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Nacional Toribio Rodríguez de Mendoza de Amazonas, Chachapoyas, 01001, Amazonas, Peru
c Facultad de Ingeniería y Ciencias Agrarias, Universidad Nacional Toribio Rodríguez de Mendoza de Amazonas, Chachapoyas, Amazonas, 01001, Peru
d Instituto de Investigación en Ganadería y Biotecnología (IGBI), Universidad Nacional Toribio Rodríguez de Mendoza de Amazonas, Chachapoyas, Amazonas, 01001, 
Peru
e Dirección de Desarrollo Tecnológico Agrario, Instituto Nacional de Innovación Agraria (INIA), Lima, Peru

A R T I C L E  I N F O

Keywords:
Basal rot
Metabarcoding
Microbiome dysbiosis
Rhizosphere
Soil diversity

A B S T R A C T

The rhizosphere microbiome plays a crucial role in plant health, yet its dynamics in Selenicereus megalanthus 
(yellow dragon fruit) remain poorly understood. This study employed high-throughput sequencing to charac
terize the bacterial and fungal communities in the rhizosphere of healthy and basal rot-affected plants across four 
commercial production sites in Amazonas department from Peru. Amplicon sequencing Metagenomics 
Sequencing (WOBI) targeting to 16S rRNA (for bacteria) and ITS (for fungi) gene regions show differences in 
microbial community structure associated with plant health status. Multivariate analyses revealed a clear 
disease-driven reassembly of the bacterial microbiome, marked by the loss of health-associated taxa (Xantho
bacteraceae, Geminicoccaceae, Nocardioidaceae) and enrichment of oligotrophic and stress-tolerant groups 
(Nitrososphaeraceae, Acidobacteriaceae Subgroup 1). In contrast, fungal assemblages displayed structural inertia, 
responding primarily through pathogen-associated increases in Nectriaceae. Soil physicochemistry articularly pH, 
exchangeable aluminum, and nutrient levels modulated the strength of bacterial differentiation, highlighting the 
role of edaphic filters in microbiome resilience.

Our findings provide evidence of a bacterial-centered dysbiosis associated with basal stem rot in 
S. megalanthus, while positioning fungal communities as structurally resilient components of the holobiont. 
Together, these results outline a framework in which disease is linked to altered plant microbe soil feedbacks 
rather than pathogen presence alone, and suggest that bacterial assemblages could inform the development of 
microbiome-based early-warning indicators and soil health strategies for sustainable dragon fruit management.

1. Introduction

Yellow dragon fruit (Selenicereus megalanthus), a member of the 
Cactaceae family, is native fruit to the tropical regions of South America, 
particularly distributed in Ecuador, Colombia, Peru, and Bolivia [1]. Its 
cultivation has expanded into tropical and subtropical regions due to its 
drought tolerance and adaptability, making it a promising crop for arid 
environments. In addition, its nutritional value and antioxidant content, 
this fruit has gained significant attention in international markets [2,3]. 

The fruit is highly appreciated for its nutritional and medicinal prop
erties [4]. and has gained significant attention in domestic and inter
national markets due to its high content of vitamins, antioxidants, fiber, 
and essential minerals [5]. However, this expansion has been accom
panied by increasing phytosanitary challenges, including fungal diseases 
that significantly impact crop productivity [6].

Although S. megalanthus is widely cultivated across South America, it 
is highly susceptible to phytopathogens, posing serious threats to pro
duction and sustainability [7]. In this context, soil microorganisms play 
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a critical role in terrestrial ecosystems, contributing to productivity, 
community composition, plant health [8], and mediating ecosystem 
responses to environmental factors [9]. The plant soil interface, known 
as the rhizosphere, is a microbial diversity hotspot, harboring commu
nities distinct from bulk soil [10]. and this has driven a shift from in
dividual microbial studies to a community-level perspective [11]. 
Despite substantial advances in soil microbiome research, important 
gaps remain due to the high taxonomic diversity, functional redun
dancy, and environmental context-dependency of plant–soil–microbe 
interactions [10,12].

