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the structure and fertility of soils. The properties of organic materials (biochar (BC),
husk, and compost) were examined. The properties of BC have a large specific surface
area, are highly porous, and have a high cation exchange capacity (CEC). These
amendments could be used to slow down the continuous soil degradation and maintain
soil productivity while facing global challenges. While the environmental effects have
been extensively studied, the extent to which they can contribute to long-term

Keywords: intensification has yet to be determined. This review aims to contribute to the topic by
Organic; Biochar; Husk; Compost; providing a concise summary that combines both environmental evidence and
Agriculture agronomic considerations.

1. Introduction

Agriculture is the backbone of many industries and is a key to a nation's socio-economic growth
as it is an essential element and factor in national development. The standards of living, sufficient
food, housing, clean water, and a stable and safe atmosphere are the major issues to be secured [1].
Food security is also fundamental to human life and survival [2]. Agriculture is vital in countries' social
and economic practices, including reducing poverty [3]. In the last 100 years, technological advances
have given agriculture a new form. Previous research indicates that agricultural growth is closely
related to poverty. Rural areas, populated mainly by low-income families, heavily depend on
agriculture for living expenses [4].
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Unlike other economic practices, agriculture is fundamental to human life. For instance, food is
crucial for living beings, and agriculture is the cornerstone of ecosystems in rural areas. Anything that
happens to agriculture is not just an economic issue; there will be environmental, social, biological,
ethical, and cultural consequences. There will be many losses in natural and cultural resources if
agricultural production is continuously unsustainable. Therefore, essential policies that must be
required for agriculture should be sustainable. In short, sustainable agriculture is a concept used to
describe a cost-effective, ecologically sound, and responsible agricultural production practice [5].

Global food and feed demand were estimated to double in the 21st century, putting even more
strain on land, water, and nutrients to be used [6]. The overall trend in global food security has seen
a shift from shortages to surpluses in the second half of the last century, resulting in more food
resources and reduced prices in the industrialized world [7]. By 2030, global food demand is expected
to increase by half and cultivated land area by 10% (land required for biofuel production is omitted),
assuming there will be a 40% yield increase for significant commodity crops [8]. Regarding low global
stocks, crop failure because of inclement weather will induce immediate price reactions [9].

The global demand and consumption of crops, specifically fuel, feed, and food (3F), are
experiencing significant growth. There has been an increase in the market for plant-based materials
over the past few years [10]. A productivity increment on current agricultural land would also have
ecological effects. Still, the negative impacts are typically cheaper and may be beneficial in certain
situations depending on how the land was previously used [11]. Increased use of nitrogen fertilizers
can affect water quality, increase the size of hypoxic zones, and increase nitrous oxide emissions,
which are problems for both methods of raising output [12]. Further productivity increases could be
accomplished on established agricultural land through conservation tillage or transgene pest
management. Farmers can use conservation tillage to reduce erosion, stabilise moisture content, and
increase soil nutrients [13]. The control of transgenic insects can reduce the use of broad-spectrum
insecticides [14,15]. Technological innovations, including soil material amendments, have improved
seed and fertilizer varieties, farming practices and global crop production [16].

Organic soil amendments can improve crop productivity, fertility, quality, and yield [17]. Soil
fertility refers to the soil's ability to deliver the nutrients required for the plant's continued growth
and development. There are many organic modification sources and forms that are used to enhance
the consistency, fertility, and productivity of the soil. The addition of soil amendments may influence
various observable soil properties. Soil modified with manure or compost exhibited higher EC values
[18]. Using organic modifications or organic crop residues also increases organic matter in the soil
[19]. Typically, in soils that have not undergone tillage practices, the capacity for retaining or storing
soil water is generally greater [20]. Plant yield can also be increased by adding organic soil
amendments. Soil modification is presumed to be able to rehabilitate soil degradation by increasing
soil carbon content, surface area, and cation exchangeability [21-23]. Changes in soil physical
characteristics can affect human adaptation to the environment because soil physical characteristics
can have a direct effect on crop production and yield. The soil's physical properties also impact water
penetration, soil erosion, and soil depletion [24]. It can be concluded that the organic additive in the
soil will simultaneously enhance and conserve the soil condition and yield of plants.

