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Abstract - During recent decades, the use of chemical fertilizers and pesticides has increased at a rapid rate and caused the 

deterioration of soil organic matter and the nutritional value of soil. For the restoration of soil health, an experimental study 

was conducted for three consecutive years (2019 to 2021) in a field of North India in a randomized block design with 

conventional and organic farming systems. In organic farming, vermicompost and seaweed were used, and urea and muriate 

of potash were used in conventional farming. Control and treated experiments of soil organic matter and nutritional value 

were performed in both systems with rabi and kharif crops. Soil samples were taken at 0-100 cm depth for analysis. In 2019, 

soil was deficient in soil organic carbon (SOC), OM (organic matter) and other macroelements (N, P, K) and microelements 

(Fe, Zn, S). In the final year of experiments, SOC was found to increase (0.710 %) in organic farming compared to 

conventional farming (0.591%). N amount also increased in 2021 in organic farming (2.101 kg/ha) compared to 

conventional farming (1.210 kg/ha). Other macro and microelements were also found to be increased in organic farming so 

that it can be the best alternative for future farming systems.  

Keywords - Element analyzer, Organic matter, Seaweed, Soil health, Vermicompost. 

 

1. Introduction 

In the current era, different agriculture practices have 

been adopted to increase production and increase the food 

supply for such a galloping population (Akanmu et al. 

2023). However, for massive grain production, the soil is 

treated with a lot of chemical fertilizers and pesticides. In 

this way, the soil has deteriorated faster than in previous 

decades. This loss of soil not only reduces its physical and 

chemical properties like pH, electric conductivity, ionic 

movement and moisture of soil but also reduces its 

nutritional level as well as the organic matter of the soil. 

This type of pattern has been detected in most parts of India 

(Srivastav, 2020) (Castro et al., 2020). So, to prevent soil 

degradation and maintain its function, agriculture practices 

should be changed (Iram et al., 2019; Iftikhar et al., 2018). 

Intensive use of pesticides and heavy chemical fertilizers 

increases the pressure on soil and loss of its natural activity 

(Iftikhar et al., 2019). Hence, soil health is an important 

issue to regain the natural activity of soil. According to FAO 

(Food and Agriculture Organisation), soil health is the 

"capability of the soil to work as a living ecosystem, which 

helps to sustain animal, microorganism and plant and 

increase the air and water quality" (FAO,2008). Healthy soil 

is an important component to sustaining best agriculture 

practices and a living place for many microorganisms. 

At the global level, different type of agriculture systems 

like organic farming, crop rotation, and zero tillage system 

has been adopted to regain the soil's natural capacity. Many 

countries like the Netherlands, China, Kenya and Italy have 

practiced organic farming for soil health and sustainable 

production(Arb et al., 2020; Bai et al., 2018; Crittenden et 

al., 2015; Sacco et al., 2015 ).In India, different farming 

systems have also been adopted to prevent the degradation 

of soil and use nonconventional and organic methods 

(Velmourougane (2016), Suja et al., 2017; Manjunatha et 

al.,  2013; Brar et al., 2015).In the present study, the soil is 

treated with an organic fertilizer like seaweed and 

vermicompost to increase the physical quality of soil in 

terms of pH, Electric Conductivity(EC), moisture, and 

chemical properties of soil like Soil Organic Carbon (SOC), 

Organic Matter (OM). Along with this, the nutritional value 

of soil is also increased in terms of macroelements (N, P, K) 

and microelements (Fe, Zn, S). So, organic fertilizer can be 

a suitable alternative for improving soil health and 

increasing quality parameters (Gamage et al., 2023). 

Organic inputs like vermicompost and seaweed help to 

increase the total Soil Organic Carbon (SOC), and crop 

rotation is also an important method to increase SOC (King 

& Blesh 2017). 

In the current study, soil samples were taken from 

northern India, where conventional farming was done for 

many decades with the application of a lot of chemicals, 

which resulted in the reduction of organic matter in the soil. 

Organic amendments involving the application of natural 

fertilizers like seaweed and vermicompost were done to 

improve soil health. Vermicompost is an organic system in 
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which the combined activity of indigenous earthworm 

species such as Eisenia fetida and microbes in the soil 

transform and stabilize organic constituents into humus that 

mainly increase oxygen availability, soil porosity, water 

retention, yield, quality and growth of crops (Arora et al., 

2011). Basically, vermicompost comprises 2–3 % N, 1.55–

2.25 % P, humus, and other micro-nutrients (Rekha et al., 

2018). Seaweed extract is useful in sustainable agriculture 

since it is organic and biodegradable. Seaweed products 

have become increasingly popular in organic farming (Shaji 

et al., 2021). Other than trace minerals, vitamins, amino 

acids, antibiotics, and micronutrients, its extract includes 

growth-promoting hormones such as auxins, gibberellins, 

cytokinins, ethylene, and polyamines. At low 

concentrations, seaweed extracts can induce various 

physiological plant responses, including increased plant 

growth, improved blooming and production, and improved 

fruit nutritional content and shelf life. These have become 

popular as biostimulants for various fruits, vegetables, 

flowers, and grasses production (Colla et al., 2017). This 

beneficial effect of seaweed extract on plant development is 

similar to the action of phytohormones found in it. Seaweed 

extracts have multiple growth regulators, including 

cytokinins, auxins, and gibberellins (Mosa et al.,  2021). 

The foliar spray of seaweed extract is a common method to 

increase yield in many commercial crops (Khan et al., 

2012). This has been an effective way to improve soil's 

physical and chemical properties. According to Hameedawi 

and Malikshah (2017), applying seaweed extract to plants 

raised the quantity of chlorophyll in the leaves, perhaps 

increasing the rate of photosynthesis. The rise in total sugars 

and reducing sugars might be attributed to a faster rate of 

photosynthesis, which could have resulted in more 

carbohydrate buildup in fruits. 

 
In the past, several researchers have focussed on the 

impact of the application of seaweed on plant-related 

parameters like physiological and biochemical parameters 

and yield, etc. However, the impact of applying natural 

fertilizers like vermicompost on soil, which has been under 

conventional farming, for improving soil health parameters 

like macro and microelements, organic matter, organic 

carbon, microbial population, etc., has not been made so far. 

 
In April 2019, an experimental setup was done with 

crop rotation methods to increase soil fertility. Here, in the 

duration of six seasons from (2019 to 2021) many aspects 

of soil were analyzed with the comparison of organic and 

conventional methods and crop rotation, and tillage was 

used as an advanced method to increase the nutrition and 

organic matter of the soil. The most important drawback of 

loamy soil is that it lacks nitrogen, one of the most important 

macroelements to increase soil production. The 

experimental setup has been described in Table 4. 

 
In North India, Haryana loamy soil is generally found. 

Loamy soil is a combination of all three - sandy soil, clay 

soil and silt soil, in the ratio of 40:40:20. It is suitable for 

any and every kind of crop. A mixture of three soils, loam 

soil has the best of the characteristics of all. It has high 

nutrient content, warms up quickly in summer and rarely 

dries out in the dry weather. 

 

2. Materials and Methods 
2.1. Site Description 

The study was conducted at village Karela, Tehsil 

Julana, District Jind. This site meets the characteristics of 

the major agroecological zone (Z-6 Zone, Trans Gangetic 

plains) in north India. The coordinates of the experimental 

site are 29° 7'17.6664''N and 76°23'51.7920" E and an 

altitude of 223 meters above sea level. The district is 

characterized by semiarid weather conditions, hot in 

summer and cold in winter. The average temperature of this 

area was 24℃ with a minimum of 6℃ and maximum of 40 

℃, and the average precipitation was 590 mm. The parent 

material of the soil in the experimental site is characterized 

by high weathering and poor fertility status. However, 

before the initiation of experiments in 2019, routine soil 

characterization indicated that the soils in the site were 

generally moderately base (pH-6.7) and very low in 

available nitrogen, phosphorus, and potassium. Also, Soil 

Organic Carbon (SOC), organic matter, and humidity of the 

soil were low in quantity. In addition, several micronutrients 

like sulfur, zinc, and iron were found to be high in 

composition. Rabi and Kharif crops were grown with crop 

rotation, and tillage with chisel and harrow from 0-100 cm 

depth was practiced after harvesting the crops so that 

nutritional, physical and microbial qualities could be 

analyzed (Table 4). 

2.2. Field Layout and Experimentation 

The field experiment was based on an eight complete 

block design having four parts; each part was 8 square 

meters. Conventional farming was used as control as 

conventional chemical fertilizers like urea (135 kg/ha), 

Diammonium Phosphate (DAP) (40 kg/ha) and muriate of 

potash (10 kg/ha) were used in this farming method. 

