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Abstract

Recycling Municipal Solid Waste into compost (MSWC) addresses waste disposal and soil organic matter decline. This
review assesses MSWC'’s agronomic effects on crop productivity and soil fertility, highlighting key findings, limitations,
and research needs. We analyzed 114 peer-reviewed quantitative studies selected from Web of Science (1985-2025)
using Latent Dirichlet Allocation. The review covers MSWC effects on crop productivity across arable, horticultural, and
orchard systems, and its impact on soil physical, chemical, and biological properties. Studies reported consistent positive
effects at doses>30-40 t ha™'. Average yield increases were highest in arable systems (+63.3%), followed by horticultural
(+37.3%) and orchards (+23%) compared to controls. Soil organic matter increased by +2.5% in field conditions and
+248% in pot experiments. Benefits were particularly pronounced in degraded or saline-sodic soils, where MSWC reduced
electrical conductivity by up to 39% and increased organic matter by up to 45%. However, most studies were short-term
(only 18% >5 years) and lacked detailed compost characterization, limiting evidence on long-term dynamics. MSWC
aligns with circular economy principles as a potential alternative to mineral fertilizers. Nevertheless, challenges regarding
variable composition, high application rates, and contaminants (heavy metals, microplastics) persist. Future research must
prioritize long-term field studies to optimize application strategies and assess environmental safety. This review was not
registered in any public protocol database.
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1 Introduction

From time immemorial, organic wastes were used to
enhance and maintain soil fertility and support agricultural
productivity, fostering a natural nutrient cycle (Barles 2014;
Giildner and Krausmann 2017). The industrialization of
agriculture and the widespread adoption of mineral fertil-
izers during the 20th century reduced the amount of organic
inputs almost to zero (Manlay et al. 2007). Agricultural
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intensification and specialization resulted in a concentration
of livestock farms in limited areas, associated with the accu-
mulation of organic residues, while areas with low livestock
density face a deficit in soil organic matter (SOM), crucial
for maintaining soil fertility and crop productivity (Feller et
al. 2012; Garrett et al. 2020).

The rapid growth of urban population has significantly
increased the amounts of Municipal Solid Waste (MSW),
which now, globally, exceeds 2-10° ton yr ' and it is pro-
jected to rise by 56% by 2050, reaching 3.8-10° ton. Waste
collection efficiency varies considerably according to the
Gross Domestic Product (GDP) per capita, where high-
income countries are collecting over 90% of waste, and low-
income ones less than 40%. Only 19% of the global MSW
is currently recycled, so it represents a missed opportunity
to recover agronomically valuable organic matter (OM)
(World Bank 2018). Organic material constitutes a substan-
tial proportion of MSW, yet 38% of global MSW remains
unmanaged, either dumped or openly burned, exacerbating

@ Springer


https://doi.org/10.1007/s42729-026-03161-4
http://orcid.org/0000-0002-8303-5449
http://orcid.org/0000-0001-6482-0954
http://orcid.org/0000-0002-5044-0800
http://orcid.org/0009-0007-7444-9117
http://orcid.org/0000-0003-2737-5411
http://crossmark.crossref.org/dialog/?doi=10.1007/s42729-026-03161-4&domain=pdf&date_stamp=2026-3-10

Journal of Soil Science and Plant Nutrition

environmental degradation through greenhouse gas emis-
sions and soil and water contamination (Chen et al. 2020;
United Nations Environment Programme and International
Solid Waste Association 2024). Landfilling and incineration,
the traditional disposal methods, further contribute to these
environmental impacts, underscoring the urgency of sus-
tainable waste management strategies (Lou and Nair 2009).
Circular waste management approaches, which prioritize
the recovery and reuse of the organic fraction of MSW,
align with the FAQO’s ten Elements of Agroecology, particu-
larly with the principles of recycling and with circular and
solidarity economy. Recycling OM, rather than burning it,
helps to locally close nutrient cycles, to reduce reliance on
external inputs, and to enhance resilience to market and cli-
mate variability. Repurposing OM and by-products not only
supports sustainable agricultural practices, but also fosters
agroecological innovation, offering new opportunities for
resource-efficient farming systems (FAO 2018).

One of the most effective strategies for managing the
organic fraction of MSW is composting (Babu et al. 2021).
It transforms organic waste into a stable and nutrient-rich
material through microbial activity, reducing waste vol-
ume and producing a valuable resource for agricultural use.
Composting ensures that wastes can be safely reintegrated
into farming systems by stabilizing OM and eliminating
pathogens (Misra et al. 2003).

Municipal Solid Waste Compost (MSWC) is increasingly
recognized as a valuable resource for agriculture. When dis-
tributed in the field, MSWC improves soil structure, increases
SOM content, and provides essential nutrients like N, P, and
K, both for crops and microbial community (Hargreaves et al.
2008; Diacono and Montemurro 2010). It is therefore most
beneficial for degraded soils and low-input farming systems.
Additionally, MSWC aligns with the principles of the circu-
lar economy by returning OM to the soil, reducing reliance
on mineral fertilizers, and minimizing the environmental
footprint of waste management (Razza et al. 2018; Valverde-
Orozco et al. 2024). Although MSWC composition depends
on feedstock and processing, variability is greatest across
producers and compost types, whereas within-producer; this
pattern directly impacts reproducibility and agronomic per-
formance (Manea et al. 2024). While national legislation and
producer compliance typically limit regulated contaminants
in MSWC to legally acceptable levels, uncertainties persist
for emerging contaminants (e.g., microplastics) and in less-
regulated contexts, representing a potential risk to soil quality
and crop safety; therefore, advanced processing technologies
and strict quality controls are required to mitigate these draw-
backs and ensure the safe agronomic use of MSWC (Belén
Almendro-Candel et al. 2019).

The agronomic effectiveness of MSWC is also highly
dependent on environmental and agronomic contexts. Its
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benefits vary with crop type, soil properties, and application
rates, often requiring high doses to achieve rapid and sig-
nificant results (Cao et al. 2023). While effective at improv-
ing soil health and productivity, such high doses may not
always be practical or economically feasible for farmers.
Furthermore, there is a limited understanding of the cumu-
lative impacts of MSWC over time, including its effects on
soil C sequestration, microbial communities, and nutrient
cycling.

The agronomic utilization of MSWC provides a pathway
for recycling MSW, but questions remain about its potential
to mitigate greenhouse gas emissions and reduce reliance
on mineral fertilizers. Few studies have examined its role
in large-scale agricultural systems or its integration into
circular waste management models. Addressing the limited
understanding of its agronomic performance at field scale
and its role in resource-efficient waste valorization, requires
multidisciplinary research efforts. This includes long-
term field experiments, advancements in processing tech-
nologies to improve compost quality and consistency, and
comprehensive risk assessments to evaluate potential envi-
ronmental and economic trade-offs. Such research efforts
are essential to optimize MSWC production and application
while ensuring environmental and economic sustainability
along the entire chain.

Several reviews have investigated the role of organic
amendments in agriculture (Diacono and Montemurro
2010; Hargreaves et al. 2008; Martinez-Blanco et al. 2013),
but none have specifically and systematically evaluated
the agronomic effects of Municipal Solid Waste Compost
(MSWC). The aim of this review is therefore to provide
an updated and in-depth synthesis of MSWC application
in agricultural systems, with a focus on crop productivity
and soil fertility outcomes derived from both field and pot
experiments with soil. The underlying hypothesis is that
MSWC, owing to its organic matter content and nutrient
supply, can positively influence soil physical, chemical,
and biological properties, ultimately supporting crop pro-
duction. By summarizing current knowledge, highlighting
variability across crops, soils, and climatic conditions, and
identifying knowledge gaps, this review seeks to advance
sustainable waste management practices and improve the
integration of MSWC into agricultural systems.

2 Materials and Methods

2.1 Review Design, Information Sources and Search
Strategy

This study adopted a structured literature review approach,
supported by computational techniques for literature



Journal of Soil Science and Plant Nutrition

screening and topic refinement. The review focused on peer-
reviewed scientific articles indexed in the Web of Science™
(WoS) Core Collection between January (Leogrande, et al.,
1985) and March 2025.

The review followed the PRISMA 2020 guidelines (Page
et al. 2021) for systematic reviews to ensure transparency
and reproducibility. A schematic overview of the article
selection process, adapted from the PRISMA 2020 flow dia-
gram, is provided in Fig. 1. The diagram summarizes each
step of the screening and refinement process, from the initial
WoS query to the final manual selection of 114 articles spe-
cifically addressing the use of MSWC in agriculture.

The initial search in the WoS database was conducted
using the keywords “compost” OR “composting”, which
yielded a set of 42,597 papers (database A, Fig. 1).

Some additional keywords such as “organic waste” OR
“municipal solid waste” OR “urban food waste” OR “urban
solid biowaste” OR “urban waste” OR “urban biowaste”
were then added to further refine the search and focus on
the application of MSWC in agriculture The search was
furtherly narrowed down by including the terms “soil fer-
tility” OR “soil” OR “crop productivity” to specifically
target articles that examined the impact of MSWC on crop
productivity and soil fertility. This process yielded 2,553
paper (database B, Fig. 1).The final search was performed
on March 18, 2025.

Database B was analysed to assess both temporal and
spatial trends, providing insights into the evolution of
research activity over time and the geographical distribution
of studies. For the temporal analysis, papers from 2025 were
excluded to avoid partial data that would not accurately rep-
resent the total research output for the year.

Database C (2,232 articles, Fig. 1) was generated by
database B by: (i) selecting “Article” and “Review” cate-
gories with abstracts available; (ii) selecting English peer-
reviewed articles; (iii) removing duplicates.