2. The Need for Sustainable Agriculture Production: A Challenge in the Agriculture Sector

Sustainable agriculture has become a global concern that needs to be highlighted. With over 9
billion people to feed and provide energy by 2050, we urgently need to make the ways in which we
use natural resources more sustainable [25]. The conservation or enhancement of natural resources
in the sense of agriculture is another aspect of sustainable intensification [26] and increasing the
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availability of environmental resources while reducing the harmful effects [27]. A higher resource
input than extensive systems is characterized by intensive agricultural methods. However, this form
of intensification relies on heavily using fertilizers and pesticides for a few crops or monocultures
[25]. Compared to natural biodiversity, limited biodiversity in heavy agricultural land-use settings
may have resulted in the extinction of species or functional classes that are essential to ecosystem
function [28]. Water shortages, decreased soil fertility, and climate change are all issues that
agriculture faces, which also lead to environmental concerns such as the inefficient use of fertilizers
[25]. By 2050, it is expected that the use of nitrogen fertilizers will double, significantly increasing
environmental emissions [29]. Base cations are also degraded by intensive cultivation and the
enormous use of nitrogen fertilizers and thus acidify soil [30], which negatively impacts soil fertility.
Microorganisms' activities are affected by the changes in the soil's acidity due to alterations in organic
matter decomposition, mineralization of nutrients, and immobilization [31].

The use of irrigation in agriculture has emerged as a critical area of discussion to effectively
manage soil moisture levels because agriculture is the largest water consumer of all industries, and
this consumption could be 1072 billion cubic meters by 2050 if trends in current crop production
practise continue. In addition, more importance is given to developing crops requiring high water
than crops requiring low water. There is also an urgent need to increase the quality of water usage
or, more specifically, the productivity of water [32]. A sustainable water use strategy is essential in
Indian agriculture to provide food security while conserving limited water resources; as a result,
technologies that improve water use efficiency are widely used in the country [32]. The world is
expected to need 70-100 percent more food to feed an estimated 9 billion people by 2050 [33].
Applying organic amendments to soil demonstrated its ability to retain soil moisture effectively. In
addition, agriculture must address three interrelated challenges: maintaining food protection
through rising revenue and production, adjusting to climate change, and contributing to climate
change mitigation [34]. Agriculture must face three interrelated obstacles simultaneously: ensuring
food protection through increased income and production, responding to climate change, and
contributing to climate change mitigation [35-37]. This challenge will exacerbate global pressure on
ordinary resources, especially water, and will require significant changes in our food classifications.
To overcome these challenges, feeding systems must simultaneously be more reliable and versatile,
from the farm level to the world level, at each level [35]. In reserve activity, they must evolve rapidly
to be more capable of responding to various situations and circumstances. Over a third of Sudan's
land area is eligible for agricultural improvement and development. To improve water and nutrient
retention, educating farmers about the benefits of biochar farming is critical to enhance soil
conditions and increase productivity [38].

3. Improving the Soil Condition and Yield by Organic Additive

Numerous soil additions are being utilized to improve the fertility of the soil and its structure,
including husk, compost, and biochar (BC). These have been found to improve soil properties and
plant production. Natural fertilizers perform critical functions that synthetic inorganic fertilizers
cannot: they improve soil physical structure, raise organic matter content, stimulate fungal and
bacterial activity, and minimize eutrophication (excess Nitrogen and Phosphorus in rivers and
streams).
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3.1 Organic

