


THE EFFECT OF ASCORBIC ACID ON DEVELOPMENT OF MOMORDICA CHARANTIA L UNDER ARSENIC STRESS

Abstract
Momordica charantia L. is the scientific name of bitter gourd and its local name is Karela. The flower only blooms once a year and has only one sex. The plant has also some medicinal value. Heavy metals can be found in small amounts in nature. Certain heavy metals such as Cu, As, and Hg inhibit plant growth. Heavy metals alter the characteristics of soil especially biological properties. Ascorbic acid is commonly known as growth regulator, which is responsible for enhancement of plant growth. It also inhibits the heavy metals' impact on plants. After 28 days the plants were harvested and analyze the morphological and biochemical parameters. As compared to other treatments, ascorbic acid showed remarkable results in the enhancement of seed germination percentage, seed germination index, shoot and root length, photosynthetic pigments, carotenoids, dry and fresh weight of roots and shoots. By applying arsenic to other replicas, they showed adverse effect on the growth parameters of bitter gourd. According to the findings of the current work, seed soaking in ascorbic acid could be a highly effective way to lessen the negative effects of stress caused by arsenic on bitter gourd. The results showed that bitter gourd has the ability to tolerate heavy metals stress and minimized the negative effect of arsenic stress. 
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Introduction
"Heavy metals" are metals with a high density that are unsafe to organisms and their surroundings. Heavy metals and industrial pollutants, such as Mn, Fe, Cu, Hg, Co, Cd, Zn, Ni, and arsenic, have long been building up in soils and need to be removed. Even while several of these metals are vital micronutrients involved in numerous routine plant activities, their overabundance can nonetheless be harmful and negatively affect plant growth, metabolism, physiology, and senescence (Ding et al., 2018). Heavy metals are those with atomic densities greater than 5g/cm3. Plant growth shows adverse effects to certain heavy metals like Cu, As, Hg etc. Environmental stress known as abiotic stress restricts plant growth and metabolism (Kumari et al., 2022). Abiotic stressors are thought to cause yields and output of important food and cash crops to drop by more than 50 % (Koza et al., 2022). According to studies, beneficial microbes reduce abiotic stress by utilizing a variety of strategies, such as promoting growth by increasing the production of phytohormones, siderophores, and phosphate solubilizers; reducing ethylene levels; and enhancing the expression of genes related to the dehydration response and antioxidants (Munir et al., 2022).
The heavy metals arsenic is highly toxic and has hazardous effects on both plants and animals. Due to its negative effect, it alters the metabolic activities of living organisms. Industrial wastes, factories, chemical reactors and sewages are the main sources of contaminated water. In cultivated lands the arsenic accumulates in the roots of plants during irrigation process (Jayakumar et al., 2021). When the plants get contaminated water from soil, the arsenic shows its hazardous impact on plants. The availability of soil arsenic, as well as a plant's capacity for accumulation and translocation, affect the as concentration (Huang et al., 2006). The arsenic solution enters the apoplast system through the cutical. The initial symptoms of arsenic deposition include wilting, alterations in membrane integrity, and decrease in turgor pressure (Farooq et al., 2022). 
Growth regulators are also known as phyto hormones or plant hormones. A growth regulator in plants plays a vital role in the development and metabolic activities and is produced by plant itself (Bhatla and Lal, 2023). They enhance flowering and fruiting, cell enlargement and division and seed formation Ascorbic acid, ethylene and gibberellic acid (GA) etc are the main chemical compositions of plant growth regulators (Bagale et al., 2022). Ascorbic acid is also known as plant growth regulator which positive change in plant development. The other name of this growth regulator is vitamin c. It has a significant role in different biological activities in plants (Foyer et al., 2020). The ascorbic acid is a water soluble micro-nutrient and the plant body needs it in a high amount. Due to its antioxidant nature of ascorbic acid, it minimizes the negative effect of heavy metals stress on plants. Ascorbic acid plays an essential role in many anatomical and morphological processes like cell division, growth and development, photosynthesis and production of hormones (Gallie, 2013).
Momordica charantia L. is the scientific name of bitter gourd and its local name is Karela. Bitter gourd belongs to family cucurbitaceae. It is an annular plant and having unisexual flowers (Sharma and Kumar, 2023). The fruit of bitter gourd is oval-shaped, and approximately 6 to 20cm long (Le, 2018). The fruit of bitter gourd is green and having white seeds. Momordica charantia L is grown for vegetable purposes and has some medicinal value. The oil is extracted from the seeds of Momordica charantia L is used for skin complications. The juice of Momordica charantia L has also been used as traditionally for diabetic patients. It is used for lowering blood sugar levels, induces menstruation and uterine stimulants (de Oliveira et al., 2018). The dried form of bitter gourd is used for joints disorders such as arthritis rheumatoid (Vatas and Morya, 2021). It was reported that Momordica charantia L is used as an anticancer and anti-inflammation. The leaves of bitter gourd are used to maintain blood pressure and piles treatment (Bhattacharjee et al., 2022; Bortolotti et al., 2019) .
It is necessary to prevent the impact of heavy metals on plants. A variety of techniques were used to reduce the toxicity of arsenic stress on Momordica chrantia L. Therefore, the goal of the current study was to determine how ascorbic acid affected the physiology and growth characteristics of Momordica charantia L. grown in an arsenic stress environment. It also sought to determine how ascorbic acid affected the accumulation of endogenous antioxidant content and the phenolic compounds of Momordica charantia L. under arsenic stress.
Materials and Methods
Collection and sterilization of seeds:
From Agriculture Research Station Pakistan, fresh and healthy seeds of Momordica charantia L. were obtained for experimental proposes. After sterilizing seeds for 2-3 min in a 0.2% mercuric chloride solution and used autoclaved boiled water for rinsing 2 times.
Experimental Design:
The plastic pots were used for growing seeds of Momordica charantia L.  These pots were filled by a mixture of clay and sand in an equal ratio (1:1).These pots were placed in a square shaped box filled with different concentrations of solution. Through the holes in the pots, the solution from the plastic box is gradually absorbed by the pots. The experiment was conducted at the Bannu University’s green house, Pakistan. Three to four replications of each treatment were performed on the pots in a complete randomized design.
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Picture 1- Experimental setup
Treatment of Ascorbic acid & Arsenic:
The treatments of ascorbic acid were applied in solution form to the plant. For making stock solution 0.5g ascorbic acid and 500ml distal water were used. 
Following treatments were applied. 
List 1- treatment details
	Treatments
	Treatment concentrations
	Replications

