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Abstract

To elucidate the formation mechanism of cassava continuous cropping obsta-
cles, this study conducted three-year fixed-point field continuous cropping of
cassava and employed high-throughput sequencing technology and bioinformat-
ics approaches to investigate the effects of continuous cropping duration on the
succession of fungal community structure in cassava rhizosphere and bulk soils.
The results showed that: (1) Continuous cropping significantly affected the al-
pha diversity and both taxonomic and phylogenetic beta diversity of soil fungal
communities in rhizosphere and bulk soils. (2) The predominant fungal phyla
in cassava were Ascomycota, SAR supergroup, Basidiomycota, Mucoromycota,
and unclassified_ {k_ }{Fungi}, with the main dominant classes being Sordar-
iomycetes, Furotiomycetes, Dothideomycetes, and Intramacronucleata. In bulk
soil, the composition of Ascomycota changed substantially, evolving from My-
rothecium, Sordariomycetes, and Dothideomycetes in the first year toward a sin-
gle genus Knufia; in rhizosphere soil, fungi evolved from Hypocreales, Chaetothyr-
iales, Myrothecium, Dothideomycetes, and Sordariomycetes of Ascomycota to-
ward the genus Monosiga within the phylum norank{d___}{Eukaryota}. (3) Soil
pH, organic matter content, alkaline-hydrolyzable nitrogen content, available
phosphorus content, readily available potassium content, and catalase activity
significantly influenced soil fungal community changes, particularly affecting the
distribution of Ascomycota, SAR supergroup, Basidiomycota, and Mucoromy-
cota. In summary, cassava continuous cropping leads to accumulation of root
exudates, alters soil physicochemical properties and the fungal living environ-
ment, thereby inducing changes in fungal community diversity and richness;
specifically, in bulk soil, Ascomycota transitioned from Myrothecium, Sordar-
iomycetes, and Dothideomycetes toward a single genus Knufia; in rhizosphere
soil, the relative abundance of beneficial fungi such as Hypocreales, Myrothe-
cium, and Sordariomycetes of Ascomycota decreased with increasing continuous
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cropping years, ultimately triggering cassava continuous cropping obstacles.
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Abstract

To reveal the formation mechanism of cassava continuous cropping obstacles,
this study investigated the effects of continuous cropping duration on fungal
community structure succession in cassava rhizosphere and non-rhizosphere
soils using high-throughput sequencing technology and bioinformatics ap-
proaches in a fixed field experiment over three years. The results showed
that: (1) Continuous cropping significantly affected the a-diversity and both
taxonomic and phylogenetic [S-diversity of fungal communities in cassava
rhizosphere and non-rhizosphere soils. (2) The dominant fungal phyla were
Ascomycota, SAR supergroup, Basidiomycota, Mucoromycota, and unclas-
sified_{k_ }{Fungi}, while the dominant classes included Sordariomycetes,
FEurotiomycetes, Dothideomycetes, and Intramacronucleata. In mnon-rhizosphere
soils, Ascomycota composition changed substantially, evolving from Muyrothe-
cium, Sordariomycetes, and Dothideomycetes in the first year to a single genus
Knufia. In rhizosphere soils, fungi evolved from Hypocreales, Capnodiales, My-
rothecium, Dothideomycetes, and Sordariomycetes within Ascomycota toward
Monosiga belonging to norank{d___}{Eukaryota}. (3) Soil pH, organic matter
content, available nitrogen content, available phosphorus content, available
potassium content, and catalase activity significantly influenced soil fungal
community changes, particularly affecting the distribution of Ascomycota, SAR
supergroup, Basidiomycota, and Mucoromycota. In conclusion, continuous
cassava cropping leads to accumulation of root exudates, altering soil physico-
chemical properties and the fungal living environment, thereby causing changes
in fungal community diversity and abundance. Specifically, Ascomycota
in non-rhizosphere soils evolved from Myrothecium, Sordariomycetes, and
Dothideomycetes to a single genus Knufia, while the relative abundance of
beneficial fungi such as Hypocreales, Myrothecium, and Sordariomycetes within
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Ascomycota in rhizosphere soils decreased with increasing continuous cropping
years, ultimately triggering cassava continuous cropping obstacles.

