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Response of Rhizosphere Bacterial Community of Potato Infected by Late
Blight to Heavy Metal Stress in High Geological Background Area
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Abstract: Exploring the changes in the bacterial community and its influencing factors in the rhizosphere soil of late
blight- affected potatoes under heavy metal stress in a geologically high background area is crucial to guarantee the
safety of potato production. Rhizosphere soil samples were collected from both healthy and late blight-diseased potato

plants (‘Qingshu 9', 'Weiyu 5' and 'Weiyu 3'). Subsequently, the soil pH, organic matter content and heavy metal
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concentrations were analyzed. The bacterial community was analyzed using lllumina MiSeq high-throughput sequencing,
while the heavy metal content in the potato tubers was determined simultaneously. In the soil of the tested area, the
mean concentrations of Cd, Cr and Zn were 2.14, 170 and 220 mg/kg, respectively. Cd levels exceeded the risk control
threshold of the national soil quality standard, while Cr and Zn levels exceeded the screening values. Among the
potato tuber samples, only one exhibited a Cd concentration of 0.103 mg/kg, exceeding the national food safety limit
standard. The predominant bacterial phyla and their relative abundances in the rhizosphere soil of diseased potatoes
were Proteobacteria (33.16%-39.09% ) and Actinobacteria (13.45%-17.11% ); the predominant bacteria were primarily
Sphingomonas (8.78%-12.30% ) and Gemmatimonas (6.22%-7.61% ). The relative abundance of dominant bacteria
differed in diseased plants compared to healthy plants, with variations observed among different plant varieties in terms
of bacterial diversity and abundance. After potato late blight infection, there was an increase in the diversity of the
bacterial community in the rhizosphere soil, while the abundance of the bacterial community decreased. Principal
component analysis revealed that the contribution rate of bacterial community differences between diseased plants and
healthy plants was 29.59%. The results of redundancy analysis indicated that soil heavy metals and pH had a significant
impact on the composition and structure of the soil bacterial community, particularly on the dominant bacteria. The
differences in the bacterial community between healthy and diseased plants were more influenced by soil stress from Pb
and Cr. Therefore, potatoes could achieve safe production even under heavy metal stress in high geological background
areas. In the rhizosphere soil of infected potato plants, the diversity of the bacterial community decreased while the
richness increased. The occurrence and development of late blight were affected by soil Pb and Cr through alterations in
the beneficial bacteria within the rhizosphere soil bacterial community.
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Figure 1 Schematic diagram of sampling site
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Table 1 Soil heavy metal content and evaluation in the tested area

S| HEIY  HEIY WUEsSY WESS A3 35 BN R XU E(E USRI
Ttem (G1) (G4) (G2) (G5) (G3) (G6) Background Risk Risk control

Qingshu9  Qingshu9  Weiyu 5 Weiyu 5 Weiyu 3 Weiyu 3 value of Guizhou screening  value

Province value

Cd(mg/kg) 2.67+0.22a 1.75+0.13d  2.29+0.22b  1.87+0.09cd  2.04+0.16bed 2.20+0.46bc  0.695 0.3 1.5
As(mg/kg) 47.1+1.60b  42.9+1.86c  49.6+0.92a 41.7+1.49¢  31.6+2.09% 38.7£0.74d 20 55 250
Pb(mg/kg) 51.3+1.94c  66.3+2.35a  46.8+1.13d 66.1+2.33a  57.0+6.74b 67.842.24a  35.2 70 400
Cr(mg/kg) 172+6.29b  200+13.6a 152+12.3¢  182+10.0b 141£16.6¢ 172+7.14b 959 150 800
Ni(mg/kg) 89.0+4.91a 76.7+#5.74b  82.4+6.51b 66.4+3.19¢  57.1+4.97d 61.7+3.94cd  39.1 60
Zn(mg/kg)  244+8.49a  225+10.8b  225+14.0b  220+7.73b 180+21.4¢ 223+11.0b  86.9 200
Mn(mg/kg) 944+106a  527+64.7b  611+56.0b  537+74.1b 823+118a 814+197a
pH 4.79+0.1cd  5.10£0.19bc  5.78+0.14a  4.50+0.12d 5.32+0.59 4.94+0.33bc
SOM(g/kg) 22.4+6.07c 33.847.79b  22.4+10.9c 31.5+0.88b  45.9+3.89a 34.5+4.00b

