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Effects of biocontrol agents on fungal community diversity and
structure in rhizosphere soil of continuous cropping celery

FENG Haiping, CHEN Zhuo, YANG Hu
(Institute of Horticulture , Ningxia Academy of Agriculture and Forestry Sciences ,Yinchuan, Ningxia 750002, China)

Abstract; To provide a theoretical basis for alleviating the obstacles of continuous cropping of celery in the
mountainous area of southern Ningxia, a field positioning experiment combined with high-flux sequencing
technology was used to study the effects of conventional fertilization + mixed bactericides ( MF') , conventional ferti-
lization + Bacillus subtilis (BS) , and conventional fertilization + Trichoderma harzianum (TH) on fungal diversity
and community composition of rhizosphere soil of celery in continuous cropping for 4 years, using conventional ferti-
lization as a control (CK). The results showed that the application of Bacillus subiilis and Trichoderma harzianum
compound bacteria increased the content of available phosphorus and available potassium in soil, with an increase
of 34.29% and 9.98%, respectively. The application of microbial agents increased the activities of urease and su-
crase, with an average increase of 43.16% and 12.98% , respectively, and significantly changed the B—diversity of
soil fungi. Mortierella, Plectosphaerella, Gibberella, Alternaria, Fusarium were the dominant genera in each treat-
ment. The application of compound microbial agent of Bacillus subtilis and Trichoderma harzianum treatment signifi-
cantly reduced the relative abundance of fungal pathogens such as Gibberella, Alternaria and Fusarium by 59.88% ,
51.63%and 36.13%, respectively. Redundancy analysis showed that sucrase, urease, alkaline phosphatase, pH

and total phosphorus were the main driving factors affecting the composition of the fungal community. In summary,
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the application of compound microbial agent of Bacillus subtilis and Trichoderma harzianum not only reduced the en-

richment of pathogens such as Fusarium, Alternaria, and Gibberella, but also further reshaped the soil fungal com-

munity structure by changing soil physical and chemical properties such as available phosphorus and potassium.

Keywords: celery; continuous cropping; microbial agent; soil physical and chemical properties; fungal com-

munity structure ; mountainous area of southern Ningxia
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A5 20,40 .60 d i AR Ty A b Rk
Fit 22.5 kg - hm™, BAALHE 3 RE S, FEHLHE
G, 312 AR N FUY 30 m*, BRAE 5 it
FHF R4S A FRER SR AT 00 A #R AR A, F A ) 77 3
[ A



T EE AT < A TR R0 AR SRR B S FL TR ARV AR S 2 M 1 R 55

x1 FENTTEALFER

Table 1 ~ Soil chemical properties before planting
. L5 TN B AL AN 2 TP AR AP A AK AHLET OM
’ /(g kg /(mg - kg™") /(g kg /(mg - kg™") /(mg - kg /%
8.10 1.33 58.98 1.59 8.61 201.10 1.47
®2 FREHIERT ERBE/ (kg - hm™)
Table 2 Fertilization methods and amounts for different treatments
= -
A ZEF74) Nitrogen R
i} HEAE Fi - formpn it
Treatment Fertilization amount HHLA LA Total
Organo nitrogen Inorganic nitrogen
=L w3
CK 3000 ke AHUAR+ 1125 kg LAkl 60.0 337.5 397.5
3000 kg organic fertilizer+1125 kg compound water-soluble fertilizer
3000 kg AALI+1125 kg HAKIENE+67.5 kg KA HH
MF 3000 kg organic fertilizer+1125 kg compound water-soluble 60.0 337.5 397.5
fertilizer+67.5 kg compound microbial agent
3000 kg HHLAE+1125 kg & AKEME+67.5 kg M 2EAUFT 1
BS 3000 kg organic fertilizer+1125 kg compound water-soluble 60.0 337.5 397.5
fertilizer+67.5 kg Bacillus subtilis
3000 kg AHLIE+1125 kg A KEIE+67.5 kg MK AR
TH 3000 kg organic fertilizer+1125 kg compound water-soluble 60.0 337.5 397.5

fertilizer+67.5 kg Trichoderma harzianum

TE : H UG AC A HLAEAE AL — R PERE A AV PERLRL S 78 3485 15,3045 60,70 d 38, B4 225 kg,

Note : Conventional fertilization was one-time application of organic fertilizer as base fertilizer, and compound water-soluble fertilizer was applied 15,

30, 45, 60,70 days after celery transplanting, with 225 kg each time.

