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Abstract
An excellent alternative for improving soil quality is composting, where intricate organic matter is converted into the simple

stable end product through microbial decomposition. Although mainstream research has focused on environmental impacts, compost production and use, few reports point out key contributors and their mechanism to improve soil. In the past, the use of organic

supplements to control soil biological remediation has been successful, but humus has been required as an external supplement to

increase fertility. This study summarizes the role of key contributor in composting to improve crop productivity. In order to identify
that, various soil quality indicators are examined. In all cases (1) The humic acid concentration is directly proportional to soil nutri-

ent contents, NPK, available nitrogen, phosphorus, potassium, and other parameters such as soil enzymes, CEC, water holding capac-

ity, and microbial colonization. (2) The external addition of humus increases production costs. However, process modification either

by microbes or the addition of mineral additives/fillers during composting is economical and can improve the humification process
by preventing nitrogen loss. The humus-rich, inexpensive use of compost protects the quality of the environment because it breaks
down solid waste. (3) To make a long profit from the compost, the product must be mature, stable, and free from pathogens. Recent

development has not only limited itself to microbial degradation in order to obtain high quality compost, but has also produced com-

mercial formulations. Almost all solid organic wastes are enriched with lignocellulose, and microbial inoculation allows about 30%
improved deterioration compared to non-inoculated treatment to obtain humus-like substances. This review article discusses about

the easiest way to enrich the soil with humus through microbial degradation of lignin, hemicelluloses and cellulose in bio-organic
waste to form compost, promote soil fertility and at the same time keep the environment clean and healthy. Not only soil fertility

but also the development of high quality, nutritious food is urgently needed for new cultivation methods. Instruction to maintain the
international economy and to protect the environment, soil amendment with compost is the necessity as it correlates with humus
enrichment.
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Introduction
In the most cases, the green revolution technologies involved

greater exploitation of synthetic agricultural substances such as

fertilizers and insect killers with the addition of nutrient sensi-

tive, high-yielding crops that heightened the yield per hectare [1].

However, in the last decade, there have been signs of a decline in
productivity and also in the level of production. It is reported that
intensive cultivation patterns, climate, and inadequate land man-

agement are the main causes of organic matter degradation in the
soil leading to stagnation in crop yields [2]. In addition, traditional
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farming practices also exacerbate the situation and cause severe

the chemical fertilizers need and control erosion, water penetra-

the soil nutrient cycle [3]. Although chemical agriculture meets the

matter (both humic and fulvic acid) improves the transfer of micro-

nutrient shortages. Due to insufficient organic matter input, soil
microbes tend to be less and less diverse leading to imbalances in

nutritional needs of a crop, it is not favorable to the natural environment of the soil, resulting in difficult soil that is polluted with

inorganic ions. Constant chemical usage alters soil pH and generates toxicity to the plants. However, for crop productivity, skillful

utilization of chemical fertilizers is also necessary [4]. Due to the
current development of inorganic fertilizer application, almost all

sites are now polluted with organic impurities and their numbers

are increasing proportionately [5]. Therefore many of these un-

tion and nutrient uptake [4]. Since the root has a negative charge,

positively charged ions are easily absorbed by a plant root. Humic
nutrients into the plant’s circulatory system by accepting positive
ions that are attracted not only to the root but also to the hyphae

microtubes of the mycorrhizae [9]. Compared to humic acid the ac-

cumulated negative charge on the root is higher, so micronutrients

are successfully taken up and absorbed by the plant’s circulatory
system. Some of them dissociate from the humic acid molecule

when penetrating the root membrane. Since humic substances can
chelate, the availability of these cations (Mg2+, Ca2+ and Fe2+) for

hygienic sites necessitate active clean-up immediately to abolish

plants is increased. Compared to sewage sludge, NPK fertilizer or

sive substitution is therefore now necessary. Thus, bioremediation

returning nutrients to the soil is the fundamental desire to make

toxic substances. The evaluation costs and remediation measures
for these polluted sites are exceptionally very high. An inexpen-

is taken up as a potential, profitable alternate [6]. It initiates biostimulation by adding nutrients, fertilizers, and organic components, and bio-augmentation by adding microbes, activated sludge
or compost. Compost has not only been used on a large scale for

other organic fertilizers, the nutritional value of compost is found
better with increased harvest yields. Recycling solid waste and

the environment healthier. Off the total applied nitrogen [N], only
2-15% nitrogen yield of the plants could be achieved [10].

Lignocellulose, a key factor in organic waste, is the most stable

biodegradation to remove toxins since the early 1980s. In addition,

and stubborn organic carbon fraction that not only restricts rapid

is it an effective method, some studies suggest process failures due

down and humification of organic matter when added to compost-

soils polluted with chlorophenol, tar oils and mineral oils dominate
the pollution with polycyclic aromatic hydrocarbons [7]. Not only

to the low productivity of bio-stimulation techniques on original
landfills.

