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Abstract
The inadequate disposal of liquid effluents from large-scale nutrient-loaded cultures, aiming at carbon dioxide fixation and/or bio
products, can cause eutrophication in aquatic systems. In search of an ecologically satisfactory and economically viable solution to this
problem, we tested algal cultures as fertilizers in the production of lettuce in hydroponic systems, employing the Nutrient Film Technique
(NFT). Hydroponic commercial solution and modified LC Oligo medium were used as culture media for microalgae and hydroponic systems
supply. The freshwater Chlorophyceae Chlorella vulgaris was chosen as experimental organism due to its high growth rate, competitivity
and tolerance to a variety of environmental conditions. Lettuces attained highest average values of dry and wet mass when grown in normal
hydroponic solution (control) and a 50% dilution of this medium, including microalgae. None of four different hydroponic systems showed
significant differences between alga-free control and experimental treatments, indicating the absence of toxicity from C. vulgaris cultures.
Despite the low lettuce production due to nutritional deficiency, as observed with LC Oligo medium, investment in C. vulgaris cultures as
biofertilizers in hydroponics would be advantageous not only for the recovery of waste to generate usable biomass, but also for the reduction
of nutrient concentrations in the effluent.

Keywords: Microalgae, Eutrophication, Hydroponics, Lettuce
Introduction
One of the topics discussed most nowadays is the worrying issue of global warming. Records from the Mauna Loa
Observatory (NOAA, 2014) show that the global concentrations of carbon dioxide, the main anthropogenic greenhouse gas,
increased from an estimated 280 ppm, in the pre-industrial period, to approximately 400 ppm in 2013. If CO2 emissions
continue unrestrictedly, we should expect a rise of more than 2 ºC in the average world surface temperature by 2100 (IPCC,
2013), which would have irreversible impact on the environment.
The culture of microalgae in photobioreactors has yielded promising results in the search for ways of removing
atmospheric carbon dioxide (CO2). Recognized for their high photosynthetic efficiency, tolerance to extreme environments
and adaptability to intensive cultures, microalgae can be very efficient in the fixation of atmospheric CO2 (Kurano et al.,
1995; Benemann et al., 2003). Species from various genera, such as Chlorella (Chlorophyceae), stand out for this purpose
mainly for their high growth rate. It is known that Chlorella sp., when grown in open pond reactors and fed with air
containing 6-8% CO2, can reach an efficiency of gas removal up to 50% (Kumar et al., 2010). For its strength and
competitivity, C. vulgaris Beijerinck is one of the best-studied species, with great potential for practical application. Ohse et
al. (2009) demonstrated the presence of high levels of protein in C. vulgaris biomass, which suggests its use in the economic
sector of food supplementation. Also promising are the potential profits from algal biomass in biofuel production (Chisti,
2007; Singh and Gu, 2010), especially in view of the lipid production by several species of microalgae, including C. vulgaris,
which contributes to the reduction of atmospheric CO2.
In spite of the aforementioned benefits, large-scale algal cultivation, like any other industrial process, generates
wastes, for which a proper destination is required if the activity is to be ecologicaly correct and clean. Besides dissolved and
particulate organic materials (Lombardi and Vieira, 2000), the liquid effluent contains large amounts of unused nutrients,
especially nitrogen and phosphorus, which can lead to eutrophication of rivers and lakes if discharged into the environment
(Smith et al.,1999). The biosustainable solution to this problem would be to invest in new commercially viable production
process, capable of consuming the effluent.
One possibility is to reuse the culture waste as a medium for hydroponics, a crop cultivation technique that does not
require soil as substrate. Besides doing without the selection and preparation of an appropriate soil, hydroponics has many
other advantages, such as the thermal control of the nutrient solution and plant root system, more effective utilization of
water and nutrients, the smaller areas required for cultivation and the ease of mechanization and disease control (Jensen,
2002; Cometti et al., 2013).
Lettuce (Lactuca sativa L.) is among the most frequently cultivated vegetables in hydroponic systems. Advantageous
for its easy handling and short production cycle (Gualberto et al., 1999), it is also regarded as a bio-indicator species in the
detection of allelopathic substances released by other organisms. It is, indeed, an excellent choice for testing the possible
existence of toxicity in secondary metabolites or other products synthesized by C. vulgaris.
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Our goal was to assess the hydroponic production of L. sativa var. Grand Rapids employing two types of C. vulgaris
cultures as nutrient growth media: one with standard laboratory medium, suitable for microalgae cultivation, and the other
with a basic commercial hydroponic solution.
Materials and Methods
The experiments were performed in the Alga Biotecnology Laboratory and in the greenhouse of the Botany
Department at Federal University of São Carlos, São Carlos (SP, Brazil). The two nutrient media tested were the hydroponic
solution proposed by Hoagland and Arnon (1950) (Table 1) and the LC Oligo medium (AFNOR, 1980) (Table 2), both
adapted. LC Oligo medium was chosen because it yields high C. vulgaris productivity, in terms of cell density, and costs less
than other known culture media (Chia et al., 2013). The hydroponic Nutrient Film Technique (NFT), proposed by Cooper
(1976), was adopted, since it has been proved to be a viable alternative for domestic wastewater treatment, capable of better
nutrient concentration and assimilation than other conventional systems (Jewell et al., 1983).
Table 2. Chemical composition of LC Oligo modified culture
medium, prepared in distilled or dechlorinated water.
Adapted from AFNOR (1980)
Table 1. Chemical composition of the hydroponic solution,
prepared in distilled water for laboratory cultures and in
dechlorinated water for greenhouse cultures. Adapted from
Hoagland and Arnon (1950)