Within the rhizosphere, both beneficial and harmful microorganisms 
coexist. Beneficial microbial taxa can promote plant growth, enhance 
nutrient acquisition, or suppress soil-borne pathogens [13,14] whereas 
harmful microorganisms, particularly phytopathogens, can significantly 
reduce crop performance [15]. In dragon fruit cultivation, bacterial and 
fungal pathogens are major contributors to yield losses [16].

Key pathogens such as Botryosphaeria dothidea, Colletotrichum gloeo
sporioides, and Fusarium oxysporum have been linked to stem and fruit 
rot, often leading to crop abandonment in severe cases [17]. Basal rot 
has emerged as one of the most economically damaging diseases, 
affecting up to 70% of export-grade fruit [18]. Soft stem rot, in partic
ular, compromises fruit quality and yield [7,19]. F. oxysporum, a highly 
aggressive soil-borne pathogen also reported on Prunus cerasifera in 
Spain [20]. has been confirmed as the causal agent of basal rot in pit
ahaya in Peru, with reported infection rates up to 100% [21].

High-throughput sequencing (HTS) using Amplicon Metagenomics 
Sequencing has become an essential tool for profiling microbial com
munities, enabling in-depth analyses of their variability in relation to 
plant species and health status [22].

We hypothesize that basal rot in S. megalanthus results from the 
interaction of multiple biotic and abiotic factors, which induces quan
tifiable shifts in the bacterial and fungal communities of the rhizosphere. 
Specifically, we expect to observe significant differences in the diversity 
and composition of both bacteria and fungi between healthy and 
diseased plants. This study is the first to integrate metabarcoding ana
lyses across four geographically distinct sites in the Amazonas depart
ment, providing novel insights into how environmental context shapes 
microbiome responses to basal rot in pitahaya.

2. Materials and methods

2.1. Field description and sampling

A total of 45 samples were collected from four production sites 
belong to Amazonas department, Peru: Matiaza Rimachi, Cocahuyco, 
Cochamal, and Huambo, where both healthy and basal rot-affected 
plants were diagnosed and sampled (Fig. 1) Table 1. Soil samples were 
collected from four cardinal points around each plant, at a distance of 
50 cm from the stem and a depth of (0_ 30 cm), following the protocol of 
[23]. The top layer of leaf litter was removed using a hand shovel. The 
four subsamples collected per plant were thoroughly homogenized to 
obtain a single composite sample, after that, the sample were trans
ported to the Plant Health Laboratory of Universidad Nacional Toribio 
Rodriguez de Mendoza for physicochemical and molecular studies. Each 
plant represented one biological replicate, and plants were separated by 
at least 10–15 m to ensure sample independence. Bulk soil was not 
included as a control for this study.

2.2. Physicochemical soil analysis

Rhizospheric soil samples were collected by operationally defining 
this fraction as the soil firmly adhering to the root zone, obtained after 
gently removing loose bulk soil. Following collection, samples were first 
preserved at − 20 ◦C and subsequently stored at − 80 ◦C until processing 
for DNA extraction. Soil physicochemical analyses were conducted at 
the Soil and Water Research Laboratory (LABISAG) of the Universidad 
Nacional Toribio Rodríguez de Mendoza de Amazonas (UNTRM). The 
evaluated parameters included pH (measured using a potentiometer 
with a 1:1 soil-to-water ratio), electrical conductivity (EC), available 
phosphorus (modified Olsen method), exchangeable potassium 
(ammonium acetate extraction, pH-adjusted), soil texture (hydrometer 
method), and organic matter content (Walkley and Black method). All 
procedures followed the EPA 3050B protocol and the Mexican official 
standard NOM-021-RECNAT-2000.

