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Abstract; Rhubarb, an important medicinal plant, is susceptible to root rot causing significant losses in its
cultivation. Soil samples from plots in Shizhu County, Chongqging, with varying disease grades were gath-
ered for this investigation. Analyses of soil physical and chemical properties and bacterial/fungal commu-
nity compositions were performed to explore the correlation between these factors and disease occurrence.
The results showed that higher disease incidence correlated with reduced available and exchangeable potas-
sium Fe, and Zn contents, and elevated Mn content. 16S and internal transcribed spacer sequencing results
showed that the bacterial and fungal community structures varied according to disease severity. With the
increase of incidence rate, the richness and diversity index of bacterial community and fungal community
showed a gradually increasing trend, except for the samples from plots with slight disease incidence. Anal-
ysis of dominant microbial populations highlighted Rhodanobacter and some genera of burkholderiaceae.
Rhodanobacter bacteria were significantly enriched in the soil samples of plots with slight disease inci-
dence, which may be conducive to inhibiting the development of root rot pathogens. In all the soil sam-
ples, the pathogenic bacteria related to root rot were detected, including Thecaphora, Didymella and Fu-
sarium, etc. Their abundance changed with the increase of the disease incidence. In addition, the abun-
dances of Humicola and Mortierella in the soil of plots with low disease incidence were higher, while the a-
bundances of Acremonium and Tetracladium in the soil of plots with high disease varied highly. This study
establishes a basis for appropriate fertilization and root rot management strategies in the process of rhubarb
cultivation.

Key words: rhubarb; physical and chemical properties of soil; root rot disease; microbial community
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1 #MRERE
1.1 HREXE

B L A% 380 K B AR 5 A T DA AT b DR AR B Rk, DR BRSO 350 hm® FRRERLASE A9 A1 A - K
% B R B8R 1108, 27°E, 29. 92°N) AN K8 Fiil Sk b AR Sy o8 2 o5, 1R 0 IAHE 2 KUV I A T
W AR 1550 m, FEREM ALY 1400 mm, 4F R 10,4 °C. R A KA RERAEL G, DR
BAERE A B R AT R A RO RO T, bR B AR R A E O S o — 3L
1.2 TEHRRE

2021 4F 9 3 15 H, HEAE Y M AR P 4R AL 0900 205 B OR R s e & 5 A5 00 ZEHR 30 ke b, 457
b (/N T 15°) R (FE 15°~30°Z [, 45 & R B AR 19 & s R AIE CREIR 228 & AR FEAR 1 v 1 3 AR
ZEFR . R IR 25T IR AR £ RN BE AR R RN 0 B, R AT R s R R IR R A S e e, e
A BB OIR Y, FEAEREA I R BREIR ), R AT ARG e S R b 2 e R B/ R B AR BO M g,
SEARAS WA O AR . SR SR AR 25 20 2 [ 2 36 2 R A9 JEL BT 6 5 W DA g L T 0 T vk R O T I R
WLEE e 5 007 S 75 A Kk O 90k T TR AEAE o B 0 TR 25 5 A 5 MR DG ST b AT, 00 45 1 5 R o AR T 95 1)
BIRHRIG o R S BURE L IR AT - 3ERE S A SR AR L B LURE T A 2 B v s ok P SRR, R R
PERE 4 ASSEIE PO SRR ORFE . FERAREES AT L, RN HHERET 5~20 cm HURE, SRE
ARATF I LR 1 B L 22 W OF 7 B )5 4y WAy . — T or T BALSE AR A T, O — o EAT VA URORAF LA
TR 521 DNA $2HCLL K 16S HTTS )7,
1.3 TEBEUERIT

PG T AE bR AL S 38 pH {E, A HLEKR . B N, 3R K, AR K, Z3 K, &N, £ K, 2P, Cu, Zn,
Fe, Mn %0 09 B850, BRI )5 3 2% (AR AL 24 40 W 05 ) b A7, OR300 52 B Ak 4 I 4
TR, FEEN AR TR AT, ZJE WO, Sk g AR T 2 mm A0 S O S 0 A
—#B T 3% pH {H, BlfE N, #8 K, A K, 4K T 80iiE, 55—kt 2 mm + 50650
+ R 0. 25 mm IR T ALK, £ N, 2 K, £ P, Cu, Zn, Fe, Mn JRR2ENE. #3505 H
PRI E 7k an e 1.
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£k % T7 ik EEER N 5 T7 ik

