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Abstract

Fungal plant diseases pose a serious concern to global food security and are a
growing hazard to commercially significant crop output globally. However, our]
understanding of the wunderlying ecological processes and how agricultural
management techniques influence the establishment and spread of diseases inside
crop microbiomes 1is inadequate. In sorghum phyllosphere, root endosphere,
rhizosphere, and bulk soils obtained from a long—term experiment with various
inorganic and organic fertilisation regimes, we described the profiles of possible
fungal plant pathogens as well as bacterial and protistan populations. The four]
sorghum—soil compartments showed different patterns of fungal plant pathogens, and
the organic fertilisation regime considerably decreased the variety and proportions
of fungal plant pathogens in bulk soils and the rhizosphere. We also discovered
that resident bacterial and protistan populations, rather than soil physicochemical
factors, were the primary drivers of changes in fungal plant diseases. Sorghun
vield and protein levels were substantially correlated negatively with the variety
of fungal plant diseases in the rhizosphere and bulk soils. Long—term organic
fertilisation regimes were shown to inhibit fungal plant diseases primarily by
modifying the resident bacterial and protistan populations, according to structural
equation modelling.

KEYWO RDS
Protists, organic fertiliser, fungal plant pathogens, crop microbiome, and sustainable
agriculture

1 INTRODUCTION

Global food output is expected to significantly decline as a consequence of outbreaks of plant
illnesses brought on by soil-borne fungal and oomycete pathogens.1 -3 Fungal plant diseases are
predicted to become more prevalent at continental or global sizes under future climatic scenarios
(such as increasing precipitation and climate warming), with unclear implications for stable
agricultural productivity and global food security.6, 7 Despite the widespread prevalence of
fungal plant diseases in soil and their functional and economic significance, little is known
about the critical elements influencing their occurrence in plant—soil systems and effective
strategies for controlling their environmental occurrence.8 The prevalence and composition of
fungal pathogens can be influenced by a variety of edaphic factors and environmental drivers,
including soil pH, nutrients, temperature, and precipitation. At the same time, anthropogenic
disturbances like fertilisation, tillage, grazing, land-use changes, and pesticide application
can also have an impact. In order to predict plant health and performance and to develop focused
methods to address the problem of developing crop diseases, it 1is especially crucial to
comprehend how plant infections respond to environmental stress.In different compartments like
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the phyllosphere, rhizosphere, and endosphere, plant—associated microorganisms (also known as the
plant microbiome) expand the genomic and metabolic capacities of hosts and play a crucial role in
a wide range of vital processes like immune regulation, stress tolerance, and nutrient uptake. 10,
11 Plant—soil microbiome interactions may be harmful or beneficial. (e.g., fungal plant diseases)
to neutral to very helpful (e.g., plant beneficial microorganisms) to the plant, 12 with profound
effects on ecosystem functioning, plant performance, and fitness.b5, 13 More significantly, it is
known that plant—associated beneficial microbes play a significant role in strengthening the
host’s resistance against soil-borne plant pathogens. This may be due to direct antagonism
through the production of antibiotics or volatiles, competition with pathogens for niches,
induction of systemic or induced resistance through the production of compounds like salicylic
acid, or direct predation of pathogenic microbes.17-19 Optimising plant—soil-microbe
partnerships to improve soil protection against fungal diseases is a viable approach, given the
crucial role that plant-microorganism and microorganism—microorganism interactions play in
disease suppression. Agricultural management techniques may have a favourable or negative impact
on plant-associated microbiomes, leading to changes in the microbiomes’ taxonomy and
functions. Twenty Numerous recent studies have examined the effects of common agricultural
management practices (such as inorganic and organic fertilisation regimes) and abiotic factors
(such as climatic and edaphic factors) on crop productivity and the structure and functions of
microbiomes associated with soil and plants. 13, 21, 22 However, most of them only addressed
bacteria, fungi, and protists (21, 23, 24), and we know very little about how agricultural
management methods affect fungal plant diseases in different plant compartments. By altering
trophic biological interactions and the relative abundances of pathogenic and beneficial microbes
that are expected to affect plant pathogenesis, agri—cultural management techniques often affect
the dynamics of microbial communities. Fertilisation schedules might affect fungal plant diseases
either directly by changing the physicochemical characteristics of the soil or indirectly by
changing the microbial populations, which are known to be crucial in suppressing plant
pathogens. 12, 15 Therefore, in order to predict the future patterns of fungal plant pathogens
under intensive agricultural management, which will ultimately contribute to global food security,
a better understanding of the effects of agricultural practices (such as organic and inorganic
fertilisation regimes) and particularly biotic factors is crucial. The development of sustainable
agricultural systems will greatly benefit from agricultural management strategies that may boost
the number of helpful microorganisms while lowering plant pathogens.27.In order to assess the
effects of different inorganic and organic fertilisation treatments on the amounts, variety, and
compositions of fungal plant pathogens in different sorghum—soil compartments, we collected soil
and plant samples from a long—term experimental location. A significant cereal crop that is well
suited to dry and semiarid regions, sorghum is used to provide food and biofuel.28. The
sustainable production of sorghum is seriously threatened by fungal plant diseases, which are
acknowledged as a significant and ongoing barrier to grain production. The variety of fungal
pathogens in sorghum crops and the relationships between infections and other elements of
sorghum—associated microbiomes are currently poorly understood. In order to understand the
ecological processes underpinning the existence of fungal plant diseases in plant and soil
systems, we sought to identify the most important biotic and abiotic variables influencing their
diversity and abundance. We investigated the hypothesis that organic fertilisation, as opposed to
inorganic fertilisation, may help decrease soil-borne fungal infections by altering the native
microbial populations.