	T1
	Control (1000 ml)
	4

	T2
	Water (900ml)+Ascorbic acid (100ml) =1000ml
	4

	T3
	Water (985ml)+Arsenic (15ppm)=1000ml
	4

	T4
	Water (985ml)+Arsenic (25ppm)=1000ml
	4

	T5
	Water (885 ml) + Ascorbic Acid(100ml)  +Arsenic (15ppm) = 1000ml
	4

	T6
	Water (885 ml) + Ascorbic Acid(100ml)  +Arsenic (25ppm) = 1000ml
	4



The stored mixture was further diluted to make a 100ppm ascorbic acid solution. To get better, results the seeds were soaked in ascorbic acid solution for 1.5 hours before growing. Arsenic was used in the form of sodium arsenate (Na3ASO4). To make stock solution, 0.867g sodium arsenate was first dissolved in 500ml distilled water. This stock solution was further diluted to make 10-4ml solution which was applied to the plant exogenously. 
Plant Growing Conditions:	
For a month, the plants were allowed to grow and giving the treatment of ascorbic acid and arsenic. After 29 days, the plants were harvested to check the biochemical, physiological and morphological parameters. 
Germination Percentage: Germination percentage was obtained by the following formula. 
 Germination percentage = germinated seed / Total numbers of seeds sown * 100
The total numbers of sowing seed were 4, 
According to Formula: germinated seeds/4* 100
Germination Index: The germination index was examined by using the following formula. 
Germination Index = seeds quantity grown on 1st day/N0 of days+ seeds quantity emerged on 2nd day/N0 of days +seeds quantity emerged at 15th day /N0 of days.
Fresh weight and Dry weight:
An electric balance was used to determine the fresh and dry weights of roots and shoots of Momordica charantia  L. 
Determination of root length and shoot length:
For measuring the root and shoot length of Momordica charantia L., measuring tape or steel ruler was used.

