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Responses of root-associated microorganisms of different drought-tolerant po-
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Abstract: Potato is a globally important food crop, but its growth is highly susceptible to drought stress. Drought not only reduces
potato yield but also alters the structure of the rhizosphere microbial community, thereby affecting the plant’s drought tolerance
and overall health. In this study, metagenomic sequencing was conducted on the rhizosphere microbiota of the drought-tolerant
potato genotype C93 and the drought-sensitive variety Favorita, grown under rain-proof shed soil conditions, to investigate their
structural and functional responses under varying drought intensities. The results showed that as drought severity increased, the
alpha diversity of Favorita first decreased and then increased, whereas the alpha diversity of C93 remained relatively stable. Pro-
teobacteria (30.44%—63.00%) and Actinobacteria were the dominant phyla across all treatments, but genus-level composition
exhibited genotype-specific differences. Under severe drought conditions, C93 enriched Lysobacter (10.16%) and Sphingomonas
(6.37%), while Favorita was dominated by Nocardia (8.29%) and Streptomyces. Functional annotation revealed that under moder-
ate drought stress, the ABC transporter pathway played a key role in both C93 and Favorita’s responses. However, under severe
drought, C93 primarily relied on the ABC transporter pathway, while Favorita depended on the AMPK signaling pathway to
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mitigate stress. Microbial network analysis further demonstrated that C93 maintained greater network stability through a coopera-
tive interaction model involving a “core microbiota + functional hub”, whereas Favorita exhibited insufficient network modularity

and relied on the expansion of single functional taxa, resulting in weaker long-term drought resilience. This study provides

preliminary insights into genotype-specific mechanisms by which rhizosphere microorganisms regulate drought resistance in
potato, offering a theoretical foundation for the development of drought-tolerant microbial agents and the advancement of

drought- resilience technologies.
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Fig. 1 Relative abundance and composition of soil microorganisms in two different drought-tolerant potatoes under three water

treatment levels
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A: relative abundance of soil microorganisms in the rhizosphere of two different drought-resistant potato varieties under three water treat-
ments; B: composition of microorganisms in the rhizosphere of two different drought-resistant potato varieties under three water treatments.
wlvl: drought-sensitive genotype Favorita under fully irrigated conditions; w2vl: drought-sensitive genotype Favorita under moderate
drought conditions; w3v1: drought-sensitive genotype Favorita under severe drought conditions; w1v2: drought-resistant genotype C93 under
fully irrigated conditions; w2v2: drought-resistant genotype C93 under moderate drought conditions; w3v2: drought-resistant genotype C93
under severe drought conditions.
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Treatments are the same as those given in Fig. 1. “p” represents phylum, “c” represents class, “0” represents order, “f” represents family, and

“g” represents genus.
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Table 1 Comparison of a-diversity indices of rhizosphere mi-

crobial communities of two potato genotypes under different
drought stress conditions

AbFEZH Shannon FE4L Simpson #§%{  Invsimpson F§%{
Group  Shannon index Simpson index  Invsimpson index
wlvl 5.99+0.07 b 0.994+0.00 a 104.14+7.31 b
wlv2 5.84+0.02 a 0.994+0.00 a 83.91+1.17 a
w2vl 5.80+0.12 a 0.994+0.00 a 82.19+7.70 a
w2v2 5.91+0.18 a 0.994+0.00 a 85.37£19.45 a
w3vl 6.10+£0.05 b 0.994+0.00 a 111.17£7.74 b
w3v2 5.84+0.12 a 0.994+0.00 a 84.88+8.01 a

AEPEIAN A 1o AR 83878 21 ) 22 5 1 25 (P < 0.05).

Treatments are the same as those given in Fig. 1. Different letters

indicate significant differences between groups (P < 0.05).
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Fig. 3 Classification using NMDS at the phylum level (A) and genus level (B)
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Treatments are the same as those given in Fig. 1. “Stress” measures the goodness-of-fit of the low-dimensional projection (typically 2D or 3D)
to the original high-dimensional data; lower values indicate better fit. When Stress < 0.05, the 2D projection accurately reflects the true rela-

tionships among samples, and results are considered highly reliable.
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Fig. 4 Distribution of LDA scores of rhizosphere microbial communities in two drought-tolerant potato varieties under different
drought stresses

AEBRRIE 1o p ARRITHE, c RN, o MK AT, FHERIR, e AKIEITH

Treatments are the same as those given in Fig. 1. “p” represents phylum, “c” represents class, “0” represents order, “f” represents family, and

[Tt}

g” represents genus.

*2 TETEMET 2MAREFREDLEFIRFLEMEBEENFEEDSF
Table 2 Relative abundance distribution (%) of functional pathways of rhizosphere microorganisms in two potato genotypes under
different drought stress conditions

KEGG wlvl wlv2 w2vl w2v2 w3vl w3v2
AL A2 Cellular processes 9.19 9.34 9.77 9.32 9.41 9.26
FREE {5 B AL FT Environmental information processing 12.05 12.59 12.07 12.21 12.36 11.97
1% {5 B AL P Genetic information processing 15.90 16.36 16.19 16.46 16.13 16.42
AN ZEFH%K Human disease 6.12 6.26 6.43 6.35 6.12 6.27
BRI Metabolism 50.29 49.79 50.19 49.57 49.90 50.63
HHLZHE Organic system 6.45 5.67 5.36 6.09 6.08 5.45

