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Abstract 
Tomato (Solanum lycopersicum L.) is a popular vegetable crop cultivated all around the globe. This vegetable 
crop requires a significant amount of nitrogen. Farmers often utilize excessive amounts of chemical fertilizers to 
fulfill this demand. Considering the increased adverse effects of chemical fertilizers on crops, soil and consumers, 
utilizing organic fertilizers became a hopeful solution to mitigate this problem. Therefore, the present study was 
carried out to study the effects of Ganga sludge-based that is organic fertilizers) on the growth, yield and fruit 
quality of tomatoes (Solanum lycopersicum L.). A total of seven fertilizer treatments with one control in three 
replications were prepared and analyzed using a randomized complete block design. All organic fertilizers 
enhanced the growth and yield of tomato crops, where treatment in a combination of Pori Potash + Jaivik Poshak 
(T7) significantly impacted growth characteristics along with T5 and T2. Similarly, treatment T5 (Jaivik Khad) 
was also found important in improving yield parameters of tomato crops followed by T7 (Pori Potash + Jaivik 
Poshak), T4 (Jaivik Poshak), and T6 (Jaivik Prom+ Jaivik Khad). Based on this study, it can be concluded that 
the application of organic fertilizer is a sustainable approach to soil health and fertility in agricultural crop 
production. Further research is required on sludge-based organic fertilizers so that more useful and safer organic 
fertilizer products can be produced for application in agriculture. 
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1. Introduction   

The tomato (Solanum lycopersicum L.) is an edible berry that has been cultivated all around the globe as a 
vegetable crop. It is the second-most widely consumed vegetable crop in the world. Around 100 million tons of 
tomatoes were produced worldwide in 2000, compared to 182.05 million tons in 2021. Additionally, the global 
tomato planting area grew from 3.16 million hectares in 1994 to 5.055 million hectares in 2020 (Fan et al., 2023). 
The tomato is thought to have originated in Mexico, Central America, and western South America (Barros et al., 
2012; Fan et al., 2023; Kumar et al., 2020). It is among the most economically significant vegetable crops that has 
positioned itself as the kingmaker of all vegetables, as no vegetable can be considered to be tasty without the use 
of tomatoes. It is cultivated and produced conventionally both in open fields and in greenhouses. The fruits of 
tomatoes are consumed fresh or used in various food products. They can be processed into juices, ketchup and 
purees, while, canned and dried tomatoes are economically important processed products. Tomato fruits are rich 
in vitamins and minerals, including vitamin C, potassium, vitamin K, and folate, and contain a variety of bioactive 
compounds, including organic acid and phenols (Brunetti et al., 2019; Ilahy et al., 2011; Kalbani et al., 2016). Ali 
et al. (2020) reported that the nutritional contents and bioactive compounds available in tomatoes have a positive 
impact on human health and disease management. Their consumption decreased the risk of developing diseases 
in the digestive tract, prostate cancer, chronic degenerative diseases and cardiovascular diseases (Li et al., 2023).     
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Similar to other crops, tomato crops need a lot of nitrogen to grow overall. Farmers often utilize excessive 
amounts of chemical/inorganic fertilizers to fulfill this requirement and to achieve high yields, driven by economic 
interests and worldwide demand. Utilizing inorganic fertilizers may cause the pH of the soil to drop, which 
eventually impacts the microbial balance of the soil. The sustainable growth of agriculture has also been gravely 
endangered by intensive agriculture, which has significantly decreased soil biodiversity and raised the possibility 
of soil-borne disease outbreaks (Carrara et al., 2018; Thompson et al., 2007; Wang et al., 2021). The overuse of 
agrochemicals in the cultivation of vegetables has now become a big global problem that is harming the 
environment and the health of producers and consumers (Sharma et al., 2019).  

