
Herbaceous plants as part of biological filter for

aquaponics system

Elvia A Espinosa Moya1, C�esar A Angel Sahag�un2, J Mario Mendoza Carrillo2, Pedro J Albertos

Alpuche2, C Alfonso �Alvarez-Gonz�alez3 & Rosario Mart�ınez-Y�a~nez2

1Maestr�ıa en Biociencias, Divisi�on de Ciencias de la Vida, Campus Irapuato-Salamanca, Universidad de Guanajuato,

Ex Hacienda El Copal, Irapuato, Guanajuato, M�exico
2Divisi�on de Ciencias de la Vida, Universidad de Guanajuato, Campus Irapuato-Salamanca, Ex Hacienda El Copal,

Irapuato, Guanajuato, M�exico
3Laboratorio de Acuicultura Tropical, Universidad Ju�arez Aut�onoma de Tabasco, Villahermosa, Tabasco, M�exico

Correspondence: R Mart�ınez-Y�a~nez, Departamento de Agronom�ıa, Divisi�on de Ciencias de la Vida (DICIVA), Campus Irapuato-

Salamanca (CIS), Universidad de Guanajuato (UGTO), ExHacienda El Copal, km 7 carretera Irapuato-Silao, CP. 36824, Irapuato,

Guanajuato, M�exico. E-mail: ar.martinez@ugto.mx

Abstract

Aquaponics is a recirculating aquaculture system

(RAS), where plants and aquatic animals are

grown using the same water. In these systems,

plants act as part of biological filters. The cultiva-

tion of O. basilicum, Menta x piperita and M. spicata

is commonly integrated to the production of O. nil-

oticus in aquaponics. The aim of this study was to

evaluate the ability of these herbs as part of bio-

logical filters for tilapia intensive production in

aquaponics. Various physicochemical parameters

were evaluated as water quality indicators. N and

P content in the different elements of the system

were also measured. Results showed that for tila-

pia growing the three herbaceous evaluated could

be used as part of the biological filters in aquapon-

ics, because they remove significant concentration

in nitrogen compounds and phosphates; however,

there were no differences among species. There

was a positive relationship between the time and

the levels of NH4 and therefore NO3
� in the water.

The pH, temperature and dissolved oxygen were

kept at appropriate ranges for tilapia. The electri-

cal conductivity and total dissolved solids were in

suitable levels for growing herbaceous, which

adapted to flooded substrates, with water con-

stantly moving and high concentration of dis-

solved oxygen. A key parameter to consider is the

oxygen concentration in water when herbaceous

is used in aquaponics, due to the high input of this

element for these species need, especially basil.

Tilapia largely incorporated N and P entering the

system.

Keywords: herbaceous, tilapia, biological filters,

nitrogen, phosphorus, aquaponics

Introduction

Aquaponics is an intensive recirculating aquacul-

ture system (RAS) where growing plants are inte-

grated to the production of aquatic animals

(Ram�ırez, Sabogal, Jim�enez & Hurtado-Giraldo

2008) and, could be used as an alternative for the

aquaculture waste management system (Adler,

Harper, Wade, Takeda & Summerfelt 2000). Aqua-

ponics offers an economical and cost effective

option for the treatment of aquaculture discharges

by mitigating pollution and increasing water use

efficiency, thereby reducing environmental impact

(Zhang, Li, Wu, Liu, Yao, Tao & Liu 2011). The

basic principle of aquaponics system is to recycle

the nutrient rich wastewater generated from the

aquaculture system which nutrients are taken by

plants preventing their accumulation, as they act

as a natural filter, extending the use of the water

returning to the aquatic organisms (Rakocy, Mas-

ser & Losordo 2006). This results in an integrated

sustainable production system. The aquaculture

wastewater contains high levels of nitrogen and

phosphate metabolites (Dosdat, Ruyet, Cov�es,

Dutto, Gasset, Le Roux & Lemari�e 2003). The nitrog-

enous metabolites include unionized ammonia
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(NH3), ammonium (NH4
+), nitrite (NO2) and

nitrate (NO3
�) of which unionized ammonia and

nitrite are detrimental to fish. NH3 is excreted by

fish, through diffusion in the gills, urine or faeces,

plus other nitrogenous wastes accumulate from

organic waste or leaching foods (Lazzari & Baldis-

serotto 2008; Timmons & Ebeling 2010). Nitrite is

the intermediate product of nitrification and can be

accumulated in water due to incomplete nitrifica-

tion. If these elements are not removed from the

RAS properly, the health and welfare of the ani-

mals under culture is at risk (Mateus 2009). There-

fore, plants as biofilters can be considered one of

the main components in RAS in reducing these

wastes (Hall 1999).