Vermicompost and seaweed were used in organic farming 

with the same ratio as urea, DAP and muriate of potash with 

a depth of 100 cm after tillage practices. All crops were 

shown in triplicate replicas; in each replicate, all crops 

served as a treatment unit. Irrigation was done 

homogenously in both farming systems just after sowing 

and after 15 days of sowing of crops, and then after one 

month, two months and once pods of a crop were grown, no 

irrigation was done. Chemical / natural fertilizers were 

applied in equal proportions according to the area of each 

plot. Fertilization treatments were given just after sowing, 

and after that, one dose was given after 1 month of sowing 

and the other after 2 months.  

2.3. Soil Sampling & Analysis 

With the help of bucket design, the soil sample was 

taken from all the selected crops at a depth of 0-100 cm in a 

range from 0-20 cm, 20-40 cm, 40-60 cm, 60-80 cm, and 

80-100 cm. All the soil samples contained a loamy texture. 

Most of the samples contain soil moisture less than 15 % 

weight (Table 1) (Appendices). Only some conventional 

soil samples contain less than 7 % weight. These samples 

were air-dried before being crushed with a pestle and mortar 
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and sieved at a size of 2mm. Several tests were performed 

on these samples. Nitrogen availability was determined by 

the Element analyzer, and phosphorus and potassium 

availability was determined by Olsen's methods (Sims, 

2000). and Flame Photometer (Pratt,1965). Organic carbon 

was determined by the rapid titration method 

(Allison,1965). After preparing the soil samples for the 

microbial population, the soil sample was collected in a 

polythene bag and stored at 40℃. On Nutrient agar media, 

the initial microbial population was quantified using the 

serial dilution pour plate technique (Smith and   Hussey, 

2005). The pH of the soil was analyzed in soil suspension 

(1:1 soil and water) (Thomas, 1996). The electric 

conductivity of soil was analyzed by the method of Rhoades 

et al., 1989. Macroelements and microelements were 

determined by atomic absorption spectrophotometer 

(Combatt et al., 2021). The soil humidity was analyzed by 

the method of Lee & Pielke (1992). 

2.4. Statistical Analysis 

For each individual treatment, experiments were 

performed in triplicates. All data were represented as mean 

± standard error for n=3. All experiment analyses were done 

by Analysis of Variance (ANOVA) in Origin Pro software. 

Then, Fischer's test was used to analyze all the data with a 

significant difference of  (p<0.05) with the help of 

GraphPad Prism software. 

3. Results & Discussion 
3.1. Effect of Organic and Chemical Fertilizer on Physical 

and Chemical Properties of Soil 

According to a   research study, soil samples have 

shown the result of having a moisture of nearly 13 % weight 

as the soil of these samples (Singh et al.,  2005). Also, the 

upper depth of soil (0-20 cm) has shown low moisture 

compared to the deeper level (20-100 cm) because the 

porosity of soil increases with root penetration at deeper 

levels, so moisture is high in deep soil. The pH of soil 

samples shows a trend from alkaline to neutral. Almost 90 

percent of samples were alkaline (7.2-7.9) (Table 1) in 

nature, 10 percent was found to be neutral (7.0). 

Additionally, the EC of all soil samples shows the range 

from 0.30 to 0.51 and is defined as good to normal soil 

(USD, National Soil Survey 2017) (Table 1). The soil 

organic carbon (SOC) in conventional farming was found to 

be in low amounts in almost all types of soil except organic 

soil in the year 2021, having SOC (0.710 %) (Table 1& 

Fig.1) at a significant P–value of 0.001. The lower the P-

value, the higher the significance between the two results of 

SOC. It was found to be low in 2019 in the conventional 

farming system (0.351 %) compared to the organic farming 

system (0.420). Similarly, in 2020, SOC (0.440 %) was 

found to be low in conventional farming systems as 

compared to organic farming systems (0.510 %). In the final 

year of experiments, SOC was increased in organic farming 

(0.710 %) as compared to conventional farming (0.591 %) 

(Table 1& Fig. 1). This property of soil was found to contain 

organic carbon in increased amounts as compared to 

different research data (Soil survey map Haryana 2016, 

Adhikary et al., 2010). 

Along with this, as the depth of soil increased from 20 

to 100 cm, the total Organic Matter (OM) of soil samples 

was found to be in decreased amount (0.24) (Table 1& Fig. 

2) (Appendices). This type of pattern in soil according to 

depth was also found in different research studies and places 

like Jharkhand of India and Malaysia (Kumar et al., 2012; 

Azlan et al., 2012).  

 

 
Fig. 1 Soil organic carbon present in soil from 2019 to 2021 in a depth from 0-20 cm to 80-100 cm in both organic and conventional farming 

systems
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This pattern also shows that the litter and humus 

formed due to the falling of leaves help increase the organic 

matter and organic carbon of the uppermost soil. Also, 

organic soil during the experimental process was treated 

with vermicompost as well as seaweed. Hence, this is also 

an important factor for the increase in organic matter in 

2021 (0.77) (Table 1& Fig. 2) as compared to conventional 

farming in 2021(0.52). Organic matter (OM) in 2019 was 

(0.49) in organic farming soil from 0-20 cm layer as 

compared to (0.34) in conventional farming soil at the same 

level (0-20 cm). Similarly, in 2020, the organic matter of 

soil carrying vermicompost at the same depth was (0.61) 

compared to the organic matter (0.41) of conventional soil 

carrying urea. These organic matter results also correlate 

with increasing the nitrogen, phosphorus and potassium 

nutrients in many parts of soil in Central India (Panwar et 

al., 2010) and the USA (Anderson et al., 2010). 

 

 
Fig. 2 Organic matter present in soil from 2019 to 2021 in depths from 0-20 cm to 80-100 cm in both organic and conventional 

 

 
Fig. 3 Total nitrogen present in soil from 2019 to 2021 in a depth from 0-20 cm to 80-100 cm in both organic and conventional farming systems 
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3.2. Effect of Organic and Chemical Fertilizer on the 

Nutritional Quality of Soil 

3.2.1. Macroelements in Soil 

The organic amendments with seaweed and 

vermicompost had a significant effect on the available NPK 

status of soil, as shown in Table 2. In soil, compared to a 

conventional combination like urea, DAP, and muriate of 

potash compared to the nutritional value of soil greatly 

increased in 2021. Different macro elements found in soil 

were N, P, and K. In the initial year of the experiment in 

2019, the amount of nitrogen was very low (0.501 kg/ha) 

(Table 2& Fig. 3) in the case of the conventional farming 

system. After one year of the experimental process, in the 

organic farming system, the N amount gradually increased 

(0.710 kg/ha) (Table 2& Fig. 3) as compared to 

conventional farming systems (0.612 kg/ha).  

 

At the end of the final year of harvesting crops from the 

field, nitrogen (2.101 kg/ha) was found in an increased 

amount in organic farming at a much higher level as 

compared to conventional farming systems (1.210 kg/ha). 

So, nitrogen in the soil can be increased with the help of 

vermicompost and seaweed fertilizer, which can be a 

beneficial factor for the growth of plants. However, nitrogen 

was found to be the increased amount in the upper profile of 

soil (0-20 cm) (Table 2 & Fig. 3) as compared to the depth 

level of the soil (20-100 cm). This trend of nitrogen present 

in the upper layer of soil is similar to the total SOM present 

in the upper layer of soil. Also, N in soil is increased after 

adding organic fertilizer (Kaur et al., 2005). As the upper 

layer of soil organic matter binds with soil particles, nitrate 

is readily dissolved in soil water, gets leached easily, and 

does not penetrate the soil layers. 

 

Along with N, other macroelements like P and K were 

also found to be in increased amounts in soil (6.20 kg/ha) 

and (172 kg/ha) (Table 2). The amount of N, P, and K was 

found to be similar in different research studies (Hathaway 

et al., 2011; Leeuwenet al., 2015; Marinari et al., 2006; 

Mader et al., 2002). In the case of organic farming, P and K 

were also found in increasing amounts compared to 

conventional farming (Armstrong et al., 2000; Stolze et al., 

2000). 

3.2.2. Microelements in Soil 

Microelement concentration present in soil like Fe, Zn 

and S of two farming systems was also compared from years 

2019 to 2021. Microelements were also found to increase 

concentration in the soil's uppermost layer. Fe concentration 

was found to be higher in 2021(16.09 mg/kg) (Table 2) in 

organic farming as compared to conventional farming 

(14.02 mg/kg) (Table 2). Zn in 2021(4.21 mg/kg), S (400 

ppm), (Table 2) was also found in increased amount as 

compared to conventional farming in 2021 of Zn (3.12 

mg/kg), S (356 ppm) (Table 2).  

