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Characteristics and disparities of fungal diversity in rhizosphere
soil of naked barley from fields with different root rot incidences

XU Shiyang, LI Xueping', QI Yonghong, LI Jianjun

Institute of Plant Protection, Gansu Academy of Agricultural Sciences, Lanzhou, Gansu, China

Abstract: [Objective] To delineate the fungal diversity characteristics and disparities in the
rhizosphere soil of naked barley from fields exhibiting different root rot incidences, thereby
informing targeted and effective disease management strategies. [Methods] Rhizosphere soil
samples of naked barley were collected from the healthy field and the fields with root rot
incidences of 5%, 10%, 15%, and 20%, respectively. The 18S rRNA gene of fungi from the
samples was amplified, and high-throughput sequencing was conducted on the Illumina-MiSeq
platform. Following quality control, classification, and annotation, the data were analyzed for
fungal diversity from various perspectives and taxonomic levels.[Results] The healthy sample and
the sample with the root rot incidence of 5% had the highest fungal diversity, while the sample with
the incidence of 10% exhibited the lowest diversity. Additionally, co-occurrence network analysis
revealed more complex species interactions in the healthy sample and the sample with the
incidence of 5%. The root rot incidence had a negative correlation with the relative abundance of
Ascomycota but a positive correlation with the relative abundance of Basidiomycota and
Glomeromycota. Dominant fungal classes were Agaricomycetes, Chytridiomycetes, and
Sordariomycetes. Significant variations in the distribution of fungal groups with high average
relative abundance were noted across samples. Specially, the healthy sample had the highest
relative abundance of Eurotiales and the lowest relative abundance of Glomerales, which were
converse in diseased samples. Arthrodermataceae was significantly enriched in the healthy sample,
while Sordariaceae, Myxotrichaceae, and Olpidiaceae were preferentially associated with the
samples exhibiting incidences of 10%, 15%, and 20%, respectively. At the genus and species levels,
the composition of dominant fungal communities in the healthy sample and the sample with the
incidence of 5% was similar, and it was similar in the samples with incidences of 10%, 15%, and
20%. FUNGuild predicted a decrease in the relative abundance of plant pathogens and an increase
in the relative abundance of saprotrophs with the increase in disease incidence.[Conclusion] The
progression of naked barley root rot is intricately linked to the disruption of the equilibrium within
the rhizosphere fungal community. In the context of precision management of naked barley root
rot, it is imperative to regulate and sustain the balance of the abundance of dominant fungal taxa in
the rhizosphere.

Keywords: naked barley; root rot; rhizosphere soil; fungal diversity
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Figure 1

Composition and variation of fungal community OTU numbers in rhizosphere soil of naked barley

with different root rot incidences. NCH: Healthy sample; NCD1: Sample with root rot incidence of 5%; NCD2:
Sample with root rot incidence of 10%; NCD3: Sample with root rot incidence of 15%; NCD1: Sample with root

rot incidence of 20%. The same as below.
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Figure 2 Structural characteristics and diversity of fungal community OTU in rhizosphere soil of naked barley
with different root rot incidences. * in G represents significant differences at the P<0.05 level. A, B, C, D and E
representatively performed the co-occurrence network of the OTUs in NCH, NCD1, NCD2, NCD3 and NCD4. D
represents the degree in the co-occurrence network of different samples. E represents different a-diversity indexes
of the OTUs in the samples.
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Figure 3  Characteristics and differences of fungal community diversity in rhizosphere soil of naked barley with

different root rot incidences at the phylum level. Different lowercases above the bars represent significant

differences at the P<0.05 level.
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Figure 4 Characteristics and differences of fungal community diversity at class level and within different orders.
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Figure 5 Differential distribution characteristics of prominent fungal orders in rhizosphere soil of naked barley

with different root rot incidences. Different lowercases below the bars represent significant differences at the

P<0.05 level.
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Figure 6 Differential distribution characteristics of prominent fungal families in rhizosphere soil of naked barley
with different root rot incidences. A represents the relative abundance of prominent fungal families in different
samples and the clustering results among different fungal families. B, C, D, E, and F represent the relative
abundance of Sordariaceae, Olpidiaceae, Myxotrichaceae, Arthrodermataceae, and Cystofilobasidiaceae in
different samples, respectively. Different lowercases above the bars represent significant differences at the P<0.05

level.
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Figure 7 Differential distribution characteristics of prominent fungal genus in rhizosphere soil of naked barley

with different root rot incidences.
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Figure 8 Differential distribution characteristics of prominent fungal species in rhizosphere soil of naked barley
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with different root rot incidences.

mHMMNFEERE . R E T NCD4<NCD2<NCD3. £I.{% i i (Trichophyton
(Pseudogymnoascus destructans) B A1 X 3 K rubrum) B HIXT N 1.26%-7.13%, NCH HiH:
1.48%-7.03%, HAHX R A NCDI<NCH< X F e, NCD2, NCD3, NCD4 H1ikZ,

http://journals.im.ac.cn/actamicrocn



3000

XU Shiyang et al. | Acta Microbiologica Sinica, 2025, 65(7)

