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ABSTRACT
Green manure as phytoremediation can help with the technical feasibility of growing vegetables irrigated with dairy efflu-
ent treated by an anaerobic system (ANE). The objective of this study was to evaluate the production of lettuce cultivated 
in conjunction with table beet following the irrigation of green manure with treated effluent from a dairy processing plant 
and its impact on the chemical characteristics of the soil. The experimental design utilized a randomized blocks, factorial 
scheme, employing two water sources (tap water [TW], dairy effluent treated by an ANE) and four green manures, with four 
replicates. At the 45-day transplantation (DAT) mark, lettuce plants were analyzed, and at the 73-day DAT, the table beet. 
Lettuce demonstrated enhanced productivity in succession to pigeon pea, irrespective of water source, with productivity 
values of 2.28 kg m−2 for TAP and 2.76 kg m−2 for ANE. The nutrient supply by the effluent had a positive influence on the 
production of table beet roots when in succession to jack bean, Crotalaria juncea, and pigeon pea, with values of 3.76, 3.50, 
and 3.50 kg m−2, respectively. Furthermore, the cultivation of lettuce and table beet in succession to green manures led to a 
reduction in sodium levels, resulting in a decrease in the exchangeable sodium percentage of irrigated soil treated with dairy 
effluent from 4.33% to 1.97%.

1   |   Introduction

Lettuce (Lactuca sativa L.) is a leafy vegetable that is cultivated 
and consumed on a global scale. Despite its relatively low nu-
tritional density in comparison to other vegetables (Chadwick 
et al. 2024; Ramírez-Pedraza et al. 2024), lettuce consumption 
has been increasing, primarily due to its favorable flavor profile 
and high water content (95%), as well as its low caloric value, 
low fat content, and insignificant sodium values (Kathiravan 
et  al.  2024; Shi et  al.  2022). In Brazil, lettuce production ex-
ceeded 671,500 tons in 2021 (Kist and Beling  2023). Another 
vegetable that has commercial representativeness in Brazil and 

worldwide is table beet (Beta vulgaris L.), which in 2016 corre-
sponded to the equivalent average of 218,765 tons, with a planted 
area of 10,938 ha (ABCSEM 2017).

Vegetable production is an advantageous activity when carried 
out in environmental conditions and with a well-developed mar-
ket for commercialization. Consequently, there is a necessity to 
explore novel cultivation alternatives and technologies that fa-
cilitate enhanced productivity (Araújo et al. 2009).

In this regard, a practice that has gained traction and aligns 
with Sustainable Development Goal 6 (SDG 6: Sanitation and 
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Drinking Water) is the reuse of treated wastewater for irrigation. 
This approach holds considerable promise in nourishing crops, 
conserving water resources, and reducing pressure on fresh 
water supplies (Mishra et al. 2023; Qing et al. 2021). However, 
it is important to note that there are also negative effects asso-
ciated with the use of this treated wastewater. Primarily, it can 
contribute to the concentration of salts in the soil, which can lead 
to salinization and/or sodification (Pedrero and Alarcón 2009; 
Taylor et al. 2018).

Crops have a threshold level of tolerance to salinity, beyond 
which they begin to suffer salt stress and consequently lose 
production in proportion to the increase in salinity (Taiz and 
Zeiger  2013). Lettuce is considered moderately sensitive, 
whereas beetroot is moderately tolerant to salts.

Lettuce and beetroot intercropping can be used as a way of in-
directly assessing the potential for use in salinized soils and/
or sodified soils and/or phytoremediated soils, as well as the 
potential for use in saline soils (Ayers and Westcot 1999). Crop 
consortium is a traditional practice for producing food and plant 
biomass, and among the advantages offered by its adoption is 
the more effective use of natural resources, such as water and 
mineral nutrients (Humphries et al. 2004).

Another technique employed in sustainable production in-
volves the incorporation of green manure into vegetable 
production systems, a practice that has garnered increased 
attention through various studies that have demonstrated its 
productive and economic effectiveness. This is primarily at-
tributed to its capacity to release and make nutrients avail-
able to crops in rotation or succession (Kama et al. 2025; Dong 
et al. 2024; Persiani et al. 2024; Siwek et al. 2024; Shahrivar 
et  al.  2023; Bento et  al.  2015; Pauletti et  al.  2009; Oliveira 
et al. 2008).

In this context, the objective of the present study was to evalu-
ate the yield of lettuce cultivated in conjunction with table beet 
following the production of green manure irrigated with treated 
effluent from a dairy processing facility and its impact on the 
chemical composition of the soil.

2   |   Materials and Methods

2.1   |   Location and Experimental Design

The experiment was conducted in a protected environment, 
within an arched greenhouse with a total area of 210 m2, lo-
cated at the Department of Biosystems Engineering, Faculty of 
Animal Science and Food Engineering (FZEA/USP) in the mu-
nicipality of Pirassununga, São Paulo State, Brazil, at altitude of 
627 m, latitude 21°59′S and longitude 47°25′W. The climate of 
the region is classified as Cwa according to the Köppen classi-
fication, that is, a subtropical climate with dry winters and hot 
summers (Köppen and Geiger 1928).

The experimental design used randomized blocks in a factorial 
scheme (2 × 5), totaling 10 treatments. The first factor was the 
water source (tap water [TW] and dairy effluent treated by an 
anaerobic system [ANE]), and the second factor consisted of 
four green manures, namely, Crotalaria juncea (crotalaria jun-
cea), Crotalaria spectabilis (crotalaria spectabilis), Cajanus cajan 
(pigeon pea), and Canavalia ensiformis (jack bean), in addition 
to the control group (without green manure), with four replica-
tions, totaling 40 experimental plots.

The experimental plot was composed of a square fiberglass box, 
with a capacity of 0.5 m3 and surface area of 1 m2.

The green manures were sown on February 15, 2017, uniformly 
distributed in five rows per plot, at a depth of 2.0 cm. After 
thinning, 85, 90, 16, and 85 plants per plot were maintained 
for the green manures C. juncea, C. spectabilis, C. ensiformis, 
and C. cajan, respectively. The green manures were cultivated 
for 70 days after sowing (DAS). The plants located in the cen-
tral area of the plot (0.5 m2) were cut and weighed to determine 
fresh biomass. A sample of the shoot biomass was placed in a 
paper bag and dried in a forced-air circulation oven at 65°C for 
72 h. After this period, the samples were weighed to determine 
dry mass. The material was subsequently ground and sent to the 
Laboratory of Soil Science, University of São Paulo (USP), for 
nutritional diagnostic analysis, following the methods described 
by Malavolta et al. (1997). After cultivating green manures, they 
were cut close to the ground, crushed, and left on the ground.

The curly lettuce seedlings “Vanda” and table beet “Cabernet” 
was transplanted on May 5, 2017. In the consortium, the plots 
were composed of two rows of table beet with nine plants each 
in spacing (0.25 × 0.10 m) and two rows of lettuce with four 
plants each in (0.25 × 0.25 m). The four central plants of lettuce 
and eight of table beet were considered as a useful plot.

2.2   |   Soil, Fertilization, and Climate

The soil for filling the boxes was classified as red latosol, me-
dium texture, according to dos Santos et al. (2013). The chem-
ical characterization of the soil, after the cultivation of green 
manures, was performed by samples composed of each experi-
mental plot, in the 0.30 m layer, and analyzed at the Laboratory 

Summary

•	 Effluent input positively influenced production of 
table beet roots when in succession of Crotalaria jun-
cea, jack bean, and pigeon pea.

•	 Irrigation with dairy effluent treated by anaerobic sys-
tem contributed to the chemical fertility of the soil.