Photosynthetic Pigment Determination: 
 By applying the Arnon (1949), photosynthetic pigments were obtained. Fresh folio material (0.2 g) was extracted with acetone at a concentration of 78% (4 ml), and then let to dry overnight at 5 oc. It was appropriate to utilize the supernatant for measuring chlorophyll.  Chlorophyll "a" was measured at a wavelength of 645nm, Chlorophyll "b" at 663 nm, and Carotenoids were measured at a wavelength of 480nm. The reading was blanked by using methanol (U 5100 from Hitachi Japan).
Total Phenolics Determination:   
Standard protocol was used for the determination of phenolics contents. The extraction of root and leaf tissue (0.1grams) in (5millilitres) methanol kept all night. Sodium bicarbonate (NaHCO3) solution was prepared by dissolving 7.5 gm in 50 ml methanol. 1.1 ml of foline mixture and 0.8 ml of distilled water were combined to create the foline solution. After addition of the Ciocalteau reagent, the mixture was allowed to sit for 7 minutes. This solution was mixed with 1.57 ml of sodium bicarbonate 5.5% and 0.8 ml of distilled water before incubated for 75 to 80 minutes at normal temperature. Using a spectrophotometer, the optical densities of all the replicas were measured at 765 nm (SP_3000 Japan). 
Anti-oxidant Potential:
Blois (1958) method was used to test antioxidant activity. DPPH (1, 1-diphenyl-2-picryl-hydrazyl) solution was made to determine the amount of free radicals that the methanol extract scavenges. At 517 nm, the reading was determined, and ascorbic acid served as the reference substance. A 5ml solution of methanol was used to extract 0.3 gram of tissue. Test tubes for optical density (O.D) (517nm) measurements were warmed for 35 minutes.
For determination the inhibition of DPPH%, the following formula was used. 
 [(Optical density of control reading – Optical density of sample reading)/ Optical density of control reading] x 100.
Statistical Analysis:
One-way ANOVA was effectively used to statistically analyze the data from our findings. LSD was used to compare these treatments (d Steel and Torrie, 1986). Coefficient of correlation was examined by using Statistics (version 8.1 USA).
Results
Ascorbic acid & arsenic effect on seed germination percentage of Momordica charantia L. 
In comparison to the control, ascorbic acid significantly increased the seeds germination percentage of Momodica charantia L. By applying the arsenic concentration (15ppm and 25ppm), it showed that negative effect on the seed germination percentage of Momodica charantia L. By applying arsenic and ascorbic acid (AS15ppm +AA 100ml and AS25ppm +AA100ml) in a mixture form, the seed germination percentage also increased as compared to other treatments. After obtaining these results, it has been also noted that ascorbic acid minimized the negative impact on seed germination percentage. (Figure1)









Figure1. Effect of ascorbic acid on Momordica charantia L. seed germination during arsenic stress (LSD: 8.7563)
Ascorbic acid & arsenic effect on index seed germination of Momordica charantia L
As compare to control treatment, the ascorbic acid showed a positive role in the improvement of germination index of Momordica charantia L.seed. 
















Figure2. Effect of ascorbic acid on index germination of seed of Momordica charantia L. in arsenic stress (LSD: 0.2321)
When arsenic (15ppm and 25ppm) is applied to the plant, the germination index of seed was reduced due to toxic impact on Momordica charantia L. By applying ascorbic acid and arsenic (AS15ppm +AA 100ml and AS25ppm +AA100ml) in mixture form, the seed germination was increased. It is also observed that ascorbic acid reduced the negative effect of arsenic on Momordica charantia L (Figure2).
Ascorbic acid & arsenic effect on fresh shoot weight of Momordica charantia L.
By applying the treatment of ascorbic acid, the shoot fresh weight was enhanced in Momordica charantia L. The treatment of arsenic (AS15ppm and As25ppm) showed negative impact and thus decreased the shoot fresh weight of Momordica charntia L. The ascorbic acid and arsenic (AS15ppm +AA 100ml and AS25ppm +AA100ml) showed improvement of shoot fresh weight. The toxic impact of arsenic on fresh weight was decreased by the antioxidant properties of ascorbic acid.(Figure3)




	
	



	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	



Figure3. Effect of ascorbic acid on fresh weight of Momordica charantia L. under arsenic stress (LSD: 0.2329)
Ascorbic acid & arsenic effect on shoot dry weight of Momordica charantia L.
By applying the treatment of ascorbic acid, the shoot dry weight was improved.Arsenic (AS15ppm and AS25ppm) reduced the shoot dry weight of Momordica charantia L. By combining arsenic with ascorbic acid (AS15ppm +AA 100ml and AS25ppm +AA100ml), ascorbic acid minimized the negative effect of arsenic and increased the shoot dry weight of Momordica charantia L (Figure 4).
	
