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TnF'? fre' I o RTH IEE BAA £5p"
(1 AR E YA R R L 2 I AR AR A b R 5 TR Be, INRE % 271018)
(2 IWARBEAMBITER, ILARZ%E  271000)
wm = PLISESR (CCFEEEES) 2 il sk, SRS 0F T DLUT 73 50 Ak KT 4 AR 1 8

EAERERS: ( Hazard posed by continuous cropping

RS A, PR A R T AR A Bt o s S AR AR R AR AR A AR YR . {01 B S R e 1
X (RAEAEE, CK) | I (CRIEATHY, F) . AR5 g kg "+EBE (1.5T+F) | A%
6.0 g kg '+EIME (6.0T+F) | JT#4%§15.0 g kg '+H B (15.0T+F) . Z5R KW, SEAMLL, 4%
AWy R AL PERE W R AR RO BRI AR R, RER AR, BE S, £
HEE B/ . ME L, 6.0 ¢ kg AEFRAIBOR BRI, & L RO R 4 A BR 8. 1A%
13.14%, AR A B AR AU B3 h0 17 333.0% . 548.4% 5 WM . B R AIG E 20 B 30 B85 103.6% |
77.6%, FEMERETEE R H200.4%, i S AL R EHE TR 64.6%; AN/ B U 2199, JE xR
5.6f%; FLIAZAEM: . BSTEE R W B RO REAR, PR RR N s )2 T A R DR 8 DA kT R
fi657.9% . F o8t (PCA) G5RBIR, J7 774559 B 78 kb I % 4 + 58 BRI 8 2 AR 0
Wi, BENE W02 R T AR, SR b, AR RHEPRING.0 g kg T A AT A ) TR 2% ] 4R
YEFEEIAA M A ht, BB EAE R EIAEE, AR B R AL B TE R

KA FEAA; EVERENS; JT54; AWEZE; HEEGE; 2B
FESES  S661.1 XHkFRIREY A

\\\\\\\\

to replanting ) 74>t F4EIR 3277 X ki &k

AR SE Bk B2 R B 5T IE 5L AL L E R &
O AE A R B R, L A A R
( Cylindrocarpon ) . 24 W& (Rhizoctonia) .

Y5 JE (Phytophthora ) | JEE & ( Pythium )
YOI HE (Fusarium ) % 7 4 3 2 KUK
P2 SARK s HELLl it ] B 5iEMEREAFAE DG, n
EHRIR L . ( Pratylenchus penetrans) °' , A
I, WRGE ST B R A% R R R O S %
VERERFIOARAS . 2K (JHEE ) SR 1R R

TR BE . AR 55 W GERE A, I
MRS R A, (™ 5 e b R R 5 RN
FfRE, TR, A k=2 E Rk, H
KR H S X AR A5, fBFA
Kfpe O, M EAL AR SRR R E T
W, ORHIFEAR T Al b3 al etk 0y 170
PR, A SR AT AT A ARBOR M ) A% U I T kAT
A RO HUE A B Y AT S IR, R R 2
( Biofumigation ) Wiz 14 .
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H P A R R A AR SR R BORBE A E A
WIig 7. Smolinska®s 0 BFSE R, SR IEMK L
5¥3% (Brassica carinata) . 23++F (B. nigra)
MIFFE (B. juncea ) &4 B & 09 AC 5 25 B4
(GSLs) REREHCH SRR ER (ITCs) |, Xf 44
PR ( Fusarium oxysporum ) 5 JRAR A
WaFm i fIER . HAT, %R . @IE . K&k
6 25 18y A 26 ) B ZE M RL LR B8 BT I AR
PR GG VO A TR 2R Rl
T ZEZE R o ASHESE AT = P 5 R
17744 (Tateges erecta ) HATHSRAMEBCR . T1
75 HEFN T A JE — AR A, AR 1
RS A BUR . TR SR B 2R A P T
JuRE s B SERWT, TT A5 A R AR I X 7 A
2205 T AT I A AR R G LIOKS i 288 0 410 2R A%
REhy, Huefedr kA, A R0 78 AL 20
RO AR 0 1 AR o AR — B Rl Ak 8 3R 1Bk
U5, AR AR H s 354, X T J1 AR AL
MR R Z, JFC T A BXTI7
FF TG S, SRWUG 1Y 07 75 5 A kR R 43 4k Bl
S T e M AE B, i R IR 9 B AR R
BAEAM, MBS EE R Pk
B UF I R4 S AR s A 2 AR B ST
DR, JHTT 75 351 S L5 W) B8 28 50) o IR 2R i AR T 1
W AR ILHRE o AT T 75 4 KT R AR 0T 2 18 57 2R
bel 1 e AEAT S 2%, R T A5 4 AR ) B ZE N S R 4
FGEAE IR R, DL A AR e R A i
ZE BTG R AR AT PR AR K