The recommendation of the use after the ‘Green Revolution’ and thereafter their long-term use has increased 
the dependency of producers on synthetic fertilizers (Nyamangara et al., 2020). This use has now reached the 
extent that every agriculture researcher, scientist and even producer is compelled to consider the alternative to 
synthetic fertilizers. Several alternative fertilizer and pesticide options are available, which are considered 
environment-friendly and safer for users and consumers (Guzman-Guzman et al., 2023; Leelavathi et al., 2014; 
Rini & Sulochana, 2007; Wong et al., 2021). Organic material-based fertilizers are substitutes now trending and 
becoming popular among farmers moving towards organic farming (Siddique et al., 2014; Yadav & Ramakrishna, 
2023). These fertilizers can be produced from agricultural and their degradable waste, which is rich in several 
nutritional components. These fertilizers can increase crop yield, have positive residue effects on succeeding 
crops, and supply the majority of vital nutrients to soil and plants. Their application also increases the soil 
microbial biomass and increases CO2 emissions which ultimately improves airy soil structure and fertility as well. 
In comparison to synthetic fertilizers, organic fertilizers are easy to use and available to crops for a longer duration 
(Terhoeven-Urselmans et al., 2009).    

In addition to agricultural waste, food industry waste and city compost are significant issues that pose health 
and environmental risks. When this waste (often referred to as sewage) is treated, a residual, semi-solid substance 
called sewage sludge (SS) is produced as a by-product (Tchounwou et al., 2012). Although sludge is handled with 
methods including composting, burning, and sanitary burial, its management is still crucial from an environmental 
and financial perspective. Nevertheless, sewage sludge management through its application in agriculture has 
emerged as one of the most significant sectors because of the high concentrations of phosphorus (P), nitrogen (N), 
and organic carbon (OC) (Camargo et al., 2016; Velasco-Munoz et al., 2021). The use of sludge as organic 
fertilizer is an excellent substitute for synthetic fertilizers and a more ecologically friendly method of management.  
There is still a lack of fundamental research on turning sludge into organic fertilizers. Moreover, the effectiveness 
of sludge-based fertilizers on different crops has not been thoroughly investigated in field research. Therefore, the 
objective of this study was to evaluate the effects of Ganga-sludge-based organic fertilizers on the growth, yield 
parameters and fruit quality of tomato plants.  
 
2. Materials and Methods 

Research was carried out on the experimental farms of the Patanjali Research Institute between January and 
June of 2023. The experimental area, which is situated at 29° 54′ 49′′ N and 77°59′ 51′′ E, has a warm and 
temperate environment with a maximum temperature of 27°C, a minimum temperature of 7°C, and an annual 
rainfall of 16.5mm. The comprehensive metrological data collected at the experimental site during the 
investigation is presented in Figure 1. 

Ganga sludge samples were gathered from the Sludge Treatment Plant (STP) Jagjeetpur, Uttarakhand, India 
and processed at the Patanjali Organic Research Institute (PORI) for the production of five distinct organic 
fertilizer products using Patanjali's patented technology (Patent application number: 202211069280). Five 
important organic fertilizer products, including Jaivik Prom, Pori Potash, Dharti ka Chaukidar, Jaivik Poshak, and 
Jaivik Khad were prepared and utilized in field trial experiments. 

 
2.1 Experimental design and treatment    

With seven treatments and one control (three replications each), the experiment was structured using 
Randomized Block Design (RBD) (Awadhpersad et al. 2021). The experiment evaluated five different organic 
fertilizers in seven different treatment combinations: T0 (Control), T1 (Jaivik Prom @ 100 kg/ac), T2 (Pori Potash 
@ 100 kg/ac), T3 (Dharti ka Chaukidar @ 10 kg/ac), T4 (Jaivik Poshak @ 7 kg/ac), T5 (Jaivik Khad @ 80 kg/ac), 
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T6 (Jaivik Prom+ Jaivik Khad @ 50 + 40 kg/ac), and T7 (Pori Potash + Jaivik Poshak @ 50 + 3.5 kg/ac). To 
prevent any soil-borne pathogens from attacking tomato seedlings, the roots were dipped in a biopesticide (5 
ml/liter each) for 20 to 25 minutes. The experimental fertilizer treatments were applied every 30 days following 
seeding. 

 

Figure 1. Metrological data of the experimental site during the study. 
Source: https://weatherspark.com/y/109648/Average-Weather-in-Haridwar-India-Year-Round 
 
2.2 Plant materials and agronomical practices  

The seedlings of fresh and healthy tomato plants used in this study were procured from a local nursery and 
received on the same day that transplantation was planned for field trials and experimentation. In a plot measuring 
2 x 4 m (8 m2), tomato seedlings were planted with 90 cm between rows and 60 cm between plants after the plants 
were treated with a biopesticide (Trichoderma and Pseudomonas @ 5 ml/liter each). The crop was irrigated once 
every 30 to 35 days, for a total of 4-5 times. Neem oil derived from the seeds of Azadirachta indica, was sprayed 
two to three times to eliminate the attack of several insects and pests. The unwanted weeds were weeded 
approximately three times during the experiment (Pawar et al., 2016; Wato, 2020).  
 