	
	
	
	
	
	
	

	
	



	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	




Figure4. Effect of ascorbic acid on dry weight of Momordica charantia L. (LSD: 0.0403). 
Ascorbic acid & arsenic effect on fresh weight of root of Momordica charantia L.
Fresh weight root was significantly increase by the treatment of ascorbic acid. Arsenic concentration (AS15ppm and AS25ppm) showed harmful impact on the root fresh weight and hence it was decreased as compared to other treatments. 


	
	
	
	
	
	
	
	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


Figure5. Effect of ascorbic acid on fresh weight of root in Momordica charantia L. (LSD:0.0565) 

By applying arsenic and ascorbic acid (AS15ppm +AA 100ml and AS25ppm +AA100ml) in a mixture form, the ascorbic acid increased the root fresh weight and also minimized the adverse effect of arsenic on Momordica charantia L. Application of ascorbic acid significantly prevents the toxic effect of arsenic on fresh weight of bitter gourd (Figure5).
Ascorbic acid & arsenic effect on dry weight of root of Momordica charantia L.
The solution of ascorbic acid showed a key role in the improvement of root dry weight. The application of arsenic (AS15ppm and AS25pmm) showed negative effect on root dry weight and was much reduced. The dry weight of root was improved by applying the solution on arsenic and ascorbic acid (AS15ppm+AA100ml and AS25ppm +AA100ml). Ascorbic acid played an important role to minimize the negative effect of arsenic on root dry weight in Momordica charantia L (Figure6).










Figure 6. Effect of ascorbic acid on root dry weight of Momordica charantia L (LSD: 5.763).
Ascorbic acid & arsenic effect on shoot length of Momordica charantia L.
By the treatment of ascorbic acid the shoot length was enhanced in Momordica charantiiaL. as compare to other treatments. The length of shoot was reduced by the applying arsenic concentration (AS15ppm and AS25ppm).The treatments of arsenic and ascorbic acid (AS15ppm +AA100ml and AS25ppm +AA100ml) enhanced the shoot length. It was also observed that effect of arsenic was minimized by applying ascorbic acid on shoot length of Momordica charantia L (Figure7). 

	
	
	
	
	
	
	
	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	




Figure7. Effect of ascorbiic acid on shoot length of Momordica charantiia L. under arsenic. (LSD: 2.8525). 
Ascorbic acid & arsenic effect on root length of Momordica charantia L
The root length was enhanced by the ascorbic acid in Momordica charantia L. The root length was minimized by the arsenic concentration (AS15ppm and AS25ppm) as compared to other treatments. By combining arsenic and ascorbic acid (AS15ppm +AA100ml and AS25ppm +AA100ml),root length was significantly improved. 







Figure8. Effect of ascorbic acid on root length of Momordiica charantia L under arsenic (LSD: 0.6573). 
The adverse effect was reduced by the treatment of ascorbic acid to arsenic in mixture form (Figure8).
Ascorbic acid & arsenic effect on Chlorophyll ‘a’ content of Momordiica charantia L.
The chlorophyll ‘a’ content of Momordica charantia L was enhanced by the application of ascorbic acid. Due to negative impact of arsenic concentrations (AS15ppm and AS25ppm), the chlorophyll content was inhibited in the Momordica charantia L. When ascorbic acid and arsenic (AS15ppm +AA100ml and AS25ppm +AA100ml) was applied in mixture form, the ascorbic acid showed positive response in the improvement of chlorophyll content and decreased the harmful impact of arsenic on chlorophyll content of Momordica charantia L (Figure9).









