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Abstract: One of the reasons for the replanting problem in continuous potato cropping is the change in the soil microbial community
structure. Many studies have shown that reasonable intercropping can alleviate replant disease, and the relationships of
crop-soil-microorganisms are a hot topic in current agricultural ecosystem research. Therefore, the objective of this study was to
examine the difference in the soil bacterial community composition after continuous potato and maize monoculture and intercropping.
The TonS5™XL high-throughput sequencing platform was used to analyze the soil bacterial community composition and diversity
under maize monoculture (M), potato monoculture (P), and potato intercropped with maize (PM). The results revealed that soil
organic matter significantly increased in the treatment of potato intercropped with maize (P<0.05), when compared with the
monocultures. However, there were no significant changes in the soil total nitrogen, available nitrogen, total phosphorus, available
potassium, and pH among different treatments. Moreover, the total 56 787 Operational Taxonomic Units (OTUs) of bacteria were
classified as 46 phyla, 55 classes, 114 orders, 208 families, and 455 genera. Proteobacteria, Acidobacteria, and Actinobacteria were
the dominant phyla and accounted for 57.68%—65.11% of the total relative abundance of bacteria. The diversity index
(Shannon-Wiener and Simpson) and the richness index (ACE and Chaol) of soil bacterial communities did not change; however, the
relative abundance of the soil bacterial communities changed at the phylum and genus levels. Compared to the potato monoculture,
the relative abundance of Proteobacteria decreased significantly after potato was intercropped with maize (P=0.023), while the
relative abundance of Planctomycetes increased (P=0.043). Furthermore, Gemmatimonas and Candidatus Solibacter, with lower
relative abundance, were found to be more easily influenced by the planting patterns. Moreover, intercropping increased the relative
abundance of Arthrobacter, Blastococcus, and Bacillus. With the change in the bacterial community, the soil bacterial functions were
separately classified into 7 and 35 functional categories at hierarchy level 1 and 2, respectively, using the KEGG function prediction,
which implied abundant soil bacteria functions. From this, we garnered that soil bacteria were active in metabolic processes, genetic
information processing, and cellular processes. Furthermore, the metabolic functional groups in the 7 primary functional layers had
significant differences between potato intercropped with maize and potato monoculture (P=0.046). Additionally, forward selection of
the soil environmental factors was used, and the result of the Monte Carlo test showed that there was no significant correlation
between soil physicochemical and biological properties and the soil bacterial community composition and diversity after the five-year
experiment. In conclusion, the relationship between the interspecific mutualism and competition in potato intercropped with maize
was the driving factor of the change in the soil bacterial community.

Keywords: Potato intercropped with maize; Bacterial community; Diversity; Function prediction; High-throughput sequencing;
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Table 1 Yield, land equivalent ratio and interspecific competitiveness of potato||maize intercropping system from 2014 to 2018
Yield (kg-hm™?)
Vear ' Land  Interspecific competitiveness
Maize Potato Intercropped Intercropped equivalent ratio of maize versus potato
monoculture monoculture maize potato
2014 7 493.85+567.75 17 863.05+883.80 12 112.65+435.45 14 607.30+£633.30 1.22 0.80
2015 9 545.85+622.80 31 891.80+906.00 10 294.95+£536.55 29 605.35+735.30 1.00 0.17
2016 8802.30+1 303.35 28 137.00+5 402.25 9 895.50+491.25 27 312.30+2 177.25 1.05 0.15
2017 8297.40+1 519.20 22 175.40+2 875.35 6 588.15+1 929.75 21 916.65+1 550.70 0.91 -0.16
2018 11 395.50+953.10 19 654.05+1 482.15 13 002.90+£922.20 24 026.25+7 019.55 1.19 —-0.08
Average 9 046.98 24 052.26 10 378.83 23 493.57 / /
2.2 I ;
2 R 5
) > I > )
(P<0.05) Chaol ACE [|
18.25%(P<0.05), [ 9.01~10.26% 3.43~4.94%,
4.63%~4.80%(P<0.05); (Shannon Simpson)
56787 OTUs 45 53
2.3 Il Alpha 107 193 392, 41
52 107 191 409 , I
3 s 45 53 110 202 420
98%, 45
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Table 2 Soil basic physicochemical and biological properties of monoculture of potato and maize and their intercropping for 5 years

