An Assessment of the Effect of Azotobacter on the Mineral and Vitamin Content of Amaranthus viridis

Abstract
Amaranthus viridis is a vegetable widely grown and consumed in Nigeria. There is the need for a sustainable approach that will enhance its cultivation and growth. This study was conducted in response to the growing concern about the insufficient supply of essential minerals and vitamins in vegetables, which contributes to nutrient deficiencies in human diets. The research aimed to assess the effect of Azotobacter treatment on the mineral and vitamin content of Amaranthus viridis. The study involved treating Amaranthus viridis plants with varying concentrations of Azotobacter (100g, 200g, 300g, 400g, viable and very viable), and comparing them with the control. The results revealed that at 400g inoculation, nitrogen increased by 98%, magnesium by 320%, calcium by 686%, and copper by a massive 8575% compared to the control.Some treatments however reduced nutrients,  phosphorous at 200g dropped by 82% compared to the untreated one control. Vitamin B1 showed its greatest improvement at 400g, with an increase of 55.6%, while the Viable treatment caused a slight reduction. Vitamin B2 was boosted most strongly under the Viable treatment, recording a 50% increase, though 400g and 300g also gave substantial gains. For Vitamin C, the highest effect was observed at 400g with a 57.9% increase, followed by Very Viable with 34.2%. Vitamin E recorded the most remarkable response, with a 300% increase at 400g and 200% under Very Viable. The findings suggest that higher concentrations of Azotobacter positively influence the mineral and vitamin content in Amaranthus viridis, enhancing its nutritional quality. This study shows that Azotobacter can be  used as a biofertilizer to improve the mineral profile of leafy vegetables, contributing to better human health through improved dietary intake and in sustainable agriculture.
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1.0 INTRODUCTION
The reliance on starchy and proteinous foods in many countries, especially in Africa, due to their high energy content, is the main cause of mineral deficiency in the body.  Vegetables are very rich in minerals and provide many other essential nutrients such as proteins, vitamins, and essential amino acids, which bring numerous health benefits to humans [1]. Vegetables are often overlooked because they are products that are low in protein and have low energy values [2]. Proper research on vegetables will review their nutritional value and their importance in the diet. Certain vegetables, such as Amaranthus Spp, are highly nutritious.  Amaranthus Spp is a rich source of fiber, essential minerals such as (calcium, magnesium, copper, phosphorus, magnesium, iron, and zinc), vitamins such as (vitamin B1, vitamin B2, vitamin C, and vitamin E) and essential amino acids such as (methionine, lysine and tryptophan) [3][4]. Amaranthus Spp also contains phytochemicals such as flavonoids, pigments, phenolics, and carotenoids [5][6]. These phytochemicals are responsible for their high antioxidant activity against several diseases, such as cardiovascular diseases, disease of the retina, lung disease, cancer, inflammation, atherosclerosis, arthritis, and neurodegenerative diseases [7][8][9]. These plants hold potential for addressing micronutrient deficiencies, particularly in regions with limited access to diverse food sources. Therefore, enhancing the nutritional value, especially the mineral content of Amaranthus is very important.
Amaranthus is a genus of more than 50 species including, Amaranthus viridis. Amaranthus is a seasonal and short-lived plant known by its deep green leaves. It grows up to 60–80 cm in height. The plant has numerous branches emerging from the base. The leaves look somewhat oval and measure 3–6 cm in length and 2–4 cm in width. They can grow in many climate and soil conditions, such as dry, humid, salty, and limy. Most species can grow in salty and alkaline soil [10]. The leaves are eaten as a vegetable because they contain human nutrition such as fiber, vitamins, and minerals that are important in human and animal nutrition [10][11][12]. Amaranthus viridis has been used as a medicinal herb in traditional medications to prevent and treat many diseases [13][14].  
Azotobacter is a species of aerobic and independent gram-negative bacteria found in soil, water, sediments, and plant roots [15], Aquatic environments, and plants [16][17]. This microbe is well known for its nitrogen-fixing ability, which plays a crucial role in enhancing plant growth by increasing the availability of nitrogen, an essential nutrient for plant development. Azotobacter binds atmospheric nitrogen and releases it in the form of ammonium ions into the soil. Azotobacter has been used in agriculture, such as in the production of biofertilizers. The use of plant growth-promoting rhizobacteria (PGPR) in agriculture is seriously increasing because of their potential to replace the use of chemical fertilizers and pesticides, which are harmful to human health and the environment [18][19]. 
A recent approach to improve the mineral content of amaranth is the utilization of plant growth-promoting bacteria such as Azotobacter.  Studies have shown that Azotobacter can lead to significant enhancement of essential minerals in the soil, increasing their uptake by plants to improve their growth and yield [20]. However, there is a lack of comprehensive studies specifically on the impact of Azotobacter on the mineral content of Amaranthus viridis. This study aims to evaluate the effect of Azotobacter on the mineral content of Amaranth viridis. The application of Azotobacter in amaranth cultivation could offer a sustainable and healthy environmental alternative to chemical fertilizers, which are often associated with negative environmental impacts. By promoting the natural mineralization processes in the soil, Azotobacter could reduce the reliance on synthetic fertilizers, thereby contributing to more sustainable and healthy agricultural practices [21].
2.0 MATERIALS AND METHODS
2.1 The Study Area 
The research was conducted in the Department of Applied Biochemistry Laboratory, Enugu State University of Science and Technology, Enugu State, Nigeria. 
2.2 Collection of the  Soil Sample
Soil samples were then collected from the rhizosphere of leguminous crops in Agbani farmland. It was placed into sterile polythene bags and transferred to the laboratory for analysis.