Components
Ca(NO3)2
KNO3

Concentration
(mol L-1)
3.9 x 10

-3

3.96 x 10

MgSO4

2.82 x 10

(NH4)H2PO4

6.95 x 10

Fe-EDDHMA
(C18H16N2O6FeNa)
Micronutrients(KSC
Mix®)

2.3 x 10

-3

-3

-4

Components

Concentration
L-1)

NaNO3*

9.4 x 10

NH4NO3*

1 x 10

Ca(NO3)2 . 4 H2O

3.4 x 10

MgSO4 . H2O

2.4 x 10

K2HPO4

4.6 x 10

CuSO4 . 5 H2O

1.2 x 10

-4

-3
-4
-4
-4
-7

(NH4)6Mo7O24 . 4
-8
4.8 x 10
H2O
-7

ZnSO4 . 7 H2O

2 x 10

CoCl2 . 6 H2O

2.52 x 10

Mn(SO4) . H2O *

2.4 x 10

H3BO3

9.8 x 10

FeCl3 . 6 H2O

6.28 x 10

FeSO4 . 7 H2O

4.48 x 10

C6H5FeO7 .5 H2O

5.8 x 10

NaHCO3

3.58 x 10

-5

6.15 x 10-6

(mol

-7

-7
-7
-6
-6

-6
-4

* Components not included in original medium

C. vulgaris culture
To adjust the concentration of hidroponic solution for microalgae growth, preliminary test cultures in four different
dilutions of hydroponic solution (25%, 50%, 75% and 100%) made in distilled water was carried out in 250 mL Erlenmeyer
flasks under controlled temperature (25 °C ± 1 °C) and light intensity (170 μmol m-2 s–1 PAR) conditions. The best result was
chosen for the 20 L cultures grown in closed photobioreactors, with maximum values of 30 L capacity and 18 days duration.
Artificial illumination was provided by 170 μmol m-2 s–1 fluorescent lamps (12:12 h light:dark photoperiod). Initial pH values
for both media were adjusted to 7.0. The monitoring of photobioreactors was conducted on alternate days. Samples (2 mL)
were collected for the determination of algal growth by cell counting in a Fuchs-Rosenthal chamber under the optical
microscope (Leica, DM 1000, Germany).
The cultures were grown in two fed-batch systems (one with LC Oligo medium, the other with the best diluted
hydroponic solution). Both inocula, with 6 L of nutritive medium and 20 mL of C. vulgaris culture (104 cells mL-1), were
divided into three portions of 2 L each on reaching the exponential growth phase. Each portion was used to inoculate 8 L of
nutritive medium. The approximate initial cell density was 105 cells mL-1. The cultures in two of the three photobioreactors,
initially maintained under controlled laboratory conditions, received 10 L more of pure medium and were moved to a
greenhouse under semi-controlled conditions. Once exponential growth was reached, the two 20 L cultures for each treatment
were mixed, for subsequent use in hydroponics.
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Hydroponic experiments
Hydroponics was performed in four different systems, in which the following media were used: LC Oligo with algae
(OA), hydroponic solution with algae (HSA) and, as controls, pure LC Oligo without algae (O) and hydroponic solution
without algae (HS).
Initially, 280 seeds of L. sativa were placed to germinate in phenolic foam cubes (2 x 2 x 2 cm), soaked with HS.
This first stage was named the seed nursery (Figure 1a). The transplant to the main system was carried out five days after
sowing. From then on, the solutions with/without algae, for the four treatments described above, began to be used for
irrigation. The main hydroponic system (Figure 1b) consisted of three pipes for intermediate cultivation, with nineteen holes
for the initial growth of lettuce seedlings, and three wider growing tubes with seven holes, to which only the seedlings that
had developed best during the intermediate stage were moved. Eventually, 21 test organisms were produced in each of the
