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ABSTRACT 

Different techniques have been used to evaluate the energetic characteristics and damage 
to the photosynthetic apparatus of plants exposed to different stresses, including the 
measurement of chlorophyll fluorescence. The objective of this study is to evaluate the 
photosynthetic response by assessing the fluorescence parameters of chlorophyll a in basil 
(Ocimum basilicum L.) cv. Alfavaca Basilicão cultivated in a hydroponic deep-flow 
technique system using treated domestic wastewater. The study used a completely 
randomized block design with a 2 × 2 factorial scheme, in which the factors were the 
water source used for preparing the nutrient solution (tap water or treated domestic 
wastewater) and the height (upper and lower) of the platform of the cultivation system. 
The photosynthetic yield of the plants grown on the lower platform was comparatively 
lower regardless of the water source. However, there was no significant effect of the water 
source on the potential and effective quantum yields of photosystem II, indicating the 
absence of changes in the photosynthetic apparatus and photosynthetic yield of plants 
produced with treated domestic wastewater, suggesting the viability of this treatment for 
producing basil cv. Alfavaca Basilicão in hydroponic systems. 

 
 
INTRODUCTION 

The genus Ocimum has a high agronomic potential 
for the production and extraction of essential oil, and 
medicinal and aromatic use (Alcântara et al., 2018). The 
yield, concentration, and composition of the essential oils 
of basil plants grown in different environmental and 
cultivation conditions are well known; however, few 
studies to date evaluated the physiological response of this 
plant genus to hydroponic cultivation, especially using 
wastewater. 

Changes in environmental and cultivation 
conditions force the photosynthetic system of plants to 
adapt and change their physiological state. The amount 
and quality of the water supplied to plants can modify the 
rate of electron transport and the efficiency of light transfer 
during photosynthesis, affecting crop productivity 
(Oukarroum et al., 2007). Different techniques have been 
used to determine the energetic performance and damage 
to the photosynthetic apparatus in plants exposed to 
different stresses, including the evaluation of the 
fluorescence parameters of chlorophyll a. 

Chlorophyll fluorescence provides fast, efficient, 
and non-destructive information on the conversion, 

transfer, and dissipation of light energy in photosystem II 
(PSII), allowing the analysis of photochemical efficiency 
and damage to the structure and functioning of the 
photosynthetic apparatus (Martinazzo et al. 2012). 
Fluorimetry is used in this type of analysis and allows the 
identification of damage to the photosynthetic apparatus 
and the measurement of changes in the photosynthetic 
performance of plants (Araldi et al., 2015). 

Water availability is one of the main factors 
affecting plant growth and development. In the semi-arid 
region of the northeast of Brazil, low water availability, 
poor distribution of rainfall, and high temperatures limit 
crop development. Therefore, wastewater is used to 
mitigate the effects of water scarcity in this region, making 
crop development possible and profitable. 

Domestic and industrial effluents improve the use 
of irrigation water and the nutritional potential of crops in 
an economically and environmentally sustainable manner. 
Reuse water has economic benefits in agriculture, 
including the minimization of sewage discharge into water 
bodies and high fertilizing potential. Moreover, most 
treated effluents are rich in minerals and organic matter, 
which are necessary for plant development (Sandri & 
Rosa, 2017). 
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It is essential to choose the appropriate irrigation 
system with reuse water to reduce the risk of human and 
environmental contamination, considering the possible 
adverse effects of these water systems in the soil and water 
by increasing soil salinity and contaminating water bodies. 
Wastewater is used in closed systems, including 
hydroponic systems, to grow medicinal, ornamental, and 
food plant species because it has an adequate amount of 
nutrients and reduces the risk of contamination (Santos 
Júnior et al., 2014; Cuba et al., 2015; Albuquerque Júnior 
et al., 2016). The increased interest in hydroponics and 
wastewater underscores the need to further investigate the 
development and management of crops to establish criteria 
on plant density and arrangement in each cultivation 
system and the quality of the water used for preparing the 
nutrient solution. 

The objective of this study is to evaluate the 
photosynthetic response by analyzing fluorescence 
parameters of chlorophyll a in basil (Ocimum basilicum 
cv. Alfavaca Basilicão) cultivated in a hydroponic deep-
flow technique (DFT) system using treated domestic 
wastewater. 
 
MATERIAL AND METHODS 

This study is part of the Graduate Program in 
Agricultural Engineering of the Federal University of the 
Recôncavo Baiano (Programa de Pós-Graduação em 
Engenharia Agrícola da Universidade Federal do 
Recôncavo Baiano–PPGEA-UFRB) and was conducted 
from July to September, 2016, in a greenhouse at the 
Experimental Station of the UFRB, in Cruz das Almas 
(latitude, 12°40'12" S; longitude, 39°6'7" W; altitude, 220 
m), Bahia, Brazil. According to the classification of 
D'Angiolella et al. (2000), the climate of the region is 
humid to subhumid, with a relative humidity of 80%, mean 
annual temperature of 24 °C, and mean annual rainfall of 
1,143 mm. 

