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Assessment of fungal diversity in apple replanted orchard soils by T-RFLP

analysis
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Abstract; Apple replant disease ( ARD) has been reported from all major fruit-growing regions of the world. ARD is a
serious problem in about half of old orchard sites surveyed, with typical symptoms including stunted above- and below-
ground tree growth, necrosis of feeder roots, water stress and nutrient deficiencies. The etiology of ARD is complex and
causal agents vary among different sites and regions. In most sites, biotic factors seem to be prevalent, including
nematodes, bacteria, actinomycete, oomycetes and fungi species thought that Pratylenchus penetrans was the primary
nematode species involved in ARD. Although several bacterial genera and species have been associated and suggested as
being involved in ARD, most bacteria likely impaired plant at inordinately high densities. Evidence for the involvement of
actinomycetes in ARD is circumstantial. However, most researches demonstrated fungal and oomycete genera were the main
reason for apple replant disease, i. e. fungal genera: Fusarium, Rhizoctonia, Cylindrocarpon; oomycete genera:
Phytophthora, Pythium. To investigate the spatial structure of soil fungal community structure in replanted orchards, three

replanted orchards in Ciyao, Daolang and Jincheng town were used to take soil samples, which were collected from 0—30
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cm and 30—60 cm depth of the row, inter-row and tree hole, respectively. T-RFLP ( Terminal Restriction Fragment Length
Polymorphism) was applied in the analysis of soil fungal diversity. Based on the T-RFLP pattern differences, diversity index
analysis, cluster analysis and principal component analysis (PCA) were combined to do the further analysis of soil fungal
diversity from different orchards. The results indicated that soil fungal diversity differed in three orhcards, Shannon diversity
index, Pielou evenness index and Simpson index in all samples were between 0.43—2.47, 0.17—0.85 and 0.12—0.81,
respectively. The highest Margalef richness index (R=4.55) was observed at 0—30 cm soil layer of tree hole in Jincheng
and the lowest value (R=0.77) was obtained at 30—60 cm soil layer of tree inter-row in Ciyao. In all investigated sites and
soil layers, original tree hole showed the highest diversity index, evenness index, richness index and the lowest Simpson
index. Soil fungal diversity index, evenness index, richness index of 0—30 cm soil layer were higher than those of 30—60
cm soil layer; however, Simpson index expressed a reverse trend. PCA and cluster analysis indicated that soil fungi of
Ciyao, Daolang and Jincheng formed independent community structure, respectively, and these communities could adapt to

their own specific soil environment and became the dominant population.

Key Words: apple replanted orchards; soil fungi; T-RFLP
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1 ®E GEAMESEEERE LEHRE DNA
Fig.1 Total DNA of apple replanted ochard soil of Ciyao,

Daolang and Jincheng

1. REZEATIA] 0—30 em; 2 BEZ W IC 0—30 em; 3. Wiz 47 MA]
30—60 cm; 4: WEZEHRIA] 30—60 cm; 5: WL 7C 30—60 cm;
6: {7 HRIE] 0—30 em;7: BT 0—30 em;8; E IR IT 0—
30 em;9: EHARKIA] 0—30 em;10; 18 BAFTIA] 30—60 em;11; &
WIS 7T 30—60 om; 12 JEHIFREA] 30—60 em;13: 23R4T 0—
30 em; 14 37 0—30 em; 15 &IHkE 0—30 cm; 16 4
AT 30—60 em;17: A 3kF7C 30—60 em;18: 4kl 30—
60 cm

ITS1-F-FAM (5" — 3'): CTTGGTCATTTAGAG
GAAGTAA ;

ITS4(5'—3") ; TCCTCCGCTTATTGATAGC

ITS ¥ 88 [ WK 2 A 12.5 pl 2XTaq Master
Mix,1 wL DNA #i4R , ITS1-F F1 ITS4( 10 pmol/L) %
1.5 wL, B ddH20 % 25 wL, PCR [ 5544 :94 °C i
A5 3 min; 94 C7AEME 60 5,51 CIE K 60 5,72 °C 4
i 60 s, 3 34 MEIR; FeJ5 72 CIEH 10min, HL S
WL ITS-PCR 38 7= W 25 2% Byt fi A 458 M FiL K az
F I8 PCR =44k 50 G i B B k4T PCR =94l
1k, -20 CI-FEEI
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IR M 25 s A WOZE A T A5 b B A S AL AR
W RACR A AL & 3 TG E AR,
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mn ) 3B ITS XFEATEEY], T-RFLP 43 H7145 5% L
B 1, IWE 1 aTLIE b B DI 3E S i, T-RFs Fb#

