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Abstract 

A short-term phytotoxicity experiment was conducted on four varieties of rice (Oryza sativa L.) 

under the influence of arsenic (III & V) to evaluate the impact on root and coleoptiles growth. Four 

varieties (GB-1, IET-4786, IET-4094, and MTU-1010) of rice were undertaken for this study with 

different concentrations (0, 5, 10, 25 and 50 mg/L) of arsenic (III & V). Germination along with 

mean daily germination (MDG), length of root and coleoptile, water holding capacity of root and 

coleoptiles, fresh and dry weight, arsenic accumulation, MDA and root ion leakage were evaluated. 

Results highlighted that the percent germination of IET-4094 and MTU-1010 varieties of rice seed 

over control decreased significantly (p < 0.05) with increasing concentration of both arsenite and 

arsenate. However, the percent germination of GB-I and IET-4786 dose not affected on the 

different concentration of both arsenate and arsenite. The root and coleoptile length of all the four 

varieties showed remarkable decreasing trend over control with increasing concentration of both 

arsenite and arsenate. However, more pronounced effects were observed for arsenite than arsenate. 

Similarly, biomass of shoot is less affected than root under different concentration of arsenite and 

arsenate. The variety IET-4786 and MTU-1010, accumulated lower level of arsenic and variety 
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GB-1 accumulate higher level of MDA level in root under both arsenite and arsenate treatments. 

Therefore, it can be concluded that the variety IET-4786 and MTU-1010 are the suitable varieties 

towards phytoremediation of both arsenite and arsenate. Moreover, farmers of arsenic 

contaminated area are recommended to cultivate IET-4786 and MTU-1010 varieties.  

Keywords: Arsenic; Paddy variety; Germination; Morphophysiology; Root Arsenic level; MDA 

1 Introduction 

Arsenic (As) is a metalloid and it is the member of group 15 in modern periodic table. Arsenic is 

highly toxic due to its chronic and epidemic effects on human health (Li et al. 2019; Ghosh et al. 

2016; Lei et al. 2015). Mainly two form of arsenic is available in aquatic medium as arsenite and 

arsenate (Mondal et al. 2021). Among these two oxidation states, arsenite is more toxic than 

arsenate (Mitra et al. 2017). Arsenic present in the terrestrial, marine, and fresh water environment 

in various chemical forms (Shri et al. 2009). The World Health Organization recommended the 

permissible limit of arsenic in potable water is 10 ppb (Mondal et al. 2014).  Literature (Meharg 

and Hartley-whitaker 2002) highlighted that organic form of arsenic species are less toxic than 

inorganic species to aquatic plant (Reid et al. 2021), animals and humans, and this has been 

presumed to be true for terrestrial plants also. Moreover, extensive arsenic rich underground water 

was used in agricultural lands which leads to enrichment of arsenic in surface soil and subsequently 

migrated from soil to plants through root system (Afzal et al. 2018). Plants are susceptible to take 

arsenic in both trivalent (arsenite) and pentavalent (Arsenate) forms, which are again inhibited by 

different biomolecules of cells (Su et al. 2010; Shri et al. 2009). Hence, it is very difficult to 

counteract with arsenic and ultimate results are reduction of plant growth and crop productivity 

(Hasanuzzaman et al. 2015). 
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Rice (Oryza satiava L.) is extensively used staple crop throughout the world (Samal et al. 2021; 

Deng et al. 2018). In India, West Bengal is major rice growing state are affected by arsenic in 

ground water (Marmiroli et al. 2020; Ganesh et al. 2020; Huhmann et al. 2017). The people of 

fourteen districts of West Bengal not only drink the arsenic contaminated groundwater but also 

irrigate their crops (Samal et al. 2021; Marmiroli et al. 2020). Recent literature highlighted the 

excessive amount of arsenic (> 0.01 mg/L) was consuming by the rural people of West Bengal 

(Samal et al. 2021) and subsequently their daily intake exceed the permissible value of WHO 

(0.0021 mg/kg) (Menon et al. 2020).  