In particular, the processing of compost is seen as promising not

only for biological soil bioremediation, but also for soil improve-

ment [6]. Compost is a valuable source of humic acid, a group of
molecules that help plants provide water and nutrients by prevent-

ing them from being leached out. A high humic acid content could
dramatically increase crop yields [8]. The root area can become
nutrient poor if there is a scarcity of humic acid or mycorrhizal

fungi. Compared to the plant root, mycorrhizae can collect nutri-

ents through their hyphae microtubes, which can expand much

further into the soil to collect these elements even outside the zone

of depletion. Humus is even more crucial for plant nutrient uptake
if healthy mycorrhizae are absent. Nevertheless, compost improves

the plant nutrient status of the soil, keeps the organic components
of the soil at a higher level than inorganic fertilizers, restores soil

physiology, her WHC, support valuable microbial colonization, reduce plant pathogens, set up inexpensive disposal methods, reduce

composting, but also limits humus formation [11]. Jindo., et al. [12]

and Zhang., et al. [13] found that biochar can promote the break-

ing pig manure and sewage sludge. In addition, Jurado., et al. [14]
noticed that microbial inoculums could allow 21-28% deteriora-

tion in lignocellulose compared to non inoculated treatment of tomato plants and composting of pine chips. Humic-like substances
were obtained from the breakdown of homogeneous raw materials
containing lignocellulose. However the formation of humic sub-

stance during composting is one of the complicated, least under-

stood but fascinating mechanisms. There are several ways for the

formation of humic substances when plant and animal residues are

rotting in the soil, the most important of which are summarized in
(Figure 1). Although in practice all four routes must be considered

as key mechanisms for the synthesis of humic and fulvic acids in
nature, including sugar-amine condensation, only one is operated
at a time. According to the classical theory, the formation of humic

acid was mainly achieved from modified lignins. However majority of researchers today favor a mechanism involving quinones in

which microbial oxidase plays the key role. Ligninolytic fungi first
attack simple carbohydrates, parts of the protein and cellulose in

the medullary rays, the cambium, and the cortex of plants debris
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to initiate decomposition [14]. The cellulose in the xylem is broken

for complex ligno-cellulose biodegradation with an increase in re-

zymes, which then react with N-compounds to form brown humic

potential to increase humus levels in the soil through the microbial

down by aerobic myxobacteria. Polyphenols synthesized by the

myxobacteria are oxidized to quinones by polyphenol oxidase ensubstances. Pseudomonas sp. was the key player in this conversion.

In composting Bohacz [15] found a signiﬁcantly high correlation of
the number of nutritionally-specialized groups of fungi responsible

spiratory activity and dehydrogenase activity. This review article
discusses the choice of compost as a soil improver because of its

degradation of lignocellulose in the bio-organic waste, to manage
solid waste and improve plant growth.

Figure 1: Schematic representation of the conversation of solid organic waste to Humic acid. R1-R4 represents all the routes through
which microbes degraded the complex material and generate humic substances.

Composting and microbial diversity
Current research has mainly focused on improving soil quality

using microflora in order to change its physicochemical properties. However, few studies have looked at the role of humic acid on
soil microflora. This went hand in hand with a reduction in carbohydrate, hemicellulose and cellulose and increased humification

[16]. Humification is an index of compost maturity and serves as a

key factor for assessing the characteristics of soil physiology, ionic
components, and productivity [1]. A previous study found that one

more sustainable step in increasing plant production is to add or-

ganic fertilizers, which are a rich source of microorganisms that

promote plant growth. They influence plant growth either directly
by improving nutrient uptake, fixing atmospheric N2, solubilizing

inorganic P, improving the root surface, or indirectly by producing
hormones, and suppressing pathogens [17]. Initially, plant growth-

promoting rhizobia were the inoculum of choice, but now all potential organisms are being added to achieve the required growth.

At the top, however, are bacteria of the genera Escherichia, Kleb-
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The high degree of pathogen removal took place in parallel [11,17].

some common fungal communities, e.g. Cladosporium, Aspergillus,

As the temperature dropped, the third phase of composting be-

Pleurotus sajor-caju also take an active part in the decomposition

ronmental changes. Inorganic fertilizers alter the soil’s microbial

Mucor, Rhizopus, Penicillium, with Micromonospora as Streptomy-

ces are the predominant actinomycetes. Trichoderma viride and

process [3,15]. The mesophilic organic acid producing bacteria
such as Lactobacillus sp. and Acetobacter sp. was initially present,

gan with mesophile repopulation. The rhizosphere soil microbes
that maintain the ecology of the rhizosphere are sensitive to envi-

community and its functional activities. On the contrary, due to the
presence of humic acid, Firmicutes, Basidiomycota and Mortier-

whereas Bacillus sp. and Actinobacteria, become dominant in later

ellomycota predominate in compost soil, increasing soil nutrient

thermoviolaceus, Thermoactinomyces thalpophilus, T. vulgaris and

become a stabilized end product and suppress plant diseases [11].

stages. In the second phase, thermophilic actinomycetes of the spe-

cies Faenia rectivirgula, Saccharomonospora viridis, Streptomyces
Thermomonospora cuvata predominate [14,18].

This bio-solid to compost conversion with diverse micro flora

is a three phase processes that is summarized in (Table 1). During
the first phase with a simultaneous increase in temperature, the
carbon dioxide content is also increased, but the raw material is

reduced due to the breakdown of carbohydrates and proteins (Figure 2). This is due to the effect of mesophilic organisms [11]. In

the second phase of composting, the temperature rose from 45°C
to around 70°C and thermophiles replaced the mesophiles [18].
Microorganisms involved
Bacillus sp strain B4

B. badius, Cellulomonas
Bacillus schlegeli

B. licheniformis strain NH 1

Hunsenula, Aspergillus, Rhizopus, Mucor, Chlorella
Bacillus sp., Aspergillus, Trichoderma, Myriodontium, Pleurotus