2.3 Isolation of Azotobacter from the Soils
Ashby's Mannitol Agar (AMA) was used for the isolation of Azotobacter species as described by [22]. The soil samples were serially diluted by weighing 10 g of the soil samples into a conical flask containing 95 ml of distilled water. A volume, 10 ml of the suspension was pipetted and labeled as tube A. A volume, 1 ml from the suspension was transferred to 9 ml of distilled water in a test tube and was labeled tube B. he dilution steps were repeated three more times, with 1 mL of the previous suspension added to 9 mL of distilled water each time, resulting in tubes C, D, and E, which achieved the serial dilution of 10-1 to 10-5. The 10-5 of the serial dilution was streaked onto already prepared Ashby's mannitol agar medium. The inoculated plates were incubated for 3 to 5 days at 37 0C. The developed colonies were counted and recorded as CFU/g. Each colony was then selected from the plates and subcultured on fresh AMA plates until pure cultures were obtained, following the method of [23]. 
2.4 Biochemical Identification of the Bacterial Isolates
2.4.1 Nitrate Reductase
The isolate was inoculated into nitrate broths and incubated at 30 to 37°C for 24 hours. After incubation, 6-8 drops of nitrate reagent A and 6-8 drops of reagent B were added, and the development of a cherry-red coloration was observed within 1 minute. After 3 minutes, zinc powder was added, and the color change was observed.
2.4.2 Catalase Test
The isolate was emulsified in a few drops of hydrogen peroxide on a clean slide. The appearance of air bubbles indicated the presence of catalase.
2.4.3 Oxidase Test
2 drops of oxidase reagent were added to the isolate on a clean slide, without flooding the slide. A deep blue color was observed within 10 seconds.


