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Abstract 
 

Arsenic (As) is a toxic metalloid widely distributed in the environment posing a serious 

threat to human health. Enriching the soil with phosphate (Pi) in As condition is believed to 

reduce the uptake of As in plants. But, it is not clear whether this uptake changes affect the 

growth behaviors of plant or not. This study, therefore, aimed to determine the efficacy of Pi 

in balancing the negative effects of As on Cucumis melo as measured in terms of seed 

germination, seedling growth and biomass production of seedling. The experiment was 

carried out in petri dish under laboratory conditions in As solution cultures in the absence or 

presence of Pi. Seeds of C. melo were treated with different concentrations (2, 5 and 10ppm) 

of As, with or without addition of Pi (10ppm). The results revealed that As exposure 

hindered germination rate, seedling growth and biomass production of seedling to different 

magnitudes depending on the concentrations. However, addition of Pi in As solution culture 

improved the seed germination and seedling growth significantly. Germination were 87% in 

T1 (2ppm As), 76% in T3 (5ppm As) and 72% in T5 (10ppm As), compared to 90% in T2 

(2ppm As+10ppm Pi), 82% in T4 (5ppm As+10ppm Pi) and 77% in T6 (10ppm As+10ppm 

Pi). In treatments T1 (2ppm As), T3 (5ppm As) and T5 (10ppm As), seedling dry biomasses 

were 19.8mg, 10.3mg and 7.7mg respectively, which were enhanced to 22.1mg, 15.9mg and 

12.1mg respectively in T2 (2ppm As+10ppm Pi), T4 (5ppm As+10ppm Pi) and T6 (10ppm 

As+10ppm Pi). Similar trend was also recorded for plumule growth, seedling fresh biomass 

production, seedling vigor, sturdiness etc. Based on the findings, this study recommended 

the application of Pi to reduce the negative effects of As on C. melo in As solution culture 

under laboratory condition, that might also be applicable in the field. 
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1. Introduction 
 

Native to Central Asia with uncultivated indigenous relatives in tropical and sub-

tropical Africa - Muskmelon (Cucumis melo L.) belongs to the horticulturally diverse 

gourd family Cucurbitaceae. For their juicy, edible, often musky-scented flesh, 

melons are popular as a crop in warm countries worldwide including Bangladesh [1]. 

Accordingly, melons have evolved into several varieties of which C. melo is rich in 

Av‡m©wbK GKwU welv³ DcavZz hv cwi‡e‡k e¨vcKfv‡e we¯Í…Z Ges gvby‡li Rb¨ ¯^v¯’¨nvbxKi| aviYv Kiv nq 

†h, Av‡m©wbKhy³ gvwU‡Z dm‡dU cÖ‡qvM Kiv n‡j Zv Mv‡Qi e„w×‡Z Av‡m©wb‡Ki †bwZevPK cÖfve Kgv‡Z 

mnvqZv K‡i| AZGe, Cucumis melo ex‡Ri A¼z‡iv`Mg, Pvivi e„w× Ges Pvivi ˆRefi Drcv`‡bi 

†ÿ‡Î Av‡m©wb‡Ki †bwZevPK cÖfve Kgv‡Z dm‡d‡Ui f~wgKv wbY©q KivB G M‡elYvi D‡Ïk¨| M‡elYvwU 

cixÿvMv‡i †cwUªwW‡m (KvuPcv‡Î) Av‡m©wb‡Ki cvbxq wgkÖ‡Y m¤úbœ Kiv nq| C. melo Gi exR‡K wewfbœ 

Nb‡Z¡i Av‡m©wbK wgkÖ‡Yi wUªU‡g›U †`qv nq, hvi g‡a¨ dm‡d‡Ui Dcw¯’wZ Ges Abycw¯’wZ iÿv Kiv nq| 

djvd‡j †`Lv hvq †h, Av‡m©wbK ex‡Ri A¼z‡iv`M‡gi nvi, Pvivi e„w× Ges Pvivi ˆRefi Drcv`‡bi †ÿ‡Î 

†bwZevPK cÖfve †d‡j, hw`I Gi gvÎv Av‡m©wb‡Ki Nb‡Z¡i Dci wbf©ikxj| Z‡e Av‡m©wb‡Ki cvbxq wgkÖ‡Y 

dm‡d‡Ui mshyw³ ex‡Ri A¼z‡iv`Mg Ges Pvivi `ÿZv evov‡Z Zvrch©c~Y© f~wgKv iv‡L| A¼z‡iv`Mg, wUªU‡g›U 

