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Effects of different soil improvement methods on soil nematode communi-

ty in old peach orchard
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Huijuan"

(‘College of Agriculture and Biotechnology/Institute of Fruit Science, Zhejiang University, Hangzhou 310058, Zhejiang, China; *Huzhou
Agricultural Technology Development Center, Huzhou 313000, Zhejiang, China)

Abstract: [Objective] Peach replanting diseases inhibit the growth and development of peach trees, re-
duce fruit yield and quality, and even cause plant death, therefore restricting the development of the
peach industry. The factors which cause the peach replanting diseases are multiple including soil patho-
genic nematodes, harmful pathogens and allelotoxic substances. Previous studies have found that patho-
genic nematodes are the common pests in replanting orchards. Tylenchorhynchus maxbnus, Helicoty-
lenchus dihystera, Meloidogyne incognita, Aphelenchoides cyrtus and Criconemella sphaerocephala
have been proved to be the pathogenic nematodes in peach. Soil disinfection can kill pathogenic nema-
todes, other harmful pathogens and weeds in the soil and effectively alleviate the replanting diseases.
The present study analyzed the effect of different kinds of disinfection methods and microbial agents on
the soil nematode community, to provide reference for alleviating the peach replanting diseases. [Meth-
ods]This study was carried out in Huzhou city, Zhejiang province, using peach replanted soil and one-
year-old Akatuki peach saplings as the material. In this study, sixteen treatments were set including
dazomet (M), dazomet plus mushroom residue (MJ), mushroom residue (J), no disinfectant (CK) and
the microbial agents including Trichoderma harzianum microbial inoculant (H), 7. harzianum plus Ba-
cillus microbial inoculant (HY), Bacillus microbial inoculant (Y), and no inoculation (O). The experi-

mental treatments were implemented to explore the prevention effect for pathogenic nematodes, the in-
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fluence for soil nematode community and mitigation effect for peach replanting diseases. The number
of nematodes in different treatments was analyzed using microscope, and the pathogenic nematode
types were identified by morphological and molecular biology methods. The primer pairs AB28/TW&1
were used to amplify the internal transcribed spacer region of the nuclear ribosomal RNA operon (ITS)
sequence of pathogenic nematodes, which were identified by morphological methods. The number and
species of nematodes between different treatments were compared. [Results]Results showed that, re-
gardless of before and after reformation, the free-living nematodes at 25 cm from trunk in horizontal dis-
tance were significantly higher than those at the distance of 50 cm. Therefore, soil nematode communi-
ty were mainly distributed around the rhizosphere of peach trees within 25 cm of the horizontal distance
from the trunk. But the number of pathogenic nematodes was almost similar at two horizontal distances.
The number of free-living nematodes and pathogenic nematodes at a vertical depth of 10-<<30 cm was
significantly larger than that of 30-40 cm. There were 89.67 free-living nematodes and 20.67 pathogen-
ic nematodes in the 10—<<30 cm depth soil layer in the old peach orchard, while only 13.00 and 3.50
were distributed in the soil layer of 30-40 cm. However, there was no obvious distribution pattern in the
newly planted peach orchard. At same time, the proportion of soil pathogenic nematodes in old peach
orchards was higher than new orchards in most soil layers, especially at 25 cm of the horizontal dis-
tance from the trunk, the pathogenic nematodes in old peach orchards were 10% higher in soil nema-
tode community than in newly planted peach orchards. However, at the distance of 50 cm of the hori-
zontal distance from the trunk, the proportion of pathogenic nematodes in the two orchards was not sig-
nificantly different. Tylenchus, Helicotylenchus, Tylenchida, Pratylenchidae, and Criconemella were the
main pathogenic nematodes in Huzhou peach orchard identified by the morphological methods, among
which Tylenchus and Helicotylenchus were the major types occupying more than 90% and have been re-
ported as common plant parasitic nematodes. At the molecular level, there were 100% overlap between
target sequence and the ITS sequence of H. dihystera, so H. dihystera was the main pathogenic nema-
tode in this orchard. Except MH and MY treatments, all the soil reformation treatments could improve
the free-living nematodes compared the control treatment in the same group. From this point of view,
soil improvement can promote soil nematode community reconstruction. Compared with the control
group, the disinfection methods of M and MJ and the microbial agent treatments of H, HY and Y signifi-
cantly reduced the number of Tylenchus and Helicotylenchus. In these treatments, the M and HY
showed the highest inhibition rate (77.97%-98.39% and 81.46%-97.10%, respectively), but J improved
the number of Tylenchus. [Conclusion]In summary, the soil nematode community was mainly distribut-
ed in the 10-<<30 cm shallow soil around the rhizosphere in peach orchard in Huzhou. The free-living
nematodes make up the majority of soil nematode community, and the main pathogenic nematodes were
Tylenchus and Helicotylenchus, and Helicotylenchus dihystera was the dominant species. Soil improve-
ment can promote the reconstruction of soil nematode community and increase the number of free-liv-
ing nematodes in the soil. Fumigating with dozamet and then applying of Trichoderma harzianum plus
Bacillus microbial inoculant after planting can effectively control soil pathogenic nematodes and en-
hance soil free- living nematodes. But the mushroom residue treatment increased the number of 7j-
lenchus. this may be due to the fact that the mushroom residue is not decomposed and 7jylenchus moves
the host from the mycelium to peach. Therefore, it is recommended to use the dozamet and Trichoder-
ma harzianum plus Bacillus microbial inoculant to treat the peach soil in production.