2.2 Text Mining and Topic Refinement

Text Mining approach (Welbers et al. 2017), which analyzes
individual words in the abstracts by examining their fre-
quency to extract meaningful patterns from data, was then
applied to the papers included in Database C. The core text
mining procedures were carried out using the R package
tidytext (Silge and Robinson 2016). The preprocessing steps
included the removal of common stop words (e.g., “and,”
“the”, “of”) to retain only the most informative terms.
Subsequently, the text from the abstracts was tokenized
into individual words, allowing for the transformation of the
database into a structured format suitable for analysis. Fol-
lowing the text mining process, the tokenized output was
used to generate a word cloud using the wordcloud package

in R (Fellows et al. 2018), displaying the 100 most frequent
terms in the database. To improve the representativeness of
the visualization, some obvious words -e.g. “soils”, “com-

composted” “study”, “experiment”, “results”, “sig-
treatments” - were

EERNT3

posts”,
nificant”, “significantly”, “treatment”,

excluded from the word cloud.

The Latent Dirichlet Allocation model (LDA), a widely
recognized algorithm for topic modelling, was used to
refine the selection. This model is an unsupervised machine
learning algorithm that identifies underlying topics within
a document corpus by modelling the probabilistic distribu-
tion of words across documents (Jelodar et al. 2019). The
LDA model provides a more structured examination of the
research field by organizing the literature into distinct the-
matic clusters and it was fitted using the topicmodels pack-
age in R (Griin and Hornik 2011).

Each topic is characterized by two key outputs of the
LDA model, i.e. B and y. The first output, /3  ,,, represents
the probability of term w belonging to a topic k. It is com-
puted using the proportion of term occurrences within a
topic relative to the overall term distribution across all top-
ics and it is calculated as:

D N
/8 _ Z d:lz n:lgﬁ dn,k ° 1 (wd,n = w)
k2w — D N
Z wz d:lz n=1¥ dn,k 1 (wd,n = )
where:

e Dis the total number of documents in the database,

¢ Nis the number of words in document d,

* ¥ g.n.k 18 the posterior probability that word n in docu-
ment d is generated by topic k,

* Wq,p, is the n-th word in document d,

¢ 1() is an indicator function, equal to 1 if the condition
is true, 0 otherwise.

The second output, 7 4, indicates the proportion of
topic k in a specific document d, was updated iteratively as:

N
Wd,k:ak"‘E _ Pdnk
n=1

where:

¢ Nis the number of words in document d,

* ¢ 4. 18 the posterior probability that the n-th word in
document d is assigned to topic k,

* « i, is the Dirichlet prior for topic k.

In other words, f emphasizes the word distribution within
topics and y reflects the topic distribution within documents.

After fitting the LDA model, each document was assigned
to the topic with the highest posterior probability. This was
achieved by grouping the documents based on the 7 ; 4, val-
ues, which indicate the relative contribution of each topic to
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{ Fig. 1 PRISMA 2020 flow diagram of the literature screening. From
the initial Web of Science (WoS) query (n=42,597) to keyword-refined
records (n=2,553), then LDA topic modeling (n=2,232) and selection
of “yield” topics (#=317), culminating in the final corpus (n=114)
after manual screening. Abbreviations: PRISMA=Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses; LDA=Latent
Dirichlet Allocation; MSWC =municipal solid waste compost

the content of a document. Applying this approach, 15 the-
matic clusters were identified. Among these, topics no. 7 and
no. 8 were selected for further analysis because they were
the only clusters in which the keyword “yield” appeared,
in addition to “soil”. Since soil was present across nearly
all topics, reflecting its inclusion in the original WoS search
string, yield was considered the key discriminating factor to
identify studies explicitly linking the two core outcomes of
this review, namely crop productivity and soil fertility. This
intentionally restrictive criterion allowed us to focus on the
corpus most relevant to the objectives of the review, result-
ing in database D with 317 papers (Fig. 1).

2.3 Study Selection and Screening Process

The relevance of all 317 articles in Database D was assessed
through full-text screening. Studies were included if they:
I) reported original quantitative data on crop productivity
and/or soil fertility; ii) focused on the application of MSWC
(and not other organic amendments) and iii) presented field
or pot experiments with soil under agricultural conditions.

Title and abstract screening was conducted by one
reviewer, while full-text assessment was independently per-
formed by two reviewers. Disagreements were resolved by
discussion and consensus. No automation tools were used
for study selection.

After applying these criteria, 114 articles were selected
and included in the final dataset (Database E, Fig. 1).

The studies included were then classified according to
their main objective, trial duration, production system,
experimental methods, and study conditions.

Although no formal review protocol was registered, the
entire selection process was designed in accordance with
the PRISMA 2020 statement. The final number of included
studies and reasons for exclusion are documented in the
flow diagram (Fig. 1, following the four standard phases:
identification, screening, eligibility, and inclusion.

2.4 Data Extraction and Synthesis Strategy

Quantitative data on MSWC application rates (t ha' yr !,
dry matter basis), variation in crop productivity (%), and
soil organic matter (SOM, %) content for both treated and
untreated plots were extracted when reported. Values were
obtained directly or, when necessary, calculated from pub-
lished figures and tables. Nutrient loads (kg ha™ yr' of total

N, P, K) were derived by combining reported MSWC com-
position (% d.m.) with the average annual application rate
(see Tab. S1-S2). Unless otherwise stated in the original
articles, yield and soil responses are interpreted relative to
unamended controls. When studies explicitly used different
baselines (e.g., compost-only baseline or mineral-fertilized
controls), this is indicated in the text. No meta-analysis
was performed due to the high heterogeneity in experimen-
tal conditions, study designs, compost compositions, and
reported outcome metrics. Instead, we conducted a narrative
synthesis without subgroup or sensitivity analyses. To con-
textualize site conditions, we summarized the distribution
of soil texture classes across experimental sites (Tab. S3),
and we documented data coverage and ranges for compost
composition (Tab. S1), field nutrient loads (Tab. S2), and
contaminants (Tabs S4-S6).

The papers selected in this review therefore outline a
landscape shaped by interactions between MSWC and mul-
tiple agronomic and environmental factors. We examine
this landscape from two complementary ‘windows’: one
centered on crops and yield, the other on soil fertility. From
the first, we track outcomes across cereals, vegetables, and
trees; from the second, we assess the physical, chemical, and
biological dimensions of soil fertility. This analytical sepa-
ration is purely heuristic: crop productivity and soil fertility
are tightly coupled, and observed outcomes are the result of
numerous, interacting factors operating across scales.

2.5 Data Availability and Supplementary Material

The full list of reviewed articles included in database E is
provided in the Supplementary Material. The file “reviewed
papers.csv”in Supplementary Material includes data on the
average annual MSWC application rate, the mean variation
in crop productivity, and the average values of SOM for
both untreated plots and those treated with MSWC. Details
on how these values were calculated are also provided in the
file description in Supplementary Material. These materials,
along with the R scripts used for text mining and topic mod-
eling, can be made available upon request. In addition, the
Supplementary Material contains several tables and figures
supporting data interpretation and transparency.

3 Results

3.1 Study Selection

A total of 114 studies met the inclusion criteria for this
review (Fig. 1). These articles specifically addressed the

use of MSWC in agriculture and reported quantitative data
on crop productivity or soil fertility. While some initially
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Fig. 2 Global distribution of articles (1985-2024) included in this
review (n1=2,553) from the Web of Science (WoS) Core Collection.
(A) Share of studies by continent. (B) Top ten countries by publication

relevant studies were excluded - for example, those lacking
quantitative results, focusing on other organic waste types, or
consisting of review articles without original data - the final
dataset represents a consistent and robust evidence base. Full
details of the screening workflow and quality assessment
criteria are reported in the Materials and Methods section,
and the complete list of included studies is provided in the
Supplementary Materials (“reviewed_papers.csv”).

3.2 Geographical and Temporal Distribution

The geographical and temporal trends presented in this sec-
tion (Figs. 2 and 3) result from the analysis of database B
(Fig. 1) identified through the structured literature survey.

The global distribution of peer-reviewed articles pub-
lished between 1985 and 2024', as indexed in the WoS
Core Collection, is illustrated in Fig. 2. As shown in panel
A, Europe emerges as the leading contributor, accounting
for 43% of the total publications, and it is followed by Asia
(31%) and North America (11%). Africa (7%) and South
America (6%). Oceania represents the smallest share, with
2% of the total.

Panel B provides a closer look at the top 10 countries by
publication share. Spain and Italy are the most prolific, each
contributing to 11% of the total number of articles. China

! Being the last query on WoS done on March 2025, this year is con-
sidered incomplete and therefore not included in the temporal analysis.
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share. Percentages are computed over all records; studies conducted
in multiple countries contribute to each listed country, so panel totals
sum to 100%

and India also rank highly, with 10% and 9%, respectively.
Other notable contributors include France (5%), Brazil
(5%), United States (9%), Canada (4%), Germany (4%),
and Iran (4%).

Figure 3 shows the number of articles on MSWC from
1985 to 2024. The number of publications increased from
the late 1990 s onward, in line with general growth in schol-
arly output driven by systemic changes in publishing and
career incentives; thus, this trend should not be interpreted
solely as rising topical interest. Initially, there were very
few publications, with less than 10 articles per year, reflect-
ing the nascent stage of research into composting and its
agricultural applications. However, the early 2000 s marked
a substantial rise in research output, corresponding with
heightened global awareness of environmental sustainabil-
ity and the introduction of policies aimed at reducing waste
through recycling and composting. The number of publica-
tions continued to grow, peaking in 2021 with 181 articles,
which accounted for 7.49% of the total publications. While
the number declined slightly to 170 in 2022, it reached 174
in 2023 and 179 in 2024, suggesting a sustained high level
of research activity in the field.

