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Effects of different tree disk mulching on soil microbial community structure and

diversity in dwarfing rootstock apple orchard

XUE Xiaomin, WANG Laiping, HAN Xueping, CHEN Ru, WANG Jinzheng "
Shandong Pomology Institute, Taian 271000, China

Abstract; In this study, we used 7-year-old dwarf middle-stock apples as the test materials to study the effect of tree disk
covered with different materials ( waterproof, water-permeable horticultural ground fabrics and plastic film) on the soil
microbial abundance, community structure and diversity. High-throughput sequencing results showed that three different
types of horticultural ground cloth could increase the relative abundance of Proteobacteria of 0—20 cm soil layer,
Proteobacteria abundance of the 20—40 cm soil layer covered by waterproof gardening cloth and plastic film were improved
as well as. The results of microbial diversity showed that the horticultural ground fabrics and plastics film all changed the
soil bacteria A (Ace), C (Chao 1) and S ( Simpson) index. Among them, the permeable horticultural ground fabrics
changed the indicators above most significantly, followed by the waterproof horticultural ground fabrics and plastics film. In
addition, the permeable gardening cloth significantly reduced the soil fungal A, C and S index. The result of clustering
relationship was consistent with the result of diversity, which was also the most obvious change of soil microbial community
structure in permeable ground fabrics. Comprehensive analysis showed that different mulching were conducive to improving
the richness and diversity of soil bacterial communities, reducing the richness and diversity of soil fungal communities, and
optimizing the structure of soil microbial communities. Among them, permeable horticultural ground cover had the optimal

effect.
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A, A 78 T T L B v SR A v e A RN SR S T, K IR R A R DT (R AR AE 24
TSRV 26 0T R A | 3R AR S0 W AR AR K AR A S T B R M S T T, T SR AR
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1 #RE5FE

1.1 X5

RIS T 2015 4% 2016 AFEFEAT, 12050 Fl 7 T LU 2R 48 SRR B 53 9T R 1 W) 5 1l (JB 443 . 36°12755. 367, AR 4
117°01'09. 87") , 4K 168 m, 4>4F H MR EL 2627. 1 h, 4AEHIFE/K I 697 mm , 4E3S M 12.9°C , &4E =0°C i
i 47319°C P TEF A 195 d, SRR BACIERG L 23835 , R R SEAT 804 AT A= 5 R 28Rk 1hesr
W YRR AR MER AL G R < KL 2 5 /SH38/ /\MEEHE T IR 7 AEAE  BRATIE 0.75 mx4.0 m; +
oAb B Ty A HEE S R A B AKOT T S R L BE AR S AR AR KRR
1.2 ARt

W} 4 7 i s el S A ) 28 b (BR80T £ VR AT IR B R 15—30 em | 1 #BFE 40—50 cm | F#B
Y& 100—120 em [« 5FIE” +28) 47, ik 4 MR HL (£ 1), iB/K 2 A B K Fe 25 A | SR L
FOBMEAE RS . T 2015 4 11 7 BERRERRE K SAIEAR — S0 1R H A7 55,3 WS, oAt FH 1) 8 B i
TRFE—2,

F1 XmaE
Table 1 Test treatment

Ab B s SR bR BAEHEAE
Treatments Number  Covering material index Specific operation
bel 2 b A B i (%K) . ) R VAT R A T 1) 7 5 2R € 2 M A
Yiti |5 ~ 2 ’
Permeable horticultural cloth B ROTi T ;96 1.2 m, 160 g/m PHOA R 3 em 2247 JEOF RS
Bl 22 A B 55 (B K) , -
) k4 i 2

Waterproof horticultural cloth ¢ RO A7, 5 1.2 m, T 90 g/m .1
bR RORZHEWA M, % 1.2 m, JE 0.

o D A |
Plastic film 008 mm
W #F Non-mulching A RSN I N
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1.3 FEALCRAE