Key words: cassava (Manihot esculenta), continuous cropping, fungi, rhizo-
sphere and non-rhizosphere soils, microbial diversity

Introduction

Cassava (Manihot esculenta), belonging to the family Euphorbiaceae, is one of
the world’s three major root crops. It exhibits tolerance to barren, drought,
and acidic soil conditions. As a C3 plant with relatively high photosynthetic
efficiency, cassava has a theoretical yield potential of 120 t - ha~! and high fresh
tuber yield potential (Zhang et al., 2012), serving as an important raw material
for starch and alcohol processing in China. Currently, China’s cassava industry
faces challenges including large raw material deficits, high trade dependency, ex-
tensive cultivation management, and low economic benefits (Liang et al., 2016).
Guangxi, as China’s primary cassava cultivation and processing region, accounts
for 60% of national planting area and processing output (Yang, 2020). However,
continuous cropping of cassava is widespread in Guangxi. Research by Liang et
al. (2017) demonstrated a negative correlation between cassava yield and contin-
uous cropping duration: farmers in the lowest 25% yield bracket (average yield
27.00 t - ha=!) had an average continuous cropping history of 14.29 years, while
those in the highest 25% yield bracket (average yield 55.38 t - ha™!) averaged
only 2.54 years of continuous cropping. This indicates that continuous cropping
obstacles represent a critical factor limiting yield improvement in China’s major
cassava production regions. Therefore, investigating the formation mechanisms
of cassava continuous cropping obstacles and developing mitigation measures is
essential for enhancing cassava yield in China.

Continuous cropping obstacle refers to the phenomenon where continuous cul-
tivation of the same or related crops on the same land leads to weakened plant
growth, increased pests and diseases, and reduced yield and quality (An et al.,
2019). Previous research has attributed continuous cropping obstacles to dete-
riorating soil physicochemical properties, accumulation of autotoxic substances,
and changes in soil microbial flora (Yang et al., 2011). These three factors are
closely linked to soil, interact with each other, and form interactive relationships.
Among them, microorganisms play a crucial role in continuous cropping obsta-
cle formation. Allelochemicals accumulated in continuously cropped soils drive
microbial community succession, ultimately leading to pathogen proliferation,
beneficial bacteria reduction, and soil-borne diseases (Hou et al., 2016). Beyond
inducing soil-borne diseases, soil microorganisms, as essential components of
soil ecosystems, decompose organic matter, participate in nutrient cycling, and
play key roles in ecosystem energy flow and material cycling (He et al., 2022).
Their biodiversity is primarily influenced by vegetation, soil type, temperature,
moisture, and management practices (Zhou and Lei, 2007). Numerous studies
have shown that the quantity, species, metabolic activity of rhizosphere soil mi-
croorganisms, and their interactions can enhance plant resistance and promote

chinarxiv.org/items/chinaxiv-202405.00168 Machine Translation


https://chinarxiv.org/items/chinaxiv-202405.00168

ChinaRxiv [$X]

growth, or parasitize plants and cause diseases, thereby affecting plant health
(Berendsen et al., 2012; Sun et al., 2015; Terhonen et al., 2019; De et al., 2019).