3.3 Text Mining and Topic Analysis

A Text Mining analysis was performed on database C (2,232
articles, Fig. 1) to identify recurring terms and emerging
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themes in the literature. To provide a concise overview of
the main topics emerging from the abstracts, a word cloud
with the 100 most frequent terms was generated based on the
text mining results (Fig. 4). This representation highlights
the frequent occurrence of terms such as “increased” and
“increase”, reflecting the widespread reporting of positive
effects of MSWC on various agronomic and soil parameters.
The term “matter” also stands out, most likely in reference
to OM or SOM. The presence of “rate” and “rates” suggests
a consistent focus on application strategies and their impact
on both crop performance and soil response. Additionally,
although less prominent, the appearance of “microbial”,
“heavy”, “metal”, and “metals” confirms that both biologi-
cal activity and potential contamination are recurring inves-
tigated concerns. Notably, other forms of contamination
such as microplastics do not emerge among the 100 most
frequent terms, suggesting that this issue remains largely
unexplored in the current body of research.

After Text Mining, the LDA model was applied to fur-
ther structure the analysis of the research field (Fig. 1). As
shown in Fig. S1, certain topics appear to be linked to spe-
cific research areas: for instance, the presence of the term
“microbial” in topics no. 6 and no. 2 suggests that these
clusters likely include studies addressing soil biological
activity. Similarly, the term “biochar” in topics no. 13 and
no. 5 may indicate a focus on biochar use and its interac-
tion with MSWC. The occurrence of contamination-related
terms such as “metal” and “heavy” in topics no. 12 and no.
14, respectively, points to a probable concern with the pres-
ence of heavy metals in compost materials.

A total of 114 articles are distributed between crop pro-
ductivity (84/114, ~74%), and soil fertility (70/114, ~61%).
The total repetition of the main objective (154) exceeds the

Year

total number of articles (115) because some studies anal-
yse both soil fertility and crop productivity. Regarding trial
duration, 59 studies (52%) covered one year, 23 focused on
two years (20%), 19 on three years (16%), and 13 extended
beyond three years (12%). Production systems were pre-
dominantly focused on arable crops (57/115, ~49%), fol-
lowed by horticulture (44/115, ~39%) and orchards (15/115,
~13%). Two articles (Jorge-Mardomingo et al. 2013, 2015)
focus on the effects of MSWC on soil properties without
targeting a specific crop. The total number of production
systems analysed (118) is higher than the total number of
articles (115) because two studies evaluated more than one
system: one (Sanchez-Monedero et al. 2019), with a trial
duration of three years, assessed the effects of MSWC on a
crop rotation that included arable crops, horticultural crops,
and orchard systems; the other (Gallardo-Lara et al. 2006),
with a duration longer than three years, simultaneously
investigated both arable and horticultural systems. Most
of the studies (86, ~75%) were field-based experiments,
while only 28 are pot experiments with soil (25%). A total
of 97 experiments were conducted under open field condi-
tions and 18 in greenhouses. The sum exceeds the number
contained in database E because Sanchez-Monedero et al.
(2019) evaluated multiple agroecosystems.

3.4 Crop Productivity: Within One Year Experiments

The limited number of publications (84, Table 1) prevents
drawing broadly applicable and globally valid conclusions
on the impacts of MSWC application on crop productivity.
Nevertheless, some insights can be derived from consoli-
dated findings, though constrained to specific pedo-climatic
and production conditions.

@ Springer
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As shown in Tables 1 and 59 out of the papers contained
in database E (Fig. 1) report findings from one-year experi-
ments, where 47 specifically focus on the effects of MSWC
on crop productivity.

The results describe the beneficial effects of MSWC on
arable crops, highlighting its potential to enhance yield and
plant performance across different species and environmen-
tal conditions. For instance, Prabpai et al. (2009) found 85%
increase in Zea mays (corn) yield when applying rates of
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MSWC/soil vol/vol from 20 to 80%, with the highest yield
observed at 60%. In a field study, Ulm et al. (2019) reported
grain yields of 1.9 t ha ! in unamended plots and 7.8 t ha!
in MSWC treated plots. (+311%). In a pot trial, Okoli et al.
(2022) found that 100% MSWC increased plant height from
127 cm in untreated plots to 162.6 cm (+28%), grains per
cob from 220 to 350 (+59%), and cob weight from 100 g to
250 g (+150%); 75% compost yielded 152.4 cm (+20%),
320 grains (+45%), and 200 g (+100%) relative to the
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Table 1 Summary of the 114 reviewed articles contained in database E and grouped by main objective, trial duration, production systems, experi-
mental methods, and study conditions. The last row reports the total number for each group but for main objective, production systems, and study
conditions the total exceeds 114 because some studies encompass multiple groups

Main objective Trial duration

Production systems

Experimental methods Study conditions

Crop productivity 84 1 year 59 Arable crops 57 Field experiment 86 Open field 97
Soil fertility 70 2 years 23 Horticulture 44 Pot experiment 28  Greenhouse experiment 18
3 years 19 Orchards 15
Over 3 years 13 No crop 2
Total 154 114 118 114 115

control. Similar positive effects have been reported for cere-
als such as Oryza sativa (rice), Triticum aestivum (common
wheat) and Triticum durum (durum wheat), particularly in
challenging soil conditions. Zaman et al. (2020) observed
that MSWC distribution significantly increased the produc-
tivity of rice and common wheat in Pakistani saline-sodic
soils: the highest yields were recorded for rice straw (1102 g
m ), rice grain (605 g m ?), wheat straw (984 g m 2), and
wheat grain (505 g m?). The increase in yield (+67% in
rice straw, +132% for rice grain, +26% for wheat straw and
+48% for wheat grain, respectively), was most pronounced
when the compost underwent anaerobic decomposition,
highlighting the role of composting techniques in influenc-
ing crop performance. Supporting these findings, Lakhdar
et al. (2009) found that applying MSWC at rates as high
as 80 t ha ! resulted in an 87% increase in grain yield of
durum wheat compared to unamended plots. In the second
year of another of their experiments (Lakhdar et al. 2010a),
biomass production also increased significantly, to 48% and
78% observed at compost application rates of 40 and 100
t ha !, respectively. More recently, Gadaleta et al. (2022)
confirmed that MSWC increased durum wheat yield by
25.52% and 30.92% in two different cultivars. Martinez et
al. (2022) observed an increase in Fagopyrum esculentum
(buckwheat) biomass production, seed yield, seed quality,
and nutrient content when using MSWC instead of min-
eral fertilization in a greenhouse study conducted on both
clayey and sandy soils. The study reported average yields
of 34.4 g/plant for biomass and 10.6 g/plant for seeds. How-
ever, the effectiveness of MSWC appears to be crop-specific
and dose-dependent. Notably, the only exception among
the arable crop studies reviewed is Kchaou et al. (2018),
who found that MSWC application did not lead to signifi-
cant increases in (X Triticosecale Wittmack) triticale plant
height, leaf number, or chlorophyll index, suggesting that
the effectiveness of compost may vary with environmental
conditions, crop species, and application rate.

The advantages of MSWC application extend beyond
cereals, as observed in oilseeds and forage crops. Monte-
murro et al. (2005) observed that MSWC produced Heli-
anthus annuus (sunflower) yields comparable to those
obtained with mineral fertilizers, particularly for oil and
protein content, while Rashtbari et al. (2020) reported that

MSWC improved plant height, stem diameter, and grain
yield in Brassica napus (canola) under both well-watered
and drought stress conditions. In forage crops, MSWC has
shown potential in mitigating the adverse effects of salinity
and enhancing biomass production, although responses tend
to be crop and soil specific. Mbarki et al. (2020) reported
improved plant growth when irrigation with saline water
(50-100 mM NacCl solution) was combined with MSWC
application. Similarly, Ouni et al. (2014) observed that
MSWC improved both biomass production and photosyn-
thetic efficiency in forage species grown under saline soil
conditions. However, the effectiveness of MSWC varied
with soil type, as demonstrated by Mbarki et al. (2008): in
clay soils, compost application increased Medicago sativa
(alfalfa) yield by 15% at 10 t ha !, 24% at 20 t ha™!, and
18% at 40 t ha™'. Thus, a compost dose higher than 40 t ha™!
was not necessary to improve yield in such soil. In contrast,
a decline in productivity was observed in sandy soils with
increasing compost rates, likely due to enhanced nutrient
leaching and salinity accumulation. Positive outcomes were
also reported in Lolium perenne (ryegrass), with Soumar¢ et
al. (2003) documenting yield increases of 10% and 17.5%
at application rates of 50 t ha™! in two distinct tropical soils.
The positive impact of MSWC is also evident in legumi-
nous crops, as Ozdemir (2005) observed that Cicer arieti-
num (chickpea) responded best to MSWC application at 50
t ha”!, significantly increasing seed yield. Confirming the
crop- and condition-dependent nature of MSWC responses,
as already noted in triticale (Kchaou et al. 2018), Sifola et al.
(2025) reported that compost application under deficit irri-
gation reduced Nicotiana tabacum (tobacco) yield, despite
improvements in soil water retention and N use efficiency
(NUE), an outcome consistent with temporary N immobi-
lization and lower plant N recovery during rapid growth,
coupled with the crop’s high sensitivity to water stress dur-
ing key phenophases.