One of the most common fish species in aqua-

ponics is Nile Tilapia (Oreochromis niloticus),

because it has good meat flavour, faster growth,

and strong and broad market acceptance (Rosas

2002; Nelson 2004). The variety of plants that

can be grown as part of biofilters in aquaponics is

vast. The most recommended species are herba-

ceous plants, such as basil (Ocimum basilicum),

peppermint (Mentha x piperita) and spearmint

(Mentha spicata), because of their fast growth,

adaptability and various utility such as culinary,

medicinal and aromatic (Kintzios & Makri 2007;

Rains 2007; Ram�ırez et al. 2008; ASA 2009).

There is limited information on the capability of

herbaceous plants as part of the biological filter in

aquaponics. Rakocy, Shultz, Bailey and Thoman

(2004) and Ronz�on-Ortega, Hern�andez-Vergara

and P�erez-Rostro (2012) reported basil production

integrated to growing tilapia and prawn respec-

tively. Wahap, Estim, Seok-Kiang, Senoo and Mus-

tafa (2010), integrated mint and tilapia in

aquaponics system two more research findings are

reported where the use and production of oregano

and spearmint were evaluated (Ram�ırez-S�anchez,

P�erez-Trujillo, Jim�enez, Hurtado-Giraldo & G�omez-

Ram�ırez 2011; Campos-Pulido, Alonso-L�opez, �Ava-

los-de la Cruz, Asiain-Hoyos & Reta-Mendiola

2013). However, all these reported research have

focused only on the plant production parameters.

The biofiltration role and water purifying capacity

of plants in aquaponics systems neglecting the bio-

filtration role that plants have to purify water in

recirculating aquaculture systems, is an area that

has recently begun to be explored (Trang & Brix

2012). Therefore, the main objective of this study

is to evaluate the ability of basil, peppermint and

spearmint as part of biological filters to purify

water in intensive tilapia production in aquaponics

systems and their N and P absorption and integra-

tion capability.

Materials and methods

This study was conducted at the Aquaponics

Experimental Unit from the Agriculture Depart-

ment, Life Sciences Division (DICIVA), Campus

Irapuato-Salamanca, University of Guanajuato

(20°44034.4200N 101°19050.7″W; 1745 m.s.n.m.),

and lasted for 30 days.

Systems

The experimental aquaponics system was designed

according to Regalado (2013). All of them were

located inside a greenhouse (144 m2) walls made

of anti-aphid mesh and roof made of light diffusing

plastic covered with sun shade mesh (50%). Three

similar and independent aquaponics systems, each

consisting of a pond (VEf = 1.5 m3) and three

hydroponic beds (HB) with 0.270 m3 total volume

and 0.9 m2 total crops area. In each HB

0.076 m3, volume of river stone were used as sub-

strate (1″ particle-size, previously washed and dis-

infected, NaClO 5%) and a volume of 0.104 m3 of

water, to give a total of 0.180 m3 VEf (Fig. 1).

Each HB had a physical filter (VEf = 10 L, clarifier

with plastic mesh 0.4 mm hole). PVC pipe was

used for water pipelines, the internal motion was

carried out with a submersible pump (BOYU, ACQ-

6000) and to each pond air was injected

(53.5 L min�1, compressor BOYU ACQ-009) by

silicone hose (Ø 4 mm) connected to four stone

diffusers. Adjustments to the flow rate for hydrau-

lic retention time (HRT) on each HB was 50 min

(Regalado 2013).

A D3D2D1

E

C

B

F

A) Pond
B) Waterpump
C) Inputs

D) Hydroponic beds
E) Outputs
F) Air difuser

Figure 1 Items in the aquaponic system used. Not to

scale.
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Water

To test the herbaceous as part of biological filter,

physicochemical parameters of un-ionized ammonia

(NH3-N), ammonium (NH4), nitrite (NO2), nitrate

(NO3
�), phosphate (PO4), pH, temperature, electri-

cal conductivity, total dissolved solids and dissolved

oxygen were evaluated as water quality indicators.