Irrigation is principally performed in dry seasons for Boro rice cultivation (Rahman et al. 2007). 

In West Bengal, a large number of shallow tube wells (STWs) and deep tube wells (DTWs) have 

been installed to irrigate about 1.74 Million hector of crop land which contributes to the food grain 

production of the country significantly (Mainuddin et al. 2021). Long term irrigation with arsenic 

contaminated groundwater is likely to increase arsenic concentration in crops (Innamul Huq et al. 

2003). Due to such contamination of As in rice, it possess a serious health problems and 

particularly alarming are baby foods which is mainly prepared from rice; may cause dangerous 

diseases along with developmental problems in children (Karagas et al. 2016). It is well known 

that root is the primary organ where any toxicant can encounter first (Huang et al. 2019). 

In this study, we hypothesized that different forms of arsenic i.e., arsenate and arsenite will 

differently acts on different varieties of rice (Oryza  satiava L.) especially on root and shoot growth 

and biomass. Moreover, previous research mostly highlighted on overall toxicity of arsenic on 

plants. However, very scanty literature are available which mainly focused on the toxicity of both 

As (III & V) on root and coleoptile. To test these hypotheses, greenhouse experiment were set up 

to (1) compare the percentage of germination under different concentrations (control, 5, 10,20, 25 
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and 50 mg/L) of both arsenate and arsenite; (2) to compare the root length, fresh and dry biomass 

of four varieties of rice under different concentration of both arsenate and arsenite, (3) to find out 

the MDA and root ion leakage under different concentration of both arsenate and arsenite, (4) to 

estimate the arsenic accumulation in roots of four varieties of rice under different concentration of 

both arsenate and arsenite, (5) to assess the relationship between arsenic uptake and root 

morphophysiology, MDA, root ion leakage etc.  The results of this study would provide a better 

understanding of the effects of both arsenate and arsenite on root morphophysiology and arsenic 

accumulation of four varieties of rice. 

2 Materials and methods 

2.1 Design of the experiment 

Experimental seeds were collected from seed multiplication farm of Burdwan University 

Burdwan, West Bengal. The greenhouse was set up in the Environmental chemistry laboratory, 

Burdwan University Burdwan. Variable concentration of arsenic (III/V) salt solution such as (5, 

10, 20, 25 and 50 mg/L) ware prepared and same was applied on MTU-1010, IET-4786, IET-4094 

and GB-1. Double distilled water was used for control setup. Three separate replications were 

performed for every treatment with complete randomized design (CRD). The germination of seeds 

were examined in every 24 hours and morphophysiological and biochemical test were performed 

after 15 days. 

2.2 Arsenic Solution 

Experimental solution was prepared by following analytical techniques of standard solution 

preparation (100 mg/L) using double distilled water for both As (III) and As (V). The intermediate 

solution of different concentrations (5, 10, 20, 25 and 50 mg/L) were prepared with proper dilution 
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of respective standard solution. Surface sterilization of the experimental seeds were performed by 

1 % NaOCl solution. For germination study, each sterilized petriplate was fitted with a standard 

size wet filter paper and seeds were taken on this paper. Finally, covered with lid and kept at room 

temperature. 

2.3 Germination percentage 

Seed germination was recorded daily up to 3 days after the initial day of the experiment. 1.0 mm 

specific length of radical was considered as the germination of seed (Kabir et al. 2008). Percentage 

of germination was evaluated by the following equation (1):

Number of germinated seeds  
Germination percentage 100

Total number of seeds
x    (1) 

2.4 Root and coleoptile length (early seedling growth) 

Length of root and coleoptile was measured with the help of a scale and reading was taken from 

both treated and controlled plants. 

2.5 Biomass root and shoot 

Root and shoot of both treated and control plants were taken from treatment pot and washed with 

double distilled water and soaked with tissue paper and fresh weight was recorded by digital 

balance followed by shade and hot air woven drying until constant weight. Finally dry biomass 

recorded as mg g-1. 

