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SUMMARY: This study aimed to evaluate the growth and grain yield of cowpea fertilized with effluent from a 

biodigester septic tank. The experiment was conducted from March to June 2009 in the municipality of Gurupi, 

Tocantins State, Brazil. The experiment used a randomized block design, with five treatments and four replicates. 

Four treatments with fertilizer applications of effluent from a biodigester septic tank (T20 with 20 mm effluent, T16 

with 16 mm effluent, T12 with 12 mm effluent, and T8 with 8 mm effluent), plus a control with NPK fertilizer were 

tested. The following parameters were determined in the growth analysis: dry weight, leaf area, leaf area index, 

absolute growth rate, relative growth rate, and net assimilation rate. Agronomic variables related to grain yield and 

the Pearson correlation between the random variables were also determined. Increasing the dose of the effluent from 

the biodigester septic tank reduced the performance of the variables related to growth analysis and grain yield. The 8-

mm effluent dose resulted in cowpea productivity similar to that obtained with the NPK fertilizer recommended for 

the crop. 
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CRESCIMENTO E PRODUTIVIDADE DE CAUPI ADUBADO COM 

 EFLUENTE DE FOSSA SÉPTICA BIODIGESTORA 

 

RESUMO: O objetivo desse trabalho foi avaliar o crescimento e rendimento de grãos de caupi adubadas com 

efluente de fossa séptica biodigestora. O experimento foi conduzido no período de março a junho de 2009, no 

município de Gurupi, estado do Tocantins. O delineamento experimental foi de blocos casualizados, com cinco 

tratamentos e quatro repetições. Foram testados quatro tratamentos com adubações de efluente de fossa séptica 

biodigestoras (T20 com 20 mm efluente; T16 com 16 mm de efluente; T12 com 12 mm de efluente e T8 com 8 mm 

de efluente) mais uma testemunha com adubação NPK. Na análise de crescimento foram determinadas: a massa seca, 

área foliar, índice de área foliar, taxa de crescimento absoluto, taxa de crescimento relativo e taxa de assimilação 

líquida. Também foram determinadas variáveis agronômicas relacionadas ao rendimento de grãos, bem como a 

correlação de Pearson entre as variáveis aleatórias. O aumento da dose de efluente de fossa séptica biodigestora 

reduz o desempenho das variáveis relativas à análise de crescimento e rendimento de grãos. A dose de 8 mm de 

efluente proporciona produtividade de caupi igual a adubação NPK recomendada a cultura. 

 
 

Palavras chave: Vigna unguiculata (L.) Walp. Análise de crescimento. Resíduos. 

 

INTRODUCTION 

 

Increased  population,  urbanization,  agricultural   expansion,   and   worldwide   industrialization,  
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combined with the absence of adequate water resource management policies, leads to a scarcity of potable 

water to meet basic needs, especially in underdeveloped countries. A solution to this problem is the reuse 

of low-quality water for other activities, such a agriculture, thus avoiding the release of effluents into 

water bodies and the consequent environmental disequilibrium (BLUM, MELFI and MONTES, 2012; 

DUARTE et al., 2008; NOBRE et al., 2010; SOUSA NETO et al., 2006; SOUZA NETO et al., 2012). 

Rudimentary tanks, or black water tanks, are still very common on small farms. This practice can 

contaminate groundwater, and well water used for human consumption contains a proliferation of disease-

causing microorganisms (DUARTE et al., 2008). A solution to this problem is the use of biodigester septic 

tanks that eliminate all pathogenic agents in the waste via enzymatic, acid, and methanogenic hydrolysis, 

which can reduce the effluent’s fecal coliform level to approximately 3/100 ml. This value is well below 

that required for class 2 water used to irrigate fruit and vegetables according to the CONAMA Resolution 

No. 20 of 1986 (1000/100 ml) (NOVAES et al., 2002; OLSEN; LARSEN, 1987). 

