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Abstract

This study assessed the arsenic tolerance of seven rice cultivars (BRRI Dhan 92, 99, 100, 101, 102, 104,
and 105) based on germination performance and early seedling growth. Seeds were exposed to 0, 5, 10, 15,
and 20 ppm arsenic for 14 days. Arsenic markedly diminished germination percentage, index and speed of
seed emergence, as well as the seedling growth parameters including root and shoot length, and their fresh
and dry weight. Among the cultivars, BRRI Dhan 105 showed the highest tolerance across all treatments,
with 81.67% germination percentage and 76.42% germination speed at 20 ppm arsenic, while BRRI Dhan
104 recorded the lowest performance with 10.00% GP and 8.48% GS. Growth metrics consistently declined
with increasing arsenic concentration. BRRI Dhan 105 showed a relative resilience for the majority of
the parameters, resulting into a reduction rate of 48.21 and 69.97% in the length and fresh weight of the
shoot. Whereas, the declining rate was highest in BRRI Dhan 104 (70.28 and 74.61%) and comparatively
higher in BRRI Dhan 99 (58.37 and 80.92%). Overall, BRRI Dhan 105 was identified as the comparatively
more arsenic-tolerant cultivar during germination and seedling stages, while BRRI Dhan 99 and 104 were
highly susceptible.

Introduction

Arsenic (As) is recognized as a non-threshold potentially toxic pollutant (Cui et al. 2020)
which can be encountered in nearly every environmental compartment. According to the analysis
of world's statistics by Shaji et al. (2021), about 107 nations have groundwater contamination
from As, which is above the World Health Organization (WHO) maximum allowable limit of 10
ppb. This issue is particularly evident in certain rivers and deltas across East and South Asia,
including Bangladesh as well as in South American nations (Aziz and Ahmed 2010, Kobya et al.
2020).

Being an analogue of the phosphate molecule, As competes for binding sites in the solid
phase of soil and undergoes similar biogeochemical cycling in aerobic environments (Lambkin
and Alloway 2003). The crops and vegetables cultivated in soil and irrigated with As-
contaminated water are a great source of As consumption by humans and animals (Arslan et al.
2016). Being a water-intensive crop, rice is more susceptible to As accumulation than other crops
from soil and water (Richards et al. 2020). Following drinking water, this staple crop may serve as
a possible source of As exposure for those residing in As-affected regions (Panaullah et al. 2009).
In Bangladesh, As contaminated water is mostly employed for irrigating rice fields, especially
during the boro season, where it contributes an As load of 1.36-5.5 kg/ha/year (Nriagu et al.
2007). Phytotoxicity caused by this toxic metalloid is characterized by the disruption of essential
physiological and metabolic processes, negatively affecting plant growth and development.
Toxicity symptoms may manifest as diminished seed germination, stunted root and shoot growth
(Khanam et al. 2025). Rice genotypes exhibit variability in their response to As stress (Halim
et al. 2016), making it crucial to identify the cultivars with enhanced tolerance during germination
and early seedling stages. In view of this, the present research aimed to examine the impact of
different As toxicity levels on germination and the early seedling phase as well as to assess As
tolerance across seven boro rice cultivars.
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Materials and Methods

Seeds from seven boro rice (Oryza sativa L.) cultivars (BRRI dhan-92, 99, 100, 101,102, 104,
and 105) were collected from the Bangladesh Rice Research Institute (BRRI). The experiment was
conducted in the Plant Physiology and Biochemistry Laboratory, Department of Botany,
Jahangirnagar University. A completely randomized design with three replications was employed.
Sodium arsenate (Na,HAsO,.7H,0) with five different concentrations (0, 5, 10, 15, and 20
ppm) were administered in order to assess the effects on germination and early seedling growth.
Twenty surface sterilized seeds from each treatment were placed on moistened blotting paper in
Petri dishes, incubated at room temperature, and observed for germination at 24-hour intervals
over 14 days. The germination percentage (GP), germination index (Gl), and speed of germination
(SG) were determined following the methodologies of Kandil et al. (2012), Karim et al. (1992)
and Mohammad et al. (1989), respectively. Shoot and root lengths were assessed on the 14" day.
The same day, seedlings were desiccated at 50°C until a consistent weight was attained. The
germination and seedling growth attributes of each treatment were compared with those of the
control. Data were analyzed using IBM SPSS Statistics version 25. A one-way analysis of
variance (ANOVA) was conducted, presenting mean #* standard deviation (SD), and the least
significant difference (LSD) test was utilized at a 5% significance level (Gomez and Gomez
1984).

