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Abstract 

In certified organic agricultural systems, soil nutrient status relies primarily on incorporation of organic matter 

and other specific inputs to meet requirements for phosphorus and micronutrients. Nutrient management 

strategies based on defined standards seek to maintain sufficient nutrient availability while minimizing potential 

losses. Although organic systems may result in lower levels of production than conventionally managed systems, 

sound soil nutrient management practices can minimize this gap. Certified organic standards are widely 

established globally, but traditional farming practices that resemble organic systems are also commonly used 

without adherence to a certified scheme. There is considerable debate about the efficiency of bio-amendments 

for use in organic farming due to their variability. Questions also persist about the sustainability of organic soil 

fertility management practices. The relevance of global variations among organic certification standards has not 

been a major consideration in research. Most soil improvement strategies focus on assessing the impact of 

particular amendments with less attention to a more holistic approach which integrates all components of the 

agricultural system. Research on implementation of practices based on certified organic standards highlights 

potential for multi–disciplinary, in-depth studies that identify combined impacts of organic management 

practices at a local scale. Standards developed at national level may not fully account for the breadth of soil 

types and environmental conditions. While soil improvement based on certified organic standards can contribute 

to socio-economic development and ecosystem services, local soil characteristics need to be considered in 

parallel with potential new avenues for sourcing nutrients, including organic matter management. 
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1. Introduction 

Promotion of sustainable agricultural and agro-ecological practices supports conservation of genetic diversity 

and associated agricultural biodiversity (IPBES, 2019). Traditional farming practices have evolved over time, 

therefore integration of complex methods is widely practiced and well-adapted to local geo-climatic conditions 

(Vogl et al., 2005). Based on a range of traditional practices, organic farming is an integrated approach that seeks 

to sustain agro-ecosystems leading to achievement of sustainable goals in terms of food security (Mader et al., 

2002; Reganold & Watchter, 2016). Organic systems vary from strict, closed systems that rely on internal 

nutrient inputs, to systems that follow organic certification guidelines (Reganold & Wachter, 2016). Organic 

agricultural practices include a focus on soil health, ecological processes and biodiversity without relying on use 

of synthetic chemical inputs. 

It has been claimed that intensive agricultural management practices can cause soil degradation leading to 

reduced soil fertility (Malik et al., 2014). However, Timsina (2018) argued that there is insufficient scientific 

evidence to demonstrate that application of synthetic fertilizers at appropriated rates necessarily lead to 

destruction of soil properties such as structure and water retention capacity. A range of traditional farming 

practices are used as the basis of certified organic standards (Vogl et al., 2005). Certified organic farming 

emerged as a response to various impacts of conventional agriculture on the environment and their health 

consequences (Roos et al., 2018; Timsina, 2018). There are questions as to the sustainability of this production 

approach due to its reliance on natural fertility, and yields may be lower than in conventional systems (Baker, 

2015; Roos et al., 2018). Although the long-term (>20 yr) study in Central Europe showed crop yield in organic 
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systems was 20% lower than other systems, application of fertilizer, energy and pesticides were reduced by 34%, 

53% and 97% respectively (Mader et al., 2002). In contrast, yield of subsistence farming in (sub) tropical regions 

can out-perform conventional yield or equal that of systems that include legumes in temperate agriculture (e.g., 

Leifeld, 2012). Furthermore, examination of data from a long-term experiment in Pennsylvania indicated that 

grain yield over the first 5 years for corn was reduced during conversion to organic systems, but that yields after 

the transition period were similar (Pimentel et al., 2005).  

Constraints introduced by certified organic farming standards may be advantageous compared with some 

conventional practices in terms of environmental and social benefits, but organic production may not be a 

sustainable option for the future of alternative agriculture (Baker, 2015). Sustainability assessment of organic 

systems is complex and general indices do not provide a complete image of their efficiency (Fess & Benedito, 

2018). The degree of sustainability depends on factors including regional climate, cultivation, soil conditions and 

topography, so farming methods need to be site-specific for a given organic system (Soumya, 2015). Organic 

farmers are exposed to financial risks during the conversion period to organic practices due to both reduced yield 

and price (Hanson et al., 2004). While disease, insects and weeds pose a high risk in organic farms in 

comparison to conventional farming due to a prohibition of use of most pesticides (Hanson et al., 2004), organic 

farmers may be at less risk health-wise because they use non-chemical control programs (Baker, 2015; Soumya, 

2015).  

Over recent decades, organic farming practices have become more widely respected globally, leading to 

significant increase in certified organic farms (Cong et al., 2005; Ramesh et al., 2010; Vogl et al., 2005). 