1.4 TERERAE
SR FH AL 5 BORE 3 XS I 0~ 20 em L JZEAR B
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BEAE S ml URAFE T T4 EARERGEAE A 1 mm BRI
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B, Sk IS F T I R A
1.5 MEEHREEFZ
1.5.1 R3EMFHFREBBEEMNET 2A(TIN) R
FHBILICE R0 2, ol i 280 (AN R B8 4 500
MIRE 4 (TP ) K HCLO, —H, SO, 32 5E , 3 %5 i
(AP) R H NaHCO, - SH 86 PL Lb €2 35 0 22, 3 2%
( AK) SR F NH,OAc— KGR 2 , A ML (OM)
SR 3% R PR 25 £ 1 — M IR 2k AT 22 , pHL i LA
105K E a0 R 3% SR FH S B b — 1k
AR L I | o ST U I PR e i 2
T E I A P 1 T Tl 0 P SR W PR AR — B L 8
PAE , HEREBEE MR 3,5 S KR L (3
et
1.52 3R ARMAMBEZHE S HFEGN 5

K H Nlumina MiSeq 57 38 520 75 2517 35 A4 9 0
HETE S5 R 09I , BAR AR N . FIFH Omega soil DNA

Kit 3807 & 47T L HERF TS DNA 42— E 3 1TS1 X
PCR ¥ # ( 519 ITS5F 2} 5’ GGAAGTAAAAGTCG-
TAACAAGG - 3', ITS2R } 5’ - GCTGCGTTCT-
TCATCGATGC -3") —{#i i AxyPrep DNA ¥ 711
A G B B BOtE AT 4 3G 7 4wl 2k 2 Ak 81l
— Y HE P a5 R i — DN SC PR il A S A
JrtE— b AL AT e I, TR e e
I H IR AR A YR B A7 BN F 58 A
1.6 #IESIT

i QUME2 3K {447 9 Fh i B, B it P Fh 5=
T ZAEEFE S0 ) Office 2010 F1 SPSS 26 %f +
e e 2N T NS E A S S Y & DO Y
PEIEATHET 4307 B b #, oF AS [) Ak 24 1] 45 10 46 s ok
TR T 22453871 (One—way ANOVA) ;2K Duncan
T 2 AR, B MK P<0.05; i R #k
P22 32 A 40 B (PCA ) eV 45 A 20 A 3k AR IR
Venn [& JUA3HT (RDA) I FIH LEfSe 3144, #345%
4325 R FH Python LEfSe #EATEMHI 514347

2 g5

2.1 AREFMETHFEEEREIELEZER
K EiE
H % 3 A0, 45 A0 PR 4 3 pH [ RPN MF>BS,
CK>TH, 5 CK Ak, TH 4b 3 & 2 B A% T 13 pH
{8, W0 A 0.84% , 1 MF AbFH U 3 514 T 1.33%
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MF TH 4b 34 5 25 1 i -+ 3080l & i, 350 430
34.29%F131.21% ., 5 CK A, MF AbBR i 490+
BEA A A RN 9.98% , TH  BS 4ZbFR I i 2 %
KT 1.77%H1 7.56% ., TH BS b3 5 21 hn 7 4
AHUTES, B0E 4 500 R 7.67% F1 3.42% , it R
VIR BT TN AN TP AU AN 5.3 (P>0.05)
1% 4 W B CKOAH L it B R8T A
TEAFEAR B 0 35 A% W it F1 RS G 7, Horb TH BS 4k
F N T RS P 78.02% F1 38.11% , TH BS |
MF &b 3G 35 58 T A TS, 50 2 Bk
18.01% .15.26% .5.66% , TH BS Ab PR i Z AL T
BT R BTG 2 10.06% F1 40.18% ( P<0.05) 5 i H:
HEACE B EYES CK Z A Rk 3 8 2% (P>
0.05) .
22 AEAEFLETAFXEERRTIEERS
R
221 ARBEE o- SR HES AL &AL
PR L 7 T F5 28 (Goods _ coverage ) ¥ K T
99% , Ut I 45 2L, RE A% S B AN [m] B 7] Ab B % A O

SARPR R BRI A B AL, 5 CK AL, BS
b P SR VR T AR T SRR B 4 AR I 1 2 A
( Shannon ) #1445 B ( Pielou_e) ( P<0.05) , MF . TH
Ab PR i 2 5 1) AR B L TR B V% 19 F & B2 (Chaol ) |
Z K% (Shannon ) 1Y) (Pielou_e) (P>0.05)
222 HABEB-ZHHESA ET Bray-Curits
FRESH PCoA 34T (18 1) AT, 56 — 43 (PCol )
Ik R A 35.3%, 55 — FE 4> (PCo2) BTk R A
21.4% , BIPS E T BT 2 DTk R IA 2 56.7%,
FWIRES S WAt i K 28005 B AN FIFEATE AL bR
S ERBOE B R 5 CK AL, FM  BS Al TH
FRIAh B 48] i 3 TR 0 A A SRR PR L Y
VRS54 (P<0.05)