Chrysosporium sp, Scopularopsis sp,

Faenia rectivirgula S. thermoviolaceus, Saccharomonospora
viridis, Termoactinomyces thalophilus,

levels, soil enzyme activity and microbial diversity. Compost production through microbiological degradation is easily digestible to

For more environmentally friendly cultivation methods, they can
partially replace other expensive agrochemicals in order to meet
the increasing requirements. Since the activity of the soil enzymes
is an indicator of the high metabolism in the soil, it can also indi-

cate nutrient uptake, utilization and plant growth. The appearance

of the compost material changes from dark brown to black with
reduced particle size, earth-like texture, increased humus content
and ion exchange capacity indicating its completion [19]. Compost,

with its key component humic acid, directly increases plant productivity and makes the soil healthier.
Waste type

References

Coconut shell, rice straw and corncob

[3,14,15,17-19,40,47,56]

Dung or sludge wastewater

Combination of lignocellulose and dung
House hold natural waste

Rice bran or potato waste
Domestic organic waste

70% dung + 30% plant debris
Municipal solid waste

Pseudallescheria boydii, Penicillium, Trametes villosus

Plant materials

Pleurotus sajror-caju, Trichoderma harzianum, A. niger, Azotobacter chroococcum
Protobacteria

Cellulomonas sp.

Salmonella

Bacillus sp, Absidia corymbifera, Aspergillus fumigatus, Proteus
vulgaris, Pseudomonas aeruginosa,

Wheat straw

Organic waste

Shredded paper waste

Sewage, supplemented with sawdust
Citrus waste

Bacillus stearothermophilus

Trichoderma viridae, Bacillus sp.

Domestic waste

Table 1

Immature grass compost
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Figure 2: Schematic representation of compost formation. From various raw materials mature compost formation occurred by the colonization of microbial community which is a three phasic biodegradation process.

Determination of compost maturity
Using compost is an inexpensive way to curb agronomic prob-

lems, and its soil application is a convenient way to restore soil fertility as well as crop productivity. However, when unstable compost

is spread on the land the crop yield decreases due to the increase
in the production of phytotoxic complexes, insect pollution, insuf-

ficient nitrogen and oxygen concentrations and the formation of

unpleasant odors. Therefore, attention is drawn to the assessment
of the compost maturity in order to determine the process comple-

tion [20]. No technique or method alone can be used successfully
to assess biological stability and maturity of compost. On the other
hand, the integrated use of various parameters, i.e. physical, chemical and biological parameters, a more comprehensive understand-

ing of compost maturity. In order to get the maximum benefit from
the application of compost in field trials, several other indexes are

used to assess quality. Color, odor, pH, C/N ratio, and ionic components dominated among them. In the last ten years, however, these
restrictions were not considered sufficient to assess the degree of
maturity of compost [1,20]. Now analyzes the degree of self-healing
ability, organic matter (OM), cation exchange capacity (CEC), nutri-

ent content, phytotoxicity test, germinaton index (GI), temperature

drop, moisture content, conductivity, ionic strength and the pres-

ence of potential pathogens such as Salmonella sp. Actinobacteria,

coliform bacteria, etc. are the parameters that are used to prove

the compost quality and maturity [21]. Physical properties include

particle size, texture, particle density, bulk density, dry matter content and the content of non-compostable debris (stone, plastic and
glass) also provides additional information.

The degree of maturity was also determined by calculating the

humification index using the humic and fulvic acids concentration,
UV–Vis spectroscopic measurements, FTIR, and 13C NMR. Amir.,

et al. [22] found that the analysis of the E4/E6 ratios (E, the optical density of the test solution with 6 and 4 attached specified 664
nm and 472 nm) and the ratio of CHA/CFA determined the functional

groups present in compost with its level of maturity. Grube., et al.

[23] proposed the method to determine the concentration of cad-

mium (Cd+2), cobalt (Co+2), zinc (Zn++), nickel (Ni+2), and lead (Pb+2)

to check heavy metal exposure. Phytotoxicity study, seed germination, existence of the pathogen and assessment of plant growth
are other methods routinely performed to determine its biologi-

cal stability [1]. The product should always be analyzed for complete elimination of pathogenic microorganisms like Enterococcus

faecalis, Clostridium sp. before its field application [18]. Fertiliz-

ers from municipal waste are not only enriched with mesophilic
bacteria, but also with yeasts and filamentous fungi, with bacterial spores, and also with Salmonella and Shigella contaminanants. However, numerous other pathogens of bacterial and fungal

origins are potentially associated with this biological waste, includ-
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ing Listeria monocytogenes, Aspergillus fumigates (opportunistic

rial and other components are supplemented gradually to make

producing Penicillium sp [17]. Not only that, the persistence of some

fillers offers a preferred uniqueness to improve quality. Modifica-

pathogen of the throat and nose), Yersinia enterocolitica, Stachybotry

s atra, Staphylococcus aureus, A. flavus, Fusarium sp and mycotoxins
herbicides and insecticide contaminants in feedstock also influenc-

es the quality, marketability, and application of the final product.

The detection of chlorinated herbicides, dioxins, organochlorine
pesticides, organophosphorus pesticides, polychlorinated biphenyl
compounds is just as important.