Extensive research indicates that continuous cropping transforms soil microor-
ganisms from bacterial-dominated to fungal-dominated communities, marking
one indicator of soil fertility decline caused by continuous cropping. For exam-
ple, continuous potato cropping leads to enrichment of specific root exudates,
reducing rhizosphere soil microbial richness with increased fungal proportion
and decreased bacterial proportion (Ma et al., 2015). In continuously cropped
tobacco fields, bacterial populations decrease annually while fungal populations
increase (Wang et al., 2008). In tomato soils, bacterial quantity negatively corre-
lates with continuous cropping years, while fungal quantity shows the opposite
trend (Sun et al., 2010). Long-term continuous soybean cropping significantly
increases soil fungal abundance, whereas continuous maize cropping significantly
decreases it, and continuous wheat cropping shows no significant change in fun-
gal abundance. These varying trends suggest that different crops affect soil
microbial communities differently, likely due to variations in root exudate com-
position and quantity, as well as residual root and litter components (Liu, 2019).
However, the mechanisms underlying the effects of cassava continuous cropping
on soil microbial community succession remain unclear.

Recent studies on cassava continuous cropping obstacles have focused primarily
on impacts on soil physicochemical properties and soil microorganisms (Zhou,
2017; Liu, 2020). Cassava continuous cropping obstacles are closely related
to deteriorating soil physicochemical properties, declining available nitrogen-
phosphorus-potassium content, altered soil microbial composition, and accumu-
lation of organic acids from cassava root exudates. Zhou (2017) reported that
cassava continuous cropping deteriorates rhizosphere soil three-phase ratios, in-
hibits soil catalase activity, increases phenolic acid content, and reduces pH. Liu
(2020) found that continuous cassava cropping increases soil fungal population
quantity but decreases community abundance and diversity, with reduced soil
available nitrogen and potassium content.

Since plant root exudates directly regulate rhizosphere microbial ecosys-
tems, they inevitably cause differential changes between rhizosphere and
non-rhizosphere soil microbial communities. Therefore, systematic investi-
gation of the effects of cassava continuous cropping on fungal community
succession in both rhizosphere and non-rhizosphere soils is necessary. Based
on a fixed-site continuous cassava cropping experiment, this study employed
bioinformatics and high-throughput sequencing technology to analyze the
impacts of continuous cropping on fungal community succession in cassava
rhizosphere and non-rhizosphere soils, providing a theoretical basis for system-
atically elucidating the formation mechanisms of cassava continuous cropping
obstacles.
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Materials and Methods
1.1 Experimental Site Description

The experiment was conducted from 2019 to 2021 at the Wuming Lijian Ex-
perimental Base of Guangxi Academy of Agricultural Sciences in Wuming Dis-
trict, Nanning, Guangxi (107°49 26 E, 22°59 58 N). The experimental soil was
latosol, previously abandoned farmland for many years with medium fertility.
The pH value, organic matter content, available nitrogen content, available phos-
phorus, and available potassium content of the 0-20 cm soil layer before planting
are detailed in Qin et al. (2022).

1.2 Experimental Materials

The test material was the industrial high-yield cassava cultivar ‘South China
205, with planting stems provided by Guangxi Academy of Agricultural Sci-
ences.

1.3 Experimental Design and Sampling

1.3.1 Experimental Design The field was prepared conventionally and di-
vided into 12 plots of 70 m? each. Cassava was planted at 1 m x 1 m spacing,
with 70 plants per plot. In 2019, three plots were randomly selected as exper-
imental replicates, which were then fixed as annual replicates. Cassava was
planted on April 16, 2019 (continuous cropping 0 season), April 10, 2020 (con-
tinuous cropping 1 season), and April 11, 2021 (continuous cropping 2 season).
Consistent field management practices were applied throughout the experimen-
tal period. No artificial irrigation was applied; rainfall and monthly average
temperatures are detailed in Peng et al. (2024).

1.3.2 Soil Sample Collection and Processing Soil samples were collected
250 days after cassava planting. In each plot, three uniformly growing cassava
plants were randomly selected, and complete tuberous roots were excavated.
After removing large soil clods, rhizosphere soil was collected using the “root-
shaking method.” Non-rhizosphere soil was collected from five sampling points
in each plot using an “S” pattern at 0-20 cm depth and mixed as the plot
composite. After removing stones, plant litter, and roots, samples were mixed
and divided into three portions: the first was snap-frozen in liquid nitrogen at
-80°C for microbial community diversity analysis; the second was kept fresh in
an icebox and stored at 4°C for soil enzyme activity determination; the third
was air-dried, crushed, and sieved for soil physicochemical property analysis.