2.3. DNA extraction and amplicon sequencing

Total DNA was extracted from 250 mg of rhizospheric soil using the 
DNeasy PowerSoil® Kit (QIAGEN, Hilden, Germany), according to the 
manufacturer's instructions. DNA quality and concentration were 

Fig. 1. A. Healthy plants with good color in the stems and roots. B. Diseased plant, showing yellow to brown coloration in the stem and roots. (For interpretation of 
the references to color in this figure legend, the reader is referred to the Web version of this article.)
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assessed via 0.8% agarose gel electrophoresis stained with GelRed and 
quantified using a Qubit® 3.0 Fluorometer (Invitrogen, USA). High- 
quality DNA samples were stored at − 20 ◦C and sent for sequencing to 
a commercial genomic facility in (Novogene) China, using the Illumina 
MiSeq platform.

The V3–V4 region of the 16S rRNA gene and the ITS region were 
amplified using the primer pairs 341F/806R and ITS3-2024F/ITS4- 
2409R, respectively. Both libraries were sequenced using a paired-end 
(2 × 150 bp) format, yielding amplicons of approximately 428 bp [24].

2.4. Bioinformatics analysis

Bioinformatic processing was performed using the nf-core/ampliseq 
pipeline (version 2.15.0; https://doi.org/10.5281/zenodo.17279391) 
[25], which is part of the nf-core workflow collection [26]. Reproducible 
software environments were provided through Bioconda [27] and Bio
containers [28]. The workflow was executed with Nextflow v4.2.1 [29] 
within a Singularity container.

Data quality was assessed using FastQC [30], and summary reports 
were generated with MultiQC [31]. Sequence processing was carried out 
with DADA2 [32], A total of 45 samples were sequenced targeting the 
16S rRNA and ITS regions, yielding 16,668,612 and 17,535,144 raw 
reads, respectively. Rarefaction curves based on Abundance-based 
Coverage Estimator (ACE), Chao1, and observed OTUs showed a stabi
lization trend (S1 and S2 Fig; Table S1), indicating sufficient sequencing 
depth. These findings are consistent with those reported by Ref. [20]. 
The plateau in by the curves confirms adequate coverage microbial di
versity captured which included the removal of PhiX contamination, 
truncation of reads with quality scores ≤2, trimming before the median 
quality dropped below 25, and retention of at least 75% of the input 
reads. Demultiplexing, paired-end read merging, PCR chimera removal, 
and the inference of amplicon sequence variants (ASVs) were also per
formed using the DADA2 algorithm.

Taxonomic assignment was conducted in DADA2, using a minimum 
bootstrap confidence threshold of 50 (from 100 iterations). For bacterial 
sequences, the SILVA 138.2 Prokaryotic SSU database was used as 
reference [33].

ASVs, their abundances, and taxonomic annotations were imported 
into QIIME2 [34]. ASVs identified as mitochondria or chloroplast were 
removed prior to further analyses. Within QIIME2, microbial commu
nity composition was visualized using bar plots, and sequencing depth 
was evaluated with alpha-rarefaction curves.

Functional potential of the bacterial microbiota was predicted using 
PICRUSt2 [35], which estimated the relative abundance of genes and 
metabolic pathways. Functional predictions were categorized according 
to KEGG Orthology (KO), Enzyme Commission (EC), and MetaCyc da
tabases, and visualized through heatmaps and functional enrichment 
plots.

2.5. Statistical analyses

Diversity, abundance, and rarefaction analyses were conducted using 

the Bioconductor framework and the Phyloseq package [36]. Additional 
analyses were implemented through custom scripts using the Microeco 
[37]. and MicrobiomeMarker packages. The MicrobiotaProcess package 
[38] was specifically used to generate LDA plots, Venn diagrams, and 
cladograms.

Alpha diversity metrics including the Shannon index, Pielou's even
ness, and the number of observed operational taxonomic units (OTUs) 
were calculated. Group differences were assessed using the non- 
parametric Kruskal Wallis test, with Bonferroni correction applied for 
multiple comparisons.

To assess community structure, dimensionality reduction was per
formed through Principal Component Analysis (PCA), exploring varia
tion in the relative abundances of major taxa. Beta diversity patterns 
were evaluated using Principal Coordinates Analysis (PCoA) based on 
distance or dissimilarity matrices. Statistical significance between 
groups was tested using PERMANOVA with 999 permutations.

