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Abstract: Azolla is an aquatic fern, which grows quickly on the surface of the water. Which holds the promise
of providing sustainable food for livestock, fish, and poultry because it contains tremendous amounts of protein,
amino acids, vitamins. Besides, it can also be used in farming as biofertilizer. The objective of this work is to
study the effect of different fertilizer units of NPK plus trace elements (0-0-0; 15-15-15 and 20-20-20) on
biomass, Relative growth rates (RGR), doubling time and the chlorophyll content of Azolla caroliniana under
controlled conditions. The test was carried out in an automated greenhouse. The azolla was cultivated in 0.016
m3 tanks in different culture solutions, the control constitutes only water, the second batch contains a solution
enriched with NPK 15-15-15 plus TE and the last batch constitutes a mixture of water plus NPK 20-20-20 plus
TE. All these batches are in four repetitions dispositive. The results obtained show that the biomass, growth
index, as well as the chlorophyll content of Azolla caroliniana, were important in the culture solution enriched
with NPK 15-15-15 compared to that found in the medium pure water and NPK 20-20-20. On the other
hand, the azolla doubling time increased in the control groups.
Keywords: Azolla caroliniana, biomass, chlorophyll, doubling time, NPK fertilizer.
INTRODUCTION
Azolla is an aquatic free-floating fern belonging to
the family Salviniaceae. It doubles its biomass in 3-10
days (Hasan et al,2009). This fern exhibits high relative
growth rates (RGRs) when grown individually on an
open water surface, i.e. not competing for light. RGRs
of over 0.5 d−1, or biomass doubling times of less than
2 days have been reported – much higher than generally
encountered in land plants (Maejima, 2001; van der
Werf, 1998). However, Azolla does have several
unquestionable agronomic qualities: the capacity to fix
atmospheric nitrogen, very high productivity in the right
environment (Van Hove et al., 1996). It can fix N in
large quantities, approximately twice that of Rhizobia
living in soybean nodules (Hung et al., 2013; Brouwer
et al., 2017). It is also a probable source of nitrogen as
well as a feeding ingredient for livestock (Lumpkin,
1984).In addition, The use of aquatic macrophytes, such
as Azolla with hyperaccumulating ability is known to be
an environmentally friendly option to restore polluted
aquatic resources ( Sood, 2012) . The dead or pretreated
Azolla biomass has been used by various workers for the
biosorption of heavy metals (Cohen-Shoel et al, 2002;
Rakhshaee et al., 2006; Umali et al., 2006; Nedumaran
and Velan, 2008; Mashkani and Ghazvini, 2009).
Looking for alternatives to (concentrates, fodder,
feed) to various species of animals, magnificent plant
called Azolla was revealed, it is expected to provide
sustainable feed for livestock. Since Azolla contains
most of the nutrients necessary for all livestock

including livestock and fish (Gouri, 2012). Nutritive
value of Azolla is well documented which shows that it
is a good source of high protein yields with almost all
essential
amino
acids
(especially
lysine)
required for animal nutrition (Hossiny et al., 2008;
Brouwer, 2018). and provitamins for poultry nutrition
(Lejeunea et al., 1999 Lumpkin, 1984). To achieve the
goal of increasing livestock productivity; an important
step is to simplify the cultivation of Azolla in livestock
breeding areas (Singh, 2008).
Like many other photosynthetic aquatic organisms,
Phosphorus (P) is the main nutrient limiting the growth
of Azolla spp (Sadeghi et al., 2013; Temmink et al.,
2018), The effects of N, P, and K on the growth of A.
caroliniana depended upon the growing season, the
characters of different species of Azolla, the
environmental conditions, and the amount of fertilizers.
The application of P was showed a positive effect in all
the seasons. Under low temperature the application of K
was effective. Nitrogen fertilizers generally inhibited the
growth of healthy Azolla under suitable environmental
condition except in winter. The N, P and K were
comparatively effective under the weak light intensity or
for weak Azolla. A small amount of N could promote
the propagation of A. caroliniana (Linhuo, 1986).
Doubling time (Dt) defined by Stewart and Boyd (1999)
as the time required for a relative amount to increase in
value from one to two, undoubtedly affects biomass
production in Azolla. The aim of this trial is to promote
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the hydroponics of Azolla caroliniana in greenhouses as
a potential alternative source of food for broilers and
goats in the arid areas of Algeria. Thus, the objectives of
this study were to assess the effects of NPK fertilization
levels on biomass, water content, and the amount of
Azolla caroliniana chlorophyll.
MATERIALS AND METHODS
The trial was shared between biology laboratory and
environmentally controlled greenhouse located at
Naâma University Center, Algeria (33°16'36.67"N,
0°19'8.54"O). During the period from January 2020 to
April 2020.
Plant material
The vegetable material used is an Azolla. Before
starting the experiment, A. caroliniana maintained in an
aquaculture pond, was acclimated to experimental
conditions by inoculating 20 g fresh weight (FW) into