According to the recent survey by FiBL, a total of 69.8 million hectares were organically managed and 93 

countries had organic regulation at the end of 2017, with a growth of 20% over the last year, and India has the 

largest number of organic producers followed by Uganda and Mexico (FiBL, 2019). However, millions of 

farmers use traditional farming methods evolved through generations without certification. In the 

least-developed countries, certified organic farming remains a limited option owing to poor knowledge of 

organic certification processes (Oelofse et al., 2010). The region with most organically-managed agricultural 

land is Oceania followed by Europe and Latin America (Figure 1). The global percentage of organic farmland is 

very low at only 1.4 percent but countries with a high share of their total farmland are Liechtenstein, Samoa and 

Austria at approximately 38%, 38% and 24% respectively (FiBL, 2019). 

 

Figure 1. Proportion of organic agricultural land by region (FiBL, 2019) 

 

The recent IPBES assessment report of land degradation and restoration indicated that many sustainable land 

management practices contribute to retention of soil organic matter and coincident nutrient cycling and that 

traditional farming methods can enhance soil carbon storage in managed landscapes (IPBES, 2019). In particular, 

the widespread use of reduced or no-till farming practices in intensive agriculture has led to great improvements 

in soil quality, including reduced erosion and retention of soil organic matter (Llewellyn & Ouzman, 2019). 

Practices such as use of cover crops, green manures and intercropping can lead also improve soil conditions and 

yield, but they are less commonly used in intensive agriculture. With climate change emerging as one of the 
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greatest threats to global agricultural production, land management practices must evolve further to be 

responsive to emerging economic fluctuations. Sustainable land use practices are indispensable to enhance 

climatic benefits via reducing greenhouse gas emission while co-benefiting from biodiversity (IPBES, 2019). 

2. Options for Soil Nutrient Management in Certified Organic Farming Systems 

Soil health refers to the degree to which dynamic properties are optimized within the constraints of the inherent 

properties of the soil (Schonbeck et al., 2017). Economic and ecological benefits of agriculture both rely on soil 

health, hence soil fertility maintenance is a fundamental basis in sustainable agriculture (Abawi & Widmer, 2000; 

Bulluck et al., 2002; Saha et al., 2012). Soil quality is a function of both inherent and dynamic soil properties. 

Inherent properties include soil type, texture, depth to bedrock or other parent material and soil mineralogy 

(USDA, 2008). The more dynamic properties relate to soil biological fertility which has been defined as “the 

capacity of organisms living in the soil (microorganisms, fauna, and roots) to contribute to the nutritional 

requirements of plants and foraging animals for productivity, reproduction, and quality (considered in terms of 

human and animal wellbeing) while maintaining biological processes that contribute positively to the physical 

and chemical state of the soil” (Abbott & Murphy, 2003). As soil properties respond to management practices 

(Karlen, 2003), the dynamic nature of soil biological properties is particularly influenced by addition of organic 

matter, tillage, nutrient management and plant rotation cycles (Schonbeck et al., 2017). Thus, soil performance in 

organic systems is highly influenced by crop and environmental conditions (Seufert et al., 2012).  

Organic agricultural management practices range from small to large scale production (Reganold & Wachter, 

2016) and are generally based on farming practices that enhance soil quality through rotation of crops, inclusion 

of cover cropping and organic inputs, and reduced tillage (Fess & Benedito, 2018). Soil enriched with nutrients 

from sources other than those which have undergone industrial transformations during their production can help 

to counteract climate change by enhancing soil carbon sequestration (Cong et al., 2005). Organic farming 

practices depend on complex integrated biological systems to sustain production. Effective nutrient management 

in organic farming systems needs to address immediate nutrient requirements, while maintaining and improving 

soil fertility in the longer term (Shepherd et al., 2006). This involves facilitation of complex inter-connected 

biological and physiochemical soil functions leading to a gradual supply of nutrients (Wortman et al., 2017) in 

contrast to focusing on nutrient provision at sowing (Fess & Benedito, 2018). Changes in soil properties can vary 

with climatic conditions, soil type, crop rotation, and the duration of the amendment period (Clark et al., 1998). 

A decrease in the amount of organic inputs results in a decline in organic matter content of soil, thereby reducing 

available organic substrate for soil organisms with consequent disruption of essential soil functions, especially 

nutrient cycling (Santos et al., 2015; Miransari, 2013) and soil aggregation (Biswas et al., 2014; Jiao et al., 

2006). 

The primary characteristics of well-managed soil under organic farming practices include supply of nutrients 

from permitted sources based on certification standards, reduced water loss, resilience to environmental stress 

and resistance to pests and pathogens (Figure 2). However, there are ongoing arguments about the efficacy of 

biological amendments in improving soil fertility (e.g., Timsina, 2018). Biological amendments influence plant 

growth in different ways, and their modes of action vary from direct impact on plant physiology to indirect 

effects via their contributions as a soil conditioner or via cumulative impacts (Abbott et al., 2018). The 

application of organic matter into the soil in the form of bio-amendments provides a range of benefits including 

provision of nutrients, soil aggregation, enhanced water retention capacity, improved CEC, lower bulk density, 

protection against erosion and overall enhancement of microbial growth and their functions (Bulluck et al., 2002; 