T pH fH pH MR EE i1k R K AR IR P - K e ik
A Bl B R A vk B Ak 4 N 2 H gl Ik E AL
i N Bl Bk £ K NaOH % il — K 6 B %
HA K Tifh R 5 — K Dl ik &P TR R — v SR & T
AR K MR W oy 60 B Cu, Zn, Fe, Mn S i a3 e e B 1

1.4 TEEYFEHERSN

H I i R OB B e A R ] 58 BN R BAR PR+ 38 DNA i 42 B, &34 R 5.
1.5 HESHiItFHE

FIH Excel 2019 XF FF 55048 i 1790 45 % B0, 5% B SPSS 22. 0 #4788 43 B, HAK R JH B £ (One-
way ANOVA)Fll Duncan 3£ 47 /7 250 i 2 5 A (a =0. 05) , FFEFIH B R ih (Pearson) J7 i X K # AR i
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INEF AR FER p<0.05, ZRAHIHT¥EX.
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o A JBE g b RE A b b 4 NIRRT i B T A R AR R P L H e T R M R
T8 2) BRI RSN, RN R R A b R4 P R A M 22 F RS AR S, (AR P R B R
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W, L Fe BiE 82 R B, (HATRFRE R Z ] 2E 7T E L. SZMK, L3 Mn i
ORI BT T ELT R R R TR R B HL2E e A Se i i L AR I Cu BRSO
T 5 AN [ 0 R 2 ot B 22 ) 22 S TE G i 38 3. A s ANTR] & B B2 B L3 Zn B Jr B2 AN AF TR 22 5+
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ING PR R p<<0.05, ZRALIHEE L.
B3 AEREERMRLFEHEITE Fe, Mn, Cu, Zn TEFH
2.3 RFERESLIEERTERESHZ EHEXKE
AR Z2 4 S BRAR 4 AR TP e R BRI R A AR RO R O U B A . AR BRI BEAT T G Ay
Bro S5k 3.t T E R Mk Z O AR (D s, BATRRERIE . A0 58 HE BR % 1 S X 3k
o BB FEAT A G o Hr s SRR A0 R 5 B AL K, A7 8L K, Fe, Mn Fll Zn Jit & 70 80A 135 19 5
o Horp 8 Mn i - B R AR R IEM G, A5 R MR R AMKE. WAHXRBMEEE ERE,
TR K, A K K Zn B r 8 S RR R ZEAMAHCR B R, ZRASIFE L, W =8 588
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PEALE AR PSR KR
+ 3¢ pH P —0.186
BEEGUR) 0. 385
A LAk AH 2 R AL —0.042
B GUR) 0. 847
4 N LI EY —0.185
B EHGUR) 0. 387
s N A2 R EL —0. 080
B EMGUR) 0.710
2P LI EY —0.243
i CGURD 0. 252
HE P HHR R 0. 352
BEEGUR) 0.092
£ K LIPS —0.062
BEMEGUR) 0.775

WA K P —0.620""
BEEGUR) 0.001

B K P E —0.628""
BEMEGUR) 0.001
WK KR 0.083
BEEGUR) 0. 698
Fe HHK REL —0.439"
B GUR) 0.031
Mn AH K R AL 0.513"
BEEGUR) 0.010
Cu P E e —0.192
i UR) 0. 367

Zn AH K R AL —0.672""
B GUR) 0. 000

e ox Fom p<<0.05, x x FR p<<0.01, ZRAELSIFEX.

2.4 TEIFREERMRTBFHEYEHEER
2.4.1 RRJAEF AT LI 0 W ALK,

16S I TTS § 1 5~ 3 45 5 3 W A ] 4 g it B8 b B - M98 440 7 0 BT O RE VR LR AT — i i 22 5. BT 4
7R s RV AN TR S i JEE s e SEASE A v AT A0 T P L TR OTU 0k 2 i) B A7 W I 22 5, L7 S AR
A TETR AR AN T R e Rt e S v 200 T R L TR Y B 7 A28 B BOR CTRT 5) . XA T E . TETTRY 2
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IR by ANTR] o A Rl B 38 2 [E) A A 22 S 1 A0 T R v O AT SRR BE T 1) (Firmicutes) . #UFF R T
(Bacteroidetes) FI 7% & I '] (Planctomycetes) ; 1 7E H B 43 287K - by AN [R) s B bk 4 38 2 (0] 7 A 25 5%
Y40 TR A VR E B A B I B (Xanthomonadales) , v-Z2 I i 4 (Gammaproteobacteria) T ) 4 26 ff 2%
FWEJLT i H (Chitinophagales) 5. X FHEM &, 7E1 002K -y W22 70 B 20 M 7E 1
e ] (Ascomycota) . 1T H ] (Basidiomycota) fl# {12 [ ] (Mortierellomycota) ; 76 H B 432K F L, &~
[F) % 9 2 B b e - 998 2 () A7 A 22 S 9 EL TR AE VR 32 2800 I 28 72 1A B (Sordariales) , 2E224HF 1% H (Cystofilo-
basidiales) . B2 K B H (Urocystidales) . #% 4 1= 7 H (Pleosporales) . # 1% H (Mortierellales) F1 X jh
Wi H (Cantharellales).