Key words: Peach replant diseases; Soil reformation; Pathogenic nematodes; Soil disinfection; Microbi-

al improvement
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Table 1 Experimental design
WAL B Ak 2 eS|
Disinfection method Bacterial agent treatment Abbreviations
FRREFEZE (MD W& K AEE (HD Trichoderma harzianum 250 g-ind’ MH
Dazomit W R A B+ SR AT B (HY ) Trichoderma harzianum and Bacillus 250 g-ind'+250 g-ind’  MHY
60.g m SERUF I CY) Bacillus 250 g-ind” MY
ANt 17 (O) No inoculation MO
i B+ B (MDD W& KA (HD Trichoderma harzianum 250 g-ind’ MJH
Dazome_:zt and mus_zhroom residue g AR+ T B (HY) Trichoderma harzianum and Bacillus 250 g-ind'+250 g-ind’  MJHY
60 g m™6 kg m HHUFFEICY) Bacillus 250 g-ind" MJY
ANjiti FH B 771 (O) No inoculation MJO
WAL EE (D) WS K AEE (HD Trichoderma harzianum 250 g-ind’ JH
Mushroom residue & R AR B+ SE A B (HY D Trichoderma harzianum and Bacillus 250 g-ind'+250 g-ind’  JHY
6 kg m” HHIFF (Y) Bacillus 250 g-ind" Y
it F B 771 (O) No inoculation JO
A EE(CKD W& R AK B (HD Trichoderma harzianum 250 g-ind" CKH
No disinfectant WS IR A B+ LE AT I (HY) Trichoderma harzianum and Bacillus 250 g-ind'+250 g-ind" CKHY
LEIAT R (YD Bacillus 250 g-ind’ CKY
ANJiti FH B 771 (O) No inoculation CKO

¥£:250 g-ind" 22BN 250 g-individual”, F R SRR LI ETiE ] 250 g B,
Note: The full name of 250 g-ind" is 250 g - individual’, which means that 250 grams of microbial agent should be applied to each peach tree seed-

ling.
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T E AN AT 20204 10 HJRHHT i H I B
FIJE FAERLIE RS 513 Peiz K , RS 512 50 d,
P RIS 15 d A b o BRI A T HE S AT A8
W KA BT U R R BHRAT BR A F] : 314 CFU - gh
ANZEFAT B GHTT A B AR R BR A 7] - A R0 B
$=20014.- g ¥ T 7K G VHELE W 25 S BBl A 5 e AL VA
Mo

IR AR H 1A e v (R N BB, i %
KFA TR i R AR MRATEE R 2.5 mx5 m.
1.3 HIEBMREHIBAELERZE

IR, T 2021 4F 4 H 1 HRECE 3 [l A
SRR IS P T SR el P B P44 321 25 em AT 50 em
i8,10~<<20 cm.20~<<30 cm.30~40 cmE £ 1 kg,
B LIRS TR RS, BBk 44 5 H B 48 4+
[z [ 5256 %, 7T 4 CUKAE R AR T, I e ek
MR S R A A BRI 2. JEF7H I HME
PRIE 2% A4 K AR RN /N X Y BEALBEIE 5 AR 34
— FUI R & 1, SR B B T 25 em 40 .20 cm IR
(194 1 kg, DAAH R 5 5 CR B AR B , I 72 A [7) Ak 3%
Raes o g 2 - AU N S o = .63 e w521
W& E 3 MY EE.