2.6 Electrolyte leakage 

The membrane damage was evaluated by the method of Valentoric et al. (2006). About 1.0 g plant 

samples (roots) were cut into small pieces and immediately kept in deionized water (15 mL). The 

entire plant-deionized water mixture was shaken for 24 h at room temperature (25 - 30 ºC). The 

conductivity (EC1) of extracted solution was measured by conductivity meter (HI 8733, Hanna 

Instruments Inc., Woonsocket, USA). Then the entire samples were autoclaved at 120ºC for 20 
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min and allowed to cool at room temperature and conductivity (EC2) was recorded. Finally, the 

electrolyte leakage was measured by using the following equation (2): 

1
(%) 100

2

EC
EL x

EC
       (2) 

2.7 Estimation of water holding capacity and dry biomass 

Moisture content (%) of the study plant materials was determined according to the method 

suggested by Kaya (1998). This method is based on the principal of “removal of plant water at 

certain temperature and detection of moisture content according to the resulting weight loss”. 

Percentage of moisture was evaluated by the following equation (Eq. 3): 

Water holding capacity(%) = [(𝑊0−𝑊1)𝑊0 ] 𝑥100   (3) 

0 1Drybiomass W W   Where, W0 = Initial Weight W1 = Final Weight 

2.8 Determination of growth parameters 

For estimation of growth parameters, 10 seedlings were randomly selected from each treatment 

and washed thoroughly with double distilled water and surface water was removed by blotting 

paper. Then wet weight was recorded by digital balance and in similar way dry weight was 

recorded after 72 h of drying the plant samples in hot air over  at 70 ˚C. 

2.9 Determination of MDA content 

Leaf tissue (0.1 mg) was homogenized by adding 10 ml 0.1% (w/v) TCA then Centrifuge the 

homogenate for 10 min (15,000 x g, 4 °C) then Collect supernatant and mix 1 ml of supernatant 

with 4 ml 0.5% ΤΒΑ diluted in 20 % TCA. The entire mixture was heated at boiling temperature 

for half an hours. Then the reaction was terminated by cooling the mixture in ice bath. Finally, 
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centrifuged at 10,000 x g for 10 minutes, if the mixture is turbid and absorbance was measured at 

532 and 600 nm (Heath and Packer 1968). The amount of MDA was evaluated by the equation 

(4): 

 1
523 600MDA equivalents nmol.cm 1000[( ) /155]Abs Abs

      (4) 

2.10 Total arsenic determination in roots  

For estimation of total As, plants were harvested and roots are separated at the end of the 

experiment. Then each part of plants was weighted to measure their biomass. The roots were 

separately dried at 70 ̊ C until reaching constant weight. The dried samples were separately grinded 

to powder and 0.1 gm of the grinded sample was digested with concentrated HNO3 : HClO4; (V/V 

9:1) for 2 h. Residues were filtered through Whatman filter paper and diluted to 100 ml with 

double-distilled water. Concentrations of heavy metals from the digested samples were analyzed 

using Atomic Absorption Spectrophotometer attached with flow hydride-generation system (GBC 

Avanta) (Bajpai et al. 2011).  

2.11 Statistical analysis 

The entire experimental data were expressed as mean ± standard deviation (SD) for three 

replicate for each experimental point. The statistical difference between treated groups and 

control groups were determined by ANOVA and DMRT and p < 0.05 was considered as 

significant. 