1 MRS Ik

1.1 iRl

I T20154F4 H —20164E 12 fE A 4l K
P 2R S TR . BRI R TR AR b
O AR HE )2 [ o SR e F R AT

B A B E L 2R A 28 2T R BN R A
25 a BWSERI, BUA M T80 ecm, EXREL)E
TR10 ~ 40 cmiW X3, ZSBEAPLEAE, R4 H.
TR R, IR AR . AR
NO, -N 5.5 mg kg ™', 4% &%NH,'-N 3.8 mg kg™,
A 5#9.3 mg kg™, HALHI90.6 mg kg, A HLIR
53gkg’,

B A YA B Dy L AECFE TR (Malus

hupehensis Rehd. ) SR, BT 4°CIZF30 d
A, M TEAE, T20154E12H9H M TH
AT, kK Ee R EMN, FH.

WM T 54 ( Tateges erecta ) NIEMEF N
WA, T20154F4 A Ak A, 8H rhaj it 4k
atk, HARAKMETEE, HAXT, LU
ke, E30H T, AR OARE.

1.2 Wit

I ESANAH, 2510 OZBSER R+
HEXTIE (CRIEALTE, CK) 5 QM (RFEATTH
%, F); @QNAH1.5 ¢ kg +EBE (1.5T+F) ;
DT #5456.0 ¢ kg '+EME (6.0T+F) ; ©J 54
15.0 g kg '+ B (15.0T+F) .

20164F1 H 10 H A7 Bz ], 1R LA
K (4 HAA23 cm, &18 cm) JCEIEL, FKEAIHE
MR A% (0, 1.5, 6, 15 g kg'') 5&#
SER b RS R R, B30 kglRE L, B
Bk, BEEZ, 15 dF, EHEE7 d, BRI
—Hert B AL TR A . 204,
TRtk A e, BEVLHES, EFIEKER, B H
IR E AN (ABEFIZIRICE15-15-15) , HH
M6 g, MEMEJEBEK, B3RBEKIK, HIREEK
500 ml,

FA LN AR 120 dIBOREDN E A OCHE AR . 120
FEM R BNBIBSEMENIRER, HE
Z AT E R, BURPR £, IR R
AR RRARAT S e %, A 12H 7 (1.70 mm )
BUKZ5500 ghrde B340 E D4R, — 0 4°CIR K
#wH, T R BRGNS, — KT,
T R 2 ; — 10 —20°CUKARPRAT, T HEHL
DNA, 47K b BR il 1 7 B BE 2 85 ( Terminal
restriction fragment length polymorphism,
T-RFLP ) 734 S Sy 920 e & o3 At o AR AR il 2%
MR, BREBWERTS L5, FE Kbt T, %
FE il Sy [l S 0 2 AT AL B, e R . T ESE
EL AN
1.3 MEHRFRRAZE

Ay R H AR 1

WAL SRARNE . ¥R R E
KPR, T A K R R Gorh, FEAK A R
TF, L RWIinRHIZO ( 20074E/7 ) # 2 34T
RGP L R, SRR | AR R R AR
(LA
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+ eI S R BT R . IR
ERH L, Li24 h)gl g3 NH,— N
(mg) FRMREFIETE, FANH,-N mg g7 d' %R,
LR EER R, U1 g5 0.1 mol L7
A R = TR R T B AL RS Y ml g R
TNo BERREER FBER R ALk, D1 g R
I 2 SRR BRIV, Fmg ¢ AR ERE
B 2 SR a3, 24 hE 1 gt 48 v 2 M v I
B (mg) FRHERREETE, Mmg g d'FmR.

