RESIDUAL EFFECT OF FERTILIZING WITH CASTOR CAKE ON MICRONUTRIENTS OF A SOIL IRRIGATED WITH DOMESTIC WASTEWATER
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ABSTRACT

This work has as its objective the assessment of the residual effect of fertilization with castor cake on the contents of Boron (B), Iron (Fe), Manganese (Mn) and Zinc (Zn) in soil irrigated with wastewater and supplied water, after the second cultivation cycle. During the first cycle, the treatments applied resulted of a factorial combination of 5 doses of castor cake in substrate (0, 2, 3, 4 and 5 ton ha-1) and 2 quantities of irrigation water (supplied water and treated wastewater) arranged in randomized complete block, with three repetitions. The second cycle was carried out with cotton plants cultivated in the same pots, without a fertilizing supplement. After harvesting the cotton plants, were collected soil samples of pots, which were taken to the laboratory and the levels of B, Fe, Mn and Zn were determined. It was concluded that irrigation with domestic wastewater increased levels of iron and zinc in the soil. In relation to the Fe, the residual effect of the castor cake was confirmed after the second cultivation cycle, until the dose of 5 tonnes ha-1. The contents of Mn were not affected by the treatments studied and were not detected presence of B in any of the plots after cotton cultivate.
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INTRODUCTION

Increasing demand for freshwater resources has lead to the use of poor quality water such as industrial and domestic wastewater for irrigation. Besides being relatively cheaper than drinkwater, wastewater is a valuable source of plant nutrients and organic matter vital for maintenance of soil fertility and productivity (Rattan et al. 2005).

According León y Cavallini (1999), the treated wastewater are natural fertilizers for food production, which can intensify agricultural production and, consequently, create jobs and increase economic returns. Another positive aspect of reuse is the possibility of using effluent with lower level of purification than that required for other purposes, such as human consumption, which reduces the cost of their treatment (Haruvy, 1997).

Feigin et al. (1991) affirm that the irrigation of crops with treated sewage effluent can be an active part of the treatment system, where the soil and plants act as "living filter", absorbing and retaining pollutants and pathogens in waste and effluents. The application through irrigation would complete the sequence of treatments to reduce the level of microorganisms and various organic and inorganic compounds to acceptable levels.

In Brazil have been conducted several studies that reported the wastewater fertilizing effects in various cultures, cultures, which can be vegetable crops like watermelon (Rego et al., 2005), cucumber (Azevedo et al., 2005) and lettuce (Lima et al., 2005) or major crops such as cotton (Ferreira et al., 2005) and coffee (Souza et al., 2005).

Azevedo et al. (2007) found that irrigation with wastewater promoted an increase in productivity of maize by 144% compared to the production obtained when using only water supply. Fideles Filho et al. (2005) observed a 59% increase in cotton yield irrigated with wastewater decanted compared to the same irrigated with groundwater.

However, despite the potential benefits of applying sewage effluent in agriculture must be considered that the wastewaters can contain varying concentration of pathogens and trace elements, which can raise the levels of certain soil nutrients to toxic levels, affecting agricultural productivity.

Thus, it is necessary the detailed study of interactions between the wastewater elements and soil, to prevent their contamination and spread the agricultural reuse practice in a more environmentally and economically and safe.

MATERIALS AND METHODS

The experiment was conducted in 20L pots filled with sandy loam soil, classified as Neossolo Regolítico psamítico solódico (Brazilian classification by Embrapa, 1999). Soil testing indicated the following composition: pH in water of 6.03, 8.8 mg dm-3 of available P, 3.0 mg dm-3 of K, 1.90 cmolc dm-3 of Ca; 6.4 mg dm-3 of Mg; 0.70 mg dm-3 of Na and 0.73% OM. The treatments were arranged in a factorial arrange with 2 additional treatments (5 x 2 + 2) with three replications. The factors consisted of five doses of castor cake in the substrate (0, 2, 3, 4 and 5 ton ha-1) and two qualities of irrigation water (freshwater and wastewater), plus two additional treatments with chemical fertilizers (NPK + freshwater and NPK + wastewater). The pots are irrigated daily according to the water demand for culture, determined by Equation 1 in accordance with its Kc.
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  (Equation 1)

WD = Water demand of culture

ETc = Culture evapotranspiration, mm day-1;

ETo = Reference evapotranspiration, mm day-1;

Kc = Crop coefficient

The domestic wastewater used in the experiment were from the system of municipal sewage treatment in the city of Campina Grande - PB. The effluent was treated by UASB (Upflow Anaerobic Sludge Blanket), which removes organic matter. The castor cake used for soil fertilization for the first crop was provided by the National Center of Cotton Research of the Empresa Brasileira de Pesquisa Agropecuária (Embrapa Algodão).