1.3.3 Soil Physicochemical Properties and Enzyme Activity Determi-
nation Methods for determining soil pH, available nitrogen content, organic
matter content, available phosphorus content, available potassium content, and
urease activity are detailed in Qin et al. (2022).

chinarxiv.org/items/chinaxiv-202405.00168 Machine Translation


https://chinarxiv.org/items/chinaxiv-202405.00168

ChinaRxiv [$X]

1.3.4 High-Throughput Sequencing and Bioinformatics Analysis of
Soil Microorganisms Soil DNA was extracted using the E.Z.N.A.® Soil
DNA Kit (Omega Bio-Tek). DNA concentration and purity were detected us-
ing NanoDrop2000, and quality was assessed using 1% agarose gel electrophore-
sis. The V4 region of the 185 rRNA sequence was amplified using specific
primers SSUO8LTF (5 -TTAGCATGGAATAATRRAATAGGA-3) and 1196R
(5-TCTGGACCTGGTGAGTTTCC-3). PCR products were recovered using
2% agarose gel and purified according to the AxyPrep DNA Gel Extraction
Kit (Axygen Biosciences, Union City, CA, USA) instructions, then detected us-
ing 2% agarose gel electrophoresis and quantified using Quantus™ Fluorometer
(Promega, USA). Libraries were constructed using the NEXTFLEX Rapid DNA-
Seq Kit (Bioo Scientific, USA), and high-throughput sequencing was performed
on the Illumina MiSeq PE300 platform by Shanghai Majorbio Bio-Pharm Tech-
nology Co., Ltd. Raw data were uploaded to the NCBI SRA database (project
accession PRINA999067, sample accession SRR25439107-SRR25439124).

Raw sequences were quality-controlled and assembled using Trimmomatic (ver-
sion 0.32) and FLASH (version 1.2.11). Operational taxonomic units (OTUs)
were clustered at 97% similarity using UPARSE Version 7.1. Based on the Silva
database, filtered non-chimeric sequences were taxonomically annotated on the
RDP classifier (http://rdp.cme.msu.edu/) at a 70% alignment threshold. Fungal
a-diversity and OTU richness were calculated using Mothur (version v.1.30.2)
and Past 3.0 software (http://fold.uio.no/ohammer/past), respectively. Princi-
pal component analysis (PCA), permutational multivariate analysis of variance
(PERMANOVA), correlation analysis, and redundancy analysis (RDA) were
performed using the R (version 3.3.1) vegan package. The stats package was
used for significance testing and plotting of inter-group differences in fungi at
the genus level.

1.4 Statistical Analysis

Data were organized and analyzed using Microsoft Excel 2010 and IBM SPSS
Statistics 25.0 software.

Results
2.1 Effects of Continuous Cropping on Fungal Community Diversity

2.1.1 Effects on a-Diversity High-throughput 18S sequencing analysis of
rhizosphere and non-rhizosphere soil samples over three years yielded 713,640
effective sequences. Rhizosphere soils contained 395,429 high-quality sequences
with an average length of 381.210 bp, while non-rhizosphere soils contained
402,223 high-quality sequences averaging 381.239 bp. Variance analysis of OTU
richness across soil samples (Table 1 ) revealed significant interactive effects be-
tween continuous cropping years and soil type on fungal community Sobs index
(P < 0.05). All treatments exhibited OTU library coverage exceeding 99.00%
(Table 2 ). The Sobs index of rhizosphere soil in 2020 was significantly higher
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than that of non-rhizosphere soil. In non-rhizosphere soils, Shannon index was
significantly greater in 2021 than in 2020, while Simpson index decreased annu-
ally. Conversely, rhizosphere soils showed a yearly decline in Shannon index and
a yearly increase in Simpson index. These patterns indicate that fungal commu-
nity diversity in cassava rhizosphere soils decreased progressively, whereas diver-
sity in non-rhizosphere soils increased significantly after two continuous cropping
seasons. Additionally, Ace and Chaol indices of rhizosphere soils under 0 and 1
season of continuous cropping were greater than those of non-rhizosphere soils,
though not significantly, suggesting that soil fungal communities began to be
influenced by cassava root exudates after two years of continuous cropping.