FU00

FU15

the 16 L drums. Ponds were drained and cleaned, and
freshwater was added to a depth of 0.2 m. Thus, the
volume of added water was 16 L. Then, we divided our
experimental device into three batches, the first
constitutes test plants (fresh water) called FU00, the
second batch was enriched with NPK fertilizer plus trace
elements, i.e. FU15 and the last batch of the culture of
Azolla contains NPK 20-20-20 plus trace elements
named FU20. The applied dose of NPK (FU15 and FU
20) in the culture solution is 5 g / L. pH of the solution
is maintained in the value 6.8 as well as the water has
been changed every three days with the same filling and
emptying flow to ensure good oxygenation of
environment culture of Azolla. Fertilizer addition to the
fresh pond water was according to treatment,
The experimental design was adopted at one factor
of NPK fertilizer with three rates (figure 1) 0-0-0
(FU00) ; 15-15-15 plus TE (FU15) and 20-20-20 plus
TE (FU20).

FU20

Fig. 1 Experimental design under green housse of Naâma university center.

Fresh biomass weight was determined by taking the
plants out of the ponds and carefully blotting them dry
on a paper towel before weighing them in (g).
Doubling time (d) and Relative growth rate (g/g/d)
were calculated using the formula reported by Badayos
(1989) and Hechler and Dawson (1995), respectively.
𝟎.𝟔𝟗 𝐭
Dt =
𝐈𝐧 𝐀𝐟/𝐀𝟎

where: Af: final biomass Ao: initial biomass t =
growth period
RGR1-2 = ln mass2 – ln mass1/T2 – T1
Chlorophyll content was determined according to the
method developed by Coombs et al (1985). It is carried
out in the mixture of acetone and ethanol (75% and 25%)
in volume and 80% and 20% in concentration. An
amount of 0.01 g of fresh leaf samples is added 10 ml of
a mixture of acetone and ethanol of volumes
Respectively 75 and 25% with two concentrations of 80
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and 20%. After 10 min of centrifugation at 5000 rpm at
4 ° C., Spectrophotometric reading was taken at 645 and
663 nm wavelengths. Data were assessed in formulate:
Chl a = 12,7x DO (663) – 2,59x DO (645) x V/
(1000x W).
Chl b = 22,9 x DO (645) – 4,68 x DO (663) x V/
(1000x W). Total Chl = Chl a + Chl b
V: volume extracted solution, and W the weight of
fresh material of the sample. The Unit of Chlorophyll is
μg/g FW.
The experiment was arranged in a completely
randomized design with four replications. The level of
significance for ANOVA was set at p˂ 0.05. The Data
were subjected to analyses using STATISTICA 8.
Unless otherwise stated, values shown are means ± SD.
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RESULTS
Biomass
The illustration of results in figure 2a reveals that the
biomass was important in the plants which are in the
cultivation solutions FU 15 and FU 20 with values 39.68
and 37.93 g progressively. However, the lowest biomass
values of Azolla caroliniana Willd were recorded in
plants grown in a hydroponic solution of FU00, with 40
g.