All systems were filled with water from a single

source, and recirculation and oxygenation

launched on the same day; 24 h later, 30 g bal-

anced fish food (53% crude protein and 0.35 mm

particle) were directly supplied to the water in each

pond. Biological filters were inoculated after 24 h

taking into consideration the entire system water

volume (VEf), with aerobic bacteria lyophilized

(AZOO – NitriPro, Nitrosomona and Nitrobacter) at

3 g of bacteria per 250 L of water. 48 h later, feed

was supplied again to the ponds (20 g each), and

after 24 h a second bacterial inoculation was per-

formed at 1 g per 250 L of water. After 48 h of sec-

ond inoculation, fish was stocked into the ponds,

and bacterial inoculation was done for a third time

to the filters (1 g per 250 L of water). In the next

day, herbaceous plants were transplanted to HB

(Day 0). Every other day starting from 15th to 30th

day of the experimental period, nutrient removal

rates by herbaceous plants was determined for NH3-

N, NH4 and PO4 in HB inputs (water coming

from fish pond) and outputs (water leaving HB) as:

concentration HBinput – concentration HBoutput
(mg L�1). For this, we conducted a pre-sample

(9:00 am zero hour and then every 30 min until

13:00 h) to determine the time when maximum

concentrations of NH3-N, NH4 and PO4 reached in

the pond water after the first fish feeding. This peak

time of the day was used as for water sampling to

determine the difference in the concentration of

these metabolites between inputs and outputs. The

measurement was made on 200 mL water samples

directly taken from individual faucet water supply

(input) and each HB output 50 min later (observing

HRT). Water loss due to sample taken and

evapotranspiration was compensated. The nutrient

concentrations (mg L�1) were measured using an

aquaculture spectrophotometer (Hanna HI 83203-

01), and reagents for NH3-N and NH4 (HI 93700-

03), NO2 (HI 93707-0), NO3
� (HI 93728-01) and

PO4 (HI 93713-0), following the protocols specified

by the manufacturer. The other water quality vari-

ables pH, electrical conductivity (EC, mS cm�3),

total dissolved solids (TDS, ppm) were measured on

daily basis (10:00 h) in ponds, and HB inputs and

outputs were determined the with a Hanna equip-

ment (model 98129), and dissolved oxygen (DO,

mg L�1) and temperature (°C), with an OAKTON

equipment (model DO-300). Oxygen consumption

was also determined according to the herb as con-

centration at HBinput – concentration HBoutput
(mg L�1). To obtain all these parameters HRT was

taken into account.

Fish

In each pond, 80 specimens of Nile Tilapia (Oreochr-

omis niloticus L. var. Stirling; 137.6 � 20.4 g wet

weight and 20.3 � 1.0 cm in length) were stocked.

A commercial floating pellet (dry matter: 93.17%

moisture: 6.83%, crude protein: 24.60%, ether

extract: 5.19%, ash: 6.56%, crude fibre: 6.77% and

nitrogen free extract: 50.05%, El Pedregal) was sup-

plied to the pond at a rate of 3% body weight and

divided into three doses throughout the day (9:00,

13:00 and 17:00 hours.). At the beginning and end

of the experiment, fish were measured from the tip

of the snout to the end of the caudal fin with an

acrylic measuring board and a measuring tape, and

weighed on a Labtronic Scientific digital scale

(model 21-2544-09). The survival (taking into

account the initial number and the final number of

fish) and biomass gain (g of harvested tilapia – g

stocked tilapia) were calculated in each pond. Feed

intake was calculated as the sum of the food sup-

plied per pond during the experimental period. Spe-

cific growth rate was determined as: SGR (% animal

day�1) = [(LnPh2 � LnPh1/t)] * 100, where Ph2

Ph1 are final and initial fish wet weight, Ln is the

natural logarithm and t is the number of days in the

experimental period, and daily gain as: DGW (g ani-

mal�1 day�1) = (Ph2 � Ph1)/t, where Ph2 Ph1

are fish final and initial wet weight and t is the num-

ber of days in the experimental period (Mart�ınez,

Gallardo, Pech, Navarro, S�anchez, Caamal-Mons-

real & Rosas 2014). Corporal condition ratio (Ful-

ton) was determined as: k = (W/L3) * 100, where

W is the individual wet weight (g) and L is total

length (cm). The feed conversion ratio was deter-

mined as: FCR = feed, kg per net tilapia production,

kg (Boyd, Tucker, McNevin, Bostick & Clay 2007).