The application of MSWC has shown promising results
in various horticultural production systems, enhancing
biomass production, vegetable yield, and overall crop per-
formance. Among leafy vegetables, Papafilippaki et al.
(2015) reported that applying 60 t ha! of MSWC enhanced
Cichorium spinosum (spiny chicory) yields in sandy soils,
while De Nobile et al. (2021) showed that, despite the same
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nitrogen doses being applied, MSWC led to higher bio-
mass yields in Brassica oleracea var. italica (broccoli) and
Lactuca sativa (lettuce) than urea, especially at the highest
application rates (6.2 ton ha™!). Castaldi et al. (2023) also
demonstrated that MSWC application (35 t ha ') enhanced
Beta vulgaris var. cicla (Swiss chard) yields to levels compa-
rable with mineral fertilization. By contrast, Coria-Cayupan
et al. (2009) reported a slight yield reduction (—7%) in let-
tuce cultivated with MSWC. In the case of solanaceous
crops Leogrande et al. (2016a) found that MSWC increased
Solanum lycopersicum (tomato) yield by 9% compared to
mineral fertilizers in Southern Italy. Tzortzakis et al. (2020)
confirmed that MSWC additions (from 5% up to 40% vol/
vol) to mineral soil improved tomato plant biomass and
yield although excessively high ratios reduced fresh weight.
Bhardwaj et al. (2023) also observed increased yields in
tomato and Solanum melongena (brinjal)following MSWC
amendments, with the best results obtained at a compost
application rates of 25% MSWC/soil vol/vol. Leguminous
horticultural crops also benefit from MSWC application, as
demonstrated by Soobhany et al. (2017) which found that
Phaseolus vulgaris (green bean) plants grown in soil mix-
tures containing 40% vol MSWC produced significantly
higher legume yields compared to the unamended 100%-
soil control. Likewise, Martinez et al. (2021) found that
MSWC (115 g/L) increased Vicia faba (faba bean) biomass
production by 38% in sandy soil compared to the control.
Wilton et al. (2020) demonstrated that green bean yields
increased linearly with compost application rates (up to
30% vol/vol), where all growth parameters, including leaf
area and pod number, responded positively without reaching
the yield plateau. In horticultural fruit crops, Saygi (2023)
found that Fragaria x ananassa (strawberry) grown with 4 t
ha™! of MSWC had the highest fruit weight and yield. Like-
wise, Villena et al. (2018) observed a significant improve-
ment in Cucumis melo (melon) yield under field conditions
when MSWC was applied, especially at moderate rates (13
t ha '), which proved sufficient to maximize yield without
exceeding environmental risk thresholds.

Regarding orchards, Basso-Figuera et al. (1995) found
that MSWC increased Carica papaya (papaya) yields
proportionally to the application rate, with no significant
changes in leaf nutrient levels. Similarly, Blanco et al.
(2024) evaluated the use of MSWC as mulch in a vineyard
(Vitis vinifera) located in Southern Italy and observed that
its application helped stabilize soil temperature, reducing
heat stress on roots and improving water retention. These
effects, although not quantified in terms of yield, suggest
enhanced vine health and potential support for grape pro-
duction. In another orchard crop study, Schulz et al. (2012)
tested urban waste compost as a fertilizer source for Jat-
ropha curcas (physic nut) under greenhouse conditions.
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They found that MSWC application increased plant growth
parameters such as height, leaf area, and chlorophyll index
up to a dose of 200 L m™, beyond which no further benefits
were observed. In a semiarid shrubland setting, Cuevas et
al. (2000) reported that MSWC increased total plant cover
and biomass production of native species, with the most
notable biomass gains occurring at 80 t ha™!, confirming the
positive role of MSWC in promoting vegetative productiv-
ity even under degraded conditions.

3.5 Crop Productivity: Two Year Experiments

In this review, of the 114 articles analysed, 25 cover a period
of 2 years, as shown in Table 1. Notably, 17 of these investi-
gate the impact of MSWC on crop productivity.

These experiments consistently observed the benefits
of MSWC across different cropping systems, improving
plant growth, yield, and nutrient availability. Regarding
arable crops, in the context of corn production, Hossain
et al. (2024) found that the application of MSWC (5, 10,
and 15 t ha™") had a positive impact on plant growth and
yield in their two-year field study in Saudi Arabia. Effects
were further amplified when MSWC was combined with
NPK, with the strongest responses at the highest applica-
tion rate. Similarly, Wolkowski (2003) reported that mature
MSWC significantly increased corn grain yields compared
to a less mature one. The superior performance of mature
MSWC was attributed to its lower N immobilization and the
gradual release of N, which provided a continuous nutrient
supply throughout the growing season. In tobacco cultiva-
tion, Sifola et al. (2024) showed that MSWC (12.5 t ha ')
improved plant growth parameters such as leaf emergence
rate and crop growth rate, ultimately enhancing the yield of
cured product and resource use efficiency. For cereals, Mon-
temurro (2009) found that MSWC increased common wheat
yields by 12% compared to the control. However, the yields
achieved with MSWC were lower than those obtained with
mineral fertilizer and MSWC-mineral fertilizers blends.
These observations align with findings from Mehdi et al.
(2015), who reported that an 80/20 MSWC/mineral fertilizer
mixture is capable to meet the crop’s nutrient needs on a par
with mineral fertilizer alone, but can significantly increase
biomass production and grain yield in a rice/common wheat
rotation. Jorge-Mardomingo et al. (2015) also noted that
high doses of MSWC (160 t ha™') enhanced yield stabil-
ity in cereals under Mediterranean conditions by ensuring a
more gradual nutrient release and reducing nitrate leaching
compared to less stable organic amendments.

In horticultural systems, for example in lettuce pro-
duction, Leogrande et al. (2013) and Testani et al. (2020)
observed that MSWC, either alone or in combination with
agroecological practices like cover cropping, buffered yield



Journal of Soil Science and Plant Nutrition

performance against climatic variability, thereby sustain-
ing crop productivity and improving NUE. Leogrande et
al. (2013) noted that MSWC led to lower marketable yields
than stable manure but both treatments enhanced soil fer-
tility and contributed to yield sustainability, Testani et al.
(2020) reported that MSWC, when integrated with roller
crimper-based no-till systems and legume cover crops, sup-
ported consistent lettuce yields across two cropping cycles.
For solanaceous crops, Clark et al. (2000) investigated
MSWOC effects on drip-irrigated and sub-irrigated autumn-
grown green peppers and spring-grown fresh market toma-
toes between 1992 and 1994. Initially, they found that the
incorporation of immature MSWC (67 and 134 t ha™)
reduced growth and yields of pepper in the autumn 1992.
However, by the spring of 1993, the fully decomposed
MSWC significantly enhanced plant size and fruit yields
in tomatoes. Compared to control plots the application of
134 tha ! of MSWC increased tomato yields by 27% in the
spring of 1993 and by 18% in 1994. Similarly, pepper yields
improved by 17% in the autumn of 1993. These results are
in line with the findings of Ozores-Hampton et al. (1994),
who reported improvements in growth, nutrient concentra-
tions, and yields in tomato and Cucurbita maxima (squash)
after MSWC application.

However, other studies have shown less favourable out-
comes under certain conditions: Farneselli et al. (2022)
found that MSWC alone did not meet the N requirements of
processing tomato and Brassica oleracea var. botrytis (cau-
liflower), leading to reduced aboveground biomass accumu-
lation compared to mineral fertilization. Nevertheless, the
early application of MSWC partly mitigated these negative
effects.

The benefits of MSWC extend to perennial orchard sys-
tems as well. Aguilar et al. (1997) found significant increases
in the yields of Olea europaea (olive), vine, and Citrus spp.
(citrus) crops following the application of MSWC. Olive
orchards showed a 50% increase in fruit yield, while vine-
yards experienced a 30% rise with applications of 30 t ha™',
while citrus crops exhibited a 17% improvement in yield.
These findings are consistent with those of Baldi et al.
(2022), who observed that in vineyards, the use of MSWC
significantly improved yield and nutrient uptake in Vitis
vinifera L. cv. Sangiovese, particularly when used in com-
bination with humic substances.

3.6 Crop Productivity: Three Year Experiments

The following section presents evidence from the subset of
15 articles out of 19 with three-year experiments (Table 1)
that specifically investigated crop productivity.

In corn production, Golabi et al. (2021) found that MSWC
improved yields over three growing seasons in northern

Guam. During the rainy season, plots treated with 250 t ha™!
of compost yielded more than those treated with mineral fer-
tilizers. Supporting this, Moretti et al. (2020) also reported
that the substitution of mineral fertilizers with MSWC
in continuous corn cropping systems led to a 55% yield
increase by the third year, emphasizing the compost’s effec-
tiveness in arable summer crops. Conversely, in Solanum
tuberosum (potato) cultivation, Warman et al. (2011) found
that MSWC treatments did not consistently influence mar-
ketable tuber yield. In cereals system, Mousavi et al. (2017)
reported that MSWC significantly enhanced rice yields,
while Meena et al. (2022) found that MSWC improved
soil structure in saline soils, leading to significantly higher
grain yields in a Brassica juncea (mustard)/Pennisetum
glaucum (pearl millet) cropping system in India. The ben-
eficial effects of MSWC were also evident in some com-
bined cereal-forage systems. Mbarki et al. (2022) observed
that MSWC significantly boosted biomass yield in Sorghum
bicolor (sorghum) during the second harvest and in alfalfa
during the third one under saline conditions over three har-
vest periods. Similarly, Montemurro et al. (2006) reported
that MSWC increased the mean cumulative dry weight of
Dactylis glomerata (cocksfoot) by 20.85% compared to the
control in a field experiment in Southern Italy. In alfalfa, the
cumulative dry weight remained consistent across all treat-
ments. Further supporting these findings, Salis et al. (2024)
observed significant increases in dry matter production and
crude protein content in rain-fed forage barley (Hordeum
vulgare) with the application of MSWC. Zajac and Skra-
jna (2024) added to these findings, showing that in peren-
nial grasses like Miscanthus sinensis (Chinese silver grass),
yields increased steadily, with the highest yields recorded in
MSWC treated plots (17.5 ton ha™).