2 | MATERIALS AND METHODS

2.1 | Site description and sample collection

In September 2019, soil and plant samples were taken at a long—term experimental station located
in Don-gyang, Shanxi Province, China (37° 33’ 21’ N, 112° 40’ 2' E). According to USDA soil
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taxonomy, the soil at this location is sandy loam with 86.7% sand, 11.6% silt, and 1.7% clay. It
also has a sorghum-maize rotation system. This location has a mean annual temperature of 9.7° C
and a mean annual precipitation of 321 mm. In 2011, a randomised block design was used to
establish six organic and in—organic fertilisation treatments in triplicate plots (15 X 5§
m2/plot): control treatment without fertilisation (CON), nitrogen (N) + phosphorous (P) +
potassium (K) (NPK), NPK + organic manure (NPKM), NPK + organic manure + straw (NPKMS), organic
manure + straw (MSD). In the NPK treatment, N was administered as urea at a rate of 225 kilogram
N per hectare annually, P as diammonium phosphate at a rate of 60 kg P205 per hectare annually,
and K as potassium sulphate at a rate of 60 kg K20 per hectare annually. At a rate of 45 m3 per
hectare, or 100 kilogram N, 56 kg P205, and 69 kg K20 per hectare, organic manure in the form of
cow dung was applied. 6150 kilograms of straw, or 49 kg N, 11 kg P205, and 139 kg K20 per acre,
were used in the straw application treatments. The original purpose of this fertilisation
experiment was to investigate how different fertilisation regimes affected crop yield and soil
fertility. At the sorghum ripening stage, we gathered all plant and soil samples. Five randomly
selected soil cores were mixed at a distance of 30 cm from the plants to create a composite bulk
soil (0-10 cm) inside each plot. Samples of plant leaves were taken from sorghum plants at a
height of around 60 cm above the ground. Samples of rhizosphere soil were taken from the soils
that were affixed to the roots of sorghum plants. Every sample was transported on ice to the
Fujian Normal University laboratory. Before soil physicochemical parameters were measured, soil
samples were sieved to a size of 2 mm and either kept at 4° C or -80° C prior to DNA extraction.
As soon as the leaf samples arrived, they were utilised to isolate DNA. Sorghum protein content
was evaluated as an indication of sorghum quality, while sorghum yield was recorded as an
indicator of sorghum productivity

2.2 | Soil physicochemical analysis and DNA extraction;

The amount of dissolved organic carbon (DOC) in soil was measured using 0.45 Mm filtered water
extracts (1:4 of the soil:water ratio). A flow analyser (Skalar) was used to determine the NO —-
N and NH +-N concentrations of the soil. The combustion technique was used to determine the
total nitrogen (TN) and total carbon (TC) of soil samples using an element analyser (Vario MAX
C/N). Using a heating—acid-digestion technique, total phosphorus (TP) was extracted and measured
using a flow analyser.The DNeasy PowerSoil DNA Isolation kit (Qiagen) was used to extract
rhizosphere and bulk soil DNA in accordance with the manufacturer’ s instructions. As previously
mentioned, the DNeasy PowerSoil DNA Isolation kit (Qiagen) was used to extract the genomic DNA of
leaf phyllosphere microorganisms from 5.0 g leaf samples.The DNeasy PowerSoil DNA Isolation kit
(Qiagen) was used to isolate DNA from 13 sorghum root samples after they had been surface
sterilised and crushed with liquid nitrogen. The NanoDrop One spectrophotometer (Thermo Fisher
Scientific) was used to measure the concentration and purity of DNA.