2.1.2 Effects on p-Diversity Principal component analysis based on OTU
levels revealed that the first principal component (PC1) separated soil samples
from 2021 from those of 2019 and 2020 in both non-rhizosphere and rhizosphere
soils, explaining 22.32% and 21.50% of total variance, respectively (Figure 1
[Figure 1: see original paper]). This indicates substantial differences in fun-
gal community structure and composition between soils under two seasons of
continuous cropping versus those under 0 or 1 season. PERMANOVA analysis
based on Bray-Curtis and unweighted Unifrac distances further demonstrated
that continuous cropping years were the primary factor contributing to differ-
ences in taxonomic and phylogenetic S-diversity of fungal communities, while
soil type had no significant effect (Table 3 ).

2.2 Effects of Continuous Cropping on Fungal Community Composi-
tion

2.2.1 Effects on Fungal Community Composition Fungal community
composition at phylum and class levels was fundamentally similar between rhi-
zosphere and non-rhizosphere soils across different continuous cropping years.
Dominant phyla in all soil samples were Ascomycota (77.95%-89.43%), Basid-
iomycota (1.87%-8.37%), and Mucoromycota (1.55%-5.15%), collectively ac-
counting for 89.95%-94.33% of total relative abundance. During the three-year
experimental period, relative abundance of Ascomycota in rhizosphere soils de-
creased annually, while Basidiomycota and Mucoromycota increased (Figure 2
[Figure 2: see original paper]). At the class level, dominant fungal communi-
ties included Sordariomycetes, Eurotiomycetes, and Dothideomycetes (Figure 3
[Figure 3: see original paper]). Dominant phylum composition was similar be-
tween non-rhizosphere and rhizosphere soils under 1 and 2 seasons of continuous
cropping, but differed interannually. Specifically, relative abundances of Sordar-
iomycetes and Dothideomycetes in both soil types were lower under 2-season con-
tinuous cropping than under 1-season cropping, while Eurotiomycetes showed
the opposite trend. Throughout the three years, relative abundance of Euro-
tiomycetes was consistently higher in non-rhizosphere than rhizosphere soils,
while Dothideomycetes showed the reverse pattern. In summary, fungal com-
munity composition was fundamentally similar between non-rhizosphere and
rhizosphere soils within the same year, but relative abundances differed. Fungal
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community composition under 2-season continuous cropping differed from that
under the first two seasons in both soil types.

2.2.2 Analysis of Fungal Community Composition Differences In non-
rhizosphere soils, the top 10 OTUs showing significant differences in fungal com-
munities were classified as Knufia (OTU171), unclassified {p__ }{Ascomycota}
(OTUS87), unclassified{k_ }{Fungi} (OTU395), unclassified{d__}{Eukaryota}
(OTUS8), Colpodea family of Intramacronucleata subphylum (OTUL14), My-
rothecium (OTUS319), Sordariomycetes (OTUL7), Geosmithia (OTU284),
Dothideomycetes (OTU166), and wunclassified{d__}{FEukaryota} (OTU281)
(Figure 4 [Figure 4: see original paper]). Relative abundances of Knufia,
unclassified{k__}{Fungi}, and unclassified{d__}{Eukaryota} increased annu-
ally, while those of unclassified{d___}{Eukaryota}, Colpodea, Myrothecium,
Sordariomycetes, and Dothideomycetes decreased.

