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Abstract: In order to explore the formation mechanism of low disease soil of continuous cropping strawberries, the low
disease soil and high disease soil samples were collected from a greenhouse for continuous cropping strawberry in Nanjing sub-
urb to compare the physicochemical and biological characteristics of the above two kinds of soils and analyze the features of
microfloras, based on detection of the spore germination rate of Fusarium oxysporum and physicochemical characteristics of
continuous cropping soil, combined with Real-time PCR and high—throughput sequencing. The result showed that, the spore
germination rate of F. oxysporum in low disease soils was obviously lower than that in the high disease soils. The physicochem-
ical characteristics of the soils also presented different change rules, the pH value, EC, total carbon content, total nitrogen
content and total phosphorus content of low disease soils were higher than those of high disease soils. The proportion of macro

aggregates (>0.250 mm) and soil catalase activities in low disease soils were also significantly higher than those in high dis-

ease soils. Results of Real-time PCR and high—throughput
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sequencing indicated that, the number of F. oxysporum in

s34 T H (41671256) low disease soils was significantly lower than that in high
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Therefore, the formation of low disease soils is closely related to the physicochemical properties, pathogen abundance and the

variety and abundance of potential beneficial microorganism in the soils.
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pl,ddH,0 7.8 wl, ZH7ER#H 54 USU-F.5'-AACTG-
GAGGAAGGTGGGGA-3', USU-R; 5'-AGGAGGTGATC-
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Fig.1 Germination of F. oxysporum Y3 spore on high disease
and low disease soils of continuous cropping strawberry
(x400)
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Table 1 Effect of high disease and low disease soils of continuous
cropping strawberry on the germination rates of F. oxys-

porum Y3 spore

22 EFEBRAKRIESSARIEELREN
YR E RILE

2 AT IR S 1 8 pH 5 e s
SN E, £ FHERE RS EH 400~ 850
pS/ml, Bk LDS-1 &b AR A% 3 iy S 8 W 2 5 T

1K BTFHLE () po/m, i LDS-1 O, s AR :

LDS_] 45.99127530 '%k%:ti%O 1&kﬁijﬁﬁglé\ﬁﬁé\iﬁlé‘ﬁgi
IDS-2 20.75+1.67¢ =T &R R (LDS-1 BRAM) R &% 1 5 A L
LDS-3 30.73+1.67d RFEAREE, KR EENABESES TS
HDS-1 75.75+3.37a N N .

HDS-2 54.51+1.48b R 2 B

HDS-3 61.45+4.02h

LDS-1,LDS-2,LDS-3 HDS-1 HDS-2 HDS-3 WH 1 I, AR/NEE
R AP 22 57 .35 (P<0. 05) .
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Table 2 Basic physicochemical properties of high disease and low disease soils of continuous cropping strawberry

= B4 T A 2 2 A o e A
LDS-1 6.31+0.15¢d 536.00+9.67¢ 7.10+0.10d 1.16+0.09bc 6.06+£0.31c 0.37+0.04b
LDS-2 6.77+0.14a 725.60+25.31b 10.33+0.12a 1.62+0.04a 6.18+0.50¢c 0.44+0.02a
LDS-3 6.59+0.13ab 821.50+29.24a 10.00+0.10a 1.46+0.11a 6.67+0.52bc 0.32+0.03be
HDS-1 6.43+0.07be 527.40+15.04cd 7.83+0.06¢ 1.08+0.08bc 7.37+0.32ab 0.24+0.02d
HDS-2 6.46+0.06bc 477.50+22.13d 8.77+0.38b 1.22+0.04b 6.93+0.28abc 0.30+£0.03¢
HDS-3 6.16+0.07d 404.40+36.78e 8.10+0.10¢ 1.04+0.11¢ 7.80+0.76a 0.23+0.03d

LDS-1,LDS-2,L.DS-3 HDS-1 HDS-2 HDS-3 WL 1 7, AR/NG 7R R A HE R 25 5 8 3 (P<0.05) ,

23 EEESRARSEEARIEARGNE S
il R

IR SR AR 122 (%) = AR AR OB AR 4y b Sz bole -+ 8
PRREALR T4 B8 105055 . th3& 3 T IR A& +
HER AR (>2. 000 mm 2.000~0. 251 mm) HeAil s T
1o R 8 T i & /N AR EE ] (0.250 ~
0. 053 mm <0. 053 mm ) = T AR 118, Hd LDS-1
(1) P SR AA A AT AL o s 35, ml DA s 3 A R
WA ] T KORAR , 5 S A HE A1 R AT e [ /KL
o {HJZ LDS-1 (19 K KA A4 (>2.000 mm 2.000~
0.251 mm ) FLf 52 /NF LDS-2 & LDS-3, M5 HDS-
2K, LA B RE ) A BRI S A I DL,
HED LDS-1 jn) i & AL 1 e Ak
24 TEEXRBUMR.BRESHES F. oxyspo-
rum Y3 TR EBXMES T

