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FURPRAHET G, B 2100235 4 VIR BRI S0 T R4 & R TARFSE G, Biat 2100235 5 BEHEfps 4 AR S0 TRR2ERE,
LRUEE 233030; 6 RE/EDRE SIS UM LHAE R AL, LREHE  233030)

OE: LIPS RREER Lo, SRR (3. 4. 5. 7 &), AABIEEE (10, 20, 30, 40°C). &/KE(S80%
100% HIERAFRIKE . WAL SRR (FE5 . fER+38 . RERE-+oky) AiRid e £3EK TR (reductive soil disinfestation, RSD)
AOHR, B TR T AL TR RSD AL FEXTANR] +- 3R ok RAUR B H AL Mg R -, 45 R S IEAHEL, RSD
AEFRAE T AR A B SR AN L4 pH,  BLREA RO I ECR/ANT HL . st ) TR S A R R G S L. AR

#% 2 RSD AbFR[A]AY IRt 52 2 5, Hop pH L L SR DL RO B RICR A R AR U IR 4510 6.48 ~ 8.64 ., 0.15 ~ 0.22 mS/em
K 0.6% ~99.9%. RSD 7EALFE AL ST 10 °C HACFERFE A 3 JEI o] B 8 4R - 198 pH 3  7EWE /K AL BRI + HEEh st b Bl i e A

FEALFRIRLE 40°CAE T, ARTEHRE ] B A A KBUR TP Ah L3P 1135 99.7% LA Lo AHOCHESMTiE—25 R0, W3R EE S RSD Ab#HS
(1 158 pH AL Wtk oA oGt fe s, BR300 RSD ARBLUR B ACR I ZMEHET O« 1RSI >Ppkl > S0k &, &5k, iRE
JER R RSD AR WA o RACR I E R E

KB AR KA MBI REMCR; HEET Btk
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Influencing Factors to Improvement Effect of Reductive Soil Disinfestation on Continuous

Cropping Diseased Soil

YAN Yuanyuan', ZHOU Kaisheng'>, ZHANG Jinbo'**, CAI Zucong'**, HUANG Xinqi'**, LIU Liangliang'*"

(1 School of Geography Science, Nanjing Normal University, Nanjing 210023, China; 2 College of Life Science and
Environmental Resources, Yichun University, Yichun, Jiangxi 336000, China; 3 Jiangsu Center for Collaborative Innovation in
Geographical Information Resource Development and Application, Nanjing 210023, China; 4 Jiangsu Engineering Research
Center for Soil Utilization & Sustainable Agriculture, Nanjing 210023, China; 5 School of Civil and Hydraulic Engineering,
Bengbu University, Bengbu, Anhui 233030, China; 6 Anhui Province Key Lab of Farmland Ecological Conservation and
Pollution Prevention, Bengbu, Anhui 233030, China)

Abstract: In this study, the watermelon and strawberry continuous cropping soils were used to conduct various reductive soil
disinfestation (RSD) treatments, involving different incubation time (3, 4, 5 and 7 weeks), temperature (10, 20, 30 and 40°C),
irrigating conditions (80%, 100% of the maximum field capacity and flooding) and organic material types (straw, straw-+crow
dung and straw-+iron powder). The common factors influencing the improvement effect of RSD on different soils were analyzed
through redundancy analysis and random forest analysis. Results showed that the electrical conductivity, Fusarium oxysporum
abundance, proportion of fungi/bacteria and Fusarium oxysporum/fungi in both soils could be effectively reduced by RSD
treatments, and pH in both soils were significantly increased after all of RSD treatments. However, these values of
above-mentioned soil properties after different RSD treatments showed significant differences. The overall ranges of soil pH,

electrical conductivity, and disinfestation effect were 6.48-8.64, 0.15-0.22 mS/cm, and 0.6%—-99.9%, respectively. RSD
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treatments significantly increased soil pH when the temperature was higher than 10 ‘C for 3 weeks. The best removal effect of

RSD on soil salinization was found in the soil flooding condition, and the disinfestation effect of Fusarium oxysporum was more

than 99.7% in both RSD-treated soils at 40 C. Correlation analyses further revealed that the temperature was significantly

correlated with pH and microbial properties in both soils after RSD treatments. Moreover, the contributions of the factors to the

RSD disinfestation effects in both soils were ranked as follows: temperature > time > organic material > water content. In

conclusion, our study shows that temperature is the most important factor affecting the RSD effects in different soil types.

