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ABSTRACT 
Azolla, a free-floating hydrophyte fern, is cultivated in temperate and tropical regions. Its dorsal leaves contain cavities 
housing cyanobacteria that fix atmospheric nitrogen (N). Azolla was amended with the soil before tomato seeds were 
sown in the treated pots to address the demand for sustainable nutrient management through eco-friendly biofertilizers. 
This study examined the agronomic efficacy of Azolla in influencing growth, biochemical attributes, and antioxidant 
enzyme responses in tomato (Solanum lycopersicum L.) under controlled soil–pot culture conditions. Plants received 
Azolla amendments (0, 50, 100, 150, 200, and 250 g Azolla per kg soil), and growth and physiological parameters were 
measured at developmental stages. Azolla significantly enhanced plant performance versus the control in a dose-
dependent manner. Optimal responses occurred at intermediate concentrations: 150 g Azolla per kg soil maximized dry 
matter accumulation and ascorbic acid in shoot tissues at tops 30 and leaves of 90 days. Chlorophyll content and 
peroxidase activity peaked at 100 g Azolla per kg soil in leaf tissues across growth stages, while yield of fruits was 
highest at 50 g Azolla per kg soil in 100-day-old plants. All treatments significantly (P ≤ 0.01) upregulated catalase 
activity, strengthening the antioxidant defense system. Overall, Azolla therefore offers a sustainable biofertilizer strategy 
for tomato agriculture. 
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INTRODUCTION 
The continuous increase in the human population, coupled 
with the depletion of natural resources, is a primary cause 
of environmental degradation (Maurya et al., 2020). The 
tomato (Solanum lycopersicum L.) ranks among the most 
commonly utilized vegetables globally (Maham et al. 
2020) and a widely cultivated culinary vegetable, 
constitutes a significant element of Indian cuisine (Liu et 
al., 2022; Maurya et al., 2025). Tomatoes offer both a 
delicious taste and a wealth of nutritional benefits. (Ali et 
al., 2020; Haraira et al., 2022; Ibrahim et al., 
2023). Improving tomato production has become crucial to 
maintaining everyday life (Manivannan, 2024). 

Environmental pollution, such as the contamination of 
groundwater, has resulted from the application of chemical 
fertilizers, which can also accumulate within crops and 
subsequently enter the human system (Jana et al., 2024). 
In contrast, biofertilizers used to enhance soil quality and 
fertility, these are eco-friendly. Composed of natural waste 
materials, biofertilizers do not contain chemical 
compounds. They benefit the land by enriching the soil 
with microorganisms that provide natural and organic 
nutrients, thereby helping the soil resist diseases. 

Consequently, biofertilizers enhance the nutritional quality 
of the soil and replenish its depleted nutrients (Sura, 
2024). 

Azolla serves as an effective biofertilizer and green 
manure in both gardens and rice fields, attributed to its 
substantial cellulosic content. (Chandra et al., 2022; Jama 
et al., 2023) Azolla species, particularly Azolla filiculoides 
and Azolla pinnata, represent promising alternatives to 
conventional chemical fertilizers in sustainable 
agriculture. Microorganism-based biofertilizers can serve 
as substitutes for chemical fertilizers to enhance crop 
yield, and biofertilizers present a more economical and 
eco-friendly option, with their primary benefit being their 
contribution to nitrogen fixation processes. These aquatic 
ferns exist in symbiotic association with nitrogen-fixing 
cyanobacteria, making valuable sources of natural plant 
nutrients (Kumar et al., 2020). 

Numerous studies have demonstrated the beneficial 
properties of biofertilizers across various crops, including 
beans (Varalakshmi et al., 2022; Ho et al., 2024), cereals 
(Pathak et al., 2022; Ghimirey et al., 2024; Sura, 2024), 
and vegetables (M Al-Joboory, 2025; Mahmoudi et al., 
2025). Most of these studies confirmed a positive result on 
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plant growth. Incorporating fresh or dried Azolla with the 
soil significantly boosts the organic matter levels. Soil 
microorganisms contribute to the release of macro- and 
micronutrients by breaking down organic matter. As a 
result, this method increases the presence of nitrogen, 
phosphorus, and potassium within the soil. (Kumar et al., 
2020) (Ghatage A, et al. 2024) (Pathade A et al. 2024). 

Green manure is a valuable method for boosting soil 
fertility and encouraging sustainable farming by 
converting natural crop residues into beneficial organic 
materials. This approach enhances both the structure and 
nutrient levels of the soil, while also contributing to 
environmental well-being, thus playing a vital role in 
environmentally conscious agricultural systems. (Singh et 
al., 2023; Joshna et al., 2024; Wang et al., 2025) 

Annually, approximately 200 million tons of nitrogen are 
essential for agricultural activities, facilitating the 
production of food for humans and animals and supporting 
industrial applications. Consequently, nitrogen is the most 
critical component of agricultural systems. (Grzebisz & 
Niewiadomska, 2023) 

Replacement of Chemical Fertilizers 
Azolla extract demonstrates considerable fertilizing 
capabilities and is frequently utilized in Tomato and other 
vegetable cultivation (Hanafy & El-Emary, 2018; Zeleke 
et al., 2024). Through ongoing harvesting, Azolla cultures 
can produce substantial protein yields without the 
requirement for nitrogen fertilizers. The blue-green algae 
found in Azolla effectively convert solar energy and enrich 
the soil with organic matter. The biofertilizer extract 
obtained from cultivated Azolla biomass can be used in 
agricultural lands by replacing chemical fertilizers to 
enhance crop yield. The enhancement of tomato plant 
yields, particularly in Asia, can be significantly achieved 
by promoting nitrogen fixation through the inoculation of 
Azolla filiculoides, a highly efficient species. Additionally, 
refining soil management and cropping practices plays 
striking role in this process (Kumar et al., 2020). 

