+ 1% (Soils), 2020, 52(3): 494-502

DOI: 10.13758/j.cnki.tr.2020.03.011
FRAT, EREEAS, EOBK, S HHETH RS A AR YA HUIE X P TOR 2 RACR AR . 3, 2020, 52(3): 494-502.

HEHSEESHEAENB VLA IE LSRRI

ERAM, SEA, EAT, & #

(U E PR EBEAO TR S PRI FE BT, Mat 210014)

8 E. BRI Z A TR M, 5 S AAbEE . XTRR . AR RRAR | AR RS A 0 TG R AR R BCE A MU,
FFTAR AT 75 308 2 i 5 S ] A= 0 A MLAE G FH O B0 - B R AL 0 A 2 I e o TS 220 A R AR . 45 SRR . MR 7 1 e
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Effect of Combination of Soil Disinfestation and Bioorganic Fertilizer Application on

Improving Watermelon Diseased Soil
MENG Tianzhu, GUO Dejie, WANG Guangfei, MA Yan"
(Institute of Agricultural Resource and Environment, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China)

Abstract: To investigate the effects of dazomet fumigation and different application times of bioorganic fertilizer on soil
physicochemical and biological properties as well as the incidence of watermelon Fusarium wilt disease, five treatments, i.e.
un-treated control (CK), dazomet fumigation, applying different times of bioorganic fertilizer into dazomet fumigated soil during
the watermelon cultivation, were conducted in a greenhouse with severely Fusarium wilt. The results showed that the application
of bioorganic fertilizer in dazomet fumigated soil did not decrease the population of F. oxysporum and the disease incidence, but
significantly increased the bacterial and fungal numbers and altered the microbial community structure. In addition, the
application of bioorganic fertilizer decreased soil pH, and excessive application would lead to the accumulations of nitrate and
salinity. To improve soil microbial community and prevent soil salinization, the optimal application of bioorganic fertilizer was
applying one time when transplantation and 1-2 times during the cultivation.

Key words: Watermelon fusarium wilt; Dazomet fumigation; Bioorganic fertilizer
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F R LIRSS GE AR WA HLAE X U0 ok BRI 20 495

TR P e 2 WA, 3l S A Wy M A A
1 B EREAR AR 1 LI X R 2
JCCEAT XKk, — B AF BRI, L
PRI E R, ARSA R A,

b BRI AR — NS AR AE,
e HA A E W Z (B EAR PR L a4, SR B
SRR IE/ RGN, B S S S AR U I AR S
WLkt LR R 3SR ST,
Tl PO IS T AR R 22 BIRMIT TAR 1Y) 12 5,
BV i o A AT e SR A 1 IX 2R B OC B TR A o A
TR B A A R — i A PR
T 2% I A9 D 1 ) ] R 380 396 2 f A 0 B0
i, DA I A ), ln] o il 5 4 S T
ARZAE, RBITRE . AR AL B H .
AWEFERM, LR A T RS SR A
AT AT DUA RO A0 T 1 K R R R
UL DR, AR R R AR A SRS R AL B i A
R AR i) 4 et P AR A ILIEDRE BE A8 e SE0Rh
THEHRE R EOMCEY AT XK, R R
it 4t . ©ARTERY, X I T T AL
SR AR WA HILAC I T A A0 By 4 7 TG 2210 (B
N P amm A a T ke, mT
53 T B R R A 29, TR X SEA SR Y Fh A
RETE L3 rP AR Gr A 15 0 5 35 U R A S8
Sa A, SN 5 D0 TR A S B I 8] 99 32 1<
BRI SFXF G R, FHRFF A AR 7 TR A A
ORI Sy 2 400 1) L P A B BOR T, (AT
Azt B R R e A A AU G AR S 2
MAPENA ™, SEULRLE R . R Hhiie
S5 [R)AL

£ b AT ST BTG TR 20 A 7 B 1 SRR

HE, BRI e AR Y T A v, AR WA HUILE
FHURBIONT - H B A A 2 e i B G T A
FISZIR, AR A WA A LAE Bl i FH A

1 #MRERE

1.1 REe w4

b3 A 2 BBCVT 95 48 TR 4 T U 9 DX K
(33°31'26"N, 119°01'25"E), K& 37 m, TN 8 m,
ZIRERWNC PP S a, BRAEFIAE 2 ~ 3 TEAEY), 3%
YE W1 PG I (Citrullus lanatus) , 6] 5 Al 5 5 3
(Brassica oleracea L.)o %KM b —FEFAH Y P4 TR 22
AR RT 80%. KA HHE b Bl 1.