T1 (2 wcwcGg Av‡m©wbK) G 87%, T3 (5 wcwcGg Av‡m©wbK) G 76%, Ges T5 (10 wcwcGg Av‡m©wbK) 

G 72% wQj hv e„w× †c‡q wUªU‡g›U T2 (2 wcwcGg Av‡m©wbK + 10 wcwcGg dm‡dU) G 90%, T4 (5 

wcwcGg Av‡m©wbK + 10 wcwcGg dm‡dU) G 82% Ges T6 (10 wcwcGg Av‡m©wbK + 10 wcwcGg dm‡dU) 

G 77% n‡qwQj| Ab¨w`‡K, wUªU‡g›U T1 (2 wcwcGg Av‡m©wbK), T3 (5 wcwcGg Av‡m©wbK) Ges T5 (10 

wcwcGg Av‡m©wbK) G Pvivi ï¯‹-ˆRefi wQj h_vµ‡g 19.8 wgwjMÖvg, 10.3 wgwjMÖvg Ges 7.7 wgwjMÖvg, hv 

e„w× †c‡q wUªU‡g›U T2 (2 wcwcGg Av‡m©wbK + 10 wcwcGg dm‡dU), T4 (5 wcwcGg Av‡m©wbK + 10 

wcwcGg dm‡dU) Ges T6 (10 wcwcGg Av‡m©wbK + 10 wcwcGg dm‡dU) G  h_vµ‡g 22.1 wgwjMÖvg, 

15.9 wgwjMÖvg Ges 12.1 wgwjMÖvg n‡qwQj| Kv‡Ûi e„w×, Pvivi Av`ª-ˆRefi Drcv`b, Pvivi Rxewbkw³i 

†ÿ‡ÎI GKB cÖeYZv jÿ¨ Kiv wM‡qwQj| cÖvß djvdj we‡kølYc~e©K M‡elYvKg©wU †_‡K GB mycvwik Kiv hvq 

†h, cixÿvMv‡i Av‡m©wb‡Ki cvbxq wgkÖ‡Y C. melo Gi ex‡Ri A¼z‡iv`Mg, Pvivi e„w×i †ÿ‡Î Av‡m©wbK †h 

†bwZevPK cÖfve †d‡j Zv Kwg‡q Avb‡Z dm‡dU cÖ‡qvM Kiv †h‡Z cv‡i| GKB ai‡Yi M‡elYv gvV-ch©v‡q 

ev¯Íevqb Kiv †h‡Z cv‡i | 
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bioactive contents including ascorbic acid, carotene, folic acid, and potassium [2]. 

Well-drained, sandy loam soils having a pH between 6.0 and 6.5 best suits C. melo 

growth with proper irrigation [3]. 
  

Unfortunately, in Bangladesh, elevated concentration of arsenic (As) in surface soil 

and in plant tissue were reported since As contaminated groundwater has been used 

for irrigation [4]. Areas under melon cultivation in Bangladesh are prone to the risk. 

Being a toxic element, As poses serious threats to environment and human health   

[5-9]. When crops are grown in As-contaminated soil or irrigated with As-

contaminated water, As gets accumulated in the seeds or grain which is becoming an 

increasingly important problem in many parts of the world [10] as it poses significant 

risk to animal and human health through soil-crop transfer [11, 12]. At high level of 

As concentrations, biomass production and yields of a variety of crops shrink 

significantly [13, 14]. Especially, plants with highly water-retentive fruits, such as 

melons, accumulates As in elevated concentrations in their fruit [15]. Muskmelon, 

however, is naturally efficient in preventing As accumulation in the fruit [16]. 
  

On the other hand, Phosphate (Pi) - an essential plant nutrient that regulates cellular 

energy transfer, respiration, and photosynthesis [17] is a chemical analogue of As 

[18, 19, 20]. Therefore, during uptake of nutrients in plant, Pi contests As due to 

their chemical similarity [21]. Consequently, the changes in P transport mechanisms 

regulates As uptake [22] and evidently, the use of Pi as a fertilizer modifies the 

sorption/desorption of As in soil environment [23]. Although, it is believed that 

enriching the soil with Pi in As condition reduces the uptake of As in plants [5, 24, 

25], but it is not clear whether this uptake changes affect the growth behaviors of 

plant or not. Therefore, this in-vitro study was carried out aiming to determine the 

efficacy of Pi in balancing the negative effects of As on C. melo with respect to seed 

germination, seedling growth and biomass production. 
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2. Materials and Methods 

2.1 Study site and period of study 

The experiment was carried out at the environmental lab of the Institute of Forestry 

and Environmental sciences (91°50´E and 22°30´N), University of Chittagong 

(IFESCU), Bangladesh. It was conducted between January and May 2018 as the 

seeds of C. melo are mostly available in this period in Bangladesh. 