•	 Green manure allows nutrients to be released and 
made available for crops in rotation or succession.

•	 Combining crops is a traditional practice for produc-
ing food and biomass, optimizing the use of natural 
resources.
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of Agricultural Sciences/ZAZ/FZEA, by the methodology 
described by Raij et al.  (2001) (Table 1). The exchangeable so-
dium percentage was also determined (ESP), according to the 
equation: ESP = [(Na/CEC) * 100], in which ESP = exchangeable 
sodium percentage, Na = sodium (mmolc dm−3), and CEC = SB 
(Ca + Mg + K + Na) + H + Al, in mmolc dm−3.

The same procedures and analyses were performed for the 
soil after harvesting the lettuce and table beet plants, in ad-
dition to making saturation paste using the methodology of 

Richards (1954), to determine the electrical conductivity and pH 
of the saturation extract.

The recommendation for planting fertilization was carried out 
according to the result of the soil analysis (Table 2), which did 
not justify different fertilization in plots previously irrigated 
with the two sources of water (TW and ANE). According to the 
needs of the cultures (Raij et al. 1997), two were applied: 20 t ha−1 
of organic compost (1.7% of N, 1.24% of K2O, 14.45% of Ca, 0.7% 
of Mg 0.74% of S, and micronutrients) and 300 kg ha−1 of P2O5, in 
the form of magnesian thermophosphate (Yoorin Master 1 Si), 
which provides in addition to phosphorus, calcium (18% Ca), 
magnesium (7% Mg), boron (0.10% B), copper (0.05% Cu), man-
ganese (0.30% Mn), silicon (10% Si), and zinc (0.55% Zn).

It was also added 150 kg ha−1 of K2O in the form of boiler ash, 
obtained from the boiler that supplies the dairy itself. During the 
cultivation period of the consortium, there was also the decom-
position of green manures. Only in the plots irrigated with TW 
there was a covering fertilization with 15 kg ha−1 of nitrogen (N), 
in the form of ammonium nitrate.

The maximum relative humidity throughout the consortium 
period was 81%, and the minimum relative humidity was 20%, 
whereas the maximum temperature was 34.3°C, and the mini-
mum was 12.7°C. Suitable temperatures for lettuce are between 
15°C and 20°C and for table beet between 10°C and 20°C (Trani 
et al. 2014). Crop development was adequate in the climatic con-
ditions of the agricultural greenhouse.

2.3   |   Water Sources

The effluent used in the irrigation of the experiment came from the 
Dairy School on the USP campus “Fernando Costa,” Pirassununga, 
and TW was diverted from the pipe that supplied the greenhouse. 
The effluent treatment was carried out by ANE, with immobilized 
biomass and batch and hydraulic detention time of 48 h.

The physical–chemical characterization of the treated effluent 
and TW was carried out weekly, with the samples being collected 

TABLE 1    |    Description of the treatments.

Treatments Water source Green manure

T1 Tap water (TW) Crotalaria juncea

T2 Tap water (TW) Crotalaria spectabilis

T3 Tap water (TW) Cajanus cajan

T4 Tap water (TW) Canavalia ensiformis

T5 Tap water (TW) Control 1: without 
green manure

T6 Dairy effluent treated 
by an anaerobic 
system (ANE)

C. juncea

T7 Dairy effluent treated 
by an anaerobic 
system (ANE)

C. spectabilis

T8 Dairy effluent treated 
by an anaerobic 
system (ANE)

C. cajan

T9 Dairy effluent treated 
by an anaerobic 
system (ANE)

C. ensiformis

T10 Dairy effluent treated 
by an anaerobic 
system (ANE)

Control 2: without 
green manure

TABLE 2    |    Result of the chemical analysis of the soil after the cultivation of green manures irrigated with tap water (TW) or dairy effluent treated 
by anaerobic system (ANE), in the layer of 0–30 cm.

Treatments pH (CaCl2)

P S K Ca Mg Na

mg dm−3 mmolc dm−3

TW 6.50b 27.45b 8.80a 2.49a 54.20 b 13.60b 0.28b

ANE 6.55a 30.60a 8.95a 2.60a 57.25 a 18.10a 4.20a

CV (%) 1.44 17.74 38.63 12.57 5.90 13.97 26.49

Treatments

OM H + Al SB CEC V ESP

g kg−1 mmolc dm−3 (%) (%)

TW 17.19a 14.51a 70.57 b 85.10 b 82.86 b 0.33 b

ANE 17.88a 13.92b 82.15 a 96.05 a 85.47 a 4.39 a

CV (%) 9.06 3.55 6.49 5.34 1.34 28.64

Note: Averages followed by different letters, for each parameter, differ from each other by the test F (p < 0.05).
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according to the National Guide for Collecting and Preservation 
of Water Samples (CETESB/ANA 2011) and analyzed according 
to APHA, AWWA, and WEF (2012). The parameters analyzed 
were electrical conductivity (EC), pH, nitrogen series (NTK, 
NH4

+, NO3
−, and NO2

−), total and soluble phosphorus (P), po-
tassium (K), sulfate (SO4−), chlorine (Cl), iron (Fe), manganese 
(Mn), calcium (Ca), magnesium (Mg), and sodium (Na); the last 
three were used to determine the sodium adsorption ratio (SAR) 
using the equation described by Ayers and Westcot (1999).

The posttreatment effluent by anaerobic reactor was filtered in 
a geotextile cover to remove coarse solids and later disinfected 
by ultraviolet radiation to remove pathogenic microorganisms.

2.4   |   Irrigation

The irrigation system adopted was superficial drip, with inte-
grated and non-compensating drippers, spaced every 0.20 m, 
with a flow rate of 2.3 L h−1 and a service pressure of 15 m.c.a., 
through which different water sources (ANE and TW) were ap-
plied for irrigation of intercropped cultivation.

The system consisted of automatically activated pumping sys-
tems, hydrometers, and glycerin gauges to control the flow and 
pressure, respectively, in addition to a 120-mesh disc filter, for 
removing suspended solids.

Irrigation management was based on the replacement of the crop 
evapotranspiration estimate (ETc), calculated by the evaporation 
of the reduced class A tank, corrected by the average crop coeffi-
cient (Kc), as proposed by the Food and Agriculture Organization 
of the United Nations (FAO 2008) at the different stages of crop 
development. The reduced tank had a diameter of 0.60 and 0.25 m 
in height and was installed in the central part of the greenhouse. 
The tank correction coefficient (Kp) used for the reduced condi-
tion, in a protected environment, was 1, as mentioned by Farias 
et al. (1994). The 2-day watering shift was adopted.

The irrigation frequency adopted was daily, and the actual vol-
ume applied during irrigation was recorded using water meters. 
The applied volumes during the intercropping period of lettuce 
and beet, as well as from lettuce harvest until beet harvest, are 
presented in (Figure 1).

2.5   |   Consortium Cultivation

Lettuce and table beet plants were grown, respectively, for 45 
and 73 days after transplantation (DAT). The four lettuce plants 
from the central area of the plot and eight table beet plants were 
cut close to the soil surface and separated into leaves and roots. 
After separation, they were weighed on an analytical balance to 
determine the fresh mass of the shoot and roots.

A sample of the aerial part and roots were packed in paper bags 
and dried in an oven at 65°C for 72 h, and the dry mass was sub-
sequently determined.

The height of the plants was determined with the aid of a ruler, 
from the base of the plant to the maximum height of the leaves. 
To determine the number of leaves and leaf area, only leaves 
with a height equal to or greater than 0.05 m were considered.