Herbaceous

Herbaceous plants used (90 days old, cultivated in

a greenhouse) were basil (Ocimum basilicum,
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21.6 � 6.8 g), peppermint (Mentha x piperita,

25.8 � 10.3 g) and spearmint (Mentha spicata,

26.1 � 7.3 g). Randomly selected 10 plants were

placed per HB (placed direct in the gravel), the

three species separately representing each system.

At the beginning and end of the experiment, the

plants were weighted (including root). To avoid

micronutrient deficiencies every week a foliar

micronutrients solution for organic agriculture (Mg:

325 ppm, B: 70 ppm, Cu: 12 ppm, Fe: 150 ppm,

Mo: 1 ppm y Zn: 90 ppm, Greenforce) was sprayed

to all plants accordingly to the manufacturer

instructions (0.15 mL by m2 per week). Production

was calculated by the plant biomass (g m2) on a

wet (WM) and dry matter (DM) per plant.

N and P balance in the system

Determining concentrations of N and P in the sys-

tem were used as the feed (nutrient input) con-

sumption per tank (mean � SD) and the

incorporation in fish, removal by the plants, the

recovery of sludge and presence of these elements

in water (nutrient output). For this, DM values

were used, N and P contained in the tilapia

reported by Tian, Li, Dong, Yan, Qi, Liu and Lu

(2001). For the sludge produced calculation was

determined the dry matter ratio as DMR = FCR *
(% DM in feed/% DM in tilapia). This data were

necessary to determine the waste production rate

as: WPR = (DMR � 1) * (% DM in tilapia/100)

(Boyd et al. 2007). Throughout the experimental

period were taken samples of water and sludge;

the latter were taken from the clarifiers. Water

was frozen (�40°C) and sludge was dried (60°C,
to constant weight) for later analysis. With these

sample pools (one for water and one for sludge) of

each system were sent to a specialized laboratory

to analyse the concentration of N (Kjeldahl

method; Chang 2010) and P (digestion with

nitric-perchloric acid; AOAC 1997). At the end of

the experiment, three plants were randomly

selected from each HB which were cut into small

pieces (including root) and set out to dry for the %

DM, and then determine the concentration of N

and P (methods described above).

Statistical analysis

The homogeneity of variances and normality of

data were checked and transformed where neces-

sary. The removal capacity of MH3-N, NH4 and

PO4 between filters with herbaceous and concen-

tration of NO2 and NO3
� in HB were analysed

using a factorial ANOVA (A: species, B: sampling

day). The relation between the experimental period

(sampling days, independent variable) and the

concentration (mg L�1, dependent variable) of

NH3-N, NH4 and PO4 inputs and NO2 and NO3
�

in HB medium was analysed by linear regression.

DM, plant production and herbaceous dissolved

oxygen consumption were analysed by a one-way

ANOVA. Obtained pH values were converted into the

hydrogen ion concentration (M) (Brown, LeMay,

Bursten & Burdge 2004). By the nature of the dif-

ferences between the data inputs and outputs pH,

EC, TDS, temperature and DO were identified by

means of a Kruskal–Wallis test. Comparison of

means among three different herbaceous plants

species was performed using Tukey’s test. Data

were reported as mean � SE and statistically sig-

nificant differences when P < 0.05 and indicated

with different letters.

Results

Herbaceous plants as part of biological filters

The peak concentrations (mg L�1) of NH3-N, NH4

and PO4 in the ponds were recorded three hours

after the first feeding (12:00 hour). The three fil-

ters with herbs removed nitrogen and phosphorus

compounds from the water. However, no signifi-

cant differences between plant species were

recorded. Differences in NH3-N and NH4 were

observed during the experimental period

(P = 0.0015 and 0.0039 respectively), on the 21

and 24 days the greater removal of NH3-N and

NH4 was shown, and on day 30 lower removal

(Fig. 2a and b). No statistically significant differ-

ences in sampling day were observed in the

removal of phosphates (Fig. 2c).