2.2 Collection of seeds 

Healthy and disease-free seeds were extracted from the ripen C. melo fruits. Seeds 

were dried in the sunlight before storage in airtight polybags which were then kept in 

refrigerator until use. Seeds of uniform size and color were selected to avoid non-

treatment variations [26]. Seeds were tested for viability by using water floating 

method before use. 

2.3 Preparation of Hoagland’s and other solutions  

Hoagland’s nutrient solution was prepared as stated in Hoagland and Arnon [27].  

The solution comprised of KNO3, 0.5 g L-1; Ca(NO3)2.4H2O, 1.2 g L-1; 

MgSO4.7H2O, 0.5 g L-1; H3BO3, 2.8 mg L-1; ZnSO4, 0.2 mg L-1; CuSO4, 0.05 mg L-1; 

NH4NO3, 0.08 mg L-1; MnCl2.4H2O, 1.8 mg L-1; Na2MoO4.2H2O, 0.12 mg L-1; 

FeEDTA, 0.02 g L-1; in a volume of 1 L. Pi was added as 0.07 g L-1 of KH2PO4 for Pi 

treatment and As was added as 0.042 g L-1 of Na2HAsO4.7H2O for As treatment. The 

stock solutions were diluted as required for various treatments. The pH (6.0) of the 

stock and diluted solutions was adjusted with 1M HCl and 1M NaOH for all the 

treatments. Hoagland’s solution without Pi was common for all the treatments 

including control. 

2.4 Experimental design and treatment combinations 

Petri dishes were sterilized by keeping overnight at 200°C in convection oven. In 

each petri dish, three layers of moist sterilized filter paper were placed. A 

Randomized Complete Block Design (RCBD) with 7 treatments with 5 replications 

was adopted for this experiment. A total of 35 petri dishes were needed for this 

experiment. The treatment combinations used in the experiment were: T0 = Control 

(Hoagland’s solution without Pi, which was also common for all other treatments); 
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T1 = 2ppm As; T2 = 2ppm As + 10ppm Pi; T3 = 5ppm As; T4 = 5ppm As + 10ppm 

Pi; T5 = 10ppm As; T6 = 10ppm As + 10ppm Pi.  

Seeds were soaked in 0.05% Mercuric chloride solution for 1 minute for sterilization 

followed by washing with distilled water and drying before sowing them on petri 

dishes. In each petri dish, 20 seeds of C. melo were sown and a total of seven 

hundred seeds were subjected to 7 different treatments. After sowing the seeds, all 

the petri dishes were placed in the incubator at 25± 2°C temperature. The filter 

papers of the petri dishes were kept constantly wet at the same level by applying the 

specific solution of As and Pi. 
    

2.5 Data recording 

Germination was recorded daily from the date of seed sowing to the last of 

germination. The seedlings were let to grow for two weeks from the time of seed 

sowing. After two weeks, five representative seedlings from each treatment were 

selected to measure growth parameters. The recorded parameters were plumule and 

radical lengths, collar diameter, fresh weights of plumule and radicle, dry weights of 

plumule and radicle, number of lateral roots. Plumule and radical were oven dried at 

75°C for 48 hr to record dry weights. Total height from the collar area to seedling tip 

of each seedling in each petridish was measured using a ruler. Vigor index was 

calculated according to Abdul-Baki and Anderson [28] as germination percent × 

mean total length of seedling i.e. total of shoot and root lengths. Volume index was 

obtained by multiplying plumule length (cm) with the square of collar diameter 

(mm)2 of the seedlings [29]. Sturdiness was obtained by dividing of plumule length 

(cm) with collar diameter (cm) of the seedling. Quality index to quantify seedlings 

morphological quality was calculated following Dickson et al. [30]. The formula for 

calculating quality index is as follow: 
 

 𝑄𝐼 =
𝑇𝑑𝑤

(
𝐻

𝐷𝑐
+
𝑆𝑑𝑤
𝑅𝑑𝑤

)
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where, QI = Quality index, Tdw= Total dry weight (g), H = Seedling height or 

plumule length (cm), Dc= Collar diameter (mm), Sdw= Shoot/plumule dry weight (g), 

Rdw= Root/radicle dry weight (g).  
 

