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Introduction 

Phosphorus is an essential nutrient for plants and an 

important component in cell metabolism. It has a vital 

functional role in energy transfer and acts as modulator of 

enzyme activity and gene transcription; hence, its 

assimilation, storage and metabolism are of major 

importance to plant growth and development (Khan et al., 

2023). Hydrolytic breakdown of phosphate esters is 

brought about by phosphatases, which is a critical process 

in energy metabolism, metabolic regulation and a wide 

range of signal transduction pathways in plants (Hassan 

et al., 2017 ; Khan et al., 2023). Phosphatases catalyze 

reactions that result in inorganic phosphorus (Pi) 

liberation from various substrates in a thermodynamically 

favourable process, which occurs in both acidic and 

alkaline medium (Khan et al., 2023). Inorganic 

phosphorus is a nutrient that often limits plant growth in a 

natural environment. Acid phosphatases (EC 3.1.3.2, 
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Abstract: The effect of arsenate on the levels of phosphate contents and activities 

of different phosphorolytic enzymes were studied in ten days of rice seedlings var. 

MTU-1010. Total arsenic contents were increased both in root and shoot of rice 

seedlings treated with various concentrations of arsenate and increment was linear 

with increasing concentrations of arsenate. The effect of arsenate was manifested 

via a decline in phosphate contents and inhibition in the activities of phosphatase 

enzymes in the rice seedlings. The activities of both acid and alkaline 

phosphatases were inhibited with increasing concentrations of arsenate. Similarly, 

inorganic pyrophosphatase and ATPase activities also declined, along with an 

increasing concentration of arsenate. The results suggest that exposure of rice 

seedlings to arsenate leads to lowering of the phosphate pool and alteration in the 

activities of major phosphohydrolytic enzymes, which contribute to metabolic 

disturbance and a decrease in the growth of rice seedlings. During combined 

application of arsenate with phosphate exhibited better growth of the seedlings 

and significant alteration of different phosphatase enzymes activities. Whereas the 

combined application of arsenate and phosphate altered the level of arsenic 

accumulation in the test seedlings, which was very little in the root but high in the 

shoot with respect to arsenate treatment alone thus phosphate inhibits transport of 

external arsenate within seedlings. However, when arsenate was applied in 

conjunction with phosphate, the seedlings exhibited improved growth and 

significant changes in the activities of different phosphatase enzymes. Notably, 

this combined application altered arsenic accumulation levels, resulting in lower 

arsenic concentrations in the roots but higher levels in the shoots compared to 

treatments with arsenate alone. This suggests that phosphate may inhibit the 

transport of external arsenate within the seedlings, thereby mitigating some of the 

negative impacts associated with arsenate exposure. Overall, the study highlights 

the complex interplay between phosphate availability and arsenate toxicity in rice 

cultivation, emphasizing the potential benefits of managing nutrient levels in 

arsenic-affected soils. 
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orthophosphoric-monoester phosphohydrolases) having 

broad and overlapping substrate specificities are 

ubiquitous and abundant enzymes in plants and catalyze 

non-specific hydrolysis of Pi from phosphate monoesters 

in pH ranges from 4 to 6 and play a major role in the 

supply and metabolism of phosphate in plants (Khan et 

al., 2023; Tabaldi et al., 2007). Similarly alkaline 

phosphatases (EC 3.1.3.1) have a potential role in 

utilization of phosphomonoesters as the source of Pi 

required for maintenance of cellular metabolism (Lv et 

al., 2020). Inorganic pyrophosphatase (EC 3.6.1.1) 

catalyzes pyrophosphate hydrolysis and synthesis and 

enriches the phosphate pool in plants by hydrolyzing 

inorganic pyrophosphate to two molecules of Pi 

(Grzechowiak et al., 2019; Srivastava et al., 2021). 