The recycling of waste for reuse in agriculture has been investigated with residues from various 

sources, such as tannery sludge, well-drilling waste products, saline wastewater, wastewater from treated 

domestic sewage, and cattle manure; one of the crops on which the effects of these residues has been 

studied is the cowpea (Vigna unguiculata (L.) (OLIVEIRA et al., 2001; REBOUÇAS et al., 2010; SILVA 

et al., 2009; TEIXEIRA et al., 2006). The study of the effects of these waste products aims to extend the 

useful life of captured water, thus increasing its life and returning it back to the environment in the least 

impactful way possible. Furthermore, these treatments improve the physical, chemical, and microbial soil 

properties (DUARTE et al., 2008; GLOAGUEN, 2007; SOUSA et al., 2006; VIEIRA, CASTILHOS and 

CASTILHOS, 2012). 

Cowpea is an important crop in many countries; it grows well in a wide range of environments 

between latitudes 40°N and 30°S and adapts to both highlands and lowlands, as well as to acidic soils, 

aluminum toxicity, and water deficits, which are common problems in soil from Brazilian Cerrado biome 

(SAN JOSÉ et al, 2004; ZILLI et al., 2011). 

In Tocantins State, Brazil, the cowpea is a traditional crop mainly in family-based farming; 

however, it is becoming increasingly important as a second-harvest crop, grown in rotation with traditional 

crops. Recently, several studies have addressed the various aspects related to cowpea growth and 

development under the edaphoclimatic conditions of Tocantins State, Brazil (BORGES et al., 2012; 

CHAGAS JUNIOR et al., 2010; SANTOS et al., 2011; SILVA et al., 2011). These studies have shown the 

ability of the plant to adapt to adverse environmental conditions with little loss of productivity, which 

indicates that cowpea is a crop with high potential for economic growth in Tocantins State. 

The use of effluents from biodigester septic tanks is a viable alternative for small-scale farmers 

because it can be implemented at low cost, promotes the reuse of both macro- and micronutrients by 

plants, and provides organic matter for the soil (NOVAES et al., 2002; SIMONETE et al., 2003). Growth 

analysis is an essential tool to study the effects of biodigester tank effluents on cowpea growth and 

development, because it describes the changes in plant matter production with time, which is not possible 

based solely on grain yield records (LOPES et al., 2009). Therefore, this study aimed to evaluate growth 

and grain yield of cowpea plants fertilized with different doses of effluent from biodigester septic tanks. 

 

MATERIAL AND METHOD 

 

The experiment was conducted from march to june 2009, in Gurupi/TO, Brazil, located at 11°43′S 

and 49°04′W and at an altitude of 280 m asl. The local climate is Aw type (wet with moderate water 

deficit), according to the Thornthwaite method. Data for the prevailing climate at the time of the  
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experiment are shown in Figure 1. 

 

Figure 1. Mean daily temperature values (°C), total daily rainfall values (mm), and mean daily relative 

humidity values (%) from march 15 to june 28, 2009, Gurupi/TO, Brazil. 

 

 

 

The soil was characterized as dystrophic Red Yellow Latosol, with mean texture and the following 

characteristics: 0.7 cmol·dm
-3

 Ca; 0.4 cmol·dm
-3 

Mg; 0.1 cmol·dm
-3 

Al; 10.5 mg·dm
-3 

K; 1.4 mg·dm
-3 

P; 

1.0% OM; 5.5 CaCl pH; 39.3% V; 6.7% m; 2.8 cmol·dm
-3 

CEC (T); 1.2 cmol·dm
-3 

CEC(t); 639.0 g·kg
-1 

sand; 38.0 g·kg
-1 

silt; 323 g·kg
-1 

clay. 

The experiment used a randomized block design, with five treatments and four replicates. The 

treatments tested are shown in Table 1, and include four applications of effluent from a biodigester septic 

tank and one control with NPK fertilizer. 

 

Table 1. Description of the treatments. 

Treatment Description Total applied 

T20 5 applications of 4 mm each over 10 days. 20 mm 

T16 4 applications of 4 mm each over 15 days. 16 mm 

T12 3 applications of 4 mm each over 20 days. 12 mm 

T8 2 applications of 4 mm each over 20 days. 8 mm 

T (NPK) 60 kgha
-1

 of K2O, 40 kgha
-1

 of P2O5 and 20 kgha
-1

 of N. - 

 

The applications of effluent were distributed, with the first being performed 15 days after 

emergence (DAE) for all of the treatments, when the plants were at the V2 growth stage. The control was 

fertilized according to the recommendation for the crop (40 kg·ha
-1

 of P2O5 at sowing); nitrogen and 

potassium applications were split into two applications: one half (30 kg·ha
-1

 of K2O and 10 kg·ha
-1

 of N) 

at the V2  stage  and  another  half at  30 DAE.  The  effluent  tested  was  collected  from  the  Vale  

Verde Settlemen Project  (48°59′N and  48°58′W), located  25 km  from the  seat  of  the  municipality  of 
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of Gurupi/TO, Brazil. The chemical composition of the effluent is shown in Table 2. 