The leaf area was measured by a leaf area integrator, brand 
Li-Cor, model LI-3100C. The diameters of the aerial part of 
the lettuce plants and the roots of the table beet were also de-
termined. Three table beet roots from each plot were crushed, 
their juice was extracted and the total soluble solids (TSS) 
(oBrix) were determined by a digital refractometer, brand 
Reichert.

Samples of the dry leaves of lettuce and table beet were sent to 
the Laboratory of Agricultural Sciences/ZAZ/FZEA for leaf 
analysis according to the methodology proposed by Malavolta 
et al. (1997).

2.6   |   Analysis of Results

The results of the physical–chemical characterization of ef-
fluents and TW were presented by mean values and standard 
deviation. Statistical analyses of soil and plant results were per-
formed according to the randomized block design, with analysis 
of variance (ANOVA) being performed, and the means com-
pared by the Tukey or F test at 5% probability, using the statisti-
cal program SISVAR 5.6 (Ferreira 2011).

3   |   Results

3.1   |   Water Sources

The characterization of the effluent treated by ANE presented 
considerable amounts of nitrogen (N-TNK = 70.92 ± 35.80 mg L−1), 
potassium (K = 74.80 ± 50.84 mg L−1), magnesium (Mg = 69.47 ± 
43.49 mg L−1), and calcium (Ca = 40.89 ± 35.81 mg L−1), higher 
than TW (Table  3). Gomes et  al.  (2017) studying the supple-
mentation of nutrients for table beet using anaerobic effluent 
reported the concentration of N-TNK = 42.24 ± 1.77, lower than 
this study.

The saline potential of the source with dairy effluent is ob-
served by the values Cl, Na+, EC, and SAR (Table 3). According 
to the guidance of CETESB (2006), the maximum concentra-
tions of sodium and chlorine to prevent sodification and/or 
salinization of the soil are 69 and 106 mg L−1, respectively, for 

FIGURE 1    |    Irrigation depths (mm) of tap water (TW) and dairy ef-
fluent treated by an anaerobic system (ETL) applied to the treatments 
during the lettuce and beet intercropping period and after lettuce har-
vest on the beet plants.
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reuse of domestic treated wastewater in agriculture. Thus, the 
values found are above those recommended by the environ-
mental agency, indicating that there is a saline potential of this 
effluent for application to the soil. However, the values of EC 
and SAR are within the acceptable range, a maximum value of 
12 for SAR and 2.9 dS m−1 for EC (CETESB 2006) Despite this, 
it is important to note that the average EC of the treated dairy 
effluent was above the tolerable range by lettuce (1.3 dS m−1), 
and bordering on table beet (2.7 dS m−1), to guarantee 100% of 
the crop's productive potential (Ayers and Westcot 1999).

3.2   |   Green Manure Biomass Production 
and Nutrient Concentrations

The shoot fresh biomass (SFB) of jack bean (C. ensiformis) 
showed no significant difference in productivity between water 
sources, indicating that jack bean is suitable for irrigation with 
dairy effluent treated by an ANE. The other green manures, 
however, produced lower SFB when irrigated with ANE com-
pared to TW (tap water) (Table 4).

Analyzing the green manures within each water source, jack 
bean (C. ensiformis) showed the highest SFB when irrigated with 
ANE, followed by C. spectabilis, C. juncea, and dwarf pigeon pea 
(C. cajan). Regarding tap water (TW), jack bean and C. spectabilis 
exhibited the highest SFB, differing from C. juncea and dwarf pi-
geon pea, which showed the lowest productivity.

Overall, the SFB productivity obtained for jack bean in this 
experiment, regardless of the water source, exceeds the val-
ues reported by Cavalcante et  al. (2012), who obtained 16.2 

TABLE 3    |    Physicochemical characterization of water sources used for irrigation of intercropped cultivation of lettuce and table beet.

Parameter Dairy effluent treated by anaerobic system (ANE) Tap water (TW)

N-TNK (mg L−1) 70.92 ± 35.80 19.46 ± 2.47

N-NH4
+ (mg L−1) 36.81 ± 27.82 0.00 ± 0.00

N-NO3
− (mg L−1) 0.07 ± 0.08 0.02 ± 0.05

N-NO2
− (mg L−1) 0.58 ± 0.28 0.00 ± 0.00

P Total (mg L−1) 5.63 ± 1.61 0.21 ± 0.17

P Solúvel (mg L−1) 1.78 ± 0.94 0.05 ± 0.03

K+ (mg L−1) 74.80 ± 50.84 0.23 ± 0.05

Ca+2 (mg L−1) 40.89 ± 35.81 6.85 ± 1.06

Mg+2 (mg L−1) 69.47 ± 43.49 1.83 ± 0.27

Na+ (mg L−1) 197.20 ± 101.01 1.78 ± 0.65

Cl− (mg L−1) 160.52 ± 67.9 2.39 ± 1.98

Fe++ (mg L−1) 0.03 ± 0.01 0.15 ± 0.00

Mn++ (mg L−1) 0.04 ± 0.04 0.01 ± 0.01

EC (dS m−1) 2.74 ± 0.76 0.04 ± 0.02

pH 7.77 ± 0.41 6.92 ± 0.18

SAR (mmol L−1)-1/2 4.35 ± 1.68 0.16 ± 0.05

Abbreviations: EC = electric conductivity, SAR = sodium adsorption ratio, TNK = total nitrogen Kjeldahl.

TABLE 4    |    Fresh and dry shoot biomass of green manures under tap 
water (TW) and anaerobically treated dairy effluent (ANE) irrigation.

Treatments

TW ANE Mean

Shoot fresh biomass (SFB)
t ha−1

Jack bean 19.3Aa 18.5Aa 18.8

Crotalaria 
spectabilis

19.9Aa 11.1Bb 15.5

Crotalaria 
juncea

12.0Ba 8.4Cb 10.2

Pigeon pea 8.1Ca 4.9Db 6.5

Mean 14.8 10.7

CV (%) = 9.87

Shoot dry biomass (SDB)
t ha−1

Jack bean 5.1 4.6 4.9A

C. spectabilis 3.2 2.3 2.8B

C. juncea 3.7 2.1 2.9B

Pigeon pea 2.5 1.5 2.0C

Mean 3.6a 2.6b

CV (%) = 13.8

Note: Means followed by different letters, lowercase in rows and uppercase in 
columns, differ from each other according to the F test and Tukey's test (p ≤ 0.5), 
respectively.
Abbreviation: CV = coefficient of variation.
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and 13 t ha−1 in their field studies, respectively, with harvests 
carried out after 92 and 119 days of cultivation. The results for 
C. spectabilis (39.10 t ha−1) and dwarf pigeon pea (25 t ha−1) were 
lower than those reported by Pereira et al. (2012). For crotalaria 
juncea, the values were below those cited by Cavalcante et al. 
(2012), and the lower fresh biomass productivity of these species 
may possibly be explained by their higher sensitivity to irriga-
tion with anaerobically treated dairy effluent, which, combined 
with powdery mildew (Oidium sp.) infection, caused severe de-
foliation in C. juncea.

The results for shoot dry biomass (SDB) productivity showed 
that all green manures exhibited higher productivity when irri-
gated with TW, with jack bean showing the highest productivity 
(5.1 t ha−1) and dwarf pigeon pea the lowest (2.5 t ha−1), whereas 
crotalaria spectabilis and crotalaria juncea did not differ from 
each other. The means for crotalaria spectabilis and crotalaria 
juncea were also lower when compared with the results ob-
tained by Soares et  al. (2015), who found 4.2 and 10.49 t ha−1, 
respectively. It is worth noting that the cited references refer to 
field cultivation conditions. In a study similar to the present one, 
Rossi et al.  (2014) reported higher SDB values for pearl millet 
plants irrigated with dairy effluent treated by an anaerobic sys-
tem, with mean values of 3.8 t ha−1.