Inorganic pyrophosphate is a by-product of several 

biosynthetic reactions and is essential for regulating 

many biochemical reactions in plant cells (Srivastava et 

al., 2021). Adenosine triphosphatases (ATPases) have 

wide occurrence in plant tissues and participate in active 

transport of molecules and ions across membranes and in 

cell biosynthetic processes (Luo et al., 2022). Stressful 

conditions of the environment adversely affect P nutrition 

and its metabolism in plants. Activities of the 

phosphorolytic enzymes acid phosphatase, alkaline 

phosphatase, and ATPase show significant alteration in 

plants exposed to abiotic stressful conditions of the 

environment such as soil salinity (Guiza et al., 2022), 

osmotic stress (Guo et al.,2018), excess of heavy metals 

(Chen et al.,2022), etc. Elevated levels of metals in the 

soil environment cause toxicity in growing plants and 

reduce crop productivity. Arsenic is a highly toxic metal 

to all forms of life. Southeast Asia's vast areas are 

threatened by arsenic-contaminated groundwater 

(Jayasumana et al., 2015; Biswas and Saha, 2021). 

Irrigation with arsenic-laden water gradually adds this 

metal to the soil surface layers (Siddiqui et al., 2024). 

Deposition of arsenic in the soil environment leads to 

toxicity in growing plants. Background levels of arsenic 

in contaminated soils generally reach 4 to 8 mg As kg-1 

but may reach as high as 83 mg As kg-1 (Siddiqui et al., 

2024), whereas ground water used for irrigation may 

contain up to 80-180 μg As L-1 (Alam et al., 2024). In 

recent years, arsenic has emerged as a potent metal 

poison and an alarming increase in its content in 

agricultural soils and different parts of crop plants has set 

a challenge to crop production in many parts of the world 

(Siddiqui et al., 2024; Geng et al., 2024; Pal et al., 2024; 

Kashyap et al., 2018). Rice is a staple food crop for a 

majority of the world population and is cultivated in 

many regions of the world where ground water is 

severely contaminated with arsenic (Bera and 

Choudhury, 2023; Siddiqui et al., 2024; Geng et al., 

2024;  Touhami et al., 2020). The redox-active forms of 

arsenic that cause intoxication in plants are arsenite (As 

III) and arsenate (As V). Both these soluble forms can be 

found in soil and water, but arsenite predominates under 

growth conditions of paddy fields due to the partial 

anaerobic conditions. Consequently, the +3 oxidation 

state is regarded as responsible for arsenic toxicity in this 

environment (Jayasumana et al., 2015). Although it has 

been shown that excess arsenic in the soil affects a 

number of physiological and biochemical reactions in 

plants (Geng et al., 2024; Mishra et al., 2020), the precise 

mechanisms underlying arsenic phytotoxicity are poorly 

understood (Zhou et al., 2023). Earlier studies conducted 

in our laboratory using two rice cultivars indicated that, 

after the uptake, arsenite is translocated to different parts 

of the plant, although more was found in roots than in 

shoots (Geng et al., 2024). In order to identify arsenic 

phytotoxicity targets related to P metabolism in rice 

plants, the present study was undertaken to examine the 

effects of increasing levels of As2O3 in the growth 

medium on the size of the phosphate pool and the 

activities of the phosphohydrolase enzymes, namely acid 

phosphatase, alkaline phosphatase, inorganic 

pyrophosphatase and chloroplastic as well as 

mitochondrial isoforms of adenosine triphosphatases, in 

growing rice seedlings. 

Material and Methods 

Plant Material and Treatment Conditions  

Rice (Oryza sativa L.)seeds cv. MTU 1010 obtained 

from the State Rice Research Station, Chinsura, Hooghly, 

West Bengal were surface sterilized with HgCl2 (0.1%, 

w/v). About 50 seeds for each batch were spread over in 

petridishes ( 10cm) lined with filter papers containing 

various concentrations of sodium arsenate 

(Na2HAsO4.7H2O) solution. The seeds were kept in dark 

for 48 hours in distilled water at 30ºC for germination. 

Different batches of germinating seeds were exposed to 

test solutions with 16 hours photoperiod (260 μmol m-2 s-

1 PFD). The possible reversal of arsenate toxicity was 

determined by treating the rice seeds with suitable 

phosphate concentrations (potassium dihydrogen 

orthophosphate; KH2PO4) and sodium arsenate solutions. 