1400 140 ¢

1200 120 F
1 000 100
800 80

= &
S 600 S 60
400 40
200 20
0 0
B2 BE hE TE B2 BE hE TE
REER REER
() HEOTUH = (b) EREOTUH =

B4 TRFESHHLRIBAFMER OTU M &
2.4.2 REBEFBRLEMADBHLFE A S HEIHK
M 16S A1 TTS P38 790 7 45 5L . X6 AN ] e s e i ke - SEEAE o o 200 T8 R B0 TR RE 9 A7 R W JE M2 4
PEA BT . 45 SR WK 6] 9 5 25 2 0 K o MR ] ) - 49 40 A B R 09 8 S (Chaol, ACE) ., #2515 5K
(Simpson) LA K Z #E ¥ 48 8L (Shannon) 22 R LG # B L GR O, N EIEAMEREE FHERE, WEME
RO EED M RE R R N IR AR Y S R E, W E T RS, 20 TR Y
W) BB S0 s N HEAN R e 2RO A BEE R F I M ARG, A0 BV 0 2 R Mt B 2 5
(). XA R P+ HE R BB BRI 5 . BRSO R3S . oA R R b, B E R
AN, BELRBETE M FEE . SR R 2R R I — i A R (R [R] A R e 2 A 4 A
Z IR 2S5 IG R (K 5.
F4 TAFRESSHHRIBEFHEFEE, HOEMSHBEEY

9 B Chaol ACE Simpson Shannon
B 804. 78+58. 35a 892.96+70. 22a 0.96+0.03a 7.5240. 80a
L=35 S 707. 44+21. 88a 765. 11+38. 72a 0.9840. 00a 7.62740.52a
O 1 011.044+138.90a 1134.16+178.57a 0.9940. 00a 8.4140.19a
wE 1 006. 49+328. 48a 1 040.914287. 21a 1. 004£0. 00a 8.7240.19a

T FRMEERR p=>0.05, ZREGEIHE L.
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100 s Cyanobacteria 1001 suf Cyanobacteria
. = Proteobacteria = Enterobacteriales
80 = Acidobacteria 80r = Xanthomonadales
L Firmicutes ) Bacillales
ER( 601 = Bacteroidetes ER( 60r =uf Gammaproteobacteria
g = Planctomycetes H# suf Acidobacteria
= 40F = Gemmatimonadetes E 401 = Chitinophagales
= Nitrospirae - = Rhizobiales
20¢ = Actinobacteria 201 = Myxococcales
= Rokubacteria = Pseudomonadales
0 = Others 0 = Others
B BE hE PE By BE $E FE
HELR HELR
(2) HHEERK(I1KFE) (b) LHEZERL(BKE)
100r = Ascomycota 100¢ = Sordariales
= Basidiomycota = Hypocreales
80r » Mortierellomycota 80T = Cystofilobasidiales
& sl Olpld.10¥nyc0ta $ Urocystidales
1 =Chytridiomycota  yy 60Ff = Pleosporales
g = Mucoromycota 'H:I_ = Mortierellales
m 401 = Rozellomycota E 40t = Helotiales
- R - = Cantharellales
2B :il(;mﬁ(riomycotta 20¢ = Auriculariales
f R = Tremellales
0 = Others o
B BE hE PE B BE hE PE ors
HESR HESR
(c) BERAR(ITKF) () EREAM(BKE)
ul FRRAERMEERNH.
Bs5 AEREERMRTBAFNERS LAN
x5 TRAFREERUMRTIBERHEFTEE, HOENSHEEER
5 E R Chaol ACE Simpson Shannon
B 688.00+114.58a 722.39+40. 43a 0.95+0.03a 6.4740.77a
7 559.59+64. 44a 613.26458. 38a 0.82+0.13a 4.67+1.32a
R 648. 05+149. 13a 706+45. 58a 0.89+0.09a 5.8441.27a
EYis 726.07+25.61a 765. 78+83. 66a 0.97+0.01a 6.96+0. 29a

T FRMERR p>0.05, 2R LS ¥E L.

