils. Biotechnology and Genetic Engineering
Reviews 33(1), 97—117.
https://doi.org/10.1080/02648725.2017.1370888

Franklin ME, Jordan L, Lee GM, Alvarez-Ciara
A, Bennett C, Mattis S, Gallardo N, Corrales N,
Cui XT, Capadona JR, Streit WJ, Olivier J-H,
Keane RW, Dietrich WD, Vaccari JPR, Prasad
A. 2025. Effects of iron accumulation and its
chelation on oxidative stress in intracortical implants.
Acta Biomaterialia 200, 703—723.
https://doi.org/10.1016/j.actbio.2025.05.026

Hassan M, Ahmed AAH, Hassan MA, Nasrin
R, Rahyan ABMS, Musfiq-Us-Salehin S,
Rahman MK. 2017. Changes of soil fertility status in
some soil series of Tista Floodplain Soils of
Bangladesh, during 1996—2016. Asian Research
Journal of Agriculture 5, 1—9.

https://doi.org/10.1016/j.chemosphere.2017.09.033

IRRI. 2002. Standard evaluation system for rice
(SES). The International Rice Research Institute
(IRRI), Los Bafios, p. 1-65.

Islam MS, Nusrat T, Jamil MR, Yesmin F,
Kabir MH, Rimi RH. 2020. Investigation of soil
properties and nutrients in agricultural practiced
land in Tangail, Bangladesh. International Journal
of Agricultural Research Innovation Technology

10, 84—90.

Khairullah I, Saleh M, Alwi M. 2021. Increasing
productivity of rice through iron toxicity control in
acid sulfate soils of tidal swampland. In: IOP
Conference Series: Earth and Environmental Science
648(1), 012151. IOP Publishing.

Kirk GJD, Manwaring HR, Ueda Y, Semwal
VK, Wissuwa M. 2022. Below-ground plant—soil
interactions affecting adaptations of rice to iron
toxicity. Plant, Cell & Environment 45, 705-718.
https://doi.org/10.1111/pce.14199

Li W, Lan P. 2017. The understanding of the plant
iron deficiency responses in Strategy I plants and the
role of ethylene in this process by omic approaches.
Frontiers in Plant Science 8, 40.
https://doi.org/10.3389/fpls.2017.00040

Lopez-Millan AF, Duy D, Philippar K. 2016.
Chloroplast iron transport proteins—function and
impact on plant physiology. Frontiers in Plant Science

7, 178. https://doi.org/10.3389/fpls.2016.00178

Uddin M.
guide

Miah M, Fertilizer

recommendation

2005.
2005. Bangladesh

Agricultural Research Council, Farmgate, Dhaka 1215.

Miao S, Lu J, Zhang G, Jiang J, Li P, Qian Y,
Wang W, Xu J, Zhang F, Zhao X. 2024.
Candidate genes and favorable haplotypes associated
with iron toxicity tolerance in rice. International
Journal of Molecular Sciences 25, 6970.
https://doi.org/10.3390/ijms251369701

Miiller C, Kuki KN, Pinheiro DT, de Souza LR,
Silva AIS, Loureiro ME, Oliva MA, Almeida
AM. 2015. Differential physiological responses in rice
upon exposure to excess distinct iron forms. Plant
and Soil 391, 123-138.
https://doi.org/10.1007/511104-015-2405-9

Miiller C, Silveira FS, Daloso DM, Mendes GC,
Merchant A, Kuki KN, Oliva MA, Loureiro ME,
Almeida AM. 2017. Ecophysiological responses to
excess iron in lowland and upland rice cultivars.

Chemosphere 189, 123-133.

192 |Islam et al.

International Journal of Biosciences | 1B
Website: https://www.innspub.net



Vol. 27, Issue: 1, p. 183-193, 2025 Int. J. Biosci.

Novianti V, Indradewa D, Maryani RD. 2020.
Selection of local swamp rice cultivars from
Kalimantan (Indonesia) tolerant to iron stress during

vegetative stage. Biodiversitas 21, 5595-5606.

