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Diversity characteristics of rhizosphere soil and microbial community
under different rotation patterns of baby cabbage

LIU Su', FENG Haiping”, CHENG Yandi', CHEN Zhuo', KANG Jianhong', WU Hongliang'
(1. School of Agriculture, Ningxia University, Yinchuan 750000, China;
2. Institute of Horticulture, Ningxia Academy of Agricultural and Forestry Sciences, Yinchuan, Ningxia 750000, China)

Abstract: A localization experiment was carried out in the southern mountainous area of Ningxia to explore the
effects of different crops and baby cabbage rotation on soil environment. The microbial diversity of five treatments of
baby cabbage-broccoli (CMB) , baby cabbage-green onion (CMG) , baby cabbage-onion (CMO) , baby cabbage-
potato (CMP) and baby cabbage continuous cropping (CCC) were compared and analyzed by high-throughput se-
quencing technology combined with soil physical and chemical properties and enzyme activity. The aim was to
screen out suitable crops for baby cabbage rotation and provide theoretical basis for alleviating or avoiding continu-
ous cropping obstacles of baby cabbage from the perspective of cultivation mode selection. The results showed that

compared with continuous cropping, the highest content of nitrate nitrogen in potato soil was 12.8 mg + ke™', and
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the highest content of available phosphorus in spring onion soil was 75.74 mg - kg™'. However, the content of avail-
able potassium and organic matter decreased under different rotation patterns. Alkaline phosphatase, sucrase in po-
tato soil and catalase and urease in onion soil were significantly lower than those in baby cabbage continuous crop-
ping and other crops. The results of bacterial abundance at the genus level showed that rotation led to the increase of
the abundance of most beneficial bacteria, such as Cupriavidus, Sphingomonas, Caulobacter, etc., while the abun-
dance of harmful bacteria and other unclassified functional bacteria such as Burkholderiaceae and Flavobacterium
decreased. The results of fungal community composition indicated that Ascomycota was the common dominant flora
under continuous cropping and rotation mode. At the same time, there was no fungus genus with the highest abun-
dance in the soil of onion and potato rotation and there was a significant difference between the soil of baby vegeta-
ble and that of continuous cropping. Redundancy analysis showed that soil nitrate nitrogen was the most important
factor for changing the community structure of bacteria and fungi under continuous cropping and different rotation
patterns. To sum up, different crops and baby cabbage rotation caused changes in soil chemical properties, enzy-
matic properties, and microbial diversity. Of which onion and potato had the best performance in all indicators. It is
suggested that baby cabbage-onion and baby cabbage-potato rotation should be popularized as the main rotation
mode in the cold vegetable industry in the mountainous area of Southern Ningxia.

Keywords: baby cabbage; rotation mode; rhizosphere soil; microbial community diversity; Ningxia
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Table 1  Changes of soil chemical properties under continuous

cropping and rotation mode of baby cabbage

e ﬁﬁ;{}/f? ﬁ?ﬁﬁﬁ ﬁ%ﬁ%ﬁ ﬁﬁuﬁ
- NO3-N Available P Available K Organic matter
Treatment B 1 -1 -1
/(mg - kg /(mg-kg™) /(mg-kg') /(g-kg)
ccc 6.8+0.84c 2045+3.55d  224.3+189a  12.62+3.75a
CMB 6.8+0.84c 27.74£2.68¢  154.0+11.5b  10.94+0.52a
CMG 122+1.64ab  75.74+236a  151.2£11.7b  11.94+1.19a
CMO 9.6+4.22bc¢  59.25+1.35¢  129.9+13.6c  11.32+0.26a
CMP 12.8+0.84a  71.30+1.75b  1454+150bc  11.12+0.49a

T : CCC R ISR AR ; CMB . B ISR - P 22 1B 48 4F ; CMG .« B3R
~RAFEAF ; CMO  SEIESE - TR AE ; CMP SRS - L SR . AT
/NG PR IR BN 22 5 B3 (P<0.05) , T T,