2.3 | Amplicon sequencing and bioinformatic analyses:

Using the primers F-TAR-euk454FWD1 and R-TAReukREV3,30 515F and 806R, 31 and ITSIF and ITS2R, 32,
respectively, the eukaryotic 18S ribosomal ribonucleic acid (rRNA) gene, bacterial 16S rRNA gene,
and fungal ITS1 region were amplified and sequenced on the Illumina Miseq platform (Illumina). In
QIIME. 33, raw sequences were quality—filtered to exclude reads with unclear nucleotides, a poor
quality score (Q < 20), and a short length (<100 bp). To eliminate all chimeric sequences, we
used the USEARCH tool, which is based on the UCHIME algorithm. The Protist Ribosomal Reference
(PR2) database was used to taxonomically assign the eukaryotic 18S rRNA gene sequences for
protists. 34. Taxonomic assignments for bacteria and fungus were made using the Silva35 and UNITE
databases, respectively. Prior to the downstream analysis, bacterial sequences that matched host
mitochondria and chloroplasts were eliminated. Operational taxonomic units (0TUs) were found
using UPARSE v7.0.1090.37 at a 97% similarity level. Prior to the examination of OTU richness
across various compartments and treatments, the number of sequences per sample was rarefied to
47,541 for fungus, 30,828 for protists, and 30,079 for bacteria. The FUNGuild database, which has
been extensively used in many recent research, was utilised to forecast potential fungal plant

15



International Journal of Eco-Agriculture and Sustainable Technologies
Volume 1 Issue 2, 2025

diseases.4, 5, 9 In this research, potential fungal plant pathogens were categorised into “highly
probable” or “probable” categories using a FUNGuild assignment that incorporated the word
“pathotroph. 79, 38 Raw sequences with accession number PRJNA648662 (SRP273724) have been added to
the NCBI Sequence Read Archive (SRA).

2.4 | Statistical analyses:

The significant variations in the richness and proportions of possible fungal pathogens across
treatments and compartments at p < 0.05 were compared using analysis of variance (ANOVA) tests.
Principal coordinates analysis (PCoA) based on the Bray - Curtis dissimilarity was carried out
using the “vegan” package39 in R to identify the variations in the fungal plant pathogen
compositions across treatments and compartments. A multifactorial per—mutational analysis of
variance (PERMANOVA) was then used to determine whether the differences were statistically
significant. In the subsequent analyses, the change in the compositions of fungal pathogenic
communities was represented by the first component (PCoAl). In order to assess the contributions
of soil properties, protistan, and bacterial community compositions to the variation in the
fungal pathogenic community composition in the “vegan” package, variation partitioning analysis
was performed. The “UpSetR” package was used to visualise the variation partitioning result. The
impacts of biotic and abiotic variables on the proportions of fungal plant diseases in the
“randomForest” package were estimated using random forest analysis.Forty Using R's “1lm” function,
we used ordinary least squares (OLS) to investigate the connections between the richness of
fungal plant pathogens and sorghum production and protein contents. Using Amos Graphics v22 (IBM
Corp.), a structural equation model (SEM) was built to determine the effects of compartments,
fertilisation treatments, soil properties, protistan and bacterial community compositions, and
sorghum yield and protein contents on the composition of the fungal plant pathogenic community.
All potential paths between these parameters were included into the a priori model. The Bentler
comparative fit index (CFI), goodness—of-fit index (GFI), and X2 test all showed the overall
model fit.

3 | RESULTS:

3.1 | Impacts of fertilization on the diversity and community composition of potential fungal
plant pathogens:

A total of 4,824,904 high—quality sequences were obtained from amplicon sequencing of the ITSI1
region, and the FUNGuild database was used to identify 435 OTUs of potential fungal diseases. The
root endosphere had the lowest value of the detected OTU richness of possible fungal plant
diseases, whereas bulk soil had the greatest value (Figure la). The community structure of fungal
plant pathogens was significantly separated across several plant—-soil compartments, according to
PCoA analysis (Figure 1b). 78.08% of all fungal sequences in the phyllosphere, 44.58% in the root
endosphere, 10.25% in rhizosphere soils, and 16.29% in bulk soils were potential fungal plant
pathogens (Figure 1lc).In each plant compartment, we further described how the diversity and
community compositions of possible fungal plant diseases responded to fertilisation treatments
(Figure 2). In the phyllosphere and root endosphere, organic fertilisation (including the MS,
NPKM, NPKMSD, and NPKMS treatments) did not significantly affect the OTU richness or community
compositions of potential fungal plant pathogens; however, in the rhizosphere and bulk soils, it
significantly decreased the OTU richness and proportions of fungal plant pathogens and altered
their community compositions (Figure 2a-c).