After ten days, the seedlings were harvested and 

following experiments were performed to characterize the 

toxic effects of arsenate on the growth and metabolism of 

rice seedlings and its possible reversal by phosphate. 

Standard methodologies were used to carry out all the 

experiments. 
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Extraction and Estimation of Arsenic Content 

Total arsenic contents were measured from arsenate-

treated roots and shoots of rice seedlings after ten days of 

growth by acid digestion of about 500 mg oven-dried 

(70ºC for 3 d and then 100ºC for 2 d) samples. The dried 

samples were digested over a hot plate using 7 ml of 

HNO3 (65%) and 2 ml of H2O2. Arsenic concentrations of 

the samples were determined by atomic absorption 

spectrophotometer with flow injection hydride generation 

system (Perkin Elmer, Analist 700), using standard 

arsenic solution to prepare standard curve. 

Extraction and Estimation of Phosphate  

Total phosphate was extracted from roots and shoots 

of rice seedlings after ten days of growth by acid 

digestion of about 500 mg oven-dried (70ºC for 3 d and 

then 100ºC for 2 d) samples. The final volume was made 

up of 10 ml with deionized water. Phosphate was 

estimated spectrophotometrically (Fiske et al., 1925) and 

absorbance was measured at 660 nm in an Hitachi-2000 

spectrophotometer, using KH2PO4 as a phosphate 

standard. 

Extraction and Assay of Phosphatase Enzymes 

Activities:  

About 500 mg root and shoot samples from freshly 

harvested rice seedlings were used for enzyme 

extractions and assays. All three phosphatase enzymes' 

activities were assayed (Sharma et al., 2023).  

Acid phosphatase activity  

For acid phosphatase assay, samples were extracted in 

5 ml of 100 mM sodium acetate buffer (pH 4.5) using a 

chilled mortar and pestle. Homogenates were centrifuged 

at 22,000 x g at 4ºC for 10 min. and the supernatants 

were placed in cellophane membrane tubing and dialyzed 

against extraction buffer in the cold for 8 h with 3-4 

changes of buffer. The assay mixture contained 5 mM di-

sodium p-nitrophenyl phosphate as substrate, 50 mM 

acetate buffer (pH 4.5) and 0.2 ml dialyzed enzyme 

extract in a total volume of 1 ml. After incubation for 30 

min at 30ºC, the reaction was terminated by the addition 

of 4.0 ml of 100 mM NaOH. The amount of p-

nitrophenol liberated was measured by recording the 

absorbance at 400 nm. One nkat of enzyme activity is 

defined as one nmol p-nitrophenol liberated s-1 and 

specific activity as nkat mg-1 protein. 

Alkaline phosphatase activity 

The procedure employed for the assay of alkaline 

phosphatase was similar to acid phosphatase except that 

for enzyme extraction and incubation 100 mM sodium 

bicarbonate buffer (pH 10.0) was used. 

 

 

Inorganic pyrophosphatase activity 

For the assay of inorganic pyrophosphatase, roots and 

shoots were homogenized in 5 ml of 0.1 M glycine-

NaOH buffer (pH 8.8). After centrifugation, the 

supernatant was dialyzed. The assay mixture contained 

4μmol Na4P2O7, 100 μmol glycine-NaOH buffer (pH 

8.8), 10μmol MgCl2 and enzyme in a total volume of 2 

ml. After incubation for 20 min at 30ºC the reaction was 

stopped by adding 0.5 ml of 30% trichloroacetic acid. 

Any precipitate formed was removed by centrifugation, 

and the supernatant was used to determine Pi according 

to Fiske and Subbarow's method (1925). Enzyme specific 

activity was expressed as nk at mg-1 protein. 

Assay of ATPase activity 

The activity of ATPase was assayed (Shoji et al., 

2018) in enzyme preparations from fresh roots and 

shoots. The assay mixture contained 80μmol Tris-HCl 

buffer (pH 7.5), 10μmol Na2ATP, 20μmol MgCl2, 1mM 

EDTA and 0.2 ml enzyme in a total volume of 2 ml. 