25 Uy B I T 1 D A i v O R R A vk
A5 RIKE 200 g i fif 38 F A /K ot ast 7 i 1) s 1
T2 TR T AR G R KGR, P 38 pm Y
SREGT Y T B0 4 CHRAZEH . BELETR
PRV B B TSRS . B s E
NEUFE LR R, PRECE 2 B T R R R

50 pm g
Y

)
3

4t H A A Imaged 22 B T AT I & .

2k oy 7 % E i AB28 (57 - ATATGCTTA-
AGTTCAGCGGGT-3" ) 1 TW81 (5’ - GTTTCCG-
TAGGTGAACCTGC-3" MEN G| W, B8 T 255
ARG R AT S , BU% £k B DNA $2 5 : P
HL2% 28 BT PCRE , I 6 uL ddH.O, il A 17 %
2 min J5 T 85 ‘C{## 2 min, 3 X E & J5 N A 2 uL
10xPCR Buffer f12 pL 25 FHFK,65 CHiAE 1 h 5 &
F 95 C F 10 min. PCR ¥ 34 1& % : 10xPCR Buffer
2.5 uLdNTP 2 pL. Tag i 0.25 puL, E FlE51 9
(10 pmol - L) %% 1 uL, cDNA 3 pL, ddH,O #h 78 &
25 uL. PCRY JEFLF :94 ‘C A% 4 min, 94 ‘CAF
£ 1 min, 56 “CiB -k 90 s, 72 “C %EfH 2 min, 35 1§
572 CHLEMH 10 min. Jirf5 ITS K& K 4l fb 7= ik £
BUNA BRI TR A = AT .
1.4 BUELIE

B3R 8 F Excel 1E47 504 i B VRSB 1) 5K
J H.1# F§ IBM SPSS Statistics #4175 Z 0. T H
KA HAAE B 0B M Chttps://www.ncbi.nlm.nih.
gov/blast/treeview) Z: il 248 K B MR E
2 FGR50
2.1 HEEBURZHBEE

ARG e P 4 ) B AETE R RS 2
oW LR A IR IR TR VBT R R AR HE A
Wa, g m ] ge b fm 2 (E D, 18E
JERFFAE N - 28 d sk [ 58 f5 R AR BRI, Sk 4idn, Js

sum 'y 6 i 5um WIS R

3 e v Ny 27 AN IO
- vy ’ 2 # 5 P ™ LR o
(‘\nM‘io-"‘; . &
AY i .
B-1 \B-z B-3 \B-4
10 pm
50 pm

IR R R AR L A-1. HUAR A2, AR A3 SKEBIBIX s A4, BIRIEW X s A-5. BiEER; A-6. BT A-7. HEMFL. BIJEHURLZ 4 B-1. 14

il B-2. HEMEFL ; B-3. BT B-4. & IEER;B-5. FEEBIEW X ;B-6. Mk,

Helicotylenchus: A-1. Body; A-2. Stylet; A-3. Head; A-4. Tail; A-5. Esophageal ball; A-6. Vulva; A-7. Excretion hole. Tylenchus:B-1. Head; B-2.

Excretion hole; B-3. Vulva; B-4. Esophageal ball; B-5. Tail ; B-6. Body.

El1 HEEEHHER

Fig.1 The main pathogenic nematodes in peach orchard
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b=5.71, ¢=43.20, ¢’ =1.20, V=63.94, St=26.77 pm.
20 %8 1 E HO MR T 8 2k L, B T kA B0 48 L)
— R T ERHES « £ BB AR B KR B, A
S0, FVEFEUR, VBT R BRI/, B TE A figp i W i, e 1
FIUIE AN 2R, S TEFEEREBORT , B 1467 T R i
B X LA I ; L=476.79 um, W=27.12 um, a=30.77, b=
6.21,¢c=5.49,V=62.77, spear=8.78 um. %% & Wi E
ZEHE TR d, S BUR LR —.

FT 13-4 48 7 14K A 1054 bp, 4 D 7 25 1 F
NCBI Fi#f47 BLAST Luxt, H&:iil R4tk G (E2),
SEREIR, HARF A5 %8555 9 IX207113 [ XUE 12

Helicotylenchus dihystera (MT209966.1)
—[H. dihystera (MW051751.1)
. microlobus (KM506862.1)
4|:E H. microlobus (KY271078.1)
H. microlobus (KM506861.1)
4[ Target sequence
H. dihystera (JX207113.1)
_LH multicinctus (FJ460171.1)