 
Table 2. Chemical composition of the effluent collected in eight biodigester septic tanks at the Vale Verde 

settlement, municipality of Gurupi/TO, Brazil. 

 

Parameter Mean Standard deviation Heavy metal limit
*
 Unit 

Al 0.18 0.25 - mg·kg
-1

 

B 0.54 0.44 - mg·kg
-1

 

Ba 0.06 0.02 - mg·kg
-1

 

Ca 39.01 12.78 - mg·kg
-1

 

Cd Nd nd 850 µg·kg
-1

 

Co Nd nd 840 µg·kg
-1

 

Cr 0.28 0.27 30000 µg·kg
-1

 

Cu 0.13 0.09 4300 mg·kg
-1

 

Fe 0.17 0.17 - mg·kg
-1

 

K 68.63 8.38 - g·kg
-1

 

Mg 11.56 4.61 - g·kg
-1

 

Mn 0.01 0.04 - mg·kg
-1

 

Mo 0.72 0.59 - µg·kg
-1

 

Na 80.59 28.54 - g·kg
-1

 

Ni 0.12 0.09 310 µg·kg-1 

P 6.28 2.34 - g·kg
-1

 

Pb 0.33 0.20 840 µg·kg
-1

 

S 16.96 5.09 - g·kg
-1

 

Si 179.88 32.29 - mg·kg
-1

 

Sr 1.88 1.00 - mg·kg
-1

 

Ti 0.04 0.06 - mg·kg
-1

 

V 0.33 0.19 - mg·kg
-1

 

Zn 0.07 0.05 7500 mg·kg
-1

 

*(CETESB, 1999) 

 

The "BRS Pujante" cowpea cultivar was studied; it has indeterminate growth habits, semi-

determinate size, dry brown pods, and dry brown to evergreen beans. This cultivar stands out for 

providing shorter harvest periods and higher mean yields, which allows it to be planted in both rain-fed 

and irrigated systems (BRITO et al., 2012; SANTOS et al., 2008). 

Each experimental unit comprised five 5 m-long rows spaced 1 m apart with plants spaced 0.12 m 

apart. The second row was used as a plot for growth analysis and was subdivided into seven subplots to 

periodically sample the plants. The fourth row was used as a plot for agronomic variables.  

The plants were sowed via the conventional planting system on March 17, 2009. Liming was 

performed based on soil analysis and according to the crop's requirement. The phytosanitary treatments 

used were those usually used for the crop and were applied when necessary. Irrigation was performed 

using a sprinkler system with a 65-min watering interval, and a 6-mm water hose was used to irrigate the 

crop three times a week to maintain the soil at 65%–70% field capacity when rainfall declined. 

Seven evaluations were performed for growth analysis, at 18, 28, 38, 48, 58, 68, and 78 DAE, in 

which three plants were evaluated per plot. The plants were placed in a forced-circulation oven at 70°C 

until they reached a  constant  weight.  Next, they were weighed using scales with a precision of 0.001 g to  
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determine dry weight (DW). Leaf area (LA) was calculated by determining the DW of ten disks and then 

using the ratio of leaf area to weight to calculate LA, according to the methods DAUGHTRY (1990). 

Growth analysis was performed according to the methods of BENINCASA (2003), and the following 

variables were analyzed: leaf area index (LAI), absolute growth rate (AGR), relative growth rate (RGR), 

and net assimilation rate (NAR). 

The following agronomic characteristics were evaluated: grain weight of five pods (W5P) 

obtained using the mean grain weight of five pods; length of five pods (L5P) obtained using the mean 

grain length of five pods; number of grains of five pods (NG5P) obtained by counting the number of 

grains in five pods, plus mean grain weight from 5 pods GW5P. Further, the number of pods per plant 

(NPP) was the mean of the number of pods counted for five plants, and grain yield (YIELD) was 

determined after threshing the pods, cleaning the beans, correcting bean moisture content to 13%, and 

converting yield to kg·ha
-1

. 