MATERIAL AND METHOD 
Tomato (Solanum lycopersicum L.) plants were grown in 
soil-pot culture. The soil was treated with Azolla as 
biofertilizer at the rates of 0, 50, 100, 150, 200 and 250 g 
per kg soil. Samples of the tomato plants were taken at 
different stages of growth: tops at 30 days, tops and leaves 
at 90 days and fruits at 100 days. These samples were used 
to calculate the dry matter yield, content of chlorophyll, 
and the activities of catalase and peroxidase enzymes. 
These analyses were conducted following the procedures 
outlined by Mishra (2000). 

Plants of tomato (Solanum lycopersicum L.) were grown 
in 10-in pots filled with 5 kg of prepared soil under soil-
pot culture. The soil was carefully homogenized and 
sieved to remove stones, plant debris and other unwanted 
materials before it was put into the experimental pots. 
Biofertilizer was prepared from dried Azolla biomass and 
was applied to the soil at six levels i.e., 0, 50, 100, 150, 
200 and 250 g Azolla per kg soil which was labeled as T0 

(control), T1, T2, T3, T4 and T5 respectively. Accurately 
weighed dried Azolla was amended properly in the soil for 
uniform distribution of the biofertilizer. Azolla was not 
applied to control group. Pots were treated and seeds of 
the same variety of tomato were sown in the pots and all 
experimental setups were maintained under uniform pot-
culture condition to ensure that the results could be 
compared consistently and reliably. Other cultural 
practices including irrigation were uniformly used 
throughout the experiment. 

Plant samples were taken at various growth stages for 
biochemical and growth-related analyses. Shoot tops were 
collected 30 days after planting (DAP), while both shoot 
tops and leaves were gathered at 90 DAP. Fruits were 
picked at 100 DAP. After collection of the plant materials, 
they were employed to measure the yield of dry matter, 
chlorophyll, ascorbic acid levels, and the activities of the 
antioxidant enzymes catalase (CAT) and peroxidase 
(POD). After collection, the samples intended for 
biochemical analysis were processed correctly, and the dry 
matter content was measured using the designated plant 
material. The results from the various Azolla treatments 
were analyzed to determine how different application rates 
of dried Azolla affect the growth, biochemical properties, 
and antioxidant enzyme activities in tomato plants (Zeleke 
et al., 2024). 

Dry matter yield was quantified by drying finely chopped 
and thoroughly mixed plant samples in a forced-draught 
oven at 65°C for 24 h or until a constant weight was 
achieved. The method outlined by Petering et al. (1940) 
was employed to determine chlorophyll content. 
Chlorophyll was isolated using acetone in this method, and 
the absorbance of the extract obtained was measured with 
a digital spectrophotometer. To determine the chlorophyll 
content, the absorbance values recorded were compared 
against a standard calibration curve, which was established 
following the method outlined by Comar and Zscheile  
(1942). The titrimetric method outlined by Harris and Roy 
(1933) was employed to assess the ascorbic acid content. 
Catalase (CAT) activity was quantified using the 
permanganate titration technique as detailed by Euler and 
Josephson (1927). The evaluation of peroxidase (POD) 
activity followed the procedure described by Gahagen et 
al. (1968). Plant samples were collected at designated 
growth phases for biochemical analysis, and the results 
were outlined based on the distinct analytical techniques 
employed. 

RESULT AND DISCUSSION 

Dry Matter Yield (Table 1, Fig. A): Dry matter yield 
increased with higher biofertilizer levels, reaching up to 
150 g Azolla per kg of soil in the tops at both 30 and 90 
days, as well as in the leaves at 90 days. For fruits of 100-
day-old tomato plants, the increase was observed up to 50 
g Azolla per kg of soil. However, exceeding 150 g Azolla 
per kg of soil in the tops at 30 and 90 days, and in the 
leaves at 90 days, as well as beyond 50 g Azolla per kg of 
soil in the fruits of 100-day-old tomato plants, resulted in a 
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reduction in dry matter yield. In comparison to the control, 
all biofertilizer levels up to 150 g Azolla per kg of soil in 
the tops of plants at both 30 and 90 days, as well as in the 
leaves at 90 days, and up to 50 g Azolla per kg of soil in 
the fruits of 100-day-old plants, demonstrated a highly 
significant increase (P=0.01) in dry matter yield. The 
exception was the 200 g Azolla per kg soil level in the tops 
at both 30 and 90 days, where the increase in dry matter 
yield did not achieve significance over the control. 
Nevertheless, the 150 and 200 g Azolla per kg soil levels 
in the fruits of 100-day-old plants, and the 250 g Azolla 
per kg soil level in the tops at both 30 and 90 days, leaves 
at 90 days, and fruits of 100-day-old plants, showed an 
increase in dry matter yield comparing to the control. 
However, at the 200 g Azolla per kg soil level in the leaves 
at 90 days, the dry matter yield was identical to that of the 
control. 