Key words: Reductive soil disinfestation; Fusarium oxysporum; Disinfestation effect; Common factor; Facility cultivation

Wt AR 5 PR 32 225 SUABR MR N  ZR 55 RU a v A5
A, B TR EE A RO A R SR, R
PRAVACAE AL Y RS, )i il - 3R 1k . Ak
UL . IR IAME LA S AR E AR e P, B
EP AECH T R 2 Bt AR BRI A G R B, AR
TR A TR RIS 5 4F LA AR ik 80% , 21
BAEY ™= 1 T R 2RI Ak T T (Fusarium
oxysporum)se—FiH A ) A0 BT , RHEYBIEL
SR AE o FLSERM =Y, Hom S (R e E ik
100 ZFp, Ed 2 T IRl A TS R

H AR MY AR 7 X T 3 R B A Y B i i 32
FAEWEL . A ARG, BRI —E R AL,
BB X R A IR R R 3R, SRR I A 4
it T ARA 1 I8 R AR At 5 d Ji - 48 K
T (reductive soil disinfestation, RSD)AbBlZ—Fji[m] +
B PSR & By o3 A HILRE TR TRE 2 H (] e KK
IR TR, LA TE T3 i [ PR A I S5 TR Y
YEYI R TR B A, i 2 2, RSD 4b#
BT Y SR PR | 7 A 1Y A TR o L e B ) 0
TAE P IX R BB A R KAISHIM T TR . ST 224516
(Rhizoctonia solani) S ¥ HiT# (Ralstonia solanacearum)
LM AR HCEY! . RSD ARB T ST
T BRI R AR R B 4
R, RSD ARFHZ—Fh 3% | FROR H 8800 i 1R
1 T U A

RSD AR RASCR T B2 A B AR | . +
e KR B A R A S R AR R R sz,
SRBITIA O A R SCHRON AT 08, BT 45 RA—
B Bln, xlres T &3, RSD A HTEARIR
FAF T HEAT 4 A H AR A K AR R R, IR
JE Il RSD AL 3R 0 I B A P22 14 [FF 5 Shennan
SEUTE S R, RSD ARFMREH 16 ~ 21.1°CTHH &
21.1 ~26.6 "CHf, /b —2ry Pkt HI A7 s 1
FRAREACR, RUNRE ARV RN & XS T RSD
AbFRAUR 0 B ; Wen 5T R B, RSD Ab#
A TR RO BEY R H £ (0 15 i 25, AR AL

SRAE VR N0 [ 40 4 8 W 7K R AR R 7K Ak $HE e G ik 2 22
5, R R IR K S A4 T RSD A FEAL
REAEEmW, LA, JeriproR AR R —
HEF IR T B — I ZE Y LA 5T, sz RSD Ab¥E
i) R 28 9 R G 9% o T UL, A6 DLV ORI B 4 342
VeSS - NBFFEXT 4, /M RSD AFR7EA AR EE | J5
L1 520 S DY YY) N O e S
JEAE R IR R SR TR R IR I 52 g , 3 3 7T A4 40
MrRBEHLARAR TR ST M RSD Ab FRAL 1Y) 2L A
., LIWIH RSD b P 52 B PR At — 5 i B AR A