THERCEIIE . A0TE . B . BRI T
MR PRIEI E , W AR o R A HRER A
W R PRIGSR, BRI T IR FREE, sk
R R S g Rt

FE G JE 4 B DN A Y B2 B K 4l fb $5 BB E. 7.
N.A. Soil DNA KitutBHH#17#4E, M TT-RFLP
BoAR o B B SE R A O AR YT R R 4
(gPCR)

T-RFLP/p#Hr: DITS-PCRY M., H T M #E 5
[a] & X, ( Internal transcribed spacer, ITS) H E&
PGSR A R IETOEER (FAM) Zehrid
MBS ITSI-F-FAMAIITS4, g4 T
AW TREREARRS AR AE G, ITSI-F-FAM
(5'>3") . CTTGGTCATTTAGAGGAAGTAA;
ITS4 (5'—3") : TCCTCCGCTTATTGATAGC, ITS
Y NARR K. 12.5 ul 2 x Taq MasterMix,
1 pl DNA#EH, ITSI-FAITS4 (10 pmol L) %%
1.5 pl, fiidd H,OZE25 pl, PCRJZI &% : 94°CHi
A5 PE3 ming 94°CAEHE60 s, 51°CiB k60 s, 72°C
FEARE0 s, H34DMPEI; HI5T72°CHEMHL0 min,
H5 ul ITS—PCRY™ Y 7™ ¥ 245 2% 35t B il € J¢ P, K A
W, B PCRy™= 9 4lifk ik 57 & v I B A7 PCRy™
Walifh, —20°CIRAEs . QY. RS PEN
Y Hha 1% EiRPCREAGAL ™ Yy k47 B V) . BV
SR Z J30 ul: 3510 ul ITS-PCR4iL ™) .
2 ul Hha I (10 U ™) . 2 pl 10 x Buffer, Jidd
H,0%30 pl, B T37°CKETIRE4S h, e
JG65°CK#20 minZe 1k [ o KRG =ik 2 A T
AT (B B wl AT o XH e 45
AT LR Z R0 (SRR gL . RH T
B WS ERREEEERL) . RIS
A n TS

SEAT 5% 58 1 o FHCFX Connect™ Real-Time
System ( Bio—Rad, &M ) XF 43 )2 1 S 1 o Ik

PR DL AT 45 X6 5 A3 BT o SE A 98O0k E S PCR
K ZMAESYBR Premix Ex TaqTMKit TaKaRaiz i
G REER . 25 ul PCRIZMWAKZR . DNAKAR
1.5 ul; SYBR Premix Ex Taq T 12.5 ul; 51¥4%
1 pl; ddH,0 9 pl. 2 H 48R EPCRY 1Y I 1 4
. 95°CHUAEES0 s5 95°CAE S s5 60°CiH Kk
30 s; FiH40pEER T
1.4 HIESH

18 56 B0 % FIMicrosoft Excel 20034714
MAER, EaESPSS 19.0i647 07 224381, RHAXBHE
(Duncan’s ) #2517 22 7% B2 WA, H
Origin 8.55¢ A 56 Fh s it il 14 o

2z R

21 AEFEVEEZNFEEHZIEEKHEZM
5t BROAH L, AN [R) S i 1Y) 7 7 4 AR ) BE 2K
BRI SR A KA R IEE R, BT E A
g RA RN (£1) o KPR LI6.0T+FAL2E
IRy, Hobkm . e . M B RAR R TEH Y
Xt REY3.645 . 1.66% . 8. MG FI3.14%, HXFHE
25 WE ., LOT+FAEE R 430 ot B 2. 165 . 1.1
£ . 3.91% . 5.84%; 15.0T+E &b B4 43 51 Xf BE 1Y
LOfF, 1.3M%. 4.8f%., 6.40% (£1) . #pE PB4
PPV BRIAS A A KA R E R, &8 A5 4301
RFRRAYL.3M . 1.26% . 2. 2% M3 16,
22 AEFEVEEZMNFEEHXDERAZNZM
SRR E, AN RIS i ) 7 75 2 AR Y TR 2R
b BRI XTSI A AR R AR B B AR R (%
2) o HAPLI6.OT+FALHLRCR ey, FE A %)
BRI B . AR R RL L AR AR B SR e B I 2
Jn, Ay ek BRI N T 226.5% . 333.0% . 548.4%
M142.7%, SxzERBE . L.ET+FAHM 55
W T52.4% ., 45.9%. 82.8% . 43.9%; 15.0T+F
RS A I N T 42.4% . 98.3% . 178.9% .
18.4% . HUp BT RSEAL BV B H AR RAE KA
AAEHEVE R, 4 W48 bR 43 ) A 0 BRI 33.4 %
41.4% . 73.9%M3.2%, HE5XBER AL E .