3 Results and discussion 

3.1 Germination of paddy variety 



8 

 

As a preliminary experiment, rice seeds were exposed to five different concentrations of arsenate 

and arsenite to determine their effects on germination, root and coleoptile length and fresh and dry 

biomass of root and shoot. From the present study it is clear that the variety IET-4094 is strongly 

influenced by arsenate than other three varieties (GB-1, 1010 and 4786). However, variety GB-I 

and IET-4094 showed much lower germination at higher concentration of arsenite (Fig. 1). This 

is possibly due to higher phytotoxic effect of arsenite (Moulick et al. 2016). On the other hand, 

none of the variety showed consistent germination with increasing both arsenate and arsenite 

stress. In lower concentration (5 and 10 mg/L) of both arsenate or arsenite, all the tested variety of 

paddy showed consistent germination ranges from 80 – 100 % except IET-4074 variety which 

showed 71.43 % and 57.14 % germination at lower concentration (5 mg/L) of both arsenate and 

arsenite, respectively. Metal pollution is assessed through the intensity of seed germination. 

Therefore, analysis of seedling growth is also important for understanding the impact of heavy 

metals (Liu et al. 2005). In the present study, germination rate decrease under the influence of 

arsenic stress. This observation is very much consistent with the earlier reports (Mridha et al. 2021; 

Mondal et al. 2016; Shri et al. 2009). Rice plant is very much susceptible to arsenic (Upadhyay et 

al. 2019). Paddy soils and irrigation water were contaminated with high concentration of arsenic 

is very common in nine districts of West Bengal (Desbarats et al. 2017; Mondal et al. 2011). Rice 

is the staple food for populations in these countries (Upadhyay et al. 2019). The buildup of As in 

paddy soils and irrigation water adversely effects rice plant germination and growth and leads to 

As accumulation in rice grain (Samal et al. 2021; Shri et al. 2009). 

3.2 Mean daily germination (MDG) 

Mean daily germination of four varieties under both arsenate and arsenite treatments are depicted 

in Figure 2a-h. For variety GB-1, MDG at 24 h and 48 h under both arsenate and arsenite showed 

negative trend (Fig. 2a-b). But IET-4094 variety exhibited positive trend of MDG under arsenate 

treatment and almost opposite trend under arsenite treatment at both 24 h and 48 h (Fig. 2c-d). On 

the other hand, MTU-1010 showed strong negative trend of MDG under Arsenate treatment at 

both 24 h and 48 h (Fig. 2e-f). Almost similar negative trend was recorded with arsenite treatment 

at 48 h (Fig. 2f). The variety IET-4786 also exhibited negative trend MDG (%) under both arsenate 

and arsenite during 24 h and 48 h (Fig. 2g-h). Therefore, from the mean daily germination data it 

is clear that the variety IET-4094 showed phytotoxic in nature against arsenate. However, root 
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arsenic accumulation data revealed that this particular variety (IET-4094) accumulate higher level 

of As in their root (Table 1).  Therefore, this study clearly suggest that the variety IET-4094 has 

strong power to nullify the strong toxic effect of both arsenite and arsenate salt. This specific 

variety has some specific inherited trait controlled by multiple genes which my nullify the toxicity 

of arsenic (Murugaiyan et al. 2019). Present finding showed excellent agreement with the earlier 

findings as reported by Bhattacharya (2017); Liu et al. (2006); Rahman et al. (2007); Bhattacharya 

et al. (2010). 

3.3 Variation of root and coleoptile length 

The effect of arsenate and arsenite on the root and coleoptile length of four varieties of rice is 

presented in Fig. 3a-h. From the Figure 3a-h it is clear that root length of all the tested varieties 

are strongly influenced by arsenite salts. However, variety MTU-1010 is moderately affected by 

the arsenate salt solution. Results also demonstrated that the root length of all the tested varieties 

strongly influenced by arsenate salt solution at lower concentration (5 mg/L) than the higher 

concentration. However, at lower concentration (5 mg/L) of arsenite has much less effect than 

arsenate salt solution. But at higher concentration (25 mg/L) the variety IET-4786 showed 

moderate effects on root length (Fig. 3h). The effect of arsenite solution on root length of four 

varieties clearly indicates that with increasing concentration, root length gradually decrease. 