The study used a completely randomized block 
design with a 2 × 2 factorial scheme, in which the factors 
were the water source (tap water and treated domestic 
wastewater) and the height (upper and lower) of the 
cultivation platforms of the hydroponic system, with eight 
replications, totaling 32 experimental plots. Each plot 
included one basil plant (Ocimum basilicum cv. Alfavaca 
Basilicão) cultivated in a DFT system containing holes 
with a diameter of 0.05 m and spaced at 0.20 m. 

The experimental design consisted of modules 
containing hydroponic troughs made of 75-mm irrigation 
PVC pipes (PN 40) installed horizontally. Each module 
had a length of 5.40 m and contained two platforms (upper 
and lower), and each platform contained two troughs of 
6.00 m in length, with a space of 0.30 m on each margin of 
the platform. The platforms were installed one on top of 
the other, the first being 0.60 m above the ground (lower) 
and the other at 0.90 m above the first (upper), with the 
troughs spaced 0.30 m apart. 

Basil seeds were obtained from ISLA Seeds and 
sown in phenolic foam and. At 15 days after sowing 
(DAS), the seedlings were transported to the hydroponic 
nursery using the nutrient film technique until the time of 
transplantation (30 DAS). The seedlings were initially 
irrigated with tap water (electrical conductivity [EC] = 
0.25 dS/m) and, in the nursery stage, with a nutrient 
solution recommended by Furlani (1998) diluted 50%. 
After transplantation to the DFT system, the nutrient 
solution containing tap water or treated domestic 
wastewater was applied. 

The water used to prepare the solutions came from 
the municipal water supply system and the sewage 
treatment plant of the Bahia Water and Sanitation 
Company (Empresa Baiana de Água e Saneamento–
EMBASA) located in the municipality of Muritiba, Bahia, 
characterized as treated domestic wastewater. A physical-
chemical analysis of the effluent was performed, and a 
screen filter was used at the outlet of the reservoir in the 
hydroponic system (Table 1). 

 
TABLE 1. Physical-chemical characteristics of the treated domestic wastewater. 

pH EC P K N Na Ca Mg Cl SO4 CO3 HCO SAR 
 (dS m-1) -------------------------------- mg L-1 ----------------------------------- (mmol L–1)0.5 

7.1 1.0 0.05 29.3 21.8 138 15 18.9 175.8 A P 238.5 5.5 
EC, electrical conductivity; SAR, sodium adsorption ratio. Source: Laboratory of Sanitation of the Federal University of Campina Grande, 
Campina Grande, Paraíba, Brazil. A, absent; P, present. 
 

To prepare the nutrient solution, each fertilizer was 
dissolved and transferred to the reservoir to avoid the 
formation of precipitates. The solution was prepared in a 
volume of 1000 L, and the pH and EC were monitored 
every two days. When necessary, the pH was corrected by 
adding hydrochloric acid diluted 30% or sodium hydroxide 
(20.0 g L-1), keeping the pH value between 5.5 and 6.5. In 
the study period, the nutrients in the solution were replaced 
only in the treatments with tap water. 

For oxygenation and replacement of the volume 
consumed in the hydroponic system, the nutrient 
solution was recirculated automatically using an analog 
timer at intervals of 2 h and lasting 15 min. The solution 
traveled through the root system of the plants and 
returned to the reservoir, promoting the constant 
recirculation of the solution. 

The fluorescence of chlorophyll a was measured at 
35 days after transplantation using a modulated portable 
fluorometer OS5p (Opti-Sciences, Hudson, USA), with 
readings in the middle region of the plant shoot and in the 
central portion of the leaves at 9:00 a.m. The potential 
quantum yield of photosystem II (PSII) was calculated 
after 30 min of adaptation to the dark as Fv/Fm=(Fm–F0)/Fm, 
where F0 is the minimum fluorescence excited by a 
modulated low-intensity red light (0.03 μmol m–1 s–1) and 
Fm is the maximum fluorescence obtained with a pulse of 
0.8 s of saturating actinic light (>6000 μmol m–1 s–1). The 
quantum yield of photochemical energy conversion in PSII 
(YII), quantum yield of light-regulated non-photochemical 
energy dissipation in PSII (YNPQ), and quantum yield of 
non-regulated non-photochemical energy dissipation in 
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PSII (YNO) were determined according to Kramer et al. 
(2004) and Klughammer & Schreiber (2008). YII was used 
to estimate the apparent electron transport rate (ETR) 
according to Bilger et al. (1995): ETR = YII × PFD × 0.5 × 
0.84, where PFD is the photon flux density (μmol m–1 s–1) 
incident on the leaves, 0.5 is the percentage of the 
excitation energy distributed to PSII, and 0.84 is the 
percentage of incident light absorbed by the leaves. 