After incubation for 20 min at 30ºC, the reaction was 

terminated by the addition of 0.5 ml ice-cold 30%TCA. 

After centrifugation Pi was estimated in the supernatant 

by the method of Fiske and Subbarow (1925). Specific 

activity of the enzyme was expressed as nk at mg-1 

protein.  

Statistical analysis 

Supplementary material for statistical analysis is 

accessible online. The experiments followed a completely 

randomized design (CRD) with five replicates. Each 

replicate consisted of a single Petri dish containing 

approximately 50 seeds. Descriptive statistics, including 

standard error (± SE), were used to assess differences 

among mean values. All data were analyzed using 

Student’s t-test, with a significance threshold set at P< 

0.05 for all statistical tests. 

Results and Discussion 

Arsenic and Phosphate Content of Rice Seedlings 

There was an increase in the levels of total arsenic 

contents both in root and shoot of rice seedlings treated 

with various concentrations of arsenate and the increment 

of arsenic contents was linear with increasing 

concentrations of arsenate (Figure 1a). The phosphate 

contents were decreased in the root as well as in the shoot 

of arsenate-treated seedlings. Joint application of arsenate 

and phosphate in rice seedlings induced less arsenate 

absorption in the root but more in shoot (Figure 1b). The 

phosphate accumulation was increased both in shoot and 

root when test seedlings were treated with phosphate and 

arsenate jointly (Table 1). 
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Figure 1a. Effect of different concentrations of 

arsenate (Na2HAsO4.7H2O) on the growth of ten days 

old rice (cv. MTU 1010) seedlings. 

 
Figure 1b. Effect of arsenate (Na2HAsO4.7H2O) and 

phosphate (KH2PO4) applied either singly or in 

combination on the growth of ten days old rice (cv. 

MTU 1010) seedlings. 

Table 1. Total arsenic and phosphate contents in root 

and shoot of ten days old rice seedlings (cv. MTU-

1010) treated with arsenate and phosphate applied 

singly or combined. 

Treatments 
Arsenic Content 

(mg kg-1 f w) 

Phosphate 

Content 

(g kg-1 f w) 

 Root Shoot Root Shoot 

Control BDL BDL 
5.31+ 

0.07 

6.05+ 

0.08 

Arsenate 

(M) 
 

20.0 
44.0 ± 

0.054 

12.4 ± 

0.014 

4.85+ 

0.05 

5.45+ 

0.06 

100.0 
76.0 ± 

0.029 

14.0 ± 

0.020 

3.77+ 

0.07 

4.08+ 

0.07 

Phosphate 

(2mM) 

+ Arsenate 

(M) 

BDL BDL 
6.17+ 

0.07 

6.74+ 

0.09 

20.0 
16.0 ± 

0.017 

1.5 ± 

0.011 

7.53 + 

0.05 

6.81+ 

0.05 

100.0 
62.0 ± 

0.024 

12.6 ± 

0.013 

9.08 + 

0.04 

7.47+ 

0.06 

The values are means of 5 replicates ± SE. 

BDL = Below Detection Level i.e. > 0.01mg kg-1 

Phosphate metabolism in growing rice seedlings was 

impaired by increasing arsenate treatment. The present 

study indicates that arsenate toxicity leads to alteration of 

total phosphate level and also inhibits the activities of 

different phosphorolytic enzymes viz., acid phosphatase, 

alkaline phosphatase, inorganic pyrophosphatase and 

ATPase. Acid and alkaline phosphatase are the key 

phosphorolytic enzymes which regulate inorganic 

phosphorus levels in growing plants (Imani et al., 2023; 

Ciereszko et al., 2011). 

Phosphate plays a critical role in cellular metabolism 

and bioenergetics. It is one of the most important mineral 

nutrients for plant growth. Anionic phosphorus (PO4
-2) 

form is usually the assimilatory form for plant uptake 

(Imani et al., 2023). In the present experiment, the total 

phosphate concentration in the root and shoot of growing 

rice seedlings was significantly increased by higher 

arsenate levels applied singly or in combination with 

phosphate. According to (Jayasumana et al., 2023), these 

results could explain in such a way that plant roots 

accumulate Pi and arsenate via the same uptake system 

and that the Pi-arsenate uptake system is much more 

efficient in accumulating Pi compared with arsenate. 