1 B

1.1 RIEw

P 853 1SR A 2 BRI T (117.38°E,
32.95°N)EME 3 4F R VE IR A b . REERT, TEY
AHZEIR & AR T2, B A 20% ~ 40%., PN AR5
K458 pH 20k 6.73 Fl 6.75, HLFF(EC)/HIN
0.63 mS/cm 1 0.46 mS/cm, A HLEK & 2% K
10.67 g/kg Ml 1129 g/kg, AR & 09K
94.7 mg/kg Ml 151.3 mg/kg, IR ] BB >
SN 4.16x10° copies/g F1 5.69x10° copies/g. RSD Akt
HEFT ARG (C/N Fb 46.19)F14-26(C/N H 24.46)% A
M, PRS2 mm YK s PRI TR R T
LB T 3.
1.2 RIWAHE

PP e H R 1 PRSI TR . RSD Ab
PLELAPERAR T « 73008 T AR B4R, 4%
FHN 7 ZE S IR TR RHE A5, K 45 55 2%
B, JFE TN R AR B IR P B g . A Ab
3IAEE, HAEE 500 g+, ABHZE G RE L,
N AR RN B A 2 e
1.3 MEMBEA%
1.3.1  HEEMEPERRIE T3 pH 1 EC {H )
2K S220K pH it (Mettler, Switzerland) 1 DDS-320
H, 5% (Y (Dapu Instrument Co., Ltd)MZ, /Kt o>
B 2.5 1(VIm)FI 5 = 1(Vim); +I3EATHLRR & %
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Table 1 Different treatments for strawberry and watermelon cultivation soils
yis:l 1) R Ky G5tk ALY
CK 3 30C - -
RSDgi-t3 3 30°C 100% WHC 2% FHE
RSDyi-ty 4 J# 30°C 100% WHC 2% FEHE
RSDgiss-ts 5 30°C 100% WHC 2% FEE
RSDsis-t7 7 30°C 100% WHC 2% FEE
RSDg#-Tio 3 10C 100% WHC 2% A
RSDg#-Tao 3 20°C 100% WHC 2% FHE
RSDg#-Tso 3 30°C 100% WHC 2% FHE
RSDgs#-Tao 3 )4 40°C 100% WHC 2% FEHE
RSDys-Wso, 3 JH 30C 80% WHC 2% FH¥
RSDg-Wigo 3 JA 30°C 100% WHC 2% FEE
RSDsr-Wig 3 30°C WK 2% A
RSDgx 3 30°C 100% WHC 2% FHE
RSDssiessene 34 30°C 100% WHC 1% FAE+1% 43¢
RSDyi s 3 )4 30°C 100% WHC 1% FEBE+1% b
W -7 FRAFHTEMAGINEAL I, WHC, HRR KRR,

H,S0,-K,CryO ¥R B L HEA TN 52 5 1338 NO5-N &k
H12 mol/L KClIFWARK AL 5+ 1(V/m) L #4712
$#, BB R 5 R R 80 B (Skalar San++,
Breda, The Netherlands)il] i .
1.3.2 148 DNA #2590 E & PCR 704 K
B 0.5 g fif+ RALH & FastDNA® SPIN Kit(MP
Biomedicals, USA)ZH T35 DNA, T DNA
A (A B FNAEE 26 DS-11 B 43O T H(DeNovix,
USA) K I J5 8 T —80°C Uk A R et . R H
QuanStudio 3 Real-Time PCR system(Applied
Biosystems, USA)XT B4 | B 1 DL S Sk T T
P E R, VAR Z (20 u)fufi SYBR® Premix
Ex Taq™(2x, Takara, H1[EK%E)10 pl. S oL
£ ROX 11(50x)0.4 pl, 1E. JZ514(10 pmol/L)4%
1 ul(F 2). DNA Fby 2 pl LA ICHE K 5.6 ul, 407
HHE R E RV EMF: 95°C 2 min HAEE, 95°C 10s
fif#BE, 53°C 20siH:k, 72°C 30 s ZE{H, 40 PMEHR;
I F6L5R T TR ) 5 i RV kA 95°C 2 min TR,
95°C 10 s fif#s%, 58°C 15siB-k, 72°C 20 s ZEfH, 40
AMEIS . TERAMEI I TR Y BERBEDOUME S, U
Al R il oS (S A B S LR A A S R 3t
Huang 25U sk, AR -3.342, -3.381
fil —3.476,
1.4 HELIE