Data visualization was carried out in R version 4.4.1, using the 
packages RColorBrewer [39], ComplexHeatmap [40], and ggplot2 [41].

3. Result

3.1. Alfa diversity

Bacterial communities in healthy plants exhibited significantly 
higher diversity, richness, evenness, and phylogenetic diversity 
compared to diseased plants (S3 Fig; Table S2). In contrast, fungal 
communities showed no significant differences between conditions, 
suggesting a relatively stable structure.

Alpha diversity exhibited contrasting patterns between bacterial and 
fungal communities according to plant health status. For bacteria 
(Fig. 2A), the Shannon index revealed significantly higher diversity in 
healthy plants, with marked reductions in diseased rhizospheres from 
Cocahuayco and Cochamal (p-values ranging from 0.026 to 0.31). These 
findings indicate a clear decline in bacterial community complexity 
under disease conditions. Consistently, Faith's phylogenetic diversity 
(Fig. 2B) was also lower in diseased plants, with statistically significant 
differences in Huambo (p = 0.032) and similar trends in Cocahuayco 
and Cochamal, suggesting a loss of evolutionary lineages in pathogen- 
affected soils.

In contrast, fungal communities displayed much greater stability 
between healthy and diseased plants. Shannon diversity for fungi 
(Fig. 2C) showed no significant differences across sites (p > 0.05), 
indicating that Fusarium oxysporum infection did not substantially alter 
fungal richness or evenness. Faith's PD for fungi (Fig. 2D) followed the 
same pattern, with comparable values across health conditions and only 
minor, non-significant fluctuations. This stability suggests that the 
fungal component of the rhizosphere microbiome is less sensitive to 
disease-driven perturbations than bacterial communities. Taken 
together, these results demonstrate that basal rot primarily disrupts 
bacterial diversity both taxonomic and phylogenetic while fungal di
versity remains relatively unaffected. This supports the notion that 
bacterial communities are more responsive to biotic stress in the 

Table 1 
Cultural practices and crops prior to the planting of yellow pitaya in the different sites sampled.

Parcel Coordinates Altitude (m) Age of orchard Trellising Fertilization Soil type Irrigation Previous 
crops

N P K

Matiaza Rimachi 
(Mati)

6◦02′29.4″S 
77◦55′58.9″W

1591 Five Yes 120 130 150 sandy loam soil Drip 
irrigation

Corn, Cassava

Cocahuyco (Cocah) 6◦03′26.9″S 
77◦55′27.0″W

1590 Five Yes 120 130 150 sandy loam soil Drip 
irrigation

Cassava

Cochamal (Coch) 6◦24′58.0″S 
77◦34′46.3″W

1456 Five Yes 120 130 150 sandy loam soil Rainfed Corn, Coffee

Huambo (Huam) 6◦25′40.4″S 
77◦31′01.9″W

1443 Five Yes 120 130 50 cleym loam 
soil

Rainfed Cassava

Note: Previous agricultural characteristics and practices of the plot.
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rhizosphere and may serve as more sensitive indicators of disease- 
associated shifts in soil microbiome structure.

3.2. Beta diversity

3.2.1. Bacterial communities (16S rRNA)
PCA based on family-level relative abundance revealed clear shifts in 

bacterial community composition between healthy and basal rot- 
affected plants within each locality (Fig. 3). In Cochamal and 
Huambo, healthy and diseased rhizospheres formed well-defined and 
minimally overlapping clusters along PC1, indicating strong disease- 
associated restructuring of the bacterial microbiome.

In Matiaza Rimachi and Cocahuayco, separation between health 
statuses was also evident, though with greater dispersion, suggesting a 
more heterogeneous response among individual plants. The vectors 
representing the top five contributing families in each locality high
lighted distinct taxonomic signatures. Families such as Xanthobacter
aceae, Geminicoccaceae, and Nocardioidaceae tended to align with 
healthy rhizospheres groups frequently associated with nutrient cycling 
and plant-beneficial functions whereas families enriched toward 
diseased samples (Nitrososphaeraceae, Acidobacteriaceae Subgroup 1) 
reflected taxa often favored under stress or dysbiotic conditions. 
Together, these patterns demonstrate that basal rot induces pronounced 
and site-specific reorganization of bacterial communities in the rhizo
sphere of S. megalanthus.