Arsenic is analogous to phosphate; therefore, arsenic can 

substitute for phosphorus in plants but is unable to carry 
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out energy transfers like phosphate. Thus, the plant may 

react by increasing phosphate uptake as plant arsenic 

increases (Zulfiqar et al., 2023). 

There was an increase in the levels of total arsenic 

contents both in the root and shoot of rice seedlings 

treated with various concentrations of arsenate, and the 

increment of arsenic content was linear with increasing 

concentrations of arsenate. The phosphate contents were 

decreased in root as well as in shoot arsenate-treated 

seedlings. The joint application of arsenate and phosphate 

in rice seedlings induced less arsenate absorption in the 

root but more in the shoot. The phosphate accumulation 

was increased both in the shoot and root when test 

seedlings were treated with phosphate and arsenate 

jointly. 

Studies on Arsenate toxicity have shown that plant 

species not resistant to As suffer considerable stress upon 

exposure, with symptoms ranging from inhibition of root 

growth through to death (Pallavi et al., 2024; Meadows 

2014). Arsenate acts as a phosphate analogue and is 

transported across the plasma membrane via a phosphate 

co-transport system (Azeem et al., 2017). Once inside the 

cytoplasm, arsenate competes with phosphate, such as 

replacing phosphate in ATP to form unstable ADP-As, 

disrupting cell energy flows (Xu et al., 2022). Non-

resistant plants can be more resistant to arsenate by 

raising their phosphorus status, as the phosphate is taken 

more effectively than arsenate (Monroy-Licht et al., 

2022; Pan et al., 2020). Also, in arsenate-resistant plants 

with high phosphate status, a reduced arsenate sensitivity 

has been observed, which is not due to a difference in 

arsenate influx but is presumably a result of higher 

cytoplasmatic phosphate status, decreasing arsenate 

toxicity within the cell (Xu et al., 2022). The effects of 

phosphate nutrition on arsenate metabolism could be - 

high plant phosphate status leads to down regulation of 

the arsenate/phosphate plasma-lemma transporters, and 

high cellular phosphate levels will result in greater 

competition with arsenate for biochemical processes 

where arsenate substitutes for phosphate (Zhang et al., 

2024). 

Effect of Arsenate on Phosphate Metabolizing 

Enzymes 

Acid phosphatase 

The toxic effect of arsenate on ten-day-old rice 

seedlings showed decreased activity of acid phosphatase 

in both root and shoot. The activity was little decreased 

by 3% and 9% in roots at 20μM and 100μM arsenate 

treatments respectively. In contrast, in shoots, about 15% 

and 24% decrease in enzyme activity were recorded 

under the same concentrations of arsenate (Figure 2). 

When the seedlings were treated with 2 mM phosphate 

along with the same doses of arsenate, the acid 

phosphatase activity was found to be reduced in roots by 

about 26% and 22%. In contrast, in shoots, the enzyme 

activity was decreased by about 9% and 2% in 20μM and 

100μM arsenate treatments along with phosphate, 

respectively (Figure 2).  

 

Figure 2.  Effect of different concentrations of 

arsenate (Na2HAsO4.7H2O) and phosphate (KH2PO4) 

applied either singly or in combination on the activity 

of acid phosphatase enzyme of ten days old rice (cv. 

MTU 1010) seedlings. Each data point is expressed as 

mean value ± SE (n=5). 