In rhizosphere soils, the top 10 significantly different OTUs were clas-
sified as Hypocreales (OTU304), Capnodiales (OTU1l), Monosiga of
norank {d_ }{Fukaryota} (OTU91), Colpodea (0OTU14), Myrothecium
(OTU319), Dothideomycetes (OTU166), Salpingoeca (OTUI122), wunclassi-
fied{k__}{norank} (OTU183), Agaricales (OTUS2), and Sordariomycetes
(OTU4T). Relative abundances of Colpodea, Hypocreales, Capnodiales,
Myrothecium, and Sordariomycetes decreased annually, while Monosiga of
norank{d___}{Eukaryota} increased.

In summary, continuous cassava cropping caused annual reductions in soil fun-
gal community composition. In non-rhizosphere soils, Ascomycota composition
shifted substantially from Myrothecium, Sordariomycetes, and Dothideomycetes
in the first year to a single genus Knufia. In rhizosphere soils, fungi evolved
from Hypocreales, Capnodiales, Myrothecium, Dothideomycetes, and Sordari-
omycetes within Ascomycota toward Monosiga of norank_{d___}{Eukaryota}.

2.3 Effects of Continuous Cropping Years on Correlations Between
Soil Nutrient Content and Fungal Community Composition

Soil fungal community composition was influenced by both soil physic-
ochemical properties and enzyme activities, though the degree of influ-
ence varied. In non-rhizosphere soils (Figure 5 [Figure 5: see original
paper]A), soil pH significantly affected relative abundances of Nucle-
ariidae_ {{{and}}{{Fonticula}}}{group}, mnorank_ {d_ }{Fukaryota},  un-
classified{k__}{norank}, unclassified{k__}{Fungi},  Chytridiomycota, and
Aphelidea. Awvailable nitrogen content significantly influenced relative abun-
dances of SAR supergroup, Nucleariidae{{{and}}{{Fonticula}}}{group},
norank_{d__ }{Fukaryota}, and unclassified{k___ }{norank}. Available phos-
phorus, available potassium, organic matter content, and urease activity
also affected relative abundances of various fungal communities to different
degrees. In rhizosphere soils (Figure 5 [Figure 5: see original paper|B), all soil
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physicochemical properties influenced fungal community richness to varying
extents.

Redundancy analysis (Figure 6 [Figure 6: see original paper]) showed that RDA1
and RDA2 explained 36.44% and 9.80% of variation, respectively. The top five
phyla by abundance were Ascomycota, Basidiomycota, Mucoromycota, SAR
supergroup, and unclassified_{k_ }{Fungi}. Soil pH, organic matter content,
available nitrogen content, available phosphorus content, available potassium
content, and urease activity substantially influenced fungal community structure
changes. Relative abundances of Basidiomycota, Mucoromycota, and unclassi-
fied{k___}{Fungi} were negatively correlated with soil pH, organic matter con-
tent, available nitrogen content, and available phosphorus content, while SAR
supergroup showed opposite correlations. Ascomycota relative abundance was
positively correlated with soil pH, organic matter content, available nitrogen
content, available phosphorus content, and available potassium content, but
negatively correlated with urease activity.

Further correlation analysis between soil fungal communities (phylum level rel-
ative abundance $ $0.1%) and physicochemical properties across different con-
tinuous cropping years revealed that eight fungal phyla were significantly cor-
related with soil physicochemical properties (Table 4 ). Mucoromycota and
norank {k_ }{Fungi} were significantly negatively correlated with available ni-
trogen content. unclassified{k__}{Fungi} and Chytridiomycota were significantly
negatively correlated with pH and available nitrogen content. Zoopagomycota
was significantly negatively correlated with organic matter content. unclassi-
fied{k__}{Amoebozoa} and norank{d___ }{Eukaryota} were significantly nega-
tively correlated with pH, organic matter content, available nitrogen content,
and available phosphorus content, but significantly positively correlated with
urease activity. These results indicate that pH, organic matter content, avail-
able nitrogen content, available phosphorus content, and urease activity are key
physicochemical factors influencing fungal communities, while available potas-
sium had relatively minor effects.