3.2.2. Fungal communities (ITS)
In contrast to bacteria, the ITS-based PCA showed weaker and less 

consistent separation between healthy and diseased plants across the 
four localities (Fig. 4). Although certain families most notably Nec
triaceae, which includes Fusarium oxysporum, and Aspergillaceae dis
played directional association with diseased plants in specific sites, the 
overall clustering patterns exhibited substantial overlap between health 
statuses.

These results indicate that fungal communities in the rhizosphere are 
more structurally stable and show limited community-level respon
siveness to basal rot compared with bacterial communities. Observed 
changes appear to be driven by localized increases in specific taxa, 
rather than broad shifts in fungal community organization.

Additional analyses using Jaccard and unweighted UniFrac metrics 

revealed both taxonomic and phylogenetic differences related to plant 
health status in bacterial and fungal communities (Fig. S4A-D and 
Fig. S5A-B). Notably, fungal communities in Cocah exhibited distinct 
clustering between healthy and diseased plants, highlighting the strong 
influence of disease on microbial structure in that location.

3.3. Taxonomic composition of fungal and bacterial communities

The rhizosphere microbial communities displayed marked taxo
nomic differences between healthy and diseased plants (Fig. 5). Among 
bacteria, distinct patterns were observed in the relative abundance of 
key phylum including Actinobacteriota, Proteobacteria, Acidobacteriota, 
Chloroflexota, and Crenarchaeota. Actinobacteriota was more abundant in 
soils from diseased plants, whereas, as an Proteobacteria dominated in 
healthy plant soils, suggesting its association with beneficial micro
biome functions (Table S3). Acidobacteriota was particularly enriched in 
Cocah, possibly reflecting specific edaphic factors.

At the bacterial order level, Frankiales and Rhizobiales were more 
prevalent in diseased soils, while Vicinamibacterales and Gaiellales were 
enriched in healthy soils, indicating potential roles as indicators of mi
crobial stability.

For the fungal communities, Ascomycota was the dominant phylum, 
especially in healthy plants from Huam, followed by Basidiomycota and 
Rozellomycota, which were more abundant in diseased plants from Coch 
(Table S4). At the order level, Hypocreales and Eurotiales were enriched 
in Huam and Cocah, while Trechisporales, Helotiales, and Agaricales 
showed specific ecological distributions. These findings suggest that 
plant disease may favor the proliferation of less dominant and poten
tially opportunistic fungal taxa, thereby altering the rhizosphere 
microbiome structure.

3.4. Soil physicochemical parameters on diseased and healthy plants

The results demonstrate that soil physicochemical properties have a 
direct impact on pitahaya plant health. In the Mati and Cocah sites, 
neutral pH values favored microbial stability and nutrient availability. 
In contrast, the highly acidic pH in Coch may compromise plant defense 
mechanisms. In Huam, a moderately acidic pH combined with elevated 
potassium levels may enhance plant resistance to pathogens.

Correlation coefficients are displayed using a color scale, where red 

Fig. 2. Alpha diversity of bacterial and fungal communities associated with healthy and basal rot affected Selenicereus megalanthus plants. Shannon diversity and 
Faith's Phylogenetic Diversity (PD) are shown for bacterial 16S communities (A, B) and fungal ITS communities (C, D).
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tones indicate positive correlations and yellow tones indicate negative 
correlations. Abbreviations correspond to soil pH (pH), electrical con
ductivity (EC), phosphorus (P), potassium (K), calcium (Ca), magnesium 
(Mg), sodium (Na), organic matter (OM), nitrogen (N), exchangeable 
aluminum (Al3+), cation exchange capacity (CEC), and soil diversity 
(S_D), among other analyzed variables.earson's correlation of analysis.