The results were subjected to analysis of variance 
for the sources of variation and interaction using the F-test 
and the ExpDes.pt package (Ferreira et al., 2013) from the 
software R version 3.4.1 (R core Team, 2017). The 
parameters with a significant effect on the sources of 
variation (water source and platform height) and the 
interaction (water source × platform height) were 
subjected to the comparison of means using the Tukey’s 
test at a level of significance of 5%. 
 

RESULTS AND DISCUSSION 

The analysis of variance of chlorophyll 
fluorescence in basil plants indicated a significant effect 
(p<0.05) on the factors alone and on the interaction water 
source × platform height. The water source had a 
significant effect on F0 and YNO whereas platform height 
significantly affected YII, YNPQ, YNO, and ETR. The 
interaction water source × platform height strongly 
affected YNO (Table 2). 

Plants subjected to adverse conditions (biotic or 
abiotic factors) during growth undergo changes in the 
function of the thylakoid membranes of the chloroplasts, 
leading to modifications in the characteristics of the 
fluorescence signals in the leaves (Baker, 2008). 
Therefore, the parameters related to chlorophyll a 
fluorescence measured in basil leaves indicated changes in 
the photosynthetic yield of the plants caused by the water 
source and platform height. 

TABLE 2. Summary of the analysis of variance of minimum fluorescence (F0), maximum fluorescence (Fm), potential quantum 
yield (Fv/Fm), quantum yield of photochemical energy conversion in photosystem II (PSII) (YII), quantum yield of light-regulated 
non-photochemical energy dissipation in PSII (YNPQ), quantum yield of non-regulated non-photochemical energy dissipation in 
PSII (YNO), and apparent electron transport rate (ETR) of basil plants (Ocimum basilicum cv. Alfavaca Basilicão). 

Source of 
variation 

DF 
Mean square 

F0 Fm Fv/Fm YII YNO YNPQ ETR 
Water (A) 1 561.12* 16,200.00 5.00e-07 0.00 0.00* 0.00 2,292.00 

Position (P) 1 231.13 14,280.50 6.12e-06 0.04* 0.00* 0.03* 36,003.00 * 
A × P 1 465.12 435.10 7.20e-05 0.00 0.00* 0.00 2,137.00 

Residual 28 124.34 5,803.8 6.76e-05 0.00 0.00 0.00 2,831.00 
CV (%)  5.44 6.43 0.99 28.46 8.07 7.98 28.46 

Overall mean 204.81 1,184.81 0.83 0.20 0.20 0.60 186.94 
*Significant at a level of probability of 5% using the F-test; CV, coefficient of variation. 
 

Basil plants grown with treated domestic 
wastewater presented a minimum fluorescence (F0) 4% 
higher than that of plants cultivated with tap water (Figure 
1). F0 is the fluorescence measured when the primary 
electron-acceptor quinone is fully oxidized, and the PSII 
reaction center is open, and this state precedes the 
activation of photochemical reactions. The increase in F0 
reflects changes in the PSII reaction center or a decrease in 
the transfer capacity of the excitation energy from the 
antenna to the reaction center (Baker, 2008). 

The obtained results suggest that chlorophyll 
molecules in plants grown with a nutrient solution 
containing treated domestic wastewater may be damaged, 
leading to changes in PSII caused by water quality. 
However, F0 appears at the stage of fast fluorescence 
response and should be analyzed together with the other 
fluorescence parameters for a better analysis of the results. 
In addition, the results of other studies on alterations in F0 
values in cultures under different stresses are controversial. 
Some studies found that mean F0 values increased 
proportionally to stress levels whereas other studies did not 
find a significant difference between these values 
(Bressan, 2015; Silva et al., 2015; Sousa et al., 2016). 
 

 

FIGURE 1. Mean minimum fluorescence (F0) in basil cv. 
Alfavaca Basilicão cultivated in a hydroponic system with 
two water sources. The bars correspond to the standard 
error. The means followed by the same letter were not 
significantly different from each other using the Tukey’s 
test (p>0.05). 
 

With regard to the maximum fluorescence (Fm) and 
the potential quantum yield of PSII (Fv/Fm), there was no 
significant difference between the means caused by the 
factors in isolation or in combination. 
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Fv/Fm reflects the maximum performance of PSII 
and is a good measure of the suitability of this system. The 
overall mean Fv/Fm in basil plants was 0.83 (Table 2). 
Plant species with an intact photosynthetic apparatus 
usually have Fv/Fm values in the range of 0.75 to 0.85 
(Bolhàr-Nordenkampf et al., 1989). The obtained results 
indicate that basil plants did not present photoinhibition 
and corroborate the results of Bressan (2015) in basil cv. 
Genovese, in which there was no significant change in 
Fv/Fm as a function of the water quality (deionized or 
reused). The small difference (4%) in the mean F0 values 
between the treatments indicates that this difference has 

little correlation with the water source because the Fv/Fm 
values demonstrated the high efficiency and the preserved 
structure of PSII in both treatments (Table 2). 