Almost similar level of reduction in root length was reported by Mondal et al. (2015) for mungbean 

(Vigna radiata (L.) under mercury exposure. However, the intensity of root length reduction by 

arsenite is much lower than arsenate salt solution. This is possibly due to direct interference of 

IAA biosynthesis and transportation in roots of rice (Ronzan and Falasea 2018). Previous study 

(Dey and Mondal 2017) demonstrated  that the reduction of root length under the influence of 

heavy metals is due to hampering of cell division and increase the thickness of cell wall or heavy 

metals may interact with the phytohormones those are responsible for root development (Soudeh 

and Zarinkamar 2012). Results also revealed that the variety MTU-1010 is severely affected than 

other three varieties. On the other hand, the variation of coleoptile length under the influence of 

both arsenite and arsenate salt solution showed more or less same effects. That means none of the 

variety showed adverse effect on shoot length under the influence of arsenite or arsenate salt 

solution (Fig. 3a-h). Abusriuil et al. (2011) reported in their study that plant roots are the main 

organ where heavy metals directly contact and adsorbed. Influence of heavy metals on the root 
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growth is probably due to the fact that roots are the prime organ of plants which directly adsorbed 

heavy metal from the soil (Abusniuil et al. 2011). Moreover, heavy metals are found to be toxic 

for root growth because they accumulate on roots and retard cell division and cell elongation. 

These results agreed with the observation of Angulo-Bejarano et al. (2021) and  Chhot and Fulekar 

(2008). 

3.4 Water holding capacity of root and coleoptiles 

The water holding capacity of different varieties of rice under treatment of both arsenate and 

arsenite slat solutions are presented in Table S1. From the Table S1 it is clear that all the four tested 

varieties exhibited an increasing trend of water holding capacity under arsenate salt treatment up 

to the concentration of 25 mg/L. However, higher concentration (50 mg/L) of salt solution showed 

drastic reduction of water holding capacity of all four varieties. On the other hand, arsenite treated 

plant showed gradual reduction of water holding capacity with increasing concentration except 

variety IET-4786. Only this variety (IET-4786) showed gradual increment of water holding 

capacity with increasing concentration of arsenite salt solution up to 20 mg/L. Results also revealed 

that arsenate treated rice plants holds higher water than arsenite treated plants. This finding is in 

agreement with the findings of Abbas et al. (2018) for rice seedling contaminated with arsenic. 

 

3.5 Root and coleoptile fresh and dry biomass 

fresh root biomass of GB-1 gradually decrease with increasing Arsenate concentration up to 10 

mgL-1with respect to control, but after the treatment concentration of 10 mg/L, fresh biomass of 

root increase with increasing concentration (Fig. 4a-h). Almost similar enhancement of biomass 

(root and shoot dry weight) was reported by Abusrivil et al. (2011). They reported that mean plant 

biomass of alfa alfa increased with increasing concentration from 10 to 20 mg/kg for Cd, Cu and 

Ni. All other varieties also showed more or less same variation with arsenate salt solution (Fig. 4a, 

c, e and g). Almost similar pattern of root biomass reduction was recorded for arsenate salt solution 

also (Fig. b, d, f and h). On the other hand, shoot biomass equally affected by both arsenate and 

arsenite salt solution. From the dry biomass of root and shoot, it also clear that root biomass per 

plant strongly influenced by both arsenate and arsenite salt solution. However, shoot dry biomass 

per plant comparatively less influenced by arsenate and arsenite salt solution with respect to 
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control. Similar variation of biomass under the influence of arsenic salt was reported by Ronzan 

et al. (2018) and Zanella et al. (2016).  

3.6 Arsenic in root 

Arsenic accumulation in roots of four varieties of paddy has been evaluated and the results are 

depicted in Table 1. From the Table 1 it is clear that different variety of paddy exhibited different 

accumulation pattern. However, all varieties showed a liner relationship with the concentration of 

arsenic (Table 1). That means arsenic accumulation is concentration dependent (Yao et al. 2021; 

Zhao and Wang, 2020). Results also revealed that arsenate treated rice varieties showed higher 

accumulation of total arsenic in root than arsenite treatments in all varieties except variety GB-1. 

