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Tab.1 Physicochemical properties and enzyme activities of vineyard soils from different subregions
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Fig. 1 a-diversity and p—diversity of soil bacterial communities in different subregions of Ningxia
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Fig. 2 Bacterial community composition of vineyard soils from different subregions of Ningxia
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Fig. 3 Differentially abundant bacterial taxa in vineyard soils from different subregions of Ningxia
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Tab.2 Relative abundances of bacterial phyla in vineyards from different sub—regions

%

] YC HL YN HSP QTX SZS
Pseudomonadota 36.916 617 500 37.305 339 720 45.570 155700 47.828 168 530 51.287 273 220 24.127 526 950
Actinomycetota 41.128 111 180 14.847 961 200 10.089 669 410 21.196 039 940 10.866 884 130 54.023 338 510

Gemmatimonadota
Bacteroidota
Acidobacteriota
Chloroflexota
Planctomycetota
Candidatus Rokubacteria

Ignavibacteriae

5.303 838 849
4.264 620 771
3.414 492 882
4.504 053 973
1.201 294 015
0.345 853 837
2.921 116 985

11.111 223 450
4.199 085 866
19.288 163 280
5.834 216 202
2.176 510 172
1.300 152 185
3.937 347 915

14.904 126 780
7.837 564 687
12.867 786 420
1.672 788 517
2.171 703 266
1.624 775 406
3.261 429 819

7.494 379 489
7.645 335 717
10.152 672 180
1.391 076 572
2.115 236 391
0.266 798 546
1.910 292 629

10.161 898 850
12.650 180 300
8.686 644 816
1.848 425 222
1.554 863 112
0.795 845 760
2.147 984 591

3.647 034 605
8.304 744 607
3.075 382 013
3.474 155 230
0.799 413 274
0.274 667 682
2.273 737127
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Tab.3 Relative abundance of bacterial communities at Genus level in vineyards of different subregions

%

& YC HL YN HSP QTX SZS
Sphingomonas 8.455 682998  16.793 124 380  19.484 371490 22.570498 800 17.929 126 020  7.204 283 540
Nocardioides 9.101 019 073 1.174 253 365  0.719892 613  0.771 887 370  0.900 686 058  11.040 289 460
Steroidobacter 3.073 420 985 1.083 605628  1.706 276 717 2.859 633 903  1.583 637 028  0.338 376 905




Arthrobacter 2.322.870606  0.419 298 028
Blastococcus 1.632658 610  0.855 658 083
Solirubrobacter 1.142 633057  0.934 647 722
Streptomyces 1.137 265 733 1.025 372 218

Virgisporangium

Actinomadura

0.130 687 304

0.732 568 599

1.233 908 301

Actinophytocola 0.293972683  1.042 238 160
Rhodospirillum 0.290 519 518 1.064 267 804
Massilia 0.230 652 148  0.164 247 177
Pseudomonas 0.193 787 857 0.091 466 978
Flavisolibacter 0.182 274093  0.322 478 556
Lentzea 0.062 526 541  0.274 770 128

0.284 857 231

0.129 367 005
0.172 025 795
0.152 943 257
0.640 986 176
0.195 982 376
0.942 018 787
1.661 889 436
0.207 363 914
0.187 342 893
0.344 437 404
0.095 143 119
0.094 558 094

Pseudonocardia 0.539316 838  0.313932707  0.584 370 860
Variovorax 0.083 173404  0.487 404796  0.103 994 976
Ramlibacter 0.402 679 614  0.357 291 185  0.256 979 910

Cellvibrio 0.265290 686  0.001 586902  0.078 907 777
Salinimicrobium 0.135 776 295 0.017 511587  0.045 233 993
Geodermatophilus ~ 0.628 385235  0.080 844 797  0.055 505 789

Kocuria 0.383735649  0.103 761720  0.019 897 056

0.431 630 805
0.673 551 513
0.267 048 519
1.000 729 729
0.286 328 393
1.229 702 793
0.172 606 555
2.737 000 137
1.426 608 895
2.757 324 686
2.174 065 349
1.228 879 018
1.829 633 589
1.216 510 418
1.023 828 910
0.000 806 013
0.000 525 618
0.246 133 447
0.059 886 731