W IRZEEFRARIEZE . ARG FHEER R A B 22 55 35 (P<0.05), £ FL R F T &M% 2% 1k (Duncan's new multiple range test,

MRT). Al

Note: The error value represents the standard deviation. Different lowercase letters indicate significant differences between treatments (P<0.05), as

tested using Duncan's new multiple range test (MRT). The same below.
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Table 2 Potato tuber heavy metal content and evaluation in the tested area

T H Ttem Cd(mg/kg) As(mg/kg) Pb(mg/kg) Cr(mg/kg) Zn(mg/kg)

G1 0.061+0.001a 0.002+0.002¢ 0.010+0.014b 0.074+0.012b 0.171+0.011ab
G2 0.059+0.001a 0.002+0.002¢ 0.011+0.025b 0.081+0.008b 0.170+0.010ab
G3 0.068+0.023a 0.002+0.002¢ 0.061+0.082ab 0.053+0.030b 0.175+0.008a
G4 0.057+0.001a 0.003+0.001bc 0.127+0.020a 0.061+0.059bh 0.171+0.014ab
G5 0.058+0.001a 0.005+0.001a 0.014+0.008b 0.054+0.054b 0.172+0.006ab
G6 0.068+0.032 a 0.004+0.001ab 0.070+0.053ab 0.162+0.076a 0.159+0.006h
A EFARME(GB 2762—2022) 0.1 0.5 0.2 0.5

National food safety standards

HIFRZ (%) Excessive rate 6.67 0 0 0

T Gl G2, G3JMIFOR FHHOS WA 55 35 R BB, G4, G5, GOAIXINH K ittk. T,
Note: G1, G2 and G3 refer to the healthy potato plants of 'Qingshu 9', 'Weiyu 5' and 'Weiyu 3', respectively; and G4, G5 and G6 correspond to their

diseased plants, respectively. The same below.
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Note: A. Phylum; B. Genus. G1, G2 and G3 refer to the healthy potato plants of 'Qingshu 9', 'Weiyu 5' and 'Weiyu 3', respectively, and G4, G5 and

G6 correspond to their diseased plants, respectively. The same below.
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Figure 2 Relative abundance of diseased and healthy potato plant root bacteria of different varieties
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Figure 3 Dilution curve of soil bacteria (a) and soil bacterial grade abundance (b)
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Figure 4 Statistical analysis of Alpha (a) diversity index of potato rhizosphere bacteria
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Figure 5 Principal component analysis of OTU level in rhizosphere soil of different potato varieties
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Table 3 Interpretation of redundancy analysis of rhizosphere bacterial community composition and

environmental factors in different potato varieties

ARt Variable JMBEREIE (%) Total interpretation PAH P value
Pb 79.69 0.000 5
Cr 60.79 0.000 5
Zn 56.16 0.000 5
Cd 38.30 0.002 0
Ni 34.73 0.004 5
Fe 25.89 0.019 5
As 25.13 0.0220
Mn 20.98 0.0450
pH 49.87 0.000 5
SOM 18.08 0.070 0
A B P=0.001 B MR EHAGEE . P=0.001
Permutation test: P=0.001 Overall permutation test: P=0.001
4 0.40
Zn
2 i C
< \ Ay e ’ " 0.20 ™ Fe
% G Mn Group § cd R/uu[um‘r/mt ter : ) ““pp
S 0 Gl N ’
. G2 < Mn
& G3 o (VN
e SOM G4 & Streptomyces
2 G5 =
=g} G6 )
pH =
-0.20
-4 pH
-0.40
-2 0 2 4 -0.25 0 0.25 0.50

RDA1: 30.59%

RDA1: 30.59%

TE: A AN b b B B B A TR I VR AR S FRBE I A TUAR T s BSR4 AT TR Js = 2 S PRBE N T RO TUAR 3T

Note: A. Redundancy analysis of bacterial community composition and environmental factors in different potato varieties; B. Redundancy analysis of

abundance of different bacteria and environmental factors.
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Figure 6 Redundancy analysis (RDA) of different bacterial communities and environmental factors
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