Note;: CCC: Continuous cropping of baby cabbage; CMB: Baby
cabbage-broccoli rotation; CMG: Baby cabbage-scallion rotation; CMO .
Baby cabbage-onion rotation; CMP ; Baby cabbage-potato rotation. Differ-
ent lowercase letters indicate significant differences among treatments ( P
<0.05) ,the same below.
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Table 2 Changes of soil enzyme activity under continuous

cropping and rotation mode of baby cabbage

BRI R Pukg et IRt

Kb3 Alkaline Sucrase Catalase Urease
Treatment  phosphatase  /(mg-g"' /(mg-g' /(mg-g’"

/(mg g™t -d)  .dh -h™h) )
CcceC 13.59+0.80a  1.42+0.39ab 1.15£0.01a 2.44+0.25a
CMB 13.88+0.64a 1.65+0.26a 1.13+£0.02a 1.33+£0.21c
CMG 10.48+0.93b  1.38+0.26ab  1.00+0.02b  1.57+0.20bc
CMO 9.27+0.75¢ 1.07£0.28bc  0.92+0.03¢ 1.32+0.33¢
CMP 8.75+0.86¢ 0.76+0.07c 0.94+0.05¢ 1.66+0.04b
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Table 3  Alpha diversity index of soil bacterial and fungal communities under
continuous cropping and rotation mode of baby cabbage
ZIES szl Chaol F544 PIRPIERL AR AR Pielou B57% B/ %
Classification Treatment Chaol index Observed species Simpson index Shannon index Pielou’ s evenness Coverage
CccC 8255.61+£1283.78a  6962.56+883.56a 0.9976+0.0004a 10.96+0.12a 0.8600:0.0089a 98
P CMB 9147.77£1112.49a  7397.72+683.32a 0.9969+0.0013a 10.92+0.13a 0.8497+0.0091a 98
Bz;cteria CMG 8150.77+£1433.17a  7100.96+965.36a 0.9936+0.0036a 10.81+0.35a 0.8451+0.0171a 98
CMO 8751.98+980.87a 7259.30+£591.56a 0.9821+0.0104b 10.18+0.50b 0.7956+0.0360b 98
CmMP 7565.13£597.35a  6695.52+442.92a 0.9945+0.0027a 10.79£0.25a 0.8489:+0.0173a 9
Cccc 371.67+35.70a 373.50+35.35a 0.8787+0.1092a 5.20+1.08a 0.6090+0.1243a 100
e CMB 279.03+49.27¢ 273.82+46.74¢ 0.8278+0.2174a 4.57+1.29ab 0.5664+0.1607a 100
FEL; rlfa CMG 357.01+42.60ab 355.26+42.30ab 0.9140+0.0254a 5.02+0.44ab 0.5920+0.0398a 100
CMO 332.32+54.33abc  331.74+54.47abc 0.9031+0.0456a 5.01£0.74ab 0.5978+0.0721a 100
CMP 301.90+33.53bc 300.20+32.89be 0.7905+0.1123a 3.83+0.49b 0.4657+0.0598a 100
x4 EEZAAMERSTIEARETBKELNEESTL
Table 4 Abundance changes of soil bacteria at phylum and genus levels in different planting modes of baby cabbage
] £ Abundance/%
. J& Genera
Dominant phyla CCC CMB CMO CMP
S Total amount 41.46+2.56h 35.02+1.49¢ 43.13+1.96ab 45.33+4.26a 43.04+2.37ab
PR Cupriavidus 2.14+0.89¢ 3.88+1.81bc 7.28+2.50b 12.62+4.96a 6.43+1.83b
YA FLANTE Sphingomonas 1.93£0.32¢  2.31£0.35bc  2.98+0.76ab 3.65+0.95a  3.31+0.40a
KA @ Haliangium 1.54+0.13a  1.07+0.10b  1.55+0.47a 1.42+0.07a 1.32+0.22ab
HiHE M E Pseudomonas 1.21+£1.02a  0.62+1.12ab 0.28+0.13ab  0.06+0.04b 0.29+0.12ab