AbFEF 1, Treatments are the same as those given in Fig. 1.
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Fig. 5 Distribution of the top 30 most abundant KEGG metabolic pathways of rhizosphere microorganisms under different combi-

nations of water stress and potato varieties

AbFR[F] A 1., Treatments are the same as those given in Fig. 1.
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Fig. 6 Significantly enriched pathways of rhizosphere microorganisms under different combinations of water stress and potato
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Treatments are the same as those given in Fig. 1. Error bars represent standard deviations. Multiple comparisons of group means were per-
formed using Tukey’s test; different letters indicate significant differences between groups (P < 0.05).
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AbFE[E]E 1, Treatments are the same as those given in Fig. 1.
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Fig. S1 Shows the actual soil moisture content under the soil planting condition of the rain shelter
wl: FEATHENE; w2: HPEET R0, w3: RTS8, wl: full irrigation; w2: moderate drought stress; w3: severe drought stress.
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Fig. S2 Significance analysis of two different drought-tolerant potatoes under different drought stresses at the genus level
AbFETR]E 1. Treatments are the same as those given in Fig. 1.

M1 ARTFEEHT,2 MAENREEDRERRMEMEE L MEF 5 2 HT(LDA)F 2 R(LDA > 3.5)
Table S1 Linear discriminant analysis (LDA) score table of rhizosphere microbial communities of two different drought-tolerant
potato types under different drought conditions (LDA > 3.5)

Jai 44 Ak 32 FE LDA 1343
Genus Group Abundance LDA score
= B A JE Sphingomonas w2vl 4.67 4.13
B R Lysobacter w2v2 5.21 4.75
RS )& Pseudomonas w2vl 4.18 3.75
it R ICH 8 Nocardia w3vl 4.04 3.51
I S Halomicrobium w2v2 4.24 3.87
SR Aeromicrobium w3vl 4.33 3.79
BT JR L35 3 TR IR Albitalella wlv2 3.96 3.60
W R Nocardia wlvl 4.92 4.38
H4 2 B5 PAI BE BL K 4328 Mycoplasma wiv2 4.76 427
£ R )@ Streptomyces wlvl 4.05 3.54
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(EMED
EEA b B FHE LDA 734y
Genus Group Abundance LDA score
AP JE Sphingomonas wlv2 4.42 3.96
S5 )% PR TE )R Brevundimonas wlv2 4.42 3.96
TR AR 4335 Actinobacteria wlvl 4.25 3.68
B AL R R K 432 Pseudomonas w3v2 4.46 4.02
WU JE Xanthomonas w2vl 4.45 3.99
LA 532E Actinobacteria w3vl 4.42 3.83
AW AR TE )R Sphingomonas w3v2 4.97 4.42
AW PA TR H oK 4> 2 Myxococcus w3v2 4.30 3.70
AbFH[AE]#] 1, Treatments are the same as those given in Fig. 1.
Mik2 FRABEBKEMEVEMNFEER 10HWERSH
Table S2 Distribution of the top ten relative abundance of microorganisms at the genus level in each treatment group (%)
pIsTre
Group wlvl wlv2 w2vl w2v2 w3vl w3v2
IR R Lysobacter 6.90 9.60 10.39 16.24 10.20 10.16
W KRB Nocardia 6.75 3.90 3.46 5.73 8.29 5.07
PR R ML IR )& Sphingomonas 8.66 9.29 7.51 4.90 5.19 6.37
B AL R LK 4328 Xanthomonadaceae 2.48 3.30 3.57 3.82 3.01 3.32
FRATFTE |1 KA 44 Acidobacteria 3.11 2.76 2.77 1.80 3.00 2.59
W B AR 5r 2 Actinobacteria 2.61 1.57 1.36 1.82 2.32 1.63
WU Arthrobacter 1.40 1.34 1.02 1.85 2.08 1.34
15 2B 5 MU B RHK 4326 Sphingomonadaceae 3.33 5.46 5.32 2.33 2.06 5.80
P B A TR JE Sphingomonas 4.21 3.48 4.70 2.96 1.93 4.12
TR A A A 4% Actinobacteria 1.71 1.10 1.02 1.31 1.79 1.30

AbFRIA] & 1. Treatments are the same as those given in Fig. 1.
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Table S3  Analysis of topological parameters of rhizosphere microbial co-occurrence network in different treatment groups

IEHERR EEERE BN CFHME MSEE Bk

S IE I EPE - . B KT
Positive Negative Total Average  Network Number of ,HX x,
Group  Nodes . . . Node with the highest degree
connection connection  edges degree density models

wlvl 22 41 37 78 7.09 0.3376 3 17 (19 15 n0-n17, 3L 18 A~ )

17 (nodes n0—n17, a total of 18 nodes)
wlv2 21 63 57 120 11.43 0.5273 2 10 (19 4% n0-n10, 3 11 495 8)

10 (nodes n0-n10, a total of 11 nodes)
w2vl 22 44 44 88 8.00 0.3731 3 9 (17 45 n0-n9, 3L 10 75 40)

9 (nodes n0—n9, a total of 10 nodes)
w2v2 22 63 63 126 11.45 0.5523 3 12 (925 n0-n12, 3t 13 475 %)

12 (nodes n0-n12, a total of 13 nodes)
w3vl 22 63 63 126 11.45 0.5455 3 10 (955 n0-n10, k11 75 4)

10 (nodes n0-n10, a total of 11 nodes)
w3v2 22 56 56 112 10.18 0.4747 3 9 (141 n0-n9, F 10 47 44)

9 (nodes n0—n9, a total of 10 nodes)

AbFH[AE]#] 1, Treatments are the same as those given in Fig. 1.