At all levels up to 150 g Azolla per kg soil, a highly 
significant increase in dry matter yield (P=0.01) was 
observed in the tops of both 30 and 90 days and in the 
leaves of 90 days. In the fruits of 100-day-old tomato 
plants, this increase was significant up to 50 g Azolla per 
kg soil, except for the 100 over 50 g and 150 over 100 g 
Azolla per kg soil levels in the tops of 30-day-old plants, 
where the increase was significant at P=0.05. Conversely, 
a highly significant decrease in dry matter yield (P=0.01) 
was noted at 100 over 50 and 150 over 100 g Azolla per kg 
soil levels in the fruits of 100 days; at 200 over 150 g 
Azolla per kg soil in the tops of both 30 and 90 days, 
leaves of 90 days, and fruits of 100 days; and at 250 over 
200 g Azolla per kg soil in the tops of both 30 and 90 days 
and leaves of 90 days. This decrease was significant 
(P=0.05) at the 250 over 200 g Azolla per kg soil level in 
the fruits of 100-day-old tomato plants. In tomato plants, 
the highest dry matter yield was recorded at a 
concentration of 150 g Azolla per kg of soil in the tops at 
both 30 and 90 days, as well as in the leaves at 90 days. 
For fruits of 100-day-old plants, the highest yield was 
achieved with 50 g Azolla per kg of soil as a biofertilizer. 

Kumar et al. (2020) observed substantial improvements in 
plant morphology when treated with Azolla extracts. The 
root and shoot lengths of tomato plants grown in 100% 
Azolla extract progressively increased on days 30, 60, and 
90. The number of leaves in tomato plants treated with 
100% Azolla filiculoides extract reached 49, 48, and 90 on 
days 30, 60, and 90, respectively, showing better results 
than both the control treatments and lower concentrations. 
Hanafy and El-Emary (2018) observed that the 20% 
Azolla pinnata treatment produced the highest vegetative 
growth parameters, yielding plant length and number of 
fruits. 

Azolla treatment, when utilized as a biofertilizer, resulted 
in the highest vegetative growth parameters, thereby 
enhancing plant yield. (Maze et al., 2023; Ahmad & Tariq, 
2021; Hanafy & El-Emary, 2018;) 

Chlorophyll (Table 1, Fig. B): In tomato plants, the 
chlorophyll content rose as the biofertilizer level 

increased, reaching its peak at 100 g Azolla per kg of soil 
in the leaves of plants aged 30 and 90 days. When the 
biofertilizer level exceeded 100 g Azolla per kg of soil, the 
chlorophyll content in the leaves of both age groups began 
to decline. Compared to the control, all levels up to 150 g 
Azolla per kg of soil in the leaves of both 30 and 90-day-
old plants exhibited a highly significant increase in 
chlorophyll content (P=0.01). However, beyond the 150 g 
Azolla per kg soil level, a reduction in chlorophyll content 
was assessed in the leaves of both age groups, except for 
the 150 g Azolla per kg soil level in the leaves of 30-day-
old plants, where the value matched that of the control. 

In plants aged 30 and 90 days, chlorophyll content 
exhibited a highly significant rise (P=0.01) with each 
incremental level, reaching up to 100 g of Azolla per kg of 
soil. However, a highly significant reduction (P=0.01) in 
chlorophyll content was observed when the amount 
increased to 150 g compared to 100 g, and further 
decreased at 200 g compared to 150 g of Azolla per kg of 
soil in the leaves of both age groups. Moreover, when 
comparing 250 g to 200 g of Azolla per kg of soil, a 
notable reduction (P=0.05) was detected in the leaves of 
plants aged 90 days, whereas a very significant reduction 
was evident in those aged 30 days. Tomato plants, both at 
30 and 90 days old, showed the greatest chlorophyll levels 
in their leaves when the soil contained 100 g of Azolla per 
kg. 

Chlorophyll accumulation is a critical indicator of 
photosynthetic efficiency. In the 100% Azolla filiculoides 
treatment, chlorophyll 'a' content was 18.8 mg and 25.6 
mg on days 30 and 60, respectively, chlorophyll 'b' was 
12.14 mg and 14.66 mg, and total chlorophyll was 13.44 
mg and 15.56 mg on the same intervals. The improvement 
in chlorophyll content and leaf numbers was observed to 
be highest in 100% concentrations compared to other 
treatments, as chlorophyll absorbs the light energy 
required to convert carbon dioxide and water into glucose 
(Kumar et al., 2020). Jama et al. (2023) observed in his 
study that the application of Azolla as a biofertilizer give 
rise to an increase in chlorophyll content with vegetable 
crops, and Duy Hoang et al. (2023) evaluated the effects 
of different doses of Azolla fertilizer on the growth and 
yield of Malabar spinach (Basella alba). 