K H SPSS 25.0 H iR/ N 2 22804 (LSD), X
P — 5 PR N [ A B () 4 AL S AR

2P T (A P S R B 1 etk 4eit
48T R Canoco 5.0 X145 H 2 5 RSD AL B 19 +
AL ST R A: P2 PR A T TUAR 5T 5 SR I BEAIL
ML HT H R RSD AbHAE I Fp 38 b R B RICR
(1) TR B o

*x 2 WEMEEIY

Table 2 Primers used in microbial quantifications
Az GlE7] ;2 2%
M SCHR
4 Eub338F ACTCCTACGGGAGGCAGCAG  [19]
Eub518R ATTACCGCGGCTGCTGG [20]
HE ITSIF CTTGGTCATTTAGAGGAAGTAA [21]

ITS2R  GCTGCGTTCTTCATCGATGC
REHEIIE ITSIF  CTTGGTCATTTAGAGGAAGTAA [22]

AFP308R CGAATTAACGCGAGTCCCAAC
R

21 TiEpHFMESR

5 CK fHLt, RSD AbHEYYREA R4H = vh IR s
FeE -2 pH(E] 1A ~1D), HE AR5 +3% pH 25 RSD
IS bR (12% ~ 24%)H i m T8 I 18
(12% ~ 17%) o TEAN[FII ) R EE 520 T, RSD AbH5
WIFP 398 pH 2t b B () R P2 i S 35 T v
(P<0.05), H RSDgu-Tao ALFRE+35 pH 52555 T Hifth
TR T B RSD AbBH(P<0.05 & 1A 1 1B). 7EARFIKS
FMER A 10), BRPERARES 3% RSDmu -Wgge, AbFHE
A, PiRh L3 pH & RSD MMM R FEE T

2
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CK(P<0.05), UbAh, PURFREE LM pH ETINA
[E90BHY) RSD 4b B JG i 2% 25 5 (P>0.05) ; 1 7E B 4F
He 5 -4 RSD s A0 FEAY 1 3 pH &35 5 T RSD
mu b FH(P<0.05),

5 CK #HEk, RSD AbHIAHE i 25 R A0 9 1 4
A HL 53 (P<0.05/8], 1E~1H), H. RSD 4b¥7EAH[R] +
e sZm 2R (R Sk E MR T, 13 EC

{EAAE 22 M. FEARRIR R ST, 76 )TOR K -5
# EC {H£: RSDgu-ty Al RSDgu-ts LbH 5 B E KT
RSDys-t; Zb FH(P<0.05), FREF KT 1M EC H&
RSDgi-ts Al RSDgu-t; AbPRJS i E (KT RSDsu-ts Fl
RSDs-ty b (P<0.05, Kl 1E); TEARFIKDEMET,
PR 13 EC {H4 RSDsu-Wiesdb BG4 B K T
RSDssi-Wigou il RSDiani-W 00, AL FH(P<0.05, & 1G),

) \C2' R B

O il e
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C =3 = ™ a
L o L ™ a = o 8 =
IS I O B A s | o] 2t Al
C d s d b
6 6 6 6
4 S N N (\I 4 N N 4 N # B
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DER SR S = FEMCA
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& ey & AL A & 4 Q& A ot %Q‘“ & A
ST Q8 9 9F ¢ ¥ QO oF
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Qb YOS A3 Ab