0.294 881 926
0.234 516 826
0.166 847 952
0.274 317 595
0.177 569 479
0.262 720 666
0.442 660 982
0.147 571 022
0.535 665 727
0.482 094 317
0.073 059 393
0.114 159 223
0.235 584 880
0.705 459 791
0.297 218 913
1.021 996 590
1.287 242 945
0.090 990 243
0.049 949 730

8 e ok B 2E BF 5 (o BE ) % 47 %
)& YC HL YN HSP QTX S7ZS
Lysobacter 2.613 569 393 0.738 360 768  1.793 546 752 0.731 665585  4.089 450 995  1.311 372 878
Pontibacter 2.272 671768 1.411 989268  3.922 180835  0.508 345556  6.142 303 668  5.721 115 282
Sphingosinicella 1.858 062 484 1.397 177 296  3.093 926 036  2.884 689476  4.038 066 866  2.049 319 221

6.849 683 991
3.764 240 798
0.982 145 120
2.177 253 540
0.176 694 707
0.288 556 854
0.147 137 319
0.492 986 195
0.117 060 689
0.700 996 531
0.221 511 236
1.057 152 050
1.288 342 812
0.072 921 002
0.373 649 326
0.024 649 437
0.091 122 129
1.673 890 862
1.321 616 966
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Fig. 5 Correlations between soil environmental factors and bacterial communities
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Soil enzyme activities and bacterial diversity in ‘ Cabernet Sauvignon’ vineyards
across different subregions of Ningxia

Wang Mengyan', Zhang Xuan', Tan Haoyue®, Sun Yue**
(1.School of Food Science and Engineering, Ningxia University, Yinchuan 750021, China;
2. School of Enology and Horticulture, Ningxia University, Yinchuan 750021, China;
3. Engineering Research Center of Grape and Wine,, Ministry of Education, Yinchuan 750021, China)

Abstract: Vineyard soils were collected from ‘Cabernet Sauvignon’ vineyards in six subregions of Ningxia: Yinchuan (YC) ,
Helan (HL), Yongning (YN), Hongsibao (HSP), Qingtongxia (QTX), and Shizuishan (SZS). Metagenomic sequencing was
used to investigate bacterial community diversity, and the relationships among soil physicochemical properties, enzyme activities,
and bacterial community diversity were comprehensively analyzed. The results showed significant differences in soil organic matter
content and invertase activity among the subregions. Soil pH, total nitrogen, alkali-hydrolyzable nitrogen, total phosphorus, and
available phosphorus contents, as well as urease, catalase, and alkaline phosphatase activities, also differed to varying degrees
among the subregions. Soil bacterial «-diversity differed significantly among the subregions, indicating that each vineyard had
developed a distinct bacterial community profile. Pseudomonadota was the most abundant bacterial phylum in the vineyard soils of
HL, YN, HSP, and QTX, whereas Actinomycetota was the most abundant phylum in those of YC and SZS. At the genus
level, Sphingomonas was the most abundant genus in HL., YN, HSP, and QTX, whereas Nocardioides was the most abundant
genus in YC and SZS. Except for soil pH and available phosphorus content, the bacterial communities were significantly correlated
with soil organic matter, total nitrogen, alkali-hydrolyzable nitrogen, and total phosphorus contents and with urease, invertase,
catalase, and alkaline phosphatase activities (P << 0.05). In YN, urease activity had a particularly pronounced effect on the
bacterial community. In SZS and YC, soil physicochemical properties and enzyme activities significantly affected the bacterial
communities, whereas no significant effects were observed in the other subregions. These findings provide a theoretical foundation
for the healthy cultivation of grapevines and the improvement of soil microecology in Ningxia vineyards.

Keywords: Ningxia; vineyard; soil; bacteria; ‘Cabernet Sauvignon’ grape
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