Xt REAH G, ARSI A T 5 4 A ) T g A
PR ERE S TR RIS (B o o, iR
fitf . B ER TG M LL6.OT+F AL B A B0 5 4, 43 31
X RE103.6% ., 77.6% (1A, K1B) ; REpE
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Table 1 Growth indices of Malus hupehensis Rehd. seedlings in soils biofumigated with Tateges erecta powder
Qb e it T Dry weight (g)
Treatments Plant height (c¢m ) Ground diameter (c¢m ) Ho I Shoot #R & Root

CK 9.0 £0.6¢ 1.96+0.16¢c 1.59+0.16e 0.90 =0.07d
F 12.0 £ 0.6¢ 2.36 £0.27bc 3.47 +0.30d 2.79 = 0.44c
1.6T+F 19.0+1.5b 2.07 £0.04bc 6.12+0.16¢ 5.25 £0.22b
6.0T+F 32.7+2.3a 3.02 £0.02a 12.82 £ 0.42a 11.77 £ 0.43a
15.0T+F 17.3+1.4b 2.48 £0.03b 7.66 £0.14b 5.77 £0.34b

T CK, BUGERPE LI F, BB, RPFEATTHY; 1L6T+F, JiA41.5 ¢ ke +EBALIE; 6.0T+F, Ji%4§6.0 ¢ kg '+
BBALFL; 165.0T+F, JT74515.0 g kg '+ EBALFL . FIVHTFRARNG FHEREREE (p<0.05) , FH Note: CK, F,
1.5T+F., 6.0T+F, 15.0+F stands for Treatment CK (untreated old orchard soil ) , Treatment F ( mulched with film ) , Treatment
1.5T+F (1.5 g kg™ Tateges erecta powder incorporated and mulched with film ) , Treatment 6.0T+F (6.0 g kg™ Tateges erecta powder
plus mulching ) , Treatment 15.0T+F (15.0 g kg™ Tateges erecta powder plus mulching ) . Different lowercase letters in the same

column indicate significant difference at 0.05 level. The same below

R AHEFEVEETIEEMFRERYBRANEK

Table 2 Growth of Malus hupehensis Rehd. seedling roots in soils biofumigated with Tateges erecta powder

Qb B i N L EIEA AR TR A%
Treatments Roots length (cm ) Roots surface area ( cm?®) Roots volume (c¢m®) Root tips
CK 399.0 = 21.06¢ 105.3+7.10b 2.20+0.19b 1175+ 77.25b
F 532.1 £43.19bc 148.9 +21.22b 3.83%0.41b 1212+77.32b
1.5T+F 608.0 £ 39.03b 153.7 +17.99b 4.02+0.19b 1691 +219.0b
6.0T+F 1 302 +18.98a 456.1 £45.32a 14.26 +1.87a 2 852+ 201.3a
15.0T+F 568.2 + 27.64b 208.9 £ 5.48b 6.13+0.31b 1392 +188.8b

il 7 P L 15.0T+F AR R e i, %t B3 302.0%
6.0T+FAbFH A% % IR 2200.4% (K1C) o iF %4k
AW PELL6.OT+FFI15.0T+F 4b B 4 1% Pk 5 &
PIAsdt B 64.6% (1D ) o B 7 5 ib BRAE IR
Mty . WEEREG . REREEG . AT S SIS M 4R
37.7%. 20.3% . 88.9%H110.8%.
24 AEFEVERWNTIEMEVRENZN
XA, AR RO A R R &
BB ZEE, AL PR A b ) B R B W,
ONTA . R PR WG N, AT/ AR R
(£3) o LI6.OT+FAbBE YRR i b, 40 PR/ B TR
H0219.9, ZEXFHM5.64%; HKZ15.0T+Fab#
) (137.0) , KXTBEBY3.56% ., BLBHTT 735 4 ) &
AU UGE T HIEMUEYR RS, HEE T IER
(R TSN B | I e S p e b 2 A €A 7B 2
Bk, AR THRREKELEETIREAERK,