The term "organic" refers to fertilizers that contain nutrients derived from the remains or by-
products of a once-living animal. Figure 1 shows the overall benefit of using organic soil amendments
in agriculture. The farmers are constantly on the lookout for the substitution of traditional inorganic
fertilizers to manage the rising expenses associated with rising energy and fertilizer costs, as well as
the degradation of soil and surface water caused by the rigorous use and release of inorganic
fertilizers such as nitrogen (N) and phosphorus (P). One of the advantages of organic fertilizers is that
they supply nutrients to growing plants in a slow-release manner, particularly the essential nutrients
nitrogen, phosphorus, and potassium (NPK). The soil must be sufficiently moist and warm for soil
microbes to degrade and break down the organic fertilizers. The incorporation of biofertilizers into
croplands, in general, utilizes renewable sources efficiently and reduces the necessity for inorganic
synthetic fertilizers. Organic amendments often enhance soil structure, nutrient content, and
microbial activity. This is because sugars and amino acids are present in organic compounds as simple
molecules that contribute to microbiological activity and fertility and because soil microbes secrete
many enzymes. The carbon, nitrogen, and phosphorus cycles are controlled by three enzymes that
are measured in the rhizosphere region of the plant, described as the zone of high microbiological
and enzymatic activities where the soil and the root meet, to ascertain the soil microbiological activity
following soil alteration. The application of waste to soil (e.g., sewage treatment waste, poultry
manure, horse manure, and cow dung) is advocated to resolve the disposal problem. Due to the
importance of this waste as organic fertilizer, this practice is widespread in agricultural fields.
Treatment | (3/4 NPK + 1/2 organic fertilizer) resulted in the highest intake of N, P, and K, i.e., 52.11mg
plant?, 80.85mg plant" and 54.17mg plant™, respectively, and the highest intake of 400.15 g sweet
corn, respectively [39]. Organic soil adjustments have frequently been employed to immobilize soil
heavy metals (HMs) by altering speciation to considerably less bioavailable fractions related to
carbonates (i.e., free metals), metal oxides, or organic matter (OM) [40,41].

Organic Amendment
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Fig. 1. Benefit of organic soil amendment
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3.1.1 Biochar (BC)

Biochar is widely recognized as a highly desirable organic additive in agriculture. BC has a large
specific surface area and a high porosity due to its high cation exchange capacity (CEC) [25]. The large
surface area and porosity of biochar enable the absorption or retention of nutrients, contaminants,
and water while also providing a home for beneficial microbes. Biochar is a substance that is formed
through the process of pyrolysis, which involves the thermal breakdown of organic materials without
the presence of air [41]. It is important to note that biochar differs from charcoal because it is
primarily used as a soil amendment. The biochar properties are notably affected by the chemical
composition of the feedstock and the pyrolysis temperature. This is because each feedstock
possesses a distinct elemental makeup, leading to varying thermal degradation at different
temperatures. The ash portion of biochar was typically composed of nutrients necessary for plant
development, such as calcium (Ca), potassium (K), phosphorus (P), nitrogen (N), sulphur (S),
magnesium (Mg), manganese (Mn), zinc (Zn), and iron (Fe) [41]. The solid, carbon-rich material
obtained by pyrolysis using various biomasses is biochar. In biochar-treated soils, pH and CEC values
were substantially more significant. With the application of biochar, the content of P and K increased.
With the addition of straw biochar, the P content was raised in the treatments of straw biochar +
regular chemical fertilizer (SCRF) and straw biochar + 70% regular chemical fertilizer (SC+70%RF) [42].
In the usage of BC, it was observed that the ratio of oxygen (O) to carbon (C) doubled as a result of
soil extraction [42]. The capture of biochar nitrate can be a significant contribution to the overall
retention of nitrate in biochar agroecosystems, which could avoid nitrate loss from agroecosystems
and can be transformed into slow-release fertilizers to reduce the demand for global N fertilizer [43].

Characterizing the properties of biochar made from different types of biomasses in various
production settings will help scientists learn more about how different types of biochar affect the
properties of soil and the levels of nutrients in crops [41]. The utilization of BC was seen as an
effective carbon neutralization technique resulting from carbon storage alone and the reduction of
greenhouse gas emissions (GHG), including N»0O, CHs, and CO,. However, there were major variations
in the implications of BC on each of the gases [44]. Several incubations and long-term field
experiments showed a decrease in soil bulk density with biochar addition [45], and more recent
studies [46] recorded a reduction in sandy loam soil bulk density with biochar addition. In addition,
the author found that after two rising seasons, aggregate stability increased by 7-9 percent and 17—
20 percent, respectively. The use of rice hull-derived biochar enhanced the percentage of water-
stable aggregates by 36—69% [47]. The soil modification with biochar showed a notable increase in
water-stable aggregate [48]. It was concluded from a literature study that alteration of soil with a
biochar rate of around 2% weight per weight (w/w) seems to be effective in reducing soil bulk density
[49]. There was an increment of specific surface area to 150 m?g! when the biochar application rate
was 0 to 20 g.kg™ [45]. Based on differing forms of contact with soil, aged biochar usually appears to
have a higher surface area than newly added biochar [50].