No interaction was observed between water sources and green 
manures for nitrogen (N) and sulfur (S) concentrations, and 
higher phytoextraction of these macronutrients was observed 
under TW irrigation (Table 5).

Jack bean showed the highest mean nitrogen (N) content 
(123.5 kg ha−1), followed by crotalaria spectabilis (84.0 kg ha−1) 
and crotalaria juncea (71.2 kg ha−1), which did not differ from 
each other, and dwarf pigeon pea, which presented the lowest 
mean value (43.4 kg ha−1). A similar trend was observed for sul-
fur (S). The higher N accumulation in jack bean compared to the 
other green manures is related to its greater biomass productiv-
ity. Cavalcante et al. (2012) reported N phytoextraction values 

TABLE 5    |    Macronutrient phytoextraction by the biomass of green 
manures irrigated with tap water and dairy effluent treated by an 
anaerobic system.

Treatments TW ANE Mean

N (kg ha−1)

Jack bean 134.1 112.8 123.5A

Crotalaria spectabilis 88.9 79.0 84.0B

Crotalaria juncea 82.2 60.1 71.2B

Pigeon pea 48.3 38.5 43.4C

Mean 88.4a 72.6b

CV (%) = 21.62

P (kg ha−1)

Jack bean 2.8 3.8 3.3A

C. spectabilis 2.2 2.6 2.4B

C. juncea 2.0 1.8 1.9B

Pigeon pea 1.5 1.6 1.6B

Mean 2.2a 2.5a

CV (%) = 26,36

K (kg ha−1)

Jack bean 63.5 68.1 65.8A

C. spectabilis 70.4 53.8 62.1A

C. juncea 42.1 40.3 41.2B

Pigeon pea 28.4 23.6 26.0C

Mean 51.1a 46.4a

CV (%) = 17.34

Ca (kg ha−1)

Jack bean 86.6Aa 73.3Ab 80.0

C. spectabilis 60.9Ba 33.7Bb 47.3

C. juncea 15.0Ca 9.1Cb 12.0

Pigeon pea 13.4Ca 8.6Cb 11.0

Mean 44.0 31.2

CV (%) = 14.89

Mg (kgha−1)

Jack bean 5.0Ba 6.7Aa 5.8

C. spectabilis 14.0Aa 8.6Ab 11.3

C. juncea 4.1BCb 6.5Aa 5.3

Pigeon pea 1.7Ca 1.6Ba 1.6

Mean 6.2 5.9

CV (%) = 23.54

S (kg ha−1)

Jack bean 9.9 8.9 9.4A

C. spectabilis 7.1 4.4 5.7B

(Continues)

Treatments TW ANE Mean

C. juncea 6.0 4.9 5.5B

Pigeon pea 4.7 2.8 3.7C

Mean 6.9a 5.3b

CV (%) = 13.67

Na (kg ha−1)

Jack bean 5.1Aa 4.7Aa 4.8

C. spectabilis 3.7Ba 4.2Aa 3.9

C. juncea 3.2Bb 4.6Aa 3.9

Pigeon pea 2.5Ba 1.5Bb 2.0

Mean 3.6 3.8

CV (%) = 17.02
Note: Means followed by different letters, uppercase in columns and lowercase 
in rows, differ from each other according to Tukey's test and the F test (p ≤ 0.5), 
respectively.

TABLE 5    |    (Continued)
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7 of 15Water Environment Research, 2025

of 79.5 kg ha−1 for crotalaria spectabilis, 65 kg ha−1 for crotalaria 
juncea, 71 kg ha−1 for jack bean, and 107.2 kg ha−1 for dwarf pi-
geon pea.

Interactions were observed between the factors water sources 
and green manures for both calcium (Ca) and magnesium (Mg). 
For calcium, a consistent reduction was observed when plants 
were irrigated with anaerobically treated dairy effluent (ANE) 
compared to TW. Jack bean stood out as the species with the 
highest phytoextraction under both water sources. These results 
indicate that ANE reduced the availability and uptake of Ca by 
plants, possibly due to the higher sodium content in the effluent, 
which may promote ionic competition and displacement of Ca2+ 
from soil exchange sites, thus impairing the root absorption of 
this nutrient.

For magnesium, distinct responses were found among the 
green manure species. Significant differences in Mg lev-
els were observed only for pigeon pea when ANE was used 
as the irrigation source, with mean values of 8.6 kg ha−1 for 
crotalaria spectabilis, 6.7 kg ha−1 for jack bean, 6.5 kg ha−1 for 
crotalaria juncea, and 1.6 kg ha−1 for pigeon pea. Under TW 
irrigation, the highest Mg phytoextraction was recorded for 
C. spectabilis (14.0 kg ha−1), followed by jack bean (5.0 kg ha−1), 
which did not differ from C. juncea (4.1 kg ha−1) but was supe-
rior to pigeon pea (1.7 kg ha−1). C. spectabilis exhibited a sig-
nificant reduction in Mg uptake (38.6%) when irrigated with 
ANE. Conversely, C. juncea showed the opposite trend, with 
a marked increase (58.5%) in Mg phytoextraction under ANE 
irrigation, whereas jack bean and pigeon pea did not show 
significant differences between water sources. This response 
suggests that the use of ANE is influenced by physiological 
and adaptive traits specific to each species, reflecting differ-
ences in their capacity to absorb and transport bivalent cat-
ions under higher salinity conditions.

Garcia et  al. (2007) observed that irrigation with saline water 
reduced the uptake of K, Ca, and Mg by maize plants. Similarly, 
dos Santos et al. (2017) reported that increasing salinity in nu-
trient solutions prepared with brackish water led to reductions 
in potassium and nitrogen concentrations in cherry tomato leaf 
tissue.

The phytoextraction of sodium (Na) by green manure species 
showed a significant interaction between factors, revealing 
distinct behaviors among species in response to irrigation 
with ANE and TW. In general, irrigation with ANE increased 
Na uptake compared with TW, except for pigeon pea. The 
water source did not affect Na phytoextraction in jack bean, 
which showed similar values under TW (5.1 kg ha−1) and ANE 
(4.7 kg ha−1), nor in C. spectabilis (3.7 kg ha−1 under TW and 
4.2 kg ha−1 under ANE), indicating tolerance to sodium and 
stability in Na absorption. Pigeon pea exhibited the lowest 
mean Na uptake (1.5 kg ha−1 under ANE), differing signifi-
cantly from the other species, which demonstrates its lower 
capacity to absorb and accumulate sodium in the shoot. Under 
TW, jack bean presented the highest mean value, differing 
from the other treatments.

The overall mean Na phytoextraction increased slightly under 
ANE irrigation (3.8 kg ha−1) compared with TW (3.6 kg ha−1), 

supporting the effect of the higher Na concentration in the efflu-
ent (197 ± 101.1 mg L−1 vs. 1.78 ± 0.65 mg L−1 in TW). These find-
ings indicate that although the anaerobically treated effluent 
increases sodium input into the system, green manure species 
exhibit limited phytoextraction capacity, insufficient to prevent 
Na accumulation in the soil. This limitation may contribute 
to increases in ESP and SAR, as previously reported by Rossi 
et al. (2014) and Donatti et al. (2017), who found higher Na accu-
mulation in soils irrigated with effluents due to the low removal 
of this element by plant biomass.

3.3   |   Lettuce Productivity and Biometric Aspects

The analysis for fresh mass of the aerial part of the lettuce 
(FMAP) and fresh mass of the leaves (FML) showed an interac-
tion among water sources and green manures. Lettuces grown in 
succession to pigeon pea obtained the highest averages regard-
less of the source of water received during irrigation (Table 6).