BEAEYA AU R £ (LR A Y
BHEABRAF]), FEARBAET R : AL 439 g/kg,
MR 324 ghkg, BEIER 30.2 gkg, K4r 301 gkg,
MRBRAR A AU AT A9 E DI RE AR KT 10° cfu/g.

BTG F A 7 S LE AR A R
UNEIDE
1.2 Rt

R E 5 MR TCAE b A X IR (CK)

EEAEYIAPUIE 1 W (DF1) AR B 28+ R A0t HH A= 4
A HLICHEiEA Y045 HLAE 2 YR (DF2) AR B S 25+ 7 4k
it FHAE 1A DL B A= YA HLAE 3 IR (DF3). Hile B
ZRACHARAE KA R (V5 r 3 22 B A B A H A )
ASIEE B3 L, BB, PoKE LSRN, K5
TN 1 S 2 SR . F R A 450 kg/hm?,
HZEMA] A 2016 4E 8 A 13 HE 8 H 27 H ., HEzE4E
WG, M, BT ey 1 L eI P TR i
JE, 5 A 3R b 2R it FH O — 3. S SR
AHUAE 15 thm*, ZAAE(12-11-18)300 kg/hm?*, Hifiz
B 75 kg/hm®, 2016 4F 9 A 2 HEEH}, FEHifT DFI1,
DF2 il DF3 fb3 i A=A PUIE (R £, MR
100 g/fk . FRAE PGS AR F, DF1 ACBRAERS S 30 d
1B E— U RS (100 g/tk), DF2 4B MITERS S
25, 45 d J8 it 5 1% £ (BEIK 100 g/fk), DF3 Ak
FOBITER TG 15, 30, 45 d Bt = R EHE T (5
K100 g/kk). VEIRFAE 7 =00 7 & 284k, 221 9
1.2 m, 4% 0.4 m, FrAELEE 3 AEE /X, /)
XHEACAH 6.4 mx1.2 m, /NXIZIRFEEYLFEIHES] . &
ASNXFREPIATPE IR, BAT 15 8k, 178 70 cm, B
[EJHE R 20 emo FRAE SRR, BT AT A 3 FH R) 45 B
Jiti—35 . BT IR BRALN , HE AN X ek A
MK, PURREE 1 m R,

TERBRE TR 25 13T 5, SR AR XS RIS [ B 2 4k
B SERE S, AR FE TS R B RPN 23 B AL 1E
B3N T m o< 1 m AR RAE T4, RIFRRE 2 10 m,
SREERE R 0 ~20 cm, LEASREEEAE 1m x 1 m Y
FERLABEALRAE 10 ~ 20 I, ARG TG 0 1AM
FEPGNGE S, GEil 45 A BRAEAS /N XA 2590 &0
Vo R 205 DT FRAE ) L AR Z2 05 R IR 1Y) 7 TR e
RS 229 B U AR R 7 F Be 1t . 2016 4F 11
H 20 HFPEESH, SRIGVEIR, Seit4AabBEva g
HOPEIEE . BT N RE, RIS G, R
AL PR A SR N, BAR TR A /INX N BEALEE R 10
PRV IAF AR, B AR RIRBR I, RE AL, RAEER
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JEHR 0 ~20 cm, BARARFRN N 1R REM L
FESIBR A AR R )G, o 2 mm 0, RG],
F¥BEASEE, Wiy, —HmT 4 CRFRAEHT
5E b, — M ET 20 C AT
FE R YA

1.3 Mmoo

13,1 AP T A ST 2
% (AT ) U, 0 pH E . SREEM)
TR K (R KB ELL 1: 2.5, 25C.