In horticultural systems, positive effects were also evi-
dent. Alashty et al. (2011) found that the continuous appli-
cation of MSWC (20 and 40 t ha™!) significantly enhanced
plant growth by modifying soil chemical properties. They
observed that higher compost rates increased root and shoot
biomass in Raphanus sativus (radish) and lettuce, with the
most notable effects occurring on the third year. Similarly,
Warman et al. (2009) on winter squash cultivation in Nova
Scotia, Canada, found that higher application rates (up to
72 t ha™!) significantly improved yields, particularly in the
third year, reaching levels similar to those obtained with
mineral fertilizers. Complementing these results, Sanchez-
Monedero et al. (2019) reported that in greenhouse-grown
tomatoes, at the end of the third year MSWC application
increased fruitweight, diameter, and hardness by 16%, 9%,
and 8%, respectively.

In orchard systems, Bona et al. (2022) found that MSWC
applied in intensive Malus domestica (apple) orchards
showed a linear increase in productivity over time, with
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more evident effects than matured manure. Similarly, San-
chez-Monedero et al. (2019) found that MSWC (10.9 t ha ')
in vineyards enhanced grape must acidity, a quality param-
eter important in wine production.

3.7 Crop Productivity: More than Three Year

Of the 114 articles analyzed in this review, 13 focus on the
long-term effects of MSWC, with study durations exceeding
three years. The following section will focus on six studies
that specifically investigated crop productivity.

Leogrande et al. (2016b) found that MSWC (50 ton ha™!)
increased corn grain yield by 11% compared to mineral
fertilizers in Southern Italy. Under saline irrigation, they
observed a 19% higher yield with MSWC compared to min-
eral fertilizer and control treatments. Similarly, Hemmat et
al. (2010), in arable cropping systems, found that long-term
MSWC applications (from 25 to 100 ton ha™!) significantly
enhanced common wheat and corn yields, mainly due to
increased SOM and N availability. In a eleven year field
trial in Denmark, Gomez-Mufioz et al. (2017) reported that
amean of 20.7 ton ha ! of MSWC applied annually contrib-
uted to increase soil N stocks and SOM content in an oat
(Avena sativa) cropping system. However, crop responses
were limited by low NUE, suggesting that compost quality
and synchronization with crop N demand play a critical role
in determining yield outcomes.

For horticultural crops, in a four year trial, Morra et al.
(2010) found that up to 45 ton ha ' had no significant effect
on tomato or green bean yields in a greenhouse experiment.
However, lettuce yields increased with applications at 30
and 45 ton ha™!, once more highlighting the crop-specific
effects of MSWC.

In orchard systems, MSWC at 10 ton ha™!, successfully
replaced mineral fertilizers in commercial Prunus persica
(peach) orchards, maintaining or even increasing fruit
yield over a nine-year period (Baldi et al. 2010). Likewise,
compost mulch improved grapevine productivity, mainly
through enhanced soil moisture retention and nutrient avail-
ability, though concerns regarding heavy metal accumula-
tion were noted in some cases (Pinamonti 1998).

3.8 Soil Fertility: Within One Year Experiments

Developing broad and globally valid conclusions on the
effects of MSWC application on soil fertility requires a
careful examination of available studies, which are often
limited to specific pedo-climatic and management con-
ditions. As reported in Table 1, the articles reviewed that
investigated MSCW effects on soil fertility are 70. While in
the previous sections on crop productivity the effects were
categorized across arable crops, horticulture, and orchards,
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here the effects will be grouped according their physical,
chemical, and biological aspects of soil fertility.

Of the 114 articles analysed in this review, 60 focus on
the short-term effects, i.e. on the results obtained after a sin-
gle year. The following section will highlight some of the 35
studies that specifically investigated soil fertility.

The ability to enhance soil’s physical properties is a key
benefit of MSWC applications, and that seems particularly
true for water retention and soil structure. For instance,
Zgallai et al. (2024) compared the water retention properties
of MSWC distribution with a commercial water-retaining
product; at the beginning of the dry season, soil moisture
tension was found lowest in compost-amended plots (48
cb), higher in commercial product treated ones (61 cb) and
hjghest in the control (83 cb). Since tension is expressed as
positive centibar values, lower values indicate wetter soil
and more readily available water. At the end of the field
trial, they also observed that compost application increased
soil moisture, total N, and SOM by 9%, 50%, and 27%
respectively, compared to the commercial water-retaining
product. Similarly, Taheri et al. 2020) found that cumulative
drainage content decreased from 35.68% in the control to
10.95% in the MSWC treatment (40 ton ha™!). Additionally,
they observed an increase in topsoil water content by up to
9.08% in the compost-treated group compared to the con-
trol. In horticultural systems, Mylavarapu and Zinati (2009)
observed improved moisture retention under drought condi-
tions in Petroselinum crispum (parsley) cultivation, while
Cercioglu (2019) noted enhancements in overall soil struc-
ture. These findings are in agreement with those obtained
by Sifola et al. (2025), which reported an increased water-
holding capacity after MSWC application (18.5 ton ha™'),
contributing to greater resilience under water stress. Schulz
et al. (2012) also observed improved soil physical condi-
tions during early growth stages of physic nut in a pot trial.
In vineyard systems, Blanco et al. (2024) found that MSWC
mulching enhanced microbial decomposition activity (Tea
Bag Index) and reduced the diurnal soil-temperature ampli-
tude at 20 cm; these conditions may favor longer-term
improvements in soil structure.

In addition to physical benefits, MSWC significantly
contributes to soil chemical fertility by increasing SOM,
nutrient availability, and by modifying some critical chemi-
cal properties. Zaman et al. (2020), in a rice-common
wheat rotation experiment conducted on saline-sodic soils,
reported substantial increases in SOM after MSWC appli-
cation (34.3 ton ha™'): +64.10% after rice and +86.32%
after wheat. Compost also reduced soil electrical conduc-
tivity (EC) (=35.61%) and sodium adsorption ratio (SAR)
(—45.22%) after rice harvest, with even greater reductions
following wheat. Montemurro et al. (2005), working on a
silty clay soil in Southern Italy, observed elevated levels of
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available P and SOM in sunflower-cultivated soils, while
Lakhdar et al. (2011) observed that, in a sandy soil from
semi-arid Tunisia, MSWC enhanced nutrient levels in
saline soils, particularly N and K, helping to counteract the
negative effects of salinity. Kasthuri et al. (2011) further
confirmed these benefits in their pot experiment on Vigna
radiata (green gram) and Trigonella foenum-graecum (fen-
ugreek), finding increases in essential nutrients levels. Mar-
tinez et al. (2022) reported increases in SOM (+32%), total
N (+62%), and pH (from 7.45 to 8.05) in MSWC treated
plots compared with unamended controls, both under green-
house and open-field conditions, Martinez et al. (2021)
observed improved NUE in faba beans, lowering the need
for mineral fertilizers. Regarding to horticulture production
systems, Mylavarapu and Zinati (2009) reported increases
in total organic carbon (TOC) and N, while Cercioglu
(2019) found gains in total N, available P and K. Erana et
al. (2019) also noted that MSWC increased soil pH and
TOC, supporting enhanced root growth and nutrient absorp-
tion in Allium cepa (onion) crops. Leogrande et al. (2016a)
showed that MSWC reduced the Na concentration while
increasing those of Ca and K in tomato cultivation on saline
soils. Guerini et al. (2006); Leogrande et al. (2016b) further
confirmed increases in SOM (+20-30%), cation exchange
capacity (CEC), and nutrient availability, while Soumaré et
al. (2003) emphasized that co-application with mineral fer-
tilizers enhanced N and P uptake. In subarctic soils, Wilton
et al. (2020) reported significant increases in P and K avail-
ability for green beans, though excess accumulation of these
nutrients at high compost rates (30% MSWC/soil vol/vol)
raised concerns about nutrient saturation. Similar effects
were noted by Cuevas et al. (2000), who observed higher N,
available P, and exchangeable K levels in a degraded semi-
arid shrubland.

Nevertheless, several studies cautioned against excessive
MSWC application, particularly in sandy or degraded soils.
Mbarki et al. (2008) and Bhardwaj et al. (2023) reported
increased salinity and accumulation of Cd, Cu, Zn, and Pb.
These effects were particularly evident in in the sandy soils
of Tunisia (pH 8.0) studied by Mbarki et al. (2008), a in the
sandy alluvial soils of India (initial pH 8.48) examined by
Bhardwaj et al. (2023), where compost rates exceeding 25%
MSWC/soil vol/vol markedly increased SOM and available
P while altering N and K dynamics. Fagnano et al. (2011)
also highlighted the increased bioavailability of Pb and Zn,
underlining the need for careful monitoring.