Ascorbic Acid (Table 1, Fig. C): In tomato plants, the 
concentration of ascorbic acid increased with higher levels 
of biofertilizer, peaking at 150 g of Azolla per kg of soil in 
the tops of plants aged 30 and 90 days. When the 
biofertilizer level exceeded 150 g Azolla per kg of soil, the 
ascorbic acid content in the tops of both age groups of 
plants began to decline. Compared to the control, all levels 
up to 200 g Azolla per kg of soil in the tops of both 30-
day-old and 90-day-old plants exhibited a highly 
significant increase (P=0.01) in ascorbic acid content. 
When 250 g of Azolla was added per kg of soil, the 
ascorbic acid levels in the tops of plants aged 90 days 
decreased, whereas those in the tops of 30-day-old plants 
stayed consistent with the control group. 
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In tomato plants aged 30 and 90 days, the application of 
biofertilizer at levels up to 150 g Azolla per kg soil 
resulted in a marked increase in ascorbic acid content, 
with a statistically significant difference (P=0.01) from 
earlier measurements. On the other hand, when the 
biofertilizer concentration was increased to 200 g and 
subsequently to 250 g Azolla per kg soil, a significant 
reduction (P=0.01) in ascorbic acid content was observed 
in both age groups. The maximum ascorbic acid content 
was found at the 150 g Azolla per kg soil concentration in 
the tops of both 30 and 90 days old tomato plants. 

Tomatoes are abundant in antioxidants such as vitamin C 
(ascorbic acid) and carotenoids, which contribute 
positively to human health. Regular consumption of 
tomatoes and their products has been linked to a decreased 
risk of chronic diseases, including cardiovascular 
conditions, according to research findings. (Tarkeshwar et 
al., 2024; Yanai, 2017; Burton-Freeman et al., 2015; and 
Palfi & Tomic-Obrdalj, 2014). Tomato fruits cultivated in 
greenhouses generally exhibit reduced vitamin C levels, 
primarily due to the use of artificial lighting. This is 
because natural light serves as the primary regulator of 
vitamin C levels in plants. (Ntagkas, 2020; Ntagkas et al., 
2016; Verkerke et al., 2015). As a new approach, the 
environmental impacts of each unit of natural vitamin C 
can also be estimated. Subsequently, the results obtained 
from this estimate will be used as a reference to compare 
the environmental impacts of the production of natural 
vitamin C with the industrial production of vitamin C in 
future research. 

Strawberries harvested from plants that received 25% of 
their nitrogen from Farm Yard Manure, combined with 
75% from urea and supplemented with Azotobacter, 
demonstrated superior quality. This was evident through 
measurements of total soluble solids, total sugars, ascorbic 
acid, and anthocyanin content. (Pathak et al. 2017; Iqbal et 
al. 2009). However, Maham et al. (2020) highlighted that, 
While irrigation and fertilization are important for tomato 
growth and their environmental effects, they do not 
significantly influence the vitamin C content. 

Unit Catalase (Table 1, Fig. D): In tomato plants, 
catalase activity increased with the application of 
biofertilizer, peaking at a concentration of 150 g Azolla per 
kg of soil in the tops of plants at both 30 and 90 days, as 
well as in the leaves of 90-day-old plants. When the 
biofertilizer level surpassed 150 g Azolla per kg of soil, a 
reduction in catalase activity was noted in the tops of 
plants at both 30 and 90 days and in the leaves of 90-day-
old plants. Compared to the control, all biofertilizer levels 
significantly (P=0.01) enhanced catalase activity in the 
tops of plants at both 30 and 90 days and in the leaves of 
90-day-old plants. 

Increased catalase activity was notably significant 
(P=0.01) across all levels compared to their preceding 
stages in the plant parts examined, specifically in the tops 
at 30 and 90 days and in the leaves of 90-day-old plants, 
up to a biofertilizer concentration of 150 g Azolla per kg 

soil. A significant decrease in catalase activity (P=0.01) 
was observed at 200 g compared to 150 g Azolla per kg 
soil, and at 250 g compared to 200 g Azolla per kg soil in 
the tops of both 30 and 90 days and in the leaves of 90-
day-old tomato plants. The highest catalase activity was 
recorded at the 150 g Azolla per kg soil level of 
biofertilizer in the tops of both 30 and 90 days and in the 
leaves of 90-day-old tomato plants. 

The activity of catalase in tomato plants is enhanced by 
the increased application of Azolla as a biofertilizer. 
(González-Gordo et al., 2024; Maswada et al., 2020; 
Leung, 2018; ; Kolmykova et al., 2015) 

Peroxidase (Table 1, Fig. E): Raising biofertilizer levels 
to 100 g Azolla per kg of soil in the tops of plants aged 30 
and 90 days, as well as in the leaves of 90-day-old plants, 
enhanced the peroxidase activity in tomato plants. 
However, exceeding 100 g Azolla per kg of soil in these 
plant parts led to a reduction in peroxidase activity. 
Compared to the control, the increase in peroxidase 
activity was notably significant (P=0.01) at all biofertilizer 
levels up to 150 g Azolla per kg of soil in the tops of 30 
and 90-day-old plants and the leaves of 90-day-old plants. 
Beyond the 150 g Azolla per kg soil level, all levels 
resulted in a decrease in peroxidase activity in the tops of 
both 30 and 90-day-old plants and the leaves of 90-day-old 
plants compared to the control. 