Similar research has been purposed for this type of 

experimental purpose (Patel et al., 2015). In this study, a 

higher amount of microelements was found to be increased 

in organic farming compared to conventional farming in the 

final year of 2021 harvesting. 

Along with this, the soil of the Indian region contains a 

lot of micronutrients due to the application of organic 

fertilizers, Singh (2008). Also, increased organic matter 

increases the porosity of the soil to absorb nutrients from the 

soil, so this is also a main reason for the increase in the 

concentration of micro and macroelements in soil (Garcia-

Marco et al. 2014). In addition, pH, EC and OM are 

important factors for increasing soil nutrition value 

(Vukašinović et al., 2015; Kumar and Babel (2011), Yan et 

al., 2012). An increase in the pH of the soil is also found in 

a negative correlation with micronutrient concentration as 

they become insoluble in soil (Yadav (2011). So, the 

mobility of microelements is also affected by a change in 

pH (Fageria and Baligar (1997). Increased microelements, 

macro elements, and organic matter were also due to using 

organic fertilizer (Manna et al., 2007; Kanchikerimath & 

Singh (2001). Several studies also show that all type of 

improvement in the soil is affected by management, like the 

crop rotation method (Table 4), which helps to increase the 

nutritional quality of soil and plants (Kaur et al., 2005; 

Ikemura et al., 2008). 

3.3. Effect of Organic and Chemical Fertilizer on the 

Microbial Population of Soil 

It is found that different organic amendments 

significantly affected soil microbial properties during three 

years in Table 3. The data showed that the maximum 

availability of bacteria counts (70.90 ×106 CFU/g) and fungi 

count (24.40×104 CFU/g) was observed with the treatment 

of vermicompost and seaweed.  

The total data of three years showed that the maximum 

availability of bacteria count was higher in organic farming 

as they both contained vermicompost and seaweed as 

fertilizer. Bacteria like Pseudomonas and rhizobacteria were 

present in the maximum amount in the plant's root and soil 

present in the root. Increasing trends of microorganisms are 

due to the organic fertilizer of seaweed and vermicompost 

that provides food to root exudates in the form of amino 

acids, carbohydrates, organic acid and some growth 

hormones.  

These roots act as food substrates for microorganisms 

(Farooq et al., 2021). Also, vermicompost provides a 

suitable environment for microorganisms. In the process of 

vermicompost, earthworms intake some rhizosphere 

bacteria, such as Bacillus, Azotobacter, Rhizobium, etc., 

with soil and help increase their activity and numbers due to 

the ideal gut microenvironment. In this way, the total 

population of PGPR (plant growth-promoting bacteria) 

increased by a high number due to earthworm activity 

(Hiwale et al., 2010). Additionally, vermicompost provides 

a large surface area, which acts as a microhabitat for 

microbes to increase their microbial activity. Seaweed also 

provides a feed for microbes and helps enhance their 

population (Mir et al., 2013). 

4. Conclusion 
Soil is the habitat of many biotic components, so its 

physiological, nutritional and microbial parameters of soil 

should be preserved. Soil is being polluted day by day with 
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the input of chemical fertilizers like urea, DAP and muriate 

of potash and the use of pesticides like imidacloprid and 

chlorpyrifos. The present study demonstrates that organic 

treatments like the use of seaweed and vermicompost were 

found to be very effective for improving soil quality in terms 

of organic matter, soil organic carbon, nitrogen efficiency, 

different macro- and microelements, microbial population, 

etc.  

 

So, a balanced approach with sustainable and safe 

farming with organic fertilizers and crop rotation are 

effective measures for maintaining healthy soil. This study 

focussed mainly on biofertilizers, and further research may 

be done to partially or completely replace chemical 

pesticides using biopesticides. 

 

Statements and Declarations 
Authors Contributions 

Author Madhu Rani designed the study, wrote the 

manuscript, performed statistical analysis, and drew the 

table and figures. Author Sonia Kapoor designed the study, 

protocol, manuscript editing, and data conceptualization. 

Acknowledgments 
We sincerely thank the central library of Maharshi 

Dayanand University, Rohtak, for internet sources, 

plagiarism check and literature collection. 

Data Availability 
Data associated with the current study are presented in 

the manuscript and also in the form of tables.

References 
[1] Partha Pratim Adhikary et al., “Soil Fertility Capability Classification in a Semi-arid Region in Haryana with Special Reference to 

Soil Biological Condition Modifier,” Journal of the Indian Society of Soil Science, vol. 58, no. 4, pp. 428-435, 2010.[Google Scholar]  

[2] Akinlolu Olalekan Akanmu et al., “Bio Resources in Organic Farming: Implications for Sustainable Agricultural 

Systems,” Horticulturae, vol. 9, no. 6, p. 659, 2023. [CrossRef] [Google Scholar] [Publisher Link] 

[3] L. Allison, Organic Carbon, In: C. A. Black, Ed., Methods of Soil Analysis, Part 2, Chemical and Microbiological Properties, 

American Society of Agronomy, Madison, pp. 1367-1378, 1965. 

[4] Brian J. Alloway (Ed). Micronutrient Deficiencies in Global Crop Production, Springer Science & Business Media, 2008. [Google 

Scholar] [Publisher Link] 

[5] Anderson Nicole P et al., Evaluating Soil Nutrients and pH by Depth in Situations of Limited or no Tillage in Western Oregon, Oregon 

State University, Extension Service 2010. [Google Scholar] [Publisher Link] 

[6] Integrated Crop Management, Food and Agriculture Organization of the United Nations., vol. 6, 2008. [Publisher Link] 

[7] V.K. Arora et al., “Irrigation, Tillage and Mulching Effects on Soybean Yield and Water Productivity in Relation to Soil 

Texture,” Agricultural Water Management, vol. 98, no. 4, pp. 563-568, 2011.[CrossRef] [Google Scholar] [Publisher Link] 

[8] Soil Survey Manual, Division of Soil Survey, US Department of Agriculture, United States, no. 18, 1993.[Google Scholar] [Publisher 

Link] 

[9] A. Azlan et al., “Correlation Between Soil Organic Matter, Total Organic Matter and Water Content with Climate and Depths of Soil 

at Different Land Use in Kelantan, Malaysia,” Journal of Applied Sciences and Environmental Management, vol. 16, no. 4, 2012. 

[Google Scholar] [Publisher Link] 

[10] Babbu Singh Brar et al., “Effects of Long Term Application of Inorganic and Organic Fertilizers on Soil Organic Carbon and Physical 

Properties in Maize–Wheat Rotation,” Advanced Agronomy with Impact for Food Security, vol. 5, no. 2, pp. 220-238, 2015. 

[CrossRef] [Google Scholar] [Publisher Link] 

[11] Zhanguo Bai et al., “Effects of Agricultural Management Practices on Soil Quality: A Review of Long-Term Experiments for Europe 

and China,” Agriculture, Ecosystems & Environment, vol. 265, pp. 1-7, 2018. [CrossRef] [Google Scholar] [Publisher Link] 

[12] Udaratta Bhattacharjee, and Ramagopal V.S. Uppaluri, “Growth and Nutritional Characteristics of Phaseolus vulgaris and 

Jeevamrutha Bio-Fertilizer-Vermicompost System,” Bioresource Technology Reports, vol. 22, p. 101416, 2023. [CrossRef] [Google 

Scholar] [Publisher Link] 

[13] S.M. Armstrong Brown, H.F Cook, and H.C Lee, “Topsoil Characteristics from a Paired Farm Survey of Organic Versus 

Conventional Farming in Southern England,” Biological Agriculture & Horticulture, vol. 18, no. 1, pp. 37-54, 2000. [CrossRef] 

[Google Scholar] [Publisher Link] 

[14] C. von Arb et al., “Soil Quality and Phosphorus Status After Nine Years of Organic and Conventional Farming at Two Input Levels 

in the Central Highlands of Kenya,” Geoderma, vol. 362, p. 114112, 2020. [CrossRef] [Google Scholar] [Publisher Link] 

[15] Giuseppe Colla et al., “Biostimulant Action of Protein Hydrolysates: Unraveling their Effects on Plant Physiology and 

Microbiome,” Frontiers in Plant Science, vol. 8, 2017. [CrossRef] [Google Scholar] [Publisher Link] 

[16]  Enrique Combatt Caballero et al., “Macroelements and Microelements in the Soil and Their Relationship with the Content of Steviol 

Glucosides in Stevia Rebaudiana Bert from Five Regions of Colombia,” Horticulturae, vol. 7, no. 12, p. 547, 2021. [CrossRef] 

[Google Scholar] [Publisher Link] 

[17] Dario Sacco et al., “Six-year Transition from Conventional to Organic Farming: Effects on Crop Production and Soil Quality,” 

European Journal of Agronomy, vol. 69, pp.10-20, 2015.[CrossRef] [Google Scholar] [Publisher Link] 