	
	

	
	



	

	
	

	
	

	
	

	
	

	
	

	
	

	
	



Figure9. Effect of ascorbic acid on leaf chlorophy1l ‘a’ content of Momordiica charantiia L. in arsenic (LSD: 2.3154). 
Ascorbic acid & arsenic effect on Chlorophyll ‘b’ content of Momordica charantia L.
The treatment of ascorbic acid showed improvement of chlorophyl ‘b’ content of Momordiica charantia L. The arsenic treatment (AS15ppm and AS25ppm) showed negative impact and thus minimized the chlorophyll ‘b’content. By mixing arsenic and ascorbic acid (AS15ppm +AA100ml and AS25ppm +AA100ml), they showed better results due to presence of ascorbic acid. It not only enhanced the chlorophy1l ‘b’ content but also reduced the toxicity of arsenic in the leaves of Momordica charantia L (Figure10).





















Figure10. Effect of ascorbic acid on leaf chlorophy1l ‘b’ content of Momordiica charantia L  in arsenic stress (LSD: 5.7509) 
Ascorbic acid & arsenic effect on leaf carotenoid of Momordica charantiia L.
The treatment of ascorbic acid increased the carotenoid content in leaves of Momordiica charantia L. as compared to other treatments. The solution of arsenic (AS15ppm and AS25ppm) showed negative effect on carotenoids and its quantity was decreased. 
	
	



	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	




Figure11. Effect of ascorbic acid on leaf carotenoid content under arsenic stress in Momordiica charantia L. (LSD: 1.4259).
The treatment of arsenic and ascorbic acid (AS15ppm +AA100ml and AS25ppm +AA100ml) showed better results in the improvement of leaf carotenoids (Figure11).
Ascorbic acid & arsenic effect on shoot phenolic of Momordiica charantia L
The solution ofascorbic acid slightly increased the phenolic content with compare to arsenic in shoot of Momordica charantia L. At this stage arsenic (AS15ppm and AS25ppm) showed a remarkable result by enhancing the phenolics content as compare to other treatments. The mixture form of arsenic and ascorbic acid (AS15ppm +AA100ml and AS25ppm +AA100ml) also showed better results in the enhancement of shoot phenolics (Figure12).
	
	
	
	
	
	
	
	

	
	



	
	
	
	
	
	
	








Figure12. Shoot phenolics of Momordica charantiia L. are affected by ascorbic acid and arsenic (LSD: 10.791). 
Ascorbic acid & arsenic effect on root phenolic of Momordica charantia L.
Phenolic content was enhanced by the application of ascorbic acid. Treatment of arsenic (AS15ppm & AS25ppm) also promoted the phenolic content in the root of Momordica charantia L and showed better results. By mixing arsenic and ascorbic acid (AS15ppm +AA100ml and AS25ppm +AA100ml) the amount of root phenolics was also enhanced in Momordica charantia L (Figure13).














Figure 13. Root phenolics of Momordica charantiia L are affected by ascorbic acid and arsenic (LSD: 10.542). 
Ascorbic acid & arsenic effect on shoot antioxidant of Momordica charantia L
DPPH solution was used for measuring the shoot antioxidant of Momordica charantia L. was measured by using a. The application of arsenic (AS15ppm and AS25ppm) also increased the antioxidant process as compared to other samples. The treatment of ascorbic acid showed positive impact and thus improved shoot antioxidant of Momordica charantia L.(Figure14)


















Figure14. Shoot antioxidant activity of Momordica charantiia L. as affected by ascorbic acid and arsenic (LSD: 5.1032). 



Ascorbic acid & arsenic effect on root antioxidant of Momordica charantia L.
By applying ascorbic acid, the antioxidant content was promoted in the roots of Momordica charantia L. Due to concentration of arsenic (AS15ppm and AS25ppm), antioxidant activity was also better and showed better results. The antioxidant activity in the root of Momordica charantia L. was improved by combining ascorbic acid with different treatment of arsenic (AS15ppm +AA100ml and AS25ppm +AA100ml) (Figure15).