Beyond chemical and physical improvements, MSWC
substantially contributes to soil biological quality and
ecosystem functioning. Hodson et al. (2021) demonstrated
that MSWC altered microbial community composition
and increased bacterial evenness in almond orchards, with
a higher relative abundance of taxa involved in carbon

degradation and distinct associations between bacterial
groups and bacterial-feeding nematodes. These shifts in
microbial and nematode communities enhanced nutrient
cycling and contributed to long-term soil fertility. Lakh-
dar et al. (2010b) reported marked increases in enzymatic
activity following compost application: dehydroge-
nase (+107%), B-glucosidase (+43%), and phosphatase
(+20%), which were interpreted as positive outcomes
reflecting enhanced microbial metabolism and nutrient
turnover, thereby improving the biological quality of
salt-affected soils. Elbl et al. (2019) observed increased
microbial respiration following MSWC application, indi-
cating enhanced substrate mineralization and CO, release;
although this reflects short-term stimulation of microbial
activity, it also implies that a relevant share of the added
C may be lost rather than stabilized. Nonetheless, they
reported that part of the carbon input contributed to soil
C sequestration, suggesting a potential, though limited,
long-term benefit for biological fertility. De Varennes et al.
(2010) documented higher activities of soil enzymes such
as B-glucosidase and phosphatase in degraded mine soils,
with improved activity referring to a recovery of biologi-
cal functioning compared to untreated controls, thereby
reinforcing the restorative potential of MSWC. Consistent
with these findings, in a field experiment under semi-arid
climate, Jorge-Mardomingo et al. (2013) reported that
a single high dose (160 t ha™') was able to significantly
increase microbial biomass C, up to 1369.1 mg C kg™ !, to
maintain high basal respiration rates, and to enhance enzy-
matic activities such as B-glucosidase, urease, and phos-
phatase. Unlike sewage sludge treatments, which induced
initial microbial stress and seasonal fluctuations, MSWC
was capable to keep a stable biological activity and a
lower metabolic quotient (5.04 ng O, ug ! Microbial Bio-
mass Carbon h™!) than sewage sludge, indicating efficient
microbial function and low ecological disturbance. Ter-
rile et al. (2024) confirmed the improved physical, chemi-
cal, and biological soil properties due to MSWC (40 ton
ha™!), while detecting low residual pollutants: Pb and As
in some leaf-based composts, veterinary pharmaceuticals
and trace pesticide residues in irrigation water and soils.
Notably, contaminant concentrations in vegetable tissues
were generally below admissible limits or not detectable.
Similarly, Oguntade et al. (2019) found improvements in
soil fertility indicators (e.g., total N, TOC, available P),
while maintaining heavy metal concentrations within safe
thresholds.

However, potential trade-offs must be acknowledged.
Novinscak et al. (2022) reported increased N,O emissions
in compost-treated soils, pointing to the need for integrated
management approaches that optimize nutrient use while
minimizing environmental impacts.

@ Springer



Journal of Soil Science and Plant Nutrition

3.9 Soil Fertility: Two Year Experiments

Among the 114 articles reviewed, 25 include experiments
lasting two years, as shown in Table 1. The following sec-
tions summarize the findings from eleven papers that focus
the medium-term effects on soil fertility.

In terms of physical improvements, Aguilar et al. (1997)
reported that MSWC application in olive, vine, and citrus
orchards led to significant enhancements in soil structure.
Compost reduced bulk density, increased water-holding
capacity, improved aggregate stability, and promoted better
water infiltration, thereby increasing the soil’s resistance to
erosion. Similarly, Leogrande et al. (2013), who reported
increased soil quality parameters. These findings are echoed
by Moraes et al. (2014) observed that amounts up to 75 m’
ha™! distributed over two years under no-tillage in corn and
sunflower cultivation, were able to improve soil aggregation
compared to mineral fertilization in a Rhodic Hapludox, and
by Testani et al. (2020), who highlighted the role of MSWC,
especially when combined with cover crops, in sustaining
soil structure under organic lettuce systems.

From a chemical perspective, Montemurro and Maiorana
(2007) found that MSWC application (68 ton ha ') resulted
in a substantial (+37%) TOC increase after two years
under Beta vulgaris (sugar beet cultivation. Leogrande et
al. (2013) confirmed these findings in lettuce cultivation,
observing that MSWC improved the extractable fraction of
TOC more than other organic fertilizers. Similarly, Moraes
et al. (2014) noted that both TOC and total N increased
linearly with MSWC application rates (from 25 to 100 m?
ha™!). Testani et al. (2020) also found that the use of MSWC,
especially when combined with Vicia spp. (vetch) cover
crops, supported the preservation of SOM and N levels
across two consecutive growing seasons. Moreover, Aguilar
et al. (1997) found that compost enhanced the availability of
macro and micronutrients and increased soil CEC, indicat-
ing improved nutrient retention and supply potential. Mehdi
et al. (2015) also reported increased levels of available P, K,
and Zn following the combined application of MSWC and
mineral fertilizers (20:80) in a rice-common wheat system,
along with a slight reduction in pH and SAR. Gallardo-Lara
et al. (2006) further contributed to this evidence by showing
that MSWC (20 and 80 ton ha ') improved the phytoavail-
ability of Fe and Mn in calcareous soils, enhancing micro-
nutrient accessibility.

In relation to N dynamics and nutrient release patterns,
Wolkowski (2003) highlighted that 6~17% of the N in
mature MSWC became bioavailable within the first year of
application. This gradual and consistent release of nutrients
reduced the risk of NOj;™ leaching, thus mitigating adverse
environmental impacts. These findings are supported by the
positive linear relationship between application rates and
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total N availability reported by Moraes et al. (2014), rein-
forcing the role of MSWC in enhancing long-term nutrient
supply. Jorge-Mardomingo et al. (2015) similarly noted that
MSWC, when compared to other organic amendments, pro-
vided a more stable N release pattern under Mediterranean
pedoclimatic conditions, reducing the risk of groundwater
contamination. Rupasinghe and Leelamanie (2020) further
emphasized the importance of site-specific MSWC applica-
tion, noting that while it improved nutrient status, it also
increased soil pH and EC.

3.10 Soil Fertility: Three Year Experiments

The following section presents evidence from the subset of
12 articles out of 19 with three-year experiments (Table 1)
that specifically investigated soil fertility.

From a physical point of view, Meena et al. (2022)
observed that MSWC applications in saline soils enhanced
TOC, aggregate stability, water retention capacity, and pore
size distribution, leading to a marked reduction (—75%)
in soil salinity. Bona et al. (2022), in a study on intensive
apple orchards, observed that MSWC improved the physi-
cal structure of soils by increasing porosity and reducing
compaction in the surface layers, especially under reduced
tillage. Similarly, Zajac and Skrajna (2024) demonstrated
that MSWC application in marginal soils cultivated with
Chinese silver grass significantly improved soil structure
and moisture retention, supporting plant development in
nutrient-poor environments; these effects are likely context-
dependent and may reflect a synergistic interaction between
compost inputs and crop traits (e.g., rooting architecture,
residue inputs), rather than MSWC alone.

From a chemical perspective, numerous studies highlight
MSWC ability to enrich SOM and nutrient content. Golabi
et al. (2021) observed that MSWC-treated plots in Guam
had significantly higher SOM than those treated with min-
eral fertilizers. Likewise, Montemurro et al. (2006) found
that three consecutive years of MSWC application signifi-
cantly increased TOC in both alfalfa and cocksfoot plots.
The study also observed that MSWC increased the C and
N soil content, contributing to enhanced fertility. Similarly,
Salis et al. (2024) reported that MSWC enhanced several
critical soil properties, including TOC, total N, available
P, exchangeable K, and Mg. However, they also noted that
MSWC increased the percentage of exchangeable Na and
EC, highlighting the importance of potential trade-offs
when using compost as a soil amendment. In the corn sys-
tem, Moretti et al. (2020) reported that although the total N
and Mineral-Associated Organic Matter (MAOM) did not
vary significantly over the three-year period, MSWC appli-
cation led to a consistent increase in more labile organic
fractions (free Particulate Organic Matter, fPOM, and
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occluded particulate Organic matter, o0POM) in the topsoil,
indicating a gradual improvement in nutrient dynamics and
SOM cycling. Further evidence comes from Leogrande et
al. (2014), who observed increases in TOC and in humic
and fulvic acid fractions after three years of MSWC use,
indicating enhanced SOM quality and stability. Similarly,
Zaccardelli et al. (2021) documented cumulative changes in
most soil chemical parameters in horticultural systems fol-
lowing three consecutive years of MSWC application, with
the exception of P and B, which remained stable. Alashty et
al. (2011) found that applying MSWC (40 t ha ') lowered
soil pH while increasing TOC and EC. Sanchez-Monedero
et al. (2019), analyzing multiple systems including vine-
yards, arable crops, and greenhouses, reported that MSWC
application increased TOC and nutrient availability (espe-
cially K, N, and extractable OC), while slightly rising pH
in acidic soils and stimulating soil microbial activity. In
line with these findings, Bona et al. (2022) noted significant
increases in soil total N and SOM with MSWC use (20 ton
ha™!) in apple orchards, with effects becoming more pro-
nounced over time.

The improvement of soil’s biological properties and
functionality was evident across several cropping systems.
Sanchez-Monedero et al. (2019) observed that MSWC-
treated soils showed enhanced microbial respiration, an
increase of denitrification, and improved nutrient cycling,
suggesting a more active microbial community with higher
capacity to transform and recycle nutrients, thereby sup-
porting soil fertility functions. These results were especially
pronounced in tomatoes under greenhouse and in vineyards,
where MSWC also contributed to maintain microbial biodi-
versity. Similarly, in the corn cultivation studied by Moretti
et al. (2020), MSWC application helped to mitigate N,O
emissions compared to conventional mineral fertilization,
pointing to a better ecological performance of the soil.

3.11 Soil fertility: more than three year
experiments

The following section presents evidence from the subset of
12 articles out of 13 with three-year experiments (Table 1)
that specifically investigated soil fertility.

