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INTRODUCTION 

Sewage sludge (SS) and aquatic weeds (AWC) are inevitable by-products of wastewater treatment plants and water bodies, 

respectively. Composting of these by-products is being increasingly considered as an eco-friendly disposal strategy [1]. The current 

disposal trend of aquatic weeds and sewage sludge is towards agricultural use (recycling and compost) and incineration. However, 

incineration converts the sludge into ash which is later used for land filling. But the fuel used to burn the sludge makes the process 

of incineration less economical [2]. Therefore, for agricultural purposes aquatic weed compost and recycling of sewage sludge 

seems to be a remarkable solution for its sustainable management [3]. The use of unwanted plants and sewage sludge for providing 

the nutrients to the crops seems to be a better alternative to improve soil fertility and increase crop yield [4]. Besides that, utilization 

of organic manure is recommended for retaining productivity of soils, reducing the usage of chemical fertilizers, improving 

productuivity and then minimizing the environmental problems [5]. Hence, application of organic-rich waste materials such as SS 

and AWC to soils can improve the physical, chemical and biological properties of the soil. However, SS is a good source of most 

nutrients that the plant needed such as nitrogen (N), phosphorus (P), manganese (Mn), copper (Cu), iron (Fe) and zinc (Zn) and 

this depending on the specific nature of the sludge material [6] and [7]. 

Abstract 
A pot culture experiment was conducted at the Experimental Farm located in Sher-e-Kashmir University of Agricultural Sciences 

and Technology of Kashmir, Shalimar campus during kharif season 2018.  This study was carriied out in Completely Randomized 

Design with three replications comprised of nine treatment combinations of sewage sludge (SS),  aquatic weed compost (AWC) 

and inorganic fertilizers. However, in this study, it was initiate that the conjoint use of sewage sludge with chemical fertilizer (T5) 

recorded maximum build-up of soil macro nutrients (NPK), plant growth and quality parameters. However, the micro-nutrient 

concentrations in soil exposed to sewage sludge and aquatic weed compost were significantly higher than those in the untreated 

plots, with highest concentration found in sole application of sewage sludge (T3). All the micro nutrients studied were within the 

acceptable limits and did not overcome the maximum levels of phytotoxic. This experiment concludes that the application of 

sewage sludge and aquatic weed compost did not have any adverse impact on fruit quality and it was suggsetted to for the 

improvement of plant growth and soil fertility. 
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In agriculture, combinaed the chemical fertilizers with organic matter was used for sustainable agriculture production in soils that 

have low of the organic matter [8] and [9] for long term of the application. 

  In Kashmir, the production of sewage sludge (bio-solids) is increasing at a faster rate. Similarly, manual and mechanical 

weeding of macrophytes primarily adds to the bio-waste management problem. The presence of heaps of sewage sludge and 

aquatic weeds on the banks of Dal Lake is a challenging task for Lake Management authorities for their proper disposal [10] and 

[11]. This  study was conducted to determine the effect of soil application of sewage sludge and aquatic weed compost on the 

growth performance and quality characteristics of Tomato (Solanum lycopersicum mill.), a commonly grown fruit vegetable in 

Kashmir. 

 

MATERIALS AND METHODS 

Experimental design 

The present study was carried out in the year 2018 at experimental field in pots located in Sher-e-Kashmir University of 

Agricultural Sciences and Technology of Kashmir Shalimar, India. The experiment comprised of nine treatment combinations of 

sewage sludge, aquatic weed compost and inorganic fertilizers viz., T1 (100% RND), T2 (100% AWC), T3  (100% SS), T4 (30% 

AWC + 70% RND), T5 (30% SS + 70% RND), T6 (50% AWC + 50% RND), T7 (50% SS + 50% RND), T8 (30% AWC + 30% 

SS + 40% RND), and T9 (50% AWC + 50% SS) with triplicates in Completely Randomized Design.  

 

Tomato (Solanum lycopersicum Mill Var. Shalimar-1) was selected for the present study (Figure 1). The variety was selected 

keeping in view its growing capacity and market value. Sewage sludge and aquatic weed compost were air dried and then mixed 

with soil in different proportion (w/w %) as specified in different treatments fifteen days before transplantation.  