four systems.

Figure 1. NFT hydroponic system used for lettuce production. (a) Seed nursery, with seeds sown in cubes of phenolic foam (dark arrow).
The nutritive solution flows through the inclined channels on the lid of the box and returns to the bucket (light arrow), where it is stored and
drawn back again into the system by a submerged motor pump; (b) Main system, with similar functioning, with three intermediate growth
tubes (smaller black arrows), alternated with three growing tubes (larger white arrows), wider and with fewer holes for the plants. A single
collecting pipe conducts the nutritive solution back to the tank

Dechlorinated tap water was added on alternate days to each hydroponic medium, to complete the volume to 40 L.
Both media components were replaced as indicated by the difference in electrical conductivity between the appropriate
standard value (550 µS/cm for OA and O, 950 µS/cm for HSA and 1500 µS/cm for HS) and the measured value. Controled
pH was maintained at 6.0 to 7.0. A submerged motor pump (SarloBetter, S300), regulated by a timer was set to start
irrigation at 6:00 am and stop at 8:00 pm, with alternating intervals of 15 min flow and 15 min stop, to create the laminar
flow in each of the four systems during daytime. At night, irrigation occurred every 4 hours, lasting only 15 minutes. Average
temperature in the greenhouse was 27.4 ºC, with 13 h day length (400 μmol m-2 s–1 PAR). The numerical counting of algal
cells in the Fuchs-Rosenthal chamber under the microscope was also used to follow the proliferation of other species in the
photobioreactors coupled to the hydroponic systems. These experiments lasted 35 days. After harvest, dry and wet masses of
the aerial parts and root system of lettuces were determined on an electronic scale (Gehaka, BG 1000), accurate to 0.01 g.
Statistical analysis
The results obtained from the hydroponics experiments were analyzed statistically with R computer package (R Core
Team, 2014). ANOVA, complemented by Tukey HSD test, was applied to parametric data, while the Kruskal-Wallis nonparametric test, followed by Dunn's test, was used in the absence of normal data (Zar, 1999). The program Origin 8.5
(OriginLab Corporation, Northampton, MA, USA) was used to elaborate graphs. The wet and dry masses of aerial parts and
root systems of individual plants were compared with respect to production homogeneity within each of the hydroponic
treatments and among the four tested systems.
Results and Discussion
The results for wet and dry biomass showed significant differences among the four systems (Figure 2) in relation to
lettuces growth kept in LC Oligo medium and hydroponic solution. The 50% dilution of HSA was found to be the most
favorable to algal growth in pretesting. This treatment resulted in greater development of L. sativa, with individuals reaching
an average fresh weight of the aerial part of 45.86 g ± 23. This biomass was statistically equivalent to that obtained by
cultivation in standard commercial medium HS (45.77 g ± 18.7). Although LC Oligo medium is favorable to the cultivation
of C. vulgaris, it could not satisfy all the nutritional needs of L. sativa. On the other hand, C. vulgaris adapted well to the
diluted hydroponic solution, which makes this medium a plausible choice for large-scale production of this microalgae with
the advantage of lower cost than traditional microalgae culture media.