Peroxidase activity showed a highly significant increase 
(P=0.01) across all levels compared to their preceding 
levels in specific plant parts, namely the tops of both 30 
and 90-day-old plants and the leaves of 90-day-old plants, 
up to a biofertilizer concentration of 100 g Azolla per kg 
soil. Conversely, a highly significant decrease (P=0.01) in 
peroxidase activity was noted at 150 g compared to 100 g 
Azolla per kg soil, at 200 g compared to 150 g Azolla per 
kg soil, and at 250 g compared to 200 g Azolla per kg soil 
in the tops of both 30 and 90-day-old plants and the leaves 
of 90-day-old tomato plants. The peak peroxidase activity 
was observed at the 100 g Azolla per kg soil level of 
biofertilizer in the tops of both 30 and 90-day-old plants 
and the leaves of 90-day-old tomato plants. 

Non-toxicity and Organic Farming Potential 
The extract is a desirable biological fertilizer supplement 
for chemical fertilizers in organic farming. The extract is 
non-toxic, harmless, non-flammable, and effective for all 
plants in attaining better germination, growth, and yield 
(Kumar et al., 2020). 

Biochemical Benefits of Azolla-Treated Tomatoes 
In addition to its agronomic parameters, Azolla pinnata 
plays an important role in maximizing the antioxidant 
potential of tomatoes due to its ability to provide tomato 
with valuable contents of vitamins, beta carotene, growth 
promoters, and minerals. Azolla is recognized for its 
higher nutritional value and can replace traditional protein 
products, making Azolla-treated tomatoes nutritionally 
superior for human consumption (Hanafy & El-Emary, 
2018). 



Page: 6 3   

Efficacy of Azolla Biofertilizer: Effects on Growth, Biochemical Attributes, and Antioxidant Enzymes in Tomato 

IJDDT, Volume 16 Issue 8, 2026 
 
 
 

CONCLUSION 
Studies have shown that Azolla-based biofertilizers can be 
a feasible, sustainable and economically efficient 
alternative to chemical fertilizers for vegetable production. 
Aquatic ferns improve the plant growth parameters by 
increasing germination, vegetative growth, chlorophyll 
synthesis and accumulation of nutrients. At the same time 
they beneficially modify the soil properties by modifying 
its pH and increasing the availability of macroelements, 
especially nitrogen. Azolla extracts are non-toxic and 
effective in organic farming systems and can also 
contribute to soil organic matter and therefore are vital 
tools for sustainable agriculture and reducing pollution 
from synthetic fertilizers. 
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Table 1: Effect of Azolla as biofertilizer on Dry Matter Yield, Chlorophyll, Ascorbic acid, Catalase and Peroxidase 
activities of Tomato (Solanum lycopersicum L) plants 

Plant parts Days 
g Azolla per kg soil LSD 

C 50 100 150 200 250 P=0.05 P=0.01 
g Dry matter yield / plants 

Tops 30 0.300 0.297 0.308 0.319 0.290 0.650 0.009 0.013 
Tops 90 9.97 10.40 10.65 11.00 9.98 9.75 0.12 0.17 

Leaves 90 4.98 5.10 5.34 5.50 4.98 4.84 0.07 0.11 
Fruits 100 2.83 3.59 3.33 1.90 1.72 1.66 0.06 0.09 

mg Chlorophyll / 100 g Fresh matter 
Tops 30 84 95 105 94 84 76 6 8 
Tops 90 97 112 122 113 95 89 6 8 

mg Ascorbic Acid / 100 g Fresh matter 
Tops 30 82 93 105 111 95 82 3 4 
Tops 90 42 45 51 56 49 41 2 3 

Unit Catalase / 100 g Fresh matter 
Tops 30 6.27 6.87 7.47 8.25 7.65 6.84 0.09 0.13 
Tops 90 2.14 2.30 2.50 2.76 2.56 2.29 0.06 0.09 

Leaves 90 3.20 3.35 3.63 3.96 3.69 3.29 0.07 0.11 

∆ O. D. Peroxidase 
Tops 30 0.020 0.024 0.037 0.023 0.019 0.014 0.002 0.003 
Tops 90 0.032 0.039 0.056 0.037 0.030 0.025 0.002 0.003 

Leaves 90 0.026 0.033 0.045 0.031 0.025 0.020 0.001 0.002 
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Figure: Effect of Azolla as biofertilizer on Dry Matter Yield (A), Chlorophyll (B), Ascorbic acid (C), Catalase (D) and 
Peroxidase activities (E) of Tomato (Solanum lycopersicum L) plants 

REFERENCES 
Ahmad, N., & Tariq, H. (2021). Azolla as Waste 
Decomposer and Bio-fertilizer: A Review. Journal of 
Applied Research in Plant Sciences, 2(1), 108–116. 
https://doi.org/10.38211/joarps.2021.2.1.14 

Ali, M. Y., Sina, A. A. I., Khandker, S. S., Neesa, L., 
Tanvir, E. M., Kabir, A., Khalil, M. I., & Gan, S. H. 
(2020). Nutritional Composition and Bioactive 
Compounds in Tomatoes and Their Impact on Human 
Health and Disease: A Review. Foods, 10(1), 45. 
https://doi.org/10.3390/foods10010045 

Burton-Freeman, B., Edirisinghe, I., Cappozzo, J., 
Banaszewski, K., Giordano, R., Kappagoda, C. T., Cao, Y., 
& Kris-Etherton, P. (2015). Processed tomato products and 
risk factors for cardiovascular disease. Nutrition and 