 
Figure 1:  Experimental pots during vegetative and productive stage 

 

Sample collection and pre-treatment 

The SS and AWC samples were collected from sewage treatment plant (STP) and Shalimar ghat (landfill) in the Srinagar city, 

Kashmir, Indian, respectively. The used SS and AWC samples were anaerobically stabilised (mesophilic anaerobic digestion) and 

dewatered. After collection, the samples were air-dried in thin layers at 105 °C until constant mass.  

 

Analytical Analysis 

Micro-nutrients  

Dried sewage sludge and aquatic weed and composite soil (collected from each pot at the depth of 1-15cm before and after the 

crop harvest) samples were analysed for micronutrient cations such as Zn, Cu, Mn and Fe using di-acid digestion mixture 

(HNO3:HClO4, 4:1) and later analysed by atomic absorption spectrophotometer [12].  

 

Chemical parameters 

The pH and Electrical conductivity (EC) were determined, where the values of pH were determined in the supernatant after 2 h 

shaking in 0.01 mol/L CaCl2 (1/5; v/v). EC was measured in filtrated supernatant after 1 h extraction of the sample with 

demineralised water (1/10; w/v).  Organic carbon was determined by rapid titration method [13].  

 

Macro-nutrients  

Estimation of available N was done by Kjeldahl method [14]. Available P was extracted from the sediment with 0.5M NaHCO3 

(pH 8.5) and decolorizing carbon is also added before shaking. The intensity of blue colour is measured on spectrophotometer at 

660 nm [15]. The available potassium (K) content of the filtered extract was determined using a Flame Photometer [16].  

 

Yield and quality parameters  

Plant height was measured in centimeters. The measured was done by meter scale from the base of the stem to the growing tip of 

the plant at the time of final picking and their average work out. The number of branches was counted and the mean was calculated. 
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Fruit diameter was also measured in centimeters. It was measured from the middle portion of the fruit with the help of a vernier 

caliper and average fruit diameter worked out. Total weight of fruits obtained from each picking was pooled and divided by total 

number of fruits to work out an average fruit weight (g). The total carbohydrate content was estimated by following the Anthrone 

method [17]. Amount of total soluble sugars was estimated from standard curve prepared with D-glucose [18]. 

Data recorded during the experiment was subjected to statistical analysis using SPSS Version 18. The experimental results were 

subjected to ANOVA. The mean ± SE (standard error) were subjected to Duncan’s multiple range test at p<0.05 level. 

 

 

RESULTS AND DISCUSSION 
 

Recycling sewage sludge and aquatic weed compost for agricultural purposes is one of the most environmentally sustainable 

methods of managing them, as it has been estimated that adding sludge and aquatic weed compost to agricultural crops increases 

growth and yield, which is attributed primarily to the nutrient-dense nature of sewage sludge and aquatic weed compost. 

 

Characteristics of sewage sludge and aquatic weed compost 

Samples of sewage sludge and aquatic weed compost were analysed for different chemical attributes and characterized as pH of 

6.98 and 6.85, organic carbon content of 3.21 and 2.55%, respectively. The concentration of macronutrient (N, P, K) ranged from 

1.15 and 0.71%, 1.10 and 0.93%, 0.96 and 0.82%, respectively. The micro nutrient content of sludge and aquatic weed compost 

were found to be 11.81 and 9.93, 3.90 and 3.02, 50.71 and 48.31, 21.41 and 20.11 mg/kg corresponding to Zn, Cu, Fe, Mn, 

respectively (Table 1).  The sewage sludge and aquatic weed compost are rich in organic matter, N, and P; the soil fertility can be 

effectively improved when it was applied to the soil [19] and [20].           