Results and Discussion

The results of this study revealed a consistent decrease in germination rates with increasing
As concentrations across all rice cultivars (Table 1). Among the cultivars, BRRI Dhan 104
exhibited the most significant decline in germination percentage (GP), decreasing to merely
10.00% at 20 ppm As, relative to the control group. The GP decreased by almost half in BRRI
Dhan 99, 100, 101, and 102 at the maximum As treatment compared to O ppm (Table 1). BRRI
Dhan 92 showed a more uniform germination rate at 20 ppm As concentration. However, the
highest tolerance to As stress was observed in BRRI Dhan 105, attaining GP of 100, 98.33, 96.67,
93.33, and 81.67% at 0, 5, 10, 15, and 20 ppm As treatments, respectively. Arsenic disrupts the
integrity of cell membranes, preventing seeds from absorbing water and essential nutrients
necessary for expected germination (Mehta et al. 2012). The results underscore the relative
resilience of BRRI Dhan 105 to As-induced stress whereas BRRI Dhan 104 demonstrated the
lowest GP of 10.00% and the most variability.

Comparable observations were noted in the germination index (GI) as well. Under control
conditions, all cultivars exhibited a GI of 100% (Table 1). Nonetheless, as the As levels escalated,
a notable reduction in Gl was observed throughout the majority of cultivars. BRRI Dhan 104
demonstrated the most significant decline, decreasing from 100 to only 10.34% at 20 ppm As,
whereas BRRI Dhan 105 displayed considerable resilience, with a Gl fall from 100 to 81.67% at
the same treatment (Table 1). These findings align with previous research in rice (Hossain and
Uddin 2007) and wheat (Mahdieh et al. 2013).

The speed of seed germination was dramatically affected by As levels. The CV% varied from
10.19% in BRRI Dhan and 105 to 51.01% in BRRI Dhan 104, indicating differences in the
cultivars' responses to arsenic (Table 1). BRRI Dhan 104 demonstrated the greatest sensitivity,
with a high reduction rate (91.52%) in germination speed at 20 ppm As, whilst BRRI Dhan 105
displayed the least reduction (23.58%) over the control, signifying a more stable response to
the stressor. When compared to the control, the germination speed of BRRI Dhan 99, 100, 101,
and 102 was decreased by nearly 50% at 20 ppm.
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Table 1. Effects of different concentrations of arsenic on seed germination percentage (GP), germination index (GI)
and germination speed (GS) of seven boro rice cultivars.

Cultivars ~ Parameter 0 ppm 5 ppm 10 ppm 15 ppm 20 ppm CV% LSD
GP 95.00+5.00a 93.33+7.64a 83.33+7.63ab 78.33+11.55ab 73.33+10.41b 13.48% 7.96
BRRI 92 Gl 100 +5.26a 98.25+8.03a 87.72+8.03ab 82.46+12.15ab 77.19+10.95b 13.47% 8.38
GS 550+052a 5.27+0.77ab 450+034bc 3.73+047cd 3.32+0.37d 21.91% 0.47

(95.82%) (81.82%) (67.82%) (60.36%)
GP 98.33+2.88a 96.67+2.88a 96.67+288a 91.67+2.88a 53.33+11.54b 21.08% 5.25
BRRI 99 Gl 100+2.93a 98.30+293a 98.30+293a 93.22+293a 54.23+11.74b 21.08% 5.34
GS 573+0.23a 552+0.34a 538+047a 4.55+0.00 b 2.33+0.55¢c 28.91% 0.33

(96.34%) (93.89%) (79.41%) (40.66%)
GP 91.67+2.88a 88.33+5.77ab 86.67+2.88ab 83.33+288b 45.00+5.00c 2297% 3.71
BRRI 100 Gl 100+3.15a 96.36+6.29ab 94.54+3.15ab 90.91+3.15b 49.09+545c 22.97% 4.05
GS 465+017a 457+034a 4.42+030a 3.37+0.12b 142+0.27¢c 34.90% 0.23

(98.28%) (95.05%) (72.47%) (31.07%)
GP 98.33+2.89a 95.00+500a 88.33+289a 8833+7.63a 45.00+17.32b 25.84% 8.14
BRRI 101 Gl 100+2.94a 96.61+508a 89.83+294a 89.83+7.77a 4576+17.61b 25.84% 8.27
GS 6.10+0.18a 5.88+0.2lab 5.05+0.33bc 4.83+0.63¢c 2.28+0.89d 30.56% 0.48