2.4.4 Methyl Red
Test tubes containing 5 ml of tryptone water were sterilized by autoclaving at 121°C and 15 psi for 15 minutes. The isolates were then inoculated into the sterilized test tubes using a loop and cultured for three days. After the incubation period, 3 drops of methyl red reagent were added to each tube. The appearance of a pink-red color indicated a positive test.
2.5 Preparation of Biofertilizer with Azotobacter Isolate
The biofertilizer was mass-produced by mixing ground charcoal with isolated Azotobacter. The mixture was placed in a plastic bottle, covered with a plastic bag, and left to stand for three days.
2.6 Cultivation of the Plant
A quantity of loamy soil was collected in a container. The debris, such as stones and sticks, in the soil was removed. The seeds of Amaranthus viridis were planted in loamy soil with uniform soil conditions to minimize variability. It was watered every morning and evening, and no chemical fertilizers or pesticides were used to avoid interference with the Azotobacter effects. Their growth was monitored over 6 weeks. After six weeks, the plants were transplanted into smaller bags, where measured quantities of biofertilizer were applied and allowed for an additional 3 weeks allowing sufficient time for the Azotobacter to interact with the plant roots and influence mineral uptake. 
2.7 Plant Collection and Preparation
The plants were then harvested, and the leaves of Amaranthus viridis were plucked off. It was washed with distilled water to remove impurities such as dust, sand, debris, and then dried at room temperature for 2 to 3 days. After that, the leaves were ground into a fine powder using a mortar and pestle. 
2.8 Determination of pH
The pH was determined by the method described by the American Public Health Association [24]. The electrodes were rinsed with distilled water and blotted dry. The pH electrode was rinsed in a small beaker with a portion of the sample. A sufficient amount of the sample was poured into a small beaker to allow the tips of the electrodes to be immersed to a depth of about 2 cm, the electrode was at least 1cm away from the sides and bottom of the beaker. The pH meter was turned on  and the pH of the sample was recorded. 
2.9 Determination of Electrical Conductivity
The electrical conductivity was determined by the method described by American Public Health Association [24]. Electrical conductivity is measured with a probe and a meter. Voltage is applied between the two electrodes in a probe immersed in the sample water. The drop in the voltage caused by the resistance of the water is used to calculate the conductivity per centimeter. The meter converts the probe measurement to microsiemens per centimeter and displays the result. 
2.10 Determination of Mineral Content
A quantity, 2 g of the sample was added to a 100 ml beaker containing 10 ml of concentrated HNO₃. The mixture was heated on a hot plate at 100°-200°C for 6 minutes to expel the brown NO₂ gas. After the sample dissolved completely, the beaker was removed from the heat and allowed to cool. Distilled water was then added to the solution, and the volume was adjusted to 100 ml in a volumetric flask. Mineral analysis was then determined using a Buck Scientific 240 VGP Atomic Absorption Spectrometer, following the method by [24].
2.11 Determination of Vitamin Content
2.11.1 Determination of Vitamin B1 
A quantity, 1 g of sample was homogenized with 50 ml of ethanolic sodium hydroxide and filtered into a 100 ml flask. A volume, 10 ml of filtrate was pipetted into a beaker, and 10 ml of potassium dichromate was added for color development. A blank sample was prepared, and the absorbance was taken at 560 nm. The concentration of each sample was determined from a standard curve.
Concentration (mg/g) = 
Path length = 1 (Constant)


2.11.2 Determination of Vitamin B2
Each gram of 5 ml was extracted with 100 ml of 50 % hydrogen peroxide and allowed to stand for 30 minutes. Thereafter 2 ml of 40 % sodium sulphate was added to make up to the 50 ml mark. The absorbance at wavelength 510 nm was read in a spectrophotometer.
Concentration (mg/g) = 
Path length = 1 (Constant)
2.11.3 Determination of Vitamin E
A quantity of 1 g of each sample was macerated with 20 ml of petroleum ether for 10 minutes and allowed to stand for 1 hour with intermittent shaking at every minute and centrifuged for 5 minutes. Supernatant (3 ml) was transferred into triplicate test tubes, evaporated to dryness, and the residue re-dissolved with 2 ml of ethanol and shaken. A known volume, 1 ml of 0.2 % ferric chloride in ethanol and 1 ml of 5 % dipyridyl in ethanol were added to the resulting solution, and then made up to 5 ml with ethanol. The mixture was thoroughly shaken against the corresponding blank.
Concentration (mg/g) = 
Path length = 1 (Constant)