Ferreras et al., 2006; Tejada et al., 2006). However, it has been claimed that while biological inputs benefit soil 

physical properties under aerobic conditions, they are less significant in anaerobic soil conditions such as those 

associated with soil submergence (e.g., during land preparation for paddy rice (Timsina, 2018)) may lower pH 

and reduce mineralization. Examples of use of different soil organic materials in organic production systems 

(Table 1) highlight the diversity of sources of biological inputs permitted by certification standards, mostly 

locally sourced, which differ greatly in their origin and nutrient status. Furthermore, the responses to their 

application to soil will vary with local soil and environmental conditions. Therefore, there is a greater degree of 

variation in inputs used in organic farming systems than in more conventional systems, and organic certification 

standards need to take this into account. Current certification standards for use of biological amendments differ 

to varying extents from country to country (Table 2), but while these differences may be based on regional 

experience, generalized standards may not always be appropriate locally (see Zikeli et al., 2017). For this reason, 

some certification constraints may not necessarily be locally appropriate, depending on the situation. 
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Figure 2. Characteristics of healthy soil in organic farming systems: structural factors and tactical management 

strategies diversify organic systems to sustain organic soil characteristics (Reganold & Wachter, 2016; Schonbeck 

et al., 2017) 

 

Table 1. Examples of impacts of biological amendments on soil characteristics (reported from research studies) 

Amendment 

(Reference) 

Location  Experimental 

design 

Soil parameters 

measured 

Results  

Fresh cattle manure 

(Whalen et al., 2000) 

Peace River 

region, Alberta, 

Canada 

0, 10, 20, 30, 

40/kg  

pH 

Mineral N  

P, K, Ca 

CEC 

Immediate increase in soil pH.  

Immediate increase disappeared by 8 w. 

Higher in amended soil. 

Not affected. 

Cattle manure 

(Nyamangara et al., 2001) 

Harare, 

Zimbabwe 

37.5Mg/ha in 

year 1; 12.5 

Mg/ha /yr for 3yr 

Aggregate stability 

Water retention 

Total organic C 

Increase in soil structure stability. 

Water retention improved in first year. 

Increase in organic C for manure 

application of 37.5Mg/ha. 

Several sources of 

vermicompost 

(Ferreras et al., 2006) 

Vertic 

Argiudoll, 

Zavalla, 

Argentina 

10 and 20 Mg/ha 

(dw) 

pH 

Water stable 

aggregates (WS)  

Ethanol stable 

aggregates (Es) 

Microbial respiration  

Increased. 

Increased in amended soil at a rate of 

20Mgha-1. 

Increased. 

 

Increased rate of microbial respiration 

associated with one of the 

vermicomposts. 

Biodynamic fertilizers 

(Aparna et al., 2014) 

Dhaban, 

Rajastan 

biodynamic 

fertilizers 

compared with 

conventional 

management 

pH, EC, Water holding 

capacity  

 

Organic C 

 

Available N, P, 

 

Water holding capacity increased in 

orchard and organic systems: 2.8 % 

increase in organic cropping and 1.9% 

in orchards. 

Increase in organic carbon: organic 

cropping (0.2%); orchards (0.4%) 

Ammonium N (ppm): Conventional 

cropping (12.2) organic cropping (24.0) 

Composted cotton gin trash, 

Composted yard waste and 

Composted cattle manure 

(Bulluck et al., 2002) 

Virginia and 

Maryland, USA 

 Ca, Mg, K, Mn, B, soil 

pH 

 

 

 

Ca concentration increased 2-fold within 

2 yr.  

Mg, Mn, K and B concentrations 

increased in comparison to synthetic 

amendments. Soil pH increased with 

organic amendments. 
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Nitrogen supplied via biological fixation is generally more common in organic systems than under conventional 

practices (Niggli & Fliessbachn, 2008). Organically managed soils can be characterized by an increased pool of 

potentially mineralizable nitrogen compared to soil under conventionally managed practices (Fess & Benedito, 

2018). The combination of soil characteristics enhanced through organic management can result in a more tightly 

coupled nitrogen-cycle leading to reduced nitrogen losses via denitrification and leaching. An experiment 

conducted in Germany examining the impact of organic amendments on nitrogen-availability showed short-term 

release was minimal, but in the longer-term, nitrogen-use efficiency increased considerably (Gutser et al., 2005). 

In addition to provision of nitrogen, a wide range of biological amendments can provide sources of other plant 

nutrients, including P and K via mineralization, which are only available to a limited extent from rock minerals 

permitted for use in organic systems (Abbott & Manning, 2015). Biological amendments can also stabilize soil 

pH and reduce nitrate runoff (Bulluck et al., 2002; Whalen et al., 2000).   

2.1 Animal Manure 

Manures are generally permitted for use in national organic certification standards, but there are some situations 

where constraints apply (Table 2). For example, in the Australian Standard, when manure is applied to cropping 

systems it must be composted or followed by at least two green manure crops. In Vietnam, the organic standard 

stipulates that animal manure from outside the farm must be hot-composted prior to application but urban waste 

compost is prohibited. Furthermore, the nutrient content of manures from different sources can differ 

considerably (Table 3), which introduces additional complexity when developing generalized organic 

certification standards. 