(96.39%) (82.79%) (79.18%) (37.38%)
GP 98.33+2.89a 95.00+500a 90.00+500a 6833+7.64b 43.33+16.07c 28.62% 7.88
BRRI 102 Gl 100+2.93a 96.61+508a 9153+508a 69.49+7.77b 44.07+16.35c 28.62% 8.01
GS 463+034a 457+020a 4.08+0.32a 3.27+0.35b 1.63+0.77¢ 33.33% 0.40

(98.70%) (88.12%) (70.63%) (35.21%)
GP 96.67+2.89a 86.67+7.64a 8500+500a 61.67+16.07b 10.00+10.00c 48.92% 8.63
BRRI 104 Gl 100+2.99a 89.65+7.90a 87.93+517a 63.79+16.62b 10.34+10.34c 48.92% 8.90
GS 448+048a 427+034a 395+046a 2.83+0.79b 0.38+0.38c 51.01% 0.47

(95.31%) (88.17%) (63.17%) (8.48%)
GP 100+0.00a 98.33+2.89a 96.67+289a 93.33+577a 81.67+577b 8.09% 3.71
BRRI 105 Gl 100+0.00a 98.33+2.89a 96.67+289a 93.33+577a 81.67+577b 809% 3.71
GS 598+0.12a 5.87+0.10ab 5.82+0.18ab 550+0.23b 457+037c 10.19% 0.20

(98.16%) (97.32%) (91.97%) (76.42%)

In a column followed by same letters do not differ significantly at 5% level of significance. Values within parentheses
indicate percent change over control.

Shoot length measurements also revealed the adverse impact of elevated arsenic
concentrations on seedling growth (Table 2). BRRI Dhan 92, 99, and 100 exhibited reductions
exceeding 50%, although BRRI Dhan 104 demonstrated the most significant decrease in shoot
length, declining from 4.98 cm at control to 1.48 cm at 20 ppm As, exhibiting an almost 70.28%
reduction. Under the same conditions, however, BRRI Dhan 105 had the least reduction (48.21%),
dropping the shoot length from 5.58 to 2.89 cm. Ma et al. (2001) suggested that As can interfere
with auxin biosynthesis, which is crucial for cell division, elongation, and shoot development.
These findings corroborate previous research on rice by Halim et al. (2014).

Arsenic also impaired root development, constraining plants' ability to absorb vital nutrients.
Unlike previous parameters, the most significant reductions in root length occurred in BRRI Dhan
92 and 102, which fell from 5.72 and 5.67 cm at 0 ppm As to 0.30 and 0.27 cm at 20 ppm As,
indicating a decline of 94.8 and 95.24% of the root length, respectively (Table 2). BRRI Dhan 99,
100, and 104 exhibited comparable decreases in root length with increasing As exposure.
However, BRRI Dhan 101 exhibited greater tolerance, with reductions from 6.28 to 0.51 cm under
20 ppm As with a reduction rate of 91.88% (Table 2). Despite showing relative strength in earlier
parameters, BRRI Dhan 105 had a slight decrease in root length compared to BRRI Dhan 101
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(from 7.86 cm at 0 ppm As to 0.50 cm at 20 ppm As, showing a 93.64% fall). Shamim and Pandey
(2017) in black gram, also obtained similar outcomes.

Table 2. Effects of different concentrations of arsenic on shoot and root length of seven boro rice cultivars.

Shoot length (cm)

Cultivar 0 ppm 5 ppm 10 ppm 15 ppm 20 ppm CV% LSD
BRRI92 539+0.64a 3.91+0.17b  3.43+0.22b 3.31+0.33b 2.11+051 ¢ 31.75 0.37
BRRI99  4.42+0.31a 3.33+041b 291+0.09bc  2.64+0.23c 1.84+0.18d 29.97 0.24
BRRI 100 4.00+0.42a 3.51+0.07b  3.01+0.26 ¢ 2.48+0.28d 1.70+0.15 e 29.65 0.24
BRRI101 4.40+0.52a 3.65+0.11b  3.29+0.22b 2.79+0.07 ¢ 2.52+0.17 ¢ 21.69 0.25
BRRI102 4.37+0.09a 3.38+0.36b  3.20+0.43bc  2.67+0.26 cd 2.50+0.33 ¢ 22.69 0.29
BRRI104 4.98+0.19a 4.06+0.18b  2.97+0.21c 2.87+0.31 ¢ 1.48+0.58d 38.42 0.29
BRRI 105 5.58+0.12a 4.47+0.60b  3.59+0.14c  3.21+0.24 cd 2.89+0.16 d 26.29 0.28

Table 2. right side contd.