250 r/min 25F N IR 5 min, R DMP-2mV/pH il
(Mettler S220, %)M, HIER SR ECIE: +
FEFZEB K (KR 12 5)iR4E, 25°C ., 250 r/min
2 N PR 5 min, SRAHL$: 24U (Leici DDS-307A,

fEDIE . NHa-N Fil NO; -N & &% : H 2 mol/L
KCUARIRHE(E/K R 1 2 5)F4E,25°C (250 r/min
FUETFIRG 1 h, S tEIEGEIE S T 4 CAMF TR
17, s/ Ml (Skalar, Breda, fif>2)ll%E .

1.3.2 RIS JIE . FEE A YO E = PCR i1

o TIEAEIREL DNA RiE T -20CIR7E. R
PowerMax"DNA &4 (MO BIO Laboratories, Inc.,
USA)RI13E DNA, 0.5 g 3T UK DNA 5 T
100 pl PEME I, IR TITH . FL IR FIAH R AR
Fil CFX-96 SEmI%EE & PCR X (ABI 7500, Applied
Biosystems, USA){ll & . 96 E & PCR § H#1K R Ky
2 ul +-3 DNA #itl, 10 pl SYBR Premix Ex Taq,
10 umol/L TFR 514 1 pl(QR7uHR T K ITSIF il
AFP308, ZHE % Eub338 Fl Eub518, HEF N ITSIf
5.8, K1), 6wl LW EEFIK. RIEHRITTH N
5tk 95 CHIZEYE 2 min, 95 CAEPE 10s, 58 C
B 15s, 72 CHEMF 20s, 40 PMEFR; ELHE M0
RN AR 95 CHARE 2 min; 95 C7Z8ME 10s, 53
CiBk 20 s, 72°CHEfi 30 s, 40 MEH. FER—1F
IR K B BeREESOGIF 5, LRI I Bl &2
BE R, RN S AE IVEY S e e 2
FELRVAANE(R: AN INIEN S B2 il S vl 11 i = e ez
ENE(0 AN I =N R

x1 k351955

Table 1 Sequences of primers used in the study
519 FH1(5°-3%)
Eub338 ACTCCTACGGGAGGCAGCAG!!
Eub518 ATTACCGCGGCTGCTGG™
ITS1f TCCGTAGGTGAACCTGCGG™!
5.8s CGCTGCGTTCTTCATCG™
ITSIF CTTGGTCATTTAGAGGAAGTAAR!
AFP308 CGAATTAACGCGAGTCCCAACP?!
GC-U968 CGCCCGGGGCGCGCCCCGGGCGGGGCGGGGGCACGGGGGGAACGCGAAGAACCTTACEY
L1401 GCGTGTGTACAAGACCCPY
NS1 GTAGTCATATGCTTGTCTC™!
GC-Fungi CGCCCGCCGCGCCCCGCGCCCGGCCCGCCGCCCCCGCCCCATTCCCCGTTACCCGTTGRY

1.3.3 PCR-DGGE s PCRY AR A 1 ul
14 DNA, 2.5 ul 10xDNA R4 #iZ% #hif (TaKaRa),
2 ul 2.5 mmol/L ANTP JRAW, 1.25 U DNA R4
(TaKaRa), 10 umol/L 4R 4EFMEIE R 51945 1 pl(4
M GC-U968 Ml L1401, ELFE M NSI il GC-Fungi,
# 1), H dd H,0 #MEZE 25 plo B &R 95 C
4 min; 94 ‘C7APE30s, 57 CiBA 30s, 72 “CHEAh
45 s, 3£ 30 MEH; &S5 72 CLEMf 10 min, PCR
S NE 4 4 18 7= ) F 3 B B F Uk A . #E D-Code
System(Bio-Rad Laboratories Inc., Hercules, CA, USA)
1347 DGGE & Wi o 54~ 11% DNA #J PCR =4
(10 phERA 6% RN EER H (40% P TERE-
bis ¥, 375 : 1, Bio-Rad), ZE MR K 40% ~ 60%.

