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ABSTRACT: To study the residual and accumulative effects of sewage sludge on bioavailability of some 
macronutrients in basil (Ocimum basilicum L.) medicinal plant an experiment was arranged in split plot 
based randomized complete block design with three replications. The main plots included fertilizers at 
six levels including control; recommended chemical fertilizer; sewage sludge as the rate of 20 and 40 Mg 
ha

-1
 both enriched and non-enriched with 50% chemical fertilizer. The sob plots were considered one 

(2006), two (2006-2007), three (2006-2008) and four (2006-2009) consecutive application periods of 
different fertilizers. Results showed that interaction of sewage sludge and application period (residual 
and accumulative effect) significantly affected the macronutrients accumulation in basil leaves. 
Orthogonal comparisons also showed that effects of sewage sludge application on P, N and K content in 
leaves was significantly higher than chemical fertilizers. The accumulative effects of 40 Mg ha

-1
sewage 

sludge both enriched and non-enriched with 50% chemical fertilizer after three consecutive years 
improved the leaves nitrogen content by 72%. Similarly residual effect of sewage sludge 20 Mg ha

-1
 

enriched and non-enriched with 50% chemical fertilizer for one year increased the P content of leaves by 
83%. In addition results derived from the regression diagram showed a strong linear relationship 
between the amount of nitrogen, phosphorus and potassium absorption with basil dry matter yield. 
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INTRODUCTION 

 
 Among medicinal plants, the genus of Ocimum belongs to the lamiaceae family and among this genus’s 

species, basil (Ocimum basilicum L.) is grown around the world as one of the most economic species. The basil 

leaves contain essential oils that have anti-fungal, antibacterial and antimicrobial effects and are applied in food, 

perfume, dental, cosmetics, medicinal and traditional medicine industries (Varban et al., 2010). Nowadays fertility 

of the soil is one important environmental factors in production of essential oil in medicinal plants (Omid Beigi, 

2000). Using chemical fertilizers seems to be the fastest way of covering the shortage of nutrients in soil. Pollutions 

caused by using these chemicals, however, limit their application. Therefor to evade these problems and managing 

the fertility of soil, organic amendment is advised (Mirzaei et al., 2009; Ahmad Abadi et al., 2012). Fertilizing the 

soil by adding organic fertilizers increases the whole plants weight and so increases plants quality and quantity. 
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Furthermore, organic materials are known as one of the main factors of soils fertility because of their positive 

effects on soils physical, chemical and biological properties (Akbarnejad, 2010). Sewage sludge is a kind of organic 

waste that increases the concentration of macronutrients and micronutrients like N, P, K, Fe, Mn, Cu and Zn for 

plants growth and can also improve the chemical and physical properties of soil (Vaseghi, 2005; Boustani and 

Ronaghi, 2011). Thus application of municipal sewage sludge as a cheap fertilizer in agricultural soils is considered 

in many countries for its economic and environmental aspects as well as improving soil’s physical, chemical and 

biological properties (Kassray And Saedi, 2010; Singh and Agrawal, 2008). Sonmez and Bozkurt (2006) found that 

application of sewage sludge can increase N, P, K and Mg contents in lettuce (Lactuca sativa L.) leaves. Also, 

Marjuei and Jahad Akbar (2011) after five years research found that the highest amount of both of nitrogen and 

phosphorus absorption in sugar beet (Beta vulgaris) root is achieved when 30 Mg ha
-1

of sewage sludge was 

applied for five consecutive years. Bozkurt and Tarik (2003) also reported that application of sewage sludge 

increased the concentration of N and Mg in corn leaves but it didn’t change the Ca, K and P concentration in 

plants. In the recent years, because of low price of sewage sludge has been particularly applied for growing 

vegetables in different areas of Iran (Sonmez and Bozkurt, 2011). On the other hand, with attention to tendency to 

lowering the usage of chemical fertilizers in order to prevent environmental pollutions in sustainable agriculture 

approaches, the aim of the present research was to study the residual and accumulative effects of sewage sludge 

alone and plus with 50% chemical fertilizer on bioavailability and improvement of some macronutrients absorption 

in the basil plant. 
 