0 ., BT A BEAE 50—600 bp 22 [8] , A [RIRE & ) FL B
VR AATEN 22 5%

®1 HF@AELMER
Table 1 Geochemical and physical characteristics of eighteen samples

AbFE Treatments NO-N/(mg/kg) NH-N/( mg/kg) P/(mg/kg) K/ (mg/kg) LT/ (g/ke)
1 24.97+3.80ijkl 2.48+0.19ab 24.53+0.58g 98.52+2.41¢g 7.68+0.36d
3 21.32+1.84jkl 2.16+0.43abed 19.67+0.64i 55.45+1.18m 6.77+0.14f
2 28.19+1.34ghijk 1.87+0.16abed 24.92+0.32¢ 104.97+0.86f 7.41+0.23de
5 19.89+3.06kl 1.53+0.11cd 16.89+0.88k 55.74+0.43m 6.28+0.19g
6 32.49+1.53efghi 2.01+0.44abed 27.57+0.55f 107.09+1.89f 7.39+0.43de
4 16.43+1.871 1.44+0.19d 17.92+0.17j 63.95+0.441 6.38+0.19g
7 42.85+0.76bcd 1.36+0.20d 29.79+0.89d 119.38+0.40e 8.79+0.23ab
10 15.55+1.031 1.70+0.45bcd 18.69+0.35j 83.43+0.34j 7.00+0.22¢f
8 51.31+1.90ab 1.59+0.16bcd 44.32+0.20b 122.77+0.41d 8.29+0.17¢
11 34.98+1.86defgh 2.70+0.21a 21.86+0.11h 80.30+0.40k 7.16+0.43¢f
9 30.56+1.75fghij 1.86+0.10abed 29.10£0.25d 163.13+1.12b 8.12+0.10¢
12 15.91+2.731 1.76+0.09bcd 22.44+0.35h 83.77+0.68] 7.17+0.44¢f
13 40.62+1.10cde 1.59+0.14bcd 39.71+0.28¢ 123.41+1.44d 8.27+0.18¢
16 38.99+1.55def 2.46+0.35abc 24.53+0.15¢g 97.57+0.56gh 7.29+0.29de
14 37.14+1.18defg 2.19+0.22abed 28.96+0.11d 141.19+1.44c¢ 9.14+0.19a
17 27.18+1.06hijkl 1.93+0.11abed 22.50+0.23h 95.43+0.90h 8.09+0.12¢
15 52.02+2.22a 1.97+0.18abed 50.16+0.41a 208.31+1.43a 8.46+0.23bc
18 49.03+1.40abc 1.40+0.12d 24.92+0.14g 88.11+1.04i 7.37+0.11de

Duncan'’s il | [F3 A [6]/NG FR/E IR 0.05 7J($J:%;Eﬁ%,l WG 254710 0—30 em( Ciyao inter-row top soil) ;2. REZE R 9T 0—30 em ( Ciyao
tree hole top soil) ;3. WEAE41TE 30—60 em (Ciyao inter-row subsoil ;4. WG ZEREE] 30—60 em (Ciyao between the trees subsoil ;5. RGBT 7 30—60 em
(Ciyao tree hole subsoil) ;6. WEZEFREE] 0—30 em ( Ciyao between the trees top soil) ;7. i BFT1E 0—30 cm ( Daolang inter-row top soil) ;8. BENE e
0—30 cm ( Daolang tree hole top soil ) ;9. i Rk E 0—30 em ( Daolang between the trees top soil) ; 10. i B 47 1E) 30—60 cm ( Daolang inter-row
subsoil ) ; 11. TEBH 7T 30—60 cm (Daolang tree hole subsoil) ;12. I B[] 30—60 cm ( Daolang between the trees subsoil ) ;13. £ 3478 0—30 cm
(Jincheng inter-row top soil) 5 14. 43 7T 0—30 cm (Jincheng tree hole top soil) ;15. 434K 0—30 cm( Jincheng between the trees top soil ) ;16. 4
IRFTIE] 30—60 em( Jincheng inter-row subsoil) 517. 4347 30—60 cm (Jincheng tree hole subsoil ) 5 18. 4 3AK[A] 30—60 cm( Jincheng between the

trees subsoil )