Nutritional benefits of compost
To perform successful composting diverse feed stocks can be

used (Table 2). Decomposition begins with a primary raw mateMaterial

Corn cobs

Corn stalks

Fruit waste

Apple filter cake
Apple pomace
Potato tops

Cull potatoes

Potato processing sludge
Rice hulls

% N (dry weight)

Blood waste (slaughter house
waste and dried blood)
Crab and lobster wastes
Fish breading crumbs

Mixed slaughter house waste
Poultry carcasses

Shrimp waste

Wood and paper
News print

Bark – hard wood

Bark – soft wood

filler is the option [20]. Corn stalks, any kind of straw, newsprint,
lime, bark flakes, diatomaceous earth, sawdust, wood flakes, fly

ash, coal ash and all kinds of leaves are the most common fillers
on which composting depends. Aliphatic acids with low molecu-

lar weight are found in relatively high concentrations in compost,
which comes from straw or wood residues as the starting material.

56-123

1.2

13

60-73

0.9-2.6
1.1
-

0-0.4

0.6-1.1

-

28

32

38-43

15-19

Fish and meat processing

0.10-0.41

0.04-0.39

-

10

5

0.06-0.14

-

28

2.4

9.5

-

65-68

10-78

4.0-5.4

7-10

4-27

3-3.5

1.6-8.2
2.0

75

-

0.7-2.5
13-14

78

48-98

100-150

2-4
3.4

398-852

116-436

131-1,285

Table 2

[2,4,10,12,21]

88

7-12

48-150

References

60

113

0.3-0.5

1.8-3.6

12

25

18

Straw, hay, silage

9-18

62-88

48

-

% Moisture content
(wet weight)

20-49

1.5

1.2-1.4

Hay – non legume

ratio, nitrogen concentration or consistency, while for aeration the

C/N ratio (weight
to weight)

0.6-0.8

Corn silage

Hay – legume

tions aim to regulate humification, moisture concentration, C/N

0.4-0.8

0.3-1.1

Straw – wheat

that are required for efficient composting, so that the addition of

Crop and fruit/veg processing waste

Straw – general
Straw – oat

the process faster. Organic materials rarely have all the properties

35-61
-

65

78

3-8
-
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Essential parameters for plant growth are carbon and nitrogen,

tions, however, they have an unfavorable effect on plant growth

carbon is required than nitrogen. The quality is achieved from 20:

is directly proportional to the spread of mature compost. Thus, soil

the former required for energy, growth and later for protein and
reproduction. To provide the correct ratio, an additional 25 times

1 to 40: 1 of the C/N ratio, however Pan., et al. [24] found promising results with a 25: 1 to 30: 1 of the C/N ratio for the period of

time Composting. As the ratio increases, the rate of decomposition
decreases, while conversely, there is malodor and nitrogen loss. A

lower C/N formulation shows a prolonged rise in temperature and

indicates poor decomposition and is highly toxic for plants due to

the formation of ammonia [25]. For field application, any measured
value below 20 can be used as acceptable [26]. However, a low C/N

ratio does not indicate the stability of mature compost. The assimi-

[25]. These elements are involved in improving the soil’s cation
exchange capacity, which makes it easier to hold nutrients and it

organic matter improves soil fertility by changing the soil’s physi-

ological properties. Shak., et al. [10] has documented the effects of
compost application on soils, which includes nutritional improvement, increasing the concentration of calcium (Ca+2), ammonium

(NH4+), magnesium (Mg+2) and potassium (K+) ions and hold nutri-

ents on these organic matter cation holds.

Amendment of compost and soil physicochemical Attributes
The Indian economy is dependent on agriculture, with agricul-

lation of compost on soil with an increased C/N ratio causes a ni-

ture donating nearly 15% of gross domestic product (GDP) to ex-

and its structural complexity reduce the bioavailability of the other

ganic farming are: (1) the production of excellent food in sufficient

trogen stop and manifests a real nitrogen deficiency for the plant.
At the same time, lignin, the main component of the plant cell wall,
cell wall elements, thereby lowering the actual C/N ratio.

In such cases, it is often necessary to breakdown lignin, which

increases the availability of carbon, speeds up composting, and

reduces N loss. On the other hand polyphenols or insoluble thick
tannins attached themselves to either the cell walls or proteins and

made them physically or chemically inaccessible for the decomposers [27]. Domínguez and Gómez-Brandón [28] carried out a nutri-

ent dynamic study to check the nitrification effect on vermicom-

posting and found it to be an indicator of stability. To indicate the

degree of vermicompost maturity, the overall increase in the NO3-/

NH4+ ratio depends on the reduction in NH4+ and the enrichment to

NO3- level. Aside from the C/N ratio, phosphorous (P) is the most
common nutrient from an agricultural point of view and the use of

compost affects the solubility/availability of P significantly. Pan., et

plore the possibilities for ‘conventional methods’ [30]. Herrmann
and Lesueur [31], determined that the most important goals of orquantities using natural resources, (2) the improvement of the

biological cycles for the colonization of soil microorganisms, ter-

restrial flora, and fauna, (3) maintaining soil productivity and genetic diversity in the experimental system, (4) promoting healthy
use through proper maintenance of water resources, (5) balancing
crop production and agriculture and (6) reducing pollution. Li., et
al. [3] found that a single dose of inorganic nutrients on the soil

drastically reduced the microbial load, density of the particles, pore

size, and bulk density of the soil. However, the addition of compost
immediately improves soil porosity, soil strength, soil compactabil-

ity, air circulation, soil water supply, water penetration, which is
saturated, Hydraulic conductivity, and soil water retention to improve root growth.

