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Abstract: To provide a theoretical basis for clarifying the mechanism of apple replant disease, a pot

experiment was conducted to study effects of phloridzin and Fusarium moniliforme on the growth of Malus
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hupehensis Rehd. seedlings and the replanted soil microorganisms. The determination results of the August
showed that the biomass of M. hupehensis Rehd. seedlings was significantly reduced with the treatments of
Fusarium moniliforme, phloridzin and Fusarium moniliforme + phloridzin. The plant height, ground diameter,
fresh weight and dry weight of the Fusarium moniliforme + phloridzin were 70.6%, 77.4%, 52.3%, and
43.7% of the replanted soil control, respectively. The growth trend of the treatments in September was
consistent with that in the year of August. Treatments that caused damage to the root respiration rate of M.
hupehensis Rehd. seedlings in August and September were sorted as: Fusarium moniliforme + phloridzin >
Fusarium moniliforme > phloridzin > replanted soil control. Three treatments inhibited the growth of
bacteria in the replanted soil, promoted the growth of fungi and changed the community structure of soil
fungi. The activities of soil catalase, soil urease, soil invertase, soil neutral phosphatase were significantly
reduced with the three treatments; In August, soil urease was reduced by 14.8%, 29.1%, 53.4% compared
with the replanted soil control. In conclusion, Fusarium moniliforme and phloridzin alone or in
combination significantly inhibited the growth of M. hupehensis Rehd. seedlings, Fusarium moniliforme
and phloridzin treatment was the most significant. These results suggested that the combination of
phloridzin and Fusarium moniliforme could increase the phenomenon of apple replant disease.

Keywords: apple; replant disease; phloridzin; Fusarium moniliforme

30 5L e T I 1 1 4 A 1) B (Mianici et al., 2003; 5KYT.41, 2005; Bubna et al., 2011).
KIEWFFCFR B, HE R WA LA AT HE SRR G A = A= I RS 0 i 5 RS AR B 1 S 22 R PR 2 — (Y
4, 2009; Mazzola & Manici, 2012; Liuetal.,, 2014; #ME# 45, 2015). XSy i - 54
TR R R =M. MR E. BTBRIR. XHREORFR . HER. T &R, IMHERS (57
AKH 4, 2013; Yin et al., 2016). FMEIEAE (2011) TIN5 DX AR 3 AL bl F 38 Py R 2K
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W5 10 ~ 40 om X3 145, 2 fiBEHLECRE, 51RG G ket . TIERAUONE#E T (NOs-N 5.5
mg - kg, NH,-N3.8mg- kg, A8 90.6 mg-kg', HHME93 mg kg, HHKES53g kg
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H13E 1 ATDAE Y, 3 in— & BB « B BRI T aT AW R4 EF 2R A iR K

POEIE R RN R, B ERRA B + AR AR EE > FRERBEFR A AL EE > MR IFALEE > EE XTI
8 HUr R ERURALDE + MR AL BE () BRI RGN M bR s AR, BRI, T 2l IR 6 R
70.6%- 77.4%- 52.3%- 43.7%; LR AL B 21 - P bR 20 B A A 6 FR I 83.3% 86.8%
56.6%- 64.0%; AR R H LB IR ) 1 5 4545 73 00l A IEAE LX) 90.9%. 88.8%. 75.4%. 67.6%. 9

A A B A KRS 8 2.

R1 TERLENTBMFNHEMENTM

Table 1 Effects of different treatments on plant biomass of Malus hupehensis seedling

H i pGsLd Pk Fi/em 142/ mm i T /g T Fiit/g

Date Treatment Plant height Ground diameter  Fresh weight Dry weight

08 -25  EEFTXIE Replanted soil 5440+£0.07a 6.06+0.17a 38.60 £ 1.80 a 16.07+0.25a
HERBRIRTE Fusarium moniliforme 4533+135¢  526+0.07b 21.85+139bc  10.28+0.27b
IR + W TF Fusarium moniliforme + Phloridzin -~ 38.40+121d  4.69+0.13 be 20.18+ 1.18 ¢ 7.02+024b
R4 Phloridzin 4943+0.56b  538+0.26b 29.11+1.87b 10.87+0.81 b