Discussion

3.1 Effects of Continuous Cropping on Fungal Community Diversity
in Cassava Fields

Soil microorganisms play vital roles in soil nutrient availability, plant growth
and development, and environmental quality (Liu et al., 2022). This study
revealed significant differences in fungal community diversity between cassava
rhizosphere and non-rhizosphere soils under continuous cropping, likely because
cassava root exudates contain substantial amounts of sugars, amino acids, and
allelochemicals (Han et al., 2023), creating differences in physicochemical proper-
ties and microbial communities between rhizosphere and non-rhizosphere soils.
For instance, some microorganisms can produce oxidases that catalyze reac-
tions using glycolaldehyde as substrate (Benjaphokee et al., 2012), and cas-
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sava continuous cropping leads to glycolaldehyde accumulation (Han et al.,
2023), ultimately enriching microbial communities that use it as a catalytic
substrate. Fungal community a-diversity in rhizosphere soils was higher than
in non-rhizosphere soils under 0 and 1 season of continuous cropping, but the op-
posite pattern emerged under 2-season continuous cropping. This suggests that
cassava continuous cropping began significantly affecting rhizosphere soil physic-
ochemical properties after two seasons, thereby altering the fungal living envi-
ronment, consistent with findings from potato studies (Tan et al., 2022). The
yearly decline in rhizosphere soil fungal community a-diversity aligns with pat-
terns observed in continuous cropping of Pinellia ternata (Liu et al., 2022) and
Gastrodia elata (Cai et al., 2022), but contrasts with flue-cured tobacco (Rao et
al., 2022) and tomato (Sun et al., 2017). This discrepancy may be attributed to
differences in crop type (Solanaceae crops), soil type (yellow-cinnamon soil and
gray desert soil in northern China), and climatic conditions. This study also
found significant effects of continuous cropping years on soil fungal community
B-diversity, consistent with research on Pinellia ternata (Liu et al., 2022) and
cucumber (Li et al., 2020).

3.2 Effects of Continuous Cropping on Fungal Community Structure
Succession in Cassava Fields

This study identified Ascomycota, SAR supergroup, Basidiomycota, Mucoromy-
cota, and unclassified {k__ }{Fungi} as dominant phyla in both rhizosphere
and non-rhizosphere soils under continuous cassava cropping, similar to find-
ings in continuous cropping of ramie (Bai et al., 2021), potato (Ge and Sun,
2020), and Lycium ruthenicum (Li et al., 2018). As the largest fungal group, As-
comycota plays important roles in organic matter decomposition and beneficial
metabolite production (Wang et al., 2020). Within Ascomycota, Myrothecium
and Hypocrea can produce various decomposition enzymes and secrete antibi-
otics to inhibit pathogenic fungi (Zhu and Zhuang, 2014; Xu et al., 2019; Yang
et al., 2023). Sordariomycetes are important secondary metabolite producers
(Wang et al., 2021), and Hypocreales can reduce pest incidence (Li et al., 2022).

At the OTU level, this study revealed that under continuous cropping, Ascomy-
cota in non-rhizosphere soils evolved from beneficial fungi including Myrothe-
cium (OTU319), Sordariomycetes (OTU47), and Dothideomycetes (OTU166)
toward a single genus Knufia (OTU171), possibly because Knufia adapts well to
degraded soils with low organic matter and available nutrients following contin-
uous cropping (Yang et al., 2022). In rhizosphere soils, relative abundances of
beneficial fungi including Hypocreales (OTU304), Myrothecium (OTU319), and
Sordariomycetes (OTU47) within Ascomycota decreased with increasing contin-
uous cropping years, which may represent one of the inducing factors for cassava
continuous cropping obstacles. Basidiomycota relative abundance increased in
both soil types during the third experimental year, contrasting with strawberry
research (Li et al., 2018). This difference may be because cassava is a small
shrub leaving higher lignin residues in soil, and Basidiomycota possess lignin
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degradation capabilities, leading to their enrichment (Riley et al., 2014).