A significant reduction in soil density was found during com-

al. [24] mentioned that the mineralization of organic phosphates

posting of which 4% - 8% reduction was only from the top soil.

phate solubilizing bacteria were added to supply P.

cent study proposed by Sharma., et al. [32] suggested that the soil

due to the breakdown of organic substances is not considered to be

a significant source of P for plants. Inorganic fertilizers and phosShak., et al. [10] showed a stimulation of root growth and a

nutrient uptake when using vermicompost, which favors a higher
yield. Pattnaik and Reddy [29] claimed that, in general vermicompost contains increased and more soluble forms of key nutrients
such as nitrogen, phosphorus, potassium, calcium, and magnesium,

which are needed for plant growth. To increase plant growth and
productivity, micronutrients are essential. In higher concentra-

Crop yield is increased as the bulk density of the soil changed indicating a direct relationship between them. On the other hand, a re-

quality index (SQI) can be kept at 1.10 through the combined use
of organic and inorganic fertilizers, but with 100% application of

organic fertilizer it was determined to be 1.08 (SQI). In discussing
soil fertility it was found that throughout the arrangement of soil

organic matter, nutrients such as nitrogen (N), phosphorus (P), and
sulfur (S) are incorporated into the soil, so that the soil can serve

as a reservoir for them along with additional nutrients such as Fe+2,
Cu+2, Zn+2, etc. The breakdown of soil organic matter releases nu-
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However, the recent development with LiDAR and an airborne

soil properties through the application of compost is the function

light detection and reading system, aided by drones and satellites,

the soil’s organic matter decomposes every year [28].

ability in the content of carbon value preserved in the soil is de-

of soil properties including soil texture, moisture conditions, physical properties, and the origin of organic matter. In general, 2-5% of

Long-term composting is essential to achieve more stable ef-

fects in which soil property improvement by humus is predominating. A reduced bulk density not only increases root growth, but

also a significant uptake of ammonium (NH4+) and nitrate (NO3-)

ions were achieved, while the organic substance nitrogen is con-

offers better understanding and improved measurement of both

atmospheric and terrestrial applied conditions [37]. Large varipending on the combined effect of additional and environmental

factors. In addition, carbon is considered beneficial in terms of soil

health as it can increase water holding capacity, colonization of soil
microorganism, nutrient conservation, and organic matter content.
Although soil erosion is a natural process, diverse natural and

verted into plant-available mineral form by the mineralization

man-made activities accelerate the process of decay, thereby re-

nitrates via nitrification processes through resident microbial

is beneficial in preventing loss of arable land. Erosion has endless

process. Ammonium ions can be directly adsorbed by negatively

charged substrates, leached, utilized by plants, or converted into
colonization in compost and/or vermicompost. On the contrary,

some studies have shown that although the ammonium ion con-

tent in fresh compost is significantly higher, the survival of Nitrosomonas and Nitrobacter is the main reason for the rapid nitrification,

resulting in constant levels of both ion forms (NH4+ and NO3−) during
the process towards maturity. Gent., et al. [33] found that in the

compost both the NH4+ and NO2− concentrations were low, but the
NO3 concentrations were increased, which indicates the progress
−

of ammonification and nitrification.

Effect of compost on carbon sequestration and soil erosion
The application of compost has demonstrated its valuable

role not only in the area of plant growth, soil strength, microbial
role, reduction of inorganic fertilizers and pesticides, elimination

ducing land productivity and the quality of the environment. Soil

erosion can also be controlled through the use of compost which

adverse effects, and sometimes restoration like hard erosion is too
expensive. It can eventually reduce the soil fertility of the land to

an unrealizable state. The loss of sediments through erosion and

the material they transport cause numerous problems with water
quality. Phosphorus and nitrates promotes the eutrophication of

water bodies, while heavy metals and organic compounds spoil

aquatic habitats and impair water quality. With all of these factors,
it is necessary to developed and apply the most appropriate, cost-

effective land management practices. In addition to traditional

methods of combating erosion, researchers are now focusing on
new approaches such as land transformation and changing of land
occupation [38].

While analyzing the effects of fertilizers, it was found that though

of solid waste, biological remediation, but also justification of cli-

compost improvers soil erosion at various stages of development

the use of compost in combination with crop production and/or

erosion and nutrient losses when using various compost or mulch

mate change through carbon sequestration and greenhouse effects
proven [34]. In recent years, mainstream research has focused on

field fertilization, which removes carbon dioxide from the atmo-

sphere and stores it back into the soil at a moderately high rate
[35,36]. This type of organic farming, which combines compost
with controlled cultivation, could be an important tool to combat

the harmful effects of greenhouse gas emissions. It shows that the

use of compost is not only part of intelligent waste management or
organic farming, but can also help to overcome the negative effects

of global warming. Viglizzo., et al. [36] confirmed that carbon retention in soil is determined by carbon deposition in the root area,

where nutrients for respiration and root growth are exchanged
when carbon fluxes are added by organic matter.

but the single use of compost did not show any significant difference. Saad., et al. [38] found a correlation between the amounts of
substances. 60% increase in the diameter of the trunk was found

compared to the untreated one when a combination of primary
pulp and paper mill sludge (PMS) was used. In parallel a low bulk

density and a higher cation exchange capacity are the effects of the
compost treatment compared to untreated. When lime and its ef-

fect were investigated on sewage sludge compost a remarkable improvement in soil pH in the organic matter and humus content of
the soil was observed upon addition.