One-way ANOVA analysis also indicated a statistical differences among different treatments of 

four varieties of rice for both arsenite and arsenate (Table 1).  This is perhaps due to higher 

translocation of arsenate from root to shoot (Awasthi et al. 2017). Present study results is in 

agreement with the recent study reported by Ronzan et al. (2018). However, previous research of 

arsenic treatment on paddy reported that the average arsenic bioaccumulation in different parts of 

rice plants root> stem > leaf > grain (Das et al. 2013). Among the four tested varieties, root 

accumulation pattern was recorded as IET-4094> MTU-1010 > IET-4786 > GB-1. The higher 

level of arsenic accumulation by IET-4094 variety was also reported by Bhattacharya (2017). At 

lower concentration (5 and 10 mg/l), minimum level of arsenic (III) was accumulated in variety 

GB-1 and higher level of accumulation was observed in variety MTU-1010 (Table 1). Almost 

similar accumulation pattern of arsenate was observed for variety GB-1. Similarly, higher level of 

root arsenic was recorded with arsenate treatment for variety IET-4094. On the other hand, variety 

GB-1 and IET-4786 showed lower root arsenic accumulation with treatment of arsenate and 

arsenite at intermediate concentration (20 and 25 mgL-1). At higher concentration (50 mg/l), IET-

4786 and MTU-1010 showed higher root arsenic accumulation for both arsenate and arsenite 

treatment, respectively. 

3.7 MDA content and root ion leakage 

Malonaldehyde formation depends on the level of peroxidation of membrane lipid (Chandrakar et 

al. 2018). Present results revealed that arsenic induced MDA level increased with increasing 

arsenic level in both arsenate and arsenite treatments (Table 2). However, the amount of MDA 
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under arsenate treatment was low in MTU-1010 and both arsenite and arsenate treatment in IET-

4786. One-way ANOVA analysis revealed statistical significant among different treatments for 

both arsenite and arsenate (Table 2). The enhancement of MDA level under both arsenate and 

arsenite treatments revealed the extensive membrane damage due to generation of ROS under the 

influence of peroxidation of polyunsaturated fatty acids (Conrad et al. 2018). On the other hand, 

arsenic mediated membrane damage again confirm from the data obtained from root ion leakage 

(Table 3). The results of root ion leakage demonstrated that the gradual increment of electrolyte 

leakage with increase of both arsenate and arsenite treatment concentration. However, it is 

interesting to note that in both MDA level and root ion leakage, arsenate treated plants showed 

higher value than arsenite and one-way ANOVA analysis suggested that it is statistically 

significant (Table 2 and 3). This is perhaps due to the toxicity of arsenate is more than arsenite. 

Present finding is in agreement with the earlier study as reported by Mondal (2017) and Singh et 

al. (2012) for fluoride toxicity in rice and for aluminium in chickpea (Cicer arietinum L.) 

3.8 Correlation study 

 Correlation study revealed that arsenic level in roots negatively related with percentage germination (r = -

0.609, p < 0.275). Similarly, arsenic level in root negatively correlated with root fresh weight (r = -0.928, 

p < 0.023), root dry weight (r = - 0.963, p < 0.008) and mean daily germination (r = -0.962, p < 0.009) for 

rice variety GB-I under the Arsenate stress (Table S3). But arsenite showed less toxicity only root fresh 

weight and shoot fresh weight are negatively correlated as r = - 0.979 (p < 0.004) and -0.845 (p < 0.072), 

respectively (Table S4). The root arsenic level only showed negative impact on both shoot fresh (r = - 

0.202) and dry weight (r = - 0.138) for the variety IET-4094 with arsenate treatment. However MDA level 

exhibited significant by (p < 0.0005) positive relationship (r=+0.976) with arsenic level in root (Table S5). 