Nutrients concentrations in water

The concentrations of NO2 and NO3
� in the HB

(Fig. 3a and b), showed significant differences

among the sampling dates (P = 0.0000 and

0.0017 respectively), but not among the three

plant species. On Day 15, the concentrations were

the lowest and increased by Day 30 of the experi-

ment. Regression analyses show that the NH3-N,

NH4 y PO4 concentration in the inputs (Figure 2a-c),

and the NO2 and NO3
� concentration in the HB

© 2014 John Wiley & Sons Ltd, Aquaculture Research, 1–114
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(Figure 3a and 3b) are positively related to the

experimentation time. For the NH3-N, NH4 and

PO4 concentration in inputs, the correlation

coefficients are 0.7732 (P = 0.0713), 0.7892

(P = 0.0620) and 0.8537 (P = 0.0305), respec-

tively, indicating a moderately strong relationship

between these variables and time. The NO2 and

NO3
� concentrations in HB were consistently

increased throughout the experiment.

Water physicochemical parameters

The pH values in the ponds showed a fluctuation

between 7.4 and 7.9. The electrical conductivity

showed a range from 0.676 to 0.876 mS cm3,

remaining stable throughout the experiment. Total

suspended solids, also remained stable, between

478 and 712 ppm. The temperature fluctuated

between 21.1 and 26.1°C (Fig. 4a–d). Dissolved

oxygen in the water kept a range between 4.6 and

6.0 mg L�1 (Fig. 5). In Fig. 4a, can be observed

pH values in ponds, inputs and outputs from HB

throughout the experimental period. Significant

differences (P = 0.0000) between the inputs (7.6)

and outputs (7.5), but not between herbaceous

species were observed. The same behaviour was

presented for temperature (Fig. 4b, P = 0.0000).

No differences in EC and TDS variables (Figs 4c

and 3d) were presented. The dissolved oxygen

concentration presented significant differences

between inputs (5.79 mg L�1) and outputs

(2.26 mg L�1), as well as between herbaceous

(Fig. 5, P = 0.0000), been basil the species with

more oxygen consumption (3.71 � 0.15 mg L�1

in 50 min). Peppermint and spearmint are the

herbs that require less oxygen (3.29 � 0.15 and

3.20 � 0.14 mg L�1 in 50 min respectively).

Fish and plants production

The final individual weight and size of fish

(mean � SD) were 168.78 � 29.8 g per animal

and 21.2 � 1.1 cm per animal respectively. The fish

survival was 100% in the three systems. Feed intake

during the experimental period was 3436.93

� 45.56 g per pond (mean � SD). The average EGR

and DGW were 0.67 � 0.001% animal day�1 and

1.04 � 0.004 g animal�1 day�1 respectively. The

initial and final k values were 1.64 � 0.01 and

1.76 � 0.006, respectively, and the FCR was

1.37 � 0.05 (mean � SD). Table 1 shows that the

peppermint had the highest value in DM (%), and

basil and spearmint lowest values (P = 0.0036). The

biomass yield (g m2), in terms of DM varied
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significantly among the plant species (P = 0.0116),

whereas WM did not vary significant (Table 1).

N and P balance in the system

N and P registered values in the herbaceous can

be seen on Table 2. The DMR and WPR were

5.13 � 0.18 and 1.03 � 0.05 respectively

(mean � SD). The N and P content balance in the

various components of the system is presented in

Table 3. Both nutrients entered the systems

through feed supply, and subsequently trapped

into various biological components including fish

flesh, bacteria and herbaceous plants, and the
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remainder distributed to the sludge and water. The

nitrogen and phosphorus incorporated into the fish

corresponding to 40.6% and 69.8% respectively.

As for the removal of nutrients from the herbs,

basil removed the 1.29% and 0.58%, peppermint

1.20% and 0.69%, and spearmint 1.53% and

0.69% N and P respectively. In the sludge was

recovered 0.44% and 0.54% of N and P entering

the system respectively. In the water was 1.65%

and 1.59% of N and P respectively.