The data were subjected to analysis of variance (ANOVA) using the F test at 5% probability. The 

means were grouped using Tukey’s test at 5% probability when a significant effect of the applied 

treatments was found; regression analysis was used in the case of a significant effect of time. The 

association between the means was evaluated using Pearson correlation; the independent variables were 

used for this correlation analysis. The statistical analyses were performed using SPSS, version 15.0 (IBM). 

 

RESULTS AND DISCUSSION 

 

There was a significant interaction (P < 0.01) between time and the applied treatments for the DW 

variable, with a linear response for time (Figure 2 – A). The highest growth rates were observed for the 

T12, T8, and NPK treatments, whereas the T20 and T16 treatments exhibited the lowest rates. 
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Figure 2. Dry weight (A) and leaf area (B) of the cowpea plants fertilized with different doses of 

biodigester septic tank effluent plus a control with NPK fertilizer throughout the days after 

emergence. Significant (P < 0.05) interaction between time and treatments; significant (P < 0.01) 

regression models; vertical bars indicate standard deviation and asterisks in the horizontal axis 

indicate significant difference by Tukey’s test (P < 0.05) on the sampling date (Dry weight cv = 

12%; Leaf area cv = 11%). 
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There was a significant difference in DW beginning at 28 DAE up to 58 DAE, the lowest DW 

values being observed for the T20 and T16 treatments. After 68 DAE, three distinct groups were formed. 

At 78 DAE the T12 treatment exhibited the highest DW, the NPK and T8 treatments comprised the group 

with intermediate DW, and the group with the lowest values was composed of the T16 and T20 

treatments. 

These results indicated that the accumulated DW tended to increase with a reduction in the dose of 

effluent; the doses of the T8 and T12 treatments had a response similar to that of the fertilized treatment. 

Lower accumulation of DW in the T16 and T20 treatments may have occurred because of nutritional 

disequilibrium problems caused by large quantities of nutrients available in the effluents (DUARTE et al., 

2008; GLOAGUEN, 2007; VIEIRA, CASTILHOS and CASTILHOS, 2012). 

Silva et al. (2009) found that cowpea plants responded negatively to increased salinity (a 69.10% 

decrease compared to the control treatment). Rebouças et al. (2010) found that an increase in the 

proportion of maturation pond effluent in the water supply for the fertigation of cowpea plants improved 

plant dry matter production; however, the effluent used by the authors had 5.5% of the calcium, 31.7% of 

the magnesium, 14.3% of the sodium, and 1% of the potassium of the effluent used in the present study 

(Table 2). 

There was an interaction between time and treatment for the LA variable, with a fitted second-

degree polynomial model (Figure 2 – B). There was increased expansion of LA until 58 DAE for the T16 

treatment, 68 DAE for the T12 treatment, and 78 DAE for the T20 and T8 treatments; however, in the 

treatment with NPK fertilizer, LA exhibited higher expansion between 38 and 48 DAE. 

This higher expansion of LA in the plants that received NPK fertilizer was caused by the rapid 

availability of minerals for the plants. According to Vieira, Castilhos and Castilhos, (2011), high 

mineralization observed in the NPK formulation was related to the nature of the N sources (urea), which, 

via urease, is quickly transformed into ammonia that becomes available to the plants. On the contrary, 

mineralization of organic matter occurs slowly, as the material continues to degrade. Thus, the use of 

effluents may delay the vegetative cycle, without necessarily compromising their productivity (SOUSA et 

al., 2006; SOUSA NETO et al., 2012). 

At 28, 38, and 48 DAE, the mean LA was higher in the NPK treatment and at 68 DAE, it was 

higher in T8. At the end of the evaluations (78 DAE), there was a convergence of the LA values of the 

treatments, most likely due to the reproductive period, because cowpea tends to adjust its physiological 

variables to avoid loss in productivity (BORGES et al., 2012; LEITE; VIRGENS FILHO, 2004; SANTOS 

et al., 2011; SILVA et al., 2011). 