Property Before experiment Maize monoculture Potato monoculture  Potato|lmaize intercropping

Total N (g'kg™) 1.65+0.02a 0.83+0.04b 0.80+0.05b 0.82+0.03b

Total P (gkg ™) 1.35+0.05a 0.92+0.56b 0.87+0.44b 1.03+0.37b
Available N (mg-kg’l) 70.00+0.00a 47.524+1.92b 46.27+2.76b 47.46+4.00b
Available P (mg-kg™) 49.24+0.16a 25.7545.05¢ 30.45+5.14b 30.00+5.08bc

Available K (mg-kg™) 380.00+0.00a 180.34+13.86b 191.25£17.64b 179.20£10.71b

Organic matter (g-kg ") 33.28+0.10a 18.33+0.44c 18.36+0.56¢ 19.21+0.86b
pH 8.37+0.03a 8.30+0.03a 8.27+0.05a 8.30+0.02a
C/N — 12.78+0.76a 13.31+0.87a 13.54+0.81a
Respiration intensity (mL-kg’l) — 39.66+4.75a 39.53+4.29a 41.91+5.11a
Microbial biomass C (mg-kg™) — 472.04+67.75a 323.16+118.61a 413.89£107.43a
+ s (P<0.05) Data are means + standard deviation. Different lowercase letters in the

same row mean significant differences (P<0.05).

#3 OHE. EARBEREMERENTIRMAEIE Alpha ZHIERMF I

Table 3  Effects of potato and maize monoculture and intercropping on soil bacterial community alpha diversity

Index Maize monoculture Potato monoculture Potato||maize intercropping
Goods coverage (%) 98.76+0.25a 98.60+0.31a 98.75+0.26a
Shannon index 9.25+0.16a 9.23+0.11a 9.24+0.16a

Simpson index 0.996+0.001a 0.995+0.001a 0.995+0.001a

Chaol Chaol index 2 466.58+230.46a 2 719.55+662.51a 2 494.75+283.87a

ACE ACE index 2 477.44+204.48a 2599.71£203.33a 2 513.57+233.16a

Observed species 2 194.25+122.72a 2 264.75+94.74a 2 233.75+136.88a

+ s (P<0.05) Data are means + standard deviation. Different lowercase letters in the
same row mean significant differences (P<0.05).
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, |
2.95% 3.60% 2.67%,
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Fig. 1 Relative abundance of soil bacterial at the phylum (a) and genus (b) levels under potato||maize intercropping
M: ;P ; PM: I M: maize monoculture; P: potato monoculture; PM: potato|/maize intercropping.
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Fig. 3 Heat map illustrating the clustering of functional profiles predicted under potato and maize monoculture and intercropping (a:
hierarehy level 1; b: hierarchy level 2)
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Fig. 4 Redundancy analysis of relative abundance of soil bacteria at phylum level (a), bacterial diversity and richness (b) with soil
physical, chemical characteristics under potato and maize monoculture and intercropping

M: ;P ; PM: I OM: ; TP: ; AP: ; TN: ; AN: ; AK: ; RI:
; SMBC: ; C/N: ; Pro: ; Aci: ; Act: ; Bac: ; Gem: ; Chl:
; Tha: ;5 Nit: ; Ver: ; Fir: M: maize monoculture; P: potato monoculture; PM: potato||maize

intercropping. OM: organic matter; TP: total phosphorus; AP: available phosphorus; TN: total nitrogen; AN: available nitrogen; AK: available potas-
sium; RI: respiration intensity; SMBC: soil microbial biomass carbon; C/N: carbon to nitrogen ratio; Pro: Proteobacteria; Aci: Acidobacteria; Act:
Actinobacteria; Bac: Bacteroidetes; Gem: Gemmatimonadetes; Chl: Chloroflexi; Tha: Thaumarchaeota; Nit: Nitrospirae; Ver: Verrucomicrobia; Fir:
Firmicutes.
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