But, arsenite showed negative correlation on both root fresh (r=-0.856) and dry weight (r = - 0.912) (Table-

S6). The variety IET-4786 also showed similar impact on shoot fresh and dry biomass under Arsenate 

treatment (Table S7). The results also revealed that root ion leakage significantly related with root arsenic 

level (r = + 0.987, p < 0.002) and malonaldelyde level (r = + 0.997, p < 0.0001). However, this particular 

variety exhibited extremely sensitive withes (V) salt on percentage of germination (r = - 0.810, p < 0.097), 

and mean daily germination at 24h (r = - 0.882, p < 0.048) and 48h (r = -0.810, p < 0.097) with root arsenic 

level (Table S8). On the other hand, MTU-1010 is strongly affected on fresh biomass of both root (r = -

0.928, p < 0.023) shoot (r = - 0.902, p < 0.036) (Table S9). But root arsenic level and malonaldelyde level 

significantly correlated with root ion leakage under Arsenate treatment.  However, arsenite treatment has 

significant negative relation with root (r = - 0.963, p < 0.009) and shoot dry (r = - 0.854, p < 0.065) dry 
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weight (Table S10). Similar negative impact of arsenic was recorded by Mandich et al. (2013) for two 

winter wheat varieties. 

4 Conclusion 

In conclusion, present finding demonstrate that both arsenate and arsenite have negative impact on 

rice (O. sativa L.) root system which is again confirmed from MDA and root ion leakage data. The 

accumulation of arsenic in rice root of four varieties is as follows: MTU-1010 > IET-4786 > IET-

4090 > GB-1. These results also supported with root architecture changes which may again 

negatively influence on plant survival in intensely polluted rice cultivated soil. Moreover, Toxic 

elements migrated through root system present a risk not only to plants but also to the consumers 

at the higher trophic levels. Therefore, it is strongly recommended that irrigation water should be 

free from arsenic and use of arsenic tolerant rice varieties etc. should be judicially chosen during 

raising of rice seedling in the arsenic affected area of West Bengal. Moreover, tolerance to both 

arsenate and arsenite at germination and seedling stages might be considered as a prime selection 

criterion for arsenic tolerance varieties. On the other hand, accumulation of such higher level of 

arsenic can cause a tremendous threat to the grazing animals and the inhabitants of that area are 

directly affected by contaminated milk products and meat. Therefore, present outcome focused 

towards food safety with potential impact of both plants and animal health.  
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Figures

Figure 1

Percentage of germination of four tested varieties of rice underdifferent concentration of both As3+ and
As5+ salt solution treatment



Figure 2

Mean daily germination (MDG) of various rice varieties : (a )GB-1 at 24 h and 48 h for As3+; (b ) GB-1 at
24 h and 48 h for As5+ ; (c) IET-4094 at 24 h and 48 h for As3+; (d) IET-4094 at 24 h and 48 h for As5+; (e)
MTU-1010 at 24 h and 48 h for As3+; (f) MTU-1010 at 24 h and 48 h for As5+; (g) IET-4786 at 24 h and 48
h for As3+; (h) IET-4786 at 24 h and 48 h for As5+.



Figure 3

Variation of root length and colieopltile length (cm) under different concentration of: (a) As3+ in variety
GB1; (b) As3+ in variety MTU 1010; (c) As5+ in variety GB1; (d) As5+ in variety MTU 1010; (e) As3+ in
variety 4094; (f) As5+ in variety 4094; (g) As3+ in variety 4786; and (h) As5+ in variety 4786.



Figure 4

Fresh and dry biomass of root of four varieties of rice (a)GB-1 under As3+ treatment ; (b)GB-1 under As3+
treatment; (c)IET-4090 under As3+ treatment; (d)IET-4090 under As5+ treatment; (e)MTU-1010 under As3+
treatment; (f) MTU-1010 under As5+ treatment; (g)IET-4786 under As3+ treatment; (h)IET-4786 under As5+
treatment.
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