Rebouças et al (2010) observed a similar response of cowpea ("Sempre Verde" cultivar) leaf area 

between treatment with doses of wastewater from treated sewage and treatment with mineral fertilizer. 

Souza Neto et al. (2012) analyzed the growth of herbaceous cotton and found that leaf area was affected 

by irrigation with wastewater at 15 and 30 days after planting compared with the chemical fertilizer of the 

control treatment.  

There was a significant interaction between time and treatment for LAI, with the adjustable 

second-degree polynomial model (Figure 3 – A). In an effect similar to that seen for LA, the treatments 

using effluent as fertilizer led to increased expansion of LAI until 68 and 78 DAE, whereas the treatment 

using NPK fertilizer led to higher LAI between 38 and 48 DAE. This similar response to that of LA 

occurred because competition among the plants from each treatment was not high, which was evidenced 

by LAI not exceeding 1.75. This indicated low competition between the plants for light, even in the 

treatment that exhibited greater LA expansion. 
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Figure 3. Leaf area index (A) and absolute growth rate (B) of the cowpea plants fertilized with different 

doses of biodigester septic tank effluent, plus a control with NPK fertilizer throughout the days after 

emergence, farmed in Gurupi, TO, Brazil. Significant polynomial regression models (P < 0.01); vertical 

bars indicate standard deviation and asterisks in the horizontal axis indicate significant difference by 

Tukey’s test (P < 0.05) on the sampling date (Leaf area index cv = 11%; Absolute growth rate cv = 14%). 

Asterisks in the horizontal axis indicate significant difference by Tukey’s test (P < 0.05) on the sampling 

date (Relative growth rate cv = 17%; net assimilation rate cv = 15%). 
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At 28, 38, and 48 DAE, the mean LAI was also higher in the treatment that received NPK, 

whereas at 68 DAE, only the T8 treatment group showed significantly higher values. At the end of the 

cycle, plants from all treatment groups exhibited similar LAI values. These results demonstrated that the 

delay in the vegetative cycle was a result of using wastewater, compared to the vegetative cycle when 

using mineral fertilizer, as also shown by Leite; Virgens Filho (2004) and Sousa et al. (2006). These 

authors observed that cowpea plants recovered after a period of stress in which a portion of the assimilates 

was converted into leaves to increase the uptake of solar radiation available during the recovery process. 

There was no significant interaction between time and treatment for AGR. At 28, 38, and 48 DAE 

(Figure 3 – B); however, the major differences were observed at 58, 68, and 78 DAE, when the plants 

were at the reproductive stage. 

The plants that received 20 mm and 16 mm of biodigester septic tank effluent (T20 and T16) had 

similar responses with regard to AGR; the lowest values occurred at 68 DAE and the highest values 

occurred at 78 DAE. With the NPK and T12 fertilizer applications, intermediate values of AGR were 

obtained at 68 DAE and high values at 78 DAE. The T8 treatment exhibited the highest AGR value at 68 

DAE, a different response from the other treatments. 

AGR is related to the dry weight that a plant accumulates within a time interval (BENINCASA, 

2003). The treatment using 8 mm of effluent led to higher AGR at 68 DAE, which indicated that this 

treatment caused dry weight accumulation during the plants' reproductive phase. The changes to the 

cowpea cycle were probably a measure to recover from stresses that the plant may have been under 

(LEITE; VIRGENS FILHO, 2004; LOPES et al., 2009; SANTOS et al., 2011, SANTOS et al., 2017). In 

addition, few negative AGR values were observed, which indicated low senescence of plant organs, 

probably a result of the low competition between the plants (LOPES et al., 2009), as observed for LAI 

(Figure 3 – A). 

Although third degree (or more) polynomial functions are not recommended to describe biological 

processes in plant development (SILVA et al., 2009), cubic and quadratic models were used to describe 

the response of RGR over time, based on the determination coefficient and significance of the fitted 

models (Figure 4 – A). The T20, T16, and T8 treatments fitted the cubic function, whereas the T12 and 

NPK treatments fitted the quadratic function. 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 



286 

 

 
Figure 4. Relative growth rate (RGR) (A) and net assimilation rate (NAR) of the cowpea plants fertilized 

with different doses of biodigester septic tank effluent, plus a control with NPK fertilizer throughout the 

days after emergence. Significant (P < 0.05) interaction between time and treatments; significant (P < 

0.01) linear regression models; vertical bars indicate standard deviation and. 