NCDI1 H#fi.
23 ARIRBHFEAFESHRRIRLTIEER
HEEERYIMOH

LEfSe 7T 8L, &SHEAT & HEM T
%A AW (E 9). NCH, NCD2, NCD4 " JG i
EHEERMIT, NCDI i E w ERR e
7, NCD3 W h#EG 3T, NCH % & F£nH
HA5 DI HCRETE 40, NCD1 P40 . i
9. AW, NCD2 ' RE5ei@4N, NCD3 ik
BEE R, NCD4 H i B4 (Tremellomycetes) .
NCH i 5 EMHE H N #E H, NCD1
MR EE . AEH, NCD2 HoNFEEHE A,
NCD3 HEF H, NCD4 ff 2 # H . NCH
i S R RS RE, NCD1 o
EAEWFL, NCD2 HohZE7eiFl, NCD3 Hoh %k
EWE, NCD4 AR, NCH W ig s
ERTHE N BREE, NCDI P & W LR
J&, NCD2 HMikiai g, NCD3 H M R #4 i
J& , NCD4 il 4 b & R 15 7% BR 2 55 IR
(uncultured Glomus).
24 AEIRBHRARESRRMRLIRE
B L1 BE TN

K FEA N EL# FUNGuild IR 24 & 9
(1 10), AN[FEIARJE R A 58 75 BRAR Py 4 3 v 3222
f0. 45 K 52 L) A 7 (undefined saprotroph), 1%
J& = B (soil saprotroph). FH % %% J& i (plant
pathogen). PN 4= [ (endophyte). M\ AL B AR L
(arbuscular mycorrhizal), 3 ¥ %5 J& # (animal
pathogen) %51t 23 ANIHRE A F, HASFEA ] 2257
3 (P<0.05), o, R SRS A: R A AR 3
i, N 52.86%-66.50%, NCDI AN
A, NCD2 iz, NCD2, NCD3, NCD4 H1
FOARXT = B B 95 2 Tt e TS TRl . e
AT AT FEBE R 5.03%-9.59%, NCH H HiAf
XFFEE AR, NCD3 i, B NCD4 4bh, &
3 4 7 vy SR X = R R o AR D R R X

>4 actamicro@im.ac.cn, 7 010-64807516

FHEN 5.57%-12.41%, FEAIEHEAST, B NCDI1
HOHAXT R A, R, HARX
MR . AR TR AR 1.86%-6.74%, HiAH
XFEEEFRFN NCD1>NCH>NCD4>NCD3>NCD2,
IR AR LR AT =E R 7.75%—-10.68%, HiAH
XFEEEFRFIN NCD1>NCD3>NCD4>NCH>NCD2,
3 ) s TR R G 3 B R 3.37% - 7.78%,  BR
NCD1 HHARN BRI, A rh AR XS
FREY T REREREAS
3 Wi

WRPRIEAE Y 5 U Y BAE B0 X, AR
P A 38 LB 2 R PR A AR YR FAE BUIR A 1
BRI 22— 1200 AR ST HRAR R S R
1 10% 1975 BRAR Br 1 3% FL T (NCD2) i) OTUs.,
¥4 OTU %if& & Richness. Chaol. ACE #5%k
P BT R T BRAR PR L REAR(NCH), &
5% 5% (NCD1)F1 15% (NCD3)H75 BRAR PR 115
H M OTUs, ;A OTU % & K Richness.
Chaol. ACE 8403 % = T NCH, BLWIAIR]
FRIEE I 5 9 75 FRAR HAR B - 3 L BE VR 19
PR RS N E B AR KRZES, HRWRSIR
B A 38 T T 22 PR e (IO I S B — 1 T A G
s A OGS R . DRI, 76 T R AR B 9 1 Bl
RSB, ASREAL LAAR PR £ 18 B 2 AR AR
iy e H - A HRIR S . A FEAR P B OTUs 19
I L4347 % B, NCH F1 NCD1 H E B 4y
W RNFEE, YFEHEEAE MRS, B
NCD1 WM 2875 s 243 T NCH, B 7E IR
KIRFLLMT, SRR LW 2R 2
FJEERR, AR 0L T RE R T AR PR
- 39 A W TG AR LR B AR 2B
NCDI ) E FE#E7% Shannon F5 (5% 5 . Simpson
FEECR AL, RUHEFEYME L |
AY, X AT RS2 I L D A AR e T BOE AR
W K eI, HARBRAR SR 4R A 25 U Y LA
FEADI R AL R 25 55281 SR T NCD2 B EL R B



VFHEPE 55 | SRR, 2025, 65(7)

3001

Eurotiomycetes
Arthrodermataceae
Trichophyton
Onygenales
Agaricomycotina
Agaricomycetes
Uncultured Eukaryote
Chytridiomycota
Chytridiomycetes
Rhizophydiales
Uncultured fungus
Lecanorales
Lecanoromycetes
Pezizomycotina
Sordariales
Sordariomycetes
Sordariaceae
Neurospora
Dikarya
Leotiomycetes
Myxotrichaceae
Pseudogymnoascus
Mucorales
Zygomycota
Olpidiaceae
Olpidium

Olpidium brassicae
Spizellomycetales
Tremellomycetes
Uncultured Glomus

Samples

B New
B Nept
B Nep2
B ~cps
I neps

0 1 2

3 4 5
LDA score

B9 AERBHLHRESRRFLBERFEATEEREYRCY

Figure 9  Significant enrichment biomarkers in fungal communities in rhizosphere soil of naked barley with

different root rot incidences.
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Figure 10 Functional prediction of fungi in rhizosphere soil of naked barley with different root rot incidences by

FUNGuild. Different lowercases around the bubbles represent significant differences at the P<0.05 level.
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