2.11.4 Determination of Vitamin C
A quantity of 1 g sample was macerated with 20 ml of 0.4 % oxalic acid for 10 minutes and centrifuged for 5 minutes. The supernatant 1 ml was transferred into a test-tube to which 9 ml of 2, 6- dichlorophenol indophenol (12 mg/l) had been shaken and then mixed thoroughly by shaking. The absorbance of the resulting solution was taken at a wavelength of 520 nm at 15 seconds and 30 seconds against the corresponding blank.
Concentration (mg/g) = 
Path length = 1 (Constant)

3.0 RESULTS
3.1 Identification and Biochemical Characterization of Isolate
The organism was identified to be a phosphate solubilizing bacteria and it gave positive results in the biochemical tests.
3.2 Nitrogen content, pH and Electrical Conductivity of the Soil Sample 
The soil sample from Agbani farmland shows 1.312% nitrogen content. The soil pH shows a value of 8.981 indicating relatively alkaline soil. The electrical conductivity gave a low value of 2.50 mS/m. 
Table 1: Nitrogen Content, Soil pH and Electrical Conductivity of the Soil Sample Collected from Agbani Farmland. 
	Soil Sample 
	Nitrogen Content (%)
	Soil pH
	Electrical Conductivity (mS/m)

	Agbani farmland
	1.312
	8.981
	2.50



3.3 Effect of Azotobacter Inoculation on Mineral Content of Amaranthus viridis
The levels of the mass-produced Azotobacter (biofertilizer) in the soil samples are 400g, 300g, 200g, and 100g. It was also added in viable and very viable levels; the control was used to compare the results. In the results, Amaranthus viridis leaves show varying mineral content based on Azotobacter inoculation levels. The 400g sample has the highest nitrogen (2.02 mg/g), phosphorous (0.055 mg/g), copper (0.347 mg/g), sulfur (0.06 mg/g), zinc (0.023 mg/g), and potassium (0.163 mg/g) levels, indicating that higher Azotobacter concentrations improve these minerals. The control has the lowest nitrogen (1.02 mg/g) and calcium (0.007 mg/g) levels, while the 200g sample shows the highest magnesium (0.576 mg/g). The "Very Viable" sample has the lowest phosphorus (0.02 mg/g), copper (0.005 mg/g), and zinc (0.005 mg/g) levels. Overall, higher Azotobacter concentrations generally enhance mineral content, though effectiveness varies by mineral. Higher Azotobacter concentrations generally lead to increased mineral content in Amaranthus viridis leaves, with some variations depending on the specific mineral.


Tables 2: Effect of Azotobacter Inoculation on Mineral Content of Amaranthus viridis 
	Sample ID
	Nitrogen
(N)(%)
	Phosphorous
(P)(mg/g)
	Magnesium (Mg) (mg/g)
	Calcium (Ca) (mg/g)
	Copper (Cu) (mg/g)
	Sulphur
(S)(mg/g)
	Zinc (Zn) (mg/g)
	Potassium (K)(mg/g)