 

 

 
At 28 DAE, only the NPK treatment differed from the others by exhibiting a high rate of 

accumulated dry weight starting at the vegetative stage; however, the means obtained with this treatment 

were lower at 38, 48, and 58 DAE, and matched the means of the other treatments at the end of the cycle. 

The  behavior  of  RGR  in the  plants  from  he T16  reatment  was  also different  from  that  in  the  other  
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treatments: it increased until 38 DAE, decreased until 68 DAE, and increased again at 78 DAE. This 

indicated a greater relative accumulation of dry weight at the grain-filling phase. The behavior of RGR in 

the T20 and T12 treatments exhibited a similar trend over time, with values decreasing until the end of the 

cycle. In the T8 treatment, the values of AGR varied slightly over time. RGR values were similar in all 

treatments at the end of the cycle. 

According to Benincasa (2003), RGR represents the increase in the dry weight of the plant or of 

any of its organs, compared to the dry weight at the onset of the observation period. The higher RGR 

observed in the treatment with chemical fertilizer during the vegetative stage may have occurred because 

the nutrients are more readily available in this type of fertilizer, thus favoring the plants' vegetative 

growth. In contrast, the treatment using 8 mm of effluent led to a more uniform AGR throughout the 

treatment, which indicates slower absorption of the nutrients throughout the cycle (BARBIERI et al., 

2011).  

The treatment with NPK exhibited the highest NAR (Figure 4 – B) immediately at the start of the 

cycle, at 28 DAE, and the lowest rates were observed at 38, 48, and 58 DAE: NAR values rose again at 

the end of the reproductive period, at 68 and 78 DAE (third and second highest NAR, respectively). The 

behavior of NAR in the T8 treatment was similar to that of the AGR variable, with values remaining 

constant until 58 DAE, then increasing to the maximum at 68 DAE and decreasing at the end of the cycle. 

NAR represents the dry weight accumulated by the plant, considering the plants' leaf area and its 

previous dry weight. This variable thus represents biomass accumulation caused by increased net 

photosynthesis, which in turn is the result of greater fixation of light energy per unit of area (BARBIERI 

et al., 2011; BENINCASA 2003). The high value of NAR found at the onset of the cycle in the NPK 

treatment is another indication that nutrients are readily available in chemical fertilizers, whereas the T8 

treatment, which had the best response to fertilization with the effluent, resulted in a more uniform NAR 

throughout the vegetative period, with a significant increase at the end of the cycle. Lopes et al. (2009), in 

an analysis of corn growth that compared conventional and no-tillage planting, obtained results similar to 

those in the T8 when no-tillage was used, and attributed the outcome to improved physical, chemical, and 

microbiological properties of the soil. 

For the T20, T12, and T16 treatments, there was a significant variation in NAR values over time, 

similar to the response exhibited by AGR. This indicates nutritional disequilibrium because the increasing 

and decreasing NAR and AGR values reflect increasing and decreasing rates of dry weight accumulation 

throughout the cycle (BARBIERI et al., 2011; BENINCASA 2003).  

Figure 5 shows the plants from each treatment at 38 DAE, where there is a visible difference 

between the treatment fertilized with NPK and the other treatments tested regarding plant appearance, 

namely a greater leaf area (Figure 2 – B). There was also a reduction in plant size due to increased dose of 

effluent, as can be seen in the DW, LA, and LAI variables of the plants (Figure 2, 3). 

 

Figure 5. Cowpea plants fertilized with different doses of biodigester septic tank effluent, plus a control 

with NPK fertilizer at 38 days after emergence. 
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Table 3 shows the values related to agronomic characteristics. Fertilizing with NPK resulted in 

higher values of W5P; however, it was only significantly different from the W5P values of the T8 

treatment group. There was no significant difference in L5P, which suggests that this variable is 

genetically determined and varies little variation with changes in the environment. NB5P varied between 

48 beans in the treatment with NPK and 57 beans in the T8 treatment, i.e., a difference of 9 g. Fertilizing 

with NPK resulted in higher values of BW5P than in other treatments; however, it was only significantly 

different from values in the T16 treatment group. NPP was also higher in the plants from the NPK 

treatment and its decreasing trend with increase in effluent concentration is noteworthy. 
 