2.6 Statistical analysis  

The SPSS ver.23 was used for statistical analysis of data related to seed germination 

and seedling growth attributes. The statistical significance (p<0.05) of the 

differences among the mean values was ascertained by Duncan’s multiple range test 

(DMRT). Different letters in the table indicates significant differences.  
 

3. Results and Discussion 
 

3.1 Germination percentage 

Germination were 87% in T1 (2ppm As), 76% in T3 (5ppm As) and 72% in T5 

(10ppm As), while they were 90% in T2 (2ppm As+10ppm Pi), 82% in T4 (5ppm 

As+10ppm Pi) and 77% in T6 (10ppm As+10ppm Pi). The results denoted that as the 

concentration of As increased in solution culture, the germination of seed decreased. 

However, the addition of Pi at 10ppm in As solution culture enhanced the seed 

germination of C. melo and reduced the negative of As (Table 1). 
 

3.2 Mean daily and cumulative germination percentages 
 

The highest mean daily germination percent was 45% in T2 (2ppm As + 10 ppm Pi) 

on the 3rd day followed by 44% in T4 (5ppm As+10ppm Pi) on the 2nd day (Fig. 1). 

The highest cumulative germination percent from 3rd day up to the 6th day was in T2 

(2ppm As +10 ppm Pi) while, from 7th day up to the 8th day, it was the highest in T0 

(Control). The lowest cumulative germination was recorded in T5 (10 ppm As) (Fig. 

2). The findings indicated the negative effects of As on the progress of seed 

germination of C. melo with respect to time. The findings also indicated that with the 

addition of Pi in As solution culture helped to minimize the negative effects of As on 

the progress of seed germination. 
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Table 1. Phosphate (Pi) on seed germination, plumule and radical growth, collar 

diameter and number of lateral root production of Cucumis melo in arsenic (As) 

condition. 

a-d = Mean values with different lowercase subscripts in a column indicates significant difference at 

p<0.05 according to Duncan’s Multiple Range Test (DMRT). T0= Control, T1=2ppm As, T2= 2ppm 

As + 10ppm Pi, T3= 5ppm As, T4= 5ppm As + 10ppm Pi, T5= 10ppm As, T6= 10ppm As + 10ppm 

Pi. 
 

3.3 Growth performance 
  

Plumule lengths were 5.0cm, 4.0cm and 1.9cm, respectively in treatments T1 (2ppm 

As), T3 (5ppm As) and T5 (10ppm As), while they were 6.3cm, 5.0cm and 4.1cm in 

respective treatments T2 (2ppm As+10ppm Pi), T4 (5ppm As+10ppm Pi) and T6 

(10ppm As+10ppm Pi). The outcome clearly demonstrated that As at different 

concentrations in solution culture reduced the plumule growth of C. melo while the 

addition of Pi at 10 ppm in corresponding As solution cultures minimized the 

adverse effects of As and enhanced the plumule growth (Table 1). Significantly 

(p<0.05) high (5.4cm) and low (1.0cm) radical growths were recorded respectively 

in T0 (Control) and in T5 (10ppm As). In treatments T1 (2ppm As), T3 (5ppm As) 
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and T5 (10ppm As), the number of lateral roots were 16, 10 and 8 respectively, while 

they were 18, 12 and 10 respectively in T2 (2ppm As+10ppm Pi), T4 (5ppm 

As+10ppm Pi) and T6 (10ppm As+10ppm Pi). Similar trend was also observed for 

collar diameter (Table 1). 

 

Table 2. Fresh and dry biomasses, vigor index and volume index of Cucumis melo in 

arsenic (As) solution cultures under phosphate (Pi) amendment. 
 