	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	



Figure15. Root antioxidant activity of Momordica charantia L. as affected by ascorbic acid and arsenic. (LSD: 3.1055). 
Discussion
Heavy metals are known to be very hazardous due to its chemical properties. Arsenic is also a heavy metal and present in nature in a definite proportion. It is present in a contaminated water discharge from nuclear reactors, industrials zones, mining, sewerage water, factories, geological actions and pesticides etc (Custodio et al., 2020; Kurniawan et al., 2022; Wiesner-Sękala and Kończak, 2023). 
Growth hormones play a key function in the growth of plants. Ascorbic acid improves the biochemical, physiological and morphological functions of Momordica charantia L. It not only inhibits the harmful effect of heavy metals but also promotes the defense mechanism in plants against pathogens and heavy metals stress (Akram et al., 2020). 
In our present study, ascorbic acid showed better results in the improvement of germination percentage of seed, root and shoot length, germination index of seed, shoot and root fresh and dry weight and chlorophyll contents of Momordica charantia L, while arsenic concentration showed the negative impact on the above mentioned activities. In combination with arsenic and ascorbic acid, Momordica charantia L showed better outcomes due to presence of ascorbic acid.
The ascorbic acid played major function in the promotion of dry and fresh weight of the plant (Farooq et al., 2020). The seed soaking in the solution of ascorbic acid gives very better results. Seed germination percentage, root and shoot length, shoot and root dry and fresh weight germination index, antioxidant and phenolics content were improved by mixing the ascorbic acid and arsenic.
 The antioxidant property of ascorbic acid shows stimulation of defense mechanism and fights against the toxic impact of arsenic and neutralized the effect of reactive oxygen species (ROS) (Nahar et al., 2022).
The arsenic showed an adverse effect on root length of Momordica charantia L. Arsenic 15ppm and arsenic 25ppm decreases the length of root. The treatment of Cr (50ppm) decreases the length of root (Dey et al., 2009). We noticed that the arsenic and ascorbic acid increase the length of root in combination form. Ascorbic acid promotes vegetative growth of plant under abiotic stress (Mishra et al., 2023). The arsenic also inhibits the contents of chlorophyll 'a', chlorophyll 'b', and carotenoid of shoots to the rest of treatments. This reduction is due to biosynthetic process of chlorophyll formation by amino acids, protein and nucleic acids. Due to the formation of reactive oxygen species that cause damaged the amino acids, proteins and nucleic acids (Karmakar et al., 2021). The chlorophyll and carotenoid content in wheat plants was improved by the treatment of ascorbic acid (Azzedine et al., 2011). We found that the combine action of arsenic and ascorbic acid could promote chlorophyll 'a', chlorophyll 'b', and accessory contents (carotenoid) of Momordica charantia L under stress environment. 
Conclusion
Arsenic (As) stress decreased Momordica charantia L shoot and root fresh  and dry weight, germination percentage, shoot length, leaf pigmentation, including chlorophyll contents(chl “a” and chl “b”) and carotenoids. Arsenic was connected to phenolic deposition in Momordiica charantia L. leaves. The function of ascorbic acid reduced the toxic impact of arsenic inMomordiica charantia L. Additionally, it would be important to establish the influence of ascorbic acid on Momordica charantia L. ability to absorb nutrients under arsenic stress. By mixing both ascorbic acid and arsenic solutions shows positive impact on physiology of Momordica charantia L as minimum quantity of arsenic increased the antioxidant up to some level and induces the function of ascorbic acid. Ascorbic acid enhanced the stress tolerance strength of plants by coping with the reactive oxygen species (ROS) hence neutralizes the harmful effect of arsenic. In short, the research findings would recommend the use of ascorbic acid in arsenic polluted land or soil.  
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3.0514969004298567	3.8018065881012477	3.2172089352936197	3.0100498334744481	5.9900445184768065	8.1425978655463247	3.0514969004298567	3.8018065881012477	3.2172089352936197	3.0100498334744481	5.9900445184768065	8.1425978655463247	Control	Ascorbic Acid	Arsenic 15ppm	Arsenic 25ppm	AS15 ppm+AA 	AS25ppm +AA	51.883333333333297	75.783333333333289	37.223333333333613	25.77	61.213333333333303	50.37	Treatment

Seed Germination  %

0.24433583445741852	0.12583057392117653	0.15275252316519441	4.0000000000000112E-2	0.10115993936995495	2.0816659994661268E-2	0.24433583445741852	0.12583057392117653	0.15275252316519441	4.0000000000000112E-2	0.10115993936995495	2.0816659994661268E-2	Control	Ascorbic Acid	Arsenic 15ppm	Arsenic  25ppm	AS 15ppm + AA	AS25ppm + AA	0.8	1.0166666666666699	0.46666666666667395	0.25	1.0166666666666699	0.76666666666666705	Treatment