[18] José Augusto Monteiro de Castro Lima et al., “Modern Agriculture” Transfers Many Pesticides to Watercourses: A Case Study of a 

Representative Rural Catchment of Southern Brazil,” Environmental Science and Pollution Research, vol. 27, pp. 10581-10598, 

2020.[CrossRef] [Google Scholar] [Publisher Link] 

https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Soil+Fertility+Capability+Classification+in+a+Semi-arid+Region+in+Haryana+with+Special+Reference+to+Soil+Biological+Condition+Modifier&btnG=
https://doi.org/10.3390/horticulturae9060659
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Bioresources+in+Organic+Farming%3A+Implications+for+Sustainable+Agricultural+Systems&btnG=
https://www.mdpi.com/2311-7524/9/6/659
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Micronutrient+deficiencies+in+global+crop+production&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Micronutrient+deficiencies+in+global+crop+production&btnG=
https://books.google.co.in/books?hl=en&lr=&id=_55yK0hj67IC&oi=fnd&pg=PR2&dq=Micronutrient+deficiencies+in+global+crop+production&ots=Wu-6uoCi4W&sig=TlkRpvfuczl4fakjlwZW-2mi_pw&redir_esc=y#v=onepage&q=Micronutrient%20deficiencies%20in%20global%20crop%20production&f=false
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Evaluating+soil+nutrients+and+pH+by+depth+in+situations+of+limited+or+no+tillage+in+western+Oregon&btnG=
https://www.google.co.in/books/edition/Evaluating_Soil_Nutrients_and_PH_by_Dept/iudSAQAACAAJ?hl=en
https://www.fao.org/family-farming/detail/en/c/328463/
https://doi.org/10.1016/j.agwat.2010.10.004
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Irrigation%2C+tillage+and+mulching+effects+on+soybean+yield+and+water+productivity+in+relation+to+soil+texture&btnG=
https://linkinghub.elsevier.com/retrieve/pii/S0378377410003252
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=United+States.+Division+of+Soil+Survey+%2C+Soil+survey+manual+%28No.+18%29.%2C+US+Department+of+Agriculture%2C+1993.+&btnG=
https://books.google.co.in/books?hl=en&lr=&id=BZbGznHmw64C&oi=fnd&pg=PP5&dq=United+States.+Division+of+Soil+Survey+,+Soil+survey+manual+(No.+18).,+US+Department+of+Agriculture,+1993.+&ots=aQL8BYVY7o&sig=KAgVINh1k1VJY5zW_r_GpghRVBk&redir_esc=y#v=onepage&q=United%20States.%20Division%20of%20Soil%20Survey%20%2C%20Soil%20survey%20manual%20(No.%2018).%2C%20US%20Department%20of%20Agriculture%2C%201993.&f=false
https://books.google.co.in/books?hl=en&lr=&id=BZbGznHmw64C&oi=fnd&pg=PP5&dq=United+States.+Division+of+Soil+Survey+,+Soil+survey+manual+(No.+18).,+US+Department+of+Agriculture,+1993.+&ots=aQL8BYVY7o&sig=KAgVINh1k1VJY5zW_r_GpghRVBk&redir_esc=y#v=onepage&q=United%20States.%20Division%20of%20Soil%20Survey%20%2C%20Soil%20survey%20manual%20(No.%2018).%2C%20US%20Department%20of%20Agriculture%2C%201993.&f=false
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Correlation+between+soil+organic+matter%2C+total+organic+matter+and+water+content+with+climate+and+depths+of+soil+at+different+land+use+in+Kelantan%2C+Malaysia&btnG=
https://www.ajol.info/index.php/jasem/article/view/90982
https://doi.org/10.3390/agronomy5020220
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=10.3390%2Fagronomy5020220.&btnG=
https://www.mdpi.com/2073-4395/5/2/220
https://doi.org/10.1016/j.agee.2018.05.028
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Effects+of+agricultural+management+practices+on+soil+quality%3A+A+review+of+long-term+experiments+for+Europe+and+China.&btnG=
https://www.sciencedirect.com/science/article/pii/S016788091830224X?via%3Dihub
https://doi.org/10.1016/j.biteb.2023.101416
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Growth+and+nutritional+characteristics+of+Phaseolus+vulgaris+and+Jeevamrutha+bio-fertilizer-vermicompost+system&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Growth+and+nutritional+characteristics+of+Phaseolus+vulgaris+and+Jeevamrutha+bio-fertilizer-vermicompost+system&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S2589014X23000877?via%3Dihub
https://doi.org/10.1080/01448765.2000.9754863
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Topsoil+characteristics+from+a+paired+farm+survey+of+organic+versus+conventional+farming+in+southern+England.&btnG=
https://www.tandfonline.com/doi/abs/10.1080/01448765.2000.9754863
https://doi.org/10.1016/j.geoderma.2019.114112
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Soil+quality+and+phosphorus+status+after+nine+years+of+organic+and+conventional+farming+at+two+input+levels+in+the+Central+Highlands+of+Kenya&btnG=
https://linkinghub.elsevier.com/retrieve/pii/S0016706119311668
https://doi.org/10.3389/fpls.2017.02202
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Biostimulant+action+of+protein+hydrolysates%3A+Unraveling+their+effects+on+plant+physiology+and+microbiome&btnG=
https://www.frontiersin.org/articles/10.3389/fpls.2017.02202/full
https://doi.org/10.3390/horticulturae7120547
https://scholar.google.com/scholar?q=Macroelements+and+Microelements+in+the+Soil+and+Their+Relationship+with+the+Content+of+Steviol+Glucosides+in+Stevia+rebaudiana+Bert+from+Five+Regions+of+Colombia&hl=en&as_sdt=0,5
https://www.mdpi.com/2311-7524/7/12/547
https://doi.org/10.1016/j.eja.2015.05.002
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=http%3A%2F%2Fdx.+doi.org%2F10.1016%2Fj.eja.2015.05.002.&btnG=
https://www.mdpi.com/2311-7524/7/12/547
https://doi.org/10.1007/s11356-019-06550-8
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Modern+agriculture%E2%80%9D+transfers+many+pesticides+to+watercourses%3A+a+case+study+of+a+representative+rural+catchment+of+southern+Brazil&btnG=
https://link.springer.com/article/10.1007/s11356-019-06550-8


Madhu Rani & Sonia Kapoor / IJAES, 10(4), 7-19, 2023 

 

13 

[19] N. K. Fageria, and V. C Baligar, “Response of Common Bean, Upland Rice, Corn, Wheat, and Soybean to Soil Fertility of an Oxisol,” 

Journal of Plant Nutrition, vol. 20, no. 10, pp. 1279-1289, 2008. [CrossRef] [Google Scholar] [Publisher Link] 

[20] Taimoor Hassan Farooq et al., “Influence of Intraspecific Competition Stress on Soil Fungal Diversity and Composition in Relation 

to Tree Growth and Soil Fertility in Sub-Tropical Soils Under Chinese Fir Monoculture,” Sustainability, vol. 13, no. 19, p. 10688, 

2021. [CrossRef] [Google Scholar] [Publisher Link] 

[21] G.R. Manjunatha et al., “Effect of Organic Farming on Organic Carbon and NPK Status of Soil in Northern Karnataka, India,” Journal 

of Crop and Weed, vol. 9, no. 1, pp. 79-82, 2013. [Google Scholar] [Publisher Link] 

[22] Ashoka Gamage et al., “Role of Organic Farming for Achieving Sustainability in Agriculture,” Farming System, vol. 1, no. 1, 100005, 

2023.[CrossRef] [Google Scholar] [Publisher Link] 

[23] S.García-Marco, M.X. Gómez-Rey, and S.J. González-Prieto, “Availability and Uptake of Trace Elements in a Forage Rotation Under 

Conservation and Plough Tillage,” Soil and Tillage Research, vol. 137, pp. 33-42, 2014. [CrossRef] [Google Scholar] [Publisher 

Link] 

[24] Abbas Mohsin Salman Al-Hameedawi, and Zainab Rehman Jassim ALMalikshah, “Influence of Amino Acids, Bleed Grape and 

Seaweed Extract on Vegetative Growth, Yield and its Quality of Fig,” International Journal of Environmental & Agriculture 

Research, vol. 3, no. 4, pp. 1-5, 2017. [Google Scholar] [Publisher Link] 

[25] L. J. Hathaway-Jenkins et al., “A Comparison of Soil and Water Properties in Organic and Conventional Farming Systems in 

England,” Soil Use and Management, vol. 27, no. 2, pp. 133-142, 2011.[CrossRef] [Google Scholar] [Publisher Link] 