2.5 AEAGEHIEEER LS

SHRUNE ARG R QNI B o i LI S A s
(PCA) HE T 7356 £ W) TR 250 T e B Z PR Y
SO, TR AR ] - A TR R TR S A R AR
fbo SXTHRAHLL, iR A T 545 R
HARME, HREAERFRNZEN. WM
BIERRBA IR, (AR RSO BRI (%
4) o MUk, 7R A AR A Bk A T A 4
FLE RIS LS R, i HIE R EE . 2R
PEFNSA ST BE AR, S EC TR O 25 B W Sl 15 o

B 2RI LR 1, ASER N 754
AR ZE ) R L DA RV S5 A 5 AR RS el
ok, VREATT 75 45 AR ) AR A B S W W e T %
VESE B IE + e) FUR BE R 250 . b, 6.0T+F b
FEAIIS.0T+FA W] OC Rk, FAIL.5T+FE]E R
L3I
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3.00r A 1.60r B

140}t a

120} Ea

2.00} —

1.00 d

0.60
1.00f

040}
0.50}

O 37
Urease activity (mgg ' 24 h'")
%
o
TR Tl 1k
Phosphatase activity (phenol mg g ' 24 h'')
=]
8
Hio

020}

0.00 - : : : - 0.00 : : : : -
CK F LST+F  6.0T+F  15.0T+F CK F LST+F  6.0T+F  15.0T+F

Ab¥E Treatment Ab¥E Treatment
12.00; ¢ 040 D

10.00 [ b
8.00 =
6.00

4.00

RERE B 1tk
Invertase activity (mgg ' 24 h'')
[=%

T AR AL S
Catalase activity (H,0,mg g")
(=]

[\
(]

2.00 0.05r

0.00 0.00
CK F 1.5T+F  6.0T+F 15.0T+F CK F 1.5T+F 6.0T+F  15.0T+F

Kb #H Treatment Kb #H Treatment
W R 3R EE W HME, KR EAE/NG FERRESEE (p<0.05) Note: Data are the means of three

replicates, and the different letters over on the columns indicate significant differences at p < 0.05
K1 A4 E YR ANEES T IRES (A) . BERRER (B) . JEWEEF (C) AL &b EEl (D) MErEmsZm
Fig. 1 Effects of biofumigation with Tateges erecta powder on soil enzyme activities (urease activity ( A ) , phosphatase activity (B) ,

invertase activity ( C) , and catalase activity (D) ) in soils under continuous cropping

R AERENRET LEBENHE
Table 3 Population of soil microorganisms in soils biofumigated with Tateges erecta powder

b B E2iiNes) EL ik R 11 TR /TR
Treatments Bacteria ( x 10°CFU g ' soil )  Fungi ( x 10°CFU g ' soil )  Actinomycetes ( x 10*CFU g' soil ) Bacteria/ Fungi

CK 20.33 £ 1.45e 52.33+0.88a 12.33£0.88d 38.9+3.41e

F 24.33 +£0.88d 47.00 £ 0.58b 21.33+0.88¢c 51.8+2.37d
1.5T+F 27.67+1.20c 43.67 +0.33¢ 32.33+1.45b 63.4 = 3.25¢
6.0T+F 55.67 +0.88a 25.33+0.67e 30.33 = 0.88b 219.9+2.79a
15.0T+F 43.33+0.33b 31.67 = 0.88d 54.67+1.45a 137.0+3.17b
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F4 HEFEYEENTIEERZHMENZMN
Table 4 Effects of biofumigation with Tateges erecta powder on the soil fungal diversity
JLSL] ZRAPEIREL PIS EERR AL P # B 4 4L FE IR

Treatments Shannon diversity index Evenness index Simpson’s index Richness index

CK 2.53 £0.02a 0.86 £0.01a 0.096 = 0.00e 4.19+0.07a
F 1.89+£0.02b 0.72+0.01c 0.26 £0.01b 2.87£0.00b
1.5T+F 1.52 +0.03d 0.73+0.01c 0.32=0.01a 1.66 = 0.00c
6.0T+F 1.71 +0.00c 0.82 = 0.00b 0.24 =0.00c 1.69 £ 0.01c
15.0T+F 1.77+0.04c 0.87 =0.00a 0.19+0.01d 1.56 £0.09¢

FI —

F2

F3 —
1.5T+F1 —
1.5T+F2
1.5T+F3 —
6.0T+F1 —
6.0T+F2
6.0T+F3 —
I15T+F1 —
15T+F2
15T+F3 —
CK1 —
CK2
CK3

0 5 10 15 20 25
SRS TR AE B Y

Rescaled distance cluster combine

P2 S [l Ak 2 ) 5 A S R 4 A B K B 225 (T-RFLP ) P35 SR 2K 20 A

Fig. 2 Cluster analysis of T-RFLP patterns of fungi in the soil relative to treatment