Between January and May 2008, each pot was cultivated with a sesame plant cultivar G4 until the end of the cycle, then when the plants were harvested and the soil remained fallow for three months. In August 2008, the land was planted with herbaceous cotton cv. BRS Camaçari (one plant per pot), which was grown by the end of the crop cycle while maintaining the irrigation scheme of the first crop (with freshwater and wastewater treatment), but without supplemental fertilization.

After collecting the cotton plant, soil samples were collected and identified, air dried, passed through sieve 2.0 mm mesh net, and sent for laboratory characterization of Chemistry and Soil Fertility, of Universidade Federal da Paraíba (UFPB). Was determined the levels of boron available by the method of hot water (Berger y Truog, 1939), and the available concentrations of iron, manganese and zinc by use of the Mehlich-1 and further reading on the atomic absorption spectrophotometer (Embrapa, 1979). The data were subjected to analysis of variance, followed by polynomial regression analysis. 

RESULTS AND DISCUSSION

Observed in Table 1 is the summary of the variance analysis for the micronutrients iron (Fe), zinc (Zn), and manganese (Mn) of the soil after growing the cotton plant. The boron (B) rates were null for all parcels and, thus, are not on the analysis and measurement tables.

A significant effect was noted at 5% of probability of the water quality for the micronutrients zinc and iron. The dose of castor cake applied in the first crop significantly affected the rates of Fe, and significance in the Factorial vs. Additional interaction was also observed for this nutrient. The treatments did not result in significant differences in the rates of manganese in the soil after cultivation of the cotton plant.

Table 1. Summary of the variance analysis for the rates of the micronutrients iron (Fe), manganese (Mn), and zinc (Zn) in the soil after growing the cotton plant.

	Variation source
	DF
	Mean Square

	
	
	Fe
	Mn
	Zn

	Water quality (W)
	1
	41.41875**
	1.90638ns
	8.46149*

	Castor cake dose (D)
	4
	11.68864**
	0.58449ns
	2.06151ns

	W x D
	4
	6.19493ns
	0.25871ns
	1.32904ns

	Factorial vs Additional
	1
	75.97202**
	0.00824ns
	3.78668ns

	Between additional
	1
	7.59375ns
	1.04584ns
	0.02734ns

	Treatments
	11
	17.86535**
	0.57575ns
	2.34888ns

	Residue
	24
	3.54818
	0.53345
	1.35161

	Total
	35
	
	
	

	CV (%)
	
	26.03
	26.72
	40.40


ns.not significant, *significant at the level of 5% and **significant at the level of 1% of probability by the Tukey test.

The presence of boron was not detected in any of the experimental parcels after cotton cultivation. ABREU et al. (2007) affirm that when the pH of the soil is between the 5.0 and 7.0 range, almost all the boron in the soil is found in its soluble form (H3BO3), and can be easily absorbed by the plant’s root system. Since the cotton plant is a crop that is highly demanding of boron, it can be inferred that all the B present in the sorption complex was solubilized and assimilated by the plants throughout the crop cycle.

Although absorbed by the cotton plant in small quantities, the absence of boron can easily, severely compromise crop development since the deficiency of the mentioned nutrient can cause the death of the apical gemma and over-blossoming of the plant, in addition to impeding the formation of seeds and fibers (Carvalho et al., 2007).

Boron deficiency symptoms were not noted in the leaves of the cotton plant throughout the experiment, leading us to believe that the B present in the soil was enough to adequately nourish the plants.

In Table 2, the average rates of the micronutrients Fe, Zn, and Mn exchangeable in the soil are listed, obtained by means of the Tukey test.

In relation to the Fe rates in the soil, it was noted that they were affected both in the quality of the water irrigation as by the dose of castor cake applied in the first cultivation cycle (Table 1). It was noted that, among the parcels fertilized with castor cake, those irrigated with water from the public supply showed average rates of Fe in the soil 43% higher than those irrigated with treated residuary water. This behavior was also noted in the parcels fertilized with chemical fertilizer, among which, even without a significant effect on the water quality, it can be noted that the parcels irrigated with potable water showed slightly higher Fe rates (Table 2).

Table 2. Average rates of the micronutrients iron (Fe), manganese (Mn), and zinc (Zn) in the soil after cultivation of the cotton plant.