Treatment 

 

 

 

 

Seedling 

biomass (mg) 

Index Increased/decreased (%) 

Fresh 

 

Dry 

 

Vigor Volume 

 

Dry 

biomass 

Vigor 

index 

Volume 

index 

T0 178a 25.4a 1101a 21.7a 00.0 0.0 0.0 

T1 129c 19.8bc 644b 12.8abc -22.1 -41.5 -41.0 

T2 157b 22.1ab 972a 18.2ab -13.1 -11.7 -16.1 

T3 72f 10.3ef 395de 9.0bcd -59.5 -64.1 -58.5 

T4 112d 15.9cd 615bc 9.8bcd -37.3 -44.1 -54.8 

T5 53g 7.7f 209e 3.2d -69.6 -81.0 -85.3 

T6 85e 12.1de 431cd 8.0cd -52.3 -60.9 -63.1 

P value <0.001 <0.001 <0.001 0.009 -- -- -- 

F value 846.12 23.25 25.09 4.58 -- -- -- 
 

a-g = Mean values with different lowercase subscripts in a column indicates 

significant difference at p<0.05, according to Duncan’s Multiple Range Test 

(DMRT). T0= Control, T1=2ppm As, T2= 2ppm As + 10ppm Pi, T3= 5ppm As, T4= 

5ppm As + 10ppm Pi, T5= 10ppm As, T6= 10ppm As + 10ppm Pi. 
 

 

 

 



             Effects of Phosphate (Pi) on Seed Germination and Seedling Growth of Cucumis melo L. in Arsenic   

             Supplemented Medium 

 
 

59 

3.4 Biomass production 
 

Seedling fresh biomasses were 129 mg, 72 mg and 53 mg respectively in treatments 

2 ppm As, 5 ppm As and 10 ppm As. They were 157 mg, 112 mg and 85 mg 

respectively in 2 ppm As + 10 ppm Pi, 5 ppm As + 10 ppm Pi and 10 ppm As + 10 

ppm Pi. It was 178 mg in control treatment. On the other hand, seedling dry 

biomasses were 19.8 mg, 10.3 mg and 7.7 mg respectively, in treatments T1 (2ppm 

As), T3 (5ppm As) and T5 (10ppm As). They were 22.1 mg, 15.9 mg and 12.1 mg 

respectively in T2 (2ppm As+10ppm Pi), T4 (5ppm As+10ppm Pi) and T6 (10ppm 

As+10ppm Pi) (Table 2). 
 

3.5 Vigor, volume and quality indices, and sturdiness 
 

Vigor index were 644 in T1 (2ppm As), 395 in T3 (5ppm As) and 209 in T5 (10ppm 

As), while they were 972, 615 and 431 respectively in T2 (2ppm As+10ppm Pi), T4 

(5ppm As+10ppm Pi) and T6 (10ppm As+10ppm Pi) as shown in Table 2 and the 

differences were significant at P<0.05. In treatments T1 (2ppm As), T3 (5ppm As) 

and T5 (10ppm As), volume index were 12.8, 9.0 and 3.2 in T1 (2ppm As), T3 

(5ppm As) and T5 (10ppm As) respectively compared to 18.2, 9.8 and 8.0 

respectively in T2 (2ppm As+10ppm Pi), T4 (5ppm As+10ppm Pi) and T6 (10ppm 

As+10ppm Pi). Quality index values, as shown in Fig. 3, were 0.0030 in T1 (2ppm 

As), 0.0010 in T3 (5ppm As) and 0.0008 in T5 (10ppm As) in contrast with 

significantly (p<0.05) higher 0.0037, 0.0021 and 0.0014 respectively in T2 (2ppm 

As+10ppm Pi), T4 (5ppm As+10ppm Pi) and T6 (10ppm As+10ppm Pi). The highest 

quality index value was 0.0049 for T0 (control). In treatments T1 (2ppm As), T3 

(5ppm As) and T5 (10ppm As), sturdiness were 31.3, 26.7 and 14.6 respectively 

compared to significantly higher (p<0.05) respective values 37.1 35.7 29.3 in T2 

(2ppm As+10ppm Pi), T4 (5ppm As+10ppm Pi) and T6 (10ppm As+10ppm Pi) (Fig. 

4). The observations showed that, along with the seed germination and seedling 

growth, As also reduced the vigor index, volume index, quality index and sturdiness 

of C. melo and the rate of reduction increased with the increase of the concentration 

of As in solution culture. However, addition of P at 10 ppm in As solution culture 
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helped to minimize the negative effects of As and enhanced the vigor index, volume 

index, quality index and sturdiness of this species. 

 

 

 

Figure 1: Impacts of phosphate (Pi) on mean daily germination (%) of Cucumis 

melo seeds in arsenic (As) condition.  T0= Control, T1=2ppm As, T2= 2ppm As + 

10ppm Pi, T3= 5ppm As, T4= 5ppm As + 10ppm Pi, T5= 10ppm As, T6= 10ppm As 

+ 10ppm Pi. 
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Figure 2: Cumulative germination (%) of Cucumis melo seeds in arsenic (As) 

condition under phosphate (Pi) amendment. T0= Control, T1=2ppm As, T2= 2ppm 

As + 10ppm Pi, T3= 5ppm As, T4= 5ppm As + 10ppm Pi, T5= 10ppm As, T6= 

10ppm As + 10ppm Pi. 