Discussion

This study provides for the first time the perfor-

mance of Ocimum basilicum, Mentha x piperita and

Mentha spicata as part of a biological filter in aqua-

ponic systems particularly, their uptake capability

of N and P. As any other recirculating aquacul-

ture system (RAS), one of the key parameters to

keep in such systems is the nitrogen compound

concentration. When aquatic organisms are

chronically exposed to elevated concentrations of

these compounds, different pathologies and finally

death occur (Navarro & Guti�errez 1993; Ip, Chew

& Randall 2001). According to our results, nitrog-

enous wastes levels were observed at lower ranges

than those reported by Trang and Brix (2012),

using plants as biofilters in integrated recirculating

aquaculture-hydroponics systems and optimal for

the freshwater fish culture (Navarro & Guti�errez

1993). The results showed that there is adequate

removal of these molecules by filters with herba-

ceous, which is reflected in the prominent differ-

ence in NH3-N and NH4 concentration between

inputs and outputs from the biological filters, in

addition, the biomass production from each

herbaceous species in the aquaponics system.

According to the results, PO4 levels from water

ponds (inputs) are higher than the optimum range

for growing tilapia (0.15–0.2 mg L�1, Saavedra-

Mart�ınez 2006) but, in sufficient concentration to

be assimilated by plants (Amirkolaie 2011), in this

regard, we noted that this compound also showed

significant differences between the inputs and out-

puts of HB because herbaceous remove and uptake

it. It is possible that the PO4 levels observed in the

pond water being the result of the phosphorus

leaching from uneaten feed since there has been

reported that near 50% of the phosphorus in the

fish feed can be lose in a period of three hours

(Sales, Britz & Viljoen 2003), together with the

animals excretion (Timmons & Ebeling 2010).

It is important to mention the direct relation-

ship between sampling days and the nitrogen

compounds and phosphates concentration in

the water. This positive relationship indicates

Table 1 Biomass production values for herbaceous used as part of biological filters, N y P compounds removal in aqua-

ponics systems

Variable Basil (O. basilicum) Peppermint (M. x piperita) Spearmint (M. spicata)

Dry matter (%) 13.6 � 0.46 b 16.02 � 0.61 a 12.42 � 0.15 b

Production (g m2 WM) 531.85 � 49.56 567.92 � 31.58 647 � 28.43

Production (g m2 DM) 72.33 � 6.74 b 101.25 � 2.68 a 80.43 � 3.53 b

Removal NH4 (%) 49.70 44.45 48.10

Removal PO4 (%) 62.59 56.54 54.88

Means � SE. DM, dry matter; WM, wet matter; NH4, ammonia; PO4, phosphates; N, nitrogen; P, phosphorus.

Table 2 Total nitrogen and potassium comparison (dry

matter, DM) of herbaceous grown in aquaponics systems

(g/100 g DM)

Variable Basil Peppermint Spearmint

Nitrogen 2.64 � 0.54 1.75 � 0.47 2.81 � 0.45

Phosphorus 0.30 � 0.05 0.25 � 0.07 0.32 � 0.07

Means � SE.

Table 3 N and P balance content in the aquaponics

systems biological components (Mean � SD, n = 3)

Variable N P

Feed (input, DM g day�1) 4.93 � 0.065 1.260 � 0.017

Fish (incorporated,

DM g day�1)

2.00 � 0.067 0.879 � 0.030

Plants (removal) DM g day�1:

Basil (Ocimum basilicum) 0.064 � 0.023 0.007 � 0.002

Peppermint (Mentha x

piperita)

0.059 � 0.028 0.009 � 0.005

Spearmint (Mentha spicata) 0.075 � 0.021 0.009 � 0.003

Slodges (recovered,

DM g day�1)

0.022 � 0.003 0.007 � 0.001

Water (g day�1) 0.081 � 0.055 0.020 � 0.000

Not accounted 2.62 0.33

DM, dry matter.
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accumulation of these metabolites in the system,

which should be consistently and efficiently

removed to avoid health problems in fish. Aqua-

cultural effluents containing a high concentration

of N and P, are a major problem in production as

they contribute to eutrophication (Smith 2003),

although the RAS considerably reduce the effluent

to remove solids and perform biofiltration while

the water is reused, a significant amount of N and

P is discharged (Timmons & Ebeling 2010). One of

the major aquaponics advantages is the high

amount of plant biomass that can be obtained. In

a single fish farming cycle, it is possible to harvest

several plant cycles mainly attributable to the con-

stant nutrients supply in the water (Rakocy et al.