2.3 Measurement of plant growth and yield parameters  

All 15 plants in each plot were assessed for total number of leaves & leaf area, number of fruit bunches per 
plant, number of fruits per plant, average fruit weight per plant (g), total fruit weight per plant (g), average fruit 
diameter per plant (mm), plant height, and crop yield to investigate the effects of fertilizer application on plant 
parameters. About every two weeks, red-to-pink-ripe tomato fruits were harvested, and the final yield was 
recorded every 30 days until the end harvest (Figure 2). Under measured yield criteria, the average fruit diameter 
per plant, fruit yield per plant and plot, and quantity of fruits per plant were assessed (Bhattarai et al., 2015; Perez 
et al., 2022).  
 
2.4 Data analysis  

Plant height, leaf number, leaf area, number of bunches, fruit weight, average, yield and obtained 
experimental data are presented as mean ± standard deviation (SD). ANOVA (one-way) with Dunnett's multiple 
comparisons test was performed using GraphPad Prism version 8.02 for Windows was performed using GraphPad 
Prism version 8.02 for Windows. The percent increase in the number of branches and fruits is expressed as the 
difference between treatment and control multiplied by hundred (Hu et al., 2022).   
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3. Results  
The growth and yield characteristics of the tomato crop were significantly improved with the use of organic 

fertilizers. Furthermore, using these organic fertilizers altered the soil's chemical makeup and increased the 
amount of available potassium, phosphorus, and nitrogen, illustrating how organic fertilizers affect the soil's 
chemical characteristics. This change in the chemical composition of the soil was also evident in tomato crop 
growth and yield. Organic fertilizer may be a suitable substitute to chemical fertilizers since it is sustainable, eco-
friendly, and enhances soil health without disturbing soil microbes. Detailed statistics on the application of organic 
fertilizers and their effects on the growth and yield of tomato crop is presented here in this section. 

 

 
Figure 2. Different stages of tomato crop during the trial in the experimental field. (A) tomato in rows trial field 
(B) tomato plant after transplantation (C) initiation of flowering (D) young fruits (E) initiation of fruits and (F) 
fruits after harvesting. 
 
3.1 Plant height   

In the present study, organic fertilizers showed positive effects on plant height (expressed as shoot length). 
At 30 days after sowing, the Pori potash (treatment 2) showed a significant effect on shoot length (9.59±0.70cm). 
Between 30 to 150 days after sowing, treatment 7 (Pori Potash+Jaivik Poshak) was recorded as a potential growth 
enhancer till the harvest. The combination of Pori Potash + Jaivik Poshak was recorded as the most effective 
organic fertilizer in comparison to individual treatment. It was clear from the results that plant height was observed 
to be highest in plants treated with the dose of mixed fertilizers (T7) in the range of 68.29±16.32 cm to 
55.11±16.29 cm. Based on the results, it is crucial to note that plant height is affected by all treatments; however, 
the mixed fertilizers (T7) treatment significant impact (p≤ 0.05) on plant height after 90 days of sowing (Table 1).  

 
3.2 Leaf area and total number of leaves  

The potential effects of organic fertilizers on the area and total number of leaves were observed during the 
present study. Treatment 7 (Pori Potash + Jaivik Poshak) impacted the leaf area of the tomato plant after 30 days 
of sowing (56.72±28.28 cm2). Similarly, Jaivik Khad (treatment 5) showed potential effects to enhance the leaf 
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area between 30 days to 60 days after sowing (497.66±185.24 cm2). This long-lasting effect of these fertilizers 
confirmed the slow-releasing nature of organic fertilizers that provide NPK to the tomato plant, enhancing nutrient 
uptake. Similar to leaf area and the total number of leaves was also found higher in plants treated with the 
combination of Pori Potash + Jaivik Poshak (T7), while others exhibited this number between 4.77±0.63 to 
3.66±0.46. Irrespective of the increase in leaf area and the total number of leaves in plants grown under different 
fertilizer treatments, the difference with their respective control was not found significant (Table 1). 
 