Probiotics MR EJE Devosia 0.73+0.10a  0.32+0.19b  0.29+0.14b  0.14+0.03b  0.23+0.11b
WHFTEJE Lysobacter 0.49+0.11b  0.69+0.11a  0.73£0.08a  0.46+0.09b  0.74+0.14a
ARTEHE] WiFF 8 Caulobacter 0.39+0.12¢  0.49+0.14c  0.92+0.11b  1.35+0.45a  0.99+0.17b
Proteobacteria IhPANIR B Halomonas 0.22+0.06¢c  0.39+0.06bc 0.72+0.38ab  0.89+0.30a  0.99+0.38a
LPEATF B Pelagibacterium 0.11+£0.04¢  0.27+0.08bc 0.40+0.11ab 0.54+0.22a 0.51+0.24a
HER AL R Burkholderiaceae 1.83+£0.50a 1.17+0.14b  1.02+0.10b  0.60+0.09¢ 0.96+0.31bc
Harmful W FF R Ramlibacter 0.82+0.14a  0.91£0.28a  0.58+0.17b  0.34+0.10c  0.41£0.05hc
MNDI1 8.04x1.47a 6.41+0.43b 4.49+1.30c 4.87+0.76c  3.91x0.16¢
HoAth Ellin6067 1.46+0.04a 0.89+0.11cd 1.08+0.13b  0.81+0.14d 1.03+0.15bc
Other WP BANU TR JB Arenimonas 0.88+0.12a 0.52+0.13b  0.47+0.04b  0.58+0.11b  0.85+0.10a
W ES eI Caenimonas 0.73+0.10a  0.32+0.19b  0.29+0.14b  0.14+0.03b  0.23+0.11b
Ai5H Jig Total amount 12.67+1.40a 17.98+0.38a 16.26+0.81b 14.66+1.93bc 14.04x1.11cd
Probiotics Gaiella 1.39+0.30b  1.41+0.08b  1.52+0.24b  1.96+0.23a  1.63+0.26b
R A EH Harmful KR EHEE Nocardioides 0.45+0.06b  0.76£0.17a  0.73£0.23a  0.47+0.08b  0.49+0.12b
Actinobacteria SIHEEE Aeromicrobium 0.61+£0.06bc  0.99+0.20a 0.87+0.35ab  0.51+0.08¢  0.64+0.06bc
HAl Other Lamia 0.52+0.08b  0.77+0.06a  0.47+0.05b  0.48+0.04b  0.48+0.02b
ZEEREEJ®R Blastococcus 0.33+0.08¢  0.47+0.07b  0.65+0.10a 0.41+0.07bc  0.53+0.09b
JE 3 Total amount 14.22+2.40a 12.34+1.31ab 11.13+1.68b 12.07+0.97ab 12.89+0.89ab
PR ] /i Other Unclassified subgroup 6 5.78+1.24a 4.87+0.71ab 4.01£0.78b  4.47+0.39b  4.64+0.41b
Acidobacteria n ’ Subgroup 10 1.11£0.17a  1.08+0.25a  1.15£0.35a  1.12+0.16a  1.23+0.09a
RB41 0.89+0.23a  0.89+0.12a  0.57+0.06b  0.80+0.10a  0.63+0.03b
] SR Total amount 9.65+0.61b  14.16+£1.99a 10.31£1.20b 10.03+0.64b  9.93+0.74b
Chloroflesi HA Other Unclassified_Gitt—GS-136 1.12+0.25b  2.21+0.28a  1.18+0.18b  0.99+0.19b  1.05+0.24b
Unclassified_KD4-96 1.284£0.20ab  1.50+0.28a  1.08+0.19b  1.09+0.15b  1.18+0.17b
ERATE ] Al Other Ji\ i Total amount 7.93+1.28ab  8.18x0.71a 6.44+0.87¢ 6.54+0.66¢ 6.83+0.67hc
Gemmatimonadetes ~ ~ M E Gemmatimonas 0.87+£0.17bc  1.17£0.15a  0.96+0.19b  0.69+0.13¢ 0.75%0.11bc
B Ji 3 Total amount 5.58+1.81a 3.70+0.69bc 4.71+0.46ab 2.97+0.41c 4.46+0.46b
WAFET] Probiotics FEARBEJE Terrimonas 0.21£0.06bc  0.18+0.03¢  0.27+0.06ab  0.18+0.03¢  0.30+0.07a
Bacteroidetes HER WA S Flavobacterium 1.15+1.09a 0.08+0.06b 0.34+0.07b  0.03+0.03b  0.30+0.20b
Harmful Ohtaekwangia 0.33+0.13a 0.16+0.03¢  0.31+0.10ab 0.20+0.01bc 0.32+0.08ab