90

J. Algal Biomass Utln. 2015, 6 (1): 88- 94
ISSN: 2229 – 6905

Microalgae and hydroponics: a clean biotechnological alternative

Figure 2. Average biomass of the lettuces for each hydroponic treatment: LC Oligo medium with algae (OA) and pure (O), hydroponic
solution (diluted 50%) with algae (HSA) and pure (HS). (a) Fresh biomass of the aerial part, (b) fresh biomass of the root system, (c) dry
biomass of the aerial part and (d) dry biomass of the root system

Statistical analysis indicated homogeneity of production among individuals under the same treatment, by comparing
the three growing tubes of the system, which produced similar masses of lettuces. The biomass was statistically equal in the
OA and O treatments, as it was in HSA and HS. Thus, we assume there was no interference of the C. vulgaris algal mass in
the development of L. sativa. The absence of toxicity was indeed a beneficial result, since there have been reports of the
production of growth inhibitors such as chlorellin by C. vulgaris, able to impede, for instance, the proliferation of other
species of microalgae and zooplanctonic organisms (Fergola et al., 2007, Taub and Dollar, 1964).
The microfiltration of this alga-bearing hydroponic supply solution is therefore neither necessary nor recommended,
since the continued presence of C. vulgaris can help, together with the lettuce, to reduce the concentration of left-over
nutrients in the culture resulting from large-scale industrial production. The high adaptability of this microalga enables it to
grow autotrophically, heterotrophically or even mixotrophically (Seyfabadi et al., 2011), depending on the conditions of the
medium surrounding it. The main evidence of the potential of C. vulgaris in the cleaning of liquid effluents comes from
reports of its important contribution to the treatment of urban wastewater, especially for the removal of nitrogen and
phosphorus (Tam et al., 1994; Lau et al., 1996; Sreesai and Pakpain, 2007; Ruiz et al., 2011).
Microscopic analysis of culture samples showed that the HSA hydroponic solution resulted in the lowest levels of
contamination throughout the experiment (data not shown). The contamination of large scale microalgal cultures is common,
this being an inevitable problem in open cultures (Andersen, 2005). High contamination by Chlamydomonas spp.
(Chlorophyceae) was found in LC Oligo medium, increasingly after the first half of the crop cultivation period. Similar
results were obtained by de Schwarz and Gross (2004), who observed that algae of the Chlamydomonas genus are commonly
present in closed hydroponic systems. Despite efforts to prevent contamination, the same authors highlighted beneficial
effects offered by the algae, such as the prevention of anaerobiosis in the plant root system thanks to the oxygen produced by
photosynthesis, and the release of plant growth-regulating hormones, such as auxins, that may be produced by microalgae
(Mazur et al., 2001).
In an experiment that was the inverse of ours, Bertoldi et al. (2009) tested and demonstrated the viability of culturing
C. vulgaris in wastewater from hydroponics, with the intention of incorporating unused nutrients into the algae biomass for
further use in various applications, such as supplementation of fish food in aquiculture. The possibility of using organic
effluents to promote microalgae culture is practicable in several areas and can help, apart from mitigating atmospheric CO2,
to lower the costs of biofuel production, which are still high compared to those of petroleum (Razzak et al., 2013).
Figure 3 summarizes the two best known and targeted goals of microalgal culture. Hydroponics may be proposed as a
third goal, related to the reuse of waste generated by these cultures. Even if the plant biomass resulting from microalgaeproduced hydroponics does not surpass that produced with the standard commercial nutrient solution, this activity remains a
worthwhile initiative for its contribution to the reduction of eutrophication in surface waters. The economic benefits come not
only from the sale of the vegetables, but also from the reduction in the costs of preparation of the hydroponic medium, given
the utilization of a waste dispensed by industry. New toxicity tests will be needed for other species of microalgae, but the
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principle of hydroponic application, together with projects for CO2 fixation and the development of products from algal
biomass, is a novel project that deserves investment.