3.2 | Biotic and abiotic factors driving the patterns of potential fungal plant pathogens:
As biotic variables, Spearman’s correlation showed strong relationships between the relative
abundances of prominent fungal plant diseases and those of bacterial and protistan taxa (at the
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genus level, top 10 most prevalent genera), but modest correlations with abiotic factors (Figure
3a). The proportions of fungal plant pathogens were best predicted by dominating bacterial and
protistan species and less by abiotic variables, according to random forest modelling (Figure 3a).
For instance, Sphingomonas, Microbacterium, Sandonidae X, and Polymyxa were the best biotic
predictors of Alternaria, Cla—dosporium, and Epicoccum; Streptomyces, Sandonidae X, Pseudoplatyo-—
phrya, Polymyxa, and Glissomonadida Clade-Y X were the best predictors of Fusarium and Periconia;

and Pseudomonas and Cercomonas were the best biotic predictors of Gibberella and Nectria.Fungal
plant pathogens belonging to the phyla Ascomycota, Basidiomycota, and Chytridomycota displayed
extensive positive and negative associations with many taxa belonging to key bacterial phyla and
protistan phyla, according to our further study (Figure 3b). Interestingly, Sandomidae X and
Hyphochytrium exhibited only negative relationships with fungal pathogen taxa, but protistan
groupings 1like Neoheteromita and Polymyxa had only positive connections. Blastococcus,

Curtobacterium, Gaialla, Lechevalieria, Solirubrobacter, Lyso-bacter, and Skermancella had
negative associations with fungal pathogen taxa, but Microbacterium, Aureimonas, and Neorhizobium
were mostly favourably associated.on determine the relative contributions of biotic (bacterial
and protistan communities) and abiotic (soil physicochemical qualities) variables on the patterns
of fungal plant diseases, variation partitioning analysis was performed (Figure 4). In all four
sorghum—soil compartments, the composition of the bacterial and protistan communities explained a
greater percentage of the variance in fungal plant pathogens than soil parameters (Figure 4).

It’s interesting to note that the majority of the variance in fungal plant pathogens in both
rhizosphere soils (64%) and bulk soils (51%) was explained by the interplay of soil
characteristics, bacterial, and protistan community compositions (Figure 4).The interactions
between fertilisation treatments, compartments, soil characteristics, and community compositions
of bacteria and protists were subsequently investigated using structural equation modelling (SEM).
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FI GURE 1 Potential fungal plant pathogens’ operational taxonomic unit richness in several
sorghum—-soil compartments (a). The general distribution pattern of possible fungal plant
pathogens across several compartments is shown using principal coordinate analysis (PCoA) based
on the Bray—Curtis distance (b). Variations in possible fungal plant pathogenic genera’ relative
abundances across various compartments (c). Significant differences at p < 0.05 are indicated by
different letters above the boxes
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FI GURE 2 Diversity and compositions of fungal plant pathogenic communities across different
sorghum

departments. Fungal plant pathogens’ operational taxonomic unit richness wunder various
fertilisation conditions (a). The general distribution pattern of the fungal plant pathogenic
population in each compartment is shown using principal coordinate analysis (PCoA) classified by
fertilisation treatments based on the Bray—Curtis distance (b). Variations in the relative
abundances of helpful fungal genera (d) and potentially harmful fungal plant genera (c)
throughout fertilisation treatments in various sorghum compartments. Significant differences at p
< 0.05 and fungal pathogens, together with their effects on sorghum yield and protein levels, are
shown by different letters above the boxes (Figure 5). By altering soil characteristics as well
as bacterial and protozoan communities, we discovered that fertilisation had a substantial effect
on the fungal pathogenic community compositions (Figure b5a).Additionally, sorghum-soil
compartments may have a direct or indirect effect on the compositions of fungal pathogenic
communities by modifying the compositions of bacterial and fungal communities (Figure 5a).
Sorghum yield and protein contents were found to be negatively impacted by fungal pathogens
(Figure 5b). This finding was corroborated by negative correlations between the richness of
fungal pathogens and sorghum yield and protein contents in both rhizosphere and bulk soils
(Figure 6). With the exception of a strong negative association in the root endosphere, no
significant correlations were discovered between the richness of fungal pathogens and sorghum
production or protein content in the phylosphere or root endosphere (Figure 6).
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FI GURE 3 (a) The relationship between biotic (including the top 10 bacterial and protistan
genera) and abiotic variables and the relative abundance of the top 10 fungal plant diseases in
all plant and soil samples. The caption shows that the fill colour correlates to the Spearman’s
correlation coefficient. Circles (% IncSME) represent the significance of each determinant as
determined by the Random Forest model. (b) The correlation between important bacterial and
protistan taxa and the relative prevalence of fungal plant diseases. The connections between the
primary bacterial and protistan populations and fungal plant diseases are shown by orange lines,
which indicate positive associations, and blue lines, which indicate negative relationships. The
relative abundance of important bacterial and protistan species as well as fungal plant diseases
is correlated with fill colour.