3.3 Correlations Between Physicochemical Properties and Fungal
Communities in Cassava Fields

Soil chemical properties and enzyme activities are important indicators of soil
function, while differences in fungal communities between rhizosphere and non-
rhizosphere soils are often caused by pH and nutrient content variations. Rhi-
zosphere microorganisms co-evolve with crops, as root exudates provide carbon
and nitrogen sources for microbial physiological activities, while microorganisms
decompose soil organic matter to release nutrients that promote crop growth
(Gan et al., 2022). This study found that pH, available nitrogen content, and
available phosphorus content were major factors influencing non-rhizosphere soil
fungal community structure, while urease activity and organic matter content
were primary factors affecting rhizosphere soil fungal communities. Different
soil physicochemical properties had varying effects on fungal communities. As-
comycota relative abundance in rhizosphere soils was significantly positively
correlated with organic matter content, consistent with research on Codonop-
sis pilosula (Yang et al., 2023) and mountainous apple (Ahmad et al., 2023).
unclassified_ {k___ }{Fungi} relative abundance was significantly positively cor-
related with soil pH, organic matter, and available nitrogen content, similar to
findings on Atractylodes macrocephala (Zhang, 2021). Mucoromycota relative
abundance was significantly positively correlated with available nitrogen con-
tent, contrasting with studies on dark brown soil and chestnut soil (Chen et
al., 2022; Zhang et al., 2023), possibly due to substantial differences in physico-
chemical characteristics between those soil types and the latosol in this study.

Preferential nutrient absorption by continuously cropped cassava leads to soil
nutrient imbalance, with non-rhizosphere soil pH, organic matter, available ni-
trogen, and available phosphorus decreasing annually while urease activity in-
creased. Rhizosphere soil organic matter, available nitrogen, available phospho-
rus, and available potassium decreased yearly, while pH and urease activity
increased (Peng et al., 2024). These changes altered soil fungal community
structure, reducing relative abundance of many beneficial fungi and inhibiting
soil nutrient release, thereby affecting cassava growth.

Conclusion

Under continuous cropping conditions, accumulated cassava root exudates al-
tered the soil ecological environment, changing rhizosphere soil pH, organic mat-
ter content, available nitrogen content, available phosphorus content, available
potassium content, and urease activity, thereby modifying fungal community di-
versity in cassava fields. This resulted in greater a-diversity in non-rhizosphere
than rhizosphere soils and significantly affected S-diversity. Fungal community
structure succession in cassava fields under different continuous cropping years
was primarily reflected in relative abundance changes. With increasing con-
tinuous cropping years, relative abundances of Ascomycota classes and genera
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changed significantly: Myrothecium, Sordariomycetes, and Dothideomycetes de-
creased substantially while Knufia increased dramatically in non-rhizosphere
soils; Hypocreales, Myrothecium, and Sordariomycetes decreased in rhizosphere
soils. Basidiomycota relative abundance increased in both soil types. As con-
tinuous cropping years increased, cassava rhizosphere soil fungal a-diversity
gradually decreased and became lower than that of non-rhizosphere soils after
two seasons, while relative abundance of beneficial fungi in rhizosphere soils
gradually declined. Such fungal structural changes are unfavorable for cassava
growth, development, and yield formation, ultimately contributing to cassava
continuous cropping obstacles along with other factors. These changes are asso-
ciated with alterations in soil physicochemical properties. Therefore, this study
suggests that to maintain microecological stability in cassava fields and pro-
vide a suitable environment for cassava yield and quality formation, continuous
cropping duration should not exceed two years. Cassava continuous cropping
obstacles may be related to changes in soil physicochemical properties after two
years of continuous cropping, leading to reduced rhizosphere soil fungal diversity
and decreased relative abundance of beneficial fungi.
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