[26] Hiwale S.S et al., “Effect of Nutrient Replenishment Through Organic Fertilizers in Sapota cv. Kalipatti,” Indian Journal of 

Horticulture, vol. 67, no. 2, pp. 274-276, 2010. [Google Scholar] [Publisher Link] 

[27] S. Iftikhar et al., “Synergistic Mycoflora–Natural Farming Mediated Biofertilization and Heavy Metals Decontamination of 

Lithospheric Compartment in a Sustainable Mode via Helianthus Annuus,” International Journal of Environmental Science and 

Technology, vol. 16, pp. 6735-6752, 2019. [CrossRef] [Google Scholar] [Publisher Link] 

[28] Y. Ikemura et al., “Some Physical and Chemical Properties of Soil in Organic and Conventional Farms for a Semi-arid Ecosystem of 

New Mexico,” Journal of Sustainable Agriculture, vol. 31, no. 4, 149-170, 2008. [CrossRef] [Google Scholar] [Publisher Link] 

[29] Shazia Iram et al., “Mycological Assisted Phytoremediation Enhancement of Bioenergy Crops Zea Mays and Helianthus Annuus in 

Heavy Metal Contaminated Lithospheric zone,” Soil and Sediment Contamination: An International Journal, vol. 28, no. 4, pp. 411-

430, 2019. [CrossRef] [Google Scholar] [Publisher Link] 

[30] Prerna Joshi, N. Siva Siddaiah, and Arohi Dixit, “Impact of Different Management Systems on Soil Quality of Farms in a Semi-Arid 

Tropical Setting,” International Journal of Environmental Analytical Chemistry, vol. 102, no. 18, pp. 6502-6527, 2022. [CrossRef] 

[Google Scholar] [Publisher Link] 

[31] Manjaiah Kanchikerimath, and Dhyan Singh, “Soil Organic Matter and Biological Properties After 26 Years of Maize–Wheat–

Cowpea Cropping as Affected by Manure and Fertilization in a Cambisol in Semiarid Region of India,” Agriculture, Ecosystems & 

Environment, vol. 86, no. 2, pp. 155-162, 2001.[CrossRef] [Google Scholar] [Publisher Link] 

[32] Kulvinder Kaur, Krishan K. Kapoor and Anand P. Gupta, “Impact of Organic Manures with and Without Mineral Fertilizers on Soil 

Chemical and Biological Properties Under Tropical Conditions,” Journal of Plant Nutrition and Soil Science, vol. 168, no. 1, pp. 117-

122, 2005.[CrossRef] [Google Scholar] [Publisher Link] 

[33] Ahmad Sattar Khan et al., “Foliar Application of Mixture of Amino Acids and Seaweed (Ascophylum nodosum) Extract Improve 

Growth and Physicochemical Properties of Grapes,” International Journal of Agriculture and Biology, vol. 14, no. 3, pp. 383-388, 

2012.[Google Scholar] [Publisher Link] 

[34] Kumar, M., & Babel, A. L., “Available Micronutrient Status and their Relationship with Soil Properties of Jhunjhunu Tehsil, District 

Jhunjhunu, Rajasthan, India,” Journal of Agricultural Science, vol. 3, no. 2, p. 97, 2011.[CrossRef] [Google Scholar] [Publisher Link] 

[35] Rakesh Kumar et al., “Vertical Distribution of Physicochemical Properties under Different Topo-Sequence in Soils of 

Jharkhand,” Journal of Agricultural Physics, vol. 12, no. 1, pp. 63-69, 2012. [Google Scholar] 

[36] Tsengdar J. Lee, and  Roger A.Pielke, “Estimating the Soil Surface Specific Humidity,” Journal of Applied Meteorology and 

Climatology, vol. 31, no. 5, pp. 480-484, 1992.[CrossRef] [Google Scholar] [Publisher Link] 

[37] P Mäder et al., “Soil Fertilty and Biodiversity in Organic Farming,” Oekologie & Landbau, pp. 12-16, 2002. [Google Scholar] 

[Publisher Link] 

[38] M.C. Manna et al., “Long-Term Fertilization, Manure and Liming Effects on Soil Organic Matter and Crop Yields,” Soil and Tillage 

Research, vol. 94, no. 2, pp. 397-409, 2007. [CrossRef] [Google Scholar] [Publisher Link] 

[39] Sara Marinari et al., “Chemical and Biological Indicators of Soil Quality in Organic and Conventional Farming Systems in Central 

Italy,” Ecological Indicators, vol. 6, no. 4, pp. 701-711, 2006. [CrossRef] [Google Scholar] [Publisher Link] 

[40] Muzaffar Mir et al., “Effects of Bio-Organics and Chemical Fertilizers on Nutrient Availability and Biological Properties of 

Pomegranate Orchard Soil,” African Journal of Agricultural Research, vol. 8, no. 37, pp. 4623-4627, 2013. [CrossRef] [Google 

Scholar] [Publisher Link] 

[41] Walid F. A. Mosa et al., “Vegetative Growth, Yield, and Fruit Quality of Guava (Psidium guajava L.) cv. Maamoura as Affected by 

Some Biostimulants,” Bioresources, vol. 16, no. 4, pp. 7379-7399, 2021. [Google Scholar] [Publisher Link] 

https://doi.org/10.1080/01904169709365335
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Response+of+common+bean%2C+upland+rice%2C+corn%2C+wheat%2C+and+soybean+to+soil+fertility+of+an+Oxisol&btnG=
https://www.tandfonline.com/doi/abs/10.1080/01904169709365335
https://doi.org/10.3390/su131910688
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Influence+of+intraspecific+competition+stress+on+soil+fungal+diversity+and+composition+in+relation+to+tree+growth+and+soil+fertility+in+sub-tropical+soils+under+Chinese+fir+monoculture.&btnG=
https://www.mdpi.com/2071-1050/13/19/10688%5d
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Effect+of+organic+farming+on+organic+carbon+and+NPK+status+of+soil+in+Northern+Karnataka%2CIndia+&btnG=
https://www.cropandweed.com/archives/?year=2013&vol=9&issue=1&article_id=470
https://doi.org/10.1016/j.farsys.2023.100005
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Role+of+organic+farming+for+achieving+sustainability+in+agriculture.&btnG=
https://www.sciencedirect.com/science/article/pii/S2949911923000059?via%3Dihub
https://doi.org/10.1016/j.still.2013.11.001
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Availability+and+uptake+of+trace+elements+in+a+forage+rotation+under+conservation+and+plough+tillage&btnG=
https://linkinghub.elsevier.com/retrieve/pii/S0167198713002018
https://linkinghub.elsevier.com/retrieve/pii/S0167198713002018
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Influence+of+amino+acids%2C+bleed+grape+and+seaweed+extract+on+vegetative+growth%2C+yield+and+its+quality+of+Fig&btnG=
https://ijoear.com/issue-detail/issue-april-2017
https://doi.org/10.1111/j.1475-2743.2011.00335.x
https://scholar.google.com/scholar?q=A+comparison+of+soil+and+water+properties+in+organic+and+conventional+farming+systems+in+England&hl=en&as_sdt=0,5
https://bsssjournals.onlinelibrary.wiley.com/doi/10.1111/j.1475-2743.2011.00335.x
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Effect+of+nutrient+replenishment+through+organic+fertilizers+in+sapota+cv.+Kalipatti.+&btnG=
https://www.indianjournals.com/ijor.aspx?target=ijor:ijh&volume=67&issue=2&article=027
https://doi.org/10.1007/s13762-018-02180-8
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Synergistic+mycoflora%E2%80%93natural+farming+mediated+biofertilization+and+heavy+metals+decontamination+of+lithospheric+compartment+in+a+sustainable+mode+via+Helianthus+annuus.&btnG=
https://link.springer.com/article/10.1007/s13762-018-02180-8
https://doi.org/10.1300/J064v31n04_10
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Some+physical+and+chemical+properties+of+soil+in+organic+and+conventional+farms+for+a+semi-arid+ecosystem+of+New+Mexico&btnG=
https://www.tandfonline.com/doi/abs/10.1300/J064v31n04_10
https://doi.org/10.1080/15320383.2019.1597011
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Mycological+assisted+phytoremediation+enhancement+of+bioenergy+crops+Zea+mays+and%E2%80%8E+Helianthus+annuus+in+heavy+metal+contaminated+lithospheric+zone.+&btnG=
https://www.tandfonline.com/doi/full/10.1080/15320383.2019.1597011
https://doi.org/10.1080/03067319.2020.1811266
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=+Impact+of+different+management+systems+on+soil+quality+of+farms+in+a+semi-arid+tropical+setting.&btnG=
https://www.tandfonline.com/doi/full/10.1080/03067319.2020.1811266
https://doi.org/10.1016/S0167-8809(00)00280-2
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Soil+organic+matter+and+biological+properties+after+26+years+of+maize%E2%80%93wheat%E2%80%93cowpea+cropping+as+affected+by+manure+and+fertilization+in+a+Cambisol+in+semiarid+region+of+India.+&btnG=
https://linkinghub.elsevier.com/retrieve/pii/S0167880900002802
https://doi.org/10.1002/jpln.200421442
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Impact+of+organic+manures+with+and+without+mineral+fertilizers+on+soil+chemical+and+biological+properties+under+tropical+conditions&btnG=
https://onlinelibrary.wiley.com/doi/10.1002/jpln.200421442%5d
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Foliar+application+of+mixture+of+amino+acids+and+seaweed+%28Ascophylum+nodosum%29+extract+improve+growth+and+physicochemical+properties+of+grapes&btnG=
https://www.fspublishers.org/Issue.php?y=2012&v_no=14&categoryID=57
https://doi.org/10.5539/jas.v3n2p97%5d
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Available+micronutrient+status+and+their+relationship+with+soil+properties+of+Jhunjhunu+Tehsil%2C+District+Jhunjhunu%2C+Rajasthan%2C+India&btnG=
https://ccsenet.org/journal/index.php/jas/article/view/11011
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Vertical+distribution+of+physicochemical+properties+under+different+topo-sequence+in+soils+of+Jharkhand.+&btnG=
https://doi.org/10.1175/1520-0450(1992)031%3C0480:ETSSSH%3E2.0.CO;2
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Estimating+the+soil+surface+specific+humidity&btnG=
https://journals.ametsoc.org/view/journals/apme/31/5/1520-0450_1992_031_0480_etsssh_2_0_co_2.xml
https://scholar.google.com/scholar_lookup?title=Bodenfruchtbarkeit+und+biologische+Vielfalt+im+%C3%B6kologischen+Landbau&author=M%C3%A4der,+P.&author=Flie%C3%9Fbach,+A.&author=Dubois,+D.&author=Gunst,+L.&author=Fried,+P.&author=Niggli,+U.&publication_year=2002&journal=%C3%96kol.+Landbau&volume=124&pages=12%E2%80%9316
https://orgprints.org/id/eprint/302/
https://doi.org/10.1016/j.still.2006.08.013
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Long-term+fertilization%2C+manure+and+liming+effects+on+soil+organic+matter+and+crop+yields&btnG=
https://linkinghub.elsevier.com/retrieve/pii/S016719870600198X
https://doi.org/10.1016/j.ecolind.2005.08.029
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Chemical+and+biological+indicators+of+soil+quality+in+organic+and+conventional+farming+systems+in+Central+Italy&btnG=
https://linkinghub.elsevier.com/retrieve/pii/S1470160X05000981
https://doi.org/10.5897/AJAR12.1936
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Chemical+and+biological+indicators+of+soil+quality+in+organic+and+conventional+farming+systems+in+Central+Italy&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Chemical+and+biological+indicators+of+soil+quality+in+organic+and+conventional+farming+systems+in+Central+Italy&btnG=
https://academicjournals.org/journal/AJAR/article-abstract/D41CC5D38110%5d
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Vegetative+growth%2C+yield%2C+and+fruit+quality+of+guava+%28Psidium+guajava+L.%29+cv.+maamoura+as+affected+by+some+biostimulants&btnG=
https://bioresources.cnr.ncsu.edu/issues/vol16-issue4/page/6/