 

MATERIALS AND METHODS 
 

 This experiment was conducted in research farms of Sari University of Agricultural Sciences and Natural 

Resources in 2009. Experiment arranged in split plot based randomized complete block design with three 

replicates. The main plots included six treatments consisted of, T0: control (no fertilizer added); T1: recommended 

NPK (urea, potassium sulphate and super phosphate triple as the rate of 70, 60 and 50 kg ha
-1

, respectively); T2: 

20 Mg sewage sludge (SS) ha
-1

; T3: T2 + 50% NPK (T1); T4: 40 Mg ha
-1

 of SS; T5: T4 + 50% NPK (T1). Sub-plots 

were considered the application periods of those treatments. In the first year (2006) sewage sludge was added to 

all plots (9m×3m). In the second year (2007), after tillage, plots were divided to two non-equal sections (3m×3m 

and 6m×3m). Sewage sludge was added to the 6m×3m section for the second time (accumulative effect) but not to 

the smaller section (residual effect). In the third year (2008) the 6m×3m section was divided to two equal sections 

(3m×3m) and sewage sludge was added to one of them (accumulative effects versus residual effect). In the fourth 

year (2009) the 3m×3m section that was treated with sewage sludge for three years (3 times) was divided to two 

1.5m×3m meter sections and one of them was treated with organic sewage sludge again (accumulative effect). 

The properties of soil and sewage sludge are provided in Table 1. The applied sewage sludge was prepored from a 

refinery in Shahin Shahr in Isfahan. The applied processes on sewage sludge include primary and secondary 

refinement. Primary refinement with settlement, sedimentation, floatation, neutralization and balancing processes, 

eliminated all sewage solid particles and prepared it for secondary refinement section in which biological 

refinement processes including aerobic and anaerobic are done. Land preparation operations are done in spring 

2009 and treatments were applied in main plots in early May. Basil seeds (native cultivar) were planted in rows in 

0.5-1 cm planting depth in 72 plots. In full blooming or nearly 65 days after planting plants of three middle rows in 

each plot were removed after eliminating edge effects and concentration of some macronutrients like nitrogen, 

potassium and phosphorus were determined. To calculate the amount of nutrients, extract were made from 

samples leaves. Concentration of leaves phosphorus (Olsen and Sommers, 1990) and potassium (Westerman, 

1990) were determined by a spectrophotometer (Bauh and Lomb, Belgium) and a Flame-photometer (Corning-eel, 

England), respectively (Westerman, 1990). Nitrogen content of basil leaves was determined using a digested 

sample by an analyzer (Kjeltec 2300 Analyzer, FOSS) (Westerman, 1990). Concentration of all these elements 

were calculated and reported by plants dry matter. Statistical analysis of data and orthogonal comparison were 

done using SAS (SAS Institute, 1997) software (Soltani, 2006; Soltani, 2008) and means were compared using 

least significant difference (LSD) test (P ≤ 0.05). 
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Table 1. Chemical properties of soil and vermicompost in this study 

 

Soil Texture 

Silt Clay Sand K P N 
Organic 

matter 
pH 

 

Electrical 

conductivity 

(dSm
-1
) 

Properties 

(%) mg kg
-1
 (%) 

Silty-Clay 43.33 46.33 10.33 270 10 0.26 2.43 7.81 1.52 Soil 

- - - - 480 43 0.58 4.50 7.44 10.75 Sewage Sludge 

 

RESULTS AND DISCUSSION 
 

Nitrogen (N) 

 The type of applied fertilizers, periods of fertilizer treatments (residual and accumulative effects) and their 

interactions significantly affected nitrogen accumulation in basil  

leaves (Table 2). Orthogonal comparison between treatments showed an accumulative effect of the sewage sludge 

(SS), when applied in two (2006-2007), three (2006-2008) and four (2006-2009) continuous years in which 

significantly increased the nitrogen content in leaves as compared to NPK fertilizer alone (Figure. 1). In addition, all 

orthogonal comparison (Figure 1: a-d) represented that repeated application of SS in three continuous years 

(accumulative effect) was more effective in improving nitrogen content in basil leaves. As the highest amount of 

leaves nitrogen content (72%) was recorded 40 Mg SS ha
-1

 alone or plus 50% NPK were applied from 2006 for 

three consecutive years (Figure. 1:d). Also results of the regression diagram (Figure. 2) showed a strong linear 

relation (R
2
=0.93) between the amount of nitrogen absorption and dry matter yield. Nitrogen absorption and plants 

dry matter yield showed significant and positive response to both higher amounts and longer application of SS. 