AR B A ] Ak ) ) A S PR A 1 BE (T-RF's )

E V1 T B 43045 B FE HE AT A0 (PCA) «CK
U AR BRSO, ¥ 0 A e ) . .
fafy fa K B o5 T SRR 2 R K985 % B AT, Xt R o
B I A BT RN, B2 S | )
WA REIE O TR SR 99.16% , BT .
THMRHAT AN . NS LA S, A 2 gl o *
FAAIL G R O e 2 OF, B ET 08 0 00 0a 08 g
B R A B TR R . @ 041
BRETE 45 b .
2.6 FEANE LR ke E

PR SCRCE AE HhE ER i SE R E E b h 41 Component 1 (85.98%)
hRSERAIR LU, I BV RAVIRAL ( Fusarium P3RS RAL BRI FLBT-RELP P0G A A b7
oxysporum ) . FEifieE (F proliferatum ) JE& K B Fig. 3 Principal component analysis of T-RFLP patterns of fungi
fUrd (F solani ) FERLRGRAIE (F moniliforme ) in the soil relative to treatment
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FOR I E S5 R WY, 2 AR T RN R R R T B
itk w0 RSP E SR (Real-time
PCR) X Z 8@ E (F proliferatum ) 134
DB T e Xt e oA (E4) o S5REY, Tk
2 4 Wy B 7% b TR Y 2 A A6 R B TR B DL OB AIR T
CK, 1.5T+F. 6.0T+F. 15.0T+FAb 343 5% %} B
49.3% . 57.9% . 50.6% . TRl 7E B Ab A X IR AR
T27.2%. VLWITT A4 A4 Y FEZR e 10 25 0/ 2
WAL B

a

12t —I—

Copy number of

Fusarium proliferatum (x10* copies g™')
[e))
o

J2 Bl 5 DL

CK F 1.5T+F 6.0T+F 15.0T+F
KbFH Treatment

B4 AS[)Ab 352 H Sl 100 1T 1) 25k (R 4 DL 8K
Fig. 4 Gene copy number of Fusarium proliferatum in the soil

relative to treatment
3 ¥ ®’

TS AR AT DAk st A A, R £ I
AR, RIEMYAERKER, HEREY B S
P, EERER SRS 8, L, EL A ™
SR R R MRS IR B VR AL e R A A
B A B G — U SER M R
PSRRI A ST T a5, fE B g A E i 4y
M26&h R A K P L AP R B, 6.0 g kg '
J7 75 4 Ry A AT A W 2R ZE AT I S R T B A A A
B AR R S AR, G HE AR R AR K AR E AR H B
5. Arnault® V20 R I LLE 2 ARSI TR RHE R
A Py T ZE R AT A B s R AR, R i R AR
R AR, n] R R R 15% ~ 20%, 5
IF SR A PR B AR Y W FE Rk BT A AR
(1.5 g kg") FIEsMkEE (15.0 g kg™') WRIME AL
ARORIE 22, 1.5 g kg RO AR 2, AR

REAE, 15.0 g kg ' BARBME LR, HBCRH AL
e HAR Y, = NI R S & T A A AR K G
FbERoR, Wik, AR E KRS S S
AMEARR, HEFS, ARFRALEK,

- R - e Sh R W AR R A . IR R
Sy IR SR MR R P, R — 2R B Ak
SRS IR, 25 BRI
Wik2gid fE, 2P R IEERIER Sy, B A
TR ERE, ELAETE L LA ML, K1k
SREP TR TEALY S PR — B R EE
R HEAE S A, 3 RIS KO, REE—
EFEE R e AR PR 0 s A K R
g s YRR R B, R TR A A R
ity 0 ARG PR ) 0 S A . SRR R R
TR . IR . W R b R B MR W P A, W]
e MR E R BRI R —, M3
VR AT LA AL e TR VL T 4 5 92 R 3 A - 8 1) S
PEPT L ARBEIE T, B IRSE S o A TT 4
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Effects of Soil Biofumigation Using Tateges erecta Powder on Growth of Malus
hupehensis Rehd. Seedlings and Soil Microorganisms in Old Apple Orchard Soil