	Fatores
	Fe

(mg dm-3)
	Mn

(mg dm-3)
	Zn

(mg dm-3)

	Castor cake doses
	
	
	

	0 ton ha-1
	5.68
	2.31
	3.42

	2 ton ha-1
	5.53
	2.51
	3.54

	3 ton ha-1
	5.63
	2.80
	2.43

	4 ton ha-1
	7.50
	2.97
	2.34

	5 ton ha-1
	8.61
	3.05
	3.38

	Water quality
	
	
	

	Freshwater (FW)
	7.76 a
	2.47 a
	2.49 b

	Wastewater (WW)
	5.41 b
	2.98 a
	3.55 a

	Factorial vs Additional
	
	
	

	Factorial
	6.59 b
	2.73 a
	3.02 a

	Additional treatments
	10.49 a
	2.77 a
	2.15 a

	Additional treatments
	
	
	

	NPK + FW
	11.61 a
	2.35 a
	2.22 a

	NPK + WW
	9.36 a
	3.19 a
	2.09 a


In each column, averages followed by the same letter do not distinguish among themselves by Tukey test at a 5% probability level.

This is probably due to the capacity of domestic effluent to elevate the pH of the soils, directly interfering in the dynamic of the micronutrients in the soil. According to Abreu et al. (2007), Fe solubility is highly affected by the pH of the soil, decreasing around one thousand times for each unit of increase in pH in the soil, in the pH range of 4 to 9. The pH alterations also explain the difference in the Fe rates between the treatments fertilized with castor cake and those fertilized with mineral fertilizer, since it is known that the chemical fertilizers act by considerably reducing the pH of the soils cultivated.

Some studies have noted the occurrence of an increase in Fe availability in the soil due to irrigation with treated sewage; however, this generally happens or is due to an elevated concentration of the micronutrient in the effluent and/or in conditions of neutral or slightly alkaline soil, where the application of residuary water results in a reduction in the pH of the soil, elevating the availability of cationic micronutrients (Fonseca, 2005). In terms of the increasing doses of castor cake applied in the first cultivation cycle, it can be observed in Figure 1 that they provided a linear increase in the Fe rates in the soil at the end of the experiment, implying a possible residual effect in the castor cake on the rates of the mentioned micronutrient.
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Figure 1. Rate of Fe in the soil (mg dm-3) due to the dose of castor cake applied in the first cultivation cycle.

In regards to the manganese, it was noted that its average rates did not differ significantly between the treatments, regardless of the water quality or source or level of fertilization used (Table 1). According to the classification proposed by Raij et al. (2001), the rates for this nutrient in all the parcels of this study were considered average. Other studies carried out in Brazil using residuary waters for irrigation obtained as a response Mn rates similar to those found in this present study, and neither was any significant difference found between the rate of the mentioned micronutrient between the parcels fertilized with sewage effluent and potable water (Azevedo, 2004; Fonseca, 2005; Duarte, 2006). However, in studies conducted in others countries by Adekalu y Okunade (2002) and Mohammad y Mazahreh (2003), it was noted that the application of residuary waters contributed to the increase of exchangeable Mn in the soil after cultivation. It is worth mentioning, however, that similarly to the other elements, the manganese rates and the accumulation of this nutrient in the soil depend directly on the concentration of metal in the water applied, on the type of soil cultivated, on the water blade applied, and in the period of application.

In terms of the zinc, the use of treated sewage effluent, when compared to supply water, provided an elevation in the average rates of the nutrient in the soil. However, the elevated coefficient of the variation noted (40.4%) makes the result less than consistent. In similar studies, divergent responses were obtained in regards to the Zn rates available in the soil, having been noted a reduction (Paliwal et al., 1998), elevation (Al-Nakshabandi et al., 1997; Adekalu y Okunade, 2002), or no change (Mohammad y Mazahreh, 2003; Fonseca, 2005) in the rates of the mentioned micronutrient in the soil in regards to the application of residuary waters. 

CONCLUSIONS

Irrigation with residuary water provided adequate supply of boron to the cotton plants; however, rates of the nutrient in the soil were not detected after cultivation.

Residuary waters which act elevating the pH in the soils contributed to the reduction of the availability of iron in the soil.

The castor cake showed residual effects in the soil after the second cultivation cycle, increasing the rate of iron in the soil up to the dose of 5 ton ha-1.

Studies are still needed in regards to the dynamic of zinc in the soil after irrigation with residuary water, since its results have been shown to be less than consistent.
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