3.3 Effect of organic fertilizers on yield parameters 

Similar to the effects on growth parameters, the organic fertilizers used in the present study were also found 
effective on the quality and yield of fruits. While evaluating the number of bunches of tomato fruits per plant from 
60-150 days, it was observed that treatment 6 (Jaivik Prom + Jaivik Khad) was found effective on the number of 
fruit bunches in comparison to others, while treatment 7 (Pori Potash + Jaivik Poshak) expressed themselves 
during 90 -120 days (Figure 3). The bunches number was found maximum on 120th day in all treatments (except 
T0, 90th day) that may be because of the full blooming stage of the plant and longer effects of used organic 
fertilizers. After analysis of the results, it was found that organic fertilizers act as an excellent source of nutrition 
that can improve the number of fruits per plant. The combination of Jaivik Prom+Jaivik Khad (T6) was found 
effective in enhancing the total number of fruits per plant after 60 days after sowing (7.88±2.29), whereas, 
treatment 7 (Pori Potash + Jaivik Poshak) at 90 (3.72±0.24), T3 at 120 (5.81±2.58), and T5 at 150 (8.14±2.16) 
days after sowing (Figure 4). When we analyzed fruit characteristics in terms of fruit weight, the average fruit 
weight per plant was found highest in the tomato plants grown under the treatment of Jaivik Khad (T5) at 90 
(74.96±8.56), 120 (78.76±15.50) and 150 (91.32 ±9.07) days after sowing (Table 2). The average fruit diameter 
was also found enhanced in all treatments. Here, treatment 5 (Jaivik Khad) exerted potential effects on fruit 
diameter initially, whereas treatment 4 (Jaivik Poshak) and treatment 5 (Jaivik Khad) were found effective in 
increasing the fruit diameter after 120 (8.74±3.06 mm) and 150 (10.61±5.10 mm) days of sowing (Table 3). In 
the case of total fruit weight per plant, treatments 4, 5 and 3 exerted significant impact at 90 (203.65±8.36 g), 120 
(406.95±133.47 g) and 150 (503.26 ±259.92 g) days after sowing (Table 2). Finally, the total fruit weight per plot 
was also found improved in plots under organic fertilizer application. Here, the application of Pori Potash + Jaivik 
Poshak (T7) had the maximum yield (3402.13±564.27 g) at 90 days, while the application of Jaivik Khad (T5) 
and Jaivik Prom+ Jaivik Khad (T6) showed enhanced yield at 120 (8407.24±3043.99 g) and 150 (5222.32 
±2551.67 g) days after sowing, respectively (Table 3).  
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Table 1. Impact of Ganga sludge-based organic fertilizers on tomato growth.   

Treatments Total No. of leaves 
30 Days 

Leaf Area (cm2) Plant Height (cm) 
30 Days 60 Days 30 Days 60 Days 90 Days 120 Days 150 Days 

T0 4.36 ± 0.23 51.78 ± 18.28 429.01 ± 115.61 8.70 ± 0.57 39.34 ± 3.31 43.13 ± 3.52 46.66 ± 3.64 50.44 ± 3.53 
T1 4.20 ± 0.44 42.56 ± 25.99 461.25 ± 142.53 8.46 ± 1.68 49.83 ± 16.07 54.14 ± 15.86 58.61 ± 15.62 62.67 ± 15.76 
T2 4.77 ± 0.63 51.09 ± 22.11 390.02 ± 6.96 9.59 ± 0.70 49.40 ± 1.43 54.07 ± 1.43 58.02 ± 1.08 63.04 ± 1.53 
T3 4.43 ± 0.61 42.29 ± 20.42 422.28 ± 125.51 8.80 ± 1.09 48.27 ± 12.34 52.40 ± 10.94 56.85 ± 10.59 58.65 ± 8.21 
T4 3.67 ± 0.46 32.67 ± 20.50 307.65 ± 148.87 7.44 ± 1.09 39.63 ± 13.68 45.32 ± 13.49 49.50 ± 13.32 53.52 ± 14.22 
T5 4.74 ± 0.83 48.44 ± 29.64 497.66 ± 185.24 8.04 ± 0.87 51.27 ± 11.89 55.35 ± 11.32 58.66 ± 10.47 61.84 ± 10.71 
T6 4.41 ± 0.62 43.80 ± 26.41 440.00 ± 173.61 8.70 ± 1.32 50.76 ± 14.97 55.16 ± 14.18 58.33 ± 14.11 62.28 ± 14.37 
T7 5.02 ± 1.09 56.72 ± 28.28 428.37 ± 157.01 9.27 ± 1.36 55.11 ± 16.29 59.88 ± 15.59* 64.41 ± 15.38* 68.29 ± 16.32* 