Table 1: Nutrient status of sewage sludge and aquatic weed compost 

 

 

 

 

 

 

 

 

 

 

*Permissible limits: [21] 

 

Nutrient status of soil before and after crop harvest 

Similarly, soil samples from experimental pots were analysed before and after the organic treatment in order to evaluate any 

noticeable changes in different parameters. Table 2 shows that soil was neutral in pH. Soil organic carbon was found to be less in 

non-amended soils. The macro nutrients (NPK) and micro-nutrients were very low and were below the permissible limit. Nutrient 

concentration of initial soil before crop transplantation was very low and below the permissible limit [22]. The results obtained 

indicate that soil before crop transplantation needs additional fertilizers for proper growth and development of crop. However, 

significant increase in EC was detected in soil after the experiment which might be attributed to the large quantities of soluble salts 

and HCO3
- contained in the organic compost and chemical fertilizers [23] who reported that increase in EC could be due to the 

combination of organic manures with chemical fertilizers.  

Soil organic carbon content was significantly highest under treatment T5 (30% SS + 70% RND) i.e., 1.37% as compared to rest of 

the treatments. The results of [24] reported that soil carbon decreases progressively as the application rate of sewage sludge 

increases after one year of the experiment as compared to other amendments, despite the high initial carbon content. This was 

probably due to more mobile fractions of carbon in sewage sludge. The results in Table 2 revealed that significantly elevated levels 

of available N, P and K content in soil after crop harvest were observed in T5 (30% SS + 70% RND) i.e., 110.43, 28.66 and 272.85 

mg/kg as compared to T1 (RND). Our results are in conformity with [25], [26], [27] and [28] who reported that highest levels of 

available nitrogen, phosphorus and potassium recorded may be attributed to the higher nitrogen, phosphorus and potassium content 

in the sewage sludge and chemical fertilizers. 

 

 

 

 

 

Particulars Sewage  sludge Aquatic weed compost Permissible limits* 

pH 6.98 6.83 5.5-8.5 

OC (%) 3.21 2.55 - 

Total N (%) 1.15 0.71 - 

Total P (%) 1.10 0.93 - 

Total K (%) 0.96 0.82 - 

Zn (ppm) 11.81 9.93 1000 

Cu (ppm) 3.90 3.02 300 

Fe (ppm) 50.71 48.31 - 

Mn (ppm) 21.41 20.11 - 



11  

ADVANCES IN ENVIRONMENTAL BIOLOGY                                                                                  ARTICLES 

 

Table 2: Effect of sewage sludge and aquatic weed compost on nutrient content of soil before and after crop harvest 

 

 

Treatments  pH EC 

(dS m-1) 

OC 

(%) 

Ava. N 

(mg/kg) 

Ava. P 

(mg/kg) 

Ava. K 

(mg/kg) 

Before the experiment 7.05 0.24 0.81 96.99 10.50 78.94 

After the 

experiment 

T1 (100% RND) 6.59 0.32 1.15 108.11 27.94 267.46 

T2 (100% AWC) 6.72 0.17 0.92 98.45 21.36 253.67 

T3 (100% SS) 6.74 0.21 1.05 100.17 24.54 260.93 

T4 (30% AWC + 70% RND) 6.64 0.29 1.14 106.11 27.52 265.39 

T5 (30% SS + 70% RND) 6.56 0.35 1.37 110.43 28.66 272.85 

T6 (50% AWC + 50% RND) 6.68 0.25 1.10 103.81 26.36 263.44 

T7 (50% SS + 50% RND)  6.62 0.27 1.11 105.49 26.95 264.15 

T8 (30% AWC + 30% SS + 40% 

RND) 

6.63 0.24 1.08 102.03 25.08 261.14 

T9 (50% AWC + 50% SS) 6.70 0.19 1.03 99.06 23.72 257.04 

SE(d) 0.01 0.01 0.10 0.76 0.68 2.18 

C.D (p≤0.05) 0.02 0.02 0.21 1.52 1.36 4.37 

 

Micro- nutrient concentration in post-harvest soil  

The concentration of micro- nutrients in post-harvest soil was within the standard range of the permissible limits. Highest DTPA-

extractable Zn, Cu, Fe and Mn (ppm) were recorded in T3 (100% SS) i.e., 1.10, 1.18, 29.37 and 8.93, respectively as compared to 

other treatments (Table 3).  The increase in DTPA-extractable metal concentration may be attributed to higher dose of sewage 

sludge application which had a good source of these metals as initial concentration of these metals were found higher in sewage 

sludge [29].  Table 3 also show that the concentration of essential microelements (Zn, Cu, Zn, Mn) significantly increased in the 

soil after the application of different doses of sewage sludge in combination with other treatments. 