Acid phosphatase (ortho-phosphoric monoester 

phosphohydrolases, EC.3.1.3.2) and alkaline phosphatase 

(EC.3.1.3.11) are a group of enzymes that are widely 

distributed in plants (Khan et al., 2023), which non-

specifically catalyses the hydrolysis of a variety of 

phosphate ester in an acidic and alkaline environment 

(Sharma et al., 2023) which enable the plant to maintain 

an adequate phosphorus level (Imani et al., 2023; Hassan 

et al., 2017). Due to various metal toxicities acid 

phosphatase activity in plants has been altered (Chen et 

al., 2022; Gupta et al., 2024). Zn and Mg ions are 

activators, whereas Cd, Cu, and Hg ions act as inhibitors 

of acid phosphatase in vitro reported by (Bossa et al., 

2024). The requirement and toxicity of metallic ions for 

acid phosphatase activity were higher in the shoot than in 

the root. In spite of that, under in vitro  phosphate 

application, acid phosphatase activity was much reduced 

than non-phosphate treatment. According to (Girault et 

al., 2021), low Pi status induced acid phosphatase 

activity. Earlier studies reveal that arsenate with other 
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phosphate analogous like molybdate, ascorbate, tartrate 

and vanadate function as a potent competitive inhibitors 

for plant acid phosphatase (Sharma et al., 2023; Azeem et 

al., 2017). 

Alkaline phosphatase 

In this rice cultivar, alkaline phosphatase activity was 

increased in response to 20μM and 100μM arsenate in 

roots, which were 97% and 169%, respectively, over 

water control. But alkaline phosphatase activity 

decreased in a shoots by about 4% and 19% at 20 μM and 

100μM arsenate treatments, respectively (Figure 3). By 

phosphate application along with 20μM and 100μM 

arsenate treatments, the amount of promotion caused by 

arsenate alone was slightly induced in roots whereas, in 

shoots there was 20% increment in enzyme activity when 

100μM arsenate was combined with phosphate (Figure 

3). 

 
Figure 3. Effect of different concentrations of arsenate 

(Na2HAsO4.7H2O) and phosphate (KH2PO4) applied 

either singly or in combination on the activity of 

alkaline phosphatase enzyme of ten days old rice (cv. 

MTU 1010) seedlings. Each data point is expressed as 

mean value ± SE (n=5). 

In the case of alkaline phosphatase, a variable activity 

behaviour has been noticed in growing rice seedlings 

with increasing arsenate treatment. An increased activity 

of alkaline phosphatase in the root was observed, and a 

declining activity was observed in the present study in 

shoot. At higher concentrations of the metals, alkaline 

phosphatase activity was inhibited by competitive 

inhibition, resulting in changes in enzyme conformation 

(Lane et al., 2000). Alkaline phosphatase is an inducible 

enzyme which synthesized at low external Pi 

concentration (Girault et al., 2021). For maintaining an 

adequate supply of Pi in the plant cells alkaline 

phosphatase hydrolyse suitable organic phosphate ester to 

release inorganic phosphate. There is no specific reason 

for this altered behaviour of alkaline phosphates activity 

but sequestration of potentially toxic compounds possibly 

may lead to altered activity of these enzymes when 

subjected to environmental constrains (Mondal et al., 

2022). 

Inorganic pyrophosphatase 

The activity of inorganic pyrophosphatase was found 

to decrease in roots, but in shoots, activity was almost 

unchanged on arsenate exposure in ten days old rice 

seedlings. In roots, about 33% and 53% decrease in 

enzyme activity were recorded at 20μM and 100μM 

arsenate treatments, respectively, from water control at 

the same levels of arsenate treatments (Figure 4). On the 

contrary, the phosphate application, along with 20μM and 

100μM arsenate treatments, increased enzyme activity to 

about 47% and 117%, respectively, in roots. In shoots, 

the inorganic pyrophosphatase activity was found to be 

increased by about 183% and 268% when 20μM and 

100μM arsenate were combined with phosphate in 

respect to arsenate treatment alone (Figure 4).  