Aging, 3(2–4), 193–201. https://doi.org/10.3233/nua-
150059 

Chandra, P., Sundha, P., Rinki, R., Verma, P., Santosh, S., 
& Pandey, V. (2022). Azolla: A Better Prospective for 
Biological Nitrogen Fixation and Sustainable Agriculture 
in Era of Climate Change (pp. 180–191). Bentham 
Science. 
https://doi.org/10.2174/9789815039955122010015 

Comar, C. L., &  Zscheile, F. P. (1942). Analysis of plant 
extracts for chlorophylls a and b by a photoelectric 
spectrophotometric method. Plant Physiology, 17(2), 198-
209 

Duy Hoang, V., Hien, N. T. T., & Quang, T. V. (2023). 
Azolla Fertilizer as an Alternative Organic Nitrogen 



Page: 6 6   

Efficacy of Azolla Biofertilizer: Effects on Growth, Biochemical Attributes, and Antioxidant Enzymes in Tomato 

IJDDT, Volume 16 Issue 8, 2026 
 
 
 

Source for Malabar Spinach Production. Vietnam Journal 
of Agricultural Sciences, 6(3), 1821–1831. 
https://doi.org/10.31817/vjas.2023.6.3.01 

Euler, H. V., & Josephson, K. (1927). Über katalase. I. 
Justus Liebigs Annalen der Chemie, 452(1), 158-181. 

Gahagan, H. E., Holm, R. E., & Abeles, F. B. (1968). 
Effect of ethylene on peroxidase activity. Physiologia 
plantarum, 21(6), 1270-1279. 

Ghimirey, V., Chaurasia, J., Acharya, N., Dhungana, R., & 
Chaurasiya, S. (2024). Biofertilizers: A sustainable 
strategy for enhancing physical, chemical, and biological 
properties of soil. Innovations in Agriculture, 7, 1–11. 
https://doi.org/10.3897/ia.2024.128697 

González-Gordo, S., Rodríguez-Ruiz, M., Palma, J. M., & 
Corpas, F. J. (2024). Comparative Analysis of Catalase 
Activity in Plants: Spectrophotometry and Native PAGE 
Approaches. Methods in Molecular Biology (Clifton, N.J.), 
2798, 213–221. https://doi.org/10.1007/978-1-0716-3826-
2_15 

Grzebisz, W., & Niewiadomska, A. (2023). Nitrogen Cycle 
in Farming Systems. Agronomy, 14(1), 89. 
https://doi.org/10.3390/agronomy14010089 

Hanafy, A., & El-Emary, G., A. E. (2018). Role of Azolla 
Pinnata Biofertilizer Extract in Producing Healthy 
Tomatoes. Asian Journal of Research in Biochemistry, 1–
8. https://doi.org/10.9734/ajrb/2018/v3i329832 

Haraira, A. A., Mazhar, H. S.-U.-D., Ahmad, A., Khalid, 
M. N., Tariq, M., Nazir, S., & Habib, I. (2022). Enhancing 
Health Benefits of Tomato by Increasing its Antioxidant 
Contents through Different Techniques: A Review. 
Advancements in Life Sciences, 9(2), 131. 
https://doi.org/10.62940/als.v9i2.1352 

Ghatage A, Bachane PS, Nanaware J. Isolation and 
Characterization of Plant Growth-Promoting 
Microorganisms from Heavy Metal Contaminated Soil. 
Bulletin of Pure and Applied Sciences—Zoology. 
2024;43A(1S):122–134. 

Harris, L. J., & Ray, S. N. (1933). Vitamin C and the 
suprarenal cortex: Loss of potency of guinea-pig 
suprarenals in scurvy. With notes on a method for 
determining antiscorbutic activity (hexuronic acid) by 
chemical means. Biochemical Journal, 27(1), 303-10 

Ho, H., Ho, S., & Cj, O. (2024). Biofertilizers production 
using plant growth-promoting bacteria from cassava peels 
and plantain leaves to evaluate the effects on growth 
parameters of beans (Phaseolus vulgaris L.) and 
Groundnut (Arachis hypogaea L.) seeds. Journal of 
Advances in Microbiology Research, 5(1), 106–118. 
https://doi.org/10.22271/micro.2024.v5.i1b.138 

Ibrahim, D. M. S., Mujtaba, D. A., Hassan, D. I., Nadeem, 
D. M., Sohail, D. A., Abbasi, D. K. S., Samee, A., Azeem, 
W., Waqar, M., & Fatima, I. (2023). Antioxidant and 
Nutraceutical Potential of Tomato for health and life 

quality: A review. Food Science &amp; Applied 
Microbiology Reports, 2(1), 8–25. 
https://doi.org/10.61363/fsamr.v2i1.58 

Iqbal, U. M. A. R., Wali, V. K., Ravi, K., & Jamwal, M. 
(2009). Effect of FYM, urea and Azotobacter on growth, 
yield and quality of strawberry cv. Chandler. Notulae 
Botanicae Horti Agrobotanici Cluj-Napoca, 37(1), 139-
143. 