Doubling time and relative growth rate
The results obtained are illustrated in figure 2 b and
c, showing that the highest value of the maximum
relative growth rate reached 0.10 g/g/d which
corresponded to 7.35 days of doubling and in most of
the Azolla caroliniana cultivated in the solution of
FU15, As the plants grew, the growth rate slowed down
more severely in FU00 with 0.07 g/g/d corresponding a
doubling time of 11.12 days.
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Fig. 2 Effect of fertilizer units (FU) on growth parametrs of Azolla caroliniana Willd. (a) Biomass ; (b) Relative growth
rate (RGR) and (c) Doubling time.

Chlorophyll content
The analysis of the ANOVA at the threshold of a
probability p<0.05 shows a significant effect of NPK
fertilizer (FU) on the content of chlorophyll (a) in the
leaves of Azolla caroliniana (p=0.0012). In fact, the
highest content of this pigment was recorded in the
subjects cultivated in the solution enriched by FU15
with an average of 6.4 μg/g FW. While the plants which
are in the culture mixture FU00 and FU20 reached 3 and
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4.88 μg/g FW of chlorophyll (a) in the leaves of Azolla
(figure.3a).
The applied fertilizers FU15 and FU20 reported
significant effects (p<0.05) on chlorophyll (b) in the
leaves of Azolla. Indeed, the chlorophyll b amount of the
Azolla was increased in the FU15 and FU20. The
highest values were observed in the plants found in the
solution treated with FU20 compared to control batch
(figure.3b).
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Fig. 3 Effect of Fertilizer units (FU) on chlorophyll of Azolla caroliniana Willd. Chlorophyll (a) content; (b): Chlorophyll (b)
content; (c): Total chlorophyll content.

The analysis of the variance at the threshold of an
error p ˂ 0.05 of the effect of fertilizer units (FU) on the
total chlorophyll in the leaves of the Azolla caroliniana
Willd shows a highly significant effect (P = 0, 00449),
this pigment of plants was proportional to the fertilizers.
Indeed, the FU00 (the control plants) caused a
significant decrease in total chlorophyll compared to
Azolla cultivated in FU15 where the pigment reached its
minimum of 10.58 μg/g FW (figure 3c).

Table 1 and the illustration of figures 4 (a, b, c and
d), shows the correlations at p ˂ 0.05 between the
parameters studied under the effect of the fertilizer units
NPK (FU). We note positive and significant correlations
between total chlorophyll and RGR and biomass with r
= 0.62 and 0.5 respectively. However, the doubling is
negatively and significantly correlated with RGR and
Azolla biomass, ie r = 0.93 and r = 0.86 progressively.
On the other hand, the NPK (FU) factor is positively
correlated with chlorophyll b and total with the values
of r ie 0.63 and 0.59 respectively.

Correlation between parameters and factors

Biomass = 23,794 + 1,5742 * Ch (Tot)
Correlation: r = ,63827

Ch (Tot) = -195,6 + 2,0002 * NPK
Correlation: r = ,60592
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Dt

Biomass = 15,880 + 254,81 * RGR
Correlation: r = ,97796

= 14,778 - ,6897 * Ch (T ot)
Correlation: r = -,5517
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Fig. 4 Correlation between pair of variables.
a :Correlation between chlorophyll and NPK (FU) ; b : Correlation between biomass and chlorophyll ; c :Correlation
between doubling time and chlorophyll ; d : Correlation between biomass and relative growth rate. Dt : doubling time ;
RGR : relative growth rate, Ch(tot) : Total chlorophyll ; r : correlation coefficient.
Table 1
Correlations between each pair of variables
Variable
NPK