Note: Mean ± standard deviation of nine replicates. * Significant (p≤ 0.05) 
 
Table 2. Impact of Ganga sludge based organic fertilizers on yield of tomato. 

Treatments Average Fruit Weight Per Plant Total Fruit Weight Per Plant (g) 
90 Days 120 Days 150 Days 90 Days 120 Days 150 Days 

T0 51.97 ± 6.83 43.28 ± 2.97 70.83 ± 3.76 104.09 ± 19.66 200.08 ± 51.45 241.04 ± 100.02 
T1 66.22 ± 19.76* 74.43 ± 11.03* 74.63 ± 13.15 150.78 ± 25.71* 315.10 ± 91.12 260.26 ± 96.44 
T2 71.58 ± 1.42* 66.09 ± 6.88* 74.30 ± 7.08 162.23 ± 16.45* 289.71 ± 73.36 308.90 ± 68.69 
T3 65.21 ± 9.47* 78.75 ± 14.23* 90.01 ± 9.89* 159.14 ± 39.02* 402.55 ± 164.03* 503.26 ± 259.92* 
T4 57.99 ± 6.39 72.04 ± 11.35* 91.32 ± 9.07* 203.65 ± 8.33* 298.16 ± 26.45 489.08 ± 157.53* 
T5 74.96 ± 8.56* 78.76 ± 15.50* 80.41 ± 3.62 149.08 ± 18.71* 406.95 ± 133.47* 442.66 ± 69.96* 
T6 64.73 ± 7.66 76.69 ± 6.46* 76.76 ± 13.99 139.01 ± 42.36* 332.89 ± 43.98* 501.23 ± 45.46* 
T7 67.59 ± 11.30* 75.71 ± 21.87* 83.80 ± 28.07 188.05 ± 21.42* 325.62 ± 131.77 440.45 ±133.99* 

Note: Mean ± standard deviation of nine replicates. * Significant (p≤ 0.05)  
 
Table 3. Impact of organic fertilizers derived from Ganga sewage on yield of tomato.  

Treatments Average Fruit Diameter Per Plant (mm) Total Yield Per Plot (g) 
90 Days  120 Days 150 Days 90 Days 120 Days 150 Days 

T0 5.85 ± 0.47 7.08 ± 0.16 7.68 ± 0.19 1700.19 ± 660.59 2346.56 ± 797.28 2569.98 ± 654.09 
T1 6.12 ± 0.90 7.44 ± 0.28 7.44 ± 0.48 2738.44 ± 392.49* 5593.08 ± 1948.10* 3905.05 ± 350.86 
T2 6.60 ± 0.21 6.95 ± 0.18 7.15 ± 0.31 2996.53 ± 313.27* 3801.59 ± 719.72 3945.68 ± 1090.50 
T3 6.26 ± 0.34 7.39 ± 0.56 7.68 ± 0.73 3034.13 ± 1233.32* 3843.68 ± 1413.16 4533.50 ± 2483.94 
T4 6.73 ± 1.01 8.74 ± 3.06* 8.39 ± 0.39 2878.35 ± 682.64* 4463.76 ± 417.74 4360.24 ± 1175.24 
T5 7.11 ± 0.91* 7.13 ± 0.32 10.61 ± 5.10* 2914.06 ± 476.24* 8407.24 ± 3043.99* 2833.50 ± 766.93 
T6 7.02 ± 1.01* 7.35 ± 0.35 7.75 ± 0.26 3189.25 ± 147.29* 5449.28 ± 2543.30* 5222.32 ± 2551.67* 
T7 6.65 ± 0.63 7.10 ± 1.15 7.87 ± 0.86 3402.13 ± 564.27* 6791.77 ± 412.29* 4913.57 ± 2320.62* 

Note: Mean ± standard deviation of nine replicates. * Significant (p≤ 0.05) 
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Figure 3. Percent increase Number of bunches of tomato fruits per plant over-control at 60, 90, 120 and 150 DAS.  
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Figure 4. Percent increase in the number of fruits per plant over-control at 60, 90, 120 and 150 DAS.  

