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Crucifer clubroot disease changes the microbial community structure of rhizosphere

soil
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Abstract: To determine the effects of clubroot disease on microbial diversity of rhizosphere soils, the bacterial 16S rDNA
region and fungal ITS region from the rhizosphere soils of clubroot-infected and healthy Chinese cabbage were sequenced and
analyzed to evaluate the microbial community composition and structure. Moreover, we also measured the physiochemical
properties of the two groups of soil samples, aiming to establish the relationship among clubroot occurrence, microbial
community structures, and soil environmental factors. Soil pH and the contents of total phosphorus, total potassium,
available nitrogen, and available phosphorus were significantly lower in the rhizosphere soil of clubroot-infected Chinese

cabbage than those of healthy plants, whereas the exchangeable calcium content was increased in diseased soil. The
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occurrence of clubroot significantly reduced the richness and diversity of bacterial populations but had no significant effect
on the fungal alpha-diversity in rhizosphere soils. The dominant bacterial phyla for the two groups of soil samples were
Proteobacteria, Bacteroidetes, Actinobacteria, Acidobacteria, and Chloroflexi, of which Bacteroidetes had a higher
abundance in the rhizosphere soil of clubroot-infected Chinese cabbage than that of healthy plants ( P<0.05), whereas
Actinobacteria had a lower abundance ( P < 0. 05). At the class level, Gammaproteobacteria, Bacteroidia,
Alphaproteobacteria, Actinobacteria, and Acidobacteria were the predominant bacterial communities, and the relative
abundance of Bacteroidia, Actinobacteria, Oxyphotobacteria were significantly different between the two blocks ( P<0.05).
The dominant fungal phyla were Ascomycota, Mortierellomycota, Basidiomycota, and Chytridiomycota, whereas
Eurotiomycetes, Mortierellomycetes, Leotiomycetes, Sordariomycetes, and Dothideomycetes were the predominant classes,
and the relative abundance of these dominant phyla and classes were significantly different between Group 1 and 2 ( P<
0.05). Principal coordinates analysis (PCoA) showed that clubroot played an important role on the structure change of the
soil microbial community, and distance-based redundancy analyses (db-RDA) indicated that soil available phosphorus and
exchangeable calcium were the principal factors that correlated with the microbial community structure of rhizosphere soil.
This research revealed micro-ecological changes of the rhizosphere with the occurrence of clubroot disease and provided

theoretical support for developing a comprehensive control method of clubroot disease.
Key Words: clubroot; rhizosphere soil; high-throughput sequencing; microbial community
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Table 1 Physical and chemical properties of rhizosphere soils in the infected ( Group 1) and healthy ( Group 2) plants

T i A - S
LR 8L R WAL f
Soil | pH Organic matter/ TN/ C/N rati TP/
oil samples ratio
b (¢/k) (¢/ke) (¢/ks)
Group 1 4.61+0.09bA 27.50+1.84aA 2.01+£0.12aA 7.97+0.80aA 1.79+0.08bA
Group 2 4.81+0.10aA 27.03+£0.81aA 2.24+0.10aA 7.01£0.13aA 1.85+0.08aA
kA gl R R AR Yye ACHAEES
Sol ! TK/ AN/ AP/ AK/ ECa/
oil samples
P (g/'kg) (mg/kg) (mg/kg) (mg/kg) (emol/kg)
Group 1 20.43+0.13bA 326.67+29.94bA 127.00+9.43aA 500.00+61.51bA 7.37+£0.40aA
Group 2 23.69+0.28aA 401.00+35.00aA 134.63+9.05aA 809.33+52.31aA 6.30+0bA

Group 1 AR BRI A I SRAR PR L IEREA , Group 2 SR (@M MRAR PR LR R IR, RIFIARNG T3R8 225 B 3% (P<0.05) , [Fl—
BRI R TR 7R 28 57 2.3 (P<0.01)
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XiF 2 XA 6 A - R AR 3 a0, 445 SR s AECRR o 119 K (1 SEAR s - 38 LR A5 40 7 RN B TR A 30T
G153 51 80147 1 74510 5%, f FREAE AR AR Fr A 438 D0 645 1% 4 77 FN B B 19 A 300 81 8003 1) R 81784 F11 80106
ko MFR 2 R 3 il i, OIS A B4 2 FLTE , HO Y A 16 B E IR 99% LA L U WA A 3 06 DN TR BE 4 A A
1, 3 b A Bl M ARESRAEG I 45 SR RS L SISz e - 48 v 20 TR R EL B O
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Table 2 Alpha diversity indices for rhizosphere bacteria communities in the infected ( Group 1) and healthy ( Group 2) plants
B o