23 AEEFIGEMNTIEEFREELENARD T
23.1 XBEABBEKY OTU 2HF  ANEEFLE
TIRFEARTE 97% FAUPE KT T 4T OTU R J(
2) AT, 4 A0+ BE R AR OTU %4293 1>, K5
OTU %t & EURAK YK A CK>TH>BS>MF, 5 CK A
Ee, AR AR ARRAR T 13 E R A A OTU 0 H |

®3 FREIEFGEIEEFFRERLELFZ SRR

Table 3  Effects of different microbial agents on rhizosphere soil chemical properties of continuous cropping celery

Qb 2% TN Blf# A AN 2T TP W AP HAE AK HHLFE oM
Treatment pH /(g kg") /(mg - kg™") /(g kg") /(mg-kg™)  /(mg-kg') /%
CK 8.28+0.03b 1.26+0.01a 62.16=1.80a 1.67+0.01ab 6.15+0.90b 194.21:0.15b 1.70+0.04¢
MF 8.39+0.05a 1.28+0.01a 66.72+1.34a 1.65+0.01b 8.26+0.42a 213.590.10a 1.68+0.04c
BS 8.29£0.05h 1.27+0.01a 65.88=1.53a 1.8120.01ab 5.85:0.51b 179.53+0.54c 1.75+0.03b
TH 8.21+0.07¢ 1.28+0.01a 66.32+1.25a 1.85+0.01a 8.07+0.43a 182.77+0.23¢ 1.83+0.03a

L : P RNG TR 3R 22 57 8.4 (P<0.05) , T 1A

Note : Different lowercase letters in the same column indicate significant differences ( P<0.05), the same below.

R4 AREEFSEXE(EF R L HEEEE SRR

Table 4  Effects of different microbial agents on rhizosphere soil enzyme activities of continuous cropping celery

A R 5 1 i A AT TR B e PR A1
Ak - o . - : .
Treatment Urease activity Catalase activity Sucrase activity Alkaline phosphatase activity

reatmen _ _ _ _ - - - -
/(mg gt -d) /(mg gt -h) /(mg gt -dh) /(mg gt -d)

CK 98.03+1.05¢ 4.49+0.06ab 9.50+0.18d 105.64+3.30a

MF 111.73+8.80c 4.54£0.03a 10.04+0.22¢ 105.59+3.27a

BS 136.15+4.08b 4.45+0.02b 10.95+0.19b 63.20+4.18¢

TH 175.50+5.89a 4.47£0.07b 11.21+0.03a 95.01+4.12b

£S5 FEEFLETEEFFRRTIEREREN o- SHEER
Table 5 a—diversity index of fungi in rhizosphere soil of continuous

cropping celery with different microbial agents

Jby

Treatment Chaol Shannon Pielou_e  Goods_coverage
CK 426.07+27.21a  5.54+0.31b 0.63+0.03b  0.9998+0.00a
MF 392.21£30.78a  5.66+0.11ab  0.66+0.0lab  0.9998+0.00a
BS 422.80£3.95a  5.93+0.07a 0.68+0.0la  0.9998+0.00a
TH 450.51+70.66a  5.56+0.27b 0.630.02b  0.9998+0.00a

232 HRARBEIKRFo AL HE 3
59 U) ALRL AET 150 JOK- B AN R Ak B R v 2
BARRT = FEHEAA BT 10 7953501 R F BE R 1] ( Ascomy-
cota) HEHIEE ] ( Mortierellomycota ) .2 & '] ( Ba-
sidiomycota) | J# 4% # | ] ( Olpidiomycota ) . %' 24 4 ']
(Rozellomycota) 4% B | ] ( Chytridiomycota ) | Bk %% 5
I"]( Glomeromycota ) | ifi H{ 5 WV.['] ( Zoopagomycota ) |
ZERBE ] ( Blastocladiomycota ) 28] ( Basidiobo-
lomycota ) ; Horh TR ] Bef e ] HH 731 FL A AH



552 T 4 T W R R X VSR s - A L B R I 2 Rk 5 254 1 S i 57
020}
o CK
015} o
o O MF
0.10 |
005} o ‘3' O BS
3\: 0 _0_8_‘ OTH
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—0.15 } T I CKvsBS P=0.014
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PCol (35.3%)

TE R Permannova #2987 5 EA T AL B2 18] 22 53 04 , P R BRI IE .+ FORAEHAIT P<0.05 KF Lk 22 57

P, # o FRAIRE] T P<0.01 K- 025 5 8 24k,

Note: Permannova test method is used to analyze the difference between treatments. P represents the value of permutation test. *

represents the significant difference between treatments at the P<0.05 level, and * #* represents the significant difference between

treatments at the P<0.01 level.