Effect of compost application on humification
Earlier studies provided information about the valuable effects
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of humic substances (HS) on soil fertility and plant productivity

mination, plant growth, and productivity. These positive effects are

shoot and length as well as the germination of the seeds. Zhou., et

the uptake of nutrients but also increases cell permeability. Humic

(Figure 3). They influence plant growth, by increasing the diameter
and length of the root, the number of leaves, the diameter of the
al. [39] have reported that 40% of organic manure substitutions in

commercial growing medium offer additional benefits for seed ger-

illustrated by the direct contact of humic substances with metabol-

ic methods. The addition of humic substances not only increases
substances play a crucial role in soil fertilization as they can change
plant growth as a growth regulator [3].

Figure 3: Schematic representation of the benefits of mature and stable compost application. Up arrow (↑) indicates increased and
down arrow (↓) indicates the decreased activity of various parameters upon compost application.

Many products such as peat, compost, and mulch are used in

formation of humic acid (HA), its concentration and its relation-

cultural, or plant cultivation for the past few decades. Some plants

stances and their components (HA and FA). Composting mecha-

agricultural practice today to establish organic farming. Products
enriched with humic acids have been marketable for grass, horti-

were found to have a slower growth rate but showing an increased
response when treated with compost because of the increase concentration of humic acids and auxin, a hormone that promotes

plant growth. As the resident microbial community plays a critical
role in reducing monomeric phenolic compounds there is a rapid

increase in seed germination as well as plant growth. The microbial

mineralization of lignocellulose and biochemical plant processes

stimulates the release of phenolic monomers and explained the reduction in concentration.

It has already been reported that precise fillers or suitable sup-

plements played a decisive role in successful decomposition. The

type of change can control the progress of the humification; the

ship to fulvic acid (FA). Zhou., et al. [39] showed that humification

has so far only been dependent on the concentration of humic sub-

nism in which microbial decomposition of complex organic matter
is mainly aimed at the accumulation of humic acid (HA), a valuable

parameter which indices not only the maturity of the compost but

also the fertility of the soil and increases the harvest yields [40].

The stimulation of root growth, the reproduction of the root hairs,

the development of root initiation by humic acids and plant growth
promotion has already been described earlier [41]. Though humic

substances occur naturally in soil but their concentration increased
only after complete decomposition of organic matter.

Although there are only limited reports on the determination

of compost maturity, there are no standard methods to assess this

[42]. The lack of reliable methods for determining compost matu-
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rity creates problems when using immature compost [43]. There

to achieve maximum yield, it is important to have a good balance

in place [20]. Not only maturity, but also stability is another indi-

ing time, vegetative growth, root reproduction, etc.

is a lot of literature on the subject; however, there is controversy
between the parameters that indicate that compost maturity is still

cation of the degradation of organic material. If the end product
mainly contains humic acid, it will not be able to maintain micro-

of all these nutrients during plant development. In addition N also
serves as a signaling molecule that controls seed dormancy, flowerUnder natural conditions, the concentrations of organic and in-

bial activity and thus achieve stability. Stability is not only an im-

organic N sources in the soil are very heterogeneous and active,

tems. Therefore, the maturity of the finished compost quality now

eters. Since most agricultural soils are free of urea, amino acids,

portant quality parameter; it can also be used to monitor process
performances and to compare between different composting sysdepends on the humic substance concentration (HS). Although Li.,

which depends on various factors such as physico-chemical properties of the soil, soil microorganisms, and environmental paramNH4+, peptides, and proteins, supplementing with NO3- with fertiliz-

et al. [3] found that mature compost is always enriched with high

ers, is the most important source of N for plant growth under aero-

Role of compost on nutrient uptake and plant growth

depends on the availability of orthophosphates (H2PO4- and HPO4-

HA, and low FA content.

Plant growth depends on the uptake of nutrients by the roots

bic conditions [25]. Although the total concentration of organic P
and inorganic (Pi) in the earth’s crust is high, plant growth only

), which are found lower in agricultural areas. Alatorre-Cobos., et

2

and the rate at which they are provided compared to the concen-

al. [45] stated that the availability of inorganic P for plant uptake

[44] found that this depends entirely on the rate of release of nu-

to unavailable organic form. Their limiting effect increases the ap-

tration. Therefore nutrients in the available forms in the soil are
very crucial for the development of the plant. Nishant and Biswas
trients from the fertilizer into the soil. While varieties of elemental

nutrients are required for successful plant growth, the most impor-

tant nutrients that limit plant growth are considered nitrogen (N)
and phosphorus (P). However, productivity is impaired in many
agricultural areas with the low content these ions. Thus, soil nu-

trients with relatively high concentrations of inorganic fertilizer

are needed to support global food production [45]. It has been reported that when these nutrients are found limited, overall growth

is reduced. On the contrary, the roots are expanded and the uptake

of nutrients is facilitated by the microbial colonization. Gent., et al.
[33] reported that in soils with a low N supply, the root promotes

lateral growth and that growth is suppressed when the condition
is reversed.

Plants absorb reactive N sources from the soil in the form of ni-

trate (NO3 ), ammonium, and amino acids from soil which are rela–

tively abundant [33]. Plants can utilize both inorganic and organic

nitrogen. Nitrate (NO3 ) and ammonium (NH4 ) ions belong to the
-

+

first category but amino acids, peptides (di- and tri-peptides), and

proteins fall under it later. Not only direct absorption through microbial colonization, in the root surface improves the availability

of nutrient. A mutual arbuscular mycorrhizal association is benefi-

cial for capturing PO4–3 and NO3– while symbiotic N2-fixing bacteria

convert atmospheric nitrogen into ammonium ion [46]. In order

depends entirely on the pH of the soil, the positive ion concentra-

tion, and the rapid microbial conversion from available inorganic

plication of Pi fertilizers every year. The higher P uptake is due to
the rock phosphate solubilization by the resident microbial community.