	400g
	2.02
	0.3
	0.168 
	0.055
	0.347
	0.06
	0.023
	0.163

	300g
	1.61
	0.38
	0.116
	0.049
	0.025
	0.04
	0.016
	0.109

	200g
	1.24
	0.06
	0.576
	0.041
	0.016
	0.02
	0.012
	0.050

	100g
	1.08
	0.04
	0.043
	0.035
	0.017
	0.01
	0.011
	0.048

	Viable
	1.16
	0.02
	0.033
	0.015
	0.010
	0.04
	0.007
	0.027

	Very viable
	1.31
	0.42
	0.029
	0.011
	0.005
	0.03
	0.005
	0.020

	Control
	1.02
	0.34
	0.040
	0.007
	0.004
	0.01
	0.001
	0.032



3.4 Effect of Azotobacter Inoculation on Vitamin Content of Amaranthus viridis
Azotobacter inoculation influenced the vitamin content of Amaranthus viridis. Vitamin B1 was highest at 400 g (0.14 mg/g) and lowest in the viable treatment (0.08 mg/g), while Vitamin B2 peaked in the viable treatment (0.21 mg/g) but was lowest in the control (0.14 mg/g). Vitamin C content was greatest at 400 g (0.60 mg/g) and lowest at 100 g and in the control (0.38 mg/g). Similarly, Vitamin E was highest at 400 g (0.08 mg/g) and very viable treatment (0.06 mg/g), but lowest at 200 g, 100 g, and in the control (0.02 mg/g). Overall, the results indicate that Azotobacter inoculation enhanced vitamin levels, particularly at higher inoculation rates.


Tables 3: Effect of Azotobacter Inoculation on Vitamin Content of Amaranthus viridis 
	Vitamins(mg/g)
	400g
	300g
	200g
	100g
	Viable
	Very viable
	Control