B 1 E-F Bray-Curits BB FIEEFERIRE R E LM E LRI

Fig.1 Principal coordinate analysis of rhizosphere fungal community structure of celery based on Bray—Curits distance
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Note : Numbers of overlapping regions represent the number
of common OTUs, and other numbers represent the number of u-
nique OTUs for each treatment.
B2 AELETEER OTU 5 HHEE
Fig.2 OTU distribution characteristics of soil

fungi under different treatments
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5 oE 2= SRR YRR BEAS HU )R (Alternaria) P\
IR5C I8 ( Nectria) 7= 1M J& ( Solicoccozyma) 1 =% 2
295 TR J& ( Leptosphaeria ) B4R 2 T J& ( Pseudogym-
noascus ) 5& BS Ab B AR b 4 b B 35 E
SRHER PR
235 XREAKETHAWKASAAHLE MR
e R AE B IR E AR LRG]S R S R R
BP0 08T (RDA &l 6) AT, 55 — Al BTk
%N 62.72% 5 ISR N 19.41% | T L7 i
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7% 5t 4 42 W) Differential microorganism
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Note: p.c.o.f.g represent phylum, class, order, family, genus and species level, respectively.
5 AREAETEEAMFHESRSN

Fig.5 Difference analysis of soil fungal species under different treatments

BT T SRR S5 7L 5 1Y 82.13% ; NERSEE A
TR R S TR G R T B e A TR RERE
it ORI B R R WA 1 pHL (B TP 552 .3 520
HEREE A E T (P<0.01) , HoFHRE]
(Ascomycota) 5 pH {H i %810 S0 B I A7 AE 2 17
R, 5 AN AP OM | FEMHE BTG L A7 70 2 35 1E
OGRS TP ik B4 3 B A OGO &R p Al 8
I"J( Mortierellomycota ) F1#% /15 J& ( Mortierella) 5 pH
18 A E RS AR 3 IEAH DGR, 5 AN £
TE 5 UMISER R 5 TP OM JIRF | R 0
IR B 0 A R BUERSE IR ( Plectosphaerella)
5RO M AR B 3 IR ARG G &R S TP IR
TR B B EAHOCE R, 5 pH A AK i Ak
BRI P AR 2 2 TR GG 2R 5 IR 11 ( Gibber-
ella) SGHRNEDERR IG5 AP EA R IEA GG R, 5
TR S T A e AR i A OCOC R #1718 1] ( Ba-
sidiomycota) BEKS )& (Alternaria) % J1 1 J& ( Fu-
sarium ) 58 FBE K Z Bl ARAFAE i & IAHOCOCRR

3 3 @

IR A R AN AR 7 A A Y T 3 Y ]
FRREE M AT G EL B, + S i 1 o0 - M o i R 2l fig

P EEFE bR, BFIC Kk B, 5 AN it f A 40 TR 391 ) AR B
A ELER , A TR R AL B S A 0 AR PR 1 g
SO BT SO | R A IR R R A
TR BE A 2 kA 0 e it S R
AN R R RO S R
B TR A, S R T S8 AR I R UK il 3 T, DA 4
BT R R AREEE R TAR R - BRRE S
PRI T 45 pH {H A SO N SR
FHSAE A R B = T S DR | A i T 1, O3
B9 g 43.16% F1112.98% , WA T i Tl 12 il 176
M SEEIREIR M 16.76% , 34 51 ARFFE S5 AR
THREE T EDEA AR S 550
TEIR 5 2548 A SEAE 4 A 4 RNk st 38 4 7= ) 51
ZAE I BB YR, L 2R R V5 4 A R
AR 1y A - 396 BRER 72 it P A2 9 7
S HHTE F 32 T+ 56 25 00E P me o 41 a2 A
XFERE  RRARR IR A A i A % = JE (R R 4
it 2 A A R DR L R R
S5O S5 205 H i ek iz N g 1
T 2 RE v R LR AL AR T
e I B R X AR S b it P R AE P R R
FIARPR H TR o B ZHEME HEVE A T 4 1 43



55 2 39 MRS A MY RORI XTI AE P2 AR P 1 BTSRRI S 5 H A 5

59

A SR it FH AR 0 R R S R . 3 O
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