Similarly results were reported by Vaseghi et al (2005) in spinach who stated that the main reason may be 

attributed to the presence of relatively high amounts of organic matter and essential nutrients for plants including 

nitrogen in sewage sludge. Ravanbakhsh et al (2009) and Boustani and Ronaghi (2011) also stated that sewage 

sludge is rich in nutrients such as nitrogen, phosphorus and significant amounts of organic matter; and this organic 

matter improves soils physical properties including EC, aggregate stability, ventilation and soil moisture and this 

way increases the absorption of nutrients and improves crops growth and yield. Additionally other researchers 

(Vaseghi et al., 2005; Monte and Sousa, 1992; Rohani Shahraki et al., 2005) also mentioned that at least half of 

sewage sludge’s nitrogen is organic and after mineralization it gradually becomes available for plants. Barahimi et 

al (2008) found that increasing the application of SS up to 50 - 100 Mg ha
-1

 and also reapplication of the treatments 

(accumulative effect in two consecutive years of application) markedly increased the amount of nitrogen content in 

soil. Researches that have been done by Magdoff and Weil (Magdoff and Weil, 2004) and Shober et al (2003) 

showed that the major element in SS application is nitrogen which varied from 0% - 56%, but SS can provide high 

amounts of essential macronutrients and micronutrients for plants. Shabanian Borojeni et al (2005) reported that 

nitrogen percentage in shoot of Dianthus barbatus increased from 1.5% in control to 2.7% in 100 Mg ha
-1

 of SS 

application. Also nitrogen in aerial parts of Antirrhinum majus significantly enhanced from 2% in control to 3.1 and 

4.4%, respectively in response to 50 and 100 Mg SS ha
-1

. 

 

Table 2. Variance analysis of annual fertilizer application and levels on the studied parameters 
Source of Variation                              df  

    N    P     K 

Replication (R) 2 0.064
 

0.001 0.106 

Fertilizer (A) 5 3.011
** 

0.085
**
 o.739

**
 

Error A 10 0.014 0.0007 0.017
 
 

Application period (B) 3 0.825
**
 0.020

**
 0.504

**
 

A×B 15 1.070
**
 0.029

**
 0.923

**
 

Experimental error 36 0.008 0.001 0.052 
Coefficient of Variation (CV)  2.41 8.50 8.48 

** significant at  1% level 
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Figure 1. Residue and the cumulative effects of chemical fertilizers and organic nitrogen concentrations during different 

a- Orthogonal comparison of chemical (T1) and simple organic fertilizer sewage sludge 20 and 40 Mg ha
-1
 (T2)  

b- Orthogonal comparison of chemical (T1) and enriched organic fertilizer sewage sludge 20 and 40 Mg ha
-1
+50% chemical fertilizer (T3), c- 

Orthogonal comparison of chemical (T1) with simple organic and enriched fertilizers sewage sludge 20 and 20 Mg ha
-1
+50% chemical fertilizer 

(T4), d- Orthogonal comparison of chemical (T1) with simple organic and enriched fertilizers sewage sludge 40 and 40 Mg ha
-1
+50% chemical 

fertilizer (T5) 

 

         Figure 2. Regression relationship between nitrogen absorption and dry matter yield 

 

Phosphorus (P) 

 Variance analysis of data showed that amount, period application of SS and their interaction had a significant 

effect on accumulation of phosphorus in basil leaves (Table 2). Orthogonal comparison showed an increase in P 

accumulation in basil leaves whenever SS was applied as compared to NPK application. Significant difference 

between T4 and T1 in terms of P amount may be attributed to either residual or accumulative effects of SS in soil  

(Figure.3: a-d). Also the highest leaves phosphorus content (0.77%) was achieved by one year application of SS as 

the rate of 20 Mg ha
-1

 plus NPK (Figure.3: a-d). This is because of accumulative effect of SS on physical and 

chemical properties of soil followed by increase in plants yield and higher concentration of absorbable phosphorus 

in SS amended plots. There was also a strong linear relation (R
2
=0.88) between amount of phosphorus absorption 

and dry matter yield (Figure. 4). Several researchers (Mirzaei et al., 2009; Marjuei and Jahad Akbar, 2011; Rasouli 

Sadaghiani and Sepehr, 2011) reported an increase in phosphorus absorption caused by application of sewage 

sludge. Boustani and Ronaghi (2011) also reported a significant increase in P concentration in spinach that was 

treated with sewage sludge rather than chemical fertilizers. On the other hand, Bozkurt and Tarik (2003) stated that 

application of sewage sludge increased the concentration of Mg and N in corn leaves but it didn’t change the plants 
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Ca, K and P concentration mainly due to low concentration of P in sewage sludge, high soil pH and high 

concentration of Ca and K. 