StDev.
0.85

NPK
1.00

Ch(a)
0.43

Ch(b)
0.63

Ch(tot)
0.59

Dt
-0.32

RGR
0.30

Biomass
0.2

Ch (a)
0.15
0.43
1.00
0.49
0.92
-0.44
0.51
0.4
Ch (b)
0.10
0.63
0.49
1.00
0.79
-0044
0.59
0.6
Ch (Tot)
0.22
0.59
0.92
0.79
1.00
-0.51
0.62
0.5
Dt
3.52
0.32
-0.44
-0.44
-0.51
1.00
-0.93
-0.86
RGR
0.03
0.30
0.51
0.59
0.62
-0.93
1.00
0.98
Biomass
6.94
0.28
0.46
0.60
0.59
-0.86
0.98
1.00
Significant values at : p < 0.05, (n = 36). Data showed the correlation coefficients (r) and probability (p) between each
pair of variables. In bold significant correlation ; RGR : relative growth rate ; Dt : doubling time, Ch(tot) : Total chlorophyll.

DISCUSSIONS
The result of this study showed that fertilizer unit
FU 15 significantly increased the biomass and relative
growth rate of Azolla caroliniana Willd compared to
batches of plants. Application of phosphorus increased
the growth, biomass and Nz-fixation of Azolla (Singh et
al., 1990). The phosphorus-enriched Azolla maintained
higher plant phosphorus content and produced a greater
biomass and nitrogen yield than the unenriched Azolla.
Application of phosphorus during intercropping
significantly increased the dry weight (Singh, 2008). Liu
(1985) showed that 1g Azolla biomass is able to take up
about 70% of K from 800 ml of culture solution
containing 0.85 ppm K 2 O in 1 d. This may be
considered the physiological critical point of Azolla’s K
requirement. Ehab and Abdel-fatah (2020) reported that
the fertilized treatments (organic et inorganic) were
associated with an increase in biomass compared with
the control group, with the highest values occurring with
the organic treatment. growth increased following
treatment with organic and inorganic fertilizers of
Azolla Sp. Against, we noted an increase the doubling
time in control group but when enrich of culture solution
with NPK, this parameter decreases significantly.
The maximum content of chlorophyll in Azolla
caroliniana Willd samples occurred in the lots grown in
the hydroponic solution enriched with NPK 15-15-15
(FU15), while the minimum value of this pigment was
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found in the control treatment group and NPK 20-20-20
(FU20) respectively. Ren et al. (2017) showed that with
an increase in plant density, chlorophyll (a) and (b)
contents significantly decreased, leading to a decreased
photosynthetic rate during plant growth. These results
are similar to those obtained for this study. Fertilization
increases chlorophyll, nutrient contents (N and P),
biochemical composition, and growth rate of Azolla
species. Adding, fertilizers to Azolla sp. enhances its
nutrition value (Temmink et al., 2018).
CONCLUSION
From the results, it is concluded that Azolla
caroliniana Willd can grow quite well in treated NPK
15-15-15, having chlorophyll content and growth rates
and biomass great enough to encourage its utilization.
Indeed, as Azolla caroliniana presents some interest for
its use as an economical and sustainable crop given its
high biomass under the effect of NPK 15-15-15 in
hydroponics. Moreover, fodder rich in proteins, it would
be more advantageous to carry out an in-depth research
on the association of this fern with other fodder steppe
plants to reach the ideal and balanced ration in particular
in the Sheep, and the dairy cattle breeding.
AUTHORS CONTRIBUTIONS
Nouri Tayeb: Supervisor and Laboratory
manipulation, methodology construction; Bouyahia

197

Nouri T., Bouyahia H., Amari Z., Arbaoui D., Mekhloufi M. B., Badji A.