The mechanism of solubilization of Rock Phosphate is based on

the secretion of H+ and the production of organic acid [47]. Plant

roots excreted H+ into the rhizosphere, which supports a higher

uptake of cations compared to anions. Nishanth and Biswas [44]
carried out a kinetic study to examine the effect of plant growth

effect upon nutrient availability and they proposed that in pot

culture those plants treated with available phosphorus showed
higher shoot yield during the developmental stage. Apart from
that phosphate-solubilizing microorganisms are involved in the

production of organic acids, in particular citric, aketogluconic, oxalic, tartaric, acetic, lactic, gluconic acid, etc. through which mineral

phosphates are dissolved and available for the plant [48]. Reyes., et

al. [47] found that organic acid anions, together with the pH reduc-

tion, trigger chelation reactions to solubilize rock phosphate. The
hydroxyl and carboxyl groups present in organic acids can form a

chelate with phosphate-bounded cations (Ca2+, Fe2+, Fe3+, and Al3+)
and initiate their solubilization [49]. Organic anions initiate P mobilization through ligand exchange reactions. Not only that acid

phosphatases and phytases of microbial origin play decisive role in
the solubilization of rocks [47].
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Goyal., et al. [52] reported that the enzyme activity gradu-

Modification of soil biological properties with composts
Organic substances play a key role in improving the biophysical

and elementary properties of the soil (Figure 3). Soil architecture

is improved either through cationic compounds that hold organic
matter and clay together or through microbial colonization that

promotes root growth [50]. Most of the composting research has
focused on the essential and ionic changes such as respiratory activities, enzyme tests like cellulase, xylanase, glycosidase, proteas-

es, phosphatase, and dehydrogenase, ATP measurements, acetate

incorporation into lipids, substrate dependent functional analysis
and emissions of nitrous oxide (N2O) and methane (CH4) which are
considered as indicator of the end of composting [20]. Hultman.,
et al. [51] explained on the importance of phospholipid fatty ac-

ids (PLFAs) studies in order to obtain more detailed information
about the changes in the microbial population as well as the total
biomass.

Abbreviations
PLFA

EL-SATFA

Straight ch

Cyclopropyl

Iso-anteiso

Branched chain
10ME

EL-PUFA

EL-MUFA

EL-HYFA
Alpha

Beta

Mid chain
Omega
S

Z

Designation of fatty acids

ally amplified during the decomposition, and retained reached its
maxima at 30 days. However, Raut., et al. [26] reported maximum

productions within 2 weeks after, protease, phosphatase, or aryl
sulfate concentration are relatively higher in the initial stages during the initial phases of composting. It has been said that a change

in substrate composition leads to a variation in bacterial colonization which influences enzyme activity and the decomposition
process. Although the concentration of dissolved organic matter,
in the compost is initially very high, it gradually decreases as it

matures [1]. Since photosynthesis is negligible, the CO2 concentra-

tion can served as an indicator for the microbial load [20]. On the
contrary, CH4 is the end product of methanogenesis the anaerobic

decomposition process. Certain sub-fractions of PLFAs (Table 3)
are also established as taxonomical indicators [51]. In addition, the

hydroxy-substituted fatty acids of the lipo-polysaccharides (LPSs)
are also useful as indicators for identifying modifications within
the microbial community.

Phospholipid fatty acids

Ester-linked saturated fatty acids
Straight-chain fatty acids

Fatty acids containing cyclopropyl ring

Indicator for
Microbial biomass

Prokarya, Eukarya

Eukarya, widespread

Growth conditions, gram negative or positive
bacteria

Position of methyl branching is iso or anteiso

Gram-positive or -negative bacteria (Cytophaga, Acetobacter, Flavobacterium)

Methyl branching on 10th C atom

Actinomycetes

Branched-chain fatty acids (position of methyl branching
is unknown
Ester-linked polyunsaturated fatty acid

Gram-positive, bacteria, actinomycetes
Eukarya, Cyanobacteria

Ester-linked monounsaturated fatty acids

Vaccenic type, bacteria; oleic type, widespread; gram negative bacteria

Hydroxy substitution at position 2 nearest to carboxyl end

Pseudomonas, gram-negative bacteria

Ester-linked hydroxy fatty acids

at position 3 nearest to carboxyl end

Position of hydroxy substitution is unknown
Hydroxy substitution at aliphatic end

Type of fatty acid unidentiﬁed (homologous series)

Thiobacillus

Fungi

Type of fatty acid unidentified (homologous series)
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LPS-HYFA

Alpha
Beta

Mid chain
Omega

Decarboxylic

Hydroxyl substitutedfatty acids localized in outer membrane (LPSs)

Hydroxy substitution at position 2 nearest to carboxyl end

Gram-negative bacteria, except Eikenella and
Arthrobacter

Hydroxy substitution at aliphatic end

Plants (cutin, suberin)

Position of hydroxy substitution is unknown
Dicarboxylic fatty acids

Type of fatty acid unidentiﬁed (homologous series)

4k

Type of fatty acid unidentiﬁed (homologous series)