Dairy manures are widely used as a nutrient source to improve the soil condition and stimulate crop growth 

(Ajmal et al., 2018; Eghball, 2000; Nyamangara et al., 2001; Whalen et al., 2000). Advocates of manure 

application claim that a range of chemical and physical properties including soil organic matter, bulk density, soil 

aggregate stability, infiltration capacity, water retention ability, hydraulic conductivity and surface crusting are 

significantly affected by manure inclusion (Whalen et al., 2000). However, nutrient content of manure depends 

on animal diet, manure age, breeding material type and storing conditions (Eghball et al., 2002; Timsina, 2018). 

In terms of manure application rates, nutrient budgeting is often valuable to ensure that the appropriate nutrient 

level is maintained in order to prevent extremes of environmental contamination (Wortman et al., 2017). Cattle 

manure can improve soil conditions, including where erosion is a problem (Whalen et al., 2000). Generally, it is 

expected that long-term manure application in organic farming may increase microbial biomass carbon 

(Joergensen et al., 2010). 

The amount manure that needs to be applied is greatly influenced by manure composition, soil nutrient 

availability, crop type and environmental conditions (Eghball et al., 2002). Experiments on effects of animal 

manure on organic tomato farming system in coastal sandy soil in Clinton, USA showed a significant increase in 

extractable carbon (36-54mg kg-1), extractable nitrogen (3-15 mg kg-1) and microbial biomass carbon (191-195 

mg kg-1) over a period of two years (Cong et al., 2005). The effect of cattle manure on soil pH is influenced by 

manure composition and soil characteristics (Whalen et al., 2000). Solid manure contains most of its nitrogen in 

an organic form, but poultry manure can have a significant amount of ammonium, leading to loss after surface 

application (Hue & Silva, 2000). 

The C:N ratio is a decisive factor determining the short-term nitrogen availability; animal manure may contain 

limited nitrogen levels in organic matter (C:N ˃ 15) and immobilization further reduces its availability (Gutser et 

al., 2005). Manure with a high C:N ratio (˃25) is likely to immobilize nitrogen and stimulate a flush of growth 

by bacteria and fungi (e.g., in bedded manures (Wander, 2019)). Research conducted in Alberta, Canada showed 

nitrate and ammonium concentrations in manure-amended soil declined after 8 weeks of incubation due to 

immobilization and /or denitrification, indicating that manure application was not further effective after an 

8-week incubation period (Whalen et al. 2000). A study of nitrogen release from organic sources in East Lansing, 

USA, showed that the mineralization rate of chicken manure was rapid in the first week after application, but 

nitrogen release reached a plateau phase between 8 to 12 weeks (Agehara & Warncke, 2005). However, a 

negative consequence of cattle manure application involved burning plant foliage and roots due to its high 

ammonium content (Ajmal et al., 2018). Cattle manure application needs to be managed carefully to mitigate 

nitrogen loss via greenhouse gas emission and contamination with aquatic resources via surface runoff leading to 

excessive nitrogen accumulation. Although nitrogen and phosphorus transport from manure applied to soil has 

been well reported, their contribution to soil aggregate fractions and stability in alleviating soil erosion less is 

well quantified (Whalen et al., 2001). Chicken manure can have a high salt content which can burn in plants if 

applied in high quantities (Hue & Silva, 2000). Consequently, it is important to optimize and manage manure 

application to maintain soil fertility. Use of manure from a range of sources with a high ratio of C: N may be 
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more effective in organic farming systems rather than simply increasing the application rate (Ren et al., 2014).  

 

Table 2. Examples of organic materials (manures and composts) that are permitted for use by a range of national 

organic certification standards 

Organic Standard Animal Manure     Compost 

Australia (National standards 

for organic and bio-dynamic 

produce, 2016) 

Must be composted or application 

should be followed by at least two green 

manure crops in cropping systems. 

In accordance with Australian 

standards 4454-1999 or 

recognized standards. 

India (National programme 

for organic production, 2005) 

 

Slurry, urine, farmyard and poultry 

manure from organically managed farms 

are permitted, while outside sources are 

restricted. Factory farming sources are 

not permitted. 

Compost made from C- based 

residues and household wastes are 

restricted. 

New Zealand (Organic 

production rules, 2019) 

 

Not from animals fed feed with GMO or 

antibiotics. Must be adequately 

dehydrated. Microbial risk to be 

managed. 

Composted or anaerobically 

fermented vegetable and animal 

household waste is permitted. 

Canada (Organic production 

systems, General Principals 

and Management Standards, 

2008) 

 

Animal matter including liquid manure 

and slurry obtained organic production is 

permitted. Sufficient warm and moisture 

is required to ensure active bio-oxidation 

to when applied. Processed animal 

manure by dehydration or specified 

chemical processes. 