Figure 3. Diagram of possible environmental and economic benefits derived from the culture of microalgae. The utilization of the waste to
hydroponics offers both of these: it avoids the eutrophication of the natural environment and provides a profit to the plant producer

Conclusions
The viability of the algal effluent produced with hydroponic solution (HSA) as a nutrient solution in the production of
lettuce was clearly demonstrated. Moreover, its performance in terms of algal growth was similar to that with LC Oligo
medium, proving that it can be advantageously coupled with photobioreactors in the cultivation of microalgae. Independent
of the cultivation medium used, it was demonstrated that the presence of C. vulgaris in nutritive solutions did not interfere
with the germination and development of L. sativa, which makes hydroponics a low-cost and ecologically viable destination
for the waste from large-scale culture of this species of microalgae.
Acknowledgments
The authors are grateful to Dr Maristela Imatomi, who kindly assisted with the statistical analysis, and to Dr Odete
Rocha, for valuable suggestions in the elaboration of this manuscript. We also acknowledge the São Paulo State Research
Aid Foundation (FAPESP Grant no. 2008/03487-0) and Braskem S.A. for the scholarship and financial support.
References
AFNOR (Association Française de Normalisation) Norme experimentable T90-304: essais des eaux; determination de
l’inhibition de Scenedesmus subspicatus par une substance. Paris, 1980
Andersen R.A. 2005 Algal Culturing Techniques. Elsevier Academic Press, Amsterdam, 578p
Bertoldi F.C., Sant'Anna E. and Barcelos-Oliveira J.L. 2009 Chlorella vulgaris cultivated in hydroponic wastewater. Acta
Hort. 843:203–210
Benemann J.R., Van Olst J.C., Massingill M.J., Carlberg J.A., Weissman J.C. and Brune D.E. 2003 The controlled
eutrophication process: using microalgae for CO2 utilization and agricultural fertilizer recycling, In Greenhouse Gas Control
Technologies, 6th International Conference: 1433–1438
Cooper A. 1976 Nutrient film technique for growing crops. Grower Books, London
Cometti N.N., Bremenkamp D.M., Galon K., Hell L.R. and Zanotelli M.F. 2013 Cooling and concentration of nutrient
solution in hydroponic lettuce crop. Hort. Bras. 31:287–292
Chia M.A., Lombardi A.T. and Melão M.D.G.G. 2013 Growth and biochemical composition of Chlorella vulgaris in
different growth media. An. Acad. Bras. Cienc. 85:1427–1438
Chisti Y. 2007 Biodiesel from microalgae. Biotech. Adv. 25:294–306

