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Abstract

Azolla extracts are biodegradable and non-polluting to the environment, and because of its unique
composition, it was subjected to integrated biorefineries for organic fertilizer and plant growth stimulants
production. Here we investigated the effect of media culture on productivity and chemical composition of
Azolla filiculoides and Azolla Caroliniana and then application of Azolla extract as an organic fertilizer. This
research was conducted in the two studies at the Soil-Plant Interaction Research Center of Isfahan University
of Technology. The Azolla culture media treatments showed significant effect (p < 0.05) on Azolla iron and
zinc concentration. In the both Azolla species, addition of 20% of sulfur and phosphorus to the culture media
significantly increased concentrations of nitrogen and acidic, alkaline, polar, aromatic and aliphatic amino
acids. In the second study, Johnson and half Johnson media contained 5% and 10% Azolla extract showed
highest fruit yield (i.e., fresh and dry weights) and concentrations of iron, zinc and nitrogen in the fruit, shoot
and root of bell pepper, in which some of them were significant (p < 0.05). In total, our results showed that
Azolla culture media composition may change quality and quantity of the Azolla extract and application of
the extract may led to biofortification of bell pepper significantly.

Keyword: Azolla filiculoides, Azolla Caroliniana, Fe and Zn concentrations, Protein and amino acids, Bell
pepper, Azolla extract.

Background and Objective: Micronutrient malnutrition or hidden hunger remains a major global challenge
for human health and wellness. Being free floating aquatic plants, Azolla can be produced independently of
arable lands. The aquatic fern Azolla is a special case among free-floating aquatic plants because it has
evolved a symbiosis with the cyanobacterium Nostoc azollae, which fixes atmospheric nitrogen (N2). Azolla
ferns occur across many continents and across various climates. Using Azolla extract as a biofertilizer to
replace artificial nitrogen fertilizer reduces pollution by nitrogen losses of various cultivation and provides
added value to farmers (Brouwer, 2017; Brouwer et al., 2018). Here, we investigated the effect of media
culture on productivity and chemical composition of Azolla filiculoides and Azolla Caroliniana and then
application of Azolla extract as an organic fertilizer.

Methods: We tested two hypotheses: 1) Azolla culture medium could affect biomass, nutrient and protein
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concentrations of Azolla, and 2) Azolla extract application may improve fruit quality and cover some
required nutrients of plant. The treatments of first study included a) IRRI2 culture media (the standard Azolla
medium) (control), b) IRRI2 culture media + 10% extra sulfur concentration, ¢) IRRI2 culture media + extra
20% sulfur concentration, d) IRRI2 culture media + 10% extra phosphorus concentration, e) IRRI culture
medium + 20% extra phosphorus concentration, f) IRRI2 + 10% sulfur + 20% phosphorus concentration, and
g) IRRI2 + 20% extra sulfur + 20% extra phosphorus concentrations. The second study treatments were a)
Johnson media (control), b) Johnson media + 5% Azolla extrat, ¢) Johnson media + 10% Azolla extrat, d)
half Johnson media + 5% Azolla extract, and e) half Johnson media + 10% Azolla extract. Analysis of
variance, comparison of the Azolla culture media and application of the extract in bell pepper growing media
were done by completely randomized design with a one-way treatment structure using SAS 9.0 software.

Results: The results of the first study showed that the highest concentrations of iron and zinc in the third
generation of Azolla filiculoides were detected in the IRRI2 + 10% sulfur + 20% phosphorus culture media
and the highest concentrations of zinc in the first and third generation of Azolla Caroliniana and the first
generation of Azolla filiculoides were detected in the IRRI2 + 20% sulfur culture media. The IRRI2 + 20%
sulfur + 20% phosphorus culture media treatment increased concentrations of nitrogen and acidic, alkaline,
polar, aromatic and aliphatic amino acids in the both Azolla species. Although, the highest dry weight yield
of the both Azolla species was observed in the IRRI2 + 10% phosphorus treatment. In the second study,
Johnson and half Johnson media contained 5% and 10% Azolla extract showed highest fruit yield (i.e., fresh
and dry weights) and concentrations of iron, zinc and nitrogen in the fruit, shoot and root of bell pepper, in
which some of them were significant (p < 0.05).

Conclusions: The fast-growing, nitrogen fixing, aquatic fern Azolla could be a promising novel crop for the
production of organic and eco-friendly fertilizer, due to its high protein content, favorable amino acid profile
and micronutrient contents.
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Fig. 1. Protein concentration of (a) Azolla filiculoides and (b) Azolla caroliniana in the first and third generations; The identical
letters in the graphs indicate that there is no significant difference in the treatments (LSD, p < 0.05).
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different treatments of the medium; The identical letters in the graphs indicate that there is no significant difference in the treatments

(LSD, p < 0.05).
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Fig. 4. Effect of Azolla extract application on Fe concentration in shoot and fruit of bell pepper; The identical letters in the graphs
indicate that there is no significant difference in the treatments (LSD, p <0.05).
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Table 2. Effect of Azolla extract application on average of fresh weight and dry weight of bell pepper shoot, each fruit and root.

i 05 Dry weight
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Root Fruit Shoot Root Fruit Shoot
® ® @ ® ® © Lot Treatments
1.652 9.072 6.312 19.65b 122.18?2 42.572 J+5%E (w/w)
1.81% 4.77° 5.952 16.26°¢ 73.92b 39932 J+10% E (w/w)
2.2082 5.66° 8.272 26.18% 80.75 51.892 J-50%Fe - 50% N + 5% E (w/w)
1.992 4.52b 7.172 27.502 65.55b 54.292 J-50%Fe - 50% N+ 10% E (w/w)
1.36% 6.692 8.472 20.59¥¢ 85.01° 54.472 Control
0.876 3.311 3.92 7.23 28.49 18.98 LSD (p <0.05)
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% In each column, numbers with similar letters are not significantly different (LSD, p < 0.05).
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Fig. 5. Effect of Azolla extract application on Zn concentration in shoot and fruit of bell pepper; The identical letters in the graphs
indicate that there is no significant difference in the treatments (LSD, p < 0.05).
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Fig. 6. Effect of Azolla extract application on nitrogen concentration in shoot and fruit of bell pepper; The identical letters in the
graphs indicate that there is no significant difference in the treatments (LSD, p < 0.05).
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