K CMG A CMO , B4 55 CMP AbE 5 TEAH GG
Z o [RIA}, S sEPRAR K - X6 53 4 B 8 ( Cupriavidus ) |
WFF B J& ( Caulobacter ) | §5 A5 A M & J& ( Sphin-

gomonas) SRV B E IER I, X MND1 H & A

BEN

M, & 1b 45538 RDAT i 5 RDA2 %

SR AR R SR 60.13% F15.501% , B
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AR JE (Olpidium ) 5 3853 A AL DG B PERERR &, LA TR A B, 55 —4H 7 (RDAL) 7]
fi RS A 27 R 7 5L IEAH O, B #1288 (Botryotri- CCC .CMB 5 CMG ,CMO .CMP AbFRAF I, - HERS A
chum) JCZEHE B (Acaulium) FHE S5 HE AN FISHURYN R I E R REIS S5 ) B B 2K

R5 EEXARMEEXIEEFRENMEKT ENFETWL

Table 5 Abundance changes of soil fungi at phylum and genus levels in different planting modes of baby cabbage

AT & £ Abundance/%
Dominant phyla Genera CcCC CMB CMG CMO CMP
J217 Total amount 45.08+12.79b 57.58+21.32b 78.49+5.59a 53.86+14.87b 55.80+19.30b
EHTR Botryotrichum 7.51+4.47¢ 16.40+£7.79¢ 36.24+9.85a 21.58+7.36bc31.64+16.94ab
R IIHE Fusarium 4.38+2.24b  6.71+£2.26b 11.02+3.57a 5.75+£3.03b 3.67+1.23b
WFFE I Plectosphaerella 6.01+4.72a  1.91+0.91b 1.51+0.28b  0.58+0.47b 3.07+4.20ab
ECHE Chaetomium 1.56x1.17b  5.01£2.58a  1.66x0.86h 2.32+0.70b  1.53=0.88b
TeZEE W& Acaulium 0.44+0.55b  0.73+0.52b  4.25+2.18a 1.69+0.70b  1.94+1.95h
THE] BB Colletotrichum 4.26+2.30a  1.27£1.36b  0.17+0.10b  0.03+0.07b  0.82+0.72b
Ascomycota KB VIR AR Tetracladium 1.14+0.79a 1.35£0.92a 1.3520.67a 1.36+0.64a  0.97+0.66a
FEAK TR Alternaria 2.42+2.31a 1.03x0.81ab 0.37+0.24b  0.71+1.08b  0.20+0.11b
i JE Cladosporium 1.04+0.51ab  1.34+1.39a  0.26+0.23b  0.38+0.31b  0.08+0.04b
SLHEBR Cephalotrichum 0.02+0.04a  0.00+£0.00a 0.06+0.08a 0.13+0.12a  3.36+6.16a
RBERE Pseudogymnoascus 0.52+0.37a  1.02+0.47a  0.55+0.33a  0.75+0.86a  0.36+0.30a
F TR Acremonium 0.35£0.27b  0.26+0.37b  0.91+0.28a  0.18+0.16b 0.68+0.68ab
Ilyonectria 0.46+0.41ab 0.80+0.49a 0.44+0.25ab 0.15+0.24b  0.09+0.04b
tlikAr] A5 Total amount 26.39+19.90a 29.87£25.35a 0.25+0.11b  0.11x0.08b  0.09+0.07b
Olpidiomycota MAFH R Olpidium 26.21+19.81a 29.81+25.38a 0.24+0.10b  0.10+£0.07b  0.09+0.07b
HFHI) S Total amount 4.24+1.78ab  0.83+0.44b  6.38+6.63a 4.15+3.64ab 0.82+0.54b
Basidiomycota B JIEEJE Symmetrospora 0.07+£0.07a  0.01£0.02a  2.66+5.93a  0.02+0.04a  0.01+0.02a
W] Ja i Total amount 1.37£0.83b  5.08+5.02a 0.93+0.27b  1.20+0.63b  1.01+0.56hb
Mortierellomycota W HIEE R Mortierella 1.37+£0.83b  5.08+5.02a  0.93+0.27b  1.20+0.63b  1.01+0.56b
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Fig.1 Redundancy analysis between relative abundance of soil bacteria
and fungi and environmental variables
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