BEIEHLIKTE 60 'C . 80 V B4 F kAT 16 h,
1.4 HIERESSITHH

993 1 8 B (Yo)= (B A 2295 VG SRR B0« 2+ e Al
FEIRAE T V8 TR« 5 /(T8 T A KR %< 5)x 100%

R BANRE =05 kg AR (%)=RT ih
SRAE/PE TR E0<100 Y%,

A SC A W B e B RN BB KR OR
PCR-DGGE [ 345 (%07 EIR K Quantity One
BAF5r 0T R LA R J7 225317 (one-way ANOVA)
55 LSD KaBifF 474 B 8] A A M o A A 2
5 25 25 57 0 BT (P<0.05) . R Pearson A &R
Bk IEATAH M. B3R HTAE SPSS 17.0 144
T8 .
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2 HER5HWH BT R R R ) KT DF (<

2.1 MESEREEN#HERFBEREBEI=E

VE R ZE AR, CK AR FR 7S TR A 256 1
¥ % =T DF(DFO. DF1, DF2 Al DF3)kb
(P<0.05)(% 2). i HAE WA HUIE E— 25 BEAIK T 1548
B, LI R OB it FH 2B A AL B 38 o
ik, {04 DF Zb#iF 2= % A8, BT CK A#PE R
FRR B AR 2805, CK AL B T P | 4551

0.05). DF Zb3H PG JIUE 5 1233 ~ 1 317 kg/667m’,
S CK LB 2.71 45 ~2.89 15, DF Ab¥f Py 4% H %
YITE 89% LU L, ik 98.9%, J& CK AbFHfY) 2.43
fi5 ~2.69 f5. 5 CK ALFEAH L, DF AbFE bR 5 5 =
(1023 ~1 117 kg/667m ) 3.28 fi5 ~3.68 £,
A F(66.7% ~ 70.3%)H5 /i1 0.41 fF ~ 0.48 5. i
WA HLIE AR FE(DFL . DF2 1 DF3)H g I = B Al
4h R AU SR 26 4b FE(DFO), HEFARNRE .

*®2 BAMMELERREZAEENHEERRFIFREE~EER

Table 2 Disease index of watermelon wilt and watermelon yields under different treatments after planting

ity CK DF0 DF1 DF2 DF3
VCNE R3S 73.6+7.25a 120+11.5b 113+3.26b 6.22+8.57b 530+5.36b
R (kg/667m?) 455+ 123 b 1233+ 114a 1286+ 114 a 1269+ 60.8a 1317+132a
(%) 36.7+8.18 b 89.1+3.73 a 95.1+5.66a 91.0+6.79a 98.9+1.92a
T b R 7 e (kg/667m?) 239+47.7b 1043+95.7a 1037+ 118 a 1023+48.0a 1117+ 119a
T B R (%) 472+245b 69.9+135a 66.7+1.12a 66.7+0.00 a 703+7.23a

T B RATARRNG PR R A B 22 R A P<0.05 K 53

22 EFRFAENMESRE T IEMEYERTL

MRk L4505, 5 CK AbFE(7.07 1g ITS JE[H 4%
N %ug T )M H, DF 40P+ 39 sh A s i )0 o 40 i
FIEIRE 425 1g 1TS FEHE I H/e T H(E 1A)
(P<0.05), RFIHE TR A KRR 99.8%, DF B+
2 R AR A R B AR (8] 1B), BB AR M CK Ab R
B 7.81 lg 1TS JEPH#E U $/g T L R#(KE 7.48 1g ITS
FERPE D /e T4 1C), DT 53.6%. 5 CK 4k
FEAH L (48.1), DF AP A 3220 o 45 b/ B0 1 250 HU A
(B/F) 3142 97.7( 1D), [Ali}, DF 4bRfrh2ef
B ] RO/ B BOR HL(E(FO/F)(0.001) i ik F CK
AbFR(0.133)(F 1E),