Madhu Rani & Sonia Kapoor / IJAES, 10(4), 7-19, 2023 

 

14 

[42] Nav Raten Panwar et al., “Influence of Organic, Chemical, and Integrated Management Practices on Soil Organic Carbon and Soil 

Nutrient Status Under Semi-Arid Tropical Conditions in Central India,” Communications in Soil Science and Plant Analysis, vol. 41, 

no. 9, pp. 1073-1083, 2010. [CrossRef] [Google Scholar] [Publisher Link] 

[43] Khageshwar Singh Patel et al., “Micronutrient Status in the Soil of Central India,” American Journal of Plant Sciences, vol. 6, no. 

19, pp. 3025-3037, 2015. [CrossRef] [Google Scholar] [Publisher Link] 

[44] Pratt, P. F. Potassium, Methods of soil analysis: Part 2 Chemical and Microbiological Properties, vol. 9, pp. 1022-1030, 1965. 

[CrossRef] [Google Scholar] [Publisher Link] 

[45] Rahman, and Saidur, “Green Revolution in India: Environmental Degradation and Impact on Livestock,” Asian Journal of Water, 

Environment and Pollution, vol. 12, no. 1, pp. 75-80, 2015.[Google Scholar] [Publisher Link] 

[46] Vishal Singh Rana et al., “Seaweed Extract as a Biostimulant Agent to Enhance the Fruit Growth, Yield, and Quality of 

Kiwifruit,” Horticulturae, vol. 9, no. 4, p. 432, 2023. [CrossRef] [Google Scholar] [Publisher Link] 

[47] J. D. Rhoades et al., “Soil Electrical Conductivity and Soil Salinity: New Formulations and Calibrations,” Soil Science Society of 

America Journal, vol. 53, no. 2, pp. 433-439, 1989. [CrossRef] [Google Scholar] [Publisher Link] 

[48] Shazia Ifthikhar et al., “Mycodriven Enhancement and Inherent Phytoremediation Potential Exploration of Plants for Lithospheric 

Remediation,” Sydowia, vol. 70, pp. 141-153, 2018. [CrossRef] [Google Scholar] [Publisher Link] 

[49] Shazia Iram et al., “Mycological Assisted Phytoremediation Enhancement of Bioenergy Crops Zea Mays and Helianthus Annuus in 

Heavy Metal Contaminated Lithospheric Zone,” Soil and Sediment Contamination: An International Journal vol. 28, no. 4, pp. 411-

430, 2019. [CrossRef] [Google Scholar] [Publisher Link] 

[50] S.J. Crittenden et al., “Soil Physical Quality in Contrasting Tillage Systems in Organic and Conventional Farming,” Soil and Tillage 

Research, vol. 154, pp. 136-144, 2015. [CrossRef] [Google Scholar] [Publisher Link] 

[51] Dario Sacco et al., “Six-Year Transition from Conventional to Organic Farming: Effects on Crop Production and Soil 

Quality,” European Journal of Agronomy, vol. 69, pp.10-20, 2015. [CrossRef] [Google Scholar] [Publisher Link] 

[52] Hitha Shaji, Vinaya Chandran and Linu Mathew, “Organic Fertilizers as a Route to the Controlled Release of Nutrients,” Controlled 

Release Fertilizers for Sustainable Agriculture, pp. 231-245, 2021. [CrossRef] [Google Scholar] [Publisher Link] 

[53] Sims, J. T., Soil test phosphorus: Olsen P. Methods of phosphorus analysis for soils, sediments, residuals, and waters, 20, 2000. 

[54] R.B Singh, “Environmental Consequences of Agricultural Development: A Case study from the Green Revolution State of Haryana, 

India,” Agriculture, Ecosystems & Environment, vol. 82, no. 1-3, pp. 97-103, 2000. [CrossRef] [Google Scholar] [Publisher Link] 

[55] R. P. Singh et al., “Spatial and Temporal Variability of Soil Moisture over India using IRS P4 MSMR Data,” International Journal 

of Remote Sensing, vol. 26, no. 10, pp. 2241-2247, 2005. [CrossRef] [Google Scholar] [Publisher Link] 

[56] Ann C. Smith and Marise A. Hussey, “Gram Stain Protocols,” American Society for Microbiology, vol. 1, no. 14, 2005. [Google 

Scholar] [Publisher Link] 

[57] Arun Lal Srivastav, “Chemical Fertilizers and Pesticides: Role in Groundwater Contamination,” In Agrochemicals Detection, 

Treatment and Remediation, pp. 143-159, 2020. [CrossRef] [Google Scholar] [Publisher Link] 

[58] M Stolze et al., Environmental impacts of organic farming in Europe, Department of Farm Economics, University of Hohenheim, 

Germany, Stuttgart-Hohenheim, 2000. [Google Scholar] [Publisher Link] 

[59] G. Suja et al., “Yield, Quality and Soil Health Under Organic VS Conventional Farming in Taro,” Scientia Horticulturae, vol. 218, 

pp. 334-343, 2017. [CrossRef] [Google Scholar] [Publisher Link] 

[60] G. W. Thomas, “Soil pH and Soil Acidity,” Methods of Soil Analysis: part 3 Chemical Methods, vol. 5, pp. 475-490, 1996. [CrossRef] 

[Google Scholar] [Publisher Link] 

[61] J. P. van Leeuwen et al., “An Ecosystem Approach to Assess Soil Quality in Organically and Conventionally Managed Farms in 

Iceland and Austria,” The Soil, vol. 1, pp. 201-237, 2014. [CrossRef] [Google Scholar] [Publisher Link] 

[62] Kulandaivelu Velmourougane, “Impact of Organic and Conventional Systems of Coffee Farming on Soil Properties and Culturable 

Microbial Diversity,” Scientifica, 2016. [CrossRef] [Google Scholar] [Publisher Link] 

[63] Vukašinović Ivana Ž et al., “Depth distribution of available micronutrients in cultivated soil,” Journal of Agricultural Sciences 

(Belgrade), vol. 60, no. 2, pp. 177-187, 2015. [CrossRef] [Google Scholar] [Publisher Link] 

[64] Skye Wills et al., “Using Soil Survey to Assess and Predict Soil Condition and Change,” Global Soil Security, pp. 123-135, 2017. 