All sampled plots exhibited a clay loam texture, which is optimal for 
moisture and nutrient retention. Coch had the highest phosphorus 
content, potentially stimulating phosphate-mineralizing microorgan
isms. It also exhibited elevated organic matter levels, which may support 
the proliferation of saprotrophic fungi. While organic carbon content 
remained relatively stable across sites, nitrogen levels were consistently 
low, which may limit plant growth. These findings highlight the 
importance of proper soil management to reduce disease pressure in 
pitahaya cultivation.

Heat map of, Pearson's correlation displayed. In healthy plants, a 
strong positive correlation was observed between pH and Calcium Ca2+

(r = 0.94), while organic carbon showed a negative correlation with 
base saturation (S_B) (Fig. 6A). While in diseased plants organic matter 
and carbon were perfectly correlated (r = 1.0), whereas pH had a strong 
negative correlation with exchangeable acidity aluminum (Al3+ + H+; r 
= − 1.0) (Fig. 6B).

4. Discussion

Basal stem rot in S. megalanthus exerts a profound and asymmetrical 
impact on the rhizosphere microbiome, strongly restructuring bacterial 
communities while leaving fungal assemblages comparatively stable. 
This pattern aligns with previous findings showing that bacteria respond 
more rapidly and sensitively than fungi to pathogen invasion, root 
decay, and disruption of rhizodeposition [13,14].

Alpha diversity analyses demonstrated a consistent reduction in 
bacterial richness, evenness, and phylogenetic diversity in diseased 
plants across all localities. Healthy rhizospheres showed significantly 
higher Shannon diversity, a trend frequently observed in wilt-affected 
crops, where pathogen activity limits carbon availability and sup
presses beneficial bacterial groups [15]. The marked decline in Faith's 
phylogenetic diversity further indicates a loss of entire evolutionary 
lineages, reducing functional redundancy essential for nutrient turn
over, nitrogen transformations, and pathogen antagonism [13]. These 
patterns represent the classical hallmarks of microbiome destabilization 
under pathogen pressure and are ecologically meaningful, as reduced 
bacterial diversity weakens the rhizosphere's capacity to buffer envi
ronmental and biotic stress, thereby reinforcing disease progression [42,
43].

Beta diversity patterns supported this interpretation. Healthy and 
diseased bacterial communities formed distinct, minimally overlapping 

Fig. 3. Principal Component Analysis (PCA) of beta diversity based on the five most abundant bacterial families across four sampling sites. PCA ordination illustrates 
the compositional differences between healthy and basal rot–affected plants at (A) Cochamal, (B) Huambo, (C) Matiaza Rimachi, and (D) Cocahuayco. The first two 
principal components (PC1 and PC2) explain a moderate proportion of the total variance and reveal distinct clustering patterns associated with plant health status.
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clusters particularly in Cochamal and Huambo indicating strong disease- 
associated restructuring [24,44]. Similar community separation has 
been documented in plant systems where pathogens alter oxygen gra
dients, disrupt root exudates, and modify nutrient microhabitats, 
prompting rapid bacterial turnover [13,14].

Taxonomic shifts revealed mechanistic processes underlying this 
dysbiosis. Diseased rhizospheres were enriched in Actinobacteriota 
especially Acidothermaceae groups capable of degrading complex 
polymers and thriving under acidic, low-carbon, or otherwise stressed 
conditions [23,45]. Their proliferation likely reflects the combined in
fluence of decreased carbon inputs, tissue necrosis, and altered redox 
conditions created by Fusarium oxysporum infection [20,21].

Conversely, healthy plants were associated with families such as 
Xanthobacteraceae, Geminicoccaceae, and Nocardioidaceae, taxa known 
for nitrogen fixation, carbon cycling, and potential plant-beneficial in
teractions [23]. These groups play key roles in stabilizing rhizosphere 
processes and suppressing pathogens through competition, hormonal 
modulation, and xenobiotic degradation [13,14].