09-28  EfELXT Replanted soil 66.33+1.12a 821+0.19a 61.00+4.00a  29.70+2.01a
HERBRIRTE Fusarium moniliforme 52.97+038c  7.33+£0.26 ab 4720+430b 22.77 + 1.40 be
YRR + W TF Fusarium moniliforme + Phloridzin +~ 50.63+0.50¢  6.72+0.08 b 47.14+2.14b 19.99+1.16 ¢
HR 4 Phloridzin 62.67+1.10b  7.40+0.26 ab 58.60+1.18ab  26.48 + 1.84 ab

e RPAFNG FREFORA AL PR 2253 B2 (P<0.05). R,
Note: Different letters in the table stand for the significant difference at the 0.05 level. The same below.

2.2 REZEFNHRIRRAE X 8 EHER R EARFIFIRE R AT

M 2 WLAEH, 768 AM 9 Afy, MURT. HERBLE. PERURR + MR 2
RAIEAR R AR T EAE LI, P B BRI B + AR b P O 2, 9 ARG, MR TR
FR AR 55 AT 5% BEAH U 20 S BRAG T 43.4%. 30.7%F1 48.6%; FHik by SR BRI AL FE, 23 BIFEAC T
24.9%. 17.4%H1 23.8%; MBI TR, 3R T 15.9%. 8.9%H1 19.8%. LRI,
R S R e £ T Ak BRSO B i i 4 P AR AR I I AR KA R

MR FE . ARG R BRI TR + AR B AT AL B H0] T o BRI AR R PR R, 8 H
353 MR T 17.3%- 22.6%H1 39.3%; 9 AP T 13.3%. 18.4%H1 44.4%.

F2 FEALEHNTEMFHERRZEKTM

Table 2 Effects of different treatments on root growth of Malus hupehensis seedling

W g I K/em BBy em® om0 R R
Date Treatment Root length Root surface Root volume Root respiration rate
08 -25 J%E{f 1%} B Replanted soil 1590.57+69.04a 1077.53+38.70a 52.02+3.52a 666.51 £25.53a
SRR Fusarium moniliforme 132492+72.02b  69628=1451b 2433+1.66bc 515.69+£39.11b
RERTRAEE + R HF Fusarium moniliforme + Phloridzin 107934+ 14529 ¢  45644+4501c  16.71+£1.67c 40427+23.93 ¢
H 521 Phloridzin 1482.50+3443b  798.79+6391b 32.72+1.67b 55143+3923b
09-28  %E{f 1%} B Replanted soil 2638.02+11532a 1328.73+5294a 83.70+4.6la 91493+46.52a
SRR Fusarium moniliforme 1981.91+£104.62b 1098.15+6821ab 63.79+4.76a  746.65+46.79b
FRIRGRTO T + MY Fusarium moniliforme + Phloridzin 1491.95+158.13 ¢ 920.45+4246¢c  42.98+6.08b 50893 +52.57 ¢
HLFZ 1T Phloridzin 2218.06+110.92b 1210.84+54.64a 67.13+471a 793.67+31.04 ab
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2.3 IREEMSRRERE N TIEME 90 T IEEEE AR
231 EIEpAY

2 3 A4, 8 AR 9 H, MRAEH. SRERURAR . A BRI B + AR B A AR B 40 - 398 b 40 1
A, Rk R rh AR o 9 AR AR ERBIRAB B . PRI TR + R T AR B T
AN B S XHRAHEE 2 > T 29.6%. 44.4%A1 62.9%, FLRBCRA NN T 23.2%. 40.2%F!1
81.7%. 8 Hap . HEKERERWESE 9 Hh—2.

R3 TELEHN LHMEMBRHZE

Table 3 Effects of different treatments on the number of microorganism

H 3 hb MELR/ (x10°CFU - g™ EHEHR/ (x10°CFU - g
Date Treatment The number of soil bateria The number of fungi
08-25 EVELX M Replanted soil 24.00 +2.08 a 23.33+2.02¢
IR Fusarium moniliforme 14.00 +2.96 be 43.66+2.96 b
IR A + MR TF Fusarium moniliforme + Phloridzin 1133+1.85¢ 55.66+4.33a
MR HF Phloridzin 1733+ 1.76 b 29.00 +2.08 ¢
09-28  EMELXE Replanted soil 27.33+1.76 a 2733+£2.60c¢
IR Fusarium moniliforme 1533+ 1.85bc 3833+3.17b
RERBEE + MR BT Fusarium moniliforme + Phloridzin 10.33+1.20 ¢ 49.66 +1.76 a
HEZTF Phloridzin 19.66 £2.18 b 33.66 +2.91bc