 

 



62   Afroza Hasan Afrin, Bayezid Mahmud Khan and Mohammad Mosharraf Hossain 

 

 
 

Figure 3: Effects of phosphate (Pi) on quality index of Cucumis melo in arsenic (As) 

condition. T0= Control, T1=2ppm As, T2= 2ppm As + 10ppm Pi, T3= 5ppm As, 

T4= 5ppm As + 10ppm Pi, T5= 10ppm As, T6= 10ppm As + 10ppm Pi. 
 

 

Figure 4: Phosphate (Pi) on sturdiness of Cucumis melo in arsenic (As) condition. 

T0= Control, T1=2ppm As, T2= 2ppm As + 10ppm Pi, T3= 5ppm As, T4= 5ppm As 

+ 10ppm Pi, T5= 10ppm As, T6= 10ppm As + 10ppm Pi. 
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Accumulation of As mainly occurs in the root system in plants, and in the aboveground 

organs to a lesser degree. Such accumulation reduces crop productivity through 

physiological changes in plants [5, 9, 19, 20, 31]. As interrupts the biochemical function 

of cells and severely impedes different plant metabolic processes including transpiration, 

respiration, photosynthesis etc., by reacting with proteins and enzymes which culminates 

in stunted plant growth [32]. Plants must take up sufficient amount of Pi to balance 

excessive As for the alleviation of As toxicity. The plants react to As exposure by 

increasing Pi accumulation [9, 19, 33].  

This study found that, As solution culture hampers the progress of seed germination 

with respect to time. It also reduces the rate of seed germination, seedling growth 

and biomass production of the seedling of C. melo to varying magnitudes based on 

the level of As concentrations (2, 5 and 10ppm). However, addition of Pi (10 ppm) in 

As solution cultures (2, 5 and 10ppm respectively) offsetted the harms significantly 

in comparison to corresponding Pi-free As solutions. The ratio of plumule and 

radicle growth mostly increased with the increase of the concentration of As and the 

increment was further enhanced with the addition of Pi (10ppm) in As (10ppm)  

solution culture. These change of the growth behaviours of plant could be because 

plant allocates growth materials toward its plumule and radicle differently under 

different environmental conditions especially to well survive in the stress 

environmental conditions [34-37]. On the other hand, Lou-Hing et al. [38] reported 

that phosphate protects a rice variety- Bala from As toxicity at a lower concentration 

(13.3 µM) of As in the solution culture. Since As is a phosphate analogue, phosphate 

transporters transports As which results in competition between Pi and As for uptake 

at the level of membrane transport. Accordingly, Pi is expected to reduce arsenate 

influx resulting ultimately into an observed increase in arsenate tolerance under 

phosphate addition [19, 20, 39, 40]. Studies, especially in hydroponic environments, 

have demonstrated that non-resistant plants can be made more resistant to arsenate 

by raising their Pi status, as the Pi is taken more effectively compared to arsenate [5, 

19, 24, 25]. Increasing cytoplasmic phosphate concentration in wheat also 

demonstrated the role of phosphate against As toxicity [41]. Higher phosphate 
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concentration plays an important role to down-regulation of the arsenate-phosphate 

plasma membrane transporter and competes with arsenate for biochemical processes 

where arsenate substitutes for phosphate [42]. 
 

4. Conclusion 

Our experiments showed that, presence of As in solution culture hampers the 

progress of seed germination with respect to time. It also reduced the rate of seed 

germination, seedling growth and biomass production of the seedling of C. melo at 

increasing magnitudes with the increasing of As concentrations. Similar trend was 

also continued for vigor, volume and quality indices, and also for sturdiness. 

However, the addition of Pi in As solution culture helped to minimize the negative 

effects of As on the progress of seed germination of this species and also enhanced 

the rate of seed germination, seedling growth and biomass production of seedling. 

Addition of Pi in As solution cultures offsetted the harms on vigor, volume and 

quality indices, and also on sturdiness significantly in comparison to corresponding 

Pi-free As solutions. Hence, to reduce the negative effects of As on C. melo growth 

and development in the laboratory, application of heightened dosage of Pi can be 

recommended in solution culture that contain As. This similar approach might also 

be applicable in the field. 
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