Lettuces grown in succession to pigeon pea, irrigated with 
TW had the highest average (FMAP = 2.28 kg m−2), differ-
ing from the control. The same behavior was observed in 
relation to ANE, and the highest averages were for pigeon 
pea 2.76 kg m−2 and the lowest mean for control 0.78 kg m−2. 
Purquerio et  al. (2011) obtained higher productivity of fresh 
mass of lettuce cv. Camila, conducted for 38 days, after the 
cultivation of millet and C. juncea in salinized soil than the 
control (without cover plants) of 2.26 and 2.50 kg m−2, respec-
tively. Oliveira et al. (2008) observed that the fresh mass of the 
lettuce was higher when legumes were used as ground mulch, 
due to nitrogen fixation. Sandri et  al.  (2007) stated that let-
tuce productivity can be higher in irrigation systems by un-
derground and superficial drip using wastewater. For fresh 
leaf mass (FML), when the water source was TW, the highest 
average was for pigeon pea (1.92 kg m−2) and the lowest aver-
age for control (1.08 kg m−2). Jack bean had its average influ-
enced by the water source, producing less FML when irrigated 
with TW (1.40 kg m−2) in relation to ANE, and this treatment 
presented the highest productivity (2.20 kg m−2), and for the 
same source of water, the control showed the lowest values of 
0.58 kg m−2. These values were higher for all treatments, ex-
cept for the control when irrigated with TW, to those found by 
Sandri et al. (2007) who found values of 0.84 kg m−2 for FML 
in plants irrigated with treated domestic effluents, cultivated 
for 45 days. However, it is necessary to consider that in addi-
tion to the nutrients provided by the ANE, there is the decom-
position of the green manure cover.

The fresh (FRM) and dry root (DRM) mass of the lettuce showed 
no statistical differences in relation to the treatments. The av-
erage value for FRM when the plants were irrigated with TW 
was 0.26 and 0.22 kg m−2 for ANE. For DRM, the averages were: 
0.134 kg m−2 for TW and 0.124 kg m−2 for ANE.

The results obtained for diameter (DIA) showed that the lettuce 
plants did not show differences in size when in successive culti-
vation to the pigeon pea, regardless of the water source (Table 3). 
Lettuces grown in succession to pigeon pea showed the highest 
averages for DIA when irrigated with TW, not differing from 
the other treatments, only from the control. When irrigated 
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with ANE, lettuces in successive pigeon pea cultivation showed 
the highest average (24.72 cm), differing only from the control 
(16.96 cm). Juchen et  al.  (2013) found DM values for lettuce 
plants irrigated with 33.12 cm dairy wastewater after 55 days of 
cultivation.

When plant height (PHG) was evaluated, it was observed that 
lettuces irrigated with TW in cultivation after C. spectabilis and 
pigeon pea had the highest averages, followed by C. juncea and 
jack bean, which did not differ from the control (Table  3). In 
cultivation irrigated with ANE, lettuces in succession to jack 
bean showed the highest mean for TW (24.93 cm), differing 
only from the control with the lowest mean, 17.25 cm. Juchen 
et al. (2013) found height values for lettuce plants irrigated with 
dairy waste water of 21.06 cm, similar to the results found by 
Sandri et al. (2007), who found an average of 22.1 cm.

Despite the differences found for fresh leaf weight (FML), the 
number of leaves (NL) showed a difference only for the control 
when irrigated with ANE, which had the lowest amount (10.6 
leaves). Magalhães et  al.  (2015) found the following averages 
for number of leaves: 10.75 leaves cv. Rapids, 10.38 leaves cv. 
Monica, and 13.63 leaves for cv. Simpson.

The leaf area index (LAI) showed interaction among treatments, 
for plants irrigated with TW the highest averages were observed 
by lettuce in succession to pigeon pea cultivation; however, it 
did not differ from the other treatments. When the plants were 

irrigated with ANE, the highest averages were for jack bean, 
which differed from the control. It is possible to observe that 
the lettuce in succession to jack bean had a higher LAI when 
it received TW. The fact that lettuces in succession to pigeon 
pea, when irrigated with TW, had higher LAI is related to their 
greater production of fresh mass, total number of leaves, and 
height, as well as lettuce plants in post-cultivation to jack bean 
when irrigated with ANE.

In general, the fact that lettuce plants in successive cultivation to 
green manures have performed well when irrigated with ANE 
may be related to the supply of nutrients provided by the effluent 
together with the release of nutrients by the decomposition of 
green manures in the system.

3.4   |   Table Beet Productivity and Biometric 
Aspects

There was interaction for the successive cultivation in a combi-
nation of lettuce and table beet post-cultivation of green manures 
and water sources for total fresh mass (TFM), FML, number of 
leaves (NL), fresh root mass (FRM), and diameter (DIA) of the 
table beet plants (Table 4). The leaf area index showed a differ-
ence only for water sources.

The beets, after the cultivation of C. spectabilis, and the control 
were not affected, regardless of the source of water used for 

TABLE 6    |    Fresh mass from the aerial part (FMAP), fresh mass from the leaves (FML), number of leaves (NL), plant diameter (DIA), plant height 
(PHG), and leaf area index (LAI) of lettuces irrigated with tap water (TW) and dairy effluent treated by anaerobic system (ANE).

Treatments

FMAP FML NL

kg m−2 kg m−2 Leaves plant−1

TW ANE TW ANE TW ANE

Pigeon pea 2.28Aa 2.76Aa 1.92Aa 1.84Aa 16.7Aa 16.2Aa

Crotalaria juncea 2.04ABa 2.24Aa 1.58Aa 1.94Aa 15.6Aa 16.1Aa

Jack bean 1.68ABb 2.44Aa 1.40Ab 2.22Aa 15.0Aa 17.4Aa

Crotalaria spectabilis 1.94ABa 2.42Aa 1.50Aa 1.80Aa 15.5Aa 15.6Aa

Control 1.32Ba 0.78Ba 1.08Aa 0.58Ba 14.6Aa 10.6Bb

CV (%) 24.52 27.98 11.61

Treatments

DIA PHG LAI

cm plant−1 cm plant−1 m2 m−2

TW ANE TW ANE TW ANE

Pigeon pea 24.48Aa 24.72Aa 23.3Aa 23.5Aa 4.12Aa 3.90Aa

C. juncea 22.67ABa 24.28Aa 21.7ABa 23.0Aa 3.66Aa 4.14Aa

Jack bean 21.50ABb 24.93Aa 21.5ABb 24.9Aa 2.94Ab 4.87Aa

C. spectabilis 22.13ABa 23.08Aa 23.3Aa 23.7Aa 3.60Aa 4.21Aa

Control 19.63Ba 16.96Bb 18.9Ba 17.3Ba 2.78Aa 1.59Ba

CV (%) 6.98 9.02 25.56

Note: Means followed by different letters, uppercase in the columns and lowercase in the rows, differ from each other by the Tukey and F test (p < 0.5), respectively.
Abbreviation: CV = coefficient of variation.
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TFM, and for the beets in succession with other green fertilizers, 
the highest TFM was when irrigated with dairy effluent treated 
by anaerobic system (ANE).

The highest production of fresh mass from the leaves (FML) ir-
rigated with TW occurred in the control treatments and with 
C. spectabilis coverage, followed by the pigeon pea, C. juncea, 
and jack bean (Table  4). Sediyama et  al.  (2011) found greater 
production of FML for table beet plants when cultivated under 
mulch. For plants irrigated with ANE, the highest averages were 
for the pigeon pea, jack bean, C. juncea, control, and C. spectabi-
lis (Table 7). When assessing the fresh mass of table beet leaves 
irrigated with different sources of water and irrigation blades, 
Gomes et al. (2015) found in the irrigation blades 100% replace-
ment of the evapotranspiration of the culture and with anaero-
bic effluent treated with dairy a fresh leaf mass of 1.28 kg m−2.