MR T-RFLP K3l rh OTU MO R AFIE, palvh 4 7 A B SO 2 HEE (R 4). 8 /]
TSR Es, KB 2 R TC R E M. 9 M IIA R, MR AL BEAT B R L
JESRE S BARM ZAEIE . R WS EIREG SRR AL B BRI + AR
B ZREE. BRI, WAEIREERARE, BEIEFEL R BN 2R 5% .

R4 TELEXNLHEE S HEHE

Table 4 Effects of different treatments on the soil fungal diversity

H 3 L EZEEEE AL F g R By e
Date Treatment Shannon index ~ Simpson index ~ Margalefindex  Pielou index
08-25  #EAEXIHE Replanted soil 2.82£0.003b  0.07+0.00lb  623+0.019a  0.84 +0.003 bc
HERBRAIE Fusarium moniliforme 2.84+0.006ab 0.08+0.00la  620+0.002a  0.84 +0.003 bc
HERURE + MR Fusarium moniliforme + Phloridzin +~ 2.86+0.007a  0.07+0.001b  581+£0.002c¢ 087+0a
R4 Phloridzin 285+0.012a 0.07+0b 6.02+0.126ab  0.85+0.003 b
09-28  JE{EFXFHE Replanted soil 3.03£0.012a 0.06+0.00lc 683+0.072a 0.88+0a
KR Fusarium moniliforme 2.81£0.009b  0.07+0.001b  6.02+0.126b  0.84 £ 0.007 be
HERUERE + R Fusarium moniliforme + Phloridzin +~ 2.84+0b 0.07+0b 599+0.008b 085+0b
HEBZTF Phloridzin 273£0.006c 0.08+0a 555+0.008c  0.84=0.003 ¢

HER T (B 1) WTLUEH, IR P BRI O 3 S A - 5 v TR 5 44 P S i)
Ao R, 8 Hy 9 HEE—F o 75 22 0Tk Z 53 0 h 84.4%F11 83.9%, #5 — F-1isr Ji 22 DUk
I3 HIN 8.5%F1 9.5%, PE TTRRAI 5K 92.9%F1 93.4%, 1] LIMREBA LI RG0RML. 9 HAr 4R
WoR, MREHHBRERMAFMASAIE (T2) MILEEEH SIEE LR (CK AW B 2R, Hh
RSB B AL (T SRR (T3) MIEREBFE LA, i a8 (T2) MZ K
—ANPRST IR ST R A
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Fig. 1 PCA for different treatments of fungi
CK: Replanted soil; T1: Fusarium moniliforme; T2: Fusarium moniliforme + Phloridzin; T3: Phloridzin.

232 LEEEEMR

M 5 PTUUEW, MR BERMRE . PERERAGE + MRS 0 SR IR G M 38 3
HEH . 8 A4y, L I3EIREEIEYE 2 5 B IR A 14.8% 29.1%A11 53.4%,  H PEwE R vl M 20 il PR A
8.0%- 15.1%F1 21.6%, LR EE VM 73 B BRAR 14.6%.23.7%F1 30.7%, i 46040 S0 5 120 79 PRI 18.9%
26.7%F1 37.8%. 9 At 8 Hr—.