Biochar incorporation recently enhanced water storing capacity by 11 percent and 14 percent at
22 t ha'l; water holding capacity by 28 percent and 32 percent under the Thar Desert and Kubugqi soils
compared to the control soil [51]. The BC's impact on soil chemical characteristics can be caused by:

i. increased CEC [52]

ii.  heavy metal sorption [53]
iii.  soil immobilization of organic and inorganic toxic compounds [54,55].
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Biochar's most pronounced favourable effect was that it acted as a liming agent by increasing pH
and decreasing exchangeable alumina (Al) in acidic soil [56]. In the meta-analysis, the greatest
positive impact of biochar exists in acidic and neutral pH soils, and the minimal effect of biochar in
soil is a driving mechanism and an improvement in crop yield [57]. More recently, several studies
have confirmed the improvement of soil organic carbon and total nitrogen using biochar as a soil
modification [58,59]. Several studies have shown that total N [60,61] can be enhanced by biochar
modification. Biochar is a porous body in which pores are a soil microorganism habitat [62,63].
Biochar macropores (>200 nm) are the right size for bacteria and are likely to reflect most of the
protected microbial habitats [62]. The extraction of lead (Pb) and atrazine from the aqueous solution
of biochar derived from milk manure at a temperature of 500 °C has been accomplished [64]. With
the removal of Pb and atrazine by up to 100 percent and 77 percent, respectively, the biochar showed
strong adsorption potential for Pb and atrazine.

The feasibility of utilizing biochar for immobilising metal ions in degraded soil has been
investigated [65]. The investigation on terbuthylazine sorption in soils supplemented with biochar
revealed that the adsorption coefficient increased by 63 times and 2.7 times in the biochar-amended
soils with high-temperature pyrolysis at 700 °C (BC700) and 500 °C (BC350), respectively. Radish
production increased (up to 96%) following the administration of biochar generated from poultry
manure in a greenhouse experiment, indicating that this higher yield was primarily due to the
biochar's ability to boost N availability [67]. During the two rice/wheat rotations, seasonal
applications of 4.5t ha* and 9.0 t ha biochar increased total rice/wheat crop biomass by 24.3% and
34.3%, respectively [68]. In some experiments, applying biochar did not boost maize yield or plant N
uptake [69].

Employing the biochar reduced cadmium (Cd) and zinc (Zn) leachate contents by 300 and 45
times, respectively [70]. The pore structure of biochar and its large surface area plays a crucial role
in its ability to retain water. This quality is important because it shows that biochar doesn't have a lot
of water-soluble arsenic (As), cadmium (Cd), or zinc (Zn). This means biochar is safe for soil treatment
and won't harm the environment. As a result, they concluded that sorption is an important factor for
metal retention in BC. The utilization of chicken manure-produced biochar at a concentration of 5%
(w/w) resulted in a significant reduction of 89% and 94% in the concentrations of extractable
cadmium (Cd) and lead (Pb), respectively. On the other hand, biochar created from plant waste was
reduced by 30% in the concentration of extractable Cd and 37% in the concentration of extractable
Pb [71]. A study showed that adding hardwood-derived biochar to soil contaminated with various
elements (Cd, Cu, Zn, and As) resulted in the mobilization of As and Cu. In contrast, Cd and Zn were
immobilized [70]. In this work, a correlation was seen between the leaching of copper (Cu) and the
presence of a high concentration of dissolved organic carbon (DOC) at a raised pH generated by
biochar. Conversely, it was found that leaching was solely attributed to the increase in soil pH [71].
Biochar can also increase soil quality and efficiency because biochar's carbonates, oxides, and
hydroxides would serve as liming agents when added to soil [72].