W 6 B - HERE S Y S AR BEACPE L A R AR S A
F F. oxysporum Y3 8§ & R JE1T Pearson #iK
P, R R 4, BASTEY F. oxysporum Y3
611 & % S A 3 AR G, 1 M SR A A ik
S5 KB B (2.000~0.251 mm) 02 B E

EAHG, EC FLEA S 2 5 KA RK (2.000~0. 251
mm) £ IEAK, F. oxysporum Y3 fF i AR5 K
A B AK (>2. 000 mm .2.000~0. 251 mm) % & % 17
R, 5/ IR (0.250 ~0. 053 mm) 54 i 3 1E
FAOG ., U F a1 LR oA BT R R AR R TE
B SRS , T HL - S840 B8 RE g 0 1 1 AT SR AR 21 1
SR WARTE BT () IE AR GHE

*3 EEEBRARESRXFRIEARGSH
Table 3 Aggregate distribution of high disease and low disease soils

of continuous cropping strawberry

RARIELLH (%) INERAA LA (%)

+3%

>2.000 mm O.Zé(S)(l)Omm O?(;igomm <0.053 mm
LDS-1  6.85+0.84cd  18.10+1.63¢  29.27+1.13¢ 45.77+0.69a
LDS-2 15.09+0.88a  38.71+1.33b  20.94+1.66d 25.25+1.55¢
LDS-3 12.21£1.39ab  43.44+2.76a  23.58+1.62d 20.78+1.98d
HDS-1  7.36+0.50c 10.32+1.01d  43.42+2.03a 38.89+0.84b
HDS-2  4.11+0.36d 19.45+0.61¢  37.27+0.77b 39.17+1.29b
HDS-3  9.24+1.99bc 9.97+1.83d  39.43+1.60ab 41.36+2.06b

LDS-1 .LDS-2 . LDS-3 HDS-1 HDS-2 HDS-3 W& 1 &, ANF/NEF
BEZROR A 3] 22 55 @ 35 (P<0.05)
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Table 4 Pearson correlations between soil physicochemical properties, aggregates distribution and spore germination rate of F. oxysporum Y3

5iH F. i Y3 pH EC Sy BEAR C/N VB i
>2.000 mm [ E A -0.862* 0.427 0.745 0.792 0.811* -0.309 0.553
2.000~0.251 mm FAZ A& -0.913* 0.791 0.945 ** 0.864 0.944 * -0.609 0.683
0.250~0.053 mm H1E k& 0.971 ** -0.555 -0.829 -0.670 -0.894 " 0.798 -0.868 *
<0.053 mm FHE K 0.763 -0.807 -0.899 * -0.946 * -0.862" 0.269 -0.405
F. oxysporum Y3 & % 1.000 -0.523 -0.810 -0.782 -0.924 ™ 0.657 -0.810

= IR B2 (P<0.05) FIHL .3 (P<0.01) #H6,

25 EFEERAFIESEARIETEUS
EEiE M LE B
3 S AL S Y S U I )
Bhr. HIE 2 Al AR A& 13 LDS-2 | LDS-3 i 4
PTG T e L R A I AR
it % o v i A 2 17. 88 umol/(d - g) , & R R
FIEA1.76 ~2. 22 A5, U6 EH 4 838 SR 10 SR T R
ks - g A FRARAE

251

L a
20 ab

15-
c

wlllang

O DS-1 [DS-2 1DS—3 HDS—1 HDS-2 HDS-3
+4%

LDS-1.LDS-2 LDS-3 HDS-1 HDS-2 HDS-3 W 1 ¥, A[E/»

B RN AL BRI 25 5 W 3 (P<0.05)
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Fig.2 Comparison of catalase activities between high disease

- E AR
[pmol/(d - g)]

W
T

soil and low disease soil of continuous cropping straw-

berry

26 EFEBEREFIESEARIEFTERE
M=

FH % S AT A s 39 40 B B AR
Tk £ HE(HDS-2 BRAL) , K AR B35 5 T
R A3 s R A A T R
TR A& 1338 UL & 0% 3T i 5 2R 1 4k 70
PRACR BTG
27 EFEERAFRIESEARTIEARRE
BB EENERIER

UG P A0 2 i A e 2 05, 18 A e A
843 30045 16 S rRNA Fil 811 149 £ ITS 1 ki ¢
G, VIS T8 97 % AHUEE KPR 16 S tRNA J741

A8 1284 OTU, 1 ITS F A A1 3754 OTU,
1E 97% ALl 2K - I Chao #8501 Shannon &
BEOGHRE it v 248 TRT S L TR ) = B R 22 R 1 AT 40
Mr 25 6, e 6 nl o0, I & 0 3 M &
+ AN A E B Chao 8 %0 % Shannon $8 (22 5+ 14
NTE N R w LT P AR PR Ny N