Jama, A., Widiastuti, D. P., Gafur, S., & Davis, J. G. 
(2023). Azolla Biofertilizer Is an Effective Replacement 
for Urea Fertilizer in Vegetable Crops. Sustainability, 
15(7), 6045. https://doi.org/10.3390/su15076045 

Jana, B., Chattopadhyay, R., Das, R., & Kanthal, S. 
(2024). Bio-fertilizer: An alternative to chemical fertilizer 
in agriculture. International Journal of Research in 
Agronomy, 7(4), 144–149. 
https://doi.org/10.33545/2618060x.2024.v7.i4c.539 

Joshna, A., Bokado, K., & Barkha, B. (2024). Green 
Manure for Sustainable Crop Production: A Review. 
International Journal of Environment and Climate Change, 
14(5), 147–156. 
https://doi.org/10.9734/ijecc/2024/v14i54177 

Kolmykova, T. S., Klokova, E. V., & Sharkaeva, E. S. 
(2015). EFFECT ON 6-BAP CATALASE ACTIVITY IN 
TOMATO PLANTS UNDER CONDITIONS OF 
TEMPERATURE STRESS. Samara Journal of Science, 
4(2), 96–99. https://doi.org/10.17816/snv20152129 

Kumar, G. P., Anu Priya, B., Amala Mary, J., & Sundari, 
U. S. (2020). Exploring the growth and effect of fresh 
Azolla filiculoides as a biofertilizer on the vegetative 
attributes of tomato. International Journal of Recent 
Scientific Research, 11(8), 39588-39594. 
http://dx.doi.org/10.24327/ijrsr.2020.1108.5530 

Leung, D. W. M. (2018). Studies of Catalase in Plants 
Under Abiotic Stress (pp. 27–39). Springer. 
https://doi.org/10.1007/978-3-319-75088-0_2 

Liu, W., Liu, K., Chen, D., Zhang, Z., Li, B., El-Mogy, M. 
M., Tian, S., & Chen, T. (2022). Solanum lycopersicum, a 
Model Plant for the Studies in Developmental Biology, 
Stress Biology and Food Science. Foods (Basel, 
Switzerland), 11(16), 2402. 
https://doi.org/10.3390/foods11162402 

M Al-Joboory, W. (2025). BIOFERTILIZATION AND 
ITS ROLE IN SUSTAINABLE AGRICULTURE: A 
REVIEW. ANBAR JOURNAL OF AGRICULTURAL 
SCIENCES, 23(1), 848–859. 
https://doi.org/10.32649/ajas.2025.188363 

Maham, S. G., Rahimi, A., Subramanian, S., & Smith, D. 
L. (2020). The environmental impacts of organic 
greenhouse tomato production based on the nitrogen-
fixing plant (Azolla). Journal of Cleaner Production, 245, 
118679. https://doi.org/10.1016/j.jclepro.2019.118679 



Page: 6 7   

Efficacy of Azolla Biofertilizer: Effects on Growth, Biochemical Attributes, and Antioxidant Enzymes in Tomato 

IJDDT, Volume 16 Issue 8, 2026 
 
 
 

Mahmoudi, M., Asbai, Z., Foughal, T., Mabicka Obame, 
R. G., Ognalaga, M., Malounghou Bounangnan, J. D., 
Bahlaouan, B., & Boutaleb, N. (2025). Biofertilizers for 
Sustainable and Environment-friendly Agriculture. Natural 
Built Social Environment Health. 
https://doi.org/10.63095/nbseh.25.934721 

Manivannan, P. (2024). Review of: “Tomatoes Unveiled: A 
Comprehensive Exploration from Cultivation to Culinary 
and Nutritional Significance.” 
https://doi.org/10.32388/bbkyy8 

Maswada, H. F., Abd El-Razek, U. A., El-Sheshtawy, A.-
N. A., & Mazrou, Y. S. A. (2020). Effect of Azolla 
filiculoides on Growth, Physiological and Yield Attributes 
of Maize Grown under Water and Nitrogen Deficiencies. 
Journal of Plant Growth Regulation, 40(2), 558–573. 
https://doi.org/10.1007/s00344-020-10120-5 

Maurya, H. K., Lata, R., Sundar, S., Mitra, D. S., Singh, 
H., & Yadav, G. C. (2025). Scientific Advances in Tomato 
(Solanum lycopersicum L.) Cultivation, Agronomic 
Innovation and Genetic Improvement: A Comprehensive 
Review. Journal of Advances in Biology &amp; 
Biotechnology, 28(10), 781–803. 
https://doi.org/10.9734/jabb/2025/v28i103103 

Maurya, P. K., Ali, S. A., Ahmad, A., Zhou, Q., Da Silva 
Castro, J., Khane, E., & Ali, A. (2020). An introduction to 
environmental degradation: Causes, consequence and 
mitigation (pp. 1–20). Agro Environ Media Agriculture 
Ennvironmental Science Academy Haridwar India. 
https://doi.org/10.26832/aesa-2020-edcrs-01 

Maze, M., Tolba, R., Morsy, A. T. E., A.Sultun, E., & Gad 
El-Moula, M. H. (2023). IMPACT OF AZOLLA WITH 
DIFFERENT FERTILIZER RATES ON VEGETATIVE 
GROWTH, YIELD, QUALITY AND ECONOMIC 
EVALUATION IN ZUCCHINI. Tropical Agroecosystems, 
4(2), 65–71. https://doi.org/10.26480/taec.02.2023.65.71 

Mishra, A.K. (2000) Studies on utilization of BGA as 
biofertilizer for qualitative and quantitative improvement 
of crop plants. Ph.D. Thesis, C.S.J.M. University, Kanpur. 