Improvements in soil structure and water retention have
been observed in response to increased SOM. For instance,
Guerini et al. (2006) reported a 30% increase in SOM after
five years of continuous MSWC applications (30 t ha™!
each year), which was accompanied by better soil struc-
ture and enhanced water-holding capacity. In vineyard
systems, Pinamonti (1998) similarly observed that MSWC
mulch increased soil porosity and water retention capac-
ity, contributing to improved physical conditions in the root
zone. In arable cropping systems, long-term applications of

MSWC (7.1 ton ha™!) significantly enhanced soil physical
properties as well. Hemmat et al. (2010) found that com-
post-amended soils doubled their TOC, which was associ-
ated with reduced bulk density and improved consistency
limits-key indicators like shrinkage limit (%), plastic limit
(%) and friability index (%). Peltre et al. (2015) confirmed
changes in physical structure led to practical agronomi-
cal benefits, such as reduced draught force during tillage
and lower tractor fuel consumption, thus improving soil
manageability.

As for chemical fertility, several studies emphasize the
MSWC role in increasing TOC and total N levels. In ara-
ble systems, Leogrande et al. (2016b) found a significant
increase (+25%) in the soil’s TOC after MSWC applica-
tion (50 ton ha™!), while Montemurro et al. (2010) found
that MSWC amendments contemporarily boosted soil
total N, TOC, extractable OC, and humified carbon frac-
tions, compared to the initial conditions and to the appli-
cation of mineral fertilizer. Gomez-Muiioz et al. (2017)
supported these findings, showing that MSWC repeated
applications for eleven years (20.7 ton ha ') significantly
improved soil total N and total C compared to mineral
fertilization. Compost also enhanced nutrient availabil-
ity, as evidenced by higher concentrations of available N,
P, and K, along with increased soil pH and CEC (Guerini
et al. 20006). In horticultural systems, Morra et al. (2010)
noted similar chemical improvements with increas-
ing compost application rates (from 15 to 45 ton ha '),
though they also found that the efficiency of TOC con-
version into stable soil pools peaked at 30 t ha ! (36%
efficiency) and declined at higher MSWC doses, suggest-
ing a threshold beyond which those benefits diminish. In
vineyard systems, Pinamonti (1998) found that MSWC
mulch increased SOM, available P, and exchangeable
K, confirming its role as an effective substitute for min-
eral fertilizers. Abbey et al. (2021b) showed that MSWC
significantly improved soil fertility when compared to
untreated plots. Their study noted that MSWC-amended
soils exhibited higher levels of SOM, macro and micro-
nutrients, and CEC.

Finally, improvements in biological fertility and soil
functionality were also evident. Morra et al. (2010)
explored the dynamics of C stabilization, indicating that
organic inputs fostered more favorable C balances in the
soil. Similarly, Hemmat et al. (2010) highlighted how
increased TOC under MSWC treatments supported better
physical conditions for root growth, indirectly enhancing
microbial activity and nutrient cycling. No adverse effects
on biological fertility were reported following MSWC
application in the reviewed literature. However, this may
also be a consequence of the limited number of studies spe-
cifically addressing this aspect.
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4 Discussion

The aim of this review was to evaluate the scientific litera-
ture on the application of MSWC in agriculture, focusing
on its impact on crop productivity and soil fertility, and
to discuss its implications for sustainable waste recycling
strategies.

To orient the reader, the principal results are synthesized
in the summary figures: a dose-response map of average
yield versus MSWC dose across cropping systems (Fig. 5)
and a trade-off schematic of benefits, risks, and research
needs (Fig. 6). Together, these visuals summarize the evi-
dence base on crop productivity and soil fertility and frame
the discussion that follows.

The response to MSWC application is influenced by sev-
eral interacting factors, yet some facts emerge clearly across
the literature. One of the most frequent and indisputable
findings concerns the effectiveness of MSWC when applied
at high rates. Across studies, grain yield increases, reported
as percentage changes relative to unamended controls,
reached up to 87%, when MSWC was applied at rates as

high as 80 t ha ! (e.g., Lakhdar et al. 2009, 2010a; Martinez
etal. 2021). Similarly, in studies on horticultural crops, high
doses of MSWC (up to 134 t ha ') produced better yields
(up to 28%). The highest average application rates were
recorded in arable cropping systems (100.8 t ha "), followed
by horticultural crops (75 t ha™ ') and orchard systems (58.7
t ha™). This gradient in applied doses is mirrored by the cor-
responding average increase in yields, with arable crops
showing the greatest improvements (+63.3%), followed
by horticultural crops (+37.3%) and orchards (+23%).
The positive effect of MSWC application on crop produc-
tivity and soil fertility is more pronounced in pot experi-
ments. This enhanced response can be largely attributed to
the higher MSWC application rates typically used in such
experiments, where, due to logistical simplicity and ease of
handling, doses range from a minimum of 3.9 ton ha ' to a
maximum of 875 ton ha! and are on average 116.1% higher
than those applied in field experiments. As a result, pot stud-
ies report significantly greater yield increases (+63.3%) and
+248.1% in SOM content when field conditions were able
to reach+2.47% only. The interpretation of results from pot
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high rates) and evidence gaps (e.g., long-term cumulative effects, stan-
dardized quality thresholds, incomplete composition reporting, crop—
soil-climate—water interactions). Abbreviation: MSWC=municipal
solid waste compost
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Benefits

* Higher crop yield (up to +87%)

* Higher SOM (up to +248% in pots)
 Improved soil fertility & structure

» Strong effects in marginal/saline soils

Risks & constraints

* Nutrient loading (P, K = demand)

* Heavy metals accumulation (Zn, Cu, Cd)
* Microplastics (rarely monitored)

* High cost & logistics at high rates

Research needs
* Define crop—soil-climate—water specific responses
» Standardize MSWC quality thresholds
* Long-term field trials for cumulative effects
» Better monitoring of contaminants (metals, MPs)

Fig. 6 Conceptual summary of the trade-offs associated with MSWC
application. Benefits include increased crop yield (up to +87%),
higher soil organic matter (SOM; up to +248% in pot trials), improved
soil fertility and structure, and positive effects in marginal or saline
soils. Risks and constraints include nutrient loading (P and K exceed-
ing crop demand), heavy-metal accumulation (Zn, Cu, Cd), microplas-

experiments must be approached with caution. These tri-
als often involve unrealistically high application rates and
controlled conditions that may not be representative of field
realities. In their review Diacono and Montemurro (2010)
also emphasized that the best agronomic performances of
MSWC are generally achieved with high application rates
and frequencies.

Beside the undisputable results for high doses reported
above, it can also be reasonably assumed that MSWC posi-
tive effects are strongly influenced by pedoclimatic con-
ditions. In adverse soils such as saline-sodic or marginal
environments MSWC has demonstrated a remarkable effi-
cacy in enhancing both crop yields and overall soil health.
For example, Zaman et al. (2020) found that MSWC not
only increased yields (+69.7%) of rice and common wheat
grown in saline-sodic soils, but also improved soil proper-
ties by reducing EC down to —38.8% and increasing SOM
up to 45%. Similarly, notable benefits have been observed
in semiarid shrublands and marginal soils, where MSWC
application led to increased biomass production and denser/
thicker plant cover, confirming the positive role of MSWC
in environments with low natural fertility and limited water
availability (Cuevas et al. 2000; Zajac and Skrajna 2024).
Under water shortage, the reviewed evidence suggests that
MSWC can improve soil water storage, which may increase

tics (rarely monitored), and high costs/logistics at large application
rates. Research needs emphasize crop—soil-climate—water specific
responses, standardized MSWC quality thresholds, long-term field
trials, and improved monitoring of contaminants. Abbreviations:
MSWC=municipal solid-waste compost; SOM=soil organic matter;
MPs=microplastics

resilience to drought and heat, particularly when applied as
mulch in perennial systems (Zgallai et al. 2024; Taheri et al.
2020; Blanco et al. 2024). However, improved soil water
retention does not necessarily translate into yield gains
when crop phenology and nutrient supply are limiting; for
instance, under deficit irrigation tobacco yields decreased
despite improved water-holding capacity and NUE, indi-
cating that crop-specific sensitivity can override soil-level
benefits (Sifola et al. 2025). These findings suggest that
MSWC application strategies should be tailored to the local
environmental context to optimize agronomic outcomes
(Meena et al. 2022; Mbarki et al. 2022). The reliance on
high MSWC application rates presents also several con-
cerns. The distribution of large quantities of compost may
not be feasible or cost-effective, particularly for farmers in
regions with limited compost availability or high transpor-
tation costs. From a nutrient-loading perspective, across
reviewed field studies, MSWC supplied on average 485 kg
N, 140 kg P, and 218 kg K ha™ yr! (total basis; Tab. S2).
Assuming conservative first-year availability (N 10-20%, P
50%, K 80%), this corresponds to ~50-100 kg N, ~70 kg
P (~160 kg P-0s), and ~175 kg K (~210 kg K-0O) ha™" yr.
While N availability from MSWC typically does not exceed
crop N demand, P and K inputs frequently meet or exceed
typical requirements-especially in arable and perennial
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systems-indicating a risk of P accumulation and K-related
cation imbalances under repeated high rates.

Those elevated application rates could also favour the
accumulation of heavy metals in soils, further emphasizing
arigorous selection in waste collection and composting pro-
cedures to ensure high quality MSWC. Elements, such as
Zn, Cu, and Cd, present in MSWC can pose serious threats
to soil health and food safety. As reported by Abbey et al.
(2021a), MSWC application led to significant increases in
soil concentrations of these metals. Metal accumulation can
occur even at moderate rates, leading to increased salinity
and potential toxicity (Mbarki et al. 2008; Bhardwaj et al.
2023). Additionally, even when total heavy metal content
remains below legal limits, repeated applications may lead
to long-term build-up in soils. However, limited research
has thoroughly investigated the extent of heavy metal con-
tamination in compost or its long-term consequences on soil
ecosystems and crop health (Alashty et al. 2011).