 In terms of P content in basil leaves, there was no accumulative effect significant difference for SS 

accumulative effect when application of both three and four consecutive years application of sewage sludge 

compared to chemical fertilizers. It can be related to soil salinity because the high concentration of Ca, Mg, Na and 

Cl ions following long-term usage of sewage sludge which can fix and immobile P in soil and reduce plants P 

absorption. Similarly, Singh and Agrawal (2008) found that the most efficient method for reducing heavy metals 

absorption of sludge by plants is to raise the soils pH. It seems that the most of these elements and other elements 

such as P in sludge will turn into insoluble compounds and become unavailable for plants. Additionally Barahimi et 

al (2008) found that phosphorus not only slowly release from SS especially in early stages of application but also 

limited by other ions interaction which ultimately lead to less absorption by plants. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Residue and the cumulative effects of chemical fertilizers and organic Phosphorus concentrations during different 

a- Orthogonal comparison of chemical (T1) and simple organic fertilizer sewage sludge 20 and 40 Mg ha
-1
 (T2)  

b- Orthogonal comparison of chemical (T1) and enriched organic fertilizer sewage sludge 20 and 40 Mg ha
-1
+50% chemical fertilizer 

(T3), c- Orthogonal comparison of chemical (T1) with simple organic and enriched fertilizers sewage sludge 20 and 20 Mg ha
-1
+50% 

chemical fertilizer (T4), d- Orthogonal comparison of chemical (T1) with simple organic and enriched fertilizers sewage sludge 40 and 

40 Mg ha
-1
+50% chemical fertilizer (T5) 

 

 

 

 

 

 

 

 

Figure 4. Regression relationship between Phosphorus absorption and dry matter yield 
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Potassium (K) 

 According to results of variance analysis for potassium in basil leaves, there was a significant difference 

between fertilizer type, application period and interactions of those factors (Table 2). Orthogonal comparison 

between sewage sludge (SS) and chemical fertilizers treatments (Figure 5: a-d) showed that SS in one and two 

consecutive years increased leaves potassium content more than chemical fertilizer. However, this increase was 

significant only in some treatments of SS applied in continuous years as compared to the NPK alone. Significant 

difference between one year application of SS treatments (T3, T4 and T5) and chemical fertilizers can be related to 

not only accumulative effects of SS but also its effects on the physical and chemical properties of soil. On the other 

hand, lack of significant difference between accumulative application of SS (T3, T4 and T5 from 2006-2009) and 

chemical fertilizers can be attributed to low concentration of potassium in SS (Table 1). Some researchers (Vaseghi 

et al., 2005; Tavassoli et al., 2010; Kelling et al., 1997) also reported that concentration of potassium in SS (less 

than 1%) is lower than N and P. Therefore, potassium amount is not enough for plants to grow healthy; therefore 

chemical fertilizers should be applied in addition to sewage sludge. Regression diagram also showed a strong 

linear relation (R
2
=0.87) between K absorption, as well as N, P and dry matter yield (Figure. 6). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Residue and the cumulative effects of chemical fertilizers and organic Potassium concentrations during different 

a- Orthogonal comparison of chemical (T1) and simple organic fertilizer sewage sludge 20 and 40 Mg ha
-1
 (T2)  

b- Orthogonal comparison of chemical (T1) and enriched organic fertilizer sewage sludge 20 and 40 Mg ha
-1
+50% chemical fertilizer (T3), c- 

Orthogonal comparison of chemical (T1) with simple organic and enriched fertilizers sewage sludge 20 and 20 Mg ha
-1
+50% chemical fertilizer 

(T4), d- Orthogonal comparison of chemical (T1) with simple organic and enriched fertilizers sewage sludge 40 and 40 Mg ha
-1
+50% chemical 

fertilizer (T5) 

 

         Figure 6. Regression relationship between Potassium absorption and dry matter yield 
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CONCLUSION 

 According to the results of the current experiment, it seems that land application of sewage sludge, as a soil 

amendment, in both residual and accumulative aspects can increase basils ability to absorb N, P and K 

macronutrients. Results also showed that accumulative effect of sewage sludge (increase in times and levels of 

usage) increased the ability of plant to absorb nitrogen and its concentration in basils leaves, as three consecutive 

years application of sewage sludge increased leaves nitrogen content more than application of chemical fertilizers. 

On the other hand, residual effect of sewage sludge especially was positive and significant on absorbable 

phosphorus both in soil and plants. However, further studies should be conducted to evaluate sewage sludge 

effects on soil salinity, heavy elements accumulations and environmental considerations prior to its 

recommendation for land application. 
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