2004). Commercial tilapia culture goes from 6 to

9 months (depending on the water temperature,

Diario Oficial de la Federaci�on (DOF) 2011), based

on our results, using a small scale aquaponics sys-

tem (similar to the one used in this study) it would

be feasible in one fish cycle to obtain a 30–35 k of

fish and between 9.6–14.3, 10.2–15.3 and 11.6–

17.4 (k, wet matter) of basil, peppermint and

spearmint respectively.

In aquaponics, plants play a predominant role

in maintaining water quality by removing from

the system dissolved nutrients which they use for

their growth, allowing reusing this important

resource, at the same time reducing significantly

the wastewater discharges and minimizing the

water turnover rate (Timmons & Ebeling 2010)

which means a minor environmental impact.

The use of plants with nitrates and phosphates

absorption capability in biological filters in RAS

may be a viable option to reduce these elements

concentrations in the discharged water from the

aquaculture production. N and P contribute to

eutrophication (Smith 2003) and should be con-

trolled as much as possible. In Mexico, the NOM-

001-ECOL-1996 establishes the by-law limits and

allowable pollutant discharges of waste water in

national waters, in particular, indicates the basic

pollutants concentration in mg L�1 such as total

nitrogen and total phosphorus. These effluents can

be used for agricultural irrigation and urban use;

however, it is important to note that for the aqua-

tic life protection, the maximum permissible limit

of N and P in effluents discharged to rivers and

coastal waters is 15 and 5 mg L�1 respectively

(Diario Oficial de la Federaci�on (DOF) 1996). In

the present study, were registered lower concen-

trations of N and P from those in aforementioned

norm, therefore the system’s water can be used for

irrigation or be discharged without any environ-

mental risk.

Nitrate and phosphorus accumulate in the

water in recirculation systems during intensive fish

culture (Rodehutscord & Pfeffer 1995; Barak &

Van Rijn 2000). The observed values in the N and

P addition in the various elements show the bal-

ance that this type of production systems can pres-

ent. According to our results, the N and P total

proportion entering which is incorporated into the

fish is similar than that reported by Trang and

Brix (2012) generally only the 35–40% of the

consumed feed by the tilapias is assimilated and

transformed into flesh meanwhile the remainder

(60–65%) is excreted to the water (Chapell, Brown

& Purcell 2008). Nitrate usually does not reach

levels lethal to fish in RAS (Timmons & Ebeling

2010), in the case of phosphorus, which is not

assimilated by the fish accumulates in the water

(Rodehutscord & Pfeffer 1995; Barak & Van Rijn

2000). The observed N and P concentration in

plants, reinforces the results of water quality in

terms of the similar behaviour of these species as

part of the biological filter, and indicates that the

nitrification process and the constant degradation

of organic matter with consequent production

nitrates and phosphates also occur significantly in

the hydroponic beds used specifically in the sub-

strate where the roots are. It is noteworthy that

both peppermint like spearmint, assimilate nutri-

ents better when growing in aquaponics, this very

likely due to the constant water and nutrients sup-

ply. The three evaluated herbaceous absorption

capability in this study is lower than reported for

I. aquatica and greater than L. sativa (Trang & Brix

2012); however, noteworthy that the first is an

aquatic plant and the second has less DM than

recorded in the studied herbaceous.

The NO2 and NO3
� levels observed in the HB

over the experimental period, shows that the nitri-

fication is carried out appropriately. In aquaponics,

removing nitrogen compounds takes place through

bacteria and plants action. Ammonium tends to be

oxidized to nitrate in a two-step process (NH4 ?
NO2 ? NO3

�) by aerobic chemoautotrophic bacte-

ria (Nitrosomonas and Nitrobacter, primarily) (Madi-

gan, Martink, Stahl & Clark 2012), even if levels

of dissolved oxygen decline to a value as low as

1.0 mg L�1 (Stumm & Morgan 1996; Wetzel

2001). Due to this process in aquaponics systems

NO3
� concentrations are greater than NH4 and

© 2014 John Wiley & Sons Ltd, Aquaculture Research, 1–118
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NO2, this relationship is also observed in freshwa-

ter ecosystems (Gleick 1993; Wetzel 2001;

Rabalais 2002). In RAS, denitrifying bacteria

transforms nitrate or nitrites to nitrogen gas (Tim-

mons & Ebeling 2010); however, in aquaponics

systems plants absorb a big amount of nitrates.