 
4. Discussion  

The effectiveness of organic fertilizers, even at later stages of plant growth, is due to their slow-release 
ability, which guarantees nutrient availability for the longest possible crop life (Balkrishna et al., 2024a; Lin et 
al., 2023). This presumption led to the preparation of the basic organic product composition employed in this 
study in a way that would supply crops with a complete nutritional balance of nitrogen (N), phosphorus (P), and 
potassium (K) either through mycorrhiza or organic based materials (Balkrishna et al., 2023; Laily et al., 2021). 
Several studies published earlier have also reported how organic fertilizers affect leaf area index due to their 
higher chlorophyll content and impact on crop development, corroborating our current findings (Ahmadpour & 
Armand, 2020; Aishwarya et al., 2022; Sardans & Penuelas, 2021).  

Yang et al. (2015) evaluated the effects of vermicompost on the quality and yield of tomatoes under 
greenhouse conditions and varying soil water regimes, discovering a positive impact of the organic fertilizers on 
plant characteristics. The observation of enhanced plant height, along with an increase in the area and number of 
leaves in plants subjected to different treatments, highlighted the beneficial effects of organic fertilizers on tomato 
plants. The availability of balanced composition of nitrogen (N), phosphorus (P) and potassium (K) in organic 
fertilizers is perhaps helpful to enhance crop growth and development (Balkrishna et al. 2023). The previous 
studies proved that organic fertilizers are not only an excellent source of NPK that are likely to provide balanced 
essential nutrients are essential for plant development, but they also contribute to improved soil structure and 
microbial activity that further support plant growth (Balkrishna et al., 2024b; Laxmi et al., 2015). Similar findings 
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were made by Ahmadpour and Armand (2020), who found that organic fertilizers (compost and vermicompost) 
significantly impact the ecophysiological traits of tomatoes (Lycopersicon esculentum L.). This supported the 
findings that organic fertilizers can enhance the physicochemical characteristics of soil and positively impact plant 
growth because of their high nutrient content, high water-holding capacity, plant growth regulators, and beneficial 
microorganisms. Additionally, the impacts of mycorrhizal fungi on pea development and yield were justified by 
Aishwarya et al. (2022). 

Besides growth parameters, the organic fertilizers were also found to be significantly effective on the total 
yield of the tomato crop. The increase in fruit weight and final yield was possibly due to long-term effects of 
organic fertilizers and maintenance of nutritional composition in the soil. These earlier studies also advocated the 
application of organic fertilizers in the enhancement of growth and yield of field and vegetable crops (Raturi et 
al., 2019; Zhou et al., 2022). The crops like brassica, capsicum, carrot, chilli, lettuce, leafy vegetables and wheat 
are already reported to show an improved yield with the application of organic fertilizers (Balkrishna et al., 2024a, 
2024b, 2025; Balkrishna, Sharma, et al., 2024; Zandvakili et al., 2019; Zhang et al., 2023). In addition to enhanced 
growth and yield of field crops, this study also provides a management solution of sewage sludge in a more 
environmentally friendly and safer manner. 

 
5. Conclusions 

Based on the results of the present study, it was concluded that Ganga sludge-based organic fertilizers can 
significantly improve the properties of different field crops including tomatoes. It also demonstrated a positive 
impact of organic fertilizers on various yield parameters of tomato crops and underscored their importance for 
improving crop productivity. While their application has a fruitful impact on growth, they also impact the yield 
potential, and the production of organic fertilizer is highlighted as a good and safer alternative to Ganga sludge 
management. The significance of organic fertilizers also supports the process of turning sludge into organic 
fertilizers in terms of their long-term effects on growth and productivity. Therefore, more research is still needed 
on different aspects of sludge and sludge-based organic fertilizers, including production, processing, and field 
application on additional field crops.  
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