H. multicinctus (FJ460169.1)
—— H. multicinctus (MT239112.1)

2} BRRBRLHAGLEMRK
Fig. 2 Clustering dendrogram of Helicotylenchus

0.05

e 2 L FEAE R — A4 X B, B A 8 (target
squence) 5 XU E W5 Jig £k L (Helicotylenchus dihys-
tera, B35 : JX207113,1TS 5 51 K & 1206 bp) /54
FHA N 100%, AT AT H I8 JE 28 i S e 25 RN
BUEMETEA . T RBUR L o T g IR R H 4
R, T B — DRI e %R BRI
22 ZHETEMRAIEZBEBEIIEL

AR E A F LR R RS R (KD
NS EZ WP, BE AR 25 em &b, B HIAE
T 2R AU B E R 10~<30 em L2 W 3
=T 30~40 cm £ )2 5 10 FE S AR E T 50 em 4,
10~<<20 cm IR JZ 1) 2 2826 2 2% 75 T 20~40 cm IR
)1 JZ o Bk Rkl 2 Fh 2k g oA R 530 H BE S
A, H ARG Z AR R SRR 25 em A0 235 51T 50 em
Ab 1 2 BUR 2 JU AR IR B R A 25 em IR 30~
40 cm, Fi B HHA 50 em 10~<<30 cm 1 )2 5 fii B 3%
AT HAALE. B S RATE, BB EME 25 cm
AbH 8 AR TR 2 S T 50 em AL B R BT
Bl (1) B H AR i e RO B0 2 HUslcs 1 e T2 e bk
AH RO 2 d A 3R VR 1 LU RIS T2
U Bk bl o
23 ARITEKRR A AN TIE& REERFNT

AN A B 358 ) AR T 2 HUECE R S e LR
3. EHY HEMOHET, B HATHE &R

R2 FEHRE IR RREESN

Table 2 Soil nematode community structure in new and old peach orchards

e ACPEEES EEEEE RE100 g TR A RS RS 4100 g TEPEURL AL BURZ IS T A E
Treatment Horizontal ~ Vertical Free-living nematodes per Plant parasitic nematodes per Proportion of plant parasitic
¢ distance/cm  distance/cm 100 g dry soil 100 g dry soil nematodes/%
LW SR el 25 10~<20 30.00+18.19 a 3.67+£0.58 b 14.5£0.06 b
Oldhpe;”h tree 20~<30  30.67£1026a 7.004.00 a 21.6£0.07 ab
orchar
30~40 7.00£0.00 b 1.50+0.50 b 21.4+0.07 ab
50 10~<<20 25.00+1.00 a 9.50+0.50 a 38.140.04 a
20~<<30 4.00+0.00 b 0.50+0.50 b 12.540.13 b
30~40 6.00+0.00 b 2.00£1.00 b 33.3+0.17 ab
TR R 25 10~<20 359.00+58.00 a 13.00+5.00 be 3.540.01 ¢
Newly planted 20~<30  289.00455.00 b 20504150 b 7.240.01 ¢
peach tree orchard
30~40 397.50+0.50 a 40.50+7.50 a 10.2+0.02 be
50 10~<<20 113.00+32.00 ¢ 36.00+5.00 a 32.8+0.05a
20~<<30 83.00+3.00 cd 31.33+7.09 a 37.6+£0.07 a
30~40 23.00+6.00 d 5.00+4.00 ¢ 19.6+£0.13 b

T : RIS/ NG FBEORFE R P p < 0.05 ZREH.

Note: Different lowercase letters after the number indicate that the numbers in the same column in the same orchard have significant differences at

p < 0.05.
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NM>MI>]>CK, Ab B[R] 1k 31 2. 25 7K1 ; T AE H
Y 4 RPN MI>T.CK>M. 1%t 7540
BT EMAE T, BaRGIRVOHY>Y>
H; 75 MJ AL v, 4 Fdes 1) A0 B 5 50RO 2 35 22 57
FETAH A, Y AR S A R e, O ATH
Wb B, HY AL B A s 2 CK L&, BoR RN
H>O.HY>Y,
*3 FRDENRARLEES 100 g FL5
BHHEFR&HNE
Table 3 Number of free-living nematodes per 100 g dry

soil in different soil improvement methods

HeE il 3 MR B L
Group M MJ J CK

MR AR H 340.87cC 3317.40aA 1714.88bB 1813.34aB
AR AR B+ 4597.54aA 2876.88aB 1464.44cC  728.25bD
M HY

TETRFRE Y 125523 bD 2883.95aA 1912.53aB 1 543.88 cC

AHEHHE A O 4780.94aA 3112.60aB 175623 bC 1106.38 bD
A FVNE FREFORFSIEFLE p < 0.05 ZREH, ARKE
FRERFEATHTE p <005 ZREF. FHE.