[CrossRef] [Google Scholar] [Publisher Link] 

[65] B.K Yadav, “Micronutrient Status of Soils Under Legume Crops in the Arid Region of Western Rajasthan, India,” Academic Journal 

of Plant Sciences, vol. 4, no. 3, pp. 94-97, 2011. [Google Scholar] [Publisher Link] 

[66] Yi, Zhang, et al., “Characters and Influencing Factors of the Distribution of Cultivated Available Soil Fe, Mn, Cu and Zn in Xichang 

City, Sichuan Province, China,” Journal of Geography and Geology, vol. 4, no. 2, pp. 115-123, 2012. [Google Scholar] 

[67] Zhanguo Bai et al., “Effects of Agricultural Management Practices on Soil Quality: A Review of Long-Term Experiments for Europe 

and China,” Agriculture, Ecosystems & Environment, vol. 265, pp. 1-7, [CrossRef] [Google Scholar] [Publisher Link] 

 

https://doi.org/10.1080/00103621003687166
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Influence+of+organic%2C+chemical%2C+and+integrated+management+practices+on+soil+organic+carbon+and+soil+nutrient+status+under+semi-arid+tropical+conditions+in+central+India.&btnG=%5d
https://www.tandfonline.com/doi/abs/10.1080/00103621003687166
https://doi.org/10.4236/ajps.2015.619297
https://scholar.google.com/scholar?q=Micronutrient+status+in+the+soil+of+Central+India&hl=en&as_sdt=0,5
https://www.scirp.org/journal/PaperInformation.aspx?PaperID=61746&#abstract
https://doi.org/10.2134/agronmonogr9.2.c20
https://scholar.google.com/scholar_lookup?title=Potassium&author=Pratt,+P.F.&publication_year=1965&pages=1022%E2%80%931030
https://acsess.onlinelibrary.wiley.com/doi/abs/10.2134/agronmonogr9.2.c20
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Green+revolution+in+India%3A+environmental+degradation+and+impact+on+livestock.+&btnG=
https://content.iospress.com/articles/asian-journal-of-water-environment-and-pollution/ajw12-1-11
https://doi.org/10.3390/horticulturae9040432
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Seaweed+Extract+as+a+Biostimulant+Agent+to+Enhance+the+Fruit+Growth%2C+Yield%2C+and+Quality+of+Kiwifruit.+&btnG=
https://www.mdpi.com/2311-7524/9/4/432
https://doi.org/10.2136/sssaj1989.03615995005300020020x
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Soil+electrical+conductivity+and+soil+salinity%3A+New+formulations+and+calibrations&btnG=
https://acsess.onlinelibrary.wiley.com/doi/abs/10.2136/sssaj1989.03615995005300020020x
doi:10.12905/0380.sydowia70-%202018-0141.
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Mycodriven+enhancement+and+inherent+phytoremediation+potential+exploration+of+plants+for+lithospheric+remediation.&btnG=
https://www.cabdirect.org/cabdirect/abstract/20193168221
https://doi.org/10.1080/15320383.2019.1597011
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Mycological+assisted+phytoremediation+enhancement+of+bioenergy+crops+Zea+mays+and+%E2%80%8EHelianthus+annuus+in+heavy+metal+contaminated+lithospheric+zone&btnG=
https://www.tandfonline.com/doi/full/10.1080/15320383.2019.1597011
https://doi.org/10.1016/j.still.2015.06.018
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Soil+physical+quality+in+contrasting+tillage+systems+in+organic+and+conventional+farming&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S016719871500135X?via%3Dihub
https://doi.org/10.1016/j.eja.2015.05.002
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Six-year+transition+from+conventional+to+organic+farming%3A+effects+on+crop+production+and+soil+quality&btnG=
https://linkinghub.elsevier.com/retrieve/pii/S1161030115000593
https://doi.org/10.1016/B978-0-12-819555-0.00013-3
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Organic+fertilizers+as+a+route+to+the+controlled+release+of+nutrients.+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/B9780128195550000133?via%3Dihub
https://doi.org/10.1016/S0167-8809(00)00219-X
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=a+case+study+from+the+Green+Revolution+state+of+Haryana%2C+India&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S016788090000219X?via%3Dihub
https://doi.org/10.1080/01431160500043723
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Spatial+and+temporal+variability+of+soil+moisture+over+India+using+IRS+P4+MSMR+data.+&btnG=
https://www.tandfonline.com/doi/full/10.1080/01431160500043723
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Smith%2C+A.+C.%2C+%26+Hussey%2C+M.+A.+Gram+stain+protocols.+American+Society+for+Microbiology%2C+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Smith%2C+A.+C.%2C+%26+Hussey%2C+M.+A.+Gram+stain+protocols.+American+Society+for+Microbiology%2C+&btnG=
https://asm.org/getattachment/5c95a063-326b-4b2f-98ce-001de9a5ece3/gram-stain-protocol-2886.pdf;%5d
https://doi.org/10.1016/B978-0-08-103017-2.00006-4
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Chemical+fertilizers+and+pesticides%3A+role+in+groundwater+contamination.+In+Agrochemicals+detection%2C+treatment+and+remediation+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/B9780081030172000064?via%3Dihub
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Environmental+impacts+of+organic+farming+in+Europe%3A+organic+farming+in+Europe%3A+economics+and+policy&btnG=
https://orgprints.org/id/eprint/8400/
https://doi.org/10.1016/j.scienta.2017.02.006
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=quality+and+soil+health+under+organic+vs+conventional+farming+in+taro.&btnG=
https://linkinghub.elsevier.com/retrieve/pii/S0304423817300912
https://doi.org/10.2136/sssabookser5.3.c16
https://scholar.google.com/scholar_lookup?title=Soil%20pH%20and%20soil%20acidity.%20Methods%20of%20Soil%20Analysis%3A%20Part%203-Chemical%20Methods&pages=475-490&publication_year=1996&author=Thomas%2CG.%20W.
https://acsess.onlinelibrary.wiley.com/doi/abs/10.2136/sssabookser5.3.c16
doi:10.5194/soild-1-201-2014
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=An+ecosystem+approach+to+assess+soil+quality+in+organically+and+conventionally+managed+farms+in+Iceland+and+Austria&btnG=
https://soil.copernicus.org/preprints/1/201/2014/soild-1-201-2014.pdf
https://doi.org/10.1155/2016/3604026
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Impact+of+organic+and+conventional+systems+of+coffee+farming+on+soil+properties+and+culturable+microbial+diversity.&btnG=
https://www.hindawi.com/journals/scientifica/2016/3604026/
http://dx.doi.org/10.2298/JAS1502177V
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Depth+distribution+of+available+micronutrients+in+cultivated+soil.+&btnG=
https://doiserbia.nb.rs/Article.aspx?ID=1450-81091502177V
https://doi.org/10.1007/978-3-319-43394-3_11
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Using+soil+survey+to+assess+and+predict+soil+condition+and+change&btnG=
https://link.springer.com/chapter/10.1007/978-3-319-43394-3_11
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Micronutrient+status+of+soils+under+legume+crops+in+the+arid+region+of+western+Rajasthan%2C+India&btnG=
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=fc0de759cf0349d73fda2b88835949d7509f9600
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%3B+Characters+and+Influencing+Factors+of+the+Distribution+of+Cultivated+Available+Soil+Fe%2C+Mn%2C+Cu+and+Zn+in+Xichang+City%2C+Sichuan+Province%2C+China.&btnG=
https://doi.org/10.1016/j.agee.2018.05.028
https://scholar.google.com/scholar?q=Effects+of+agricultural+management+practices+on+soil+quality:+A+review+of+long-term+experiments+for+Europe+and+China&hl=en&as_sdt=0,5
https://www.sciencedirect.com/science/article/pii/S016788091830224X?via%3Dihub


Madhu Rani & Sonia Kapoor / IJAES, 10(4), 7-19, 2023 

 