U Operational Taxonomic AR Chaol 5%t ACE % Bl
Soil samples Units(OTUs) Shannon index Chaol index ACE index Coverage/ %
Group 1 1174+36bB 7.19+£0.26bA 1164.90+40.06bA 1161.67+45.85bB 99.80
Group 2 1343+£52aA 7.92+0.04aA 1324.89+59.71aA 1318.17+50.20aA 99.83

=3 BIRMFESREEKRRIETIEER o ZHEEH
Table 3 Alpha diversity indices for rhizosphere fungal communities in the infected ( Group 1) and healthy ( Group 2) plants

B A 7 Chaol H2¢ ACE #% Wil
Soil samples Units( OTUs) Shannon index Chaol index ACE index Coverage/ %
Group 1 818+19aA 6.42+0.11aA 798.06+31.14aA 824.49+28.91aA 99.73
Group 2 890+71aA 6.76+0.52aA 877.29+42.49aA 890.35+51.77aA 99.77

A3 R RME A MR AR PR IR E ) o- 2R R B, B R RRAR B B8 A I 2 40 5 OTU £0H Ry 1174
A KB E B OTU £ H f 818 A faFEbk AR B L3 PRI 3] 1343 40T OTU 1 890 M H | OTU,2 M IX.
BN OTU £ HAFTER 8 3 22 7 (P<0.01) , Shannon 840 R Sz BREEAE 9 1) Z2 BEPE R 1M Chaol 84X
I ACE #8806 R LI PR E B E A 5 B ER 2 vl %0, SR AR PR 3 41 B Shannon #5401 Chaol 45
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X 2H ] B EL & OTU %% H . Shannon #5458 . Chaol #8458  ACE #5505 K A3 BB . DL 45 SRR Bt
PRAR B 5 40 BB T RN B S0, AN B R T8 20 I i 3 R o 8 350 300 5 (1 R AR s 38 T A s 12
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M ELTEH Y 1708 4> OTU R£J& T 14 [ 41 49 87 H 146 B} 207 J&, TEEFE 12 T '] ( Ascomycota)
40.97% ,#HF 1 '] ( Basidiomycota ) 9. 50% , # 11 2 '] ( Mortierellomycota ) 9. 43% , 4% i [ ] ( Chytridiomycota )
4.33% AT 4 1 35.78% , T R R RH 2 IXAHAEIX 4 A EL R [ 17KF AR 3= B AF TG P 22 57
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PR b g e =5 B i R B A HE ST S - 4 96 25 20 > 26 5C TR 44 > Jie 0 T 2 > HICE T > T T 40 > 4R H- 40 >
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SIS0 SR R R AR AR AR s - 3 vl %) 99 160 55 49 4 TR 49 L Rhizophlyctidomycetes 44 F147 B 20 AH X = FE A7
TEW FE2E 5 (P<0.05) , I H AU TR 20 TP 0 AH ) = B8 22 S ik B 5 7K (P<0.01) (BT 4)

FAEBRAIHT (PCoA ) A 3E i — FR A B RAEAE FVRHE 1] 12 HE 5 M 22 4E B0 vh B2 U 2R ST R FSs 1, vT
ELUE S AR AS (0] B A M V5 45k 25 57 . PCoA TIZET Unweighted Unifrac #525F1 Weighted Unifrac i 253X P
FROE R IEAT M7 , WS AR (8] HE B A, U6 P R AL LSS F AL, ARS8 R FH LT Weighted Unifrac 555 517
PCoA 73H7 , 25 R R WY, TC1e 2 40 T 30 A2 LT, AR AR J 1980 A Aok 0t B AL e AR I - A AR [) 1 B g A 22 5
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PCoA ;: FEAARSIHT Principal co-ordinates analysis
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Table 4 Correlation analysis between the bacterial and fungal community structures with the different soil physical and chemical factors

LR . U Ex Bt AR SEARMEES ST

Microbial community b TP TK AN AK ECa Overall

YN TE BEY% Bacteria community 0.336 0.048 0.600 * 0.460 * 0.286 0.534* 0.521*

ETH Y% Fungal community 0.554 0.116 0.750 " 0.468 0.639" 0.612" 0.682"
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