R RGN T N LT R K R R N 2R B R SR I R AR OGRS HEAT TR OGS BT (3R 6).
ZERE . 1D MTHREFEK, KK FR5 Chaol, ACE Ll K Simpson Z [0 %A W B A&, 155 Shannon
BB EEEME; 2 XTEHEBEBE., KWEY5 Chaol, ACE, Simpson VL M Shannon ZZ [a] # 34 B & A
FHOGHE. X Se 25 R 3R W R BRI 1 & A 5 A Bl B A — 0 I AR G, HLIBE G R SR T s e 3 1 184 m
20 T AR i 1 22 R T B 2 1
o6 TEAFSEEHEEIFEENSHEREELFEZANHEXNE

Chaol ACE Simpson Shannon
il 0.596 0.529 0.616 0. 809"
HE 0.201 0. 439 0. 205 0.253

e * Fom p<<0.05. ZRAGI¥E L.
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2.4.3 REBEFRIE LEHA WK YA £ F

Xof S AR W A A ol CRLRT 3= B2 HE 24 1T 20 19 J&) BEAT 23 BT, IS [ 9 35 46 00 by B 1 98 40 7 R L T
AL b 22 S B R (I 6) . TEANTEREDS 0 T, &0 P B8 0 Rl . 328 8 ) Mty ke - 38 v W AT A 7 J& (Rho-
danobacter) . A7 /R 8 K B B} (uf_Burkholderiaceae) 5546 Jg FC /R Je 45 0 IR (Del fria) F B 5 T A&
MERE(PE, E RS+ p v B F 5 49 (uf_Gammaproteobacteria) Fo 268 | BRFTFHE ] (uf_Ac-
idobacteria) 546 J& | W filf £k 20 5 B Cuf_Nitrosomonadaceae) 86 J& F ¥ AT B & (Lysobacter) 4 # 4 Ji 5%
. R R B LA, S R AR BRI, BTG RE AR U B TV A AR | A AR 2 A Y D
J&, BENEYRE R (Thecaphora) . WIRHFEE (Didymella) M8 I & (Fusarium) , 1 B EATTE X % B2 E
AR 1 b B A v S B R B, B A b AT DLk B K R R A 1 Tl e 48 P R T B (Humico-
la) . WMEJR (Mortierella) %5 =F BE Ry » T A& 0 B2 B 55 v 1) b B 4 38 h A T & (Acremonium) . DAL 78
J& (Tetracladium) FHFL & W )& (Cladorrhinum ) % & H1# F A K.

REEFR
Bl BE BE = g

L2 BE HE mE

Rhodanobacter
uf Gammaproteobacteria
uf Acidobacteria

Delftia

uf Burkholderiaceae

uf Nitrosomonadaceae

Humicola
Tausonia
Thecaphora
Mortierella
Didymella

Lysobacter

Methylobacterium
Stenotrophobacter

Haliangium
Niastella
Pirellula
Pseudolabrys

Chujaibacter
Paenibacillus
Capnocytophaga
uf Cyanobacteria
Pseudomonas
Rahnella

Duganella

0 1 5

A EE/%
() HEMBF(BAT)

Fusarium
Acremonium

Tetracladium
Echria
Cladorrhinum

Chaetomium

Coniochaeta
Saitozyma
Setophoma
Botryotrichum
Plectosphaerella
Nectria
Staphylotrichum
Zopfiella
Cylindrocarpon

0

A EE/%
() BEREREIFH(BAKF)

] 30 2 7% 4 TR BRI ARL X R B (06D 5wl FRom R BE B R M E F R
Boe ZREAKFLEARREREMRIBEOHMEFABYMENFE

v

3 iTFie

MBS e — o A 5 AT AE R R I S R 7RSI M A AF T . IR R AR R, 1 AR
JE IR AR A 2 SRR I 2R K A G S TR R W AL R YT A T b R IR R R AR
o FY) 3t B A 22 Bl B 37 LR A R 2 B b S AR O AR M A BT AN TR R AR Y SRR A pHL{ELAH X
K. REWTRRN LA FERRES LEMBMEA —E R, WS EES" R IUEA IR ILE R AR PR
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