WANG Xiaofang'" * XU Shaozhuo' WANG Mei" DUAN Yanan' WANG Haiyan' SHENG Yuefan'

MAO Zhiquan'"
(1 State Key Laboratory of Crop Biology/College of Horticultural Science and Engineering, Shandong Agruicultural University,

Tai’an, Shandong 271018, China )
(2 Shandong Institute of Pomology, Tai'an, Shandong 271000, China )

Abstract [Objective) Biofumigation has been broadly used to describe the action of fumigants
releasing volatile compounds during biodegradation of green manure, organic amendments and
compost suppressing soilborne pests and diseases and controlling weeds. It could be considered as
a ‘natural’ alternative to chemical fumigation and control of a variety of soilborne diseases and hence has
been suggested as a means to mitigate certain adverse effects, like infestation of soil diseases of continuous
cropping on the soils. Researches in the past already demonstrated that biofumigation of soils under continuous
cropping ( SUCC ) with Brassica juncea could effectively control soilborne pests and pathogens, change
soil microbial community composition, and provide some additional nutrients. In order to explore feasibility
of using marigold ( Tateges erecta ) as biofumigant to alleviate the hazard left by continuous cropping of
apple trees in orchards, in an attempt to provide a theoretical basis for extrapolating such an environment
friendly fumigation measure to control soil-borne diseases in apple orchards, a pot experiment was carried
out. [Method] The pot experiment was designed to have 5 treatments, i.e. Treatment CK (untreated
old orchard soil ) , Treatment F ( mulched with film ) , Treatment 1.5T+F (1.5 g kg™ Tateges erecta
powder incorporated and mulched with film ) , Treatment 6.0T+F (6.0 g kg™ Tateges erecta powder plus
mulching ) , Treatment 15.0T+F (15.0 g kg™ Tateges erecta powder plus mulching ) . All the pots in the
experiment were filled up with the same soil from a 25 years old apple orchard in Wangzhuang Village,
Manzhuang Town, Tai'an of Shandong, China, divided into five groups and treated separately in line with
the designing. Tateges erecta powder was prepared after the plant was washed in tap water, air-dried,
and pulverized with a high speed grinder, and then stored in a sealing bag ready for use. All the pots were
mulched with film after watering except for Treatment CK. Then 15 days later, all the mulched pots had the
film removed and remained exposed to sunlight for 7 days, before Malus hupehensis Rehd. seedlings were
planted. At the end of the experiment, samples of the soils and plants in the pots were collected, separately,
for analysis of biomass and root morphological indices, activities of soil enzymes (urease, phosphatase,
invertase and catalase ) , soil microbial population and fungal community structure. Soil microbial population
was determined with the dilution plating method; fungi community structure with the technique of terminal-
restriction fragment length polymorphism ( T-RFLP ) ; and copy number of Fusarium proliferatum with
the real-time quantitative PCR detecting system ( QPCR ) . [Result] Compared with Treatment CK,

the biofumigation significantly increase the biomass of apple seedlings, promoted root growth and improved
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activities of the soil enzymes. And Treatment 6.0T+F was the most significant in effect and was 8.1 and 13.1
times as high as Treatment CK in dry weight of shoot and root, 333.0% and 548.4% higher than Treatment
CK in root surface area and root volume, 103.6% and 77.6% higher in activities of urease and phosphatase,
respectively, 200.4% higher in invertase activity and 64.6% higher in catalase activity. Besides, the
treatment was higher in bacterial population, but lower in fungal population, with the ratio of bacteria to
fungi reaching up to 219.9, or about 5.6 times that of Treatment CK, and consequently lower in Shannon
diversity index, evenness index and richness index but higher in Simpson’s index of the fungi community.
And gene copies of Fusarium proliferatum decreased by 57.9% in the treatment. Principal component analysis
( PCA ) showed that the fungal communities in the soils varying in Tateges erecta powder treatment rate were
completely separated from that in the control. [Conclusion) To sum up, biofumigation using Tateges erecta
powder at a proper rate (6.0 g kg™') of old orchard soils may increase the number of beneficial bacteria,
inhibit propagation of soil pathogenic fungi, and preserve the diversity of the soil microbial community
structure, and then effectively alleviate the hazard continuous cropping poses to replanting and improve
growth of the replants.

Key words Malus hupehensis Rehd.; Replant hazard; Tateges erecta; Biofumigation; Soil enzyme

activity; Fusarium proliferatum
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