4 DISCUSSION

Although both organic and inorganic fertilisation regimes are often used in agricultural
management to increase crop yield, little is known about how they affect fungal plant diseases in
different crop plant compartments or the underlying ecological processes. Current agricultural
practices, such as monocultures and intense chemical fertilisation, are known to lower soil
organic matter content4l and promote the establishment and spread of novel fungal plant diseases
endangering several major commodity and calorie crops worldwide.7 It is crucial to have a
thorough knowledge of how plant pathogens react to anthropogenic management methods and how
biotic and abiotic variables affect their presence within crop microbiomes in order to build
roper disease control strategies under future environmental change scenarios. In this long—term
field-based study, we present new evidence that long—term organic fertilisation could
successfully lower the proportions of potential fungal plant pathogens in bulk soils and sorghum
rhizosphere soils (but not in phyllosphere and root endosphere), potentially by altering soil
characteristics and the bacterial and protist community compositions.The fungal plant pathogenic
community compositions inside the sorghum—associated microbiomes are shown to be significantly
influenced by sorghum- soil compartments (Figure 1b). According to earlier research, microbial
community diversity and structure significantly vary across different compartments, from
rhizosphere soil to root endosphere, 42,43 indicating the significance of the unique circumstances
of compartments in the processes of microbial community formation. Fungal plant pathogens were
found to be much more prevalent in the phyllosphere and root endosphere of sorghum—associated
microbiomes than in the rhizosphere and bulk soils (Figure 1c). This result might be explained by
the fact that, according to our earlier research utilising the same soil and plant samples, the
diversity of microorganisms in the phyllosphere and root endosphere is much lower than in the
rhizosphere and bulk soils.13. The diversity and composition of the soil microbial population are
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thought to be significant disease
factors.
(a) Phyllosphere (b) Root endophyte

(c) Rhizosphere soil (d) Bulk soil
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Explained Variation (%)

0 S0

80 40
Explained Variation (%) Explained Variation (%4)

suppression,

FI GURE 4 Variation partitioning models indicate the influence of soil characteristics,
bacterial communities, and protistan populations on fungal plant diseases in several sorghum—
associated compértments. The characteristics of the soil

were pH, DOC, TN, TC, C/N, TP, NO3—-N, and NH +-N. The driving elements of the associated bar
are represented by the points or points linked by a line. The barplot on the left shows the
overall magnitude of each driving force. As shown by the lower suppressive powers of sterilised
soils in comparison to unsterile soils, every potential junction is represented by the bottom
plot, and its occurrence (i.e., the numbers above bars) is depicted on the top barplot.15. The
comparatively lower percentage of fungal plant pathogens in rhizosphere and bulk soils may be
explained by their comparatively larger microbial diversity. Additionally, we discovered that a
large number of the fungal plant diseases identified in this research, including Alternaria and
Fusarium, are worldwide prevalent in soils4 and probably have an effect on sorghum crop yield.
For instance, many pathogenic fungal species, mostly from the genera Fusarium, Curvularia, and
Alternaria, produce grain mould, a common sorghum disease. The negative correlations between
sorghum yvields and protein levels (as measures of grain quality) and the richness of fungal
pathogens demonstrate this (Figure 6). However, it should be noted that the occurrence of disease
caused by fungal plant pathogens depends on a number of factors (e.g., the interaction of a
virulent pathogen with a susceptible host under permissive conditions), and the presence of these
fungal pathogens does not always indicate the actual occurrence.A vast variety of bacteria,
fungus, and protists are known as plant—associated microorganisms, and their interactions
together control plant health and disease. 13,19 Through trophic predator-prey interactions,
protists—the primary predators of microbes—and bacteria—the primary rivals of fungi—may play
a significant role in controlling fungal plant diseases in the plant microbiome. 45, 46 Plant
pathogens may be directly consumed by some protist species, particularly phagotrophs.47.
Neoheteromita, Sandonidae X, Colpoda, Filamoeba, and Hartmannella (Figure 3b) are some common
protistan species that represent significant consumer groups that could be able to outcompete
fungal diseases. Protists’ selective predation on bacteria may also encourage the development of
bacteria with the ability to produce secondary compounds that inhibit pathogens.48. By directly
consuming fungal plant pathogens and by altering the functional and taxonomic makeup of bacteria
due to predation, these protists may contribute to plant disease. Consequently, it is not
unexpected that the protistan community was shown to be a significant factor influencing the
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makeup of the fungal pathogenic population
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FI GURE 6 Relationships between the richness of fungal plant pathogens with sorghum yield (a) and
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The ordinary least square regression models of the four sorghum—soil compartments showed the