	Vitamin B1
	0.14
	0.12
	0.10
	0.09
	0.08
	0.10
	0.09

	Vitamin B2
	0.20
	0.18
	0.16
	0.14
	0.21
	0.16
	0.14

	Vitamin C
	0.60
	0.42
	0.40
	0.38
	0.40
	0.51
	0.38

	Vitamin E
	0.08
	0.04
	0.02
	0.02
	0.03
	0.06
	0.02



4.0 DISCUSSION
The results of this study demonstrate the significant impact of Azotobacter inoculation on the mineral content of Amaranthus viridis leaves. The findings suggest that increasing Azotobacter concentration generally enhances the uptake of key minerals, which has important implications for agricultural practices and the nutritional value of crops. All the nutrients show a significant increase compared to the control.
The soil sample from Agbani farmland shows a nitrogen content of 1.312% before the addition of Azotobacter (biofertilizer), indicating moderate nitrogen availability for plant growth.  The pH of the soil is 8.981, indicating a relatively alkaline soil, which positively affects nutrient uptake for certain crops.  Slightly alkaline soils can facilitate moderate nutrient uptake and plant growth, especially in vegetables [25].  In this pH range, essential nutrients like nitrogen, phosphorus, potassium, and trace elements are most available to plants when the soil is enhanced with fertilizer. The electrical conductivity (2.50 mS/m) is within a low to moderate range, indicating that the soil's salinity level is suitable for most agricultural activities without risk of salinity stress.
The Effect of Azotobacter inoculation on mineral content of Amaranthus viridis leaves results show that the nitrogen content at 400 g sample has the highest concentration (2.02 %), which decreased to 1.08 % at 100 g. This result indicates that the increase in Azotobacter treatment positively influenced nitrogen fixation. This is consistent with the role of Azotobacter as a free-living nitrogen-fixing bacterium, which enhances the availability of nitrogen in the soil and, consequently, its uptake by plants [20]. [26], reported similar results on marigold plants. Nitrogen is a crucial component of amino acids, proteins, and chlorophyll, which are vital for plant growth and photosynthesis [27].
Phosphorus content in the very viable sample exhibited the highest concentration of 0.42 mg/g, which was slightly more than the 400 g sample, which gave a level of 0.3 mg/g. This result is lower compared to that of I. batatas reported by [28]. Phosphorus is essential in several biological processes such as adenosine triphosphate (ATP) synthesis, signal transduction, cell structure, cellular metabolism, maintenance of acid-base homeostasis, and bone mineralization [29][30].  [29] highlights the nutritional and functional roles of plant bioactive compounds, supporting the importance of enhancing vitamins in Amaranthus. [30] is directly relevant as it reviews the nutritional value of Amaranthus spp., justifying its selection for nutrient enrichment studies with Azotobacter inoculation.
Magnesium was observed to have a concentration of 0.576 mg/g in the 200 g sample, more than 400 g and 300 g samples which showed a level of 0.168 mg/g and 0.116 mg/g, respectively. [31], noted similar results of Mg content in different Amaranths. Magnesium is a central component of chlorophyll and is involved in enzyme activation and photosynthesis in plants. Its functions in the human body include cofactor for many enzymes, regulating muscle contraction, neuromuscular conduction, glycemic control, myocardial contraction, and blood pressure [32][33]. 
Calcium content was recorded as highest in the 400 g sample with a concentration of 0.055 mg/g, which implies that higher Azotobacter concentrations may enhance calcium uptake. This could be due to Azotobacter's ability to improve soil structure and facilitate the movement of calcium ions to plant roots.  The result obtained was slightly similar compared with the value reported by [31] in Amaranthus. spp. Calcium is a vital macro-mineral essential for healthy growth and development. It plays a significant role in muscle contraction, bone and teeth formation, and blood clotting [34][35]. Calcium deficiency can cause many diseases, such as rickets, osteomalacia, and tooth decay [36].
Copper content in the 400 g sample had the highest level of 0.347 mg/g, which suggests that Azotobacter treatment increases the availability of copper in the soil. The result shows similarity when compared with the one reported by [31] in different Amaranth Spp, including red Amaranth. Copper is essential for photosynthetic electron transport and lignin synthesis in plants. In humans, it serves as a cofactor of many biological enzymes, such as superoxide dismutase, lysyl oxidase, tyrosinase, dopamine β-hydroxylase, and ceruloplasmin [37][38].
Sulphur also recorded the high concentration of 0.06 mg/g, indicating that Azotobacter significantly enhances the availability of sulfur and its uptake from the soil. This study is similar to that of spinach leaf reported by [39]. Sulfur is vital for the synthesis of amino acids, vitamins, and coenzymes. Sulfur plays a vital role in cellular functions. It interacts with metalloproteins involved in the transport and storage of oxygen, mitochondrial respiration, and maintenance of redox homeostasis [40].
Zinc was observed in the 400g sample with a higher concentration of 0.023 mg/g, showing that Azotobacter enhances zinc solubility through the production of organic acids and siderophores, which chelate zinc and make it more available for plant uptake. This result is the same as the one reported by [30] in different Amaranth Spp, including red Amaranth. Zinc is an important mineral in the human body. It regulates gene expression, metabolism of DNA, cell proliferation, apoptosis, immunity, and defenses against free radicals [41][42]. Zinc regulates intracellular signal transduction, and it is important in synaptic transmission in the central nervous system [41][43]. 