Composted animal matter and 

plant. 

Japan (Japan organic and 

natural food association, 

2019) 

 

Manure should be composted and 

matured for at least ninety (90) days and 

fully cooled down. Methane fermented 

digestive liquid (except for composted 

sludge) is permitted. 

Fully matured compost obtained 

on farm preferred. Organic matter 

and fertilizers from outside should 

be less than 50%. 

Vietnam (PGS operation 

manure for producers, 2009) 

 

Animal manure from outside the farm 

must be hot composted. Urban waste 

compost is prohibited. 

The use of synthetic fertilizers 

and plant growth regulators 

prohibited. Urban waste is not 

allowed for composting. 

Ireland (The Organic Trust 

Ltd standards for organic food 

and farming in Ireland, 2006) 

 

Farmyard manure, dried farmyard 

manure and dehydrated poultry manure 

are permitted. All manures should be hot 

composted. Liquid animal excrements 

(slurry, urine) need to be used after 

controlled fermentation or appropriate 

dilution. 

Composted animal excrements 

are allowed (not from factory 

farm). Composted household 

waste allowed with conditions. 

Uganda (Uganda organic 

standards, 2006) 

 

Permitted. Permitted. 

Austria (BIO AUSTRIA, 

2006) 

 

Manure, slurry and urine must not be 

applied as top treatment to berry plants. 

Farmyard manure and dried farm yard 

manure are allowed. Liquid animal 

excrements only from organic origin. 

Sewage sludge compost is 

banned. Composted household 

waste is allowed. 

Tanzania (Tan Cert, Tanzania 

organic certification 

association, 2003) 

Permitted. Permitted. 

 

National certification standards for organic farming state the permitted use of manure (Table 2), but in addition 

to the organic standards, some countries impose restrictions on manure application owing to regional impacts on 
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water quality (Wander, 2019). There may also be local restrictions for manure application during winter seasons 

in some countries. For example, the USA, Canada, Australia and New Zealand have diverse sets of directives at 

a sub-national, state or provincial level for restricting manure application (Liu et al., 2018). National Organic 

Programme (NOP) standards in the USA impose manure application restrictions with application rates not 

exceed “agronomic application rates”, implying that the amount applied must be less than or equal to the 

requirements of the crop (Wander, 2019). 

Table 3. Examples of nutrient content in different sources of manure demonstrating range in nutrient values 

Manure source Total C  

(g/Kg) or % 

N (g/Kg) 

or % 

P (g/kg) 

or % 

K (g/kg) 

or % 

Reference 

Poultry 614 40.8 17.4 21.2 Tejada et al., 2006 

Poultry 31 % 2.14 % 1.09 % 1.23 % Ghosh et al., 2004 

Cattle 26 % 0.73% (total) 0.18 % 0.71 % Ghosh et al., 2004 

Cattle 44 % 2.79% (TKN) 7.89 38.45 Costa et al., 2014 

Chicken 428 13.4   Ferreras et al., 2006 

Chicken  29 8.6 14.0 Abdellrazzag, 2002 

Cattle 249 22.8 (total)  

2.9 (available) 

7.0 (total)  

5.2 (available) 

21.5 (available) Whalen et al., 2000 

Cattle 78 to 237 7.9≈15.6 3.2≈4.0  Eghball, 2000 

Cattle  84 9.3   Nyamangara et al., 2001 

Rabbit 338 31.3   Gale et al., 2006 

Sheep  16 4.2 6.9 Abdelrazzag, 2002 

 

2.2 Compost 

Although compost use is relatively more costly than raw manure application, compost has the potential to reduce 

environmental impacts associated with manure management (Wang et al., 2004). In conventional practices, 

compost is often used as an additional nutrient source to synthetic fertilizers (Larney et al., 2006). Compost has 

gained increasing attention due to constraints to application of raw manure based on potential environmental 

impacts. Conversion of manure nutrients into more stable forms should reduce surface runoff and groundwater 

contamination (Larney et al., 2006). Compost maturity is the key factor that affects its quality and nutrient 

composition. Composting process enhances organic matter stabilization and limit mineral nitrogen content 

(Gutser et al., 2005). Composting can reduce the rate of nitrogen release from manure (by approximately 50%) 

by converting it into more stable biological forms (Wander, 2019). Wasted organic biomass, including crop 

residues, decomposing plant debris, weeds and surplus fodder can be utilized in composting. Compost is 

receiving renewed attention worldwide in restoration of disturbed land and to address environmental issues 

particularly waste management (Wiseman et al., 2012; Azim et al., 2018). During the composting process, 

microbial processes lead to a substantial loss of carbon. At the early stage of composting, inorganic nitrogen is 

present as NH4-N but during the latter stages NO3-N increases due to nitrification (Larney et al., 2006). Hence, 

lower ratios of NH4-N: NO3-N indicate the maturity of the compost (Larney et al., 2006). Compost can be further 

enriched with the inclusion of potentially beneficial microorganisms such as phosphate solubilizers, N2 fixers 

and biocontrol agents (Hossain et al., 2017; Miransari, 2013). In comparison to manure, compost has a lower 

potential to degrade water quality and is likely to contain fewer pathogens (Wander, 2019). Disadvantages of 

composting include nutrient and carbon loss during the composting process, and associated odor (Eghball, 2000). 