PR U TG AR, 45 Ah P+ 398 P 2R 44k D 11 L 4N
BRI B RO 38 B N (P<0.05) . R4S WS, DF
AR A ik ) BB N 25 5.58 ~ 6.06 1g ITS FE A
P08 T4, 58 E LT CK Ab3H(7.55 1g ITS M
P 0UU/g T 1), DF ZbBRIE S8k V) R 2 5 A B
Z (K 1A). DF AbHAAREEE(9.96 ~ 1037 1g 16S
rRNA FEF I #/g T +) B E & T CK AFEO.81 1g
16S rRNA EE K 4E D1 /g 1 +)(El 1B). [RIET, JE A
YA HLAE AL B b A A 3% = T DFO 4b¥, H+
9 20 A R B AR 0 A B Tt A B RE n  BE m
(r=0.915, P<0.01)(% 3). Jifi HA=Y17a HLAC b B + 3
FLHBE(9.01 ~ 9.16 1g ITS FEH ¥ I ¥/g T +) 3%
7 T CK F1 DFO 4b B (8.48 ~ 8.49 1g ITS HKE[K ¥4 11 ¥/g
T 4)(El 1C). DF b P[] B R 80 5 A4 YA HUIE it H]

PR 8 IEAHEE R (7=0.835, P<0.01)(% 3). %%
AbFE A B/F (B W EFEIR, FO/F (HEALRIFA
(K 1D ME 1E). CK AR At A YA HLAE AL B
o B/F {H(15.0 ~ 21.2) 12 X T DF0 4t #£(30.7). DF
Ab B FO/F {E(0.000 ~ 0.002) & F{% T CK(0.137), DF
AbFR) 22 S OR B3 . A Ab BRI, TEYRETE R B S R
i 5k 7 1 B =0.783, P<0.01)F1 FO/F .1l (=
0.857, P<0.01)2 W EFIEMXEKR, SHEEE(=
~0.727, P<0.01)% 8 FH ALK RGER 4).

BN E R BRI B Uk (DGGE) 45 SR %, CK I
Jiti FH A= 1A DL AL 35 240 1R 257 B0 . 2 T DFO 4
B, 25 PKIE 25 1) 2 572 IS [) Ak 28 - 398 40 8 R
FLH A A R 2200 (B 2), UPGAMA FE 5314 1
PR, 5 CK ML, DF AbRHRAH B oA T 445
IR RN LR BEVR 45K o A, it A AR A AR b B A4
FRETE 454 W] B X 51T DFO AbFH(1& 3A); 5 DFO FI
DF 1 AbFEAH FL , 3B 2 Y K LA A A HLAE A B L
PR IR 25 A 22 51K (18] 3B).
23 EXRMANMELERELECFERETL

FiREsE 2R 4515, £33 pH. EC Al NO;-N i
FEARGREAAS , NHa-N & EmA7 L7, (A5 CK AHEL
ZRABEE 4), FEPEREGHRG, #4408 11 pH
¥R, BC fH. NH;-N Hl NO; -N &1 3%
HAN(P<0.05)(K 4), FHIEZEH G, CK AbEH pH(5.74)
i %5 T DF Ab3H(4.58 ~ 5.09), e T 2E P04 HLIE b 34
pH B ELF DF0 4b# (5] 4A). CK F1 DFO Ab#[a]
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EC fH(1.64 ~ 1.85 mS/cm)Z= F A3, HBF(L T DF 4% NH,-N %247 ~ 285 mg/kg)¥ & T
A=A HUEALF(2.17 ~ 2.46 mS/cm), EC {HBEAY) CK(215 mg/kg), Hf DF1 4b¥E NHi-N S BEE
AU HUESE g i, {525 58 1 2 (& 4B). T CK(/# 4C), CK. DFO #l DF1 4Zb3[E] NO,-N & &