NEL-UNSFA
NEL-HYFA

Gram-negative bacteria

Hydroxy substitution at position 3 nearest to carboxyl end

S

Z
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Type of fatty acid unidentiﬁed (homologous series)
Non-ester-linked unsubstituted fatty acids

Non-ester-linked hydroxy-substituted fatty acids
Table 3

Future perspective; formulation and economical importance
of composting

Clostridium sp. Eukarya (anaerobic bacteria)

Clostridium sp. Eukarya (anaerobic bacteria)

of soil erosion, reduction of carbon emissions and increased biodiversity. Behera., et al. [54] explained that compared to conventional

Extensive research towards compost development has been car-

agriculture, natural farming produces similar cultivation variants,

lence of the product remain unanswered. Mainstream research is

ever, Chouichom and Yamao [55] found that the cost of organic

ried out worldwide, however numerous scientific and technological
question to improve the effectiveness of the process and the excel-

aimed at improving the degradation stage, adding nutrient, studying the diversity of the microbial population, and increasing the ef-

fectiveness of composting processes. The latest trend emphasizes

the switch from conventional methods to organic farming in order
to protect nature. Ghosh [53] conducted a study on converting inor-

ganic to organic farming to keep production constant. In that study,
he claimed that replacing inorganic fertilizers with organic fertil-

izers is not at all obstructing their family income. Furthermore, the

application of organic fertilizers in no way hampers family income.
Moreover it can help in rural development and economies with em-

ployment, procurement, and trade in organic and inorganic fertilizers. This study has shown that rural development can be promoted

through the use of organic farming. The combined use of manure
and inorganic fertilizers increases the yield by up to 26%, and the

market value increases by up to 40% compared to the application

of chemical fertilizer alone [48]. Thus there has been a significant
increase in the economic benefits for farmers when equivalent economic investments are made to improve soil fertility.

The economic profitability of organic farming is also character-

ized by low pesticide pollution, lower water consumption, control

but reduces the cost of fertilizer and energy by half. In addition, it

has enriched our soil compared to the inorganic amendment. Howfarming is 34% lower than traditional methods without signifi-

cantly affecting the quality and quantity of product yields. Not only
are some new strategies emerging that emphasize the external ad-

dition of potential microorganisms to break down complex materi-

als present in the soil in a relatively shorter time in order to obtain
high quality compost [56]. But there is no perfect formulation that

exists for that and it is clear that each type has its own merits and
demerits. However, there are a few key steps that must be carefully

measured in the manufacture of vaccines that determine success
or the failure.

Farmers can only choose one formulation, which must be inex-

pensive and easy to use, to ensure that the product can be delivered

to the desired plant in the most appropriate way. Hence, only the
formulation (whether an inoculum or an end product) is critical,
but little attention has been paid to this matter from the past to

the present day. Herrmann and Lesueur [31] suggested that the

formulation of inoculants is a long-term process that ends with
one or more potential isolates, along with a specific carrier such as

encapsulated cells, peat, granules, liquids, etc., for protection during storage and transport. A high-quality formulation also provides
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optimal conditions for improving microbial growth in soil, increas-

effect of chemical fertilizer on food and fodder has alerted the pri-

is decisive step for the for the compost formulation [54].

resources. Developments of various cultivars were not supervised

ing their activities to be profitable when added as inoculum, to increase soil fertility. On the other hand the percentage of N, P and K

Summary

Green revolution technologies involved increasing the exploita-

tion of agricultural substances to produce high yielding crops that

increase the yield per hectare. Since the constant use of chemicals
changes the pH of the soil and creates toxicity, skillful use of chemical fertilizers is required to protect the environment. At the same
time waste recycling is required as it breaks down the complex ma-

terial and returns nutrients to the soil. As mentioned earlier the
most stable and tenacious organic carbon fraction ligno-cellulose,

from organic waste, limits the composting process by preventing

humus formation, which increases soil fertility. In contrast decomposition with Faenia rectivirgula, Saccharomonospora viridis,
Streptomyces thermoviolaceus, Thermoactinomyces thalpophilus, T.

vulgaris, Bacillus sp, Pseudomonas sp increases the possibilities of

lignin degradation. Therefore, complete degradation with these mi-

crobes is required to improve the soil condition. The classical theo-

ry of lignin degradation suggested route 1(R1 in Figure 1), in which
modified lignins are formed, but microbial decomposition by fungi
and bacteria mainly follows the other routes (R2-R4 in Figure 1) in

which quinone is produced from polyphenol oxidation through the

mary focus of almost all investigating groups to develop urgently
a new and competent agricultural system with the use of natural

thoroughly in the past, due to the limited knowledge on plant metabolism but tools are now available to monitor that. Systems biol-

ogy has also accelerated to support the yield and crop performance
in the field with the help of abundant regulatory elements revealed

for several pathways. The purpose of organic agriculture is to supply nutritionally enriched food with the smallest environmental

impacts during manufacturing. As mentioned above, humus-rich
compost generated by microbial decomposition of organic waste
allows the plant to absorb more nutrients. At the same time, it also

increases the organic matter content in the soil so that it can be

used for longer. Compost affects soil enzyme availability which is
directly associated with microbial colonization. The synergistic ef-

fect of all the parameters finally increases beneficial microbial community over pathogens that favor plant growth. Since the soil has
a complex microenvironment, additional research is needed to get

maximum soil fertility and crop productivity in order to address
farmers’ worries. Novel and successful agricultural service systems
along with proper educational guidance will help them execute organic farming properly with an enhancement of farm profit.
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