In contrast to bacteria, fungal alpha diversity showed minimal dif
ferences between healthy and diseased plants, and β-diversity revealed 
broad overlap, except for localized separation in Huambo [2,46]. This 
structural resilience is consistent with the view that fungal communities 
possess high functional redundancy and are often buffered by persistent 
hyphal networks, making them less sensitive to short-term disturbances 

in root exudation [10,14].
Although diseased soils showed increased abundance of Nectriaceae 

including F. oxysporum, the causal agent of basal rot and Aspergillaceae, 
these changes represent targeted pathogen-driven enrichments rather 
than broad fungal community restructuring. Similar patterns of path
ogen proliferation accompanied by stable overall fungal structure have 
been observed in perennial crops such as coffee and rice [46,47].

Variation among localities underscores the modulating role of soil 
properties. Sites with more acidic soils, elevated exchangeable 
aluminum, or lower nutrient availability (Cochamal) exhibited stronger 
bacterial shifts, suggesting that edaphic constraints reduce microbial 
buffering capacity and amplify disease impacts. Soil acidity is well 
known to suppress beneficial bacteria, promote stress-adapted taxa, and 
create conditions conducive to pathogen dominance [15,48]. The strong 
negative correlation between pH and exchangeable Al3+ in diseased 
soils supports the mechanism of aluminum-mediated microbial inhibi
tion, which can weaken plant defenses and hinder microbiome 
resilience.

Nutrient availability also played a role: neutral pH in Matiaza 
Rimachi likely supported microbial stability, high potassium in Huambo 
may enhance plant stress tolerance, and elevated phosphorus in 
Cochamal can stimulate microbial activity [37,49]. These findings 
reinforce the concept of soil-mediated susceptibility, where physico
chemical factors shape both microbial resilience and plant vulnerability 

Fig. 4. Principal Component Analysis (PCA) of beta diversity based on the five most abundant bacterial families across four sampling sites. The PCA ordination shows 
clear differentiation between healthy and basal rot–affected samples at (A) Cochamal, (B) Huambo, (C) Matiaza Rimachi, and (D) Cocahuayco. Although the first two 
principal components (PC1 and PC2) explain a moderate proportion of the total variance, they reveal distinct clustering patterns associated with plant health status.
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to disease [13].
Together, the results support a clear mechanistic model in which 

basal rot induces a bacterial-centered dysbiosis characterized by: Loss of 
beneficial bacterial groups involved in nutrient cycling, competition, 
and pathogen suppression, Expansion of oligotrophic and stress-tolerant 
taxa favored by disease-altered microenvironments. Stable fungal ar
chitecture, with pathogen enrichment but no community-wide collapse. 
Soil physicochemical factors that intensify or mitigate microbiome 
disruption.

This work provides the first integrative microbial analysis of basal 
stem rot in S. megalanthus and establishes foundational mechanisms 
linking pathogen activity, soil conditions, and microbiome dysbiosis in 
pitahaya. By identifying microbial signatures associated with disease 
and clarifying the ecological processes that drive them, this study offers 
a framework for developing microbiome-based diagnostics, improving 

soil management strategies, and guiding the design of microbial in
oculants aimed at restoring rhizosphere resilience and enhancing crop 
sustainability.

5. Conclusion

Basal stem rot in S. megalanthus induces a pronounced bacterial 
dysbiosis, reducing diversity and enriching stress-tolerant taxa, while 
fungal communities remain structurally stable. These shifts reflect 
pathogen-driven alterations in root exudation and soil microhabitats. 
Soil properties, particularly pH and exchangeable aluminum, modulate 
the severity of microbiome disruption. The identified microbial signa
tures highlight bacteria as sensitive indicators of plant health. This work 
provides the first mechanistic framework for microbiome-based moni
toring and management of basal rot in yellow dragon fruit.

Fig. 5. Relative abundance of dominant microbial phyla in the rhizosphere soil associated with Selenicereus megalanthus. (A) Bacterial and archaeal community 
composition and (B) fungal community composition in healthy (H) and basal rot–affected (D) plants across the different sampling sites.
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