Root length (cm)

0 ppm 5 ppm 10 ppm 15 ppm 20 ppm CV% LSD
5.72+0.46 a 3.20£0.33b 1.92+0.57 ¢ 1.03+0.29d 0.30+0.13 ¢ 82.15 0.35
6.63+0.67 a 2.60£0.44 b 2.03£0.49 bc 1.17+0.81 cd 0.47+0.12d 88.32 0.51
4.83+0.50 a 2.97£0.74 b 1.57+0.45 ¢ 1.00+0.35 cd 0.47+0.06 d 77.36 0.43
6.28+0.47 a 3.08£0.13 b 1.06+0.19 ¢ 0.74+0.06 cd 0.51+0.02d 96.67 0.21
5.67+0.15a 4.00£0.62 b 2.77£0.25¢ 0.57+0.12d 0.27+0.06 d 80.49 0.29
5.70+0.20 a 2.33£0.29b 0.92+0.02 ¢ 0.67+0.04 ¢ 0.50+0.03 ¢ 99.63 0.14
7.86+0.40 a 5.92+0.13 b 2.12+0.18 ¢ 0.61+0.10d 0.50+0.03d 90.40 0.19

In a column followed by same letters do not differ significantly at 5% level of significance. Values within parentheses
indicate percent change over control.
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Fig. 1. Changes in the shoot and root fresh weight of seven boro rice cultivars owing to different concentration of arsenic.
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Regarding shoot fresh weight, BRRI Dhan 105 had the highest relative values across all As
concentrations (36.20, 27.71, 23.23, 16.92, and 10.87 mg at 0, 5, 10, 15, and 20 ppm As,
respectively, as displayed in Fig. 1), showing relatively minimum reduction in BRRI Dhan 105
(69.97% at 20 ppm). Whereas with the same treatments, BRRI Dhan 99 exhibited the most
pronounced decrease, having 25.00, 18.10, 11.47, 9.90, and 4.77 mg of weight, respectively. This
result showed the highest weight fall in BRRI Dhan 99 (80.92% at the maximum As treatment).
Other cultivars, including BRRI Dhan 92, 100, 101, 102, and 104, exhibited moderate reductions
relative to the control (Fig. 1). The findings suggested that BRRI Dhan 105 has a
comparatively superior capacity to sustain biomass under arsenic stress.

The root fresh weight also exhibited comparable patterns, with BRRI Dhan 99 and 100
demonstrating the most significant reductions, declining from 3.60 and 2.60 mg in the control
group to 0.93 and 1.03 mg at 20 ppm As (Fig. 1). In alignment with root length results, BRRI
Dhan 101 had more tolerance in root fresh weight than BRRI Dhan 105, showing reductions of
54.50 and 61.04%, respectively (Fig. 1).

A substantial drop in dry weight of the shoot and root, with BRRI Dhan 99 demonstrating the
most considerable reduction (90.99 and 88.56% decline in shoot and root biomass at 20 ppm As,
respectively) (Fig. 2). BRRI Dhan 105 exhibited a relatively higher dry mass of both shoot and
root (83.61 and 61.67% drop rate in shoot and root dry weight at 20 ppm As, respectively). The
higher root dry weight in BRRI Dhan 105, despite its lower root length and fresh weight, might
suggest greater efficiency in transforming water and nutrients into biomass, potentially attributable
to denser or more effective root tissue. Other cultivars exhibited moderate reductions in dry
weight. These results are in agreement with the findings of the previous studies on maize and
barley (Zvobgo et al. 2019, Vérallyay et al. 2021).

B BRRI Dhan 92 shoot ® BRRI Dhan 92 root BRRI Dhan 99 shoot = BRRI Dhan 99 root M BRRI Dhan 100 shoot
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Fig. 2. Changes in the shoot and root dry weight of seven boro rice cultivars owing to different concentration of arsenic.
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Based on the present findings, it can be concluded that elevated arsenic adversely affects the
germination performance and early growth of rice seedlings. Among the seven boro rice cultivars,
BRRI Dhan 105 showed the minimum reduction rate to As toxicity in terms of germination, shoot,
and root development. Conversely, BRRI Dhan 99 and 104 were considered to have higher
susceptibility across all concentrations. These results suggest that BRRI Dhan 105 could be a
promising candidate for field trials, and subsequent research should concentrate on elucidating the
molecular mechanisms of As tolerance and exploring breeding strategies to incorporate resistance
in more susceptible cultivars.
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