  Gerination Index


0.20952326839756921	3.2145502536643451E-2	0.15275252316519641	1.1547005383792832E-2	0.15874507866387524	3.7859388972002812E-2	0.20952326839756921	3.2145502536643451E-2	0.15275252316519641	1.1547005383792832E-2	0.15874507866387524	3.7859388972002812E-2	Control	Ascorbic Acid	Arsenic 15ppm	Arsenic 25ppm	AS15 ppm+AA 	AS25ppm +AA	1.1500000000000001	1.3133333333333299	1	0.85333333333333405	1.2566666666666699	1.01	Treatment

Fresh weight of Shoot (m g)

2.4110855093366877E-2	6.0827625302982413E-3	1.5620499351813675E-2	3.0000000000000092E-3	1.7009801096230941E-2	2.4193663082165411E-2	2.4110855093366877E-2	6.0827625302982413E-3	1.5620499351813675E-2	3.0000000000000092E-3	1.7009801096230941E-2	2.4193663082165411E-2	Control	Ascorbic Acid	Arsenic 15ppm	Arsenic 25ppm	AS15 ppm+AA 	AS25ppm +AA	9.8000000000000226E-2	0.13300000000000001	6.7666666666666722E-2	5.2000000000000032E-2	0.10466666666666882	9.6666666666668247E-2	Treatment

Dry weight of shoot (m g)

4.3588989435406823E-2	2.0816659994661188E-2	3.0550504633038187E-2	2.5166114784235808E-2	3.6055512754640216E-2	2.5166114784235808E-2	4.3588989435406823E-2	2.0816659994661188E-2	3.0550504633038187E-2	2.5166114784235808E-2	3.6055512754640216E-2	2.5166114784235808E-2	Control	Ascorbic Acid	Arsenic 15ppm	Arsenic 25ppm	AS15 ppm+AA 	AS25ppm +AA	0.14000000000000001	0.20333333333333647	6.6666666666666707E-2	9.3333333333333504E-2	0.19	0.13333333333333341	Treatment

Fresh weight of root  (g)

3.0000000000000252E-3	2.5166114784235805E-3	3.0000000000000252E-3	3.0550504633038767E-3	2.0000000000000152E-3	2.0000000000000152E-3	3.0000000000000252E-3	2.5166114784235805E-3	3.0000000000000252E-3	3.0550504633038767E-3	2.0000000000000152E-3	2.0000000000000152E-3	4.3588989435406823E-2	2.0816659994661188E-2	3.0550504633038187E-2	2.5166114784235808E-2	3.6055512754640216E-2	2.5166114784235808E-2	4.3588989435406823E-2	2.0816659994661188E-2	3.0550504633038187E-2	2.5166114784235808E-2	3.6055512754640216E-2	2.5166114784235808E-2	Control	Ascorbic Acid	Arsenic 15ppm	Arsenic 25ppm	AS15 ppm+AA 	AS25ppm +AA	0.14000000000000001	0.20333333333333647	6.6666666666666707E-2	9.3333333333333504E-2	0.19	0.13333333333333341	Treatment

Dry weight of root (g)

2.254624876411508	1.1532562594670799	1.6158073317488661	1.15036226178249	2.1939310229206503	1.21655250605965	2.254624876411508	1.1532562594670799	1.6158073317488661	1.15036226178249	2.1939310229206503	1.21655250605965	Control	Ascorbic Acid	Arsenic 15ppm	Arsenic 25ppm	AS15 ppm+AA 	AS25ppm +AA	8.8333333333333428	12.766666666666724	4.4166666666666714	5.1333333333333524	10.266666666666724	8.6	Treatment

Shoots lenght (cm)

0.36055512754639879	0.15275252316519841	0.15275252316519641	5.7735026918964122E-2	0.4509249752823033	0.47258156262526951	0.36055512754639879	0.15275252316519841	0.15275252316519641	5.7735026918964122E-2	0.4509249752823033	0.47258156262526951	Control	Ascorbic Acid	Arsenic 15ppm	Arsenic 25ppm	AS15 ppm+AA 	AS25ppm +AA	1.5	2.0333333333333301	1.2333333333333298	1.1666666666666701	1.9666666666666701	1.8333333333333299	Treatment

Roots lenght (cm)