Regarding the number of leaves (NL), the beets irrigated with 
TW showed no differences in relation to green manures. When 
the beets were irrigated with ANE, the highest average NL was 
for table beet in succession to C. juncea (9.82 leaves plant−1), dif-
fering from table beet after C. spectabilis (6.82 leaves plant−1). 
Note that for the jack bean, pigeon pea, and C. juncea treatments, 
irrigation with treated effluent (ANE) contributed to the largest 
amount of leaves. Silva et al. (2013), when studying the perfor-
mance of table beet cultivars under different water tensions in 
the soil, found average values of 9.96 leaves plant−1 for the Early 
Wonder cultivar and 10.20 leaves plant−1 for the cultivar Itapuã. 

Sarmento et al. (2011) found a value of 10.28 leaves plant−1 for 
table beet grown with organic fertilization.

In the interaction among treatments for FRM, the beets irri-
gated with TW had the highest averages for cultivation with-
out green manure (control) (2.62 kg m−2) and C. spectabilis 
(2.46 kg m−2), which differed from the beets after jack bean 
(1.16 kg m−2). Regarding the plants irrigated with ANE, no 
difference was observed, with the highest average being for 
the table beet in succession to jack bean (3.76 kg m−2) and the 
lowest after C. spectabilis (2.62 kg m−2). In this study, it can 
be seen that the roots had a better development in irrigation 
by ANE in succession to jack bean (3.76 kg m−2), pigeon pea 
(3.50 kg m−2), and C. juncea (3.50 kg m−2). These values were 
similar to those found by Gomes et  al.  (2015) show in their 
studies an average of 3.18 kg m−2.

The treatments that received ANE were efficient in the pro-
duction of table beet, because they meet the market preference, 
which, according to Sediyama et  al.  (2010), the preferred root 
mass is between 200 and 300 g.

Regarding the dry mass of the table beet roots, the difference 
occurred in relation to water sources, in TW the average pro-
duction was 0.48 kg m−2, whereas for ANE the average was 
0.72 kg m−2. Gomes et al. (2015) also found the highest mean for 
dry mass of the roots when the beets were irrigated with treated 
dairy effluent in relation to TW.

TABLE 7    |    Total fresh mass (TFM), fresh leaf weight (FML), number of leaves (NL), root diameter (DIA), fresh root weight (FRM), and leaf area 
index (LAI) of plants of table beet irrigated with tap water (TW) and dairy effluent treated by anaerobic system (ANE).

Treatments

TFM FML NL

kg m−2 kg m−2 Leaves plant−1

TW ANE TW ANE TW ANE

Pigeon pea 2.94Ab 5.92Aa 0.82Ab 2.42Aa 5.94Ab 9.31ABa

Crotalaria juncea 2.90Ab 5.60Aa 0.82Ab 2.08ABa 5.92Ab 9.82Aa

Jack bean 1.74Ab 5.98Aa 0.56Ab 2.22ABa 5.25Ab 8.34ABCa

Crotalaria spectabilis 3.40Aa 3.96Aa 0.92Aa 1.32Ba 6.31Aa 6.42Ba

Control 3.58Aa 4.74Aa 0.94Aa 1.42Ba 6.40Aa 6.87BCa

CV (%) 28.69 32.27 30.13

Treatments

FRM DIA LAIn.s.

kg m−2 cm plant−1 m2 m−2

TW ANE TW ANE TW ANE

Pigeon pea 2.12Ab 3.50Aa 4.22ABa 4.91Aa 1.41 3.18

C. juncea 2.06Ab 3.50Aa 4.09ABb 4.97Aa 1.20 2.99

Jack bean 1.16Ab 3.76Aa 3.38Bb 5.16Aa 3.38 5.16

C. spectabilis 2.46Aa 2.62Aa 4.48Aa 4.60Aa 1.36 2.13

Control 2.62Aa 3.30Aa 4.22ABa 4.94Aa 1.58 2.18

CV (%) 29.86 11.52 16.99

Note: Means followed by different letters, uppercase in the columns and lowercase in the rows, differ from each other by the Tukey and F test (p < 0.5), respectively.
Abbreviations: CV = coefficient of variation, n.s. = not significant.
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The highest mean for root diameter (DIA), in relation to irriga-
tion with TW, was for beets cultivated in succession to C. spec-
tabilis (4.48 cm), which differed from beets after jack bean 
(3.38 cm). In irrigation with TW, the DIA of the beets did not 
show statistical differences, the highest value being obtained 
with the beets in succession to jack bean (5.16 cm). Gomes 
et  al.  (2015) found higher values, DIA = 6.5 cm, for table beet 
plants irrigated with dairy treated effluent and cultivated for a 
period of 72 days. Silva et  al.  (2017) that in post-cultivation of 
cover, plants present DR values of 5.92 cm after Crotalaria cul-
tivation and 6.78 cm for plants cultivated after jack bean in the 
period of 70 days of cultivation.

For plant height, there was a significant effect for water 
sources, with the highest average being for ANE, with 
45.51 cm, differing from the height of the beets irrigated with 
TW, with 37.67 cm.

The leaf area index (LAI) obtained the highest average for the 
Jack bean treatment and the lowest value for C. juncea when 
irrigated with TW. For plants irrigated with ANE, the high-
est average was for Jack bean and the lowest for C. spectabilis 
(Table 4). The LAI was 1.29 m2 m−2 for beets irrigated with TW 
and 2.62 m2 m−2 with irrigation by ANE. Tullio et al. (2013) in 

their studies when evaluating the table beet grown for 65 days 
found a leaf area index of 1.94 m2.

The TSS soluble of the beets did not show significant effects of 
the treatments, and the average of green fertilizers irrigated with 
TW was 11.51°Brix, and for ANE, it was 11.57°Brix. Façanha 
et al. (2010) found mean values of total soluble solids in the tu-
berous roots of table beet that varied from 10.4°Brix to 11.1°Brix 
cultivated with bovine manure. Gomes et al. (2015) report SST 
values of 11.5°Brix in table beet irrigated with anaerobic dairy 
effluent.

3.5   |   Chemical Composition of Lettuce and Table 
Beet Leaves

The levels of nitrogen (N), phosphorus (P), and potassium (K) 
macronutrients were influenced by the interaction among irri-
gation sources and green manures (Table 8). In TW, the highest 
N value found was in lettuce in succession to pigeon pea leaves, 
which was similar to the control, but differed from lettuce in 
succession to jack bean and Crotalaria. Only after Crotalaria 
irrigated with TW did the lettuces have an N content below the 
reference in the literature, that is, values below 30 g kg−1.

TABLE 8    |    Content of macronutrients (g kg−1) in lettuce leaves grown in intercropping with table beet, in post-cultivation with green manures, 
and irrigated with two sources of water (tap water [TW]; dairy effluent treated by anaerobic system [ANE]).