Potassium showed a high level of 0.163 mg/g in the 400 g sample, which implies that Azotobacter may improve potassium uptake by enhancing root growth and the efficiency of potassium transport mechanisms. A similar result was obtained on Amaranthus Spp by [31]. Potassium is essential for osmotic regulation, enzyme activation, conduction of nerve impulses, muscle contraction, cell membrane function, and photosynthesis. Potassium intake has been shown to lower blood pressure [12].
The 400g treatment produced the strongest overall effect, with remarkable increases in Copper (86.75×), Zinc (23×), and Calcium (7.86×) compared to the control. The 200g treatment specifically boosted Magnesium, showing a 14.40-fold increase. The Viable and Very Viable treatments showed moderate effects, and in some cases, such as Magnesium and Potassium, their values were lower than the control. Phosphorus responded differently, as only the 300g (1.12×) and Very Viable (1.24×) treatments outperformed the control, while the others reduced its levels. Overall, these results indicate that Azotobacter inoculation, particularly at 400g, has a very strong practical impact on mineral enrichment, although the magnitude of response varies by nutrient.
The result of the effect of Azotobacter inoculation on the vitamin content of Amaranthus viridis leaves showed that vitamin B1 (thiamine) concentration was highest at 400 g with a level of 0.14 mg/g and decreased as the Azotobacter treatment concentration decreases, the lowest value was observed in the viable treatment that showed a level of 0.08 mg/g. This suggests that Azotobacter inoculation marginally affected thiamine levels in Amaranthus viridis. This result was slightly lower than [44], who reported 0.11 mg/g of thiamine in Spinacia oleracea.  The active form of vitamin B1 is thiamine pyrophosphate (TPP). TPP is a coenzyme that is involved in the catabolism of sugars and amino acids. Vitamin B1 (thiamine) is involved in many cellular processes, such as efficient energy metabolism and proper nervous system function [45].
Vitamin B2 (riboflavin) levels showed a higher value of 0.21 mg/g in the viable treatment and the lowest level of 0.14 mg/g in the 100 g sample. The inoculation appears to enhance riboflavin content, especially in viable samples. The result is similar to the results of [44] Spinacia oleracea, which showed 0.18 mg/g of riboflavin. Vitamin B2, also known as riboflavin is vital in the formation of coenzymes FMN and FAD. Riboflavin supports cellular energy and antibody production, cell respiration, growth and development, metabolism of carbohydrates, protein, fats, and skin, eye health maintenance [46].
Vitamin C (ascorbic acid) was most abundant in the 400g sample with a concentration of 0.60 mg/g and decreased progressively with reduced Azotobacter inoculation level; the lowest value 0.38 mg/g was found in the 100 g sample. This suggests a beneficial effect of Azotobacter on Vitamin C uptake by plants, especially in vegetables. A higher result of 0.45 mg/g was obtained by [47] in Azadirachta indica. Vitamin C is crucial for immune function, collagen synthesis, tissue repair, neurotransmitter synthesis, antioxidant protection, and maintenance of the immune system [48].
Vitamin E (tocopherol) levels were highest in the 400g sample with a level of 0.08 mg/g and progressively decreased to 0.02 mg/g in the 100g sample, indicating that Azotobacter inoculation  enhances Vitamin E uptake from the soil. This result was lower when compared to Lycopersicon esculentum (tomato) studied by [49], which had 0.05 mg/g of tocopherol. Vitamin E acts as a good antioxidant, protecting cell membranes from oxidative damage [50]. [50] provides authoritative information on the health benefits, dietary sources, and recommended intake of Vitamin E, supporting the significance of increased vitamin E levels observed in Amaranthus viridis following Azotobacter inoculation.
The 400g inoculation consistently produced the strongest increases, particularly for Vitamin C with a 1.58-fold rise and Vitamin E with a remarkable 4.00-fold increase. The Viable treatment notably enhanced Vitamin B2 by 1.50-fold, while the Very Viable treatment had a major effect on Vitamin E, raising it by 3.00-fold, and also improved Vitamin C by 1.34-fold.
The increase in the mineral and vitamin content with higher Azotobacter concentrations suggests that Azotobacter treatment could play a crucial role in enhancing the mineral and vitamin quality of Amaranthus viridis. This has significant potential for sustainable agriculture, as it will reduce the reliance on chemical fertilizers and lower production costs. Improving the mineral and vitamin content of crops could have direct benefits for human nutrition, particularly in regions where mineral deficiencies are common.
CONCLUSION
The study highlights the beneficial effects of Azotobacter treatment on the mineral and vitamin content of Amaranthus viridis leaves, with higher concentrations showing improvement in the minerals and vitamins uptake, thereby contributing to improved plant growth and development. These findings support the use of Azotobacter as a biofertilizer to enhance crop quality and yield, offering a potential alternative to agricultural practices. Further research could explore the specific mechanisms by which Azotobacter influences mineral and vitamin uptake in different soil types and environmental conditions.
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