 

Table 3: Effect of sewage sludge and aquatic weed compost on micro- nutrient content of soil before and after crop harvest  

 

 

Treatments  Zn 

(ppm) 

Cu 

(ppm) 

Fe 

(ppm) 

Mn 

(ppm) 

Before the experiment 0.84 1.12 25.39 5.56 

After the experiment T1 (100% RND) 0.84 1.01 22.69 4.91 

T2 (100% AWC) 1.03 1.15 28.28 6.40 

T3 (100% SS) 1.10 1.18 29.37 8.93 

T4 (30% AWC + 70% RND) 0.92 1.05 24.14 5.64 

T5 (30% SS + 70% RND) 0.96 1.10 26.12 5.90 

T6 (50% AWC + 50% RND) 0.95 1.08 25.26 5.67 

T7 (50% SS + 50% RND)  1.00 1.14 27.46 6.34 

T8 (30% AWC + 30% SS + 40% RND) 0.99 1.12 26.28 6.06 

T9 (50% AWC + 50% SS) 1.08 1.17 28.49 7.86 

SE(d) 0.04 0.03 0.72 0.36 

C.D (p≤0.05) 0.08 0.07 1.45 0.73 

Crop growth and yield parameters 

Table 4 and Fig. 1 present data on the morphological growth and yield parameters affected by organic amendments alone and in 

combination with fertilizers. The plant's height is a critical characteristic because it indicates the plant's capacity for nutrient 

absorption as well as its health. The perusal of data pertaining to the effect of different treatments on plant height  of tomato at 

harvest stage reveals that among all nine treatments the maximum plant height was recorded in T5 (30% SS + 70% RND) i.e., 

107.23cm which was at par with T1 (RND) i.e., 106.37cm. The increase in plant height in response to sewage sludge application 

is  due to increased nitrogen availability, which resulted in increased leaf area, which resulted in increased photo assimilation and 

thus increased dry matter accumulation in dry bean. The increased plant height may be attributed to the sewage sludge and fertilizer 

application providing an adequate supply of nutrients [30]. The results also revealed that while comparing all nine treatments 

significantly maximum number of branches per plant was recorded in T5 (30% SS + 70% RND) i.e., 22.92. Our results are in 

conformity with the findings of [31] who reported that use of organic and inorganic fertilizers had better effects on growth and 

yield of tomato.  

In case of number of fruits plant-1 same trend was observed with highest values recorded in T5 (30% SS + 70% RND) i.e., 29.94. 

The results showed increased ear length, which could be attributed to the nutrients provided by the SS and NPK Fertilizers. This 

trend could be explained by the role of nitrogen in the maturation, flowering, and fruiting of crops. Our findings in lines with those 

of [32], who discovered that a combination of organic and inorganic fertilizers produced the best results for plant quality and yield 

attributes. Further, the data presented in Table 4 indicated that while relating all treatments significantly maximum fruit diameter 

was recorded in T5 (30% SS + 70% RND) i.e., 4.95cm which was statistically at par with T1 (RND) i.e., 4.78cm. Application of 

SS and NPK promotes the growth activity by supplying most of the essential nutrients. Our results are also supported by [33] and 

[34].  
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Average fruit weight and fruit yield plant-1 during the experiment was significantly influenced by different treatments and followed 

the same trend.  Among all the nine treatments under study elevated levels of average fruit weight (g) and fruit yield plant-1 (kg) 

was observed in T5 (30% SS + 70% RND)  i.e., 49.81 and 1.89, respectively. While as application of T4 (30% AWC + 70% RND), 

T7 (50% SS + 50% RND), T6 (50% AWC + 50% RND) and T8 (30% AWC + 30% SS + 40% RND) showed decrease in both 

average fruit weight and fruit yield plant-1 (Table 4 and Fig.1).  Our results are in conformity with the findings of [35] and [36] 

who reported that by increasing the levels of organic and inorganic fertilizers, fruit weight and yield plant-1 also started increasing 

gradually. 