Hadj: Proposition of the studied species and
problematic; Amari Zahira and Arbaoui: Laboratory
manipulation and monitoring the evolution of the
species “Azolla” in the greenhouse; Mekhloufi Moulay
Brahim and Badji Abderrezak: Data validation,
statistical analyzes and proofreading.
FUNDING
No source of funding has been provided for this
study.
CONFLICT OF INTEREST
The authors declare no conflict of interest.
REFERENCES
Azab E, Soror A F S, Physiological Behavior of the
Aquatic Plant Azolla sp. In response to Organic
and Inorganic Fertilizers. Plants, 9(7), 924, 2020.
Badayos R B, Azolla : Its Culture, Management and
Utilization in the Philippines. In Philippine
Azolla Extension Program ; National Azolla
Action Program : Los Baños, Philippines, pp.
275–282. 69, 1989.
Brouwer P, Bräutigam A, Buijs V A,Tazelaar A O van
der Werf A, Schlüter, U, Schluepmann H,
Metabolic adaptation, a specialized leaf organ
structure and vascular responses to diurnal N2
fixation by Nostoc azollae sustain the astonishing
productivity of Azolla ferns without nitrogen
fertilizer. Frontiers in plant science, 8, 442, 2017.
Brouwer P, Schluepmann H, Nierop K G, Elderson J,
Bijl P K,van der Meer I, van der Werf A,
Growing Azolla to produce sustainable protein
feed: the effect of differing species and CO2
concentrations on biomass productivity and
chemical composition. Journal of the Science of
Food and Agriculture, 98(12), 4759-4768, 2018.
Cohen-Shoel N, Barkay Z, Ilzycer D, Gilath I, Tel-Or E,
Biofiltration of toxic elements by Azolla
biomass. Water, air, and soil pollution, 135(1-4),
93-104, 2002.
Coombs J, Hind G, Leegood RC, Tieszen LL, Vonshak
A, Analytical Techniques. In : Techniques in
Bioproductivity and photosynthesis 2nd edition.
(Eds) J. Coombs, D.O. Hall, S.P. Long and
J.M.O. Scurlock. pp. 219-220, Pergamon
Press,1985.
Gouri M D, Sanganal J S, Gopinath, C R, Kalibavi C M,
Importance of azolla as a sustainable feed for
livestock and poultry-A review. Agricultural
Reviews, 33(2), 93-103, 2012.
Hasan M R, Chakrabarti R, Use of algae and aquatic
macrophytes as feed in small-scale aquaculture :
A review. FAO Fisheries and Aquaculture
technical paper, 531. FAO, Rome, Italy,2009.
Hechler W D, Dawson JO, Factors affecting nitrogen
fixation in Azolla caroliniana. Transactions of
the Illinois State Academy of Science, 88, 97–
107, 1995.
Hossiny H, Setoudeh M, Rokni H, Dehghanzadeh H,
Cheraghcheshm M, Using of silage azolla in
Guilan male calves nutrition. Proceedings of
Third National Congress of Recycling and Reuse