Plants assimilate most of the absorbed nitrate in

organic nitrogen compounds; the first stage of this

process is the reduction in nitrate to nitrite in the

cytoplasm. Because this is a potentially toxic and

highly reactive ion immediately after generated,

the nitrite is transported from the cytoplasm into

chloroplasts in the leaves and in the roots plastids.

In these organelles, nitrite reductase enzyme

reduces nitrite to ammonium. At the same time,

plant cells prevent ammonium toxicity incorporat-

ing it quickly in amino acids, by forming gluta-

mine. Once nitrogen assimilated in glutamine this

is incorporated into other amino acids by transam-

ination reactions. Subsequently, the amino acids

are used in protein synthesis (Sinha 2004) which

results in growth to obtain biomass, thus showing

that the nutrients are absorbed and utilized by

plants.

In wetlands, essential nutrients such as nitrate,

ammonium and phosphate are taken easily by the

plants for growth and even accumulate them in tis-

sues; it has been observed that the herbaceous

uptake rate is higher than that in woody plants

(Llagas & Guadalupe 2006). In traditional culture

(open ground) were obtained fresh matter yields

between 10 and 15 kg m2 of basil (Mu~noz 1987;

Gill & Randhawa 1996), higher than the value

reported in this work. Regarding peppermint, appar-

ently this herbaceous growth is better in aquaponics

tan in traditional culture systems (Campos-Pulido

et al. 2013). However, basil production in such sys-

tems is considered high compared to that reported

by Carrasco, Ram�ırez and Vogel (2007) using

Nutrient Film Technique (NTF) hydroponic system.

Bare~no (2006) reports for open ground cultivation

a production of 2000 g m2 per year (WM) for

spearmint, lower than the results observed in our

data, and according to the literature, the present

study seems to be the first report of production for

this species in aquaponics.

Physicochemical water parameters, especially

pH, temperature and DO fluctuations play an

important and decisive role in the fish health in

aquaponics systems, as they can affect the oxida-

tion of NH4 and NO2, besides affecting some fish

and bacteria metabolic processes (Chen, Ling &

Blancheton 2006; Timmons & Ebeling 2010).

Regarding pH, temperature and dissolved oxygen

observed in the pond during this study, these

parameters were at appropriate levels for tilapia

culture (Fragoso-Cerv�on & Aur�o de Ocampo 2006;

Saavedra-Mart�ınez 2006; Timmons & Ebeling

2010; Diario Oficial de la Federaci�on (DOF) 2011).

DO levels in the water have a direct impact on

the fish welfare, nitrogenous compounds oxidation

processes bearing out by nitrifying bacteria (Tim-

mons & Ebeling 2010), and also in plants, consid-

ering that in aquaponics, usually the plants roots

are kept flooded. Plants like animals require oxy-

gen to carry out various metabolic processes.

When plants are located in flooded soils, there can

reach quickly a lack of oxygen in the roots, affect-

ing the cultivation growth and performance (Koz-

lowski 1984; van Patten 2002). Note also that it

is important that the engineering design and

ensure the most oxygen in the water returning to

the fish, especially when basil is used as part of

the biological filter because of its greater demand

for this element.

Conclusions

The results of this research showed that for tilapia

culture, the three evaluated herbaceous can be

used as part of the biological filters in aquaponics

systems, because it removes significant concentra-

tion in nitrogen compounds and phosphates. There

is a positive relationship between time and NH4

concentration and therefore NO3
� in the system.

The pH, DO and temperature parameters were

maintained in appropriate ranges for tilapia. The

EC and TDS were present in suitable levels for

growing herbaceous, which are adapted to flooded

substrates, with constantly moving water and high

oxygen concentration. A key parameter to con-

sider is the oxygen concentration in water when

herbaceous is used in aquaponics systems, due to

the high input of this element these species need,

specifically basil.
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