Ntagkas, N. (2020). Lighting the way for increased vitamin 
C in tomatoes [Wageningen University Research]. 
https://doi.org/10.18174/521466 

Ntagkas, N., Min, Q., Woltering, E. J., Labrie, C., Nicole, 
C. C. S., & Marcelis, L. F. M. (2016). Illuminating tomato 
fruit enhances fruit vitamin C content. Acta Horticulturae, 
1134(1134), 351–356. 
https://doi.org/10.17660/actahortic.2016.1134.46 

Palfi, M., & Tomic-Obrdalj, H. (2014). Effect of tomatoes 
on the prevention of cardiovascular diseases. Cardiologia 
Croatica, 9(5–6), 253. 
https://doi.org/10.15836/ccar.2014.253 

Pathak, D. V., Kumar, M., & Rani, K. (2017). Biofertilizer 
application in horticultural crops. In Microorganisms for 
Green Revolution: Volume 1: Microbes for Sustainable 

Crop Production (pp. 215-227). Singapore: Springer 
Singapore. https://doi.org/10.1007/978-981-10-6241-4_11 

Pathak, P., Pathak, K. K., & Kumar Pathak, A. (2022). 
Impact of Biofertilizers in Sustainable Growth of 
Agriculture Sector (pp. 491–506). Wiley. 
https://doi.org/10.1002/9781119818816.ch21 

Pathade A, Amol PN, Pathade G. Isolation and 
Characterization of Indole Acetic Acid (IAA), Gibberellic 
Acid (GA) Producing and Phosphate Solubilizing 
Microorganisms from Rhizospheric and Endosphaitic Nut 
Isolates of Groundnut Soil. Bulletin of Pure and Applied 
Sciences—Zoology. 2024;43A(1S):585–597. 

Petering, H. G., Wolman, W., & Hibbard, R. P. (1940). 
Determination of chlorophyll and carotene in plant tissue. 
Industrial & Engineering Chemistry Analytical Edition, 
12(3), 148-151. 

Singh, D., Devi, K. B., P, A., Bahadur, R., Kumar, N., 
Devi, O. R., & Shahni, Y. S. (2023). Green Manure: 
Aspects and its Role in Sustainable Agriculture. 
International Journal of Environment and Climate Change, 
13(11), 39–45. 
https://doi.org/10.9734/ijecc/2023/v13i113142 

Sura, S. (2024). Sustainable agriculture: Enhancing soil 
health and crop yields with biofertilizers. International 
Journal of Science and Research Archive, 12(1), 2245–
2248. https://doi.org/10.30574/ijsra.2024.12.1.1001 

Tarkeshwar, T., Saini, P. K., Singh, V. K., Vimal, S. C., & 
Bhati, J. (2024). Nutraceutical Intervention of Tomato and 
Lycopene in Heart Disease (pp. 121–137). Apple 
Academic. https://doi.org/10.1201/9781003545644-9 

Varalakshmi, P., Anitha, S., Shanthi, P., Vanajakshi, M., 
Keerthi, U., Chandana, P., Sudheera, T., Parthasarathi, P., 
Swetha, K., & Rao, D. (2022). A Review: Vital Role of 
Biofertilizers in Plant Growth Enhancement and 
Maintenance of Soil Health. Zenodo (CERN European 
Organization for Nuclear Research). 
https://doi.org/10.5281/zenodo.6528992 

Verkerke, W., Labrie, C., & Dueck, T. (2015). The effect 
of light intensity and duration on vitamin C concentration 
in tomato fruits. Acta Horticulturae, 1106(1106), 49–54. 
https://doi.org/10.17660/actahortic.2015.1106.8 

Wang, Y., Yu, A., Shang, Y., Wang, P., Wang, F., Yin, B., 
Liu, Y., Zhang, D., & Chai, Q. (2025). Research Progress 
on the Improvement of Farmland Soil Quality by Green 
Manure. Agriculture, 15(7), 768. 
https://doi.org/10.3390/agriculture15070768 

Yanai, H. (2017). Anti-atherosclerotic effects of tomatoes. 
Functional Foods in Health and Disease, 7(6), 411. 
https://doi.org/10.31989/ffhd.v7i6.351 

Zeleke, Y. G., Haile, A., Kiflu, A., Alemayehu, H., & 
Haile, W. (2024). Improving marketable yield and 
phytochemical characteristics of N-fertilized tomato fruits 
with soil organic amendments through Azolla. 



Page: 6 8   

Efficacy of Azolla Biofertilizer: Effects on Growth, Biochemical Attributes, and Antioxidant Enzymes in Tomato 

IJDDT, Volume 16 Issue 8, 2026 
 
 
 

International Journal of Vegetable Science, 30(3), 294–
310. https://doi.org/10.1080/19315260.2024.2360580 

Zeleke, Y. G., Haile, A., Kiflu, A., Alemayehu, H., & 
Haile, W. (2024). Improving marketable yield and 

phytochemical characteristics of N-fertilized tomato fruits 
with soil organic amendments through Azolla. 
International Journal of Vegetable Science, 30(3), 294–
310. https://doi.org/10.1080/19315260.2024.2360580

 