The chemical nature of BC is intensely aromatic, with the accompanying functional groups
providing a net negative charge to the biochar particle's surface, which led to higher CEC, enhanced
adsorption potential for both organic and inorganic chemicals, and improved nutrient retention [73].
Furthermore, BCis a low-density substance, which could lower the density of soil bulk [74], increasing
soil aeration, water infiltration, the strength of aggregates, and root penetration [75]. Adding higher
guantities of biochar to the soil improved the microbe environment, facilitating growth through
increased porosity [76]. Biochar from some feedstocks (sewage sludge, municipal waste, and food
waste) contains excessive Na content, which increases the salinity of the soil [77].
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In the horticultural industry, the hot topic on the rise globally is to decrease or eliminate the
employment of peat and seek environmentally and economically sustainable means of development.
Biochar is an excellent alternative to peat and vermiculite in terms of primary nutrient supply and
total biomass productivity [78,79]. BC has recently experimented on a soilless fertigation substrate,
where substantial improvements have been observed in the yield of pepper and tomato [80] at rates
of 1% and 5% of wood-based biochar, respectively. The strawberry plants' biochar (1% or 3% biochar-
amended potting mixture) prevented fungal diseases [81].

In China, cultivating rice paddies (Oryza sativa L., cv Wuyunjing 7) resulted in varying yields of 10
and 40 tonnes per hectare. It was shown that these yields had a maximum increase of 14% under the
highest application rate, specifically in the absence of nitrogen [82]. Rice straw-derived biochar
pyrolyzed for 2 to 8 hours at 250°C - 400°C with 1% NPK improved maize yield by 146% in the presence
of NPK and 64% in the absence [83]. Soil pH was increased from 4-4.5 to 6.0-6.5 due to the addition
of biochar [84]. The use of biochar derived from maize fields resulted in a significant increase in maize
yields [85]. The pyrolysis of radish was conducted at two different temperatures, namely 450°C and
550°C, and the application rates varied from 0 to 50 t/ha, with an additional 100 kg N/ha. The results
showed that the yield of radish without adding nitrogen was 42% at an application rate of 10 t/ha,
while it increased to 96% at an application rate of 50 t/ha [86]. While radish (Raphanus sativus) as a
biochar product is a green waste, when applied at 10 - 100 t/ha, the rate of nitrogen application is
increased by 280 percent (100 kgha) compared to 95 percent without biochar [87]. Biochar's effects
on bioavailability and heavy metal transport have received much attention [88,89].

Research points to improving biological nitrogen fixation and helpful mycorrhizal relationships in
widespread beans (Phaseolus vulgaris) by biochar application [90,91]. The reasons for the rise in
biological nitrogen fixation with adding biochar are not fully understood. However, potential
explanations include the lower availability of nitrogen in the soil due to the high carbon-to-nitrogen
ratio of the biochar, which leads to nitrogen immobilization. Additionally, the availability of nutrients
other than nitrogen, such as phosphorus, potassium, calcium, magnesium, or micronutrients, may
also play a role. In Brazil, the incidence of local plant species increased by 63% in areas where biochar
was used [92]. Several studies have shown that after its combination with soil, the properties of
biochar most essential for plant cultivation will improve over time [93,94]. Laboratory studies using
modern methods show that biochar has a mean soil residence time of several thousand years [93].
The effects of biochar on soil alteration and fertilization were evaluated by evaluating the increase in
pH and soil organic carbon. Results showed a limited yet statistically significant contribution to
improving soil properties from biochar application [95].

Biochar from various feedstocks has had a beneficial influence on soil fertilization [96]. Among
the biochar feedstocks considered, cow manure biochar applied at a rate of between 10 and 20 t/ha
[97] and poultry litter biochar [98] had the strongest (significant) positive impact. Biochar from rice
residues was found to be beneficial in rice-based systems based on a long-term analysis, but the
actual effect on soil fertility and organic carbon was dependent on site-specific conditions [99]. The
efficiency of biochar application practices is generally location-dependent and not applicable to all
geographic zones, and climatic conditions [100] change with the biochar modification pH, especially
in the long term [101,102]. Biochar modifications have increased the organic carbon of the soil (SOC)
and total nitrogen [103].

With 90 g/kg biochar applied to soil, the proportion of N derived from biological N fixation
increased significantly from 50 percent without biochar additions to 72 percent [101]. In addition to
the decrease in overall N and P discharge, biochar-containing soils showed increased water retention
and improved runoff water characteristics due to excellent biochar water uptake and CEC capabilities
[104]. Biochar is made by pyrolysis from biomass and applied to the soil for improved soil health and
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the productivity of crops. Modified soil properties have been shown through biochar application, e.g.,
increased soil pH and soil electrical conductivity (EC) [105]. Adsorbing Na* properties and reduced

soil electrical conductivity (EC) have also been shown by biochar modifications [106,107].