R5 TELENLIREEFEHRTI

Table S Effects of different treatments on soil enzyme

] rh LR Al IRt/ i3 TS AL/
H 39 AbER A1 gl A gl A1 gl -1
Date  Treatment (mg-g -d) (mg-g'-d) (mg-g -d) (mL-g»)
Neutral phosphatase  Urease Sucrase Catalase
08 - 25 %A X Replanted soil 4.64+005a 6.35+0.03a 1043+£027a 090+0.01a
IR Fusarium moniliforme 3.94+0.10 ¢ 4.50+0.06 ¢ 7.96+0.12¢  0.66+0.01b
RERBRIEE + MRYAT Fusarium moniliforme + Phloridzin -~ 3.64 £0.05d 2.96+0.11d 723+£0.06d 0.56+0.02¢
K4 Phloridzin 427+0.03b 541£0.10b 891+£0.07b 0.73+0.03b
09 - 28 % {f 4%} # Replanted soil 5.11+0.08a 1200+ 0.28 a 8.13+021a 048+0.02a
FIRBAE B Fusarium moniliforme 4.04+0.05¢ 561+0.15¢ 631+024b 033+001c
FERERE + M Fusarium moniliforme + Phloridzin +~ 3.74+0.05 d 458+0.10d  533+0.12c  029+0.0lc
MR 1T Phloridzin 437+0.08b 7.85+0.34b 691+0.23b  0.38+0.01b

AT FCIA A AEPIAR 28 23 W R R 75 S5 e e A IR 25 22 2 0 RS VR R I R 2R N 2 —,  HI IR
&R E R R (FLIEAEFRISH K, 2001; Yeetal., 2004; 5K7141, 2005; Baietal., 2009),
FHIF5 (20152, 2015b) BFFURMIEEAE TIPS PRk BEIAR 1T IR 28, IEERR . X FR R
P ) 2R = Iy S AP @R 4l v AR 2 B, DOR B A AR BEA IR e B 2, A1 2R =I5 A B 61
RN o [ AR AT B0 R R R E M ) AR A AR R 0 L R (Rl 5%, 2009; 5K
XA, 201000 XU (2013) BFFUIAA, 3t B B ) g s b X 39 SR P 119 = 205 it ol 2 St et
XT3 B S E 1) 4 PP R 2T T BOURPEIRES, 45 R R A BRI B GRS B 300 1 H S5,
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FLUOR 2 MR, ARSI B, 1R S iR R IR BO AV E AR LSS o AIRIG SR I, AR
FEAF R BRI TR S NE) T AR P BRI AR KR T, FECEE L A e >
SRR, IER R TE T R, HOR BRI R AR E R 2R b, A SR AR BEARLE,
FP R A R A OO I AR IR ST BRI R AR KOR B R EBK .

FTCARSE (2007) WFFOIA A EAERERS I R AR5 1 SR BRI 4 ot 1) SR AR B - 438993 Js il A= 400 1) 16
AEVIRFR. R, EESECHF MMM SRNG5S &= I R 5 % 1)
A15% (Zhou et al., 2012; Zhang et al., 2013; Zhao etal., 2015; F& W 2%, 2016). X% (2009)
WA IENE SRR WG 2 455 5 TR A 3 . m il sE (2009) WHFFTR I =k g
(4.0 mmol - L) (&R, AFERGNGI T A0SR AR K, 8t T B A SR i n. A
SERFH, N AN R BRI AL A AR B S T BRI A AR R AR R R A SRR AL R S 4
PAHIE R R, SECEE L E S E D R 2 . EREEN R . TSR N R
F, ULWIAR B R E ZRi A SL AR DN TR 7P BUEAERRNG . M T-RFLP 45 LW, MR H AR Bk
WA A A A TS W O TR D R S5, TR MO EVR S5 R, TR AR
TR ER BRI A TR A A AL B SR TR R E R R, PO A R AR B R .

Py RS oot - 38 T TR R i (1) i DR T B2 2 2 AR 1K o Zhao %5 (2015) A A gPCR Al HPLC
FBAFCRIN, KSR I IR ) o b A5 AR B 38 rh i AR ) B A A g 34 o, 34> &5 Rk B
MY EYAAAE EAE R R Yin 55 (2017) HEAT T BrArE & 7 s0bn i o BRI B 1 % ) B AR
AU AR Rz 7 mT Yl 25 (i i o R0 P B 1 S, FLARAS L B 22 7 R R bk, IX A5 R
UE I R — T A P AFAE HAF R R o (EXEAE T eI T, MY —IR— I AV 0 BAENLBEE BRI,

BB

4 g

H BRI R AR B2 P B2 1 A B W 35 AR T A B R A T I E R R AR IR
e, T HEAR R AR AR, R TR AR, B TR IR hPERER NS . R
BB A AL S R e, b IR + AR AL B Bk S, Ul AR B A R R
(N BE TR (D N R SEX (R
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