Rajonandraina T, Rakotoson T, Wissuwa M,
Ueda Y, Razafimbelo T, Andriamananjara A,
Kirk GJD.

differences in tolerance of iron toxicity in field-grown

2023. Mechanisms of genotypic
rice. Field Crops Research 298, 108953.

https://doi.org/10.1016/j.fcr.2023.108953

Rout GR, Sunita S, Das AB, Das SR. 2014.
Screening of iron toxicity in rice genotypes on the
basis of morphological, physiological and biochemical
analysis. Journal of Experimental Biology and

Agricultural Sciences 2, 567—582.

Sheel PR, Chowdhury MAH, Ali M, Mahamud
MA. 2015. Physico-chemical characterization of some
selected soil series of Mymensingh and Jamalpur
districts of Bangladesh. Journal of Bangladesh
Agricultural University 13, 197—-206.

Sikirou M, Saito K, Dramé KN, Saidou A,
Dieng I, Ahanchédé A, Venuprasad R. 2016.
Soil-based screening for iron toxicity tolerance in rice
using pots. Plant Production Science 19(4), 489—496.
https://doi.org/10.1080/1343943X.2016.1186496

Sonu Nandakumar S, Singh VJ, Pandey R,
Gopala Krishnan S, Bhowmick PK, Ellur RK,
Bollinedi H, Harshitha BS, Yadav S, Beniwal
R, Nagarajan M, Singh AK, Vinod KK. 2024.
Implications of tolerance to iron toxicity on root
system architecture changes in rice (Oryza sativa L.).
Frontiers in Sustainable Food System 7, 1334487.
https://doi.org/10.3389/fsufs.2023.1334487

Sperotto RA, Vasconcelos MW, Grusak MA,
Fett JP. 2012. Effects of different Fe supplies on
mineral partitioning and remobilization during the
reproductive development of rice (Oryza sativa L.).

Rice 5, 27. https://doi.org/10.1186/1939-8433-5-27

Stein RJ, Duarte GL, Scheunemann L, Spohr
MG, de Aragjo Junior AT, Ricachenevsky FK,
Rosa LMG, Zanchin NIT, Santos RP, Fett JP.
2019. Genotype variation in rice (Oryza sativa L.)
tolerance to Fe toxicity might be linked to root cell
wall lignification. Frontiers in Plant Science 10, 746.

https://doi.org/10.3389/1pls.2019.00746

Sultana J, Siddique MNA, Abdullah MR. 2015.
Fertilizer recommendation for agriculture: practice,
practicalities and adaptation in Bangladesh and
Netherlands. International Journal of Business,

Management and Social Research 1, 21—40.

Ullah H, Ahmed SF, Santiago-Arenas R,
Himanshu SK, Mansour E, Cha-um S, Datta A.
2023. Chapter five — Tolerance mechanism and
management concepts of iron toxicity in rice: A
critical review. Advances in Agronomy 177, 215—257.

https://doi.org/10.1016/bs.agron.2022.10.001

Vu H, Le C, Hien H, Anh Tuan T. 2024. Relative
changes in growth and recovery responses of rice to
Fe-toxicity at different growth stages. Journal of
Ecological Engineering 25, 25—37.
https://doi.org/10.12911/22998993/177629

Winterbourn CC. 1995. Toxicity of iron and
hydrogen peroxide: the Fenton reaction. Toxicology
Letters 82—83, 969—974.
https://doi.org/10.1016/0378-4274(95)03532-X

Wu L, Ueda Y, Lai S, Frei M. 2017. Shoot
tolerance mechanisms to iron toxicity in rice (Oryza
sativa L.). Plant, Cell & Environment 40, 570—-584.
https://doi.org/10.1111/pce.12733

Zhang Y, Wu Y, Xu G, Song J, Wu T, Mei X,
Liu P. 2017. Effects of iron toxicity on the
morphological and biological characteristics of rice
root border cells. Journal of Plant Nutrition 40(3),
332-343.
https://doi.org/10.1080/01904167.2016.1240193

193 |Islam et al

International Journal of Biosciences | 1B
Website: https://www.innspub.net