198

of Reneweable Organic Resources in Agriculture
Islamic Azad University, Khorasgan branch
(Isfshan) Agricultural faculty, waste and water
research centre. 2008.
Hung N V P, Watanabe S, Ishikawa S, Ohtake N K,
Sueyoshi T, Sato S, Ishii S. Fujimaki T, Ohyama
Q, Quantitative analysis of the initial transport of
fixed nitrogen in nodulated soybean plants
using 15N as a tracer, Soil sciences and plant
nutrition, 59 (6) (2013), pp. 888- 895, 2013.
Lejeune A, Cagauan A, Van Hove C, Azolla research
and development : recent trends and
priorities. Symbiosis, 1999.
Linhuo Y, Studies on the effects of NPK on the growth
of new varieties of Azola and the
technique, scientia Agricultura Sinica, 4, 1986.
Liu G W, Wei G, Zhin B, Weng, and Zhang Y, Study on
the potassium enriching physiology of Azolla.
Scientia Agricultura Sinica, 4 :82-87,1982.
Lumpkin T A, Assessing the potential for Azolla use in
the
humid
tropics. International
Rice
Commission Newsletter (FAO), 1984.
Maejima K, Kitoh S, Uheda E and Shiomi N, Response
of 19 Azolla strains to a high concentration of
ammonium ions. Plant and Soil, 234 :247–252,
2001. Mashkani S G, Ghazvini P T M
Biotechnological potential of Azolla filiculoides
for biosorption of Cs and Sr : Application of
micro-PIXE
for
measurement
of
biosorption. Bioresource
technology, 100(6),
1915-1921, 2009.
Nedumaran B, Velan M, Removal of copper (II) ions
from aqueous solutions by Azolla rongpong:
batch and continuous study. Journal of
environmental science and engineering, 50(1),
23, 2008.
Rakhshaee R, Khosravi M, Ganji M T, Kinetic modeling
and thermodynamic study to remove Pb (II), Cd
(II), Ni (II) and Zn (II) from aqueous solution
using dead and living Azolla filiculoides. Journal
of
Hazardous
materials, 134(1-3),
120129,2006.
Ren B, Liu W, Zhang J, Dong S, Liu P, Zhao B, Effects
of plant density on the photosynthetic and
chloroplast characteristics of maize under highyielding conditions. Sci. Nat, 104,2017.
Singh P K, Bisoyi R N, Singh R P, Collection and
germination
of
sporocarps
of
Azolla
caroliniana. Annals of Botany, 66(1), 51-56.
1990.
Singh S S, Upadhyay R S, Mishra A K, Physiological
interactions in Azolla Anabaena system adapting
to
the
salt
stress. Journal
of
Plant
Interactions, 3(3), 145-155. 2008.
Sood A, Uniyal P L, Prasanna R, Ahluwalia A S,
Phytoremediation
potential
of
aquatic
macrophyte, Azolla. Ambio, 41(2), 122-137,
2012.
Stewart A K, Boyd C A R, Vaughan-Jones R D, A novel
role for carbonic anhydrase : cytoplasmic pH
gradient dissipation in mouse small intestinal
enterocytes. The Journal of Physiology, 516(Pt
1), 209, 1999.
Studia Universitatis “Vasile Goldiş”, Seria Ştiinţele Vieţii
Vol. 30, issue 4, 2020, pp. 193 - 199
© 2020 Vasile Goldis University Press (www.studiauniversitatis.ro)

Growth and biochemical response of Azolla caroliniana Willd to soluble NPK fertilizers

Temmink R J, Harpenslager S F, Smolders A J, van Dijk
G, Peters R C, Lamers L P, Van Kempen M M,
Azolla along a phosphorus gradient : biphasic
growth response linked to diazotroph traits and
phosphorus-induced iron chlorosis. Scientific
reports, 8(1), 1-8 ,2018.
Umali L J, Duncan J R, Burgess J E, Performance of
dead Azolla filiculoides biomass in biosorption of
Au
from
wastewater. Biotechnology
letters, 28(1), 45-50, 2006.
Van der Werf A, Geerts RHEM, Jacobs FHH, Korevaar
H, Oomes MJM and De Visser W, The
importance of relative growth rate and associated
traits for competition between species during
vegetation succession, in Inherent Variation in
Plant Growth. Physiological Mechanisms and
Ecological Consequences, ed. By Lambers H,
Poorter H. and Van Vuuren MMI. Backhuys,
Leiden, pp. 489–502, 1998.
Van Hove C, Lejeune A, Does Azolla have any future in
agriculture ? In : Biological Nitrogen Fixation
Associated with Rice Production (Rahman M,
Podder AK, Van Hove C, Begum ZNT, Heulin T
and Hartmann A eds.) Kluwer Academic
Publishers, pp. 83-94,1996.

Studia Universitatis “Vasile Goldiş”, Seria Ştiinţele Vieţii
Vol. 30, issue 4, 2020, pp. 193 - 199
© 2020 Vasile Goldis University Press (www.studiauniversitatis.ro)

199