 

Figure 4. Effect of different concentrations of arsenate 

(Na2HAsO4.7H2O) and phosphate (KH2PO4) applied 

either singly or in combination on the activity of 

inorganic pyrophosphatase enzyme of ten days old 

rice (cv. MTU 1010) seedlings. Each data point is 

expressed as mean value ± SE (n=5). 
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Inorganic pyrophosphatase (EC.3.6.1.1) catalyses 

pyrophosphate hydrolysis and synthesis, which is a 

simple compound with an energy-rich phosphoanhydride 

bond. It is essential for the regulation of many 

biochemical reactions in plant cells. In present studies, 

the inhibition of inorganic pyrophosphatase activity in 

both the shoot and root of arsenate-stressed rice seedlings 

was observed. In earlier studies, the inhibition of some 

metals like Cd2+, Co2+, and Cu2+ has been shown in 

pyrophosphatase activity (Shoji et al., 2018). According 

to (Saeed et al., 2021), the increased pyrophosphatase 

activity leads to increased biosynthetic reactions in 

growing plant tissues. 

ATPase 

Rice seedlings showed decreased activity of ATPase 

in both roots and shoots due to arsenate toxicity after ten 

days. In roots, about 24% and 37% decrease in enzyme 

activity were observed in 20μM and 100μM treatments, 

respectively, while in shoots, about 17% and 49% 

decrease in enzyme activity was found (Figure 5). When 

the seedlings were treated with 2 mM phosphate along 

with the same concentrations of arsenate, an increased 

enzyme activity was found. In roots, phosphate with 

20μM arsenate treatment exhibits 43% increased enzyme 

activity, whereas the activity was increased up to 21% 

with 100 μM arsenate. In shoots, phosphate application 

combined with arsenate caused increased enzyme activity 

by up to 38% on average (Figure 5). 

 

Figure 5. Effect of different concentrations of arsenate 

(Na2HAsO4.7H2O) and phosphate (KH2PO4) applied 

either singly or in combination on the activity of 

ATPase enzyme of ten days old rice (cv. MTU 1010) 

seedlings. Each data point is expressed as mean value 

± SE (n=5). 

Adenosine triphosphatase (ATPase) is widely 

distributed in plant tissues and participates in the active 

transport of ions and molecules across the plasma 

membranes and in cell biosynthetic processes (Luo et al., 

2022). The activities of ATPase exhibit marked alteration 

in plant tissues when exposed to abiotic stress full 

conditions of the environment such as soil salinity (Guiza 

et al., 2022), osmotic stress (Guo et al., 2018), excess 

heavy metals (Chen et al., 2022). In present experiments, 

a decline in ATPase activity in shoot and contrary in root 

on enhanced ATPase activity was noticed under arsenate 

stressed condition of rice seedlings. In the presence of 

phosphate and arsenate, ATPase activity was enhanced 

both in root and shoot due to Cd toxicity in oat roots and 

decreased ATPase activity (Morales-Cedillo et al., 2015). 

Conclusion and Future Scope 

This study offers important insights into how nutrient 

availability influences heavy metals' absorption and the 

mechanisms plants use to tolerate them. The findings 

suggest that the presence of phosphate can reduce arsenic 

uptake, thereby diminishing its harmful effects on rice 

seedlings. Additionally, the research indicates that 

different levels of phosphate significantly influence the 

activities of various phosphatase enzymes, which are 

essential for phosphorus metabolism and the mobilization 

of inorganic phosphates during nutrient stress. Since 

phosphate ions compete with arsenate for uptake in the 

root system, increasing soil phosphate levels may 

effectively lower arsenic toxicity in rice, especially in 

regions where arsenic is a concern. The study also 

highlights that different phosphatase enzymes react 

uniquely to varying concentrations of phosphate, 

suggesting potential targets for breeding programs aimed 

at enhancing phosphorus efficiency and arsenic tolerance. 

These results emphasize the importance of customized 

fertilization strategies that account for soil nutrient 

profiles to maximize rice growth and reduce arsenic 

absorption, thereby enhancing food safety. 

The conclusions had drawn from this research open 

several avenues for future exploration. Further studies 

into the genetic mechanisms behind the interactions of 

phosphate and arsenic could lead to the development of 

rice varieties that are more tolerant to arsenic and better 

at absorbing phosphorus. Additionally, long-term field 

trials assessing the impact of phosphate fertilization on 

arsenic uptake across different soil types would yield 

valuable insights into sustainable agricultural practices. 
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