2.8582338112897867	4.9963080773040334	0.84699598779061103	0.63492198930257715	3.1705745182590412	3.90300762489646	2.8582338112897867	4.9963080773040334	0.84699598779061103	0.63492198930257715	3.1705745182590412	3.90300762489646	Control	Ascorbic Acid	Arsenic 15ppm	Arsenic 25ppm	AS15 ppm+AA 	AS25ppm +AA	35.345500000000001	40.834033333333295	14.479133333333404	13.063650000000004	27.076183333332889	25.075499999999789	Treatment

chlorophyl 'a'(mg /g f,w)

8.3828828555998545	1.7932422759162501	2.6177107829807822	2.0628156153745967	0.82688497128284399	1.2791053492317601	8.3828828555998545	1.7932422759162501	2.6177107829807822	2.0628156153745967	0.82688497128284399	1.2791053492317601	12.16721653888173	1.7932422759162501	2.6177107829807444	2.0628156153745967	0.82688497128284399	1.2791053492317601	12.16721653888173	1.7932422759162501	2.6177107829807444	2.0628156153745967	0.82688497128284399	1.2791053492317601	Control	Ascorbic Acid	Arsenic 15ppm	Arsenic 25ppm	AS15 ppm+AA 	AS25ppm +AA	18.555876666666705	22.728793333332444	15.688323333333045	12.4992533333333	21.3809966666667	20.398833333332789	Treatment

chlorophyl 'b' (mg / g f,w)

1.65750062845639	0.47634896172169738	0.89975459617238462	0.17250603854163526	0.95872745518910119	1.3125642841400198	1.65750062845639	0.47634896172169738	0.89975459617238462	0.17250603854163526	0.95872745518910119	1.3125642841400198	Control	Ascorbic Acid	Arsenic 15ppm	Arsenic  25ppm	AS 15ppm + AA	AS25ppm + AA	6.0149999999999855	7.1666666666666696	5.14	4.1166666666666698	7.4416666666666824	5.4333333333334783	Treatment

Carotenoid content (mg / gm f,w)


1.7497753455800789	6.5669538679156245	4.2700692515852401	2.1677031046709412	3.1147507010994602	1.5347646377648834	1.7497753455800789	6.5669538679156245	4.2700692515852401	2.1677031046709412	3.1147507010994602	1.5347646377648834	Control	Ascorbic Acid	Arsenic 15ppm	Arsenic  25ppm	AS 15ppm + AA	AS25ppm + AA	23.3017	29.442066666666687	35.722766666666594	36.249100000000013	30.827999999999999	32.406966666665944	Treatment

Shoot phenolic (mg, gallic acid g/ f,w)

2.5494588896469788	2.5242997075096612	10.154118487260748	4.3659642214901755	2.8347671350572177	9.2717123080547239	2.5494588896469788	2.5242997075096612	10.154118487260748	4.3659642214901755	2.8347671350572177	9.2717123080547239	Control	Ascorbic Acid	Arsenic 15ppm	Arsenic  25ppm	AS 15ppm + AA	AS25ppm + AA	25.775399999999689	30.301733333332745	39.371866666664737	42.213966666665975	39.705200000000012	28.143833333332989	Treatment

Root phenolic (mg gallic acid g / f,w

1.00000000000006	1.1880545708565564	1.50034344512637	2.5117274319679401	4.0738765273385695	1.01834651764526	1.00000000000006	1.1880545708565564	1.50034344512637	2.5117274319679401	4.0738765273385695	1.01834651764526	Control	Ascorbic Acid	Arsenic 15ppm	Arsenic  25ppm	AS 15ppm + AA	AS25ppm + AA	19.666599999999889	32.370333333333299	36.814766666664909	43.777750000000012	27.740699999999489	31.555499999999789	Treatment

Shoot antioxidant

3.5294253370768387	1.3441095391868165	4.5762990691168834	2.18391868514676	4.6031590960267765	2.5018496863987365	3.5294253370768387	1.3441095391868165	4.5762990691168834	2.18391868514676	4.6031590960267765	2.5018496863987365	Control	Ascorbic Acid	Arsenic 15ppm	Arsenic  25ppm	AS 15ppm + AA	AS25ppm + AA	24.222199999999589	45.592566666666194	28.851800000000235	43.03696666666599	35.518466666665944	42.777733333333302	Treatment

Root antioxidant
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