Table 4: Effect of sewage sludge and aquatic weed compost on growth and yield parameters of tomato fruit 

Treatments Plant 

height 

(cm) 

No. of 

branches 

plant-1 

No. of 

fruits 

plant-1 

Fruit 

diameter  

(cm) 

Average Fruit 

weight  

(g) 

Fruit yield 

plant-1  

(kg) 

T1 (100% RND) 106.37 22.12 28.35 4.78 49.11 1.82 

T2 (100% AWC) 91.19 12.14 18.50 3.11 42.72 1.22 

T3 (100% SS) 96.81 17.54 23.04 3.84 46.70 1.57 

T4 (30% AWC + 70% RND) 104.66 21.58 26.88 4.49 48.70 1.75 

T5 (30% SS + 70% RND) 107.23 22.92 29.49 4.95 49.81 1.89 

T6 (50% AWC + 50% RND) 100.15 18.29 25.11 4.08 47.83 1.64 

T7 (50% SS + 50% RND)  102.74 20.73 26.29 4.21 48.18 1.72 

T8 (30% AWC + 30% SS + 40% RND) 99.21 17.89 24.98 3.97 47.21 1.60 

T9 (50% AWC + 50% SS) 94.26 15.76 21.29 3.61 45.31 1.49 

SE(d) 1.03 0.81 0.89 0.2 0.79 0.13 

C.D (p≤0.05) 2.07 1.62 1.79 0.5 1.59 0.27 

 

 
Fig. 1: Bar graph with standard error bars showing the changes in yield and growth parameters of tomato with amendment rates 

of  sewage sludge and aquatic weed compost (n=9) 
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Quality parameters 

Fruit quality parameters viz., carbohydrate, soluble sugar and titratable acidity of tomato were significantly influenced by 

combined applications of organic and synthetic fertilizers (Table 5 and Fig. 2). Fertilization of T5 (30% SS + 70% RND) shows 

statistically higher content of carbohydrate (2.48%), soluble sugar (1.25%) and titratable acidity (0.44%) as compared to other 

treatments.  The lone application of organic amendments T3 (100% SS) and T2 (100% AWC) has shown a decreased trend in all 

fruit quality parameters of tomato. The positive effect of sewage sludge in combination with chemical fertilizers on different 

quality parameters may be attributed to the availability of NPK supplied by sewage sludge and chemical fertilizers [37] and [38].   

 

Table 5: Effect of sewage sludge and aquatic weed compost on quality parameters of tomato fruit 

Treatments Carbohydrate content  

(%) 

Soluble sugar content  

(%) 

Titratable acidity 

 (%) 

T1 (100% RND) 2.45 1.23 0.42 

T2 (100% AWC) 2.10 1.11 0.31 

T3 (100% SS) 2.20 1.15 0.35 

T4 (30% AWC + 70% RND) 2.43 1.19 0.41 

T5 (30% SS + 70% RND) 2.48 1.25 0.44 

T6 (50% AWC + 50% RND) 2.34 1.17 0.38 

T7 (50% SS + 50% RND)  2.39 1.18 0.40 

T8 (30% AWC + 30% SS + 40% RND) 2.22 1.16 0.37 

T9 (50% AWC + 50% SS) 2.16 1.14 0.33 

SE(d) 0.04 0.02 0.01 

C.D (p≤0.05) 0.08 0.05 0.03 

 

 
Fig. 2: Bar graph with standard error bars showing the changes in quality parameters of tomato with amendment rates of  sewage 

sludge and aquatic weed compost (n=9) 

 

CONCLUSION 

The study concludes with the finding  that; among nine treatments under study T5 (30% SS + 70% RND) and T1 (100% RND) 

proved superior over rest of the organic amendments with respect to improvement in quality, yield, yield related attributes, physical 

and chemical properties, and macro-nutrient availability of soil after crop harvest. The sewage sludge amendment treatments 

proved to be exclusive as compared to aquatic weed amendments in terms of growth and yield of crop and simultaneous availability 

of nutrients in soil.  Utility of sewage sludge and aquatic weed compost as organic manure will reduce the hazardous environmental 

impact caused due to disposal of aquatic weed compost and sewage sludge. 
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