The YII of plants produced on the lower platform of 
the hydroponic system was approximately 30% lower than 
that of plants grown on the upper platform (Figure 2). 
Yield is determined by the ability of the photosynthetic 
apparatus to remove electrons from the electron-acceptor 
quinone and is directly related to the rate of consumption 
of the products of photosynthetic electron transport (ATP 
and NADPH) (Baker, 2008). 

 

A  B 

 C 

FIGURE 2. Mean values of the quantum yield of photochemical energy conversion in photosystem II (PSII) (YII) (A), quantum 
yield of light-regulated non-photochemical energy dissipation in PSII (YNPQ) (B), and apparent electron transport rate (ETR) 
(C) in basil cv. Alfavaca Basilicão cultivated in a hydroponic system with different water sources. The bars correspond to the 
standard error. The means followed by the same letter were not significantly different from each other using the Tukey’s test 
(p>0.05). 
 

YII indicates the proportion of energy absorbed by 
chlorophyll in PSII and used in photochemical activity, 
i.e., the number of transported electrons and consequently 
the photosynthetic yield. The remaining fraction (1, YII) is 
the total quantum yield of electron loss processes, 
including YNO, which is the fraction of passively dissipated 
energy in the form of heat and fluorescence (Klughammer 
& Schreiber, 2008), and YNPQ, which corresponds to light-
induced photoprotection via heat dissipation (Roháček & 
Barták, 1999). 

The significant reduction of YII in the plants 
produced on the lower platform indicates the decrease in 
the carboxylation efficiency, which may have affected the 

rate of consumption of ATP and NADPH. Therefore, the 
limited consumption of electrons caused a significant 
increase in YNPQ (Figure 2) and YNO in plants grown with 
tap water (Table 3), demonstrating the inability of these 
plants to protect against light damage. 

These results corroborate those found in other 
studies in cultures subjected to environmental stresses, 
including sunflower genotypes cultured in 100 mM NaCl 
(Azevedo Neto et al., 2011) and coffee cultivars grown 
under aluminum stress (Konrad et al., 2005). 

The ETR was also reduced in plants produced on 
the lower platform of the hydroponic system, causing a 
substantial reduction in the transport of electrons to fix 
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CO2 (Figure 2). These results confirm previous studies, 
in which ETR was decreased in stressed plants, 
including coffee cultivars grown under aluminum stress 
(Konrad et al., 2005) and water-stressed eucalyptus plants 
(E. grandis v. E. urophylla) (Gonçalves et al., 2015). 

YNO did not differ significantly between the water 
sources used on the upper platform. However, the plants 
produced on the lower platform presented lower YNO when 

cultivated with treated domestic wastewater compared 
with tap water (Table 3), evidencing that wastewater is a 
potential alternative for the hydroponic cultivation of basil 
cv. Alfavaca Basilica because lower YNO values reflect the 
ability of these plants to protect against light damage, 
whereas the increase in YNPQ (Figure 2) in plants grown on 
the lower platform indicates strong photoprotection 
(Roháček & Barták, 1999). 

 
TABLE 3. Mean values of the quantum yield of non-regulated non-photochemical energy dissipation in photosystem II (YNO) 
of basil cv. Alfavaca Basilicão cultivated in a hydroponic system using two water sources. 

Water source 
Platform position 

Upper Lower 
Tap water 0.20 aA 0.23 bB 

Treated domestic wastewater 0.19 aA 0.19 aA 
The means followed by the same lowercase letter in each column and by the same uppercase letters in each line are not different from each 
other using the Tukey’s test at a level of significance of 5%. Standard error of the mean equal to 0.0058. 
 
CONCLUSIONS 

- There was no significant effect of the water source 
used for preparing the nutrient solution on the potential 
and effective quantum yield of PSII, indicating the absence 
of changes in the photosynthetic apparatus and 
photosynthetic yield of basil plants cv. Alfavaca Basilicão 
cultivated with treated domestic wastewater; 

- The effective quantum yield of PSII in plants 
grown on the lower platform of the hydroponic system was 
reduced, regardless of the water source; 

- The quantum yield of non-regulated non-
photochemical energy dissipation in PSII (YNO) of plants 
grown with tap water on the lower platform decreased, 
demonstrating the inability of these plants to protect 
against light damage; 

- Treated domestic wastewater can be used in 
hydroponic systems to cultivate basil cv. Alfavaca 
Basilicão without compromising the photosynthetic yield 
of the plants. 
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