Treatments

Nitrogen (N) Phosphorus (P) Potassium (K)

TW ANE TW ANE TW ANE

Pigeon pea 44.79Ab 56.00Aa 3.14ABa 3.08ABa 32.83Aa 33.07ABa

Control 36.35ABb 50.93Aa 2.21Cb 2.68Ba 25.74Aa 30.14ABa

Jack bean 31.13BCb 48.74Aa 3.31Aa 3.01ABa 27.61Ab 37.72Aa

Crotalaria spectabilis 29.77BCb 53.92Aa 3.24Aa 3.47Aa 29.57Aa 34.29ABa

Crotalaria juncea 24.08Cb 51.30Aa 2.68BCb 3.13ABa 29.40Aa 28.92Ba

Mean 33.22 51.78 2.92 3.07 29.03 32.83

Referencea 30–50 4–7 50–80

CV (%) 13.19 7.95 12.30

Treatments

Calcium (Ca) Magnesium (Mg) Sulfur (S)

TW ANE Mean TW ANE Mean TW ANE Mean

Pigeon pea 9.99 8.71 9.35A 4.52 3.89 4.21AB 2.65 2.49 2.57A

Control 9.84 8.83 9.34A 4.15 3.74 3.94B 2.16 2.39 2.28B

Jack bean 10.81 8.63 9.72A 4.38 3.67 4.02B 2.38 2.49 2.44AB

C. spectabilis 9.22 8.76 8.99A 5.02 4.43 4.72A 2.19 2.40 2.29B

C. juncea 9.93 8.57 9.25A 4.11 4.04 4.08B 2.09 2.54 2.32B

Mean 9.96a 8.70b 4.44a 3.95b 2.29b 2.46a

Referencea 15–25 4–6 1.5–2.5

CV (%) 10.06 10.44 8.78

Note: Means followed by different letters, uppercase in the columns and lowercase in the rows, differ by Tukey's test or F (p < 0.05).
Abbreviation: CV = coefficient of variation.
aReference values (Raij et al. 1997).
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When irrigated with ANE, there was no difference for N among 
lettuces compared to green manures. However, the N values 
were higher in lettuce leaves irrigated with ANE compared to 
TW, which demonstrates that the lettuces absorbed the N sup-
plied by the effluent via irrigation. Urbano et al.  (2017) found 
a value, average of two cycles, of 43.19 g kg−1 of N in lettuce cv. 
Elisa grown with treated sewage effluent.

Lettuce leaf phosphorus (P) contents were below the reference, less 
than 4 g kg−1, with the lowest value being the control lettuce, that 
is, lettuces benefited from phosphorus recycled by green manures. 
However, there was no complete synchronization between the 
need for P for lettuce and the availability of P for green manures.

The levels of potassium (K) and calcium (Ca) in lettuce leaves 
were below the values recommended by Raij et  al.  (1997). 
Urbano et al. (2017) found values of 47.37 and 7.85 g kg−1 lettuce 
cv. Elisa grown with treated sewage effluent, respectively, for K 
and Ca, that is, also below the concentration described by Raij 
et al. (1997). Paulus et al. (2012) studied the mineral composition 
of lettuce cv. Veronica grown in hydroponics with saline waters 
and found K (48 g kg−1) and Ca (10 g kg−1) values also below the 
reference. However, Sandri et al. (2006), studying the cultivation 
of lettuce cv. Elisa, with effluent composed of domestic and san-
itary wastes, found values of K (52.3 g kg−1) and Ca (13.2 g kg−1), 
with only calcium slightly below the reference.

The magnesium (Mg) content, on average among TW and ANE, 
was higher for lettuce, cultivated after global audience, with no 
difference for pigeon pea and higher than control, beans, and 
C. juncea (Table 9). In the average of green manures, the Mg con-
tent of lettuces irrigated with ANE (3.95 g kg−1) was lower than 
that of TW irrigation (4.44 g kg−1) (Sandri et al. 2006), selecting a 
value of 3.0 g kg−1, less than that suitable for a lettuce.

Sulfur (S) levels, in general, were within the range recommended 
by Raij et al. (2001). Only for lettuce cultivated in succession to 
pigeon pea, a higher value (2.57 g kg−1) was found, which was 
above the reference. Sandri et al. (2006) reported values above 
those suitable for lettuce, ranging from 3.7 to 4.6 g kg−1. Paulus 
et al. (2012) found mean values of 2.1 g kg−1.

Regarding the levels of macronutrients in table beet leaves, with 
the exception of potassium (K), there was no interaction among 
water sources and green manures. The differences were ob-
served only for water sources (Table 9).

The nitrogen (N) content was higher for beets irrigated with 
ANE (41.88 g kg−1) compared to TW (35.90 g kg−1). Gomes 
et  al.  (2017) studied the supply of nutrients to table beet cv. 
Cabernet by irrigation with treated dairy effluents and reported 
values of 26.82 g kg−1, below those found in this experiment. 
However, the N content of the effluent treated by the anaerobic 
system was N-TNK = 42.24 ± 1.77, also below the current exper-
iment (70.92 ± 35.80 mg L−1).

The nitrogen (N) content was higher for beets irrigated with 
ANE (41.88 g kg−1) compared to TW (35.90 g kg−1). Gomes 
et  al.  (2017) studied the supply of nutrients to table beet cv. 
Cabernet by irrigation with treated dairy effluents and reported 
values of 26.82 g kg−1, below those found in this experiment. 
However, the N content of the effluent treated by the anaerobic 
system was N-TNK = 42.24 ± 1.77, also below the current exper-
iment (70.92 ± 35.80 mg L−1).

For phosphorus (P) and calcium (Ca), the highest levels were found 
in leaves whose plants were irrigated with TW. However, for both 
nutrients, the values were below the reference values of Raij et al. 
(2001). The data by Gomes et al. (2017) corroborate the P content, 
with a value of 1.60 g kg−1, when irrigated with anaerobic effluent.

The levels of magnesium (Mg) and sulfur (S) in table beet 
leaves did not differ between the water sources used for irriga-
tion. Mg was above the recommended range and S was below 
the reference. Gomes et  al.  (2017) reported the following val-
ues for lettuces irrigated with effluent treated by anaerobic 
system: K = 25.30 g kg−1, Ca = 40.59 g kg−1, Mg = 35.77 g kg−1, 
S = 2.95 g kg−1.

The content of potassium (K) in the leaves of table beet var-
ied, in the average of the water sources, for the cultivation 
in succession to green manures: The highest average was 
verified after C. juncea (35.43 g kg−1) superior only to control 
(29.53 g kg−1).

The curly lettuce contains 3 mg 100 g−1 of sodium (Na), with 
96.1% moisture, that is, 0.77 g kg−1 of sodium in the dry matter 
(Taco 2011). The sodium content in the lettuce leaves was not 
influenced by green manures, only by water sources (Figure 2). 
Lettuce cultivated with TW irrigation had a content of 3.80 g kg−1 
and differed from the leaf content of lettuces irrigated with ef-
fluent (ANE), which showed 11.52 g kg−1. Both values are higher 
than the reference of the Brazilian Food Composition Table 

TABLE 9    |    Content of macronutrients (g kg−1) in table beet leaves cultivated in combination with lettuce, in post-cultivation with green manures, 
and irrigated with two sources of water (WS) (tap water [TW]; system treated dairy effluent anaerobic [ANE]).

WS N P K Ca Mg S

TW 35.90b 1.92a 33.04a 14.95a 11.07a 0.99a

ANE 41.88a 1.78b 31.25a 12.82b 11.42a 0.79a

Referencea 30–50 2–4 20–40 25–35 3–8 2–4

CV (%) 23.32 10.66 11.04 20.68 15.43 49.88

Note: Means followed by different letters, for each parameter, differ by the F test (p < 0.05).
Abbreviation: CV = coefficient of variation.
aReference values (Tivelli et al. 2011; Raij et al. 2001).
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(Taco 2011). Sandri et al.  (2006) reported sodium levels in let-
tuce grown with effluent up to nine times higher than lettuces 
grown with tap water.