Note: Different lowercase letters after the number indicate that the

numbers in the same column have significant differences at p < 0.05,
and different uppercase letters indicate that the numbers in the same

row have significant differences at p < 0.05. The same below.

A7) Ak 356 R e S 5003 4 R ) s LR 4, 75 H
M, I CK IR e & Bom 4 s 235 & T M.
MIACEE  fEHY 4, TACFE B 25 & T R 24 HoAh
3ANAE S AE Y A R A CK>T>MT AT M Ak
H, 7£OME T, CK AR Zm T A KA 3 AN b
H,H3 M E TR EZE S MASGT, 0L R
EhigEgh B FES THHY 408, FEEET Y
H, 5MIAGER 8 EIAE T, 1A B e
2k IR 3 T A A kb B, oAt 3 AN A G
BENZER ., CKASIZiEEL =R N O>
Y>H>HY.

*4 TEDEHRARLIEGEE 100 g Fto
ZEEBRL RN E
Table 4 Number of Helicotylenchus nematodes per 100 g

dry soil in different soil improvement methods

ERE i) MR+ R AN
Group M MJ J CK

MR R AR EE H 2.88 bB 1.66 bcB  40.71 aA 38.84 cA
I IR B+ 2.99 bB 505bB  13.28 bA 5.83 dB
IR HY

FHIFTFE Y 0.00 cC 0.00 cC 15.55 bB 72.82 bA
AHEHEH O 28.16aB  18.44aB  20.19bB  132.77 aA

AN A AL 3 28 ) S B0 28 ) s WA S, /£ H
HE, MIH G I T) 8 B0k 4 R B2
FICK, HEEmTMAAR, EHY A4+, A
CKAF B @ TMIFIMALTE . 7EY H&h, &
N T>CK>MIWM; 78 O H & 8o it — B &5
R, EMAEH AN HEA R RE B EEZER,
RO AFE R T) 7 4 T R ZH H A AL B . 7E MI
HeEd, HAAB R T] 84 B E 5w, O A H
A HY MY B . JHEHRINO>
Y>H.HY &b # . £ CKH,0.Y b3 1) 7] J& 2
A ELE T HHY L.

5 TELTENRAFRLERESE 100g T+

BYIBHIREHRE=
Table S Number of Tylenchus nematodes per 100 g dry

soil in different soil improvement methods

He il MERE+ B B NGRS
Group M MJ J CK
HERAKEE H 0.00 aC 4234 aA 25.82¢cB  24.27bB
WS RN F+ 0.00aB  2.02¢B 14.94cA  15.54bA
AU HY

FHRAFE Y 1.99aC  6.56cC 82.93bA  50.98 aB
At B O 11.65aC 19.67bC  953.81aA  47.94aB

FEIZ I X - 32k eV o, 2] R AR e S o
B 2 JUR RER 73 5 BRI 2 o B0 2 B Aar PR
REFEIR L DA AU EER, IR EBUR
2 MACR R DUV SR T HAl 3 MR A&,
WG TR AR g + 2 T 1 4L 5 ARG T At 34 B 77 Ak
SEIEERE

3% W

3.0 HIELEHESHRITIBENRGTGHEZNEM

AR RS0 45 A, 70 00 R A5 I SR v, T3 28
HEEE AT RASEARPR 25 ecm AL EEZ T 50 cm,
R 32 B A E AR B B o A0, 22 S [l -+ 45
I EH A 9 2R RN 35078 28 B 32 B3 AR TE 10~<<30 cm
(R E L, B2 R B 2 TR 2+
e, X 5 B G SR KR S AT T A R AR
— 30 B AR Ak I o A6 0 B . X P RE 5 AR
ERAE S G, W7 b b DX R e f it A B 5, — AT AR
R LJZ110~<20 om AT, 1% JE TIEESME R LT,
IR WE T, 2 RO 2 R R [ 3
PR, LEEA SN, B& HRIES
PERG R, 28 AR A CE B R . T, TR
AT DLFT A 2 SO TR A ), A A3 2 U R R
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Herp H A TR R (EYIE A SO N R EE
WD BURE R SN AR EE 10 aff)
LRI B AR TS A AR W D TR R
EARZFAEVELR R D T3 s Rk I, (H 2 B0
2 K A 2R HOREVR P o B BT ek R R T B
10%~30%. £ R )5 i g2k U vA R I B B4
TG 2 HURNBU 26 d BRI N, T S500 42 L R B
(1 J5 IR AT e 3 e RS IR LR & & B
LB BE B 0 i i3 4 s AR AH 3R i R W] DAk 2]
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