protein contents (b) in each compartment (Figures 4 and 5).

In addition to pro-—tists,

the makeup

of the fungal pathogenic population was shown to be significantly influenced by the bacterial
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community (Figures 4 and 5). A long-term field research found that changes in bacterial
populations in the rhizosphere soils were closely correlated with the dynamics of the take-all
disease in wheat (Triticum aestivum), which is caused by the pathogenic fungus Gaeu—mannomyces
graminis var. tritici.49. According to other research, plants with a greater diversity of
microbial communities are less likely to be infected by pathogens than those with a lower
diversity of microbial communities. Possible explanations for this include competition with
fungal pathogens for niches, direct antagonism of the pathogens through the production of
volatile organic compounds with antifungal functions, or induction of systemic or induced
resistance through the production of compounds 1like salicylic acid.16. Future research is
necessary to better understand how interactions between bacterial and protistan populations
impact fungal plant diseases, since interactions among the plant—associated microbiomes are very
complex and dynamic.One of the study' s main conclusions is that organic fertilisation may
effectively lower the percentages of fungal plant pathogens in bulk and rhizosphere soils (Figure
2), most likely by modifying the resident bacterial and protistan populations and altering the
characteristics of the soil (Figure 5). Through their effects on the structure and function of
the native soil microbiomes, organic fertilisers may reduce the prevalence of fungal plant
pathogens. 18 However, the ecological processes behind organic fertilisers’ disease—suppressive
activities are yet unclear.52. Agricultural management techniques were linked to the structure of
the soil microbial community and their impact on the suppression of the fungal pathogen
Rhizoctonia solani AG3 in soils, according to a prior research.25. Here, we show that organic
fertilisation may largely alter the diversity and community compositions of bacteria, which in
turn affected the protistan communities (because bacteria are crucial protist food sources)
(Figure 5). Fungal plant diseases are subsequently suppressed by the resultant alterations in the
bacterial and protistan populations as well as the corresponding changes in soil characteristics

Organic fertilisers may have been colonised by certain kinds of hostile microorganisms, or they
may have encouraged the development of plant—beneficial microbes, such as protists and bacteria,
which may help suppress harmful germs.41. Through the addition of exogenous organic materials,
organic fertilisation may also modify the nutritional status of the soil, which fundamentally
changes the interactions between the microbiome and the plant, as well as the interactions
between the microbiome and other microbiomes and, crucially, the microbiome—mediated suppression
of fungal plant diseases. Together, we suggest that changes in the composition and function of
the bacterial and protistan communities brought about by organic fertilisation are probably
involved in controlling the growth of fungal plant diseases and, consequently, plant health.

5 | CONCLUSION

All things considered, this long—term field-based study offered fresh proof that organic
fertilisation might lower the proportions of fungal plant diseases by modifying the bacterial and
protistan populations that live in the soil. We demonstrate that, in addition to bacteria,
protists may operate as important factors that control the incidence of fungal plant diseases by
a comprehensive microbiome investigation of fungus, protists, and bacteria in different sorghum-—
plant compartments. According to our research, applying organic fertilizers—whether or not they
are mixed with inorganic fertilizers—may have the potential to improve soils’ ability to
suppress disease and provide resources for managing pathogens. These findings have significant
ramifications for the development of more focused microbiome engineering techniques to achieve
the desired positive benefits and lessen the negative consequences of fungal diseases on the
supply of fibre, food security, and social economics.
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