Several studies have shown increased organic matter, total organic carbon, and soil water-holding
ability with biochar modification [108,109]. The stability of organic carbon generated during the
process of biochar production renders it a promising soil amendment for enhancing soil quality and
sequestering carbon. In addition to biochar, soil increased some plant growth and vyield
characteristics such as plant height [110], leaf number [110], crop yield [111], final mass [110], crop
productivity and growth, and also increased chlorophyll content [112,113]. However, these effects
of biochar are inconsistent, depending mainly on the types of biochar, crop, type of soil, and trial
conditions [114]. Table 1 summarises the advantages of biochar in agriculture.

Table 1

Summary of the advantages of biochar in agriculture

Organic Highlights References

amendment

Biochar Phosphorus (P) and Potassium (K) content was increased. [42]
As slow-release fertilizers to reduce the demand for global N fertilizer. [43]
Effective carbon neutralization technique. [44]
Decreases in sandy loam soil bulk density with biochar addition. [46]
Enhanced the percent of water-stable aggregates. [47]
A notable increase in water stable aggregate. [48]
To reduce soil bulk density. [49]
Enhanced water storing [51]
Increased Cation exchange capacity (CEC) [52]
Heavy metal sorption. [53]
Soil immobilization of organic and inorganic toxic compounds. [54,55]
Neutral pH soils [57]
Enhance total nitrogen [60,61]
Ability to extract Pb and atrazine from the aqueous solution [64]
The suspension of metal ions in damaged soil. [65]
Increase the yield and ability to boost N availability. [67]
Reduced Cd and Zn leachate. [70]
Liming agents. [72]
Improved nutrient retention. [73]
Strength of aggregates and root penetration. [75]
Increase microbe environment, facilitating growth through increased porosity. [77]
Increase the total biomass productivity. [78,79]
Improvements in the yield of pepper and tomato [80]
Effects on bioavailability and heavy metal [88,89]
Fixation of nitrogen and helpful mycorrhizal relationships in widespread beans
(Phaseolus vulgaris) [90,91]
Increase in biological N fixation. [101]
Increased soil pH and EC. [105]
Increased organic matter, total organic carbon, and soil water [108,109]
Increased some plant growth and yield characteristics such as plant height, leaf
number, crop yield, final mass, crop productivity [110,111]
Increased chlorophyll content [112,113]. [112,113]
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3.1.2 Husk

In applying husk amendment to soil, the highest plant height was achieved with a mixture of
decayed Jatropha husk and NPK fertilizer applied at a 50:50 ratio [115]. In the first crop cycle, there
was a 32.81 percent rise in biomass with a 25 t/ha application rate relative to the control. However,
plant biomass was significantly reduced for all therapies and any parameter calculated in the second
cropping cycle [116]. The findings indicated that the use of rice husk biochar could be used in Guyana
to improve the soil quality of marginal soils [116]. Compared to control plants treated with
uncomposted organic fertilizer, there was a substantial improvement in the growth and biochemical
parameters of the plants [117]. The results differ from the microbial treatments used in T-composted
rice husk composting: T. Hamatum (JUF1), bradyrhizobium sp-ll (JUR2) alone, and JUF1 in
combination with Rhizobium sp-I (JUR1) are successful in elongating the shoot and root length,
increasing sunflower plant mineral (nitrogen and phosphorus) quality, carbohydrate, total
chlorophyll and crude protein [117]. Soil water retention and urea release rates have enhanced plant
growth due to the addition of superabsorbent composite (SAC). Applying 11.9% of crop water
requirements (CWR) with one wt% SAC produced better crop production than non-SAC [118].

Biochar application also reduced the exchangeable aluminium (Al) and soluble iron (Fe), soil
strength, and soil bulk density while increasing the exchangeable K and Ca, available soil water
content, soil pH, porosity, CEC, C-organic, and available P. Of these changes, rice biomass was
substantially affected only by exchangeable Al, soluble Fe, phosphorus, soil carbon, and soil strength
[119]. The highest maize yield was found when biochar and rice husk charcoal were applied at a dose
of 6-9 t/ha. The results of this study indicated that biochar and husk charcoal could be used to
increase acid soil fertility and productivity as an alternative liming material [120].