92

J. Algal Biomass Utln. 2015, 6 (1): 88- 94
ISSN: 2229 – 6905

Microalgae and hydroponics: a clean biotechnological alternative

Fergola P., Cerasuolo M., Pollio A., Pinto G. and DellaGreca M. 2007 Allelopathy and competition between Chlorella
vulgaris and Pseudokirchneriella subcapitata: experiments and mathematical model. Ecol. Model. 208:205–214
Gualberto R., Resende F.V. and Braz L.T. 1999 Competição de cultivares de alface sob cultivo hidropônico ‘NFT’ em três
diferentes espaçamentos. Hort. Bras. 17:00
Hoagland D.R. and Arnon D.I. 1950 The water-culture method for growing plants without soil. California Agricultural
Experiment Station, 347, 32 pp.
IPCC, 2013: Summary for Policymakers. In: Climate Change 2013: The Physical Science Basis. Contribution of Working
Group I to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge University Press,
Cambridge, United Kingdom and New York, NY, USA
Jensen M.H. 2002 Hydroponics worldwide - A technical overview. Proceedings of the Greenhouse Crop Production and
Engineering Design Short Course, The University of Arizona, Controlled Environment Agriculture Center. Paper #E12593303-02
Jewell W.J., Madras J.J., Clarkson W.W., DeLancey-Pompe H. and Kabrick R.M. 1983 Wastewater treatment with plants in
nutrient films. Report PB83-247-494, US Environmental Protection Agency, Ada, Oklahoma.
Kumar A., Ergas S., Yuan X., Sahu A., Zhang Q., Dewulf J., Malcata F.X. and van Langenhove H. 2010 Enhanced CO2
fixation and biofuel production via microalgae: recent developments and future directions. Trends Biotechnol. 28:371–380
Kurano N., Ikemoto H., Miyashita H., Hasegawa T., Hata H. and Miyachi S. 1995 Fixation and utilization of carbon dioxide
by microalgal photosynthesis. Energy Convers. Manag. 36:689–692
Lau P.S., Tam N.F.Y. and Wong Y.S. 1996 Wastewater nutrientes removal by Chlorella vulgaris: optimization through
acclimation. Environ. Technol. 17:183–189
Lombardi A.T. and Vieira A.A.H. 2000 Copper complexation by Cyanophyta and Chlorophyta exudates. Phycol. 39:118–125
Mazur H., Konop A. and Synak R. 2001 Indole-3-acetic acid in the culture medium of two axenic green microalgae. J. Appl.
Phycol. 13:35–42
NOAA (National Oceanic and Atmospheric Administration) 2014 Recent Monthly Average Mauna Loa CO2. Available at:
http://www.esrl.noaa.gov/gmd/ccgg/trends/index.html.
Ohse S., Derner R.B., Ozório R.A., Braga M.V.C., Cunha P., Lamarca C.P. and Santos M.E. 2009 Produção de biomassa e
teores de carbono, hidrogênio, nitrogênio e proteína em microalgas. Ciênc. Rural 39:1760–1767
Razzak S.A., Hossain M.M., Lucky R.A., Bassi A.S. and de Lasa H. 2013 Integrated CO2 capture, wastewater treatment and
biofuel production by microalgae culturing – A review. Renew. Sustain. Energy Rev. 27:622–653
R Core Team 2014. R: A language and environment for statistical computing. R Foundation for Statistical Computing,
Vienna, Austria. Available at: http://www.R-project.org/
Ruiz J., Alvarez P., Arbib Z., Garrido C., Barragan J. and Perales J.A. 2011 Effect of nitrogen and phosphorus concentration
on their removal kinetics in treated urban wastewater by Chlorella vulgaris. Int. J. Phytorem. 13:884–896
Schwarz D. and Gross W. 2004 Algae affecting lettuce growth in hydroponic systems. J. Hortic. Sci. Biotech. 79:554–559
Schwarz D., Grosch R., Gross W. and Hoffmann-Hergarten S. 2005 Water quality assessment of different reservoir types in
relation to nutrient solution use in hydroponics. Agric. Water Manag. 71:145–166
Seyfabadi J., Ramezanpour Z. and Amini Khoeyi Z. 2011 Protein, fatty acid, and pigment content of Chlorella vulgaris under
different light regimes. J. Apply. Phycol. 23:721–726

93

J. Algal Biomass Utln. 2015, 6 (1): 88- 94
ISSN: 2229 – 6905

Microalgae and hydroponics: a clean biotechnological alternative

Singh J. and Gu S. 2010 Commercialization potential of microalgae for biofuels production. Renew. Sustain. Energy Rev.
14:2596–2610
Smith V.H., Tilman G.D. and Nekola J.C. 1999 Eutrophication: impacts of excess nutrient inputs on freshwater, marine, and
terrestrial ecosystems. Environ. Pollut. 100:179–196
Sreesai S. and Pakpain P. 2007 Nutrient Recycling by Chlorella vulgaris from Septage Effluent of the Bangkok City,
Thailand. Sci. Asia 33:293–299
Tam N.F.Y., Lau P.S. and Wong Y.S. 1994 Wastewater inorganic N and P removal by immobilized Chlorella vulgaris.
Water Sci. Technol. 30:369–374
Taub F.B. and Dollar A.M. 1964 A Chlorella-Daphnia food chain study: the design of a compatible chemically defined
culture medium. Limnol. Oceanogr. 9:61–74
Zar J.H. 1999 Biostatistical analysis. Prentice-Hall, New Jersey , 663 pp.

94