Table 3. Weight from five pods (W5P), length of five pods (L5P), number of beans from five pods 

(NB5P), bean weight from 5 pods (BW5P), number of pods per plant (NPP), and bean yield (YIELD) of 

cowpea fertilized with different doses of biodigester septic tank effluent, plus a control with NPK 

fertilizer. 

 

Treatment W5P L5P NB5P BW5P NPP YIELD 

T20 14.6 ab 102 ns 55 bc 12.3 ab    1.6 c 324 c 

T16 14.5 ab 102 ns 51 ab 10.5 b 2.1 bc 340 c 

T12 13.9 ab  105 ns 51 ab 12.4 ab    2.2 b 428 bc 

T8 12.3 b 102 ns 48 c 12.4 ab 2.6 a 530 ab 

NPK 15.3 a 107 ns 57 a 14.0 a 2.7 a 603 a 

cv (%) 8.6 5.5 4.1 9.5 9.3 14.2 
Means followed by the same letter in the column are equal using Tukey’s test (P < 0.05). Means followed by the 

letters ns were not significant by F test (P < 0.05). 

 

YIELD was significantly higher in the treatments with NPK fertilizer and the T8 dose of effluent 

(Table 3). However, the T8 treatment did not significantly differ from the T12 treatment. The yields of 

treatments with the T16 and T20 doses of effluent were significantly lower than those obtained with the 

NPK treatments and with the T8 dose of effluent, exhibiting on average a 39% reduction in bean 

production. 

A significant positive correlation was detected between YIELD and LA on all of the sampling 

dates (LA18, LA28, LA38, LA48, LA58, LA68, and LA78), as shown in Table 4. Among the variables 

related to YIELD, positive significant interactions only occurred between L5P and NB5P and between 

W5P and BW5P. Although the DW of the plants did not exhibit a direct correlation with grain yield on 

any of the sampling dates, this variable exhibited a correlation with NPP at 18, 28, 38, and 58 DAE, as 

well as with BW5P at 48 and 58 DAE and with W5P at 58 DAE (Table 3). 
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Table 4. Pearson correlation coefficient between the variables; bean weight from five pods (W5P), length of five pods (L5P), number beans per five pods (NB5P), 

bean weight from 5 pods (BW5P), number of pods per plant (NPP), bean yield (YIELD), leaf area on all sampling dates (LA18, LA28, LA38, LA48, LA58, 

LA68, and LA78) and dry weight on all sampling dates (DW18, DW28, DW38, DW48, DW58, DW68, and DW78) of cowpea fertilized with different doses of 

biodigester septic tank effluent, plus a control with NPK fertilizer.                                                                                                                                         
 

 

YIELD W5P L5P NB5P BW5P NPP LA18 LA28 LA38 LA48 LA58 LA68 LA78 DW18 DW28 DW38 DW48 DW58 DW68 DW78 

YIELD 1.00 0.28ns 0.85ns 0.84ns 0.15ns -0.49ns 0.91** 0.99** 0.97** 1.00** 0.95** 0.99** 0.99** -0.57ns -0.47ns -0.32ns -0.14ns -0.09ns 0.51ns 0.82ns 

W5P  1.00 0.41ns 0.55ns 0.99** 0.64ns 0.42ns 0.22ns 0.19ns 0.25ns 0.29ns 0.29ns 0.30ns 0.57ns 0.63ns 0.73ns 0.83ns 0.93* 0.86ns 0.70ns 

L5P  

 

1.00 0.99** 0.27ns -0.43ns 0.99** 0.77ns 0.70ns 0.83ns 0.96** 0.92* 0.90ns -0.50ns -0.45ns -0.33ns -0.16ns 0.06ns 0.36ns 0.63ns 

NB5P  - 

 

1.00 0.41ns -0.28ns 0.98** 0.77ns 0.69ns 0.83ns 0.94* 0.90* 0.89* -0.37ns -0.30ns -0.17ns 0.00ns 0.21ns 0.49ns 0.72ns 