3.1.3 Compost

In compost application, the single recommended nitrogen phosphate (NP) and the combined use
of 50 percent vermicompost have substantially increased barley's grain yield and biomass yield [121].
Mean grain yields of 2567 kg/ha and 2549 kg/ha for barley were obtained by applying 50:50
conventional compost and vermicompost on the basis of N equivalence with the recommended NP
fertilizer rate, which significantly reduces the cost of chemical NP fertilizer required for barley output
[121]. Soil modifications affected soil properties and crop growth, with compost modifications
increasing soil pH, organic matter, and multiple nutrient concentrations, as well as the emergence
and vyield of crops compared to fertilizer-only treatments. Compost treatment also decreased the
infestation and harm caused by bean mites in 2018 [122]. It provides organic matter and nutrients to
the soil, enhances soil texture and water retention ability, and suppresses plant diseases with the
help of beneficial microorganisms. Many researchers seek to improve compost quality at a reduced
cost by reducing the process and length of composting. The composting process also provides the co-
benefit of a reduced environmental impact, ideally [123]. To enhance soil quality, all compost
amendments were found. The plant development was supplied by nutrient-rich, manure-based
composts, but high concentrations of N and P were also leached. Without excess nutrient loss, some
therapies have produced adequate nutrients for plant growth. The composts derived from manure,
which are abundant in nutrients, exhibited the most substantial enhancement in plant development
[124].

When compared to the amount of biowaste compost (BWC) applied, there was a significant
increase in soil organic matter (SOM) and soil organic carbon (SOC). This rise lasted 120 days before
SOM and SOC levels started to fall. The findings revealed that the treated soils had higher
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microbiological activity than the control soils [125]. Walker et al., reportedly discovered that applying
manure reduced the amounts of metals lead (Pb), Copper (Cu), and Zinc (Zn) in Chenopodium album
L. plant tissue [126]. Compared to plants growing in either compost-treated or control soil, the higher
soil pH was mostly due to manure application. The use of plant-based waste compost reduced
nutrient absorption of Zn, Pb, and Cu in Greek Cress by 16, 54, and 21 in calcareous polluted soils,
respectively [127]. Compost treatment substantially reduced more than half of wheat Cadmium (Cd)
toxicity by reducing wheat tissue Cd uptake and thereby enhancing wheat growth [128]. For example,
some reports suggest that the addition of compost to damaged soils can potentially increase the
mobility of certain metals (loids), particularly Arsenic (As) [129].

The solubility of metals, the absorption and flow of plant nutrients, the development of plants,
active microbes, and a slew of other features and reactions are all influenced by soil pH [130]. The
addition of organic-based compost and manure to soil increases soluble organic carbon, microbial
biomass carbon [131], a variety of microorganisms such as bacteria [132], soil respiration [133], and
the operation of various soil enzymes [134]. Compost is commonly used to enhance soil quality as an
organic amendment. Extensive compost studies have shown a complex influence on the production
of soils and plants. Compost-modified soil showed increased soil pH and EC [135,136]. Organic
materials are also capable of decreasing the pH of the soil, as organic material mineralization
produces organic acids [137]. The addition of compost usually contributes to enhanced soil organic
matter and soil function due to an increment in water storage capacity [138]. Several studies have
shown that compost benefits crop yield and plant efficiency [139].

4. Conclusions

Advancement can be beneficial agronomically but harmful to the environment, or vice versa. A
diverse strategy is required to create solutions combining economic success with ecological
soundness to work sustainably. The same may be applied to soil amendments, whose consequences
must be addressed both environmentally and agronomically. This paper covers the organic additions
(biochar, husk, and compost). The porous amendments biochar has a high CEC. Biochar lowers heavy
metal contamination in soils and GHG emissions from soils by enhancing nutrient delivery to plants
and water-holding capacity. The biochar also boosts crop yields in tropical, acidic soils. Its principal
benefit in temperate soils is to reduce greenhouse gas emissions and fertilizer costs. If biochar is
produced locally or as a by-product of other processes, it has a lot of potential for economically
effective purchase. All amendments have an effect based on the circumstances in which they are
implemented. Rainfall, application rates, and application times must all be considered.
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