Regarding sodium (Na) in table beet leaves, the highest content 
occurred when irrigated with ANE (36.95 g kg−1), higher than 
the value found for TW (26.48 g kg−1). The Na content in the 
table beet leaves was higher than the 16.25 g kg−1 reported by 

Tivelli et al. (2011). However, Gomes et al. (2017) reported val-
ues of Na = 413.33 g kg−1 in table beet leaves irrigated with dairy 
treated effluent, much higher than those found in the current 
experiment.

3.6   |   Results of Soil Analysis After Cultivation 
of Lettuce and Table Beet

The results obtained for electrical conductivity (EC) and pH 
of the aqueous extract of the soil did not differ among green 
fertilizers, but in the means among water sources (Table  10), 
with the highest value found for EC in the treatment with ef-
fluent (1.18 dS m−1) in relation to TW (0.23 dS m−1). Evaluating 
the aqueous extract in soil saturation paste after cultivation 
of green manures, it is noted that there was a reduction in the 
EC of the soil irrigated with TW from 1.56 to 1.18 dS m−1. Rossi 
et al. (2014) observed similar results in their study, in which EC 
for ANE was superior to water. The total concentration of salts 
in the irrigation water, without specifying them, is evaluated in 
relation to the EC, so this explains the higher values in relation 
to the aqueous extract of soil saturation when subjected to irri-
gation with effluent.

Regarding the pH of the aqueous extract of saturation of the 
soil, the values were higher for the treatments that received 
ANE (4.36) in relation to the TW (3.99). According to results ob-
tained from soil analysis collected after the cultivation of green 
manures and successive cultivation of the lettuce and table 
beet mix irrigated with TW or treated dairy effluent (ANE), it 
was found that there was a difference only among the sources 
of water (Table 11). When lettuce and table beet in succession 
intercropped green manure plants were irrigated with ANE, it 
was observed that, with the exception of potential acidity, the 
concentrations were higher (K, Ca, and Mg), being that for phos-
phorus (P) and sulfur (S), there was no statistical difference.

When lettuce and table beet in succession intercropped green 
manure plants were irrigated with ANE, it was observed that, 
with the exception of potential acidity, the concentrations were 

FIGURE 2    |    Sodium (Na) content in lettuce and table beet leaves 
grown in intercropping and irrigated with TW or dairy effluent treat-
ed by anaerobic system (ANE). Means followed by different letters, for 
each culture, differ from each other by the F test (p < 0.05). CV = 21.15 
(lettuce); CV = 31.25 (table beet); CV = coefficient of variation.
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TABLE 10    |    Electrical conductivity (EC) and pH of the saturation 
paste of the soil irrigated with tap water (TW) and anaerobic treated 
dairy effluent (ANE) after the cultivation of green fertilizers and 
successive cultivation of lettuce and table beet in consortium.

Treatments

Electrical conductivity (EC)

pHdS m−1

TW 0.23b 3.99a

ANE 1.18a 4.36b

CV (%) 32.38 12.60

Note: Means followed by different letters, for each parameter, differ by the F test 
(p < 0.05).
Abbreviation: CV = coefficient of variation.

TABLE 11    |    Results of the chemical analysis of the soil after the cultivation of green manures and successive cultivation of the lettuce and table 
beet intercrop irrigated with tap water (TW) or dairy effluent treated by anaerobic system (ANE).

Treatments pH (CaCl2)

P S K Ca Mg Na

mg dm−3 mmolc dm−3

TW 6.48b 21.90a 8.80a 2.13b 61.45b 15.35b 0.43b

ANE 6.56a 21.10a 8.95a 3.11a 65.40a 20.40a 2.10a

CV (%) 1.52 42.54 38.63 20.32 9.61 26.97 47.74

Treatments

OM H + Al SB CEC V ESP

g kg−1 mmolc dm−3 (%) (%)

TW 17.88 a 18.07 a 79.35 b 97.55 b 81.19b 0.43b

ANE 17.97 a 16.52 b 91.01 a 107.50 a 84.50a 1.97a

CV (%) 6.34 4.90 11.38 9.24 2.28 50.45

Note: Means followed by different letters, for each parameter, differ by the F test (p < 0.05).
Abbreviation: CV = coefficient of variation.
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higher (K, Ca, and Mg), being that for phosphorus (P) and sulfur 
(S), there was no statistical difference.

The higher levels of macronutrients (potassium [K], calcium [Ca], 
and magnesium [Mg]) can be explained due to the characteris-
tics of the ANE, which in its physicochemical characterization 
showed K+ = 74.80 ± 50.84 mg L−1, Ca+2 = 40.89 ± 35.81 mg L−1, 
Mg+2 = 69.47 ± 43.49 mg L−1, and Na+ = 197 ± 101.1 mg L−1, thus 
presenting an effect residual in the soil. Consequently, the sum 
of bases (SB), base saturation (V%), and the cation exchange ca-
pacity (CEC) of these soils showed a significant increase in rela-
tion to the soil irrigated with TW. There was an increase in the 
organic matter content in the soil in relation to green manures, 
and the OM value of the plots previously cultivated with the 
Crotalaria were higher than the other treatments: In the plots 
with C. spectabilis, the OM value was 19.00 g kg−1 and C. juncea 
were 18.23 g kg−1, whereas in the control, jack bean and pigeon 
pea were 17.50, 17.36, and 17.55 g kg−1, respectively.

Regarding sodium (Na), a reduction in the residual effect was 
observed in the soil irrigated with the anaerobic effluent (ANE), 
with values decreasing from 4.20 mmolc dm−3 after the cultiva-
tion of green manures to 2.10 mmolc dm−3 in the successive cul-
tivation of the lettuce and table beet consortium. Consequently, 
the ESP also decreased, from 4.39% to 1.97% in the ANE treat-
ment. This reduction indicates a decrease in soil sodicity over 
the cultivation cycles, suggesting that the combined use of green 
manures and successive vegetable cultivation favored the de-
sorption and redistribution of Na+ in the soil exchange complex.

This behavior may be related to the greater root activity and 
organic matter input promoted by green manures, which con-
tribute to the increase in cation exchange capacity (CEC) and 
enhance the retention of Ca2+ and Mg2+ in exchange sites, 
displacing Na+ to the soil solution where it can be leached by 
subsequent irrigation. Similar results were reported by Donatti 
et al. (2017) and Rossi et al. (2014), who observed increases in 
sum of bases (SB), base saturation (V%), and CEC in soils ir-
rigated with dairy effluent, associated with reductions in ex-
changeable Na levels.

According to the criteria established by CETESB and 
ANA (2011), irrigation with wastewater can be safely practiced 
as long as the ESP remains below 6.0%. Thus, the values obtained 
in this study—below 2.0% after the successive cultivation—are 
well within the recommended limits, indicating no risk of sodi-
fication under the evaluated conditions. These results reinforce 
that the agricultural use of treated dairy effluent, when properly 
managed and associated with green manures, does not lead to 
sodium accumulation in the soil and may even contribute to the 
chemical balance and improvement of soil fertility in protected 
cultivation systems.

4   |   Conclusions

Lettuce was more productive in cultivation in succession to pigeon 
pea, and the leaves showed the highest levels of nitrogen in this 
treatment, regardless of the water source. The effluent input pos-
itively influenced the production of the table beet roots when in 
succession of C. juncea, jack bean, and pigeon pea. The levels of 

macronutrients and sodium in table beet leaves were higher when 
irrigated with dairy effluent treated by anaerobic system.

Irrigation with dairy effluent treated by anaerobic system con-
tributed to the chemical fertility of the soil, increasing macronu-
trients, sum of bases, v%, and cation exchange capacity.

The intercropping of lettuce and table beet in succession with 
green manures reduced the levels of NA and consequently the ESP 
of the soil irrigated with treated dairy effluent from 4.33% to 1.97%.
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