BW5P  - - - 1.00 0.75ns 0.27ns 0.09ns 0.08ns 0.11ns 0.15ns 0.15ns 0.16ns 0.69ns 0.74ns 0.82ns 0.90* 0.97** 0.84ns 0.62ns 

NPP  - - -  1.00 -0.43ns -0.50ns -0.47ns -0.51ns -0.54ns -0.52ns 0.51ns 1.00** 1.00** 0.98** 0.93* 0.88ns 0.49ns 0.09ns 

LA18  - - -  - 1.00 0.85ns 0.79ns 0.90* 0.98** 0.96** 0.95* -0.51ns -0.44ns -0.30ns -0.13ns 0.05ns 0.44ns 0.72ns 

LA28  - - -  - - 1.00 0.99** 0.99** 0.91* 0.96** 0.97** -0.58ns -0.47ns -0.32ns -0.15ns -0.15ns 0.51ns 0.82ns 

LA38  - - -  - - 

 

1.00 0.97* 0.85* 0.92* 0.93ns -0.55ns -0.43ns -0.29ns -0.12ns -0.15ns 0.53ns 0.83ns 

LA48  - - -  - -   1.00 0.95* 0.98** 0.99** -0.59ns -0.49ns -0.34ns -0.17ns -0.12ns 0.49ns 0.81ns 

LA58  - - -  - -    1.00 0.98** 0.98** -0.62ns -0.54ns -0.41ns -0.23ns -0.08ns 0.39ns 0.71ns 

LA68  - - -  - -    - 1.00 1.00** -0.60ns -0.51ns -0.37ns -0.19ns -0.09ns 0.45ns 0.77ns 

LA78  - - -  - -    - - 1.00 -0.59ns -0.50ns -0.35ns -0.17ns -0.08ns 0.47ns 0.79ns 

DW18  - - -          1.00 0.99** 0.96** 0.89* 0.83ns 0.41ns -0.01ns 

DW28  - -            1.00 0.99** 0.94* 0.86ns 0.51ns 0.11ns 

DW38 - - -             1.00 0.98** 0.91** 0.65ns 0.27ns 

DW48 - - -             - 1.00 0.94** 0.77ns 0.44ns 

DW58 - - -             - 

 

1.00 0.73ns 0.43ns 

DW68 - - -             - - 

 

1.00 0.91** 

DW78 - - -             - - - - 1.00 

 

* significant at the level of P ≤ 0.05 ; ** significant at the level of P ≤ 0.01 
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Oliveira et al. (2001) found a decline in pod and grain yields at higher doses of cattle manure in 

the presence of mineral fertilizer and attributed this response to the excess of nutrients provided to the 

crop. Ribeiro et al. (2012) evaluated the yield components of castor bean plants treated with various 

wastewater dilutions, and reported that replacing a portion of the chemical fertilizer with wastewater from 

treated domestic sewage produced satisfactory yields and reduced the consumption of  high-quality 

water. Nobre et al. (2010) reported that effluent is as a good supplier of nutrients for sunflower plants. 

Biodigester septic tank effluent is a good source of minerals for plants and a low-cost alternative 

to fertilizers, especially for small-scale farmers. However, using these residues involves physical, 

chemical, and microbiological changes that can positively or negatively affect the interaction between soil, 

plant, and nutrient. This occurs mainly because large quantities of nutrients are provided that can cause a 

nutritional imbalance and interfere with plant productivity (BLUM, MELFI and MONTES, 2012; NOBRE 

et al., 2010; SIMONETE et al., 2003; SOUSA et al., 2006; VIEIRA, CASTILHOS and CASTILHOS, 

2011).  

In this study, the use of biodigester septic tank effluent had an effect on plant development, and 

increasing the effluent dose reduced the performance of the variables related to growth analysis and grain 

yield. However, the treatment using 8 mm of effluent resulted in a productivity response similar to that 

elicited by the chemical fertilizer treatment, with the advantage of being an inexpensive source of 

nutrients. 

 

 

CONCLUSION 

 

An increase in the dose of biodigester septic tank effluent reduced the performance of the 

variables related to growth analysis and grain yield. 

An 8-mm dose of biodigester septic tank effluent resulted in cowpea productivity similar to that 

obtained with the treatment with the NPK fertilizer recommended for the crop. 
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