(BIrpiREL R inER, B I ARFR/NG FRE R R [ — S OR[E) 2 B E) 25 57 5 3 (P<0.05), T [H)
1 FREEMEAZTH RSD &3} 1% pH F1 EC RIS

Fig. 1

22 TEAEMEEHE

5 CK #HLL, RSD Ab3HFAHEHE v I S A AR
1% - 3 v 0 40 R 5/ - 4 0 TR R R T /AN R
te, HIpl—ZmHF R T4 RSD AL, HE. 40
Bk B H T O S B S 25 R (R 2). ZEASIRIET
AT, FARAR R HIER A A S 22 RSDwu-ty 40
5 B 5T RSDaw-ty Al RSDyau-ts AL FH(P<0.05),
H. RSDyss-t; A FH A 40 R KU (2.4 %10 copies/g)# CK

Effects of RSD on soil pH and EC under different conditions

(2.0x10°copies/g) B E N T 11.0 £5(P<0.05) . £ A [H]
RS SRR R, VO IOR B A 3 e R AU &
RSDss-Tao AL BS54 1 T HA RSD b2 (P<0.05),
HPG R B 2 A B ) BL R B E 7E RSDge-Tao
LB REE CK(1.58%10%copies/g Fll 9.33x 107copies/g)
Iy E AR T 89.5%F1 72.5%(P<0.05), LAk, 74
IR 5 A 45 - b (1 B P B0 50 BIFE. RSDisw-Tag
Fl RSDsu-Tio A3 i 34 /N (P<0.05). RSD 4tk
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Fig. 2 Effects of RSD on populations of bacteria and fungi, and ratio of fungi to bacteria under different conditions

PR BB, PR b HEAY RN R, BV
JIR 5% 33810 FL /40 B HE 28 RSDsa-Tao A0 H S B 35
& T RSDsg#-Tyo. RSDsu-Tag S RSDgw-Tso 4bHi
(P<0.05).
23 TEXBBFINEHERELG
TEARFRESAE T, 5 CK M, RSDgy-Tokb
LD e v FRANE R WIN G T A
(P>0.05), RSDsy-Tyo ZbBR A5 ] B BRAIK,
HARBESCR A E] 99.7% LU (Kl 3B). FRhFHERY
AT 55 7] VR R A AN TR [] 7K 3 AR 10 LA B ke 2
54T ) RSD Ab B v by 5t i 2 AR A #(P<0.05) . R
[FIEFTE] . K ARG R RY S50 T () RSD AbBRAE
PUTOR G B3 R TR 58 81.0% ~ 90.2%.
67.8% ~ 85.6% Fl181.0% ~ 90.9%, TEEAEHkE: 1%
R T 2R 13K 91.6% ~ 99.6% . 90.4% ~ 92.8% Fil

82.9% ~ 93.6%. BR/KAFRI RSN, WFh 101 T]
BACREAE AL E T A RSD AbBih R B E X R
(P<0.05)("] 3A. 3B Al 3D). BiAEARE IR MR
JIH B2 RSDu-ty 1 RSDgy-ts A FHJF B EH LT
RSDsi-t; Fll RSDi-t; A HL(P<0.05)([&] 3A); Wiff 11
HYA TR ] R ZE RSD s AL BRI T RSD gy Al
RSDssisn AL B

TEARFRERME TR, 5 CK A, RSDsu-TokbE]
b 0T PG TR B 4 Y O 76k T R/ TR L
(P<0.05), 111 RSD gis-To Fll RSD gais-T g0 AL G2 AH S %,
I FELR T DA/ LA LA B B BRI T 79.3% il 97.6%
(P<0.05, Kl 3F). 5 CK ALK, PP --IEAIftss ] T
VL FEAEASIRITTA] . IR RO S R SR 25 T 1Y)
RSD AbF ) i 2 4K (P<0.05), HAER—KHE THY
RSD AbHHIE i % 25 5 (P>0.05, & 3E. 3G #il 3H).,
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Fig. 3 Effects of RSD on population of F. oxysporum and ratio of F. oxysporum to fungi under different conditions
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Fig. 4 Correlations of different conditions and soil properties after RSD treatment, and their contribution on disinfestation effect
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