15 

Appendices:     Table 1. Physical and chemical properties of soil in conventional and organ agriculture from 2019 to 2021

Sample Soil Moisture pH EC SOC (%) OM 
P value (<0.05) 

 

0-20 cm (2019) (C) 

 

 

2.50 7.6 0.28 0.210 0.34 0.002 

0-20 cm (O) 2.68 7.3 0.29 0.310 0.49 0.011 

20-40 cm (C) 3.67 7.3 0.31 0.215 0.11 0.014 

20-40 cm (O) 3.24 7.2 0.29 0.190 0.15 0.005 

40-60 cm (C) 3.89 7.1 0.42 0.167 0.12 0.009 

40-60 cm (O) 4.12 7.2 0.46 0.143 0.24 0.015 

60-80 cm (C) 4.10 7.3 0.44 0.140 0.09 0.007 

60-80 cm (O) 4.32 7.1 0.39 0.125 0.10 0.023 

80-100 cm (C) 4.90 7.1 0.49 0.156 0.05 0.012 

80-100 cm (O) 4.95 7.0 0.51 0.165 0.07 0.007 

0-20 cm (2020) (C) 4.97 7.3 0.36 0.340 0.41 0.001 

0-20 cm (O) 2.56 7.4 0.42 0.410 0.61 0.004 

20-40 cm (C) 

 
3.10 7.7 0.44 0.346 0.34 0.005 

20-40 cm (O) 3.23 7.5 0.38 0.510 0.41 0.013 

40-60 cm (C) 3.50 7.4 0.43 0.410 0.21 0.014 
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40-60 cm (O) 3.67 7.3 0.45 0.345 0.15 0.005 

60-80 cm (C) 

 
4.13 7.5 0.39 0.410 0.41 0.002 

60-80 cm (O) 4.30 7.3 0.50 0.235 0.45 0.004 

80-100 cm (C) 4.45 7.2 0.35 0.350 0.09 0.008 

80-100 cm (O) 4.51 7.1 0.41 0.450 0.05 0.015 

0-20 cm (2021) (C) 3.12 7.3 0.43 0.591 0.52 0.012 

0-20 cm (O) 3.50 7.4 0.47 0.710 0.77 0.009 

20-40 cm (C) 

 
4.52 7.5 0.51 0.530 0.35 0.005 

20-40 cm (O) 5.10 7.4 0.46 0.612 0.43 0.004 

40-60 cm (C) 

 
4.58 7.6 0.39 0.430 0.31 0.001 

40-60 cm (O) 4.13 7.3 0.41 0.519 0.25 0.011 

60-80 cm (C) 

 
4.76 7.2 0.38 0.435 0.12 0.009 

60-80 cm (O) 5.32 7.1 0.49 0.525 0.11 0.006 

80-100 cm (C) 

 
5.15 7.0 0.35 0.345 0.10 0.004 

80-100 cm (O) 5.70 6.9 0.38 0.418 0.21 0.002 

           O-organic agriculture, C-Conventional agriculture 
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Table 2. Macronutrients and micronutrients of soil in conventional and organic agriculture from 2019 to 2021 

Sample N (kg/ha) P (kg/ha) K (kg/ha) Fe (mg/kg) Zn (mg/kg) 
S (PPM) 

 
P value (<0.05) 

0-20 cm (2019) 

(C) 
0.501 4.10 140 10.34 1.910 250 0.001 

0-20 cm (O) 0.515 4.50 145 11.10 2.101 270 0.012 

20-40 cm (C) 

 
0.312 4.12 130 10.05 2.151 241 0.009 

20-40 cm (O) 0.340 4.10 138 9.56 2.315 258 0.005 

40-60 cm (C) 0.129 3.90 129 10.12 1.450 190 0.008 

40-60 cm (O) 0.132 4.25 132 9.70 1.550 198 0.005 

60-80 cm (C) 0.110 3.78 126 9.50 2.104 219 0.007 

60-80 cm (O) 0.108 4.50 135 9.85 2.150 255 0.013 

80-100 cm (C) 0.091 3.98 127 8.98 1.940 200 0.008 

80-100 cm (O) 0.081 4.96 139 8.95 1.560 243 0.009 

0-20cm (C) 

(2020) 
0.612 5.10 155 11.30 2.12 290 0.001 

0-20 cm (O) 0.710 5.30 152 12.10 2.56 310 0.004 

20-40 cm (C) 

 
0.540 5.42 160 12.45 2.20 295 0.005 

20-40 cm (O) 0.590 5.50 155 13.10 2.19 313 0.003 
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40-60 cm (O) 0.350 5.70 162 12.50 1.98 290 0.005 

60-80 cm(C) 

 
0.210 5.90 145 10.95 2.50 303 0.002 

60-80 cm (O) 0.265 6.10 150 11.02 2.90 319 0.004 

80-100 cm (C) 0.190 5.10 160 11.50 2.10 275 0.008 

80-100 cm (O) 0.185 5.98 165 12.90 2.98 289 0.006 

0-20cm (2021) 

(C) 
2.101 6. 10 160 14.02 3.12 356 0.002 

0-20 cm (O) 1.210 6.20 172 16.09 4.21 400 0.009 

20-40 cm (C) 

 
1.980 5.97 160 13.54 3.02 310 0.005 

20-40 cm (O) 1.850 6.02 158 13.98 3.45 316 0.007 

40-60 cm (C) 

 
1.550 5.40 159 13.01 3.10 275 0.004 

40-60 cm (O) 1.430 5.90 160 13.59 2.90 278 0.003 

60-80 cm (C) 

 
1.210 4.75 156 12.90 2.98 245 0.009 

60-80 cm (O) 1.138 5.00 158 13.04 2.50 265 0.006 

80-100 cm (C) 

 
1.121 4.23 149 12.01 2.40 270 0.004 

80-100 cm (O) 1.110 4.50 155 12.50 2.54 290 0.010 

            O-organic agriculture, C-Conventional agriculture, PPM-parts per million 
             Mean ± Standard deviation and significant level (P ≤ 0.05) were calculated using Graph Pad Prism at a 95 % confidence interval. Less the P value, the more significant the data. 
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Table 3. Bacterial and fungal population in organic and conventional agriculture per gram of soil from 2019 to 2021 

Sample Bacteria count Fungus count P value (≤ 0.05) 

 
2019 (O) 50.90 20.30 0.011 

2019 (C) 52.62 18.45 0.120 

2020 (O) 55.72 21.50 0.145 

2020 (C) 59.60 20.60 0.156 

2021 (O) 70.90 24.40 0.012 

2021 (C) 61.71 22.30 0.134 
                              O-organic agriculture 

                                C-Conventional agriculture 

Table 4. Crop sowing, harvesting along with crop rotation methods with tillage and fertilizers practices in conventional and organic farming during the three-year study with six treatments 

 Year Crop /Crop Rotation Conventional   Farming Organic Farming 

2019 (April) Sowing month Rabi crops -Wheat, pea, mustard, fenugreek, Berseem Rabi Crops Rabi crops 

Harvesting Month- October Tillage-chisel & harrow from 0-100 cm. 0-20 cm and up to 100 cm. Same as conventional 

 Fertilizer (kg/ha) 
Urea- 135 kg/ha, DAP-40 s 

kg/ha 

Vermicompost- 140 

kg/ha, Seaweed- 40 

kg/ha 

2020 (November) Sowing Month Kharif crops- Rice, cotton, sesame, sorghum, millet Kharif crops Kharif crops 

Harvesting Month- March/April Tillage- Chisel and Harrow from 0-20 cm and up to 100 cm.   

 Fertilizers used (kg/ha)-   

2020 (April) Sowing Month Rabi crops -Wheat, pea, mustard, fenugreek, Berseem   

Harvesting- October Tillage- chisel & harrow from 0-100 cm.   

 Fertilizer(kg/ha)   

2020 (November) Sowing Month Kharif crops- Rice, cotton, sesame, sorghum, millet   

Harvesting Month- March/April Tillage- Chisel and Harrow from 0-20  cm and up to 100 cm.   

 Fertilizers used (kg/ha)   

2021 (April) Sowing Month Rabi crops -Wheat, pea, mustard, fenugreek, Berseem   

Harvesting Month- March/April Tillage-Chisel & Harrow from 0-20  cm and up to 100 cm.   

 Fertilizer(kg/ha)-   

2021 (November) Sowing Month Kharif crops- Rice, cotton, sesame, sorghum, millet   

Final Harvesting Month- March 2022    
For each season, crop rotation with rabi and kharif crops was done in both farming systems with homogenous conditions of irrigation, tillage and fertilizer amount. In organic vermicompost and seaweed were used as 

fertilizers, and in conventional farming, urea and DAP  were used. 
 