®5 EEEHEREFNSERETEMEDHBILR

Table 5 Number of microorganisms in high disease and low disease

soils of continuous cropping strawberry

e élﬂgt% EGTET 9&%@%;%77%

(x10°,1 g) (x10°,1 g) (x10°,1 g)
LDS-1 15.54+0.35a 31.35+1.51b 1.48+0.27¢
LDS-2 15.21+0.28a 63.89+3.35a 1.79+0.52¢
LDS-3 9.95+2.46b 31.98+1.76b 2.54+0.36¢
HDS-1 9.54+1.73b 7.5+0.21¢ 7.55+0.75b
HDS-2 16.40+1.40a 7.74+0.18¢ 7.91+£0.97ab
HDS-3 8.03+0.51b 7.72+0.33¢ 12.07+0.89a

LDS-1,1.DS-2,L.DS-3,HDS-1, HDS-2 HDS-3 W1 1 ., RF/NEF
BEFRR AL 22 57 B 35 (P<0.05)

FETF Bray-curits H 2 19 RS AT S5 R (E 3)
W] AR 35 i A - b 2 R L IR 4G
FRITESS 1 il (PCAL) RIS 2 4l (PCA2) f71E 22 52,
A FH O 25 B T & B, 3 SR B B
T R 22 S 3 (P<0. 01 ), BE AR & 96 1 3%
5 v R - SRR TR R L TR P A A A (LA
28 EEEERARSSARIEAERERS
TREMERILE

TEN 12K b FEA R DL A0 TR 1] S BT 140
A, 225 FEAR B B (8 4) , TE4IETTK
5, 3R R B AU 122 AR IE BT T ( Proteobacte-
ria) JZRFT ] (Actinobacteria) JEBEER [ ] ( Firmicutes ) |
AT 1( Bacteroidetes ) \FRFT ] ( Acidobacteria ) &7
W BT ( Thaumarchaeota ) 2825 B [ ] ( Chloroflexi ) 1%
HI ] ( Gemmatimonadetes ) 55 | HoHp 32 B = ) S48
TEHI T, 1520% ~30% ., s T3 AR &1 ] ST
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Y AT BT R S T -
RPN, 257 B TR IT T 85 S £, 0
B R T4 F 2 T8 1] (Ascomycota ) | 47 I []
(Chytridiomycota) FHF-F#[ ] ( Basidiomycota ) \ A% %5[ ]

F6 EFEERAFNSLFIEPAEMERN Alpha SR

(Blastocladiomycota ) B2 W[ ] ( Mucoromycota ) , H:H
TR TR, 5 60%~90%, &R T h T4
E R A: [ESEATA TR RV R Wi e a NS
JEAR T R o 3

Table 6 Alpha diversity indexes of bacteria and fungi in high disease and low disease soils of continuous cropping strawberry

- A L
A HERE S -
Chao 185k Shannon F8%X Chao 8%k Shannon F5%§
LDS-1 5 048.87+259.02ahc 6.74+0.10ab 368.70+42.06ab 3.20+0.19ab
LDS-2 4 882.58+261.35hc 6.85+0.08a 390.04+24.93ab 3.14:£0.05ab
LDS-3 4 861.06+73.43bc 6.79+0.03ab 383.05+23.08ab 2.93+0.40b
HDS-1 5 381.49+152.47a 6.70+0.10ab 414.96+35.32a 3.53+0.30a
HDS-2 5 142.842288.59ab 6.67+0.10ab 350.08+41.58b 3.41:x0.34ab
HDS-3 4 606.51+395.06¢ 6.20+0.72b 369.68+22.38ab 3.60+0.08a
LDS-1,LDS-2.LDS-3 HDS-1 HDS-2 HDS-3 WL 1 1, ARIRI/ING 73R kb B ] 22 5 18 25 (P<0. 05) ,
031 A P=0.001 061 g P=0.001
021 hd 0.4F o
[ J
;\;\ 0.1r % [ J § 0.2+
B B =S
5 0 o o 2
S S o0t & ¢4
[} o
0.1+ -
& e
02k & ©
ool o 0.2
_0.3 1 1 1 ] _04 1 Il Il Il J
0.4 0.2 0 0.2 0.4 06 -04 02 0 0.2 0.4

PCAL (55.7%)

PCAL (54.83%)

o MRt e Wit

B3 EFRESRXFRISRFELEAR(A)RER(B) RIS HE

Fig.3 Principal component analysis plot of bacteria (A) and fungi (B) in high disease and low disease soils of continuous cropping strawberry

TEIE YK b LS BRJm MUAH S 2 &) 5A
R, F RS W) S Gaiellales_norank F Saccharibac-
teria_norank , FEARC &N 3R Ao 3 h 22 R 0R
B, R K w8 B 5 R ( Sphin-
gomons) FE AT T4 J& ( Flavobacterium) |28 ZF f AT 1 &
( Paenibacillus ) 18l 2 W6 J& ( Actinoplane) | S
W & (Arenimonas) VARINE & ( Meiothermus ) IS
P& (Roseiflexus ) 3 3 i 35 /5 5y A& s 1338, H 3k
EsiEL eI S RN ¢ S 7 ) R S B UV N |
J& RSk ) s e s R
IXEEIAE YA 2 Gl WD R0 RE ] RS2 ) 9 A 1Y
HERNERZ—, U] LR B U5 A #5 DI RE

A YIRIRE S R AT G, TR0 T8 i FIAH X &
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