Composting standards have been introduced to improve the quality and consistency of compost and these are 

independent of organic certification standards. Several countries in Europe have accredited standards for 

compost that address heavy metal contamination, organic matter characteristics, moisture, application rates and 

phytotoxicity (Brinton, 2000). 

2.3 Vermicompost 

Vermicomposting involves a simple biological process in which organic wastes are converted into stable 

products by earthworms (Rao et al., 2015; Saranraj & Stella, 2012). Vermicomposting is distinguished from 

composting primarily in terms of the optimum temperature and dominant microbial communities present during 

the active stages of the composting process. Composting is dominated by thermophilic bacteria while mesophilic 

bacteria and fungi play an important role during the active phase of vermicomposting (Saranraj & Stella, 2012). 

Vermicompost generally has a more homogenous structure and is likely to contain higher concentrations of 

organic acids such as humic and fulvic acids than most composts (Saranraj and Stella, 2012). Soils enriched with 
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vermicompost have similar beneficial effects to those of compost. In addition to enhancing soil organic carbon, 

vermicompost may improve soil fertility by stimulating enzyme and hormone functions leading to plant growth 

stimulation (Elena, 2016; Gopal et al., 2009; Padmavathiamma et al., 2008). Vermicomposting reduces the C:N 

ratio to a greater extent than the typical composting process and nutrient content and physio-chemical conditions 

are improved due to feeding of waste by earthworms leading to bio-oxidation, turning, fragmentation and 

aeration with potential for formation of stabilized humus-like substances (Saranraj & Stella, 2012). 

2.4 Compost Teas 

The technique of compost tea preparation involves steeping or brewing compost material in water via various 

methods. There is increasing interest in compost teas from both conventional and organic growers as an option 

which has potential to enhance microbial activity, soil nutrient retention and extraction and suppress disease (e.g., 

Pane et al., 2019). However, it is not a precise process because of the wide range of inputs and local conditions 

which influence development of microbial communities during the incubation period. A comparative study 

conducted in Korea assessed the effect of aerated compost tea on several crops; aeration increased the population 

density of bacteria, but there was a reduced fungal population in the compost tea (Kim et al., 2015). In this study, 

the aerated compost tea prepared from an organic compost mixture of rice straw compost, vermicompost and 

Hinoki cypress bark increased shoot and root growth as well as crop yield. A wide range of ingredients is added 

to compost tea with potential to increase activity and growth of specific microorganisms and to provide 

micronutrients for plants. However, some additives are condition-specific and only certain microorganisms 

respond to their presence (Ingham, 2005). Composts teas are generally supported by certified organic standards 

but scientific experimentation aimed at understanding their efficacy is limited. 

2.5 Green Manuring 

Incorporation of green manures is a widely used bio-amendment technique in organic agriculture to enhance soil 

quality. This practice is strongly supported by organic certification standards. Application of green manure plants 

(e.g., Sesbania and Gliricidia) can provide a wide range of benefits to the soil including addition of nitrogen and 

increased organic carbon leading to enhanced physical and chemical attributes of the soil (Srinivasa et al., 2011). 

Legumes play a key role as soil agents to sustain soil health by enhancing soil biology, biological nitrogen 

fixation, maintaining soil organic carbon and nitrogen stocks (Meena & Lal, 2018). In India, inclusion of 

legumes can provide 50-150kg N/ha in about 90 days (Rao et al., 2015). Application of legumes as a form of 

green leaf manuring can protect the soil surface from raindrops leading to enhanced infiltration, and reduced soil 

erosion (Meena & Lal, 2018; Srinivasa et al., 2011). Ecological benefits of green leaf manuring with Gliricidia 

sepium include enhancement of soil organic carbon, provision of sufficient nitrogen, and reduced soil erosion 

(Meena & Lal, 2018). Legumes incorporated within cropping systems have a potential to make positive impacts 

on soil via enhanced earthworm activities and as well as negative impacts associated with increasing some 

detrimental nematodes (Srinivasa et al., 2011). Mulching improves soil structure and creates a more favorable 

environment for growth of beneficial microorganisms (Biswas et al., 2014). Legumes used within organic 

rotations enhance soil nitrogen as residues degrade (Pimentel et al., 2005). Undersowing with cover crops has 

been investigated in combination with reduced tillage for weed suppression in organic production systems, but 

this practice was shown to have limited success when perennial weeds were the dominant in cereals (Salonen & 

Ketoja, 2019). 