Although the facts described so far are well established,
some aspects have not yet been fully clarified. The agro-
nomic response to MSWC is context-dependent, arising
from interactions among application rate, MSWC type/
composition, baseline soil properties (e.g., texture, salinity,
fertility), climate/season, and water management, in addi-
tion to crop identity (Shiralipour et al. 1992; Horrocks et
al. 2014; Jodar et al. 2017). Soil texture emerges as a key
moderator of MSWC performance: in sandy soils, benefits
in SOM and water retention may be counterbalanced by
higher risks of nutrient leaching and salinity/EC build-up
at increasing rates, with yield declines reported at higher
doses in some cases (Mbarki et al. 2008; Bhardwaj et al.
2023). In loamy/clayey soils, yield responses and fertil-
ity improvements appear more stable at comparable rates,
likely due to higher buffering and retention capacity, sug-
gesting that sandy soils require more conservative dos-
ing and closer EC monitoring (Mbarki et al. 2008). While
numerous studies have demonstrated the MSWC poten-
tial to boost crop productivity, these impacts are not con-
sistently observed across all crop types and pedoclimatic
settings. Cereal crops, such as corn and common wheat,
have exhibited notable yield increases under MSWC treat-
ment, with improvements reaching up to 85% (Prabpai et
al. 2009; Zaman et al. 2020). Other cereals, like triticale,
did not show significant yield benefits under MSWC appli-
cation, highlighting that not all crops respond positively
to it (Kchaou et al. 2018). Additionally, in the context of
tobacco grown under deficit irrigation, yield reductions
were observed despite improvements in soil water retention
and NUE, suggesting that physiological crop responses
may override soil-related benefits (Sifola et al. 2025). Tem-
poral dynamics are also critical. For instance, comparing
short-term and two-year studies on lettuce (e.g., Leogrande
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et al. 2013 vs. Testani et al. 2020) reveals that the resid-
ual effect in the second year is often crucial for stabilizing
yields, suggesting that single-year trials may underestimate
the MSW compost’s value as a soil builder. Crop-specific
responses were also reported over a decade ago by Diacono
and Montemurro (2010). Overall, this variability argues for
tailoring MSWC management to the crop—soil-climate—
water context; although spring—summer horticultural spe-
cies often show larger responses under comparable rates
and materials (Zaccardelli et al. 2021), attributing differ-
ences to crop type alone is unwarranted without meta-ana-
lytic separation of effects.

The variability in MSWC composition remains quite
uncertain in the reviewed literature and is an issue that still
shows gaps. The physical, chemical and biological compo-
sition of MSWC is highly variable due to the diverse nature
of the waste streams from which it is derived. This variabil-
ity can influence the concentrations of both beneficial nutri-
ents and harmful contaminants, including heavy metals and
microplastics (MPs) (Vithanage et al. 2021). The nutrient
and contaminant profile of the MSWC may differ signifi-
cantly depending on where, when and how the raw materials
were collected and processed. Such variability complicates
the ability to reliably predict the agronomic benefits of
compost and to accurately assess its environmental safety
(Miyamoto et al. 2023). Consistently with this, across the
studies reporting composition (Table S1), pH ranged from
6.3 t0 9.5 (mean 7.8), EC from 0.4 to 23.2 dS m™' (mean
6.6), total C from 8.7% to 89.3% d.m. (mean 23.3%), and
total N from 0.51% to 4.97% d.m. (mean 1.7%). From a
practical agronomic standpoint, MSWC-driven pH shifts
imply more than a generic improvement: in acidic soils,
a moderate pH increase can alleviate Al or Mn stress and
enhance nutrient balance, whereas in neutral, alkaline or
calcareous soils additional pH increases may reduce Fe, Mn,
Zn and Cu availability, increasing the risk of micronutrient
limitations in sensitive crops. Therefore, the same pH shift
can be beneficial or constraining depending on baseline soil
conditions, reinforcing the need for site-specific monitoring
and rate adjustment (e.g., Erana et al. 2019; Martinez et al.
2022; Rupasinghe and Leelamanie 2020; Gallardo-Lara et
al. 2006). Additionally, many studies do not provide a full
physico-chemical characterization of the compost used,
especially regarding heavy metals, pathogen load, or micro-
plastic content. Among the 114 articles reviewed, total C
was reported in 77 studies (ranging between 8.7 and 89.3%
d.m.), total N in 90 (0.51-4.97%), and pH in 74 (6.3-9.5),
while heavy metals were reported in 66 studies (57.4%) and
only 1 study reported pathogens and 1 microplastics (see
Supplementary Tables S1 - S6). This uneven coverage limits
comparability and reduces reproducibility and transferabil-
ity across regions and systems.
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The introduction of MPs into MSWC represents the most
recent critical issue. The ubiquity of MPs in urban environ-
ments can readily make their way into MSWC (Vithanage
et al. 2021). While current European regulations do not
explicitly address MPs in compost, the Italian legislation
sets a threshold>2 mm to exclude plastic fragments from
MSWC, as defined in the Ministerial Decree of 2 Febru-
ary 2022 (Ministero delle Politiche Agricole Alimentari e
Forestali 2022). However, this size is well above the typical
dimensions of MPs, which are generally lower than 1 mm,
highlighting a regulatory gap in controlling their presence.
Once these MPs are incorporated into soils, they may persist
for an extended period of time and potentially disrupt soil
structure, water retention capabilities, and microbial com-
munity dynamics (Kumar et al. 2020; Steiner et al. 2022).
The growing recognition of MPs’ pollution is an emerging
environmental concern, therefore the studies reviewed here
do not adequately address this issue, constituting a signifi-
cant gap in the current research.

In addition to the limitations of the evidence, some
constraints related to the review process itself should be
acknowledged. The review was restricted to peer-reviewed
articles written in English and indexed in the Web of Sci-
ence, which may have led to the exclusion of relevant grey
literature or studies published in other languages or data-
bases. While the use of Latent Dirichlet Allocation helped
to refine the literature selection in an objective and repro-
ducible manner, some potentially relevant studies may have
been missed due to their limited representation within the
extracted topics. Moreover, although each article was manu-
ally screened to ensure clarity of objectives and quantitative
outcomes, the absence of a formal risk of bias assessment
limits the ability to systematically evaluate methodological
quality. The heterogeneity of study designs and reporting
formats also prevented a quantitative meta-analysis, reduc-
ing the extent to which results can be generalized.This het-
erogeneity also limits robust attribution of MSWC efficacy
to regions or climatic zones, because climate is often con-
founded with compost composition, application rate, irriga-
tion regime, and baseline soil constraints.

Finally, this review outlines clear research priorities to
improve the effective and safe use of MSWC in different
farming systems. Identifying crop-specific and pedocli-
matic-specific responses to MSWC is essential to optimize
its use and to guide farmers toward best practices tailored
to local conditions. At the same time, research should seek
to define optimal trade-offs between compost application
rates, agronomic efficacy, economic viability, and environ-
mental safety. In this regard, future efforts should also focus
on establishing the optimal balance between application
rates, cost-effectiveness, and environmental sustainabil-
ity across a wide range of agricultural systems. Particular

attention should be paid to the long-term implications of
MSWC use, especially in relation to heavy metal accumu-
lation and the fate of MPs in agroecosystems, which have
yet to be adequately characterized. These concerns call for
standardized methodologies to monitor compost quality and
for the establishment of clear safety thresholds to prevent
cumulative contamination. Therefore, some standardiza-
tion and rigorous quality control measures are essential to
ensure that compost consistently meets agricultural and
environmental standards and it does not introduce harmful
substances into the soil. Lastly, long-term field studies are
necessary to fully capture the dynamics of MSWC in soil
systems over multiple cropping cycles, particularly its con-
tribution to soil structure, organic matter stabilization, and
sustained productivity in diverse farming systems.

5 Conclusions

The use of Municipal Solid Waste Compost (MSWC) in
agriculture offers an alternative strategy to enhance crop
yields and soil fertility, while contributing to waste recy-
cling and circular economy goals. However, evidence from
the literature spanning from 1985 to 2024 indicates that
the effectiveness of MSWC is particularly pronounced at
application rates typically higher than 50 tons ha™!. Con-
versely, lower doses give more inconsistent results, with
some studies reporting beneficial effects, while others
highlighting limited or uncertain outcomes. Across studies,
positive effects are most consistently observed at medium-
high application rates, whereas responses at lower rates
are often smaller or inconsistent; however, the economic
and logistical feasibility of high-dose applications remains
a concern, particularly in large-scale field settings. Crop
response varies substantially across species and pedocli-
matic conditions, suggesting that the benefits given by
MSWC application are highly context-dependent. There-
fore it is challenging to draw univocal conclusions about
its performance across diverse agricultural systems. The
inherent variability in the physical, chemical, and biologi-
cal composition of MSWC is a critical aspect, driven by the
heterogeneous nature of urban waste streams and process-
ing practices. This variability affects both the nutrient value
and the contaminant load of compost, complicating its pre-
dictable and safe integration into farming systems. Never-
theless, some findings can provide guidance to optimize its
use. However, the risks associated with heavy metals and/
or microplastics, suggest a future rigorous monitoring of
the MSWC production process and quality control. Fur-
ther efforts are required to assess and mitigate these risks,
ensuring the safe and sustainable use of MSWC in agricul-
tural systems.
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Future research should prioritize long-term field trials
to better understand the cumulative effects of MSWC on
soil health, soil organic matter dynamics, and productiv-
ity across different cropping systems. Investigating the role
of MSWC in soil C sequestration and ecosystem resilience
under climate stress scenarios also represents a valuable
research frontier. Ultimately, with continued innovation,
regulatory development, and scientific support, MSWC
can play a central role in advancing sustainable agriculture,
enhancing food security, and closing nutrient cycles in line
with circular economy principles.
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