J Bt ¥ Fragment length/bp
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Fig.2 T-RFLP profiles of soil samples in apple replanted
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2.3 R[FERES Y E 3 B 2R BT
MG T-RFLP K3 OTU %R RS 1,
ARHRTR T 3 AN HIIX 18 A AR A Y LT AR T
FEB(F2), 7 0—30 em )2, 4 Ikt 1 e b o ik
FLEA B 2 FEPE R R S5 BE R B F & BE TR 2K
FR AR A DL HR B Wb 2 18 W 3% AR Tl g A% 7 4 B
WEA B 2R 5 BT 8 5 B TR 4K
FIEARA P B F8 50, 7 30—60 em 1 )2, 75 i
A el B4 T TR AR ORI AR [1] Ak B 25 EL AT B I %) 22 A
TEE 350 BE AR B, = B R RIORN S5 1 A 4R 4
B, MBR A IRAT R A1, 18 B | 4 0% VR TE 1947 TR] AR X
FVRR ] A B HLA B 3 1 Z REMEFE B0 39 5 R 4
F IR BB LA L, ROk UL, BRE
BARRIEI AL BEAN ,0—30 em + 2 9+ 38 EUR (19 ZHRETE
TEE S AR E R B S T 30—60 em t
2 AR R BB E AP A IR
2.4 A[EIRESHRIAH R 2B

FRIE 18 A~ & () AH TR A9 T-RFs 1158 H AR &R
(3 3) MR T-Ri's K H AR X i 1 ARG 45 B i iF
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11 7R (A 3) .
®2 TEEESZHMESH
Table 2 Species diversity of soil fungi
b Z R (RIS B R F R A
Treatments Shannon index Simpson index Pielou index Margalef index
3 0.53+0.03f 0.75+0.13b 0.25+0.031 0.77+0.07;
2 2.41+0.14ab 0.12+0.03jk 0.84+0.08ab 4.29+0.27b
5 0.43+0.02f 0.82+0.12a 0.17£0.03;j 0.89+0.09j
6 1.62+0.07cd 0.48+0.07d 0.49+0.05f 1.55+0.15h
4 0.47+0.11f 0.81+0.04a 0.18+0.02f 0.88+0.05;j
7 2.30+0.29ab 0.15+0.06ij 0.81£0.04bc 3.75+0.49cde
10 2.20+0.11ab 0.17+0.06hi 0.76+0.05de 3.56+0.36e
8 2.32+0.09ab 0.12+0.01k 0.82+0.19ab 3.96+0.15¢
11 2.15+0.05b 0.19+0.03h 0.74£0.05¢f 3.92+0.20cd
9 1.27+0.12¢ 0.33+0.09¢ 0.79+0.07¢d 0.90+0.04;
12 1.85+0.08¢ 0.24+0.01g 0.72+0.11e 2.49+0.14f
13 2.35+0.07ab 0.12+0.02jk 0.82+0.06bc 3.85+0.23cd
16 0.68+0.09f 0.71+0.19¢ 0.28+0.04h 1.25+0.111
14 2.47+0.16a 0.12+0.03k 0.85+0.11a 4.55+0.32a
17 2.36+0.06ab 0.12+0.03k 0.83+0.08ab 3.79+0.09cd
15 2.25+0.05ab 0.16+0.051 0.78+0.13d 3.70+0.19de
18 1.57£0.12¢d 0.28+0.04f 0.71+0.15¢ 1.65+0.17h
Duncan’s #:ll, [FIZUA /NG FEERIR 0.05 K L2 5 B2
P2y eyt
Rescaled distance cluster combine
0 5 10 15 20 25

4 = T T T T T

5 —

1

3

2 -

6

L[]

3 AEH&E T-RFLP B R LS
Fig.3 Cluster analysis of T-RFLP patterns of different samples
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