2.6 Non-biological Allowable Inputs 

In addition to biological inputs permitted by the various organic certification standards, a wide range of materials 

is permitted that addresses soil fertility related to micro-nutrients and other elements. For example, permitted 

amendments include minerals from natural sources such as calcium supplied as dolomite, gypsum or lime, clay 

minerals including bentonite, kaolin and attapulgite, magnesium from rock minerals, rock phosphate and 

phosphatic guano, potassium from rock minerals or as potassium sulphate and elemental sulphur. The extent to 

which some of these elements are available can be quite limited (Abbott & Manning, 2015). Sourcing 

phosphorus is of particular concern (Løes et al. 2017). Ocean-derived products are a potential source of 

micronutrients in organic production and they generally comply with certification standards (Krishnamoorthy et 

al., 2019). In addition, a wide range of microbial inocula and microbial preparations are also permitted within 

most organic standards. The diverse nature of these permitted inputs provides a range of options that are 

alternatives to synthetic chemicals for overcoming nutrient deficiencies, plant disease, damage from insect and 

other pests, and weed infestation. Interactions between humic substances and microorganisms (Pukalchik et al., 

2019) have potential to release a range of plant available nutrients which may be of value in organic production 

systems and are likely to meet most organic certification standards. However, variability in the chemistry of 
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potential alternative sources of plant nutrients means that their modes of action, including their roles as 

biostimulants, are often not well understood (Abbott et al., 2018).  

3. Impact of Organic Inputs on Soil Properties 

Organic farming depends on the management of soil organic matter (Biswas et al., 2014; Gattinger et al., 2012), 

which is dictated by organic standards and certification processes (Table 2) and varies with the form of 

biological amendment (Table 3). Soil organic matter can be enhanced in soils managed according to organic 

practices (Clark et al., 1998) leading to improved soil structural properties. However, the soil’s ability to retain 

stable carbon is also directly related to soil texture (Schonbeck et al., 2017). Crop rotation significantly 

influences carbon dynamics (Poyda et al., 2019). Soil organic matter provides a range of benefits including 

nutrients and substrates for soil organisms, optimization of physical conditions for plant growth, soil buffering 

and nutrient cycling (Abawi & Widmer, 2000). Advocates of organic farming claim that organic systems have 

greater soil carbon levels leading to better soil quality and are more resistant to soil erosion (Reganold & 

Watchter, 2016) although this can be site-specific. Nevertheless, while soil organic carbon can increase in 

organically managed systems (i.e. organic animal based and legume-based systems) compared to conventional 

systems (e.g., Pimentel et al., 2005), higher stabilized organic matter content and more efficient use of substrate 

is not a feature restricted to organically managed systems (Leifeld, 2018).  

Soil water retention is an important hydrological parameter for indicating the soil condition. Water retention 

describes water availability to plants. In severe drought conditions, the yield in organic farming can be higher 

than equivalent conventional systems, owing to a higher water retention capacity in the soil (Reganold & 

Watchter, 2016). Organic amendments generally improve soil water retention (Aparna et al., 2014; Srinivasa et 

al., 2011; Nyamangara et al., 2001). There can be a correlation between soil organic matter and capacity to retain 

water (Badha et al., 2017; Rawls et al., 2003) providing water repellence is not indicated. The texture of soil is 

an important factor influencing the potential of organic carbon in determining soil water retention. Water 

retention in coarse-textured soil is more strongly linked to changes in organic carbon than in fine-textured soils 

(Rawls et al., 2003). A steady increase in water holding capacity has been observed with every 1% increase in 

organic matter for both sandy soil and limerock in Florida (Bhadha et al., 2017). 

Mineralization of organic materials is a key process for nutrient supply in organic farming, and this is primarily 

driven by soil microorganisms. Soil organisms form the biological basis of the soil in combination with plant 

roots, and both influence soil health. Organic farmers impose numerous practices to increase microbial diversity 

and activity (Reeve et al., 2016). While microbial communities are highly abundant in soil, they are also diverse 

and complex (Delgado-Baquerizo et al., 2016; Santos et al., 2015). Diversity of soil microbes indicates variation 

in biological organization which in turn can be linked to numerous processes and complex soil-microbe 

interactions (Santos et al., 2015; Torsvik & Ovreas, 2002). Microbially-mediated processes have a vital role in 

recovering soil from disturbances during soil reclamation (Aparna et al., 2014; Santos et al., 2015). In addition to 

nutrient cycling, microbial processes influence soil stability, productivity and resilience. Numerous studies have 

highlighted the impact of spatial isolation and soil structure on microbial diversity (e.g., Torsvik & Ovreas, 2002). 

Organic amendments significantly influence soil microbial communities (Aparna et al., 2014; Ferreras et al., 

2006; Tejada et al., 2006; Wiseman et al., 2012). In an organically managed soil, mycorrhizal colonisation can be 

considerably higher than in conventionally managed systems (Mader et al., 2002; Ryan et al., 1994) and 

biological amendments can lead to improved soil physio-chemical properties (Abbott & Manning, 2015; Bullock 

et al., 2002), which in turn impact on growth and functions of soil organisms (Cong et al., 2005; Pukalchik et al., 

2019).  