2 8t@ MgET | a it )G H"jw's"(g)ﬁaifgﬁﬁ | Fikis ab  a
ab i D102t |
w7} a = L < [T
§§6- ; B 991 i
R® ! &= :
B 5| PR tgiﬂ# 9.6 i
2 : T < :
Ke 4t i g o5l @
2 : 2 i
CK DF CK DFO DFI DF2 DF3 = 00K oF CK DF0 DFI DF2 DF3
phsL b $
9.5 | e |
A y (C) T : ﬂ‘*g)ﬁ . 100 _(D)ﬂ‘*ﬁ@IA : Fhi)e
Hb_n VF : —I— MIH :
= i = 80 i
= 85¢ i il |
B | % 6o ;
E= 80f i = b |
o i B 40l ' ¢
= i a0t ' d
:b;l) 70 1 ’_l—‘ rl 1 1 : |—¥—| 1 |_$_| ﬁl_—_l
CK DF CK DFO DFI DF2 DF3 CK DF CK DF0 DFI DF2 DF3
4b 3 kb3
000 ) abbhilg | a FhHUR
i 020 ]
015t E
& i
5 0.10 |
R !
#0.05}F i
2 i b
K o.00} b b b b
L E—I : 1 [_ﬂ ljl -_-_A
CK DF CK DF0 DFl DF2 DF3
Qb P

(B R Rl N 5 B3 7R Ah B R) 22 55 {35 (P<0.05); T 1)
B 1 ARHERE AR E IR HE I REL

Fig. 1 Soil microbial properties under different treatments before and after watermelon planting

*3 MESRERELEEEMENRERIES LREMERBEXIR

Table 3 Correlations between the application times of bioorganic fertilizer and soil biochemical properties among dazomet fumigation
treatments after watermelon planting

1 A HE AR 40 P B L R AR pH EC NO; & i
A AT HILAE it FH vk Bk 0.915" 0.835" -0.593" -0.754" 0.720™ 0.833"
W o FORMHESF] P<0.05 WFEMKT, ** RRMICIEARS] P<0.01 BEKFE; TH
F4 MEEREHAELEBEMEYSEKFERFNEXXR

Table 4 Correlations between microbial indexes and watermelon agronomic traits after planting

VNI R ISV SRR T b AL [ETE =

0L WAL 0.783" -0.833" -0.803" —0.840" —0.8617
EliE G -0.727" 0.755" 0.761" 0.746" 0.686"
HASOR —0.629" 0.657" 0.666™ 0.622° 0.534°

AL WAL AN 0.857" -0.822" -0.825" -0.833" -0.821"

I F - -0.943" -0.950" —0.944" -0.890"
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! A A I\

DFO0 DF1 DFZ DF3 CK
A A A

[ L [ L L )

B2 #ME—EANEESLEMAEA)FEERB)DGGE Eig

4

Fig. 2 Bacterial (A) and fungal (B) DGGE maps under different treatments after watermelon planting
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Fig. 3 UPGAMA clustering analysis of bacterial (A) and fungal (B) communities under different treatments after watermelon planting

(304 ~ 403 mg/kg)ZEFARE, HEEMLT DF2 fl
DF3 b #H(597 ~ 646 mg/kg)(¥l 4D), 1% NO,-N &%
et B A A AU BSOS 0 T 1 =5 o 45 DF Ab 3],
YA VUSRS +5 pH 2B EFRMEER
(r=—0.754, P<0.01), 5 EC(=0.720, P<0.01)#I NO;
HHE(r=0.833, P<0.01)% B FFMELRGE3I).

3 Wit

A S 2 A A I T W TR 28 i R il
WIRTFE R, Al S 2 T LU 2B if TR = B
EABENT, ANEIDTORG 27 OO 2 0 2 AR

JEE AR ol = AU T W], 5 BE A L (85.6%)
RS I S R A B G TR 2556 A9 3 0 B R MR 45.9%,
G A BALUCNE A AT HLAR S 2 9 Rt — 25 R =
34.2%. AREEEER T, A ALK LR
T TS 256 6 %, 3 AT e 2 vl T (0 e T 28 b B
AR B V8 I 2506 2 95 AR IR A 2k 5K (12.0%)
AR 25 SR W, A T2 1T AR R K ek
A0SR SR T e b = 3/ S N7 N |

B3 P AR AR T R R KRR 99.0% DL k. B
AU R, MRS AR R D E T
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Fig. 4 Soil physicochemical properties under different treatments after watermelon planting
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