Soil pH significantly influences soil microbial composition and enzyme activities (Delgado-Baquerizo et al., 

2016) and particle size greatly influences microbial occupation. Bacterial communities can colonise silt and clay 

particles with greater diversity than sand particles (Torsvik & Ovreas, 2002). Diverse functional groups of soil 

microorganisms including nitrogen fixing bacteria (Azotobacter spp., Azospirillum spp. and Rhizobium spp.) and 

ammonifiers and nitrifiers play crucial roles in nutrient cycling. Biological amendments can enhance beneficial 

Trichoderma spp, while reducing pathogens (Phytophthora and Pythium) (Bulluck et al., 2002), but the number 

of nitrogen fixers in bulk soils does not necessarily increase (Aparna et al., 2014). Assessing the dynamics of 

microbial communities in soil is complex and there may not be a clear relationship between the abundance of 

key groups or species and the functions that they perform at any time (Mickan et al., 2018). 

4. Concluding Comments 

The history of organic farming practices extends over centuries and involves traditional best farming strategies 

based on ecological principles. Despite organic agricultural farming systems having many shortcomings, the 
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number and the extent of organic farms have significantly increased over the recent decades owing to their 

potential to reduce use of chemicals and contribute to environmental and human health. Although biological 

amendments for soil fertility management in organic farming are broadly categorized, variation within each 

category is considerable. Therefore, it is difficult to precisely predict the impacts of amendments or their modes 

of action under some soil and environmental conditions. Short term research limits understanding the cumulative 

impact and effect over a range of seasonal conditions. Long-term field research has potential to address 

knowledge gaps that are not evident from short-term studies. There is also a need for collaborative on-farm 

testing that links knowledge of researchers and farmers (Pauli et al., 2018). A key factor for consideration into 

the future is matching organic certification standards to local soil conditions and appropriate use of combinations 

of biological inputs (Zikeli et al., 2017). There is a need to consider whether the organic standards take into 

account the availability of new resources which have potential to sustain efficient organic production systems   

but which might currently not be permitted (Løes and Adler, 2019). Further discussion at the interface of 

regulation of nutrients from waste materials and strict certification standards is suggested within the framework 

of organic agriculture principles (Løes et al., 2017).  

Large scale organic agriculture requires support from research dedicated to agro-ecological methods of soil 

fertility management (Badgley et al., 2007). The recent report of the Intergovernmental Science Policy Platform 

on Biodiversity and Ecosystem Services (IPBES, 2019) emphasized the importance of identification of synergies 

between sustainable agricultural practices that enhance soil quality, thereby improving soil productivity and 

other ecosystem functions and services including soil carbon sequestration and water quality regulation. It is 

conceivable that more research dealing with novel strategies to improve soil health via biological amendments 

will be an important topic in the future in terms of sustainable environmental management in agriculture. 

Although theoretical evidence exists, there is a shortage of field-based evidence to understand how 

bio-amendments work to improve soil fertility (Abbott et al., 2018). Advances in understanding the relative 

importance and association of soil physio-chemical properties and microbial function is vital to improve further 

management strategies for maintaining ecosystem functions (Delgado-baquerizo et al., 2016).  

The sustainability of organic farming remains controversial with respect to greenhouse gas emissions. Organic 

farming requires more land, therefore contributes to higher emissions in comparison to conventional agriculture 

for equivalent production levels (Smith et al., 2019). It is expected that profitable use of degraded 

agro-ecosystems through sound restoration strategies would have significant contribution to the agricultural 

productivity in future to meet the challenges of sustainable production with anticipated climate extremes. 

Therefore, soil management through environmentally friendly strategies needs to be intensified to ensure the 

food security for the growing population. Soil biological properties are the most dynamic characteristics of soil, 

which have a rapid response to land use changes (Lal, 2016). Better understanding of soil microbial diversity, 

function and interactions in an organic agricultural context is vital for identifying soil health improvement 

strategies which may serve as an indicator to assess overall soil fertility (Tilak et al., 2005). 

Although organic farming can account for lower yield in comparison to conventional systems, sustainable levels 

of production can be reached compared to conventional practices (Reganold & Wachter, 2016) with reduced 

input costs. There is a need for multi-disciplinary research to identify combined impacts of organic management 

techniques within the constraints of national certification standards. Field-scale evidence of how biological 

amendments contribute within the constraints of the certification standards is required based on soil type and 

environmental conditions. This could be done in collaboration with farmers. During the period of conversion to 

certified organic agricultural practices, transformation of soil conditions over the transition period needs to be 

assessed and quantified in terms of soil physio-chemical and biological properties. Finally, although organic 

systems can be relatively economical, further investigation of permitted soil fertility-building strategies is 

required to continuously re-align certified organic standards with local conditions and changing availability of 

sources of nutrients (Løes and Adler, 2019). 
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