TG (2016 4F 11 A 24 H) #F47 T HERE S CREE . SRATTLEURERE 70 I 7E AL BRI 15 BREEARIZR (RS |
VG At 4 AT OEEERS T 60 em AL AR 4 em HIEICRE SR R 0—20.,20—40 em 3, BERA4 5 TR &,
R A T UK AR A ] 528028 —80°C UKAR A7 T Wy e 20T
1.4 miEEW Ik
1.4.1 FEPHZ DNA $2HL

% H MO-BIO PowerSoil DNA Isolation Kit 27| @& X HEAS Y JE I 2H DNA #4782, Z J5 3wl #5471, 2%
BB R I FL T, AT DN A 8 40 B VAR
1.4.2 PCR¥'4

KW PCR P73 7 k™) 85— 25 R 50 pL )W AK & .10 pl 5xBuffe, 1 wL dNTP (10mM),1 U
Phusion #{f# B DNA B &8, F/R 5514 (10 uM) % 1 pL( 405 16S V4—V5 X Biy 8 R 4 7519
515F 5'—GTGCCAGCMGCCGCGGTAA—3',926R 5'—CCGTCAATTCMTTTGAGTTT—3" ; ELR ITS1 F Bedy 19 %
FHHE S 519 ITSIF 5'—CTTGGTCATTTAGAGGAAGTAA—3' ITS1 R 5'—GCTGCGTTCTTCATCGATG—3') ,
20 ng DNA ##, ddH, 0 #F = 50 pL, #H ABI9700 % fe#6)E PCR AN HEATY 14 [ 554 94°C TiiAE 1
2 min,94°C 725 30 5,56°C (4HTE ) /50°C ( ELHH ) 1B K 30 s,72°C 4 30 s,k 25 (417 ) /33 (BB ) MEFR, 72°C
FEHS min 28RV, 10°C AR, K= HEA 7 I TS VE M ASARGIEA 728 — 25 PCR 714, SR FH 40 L VIR F
8 pL 5xBuffe,1 wL ANTP(10 mM) ,0.8 U Phusion #{#* E DNA 4,1 pL F/R #5519 (10 pM) ,5 pLDNA
Bt , ddH,0 #hZ 40 pL, J2 A% : 94°C FiAEME 2 min,94°C 781 30 s,56°C 1 %k 30 s,72°C #EA#1 30 s, 3 8 4
PEFR,72°CHEAH 5 min 21k, 10C AR . FIH ABI9700 & BEAREE PCR (G T 3,
1.4.3 PCR ¥nyiRFEF4lifL

I3 L PCR =¥ 1. 2% W BERRMEEE RS HL kAT I, 3 34 455 A% U5, 1 PCR 34720, T 2% B Rt 5E
JiE Bk DI [, SR AXYGEN /A R 19 AxyPrepDNA S [T & [mli, 2R FH FTC-3000TM real-time PCR
ASOOFIE IDSC = i A 7 2
1.4.4  SCEESIA AN B AL T

i H TruSeq® DNAPCR-Free Sample Preparation Kit AR S AT SO, A R I SCE ) FTC—
3000TM real—time PCR {SGHATSEM 50 &, SCEAH# T , 1] Hi Seq2500 PE250 #E47 EALINFF
1.5 ZHdkabr

T P 500 2R FH WU fastq A 2UARATE (fql A £q2) , FFARYE Barcode {5 BB IR 51 EF THR 40, 0 78 A5 REAS X
R B RE . B Trimmomatic 3145 A 2505 51 3647 o & 3 g , A FLASH AR B FE S Y reads EATPF
T B A mothur V. 1.33. 3 B4 25Bk (screen) , 3 2L F 51 (clean Tags) ™', Fl|FH Uparse 1 97% HH {2
BT AT IAL SIS 458 OTU B9 FEFS, B Uchime Bk AR Hirp 168 #1080 5 H gold
database (v20110519) ,ITS % & %4 % 4 UNITE (v20140703 ) ;4% J5 H usearch_global it OUT BCZE 31,
181 mothur ( classify. seqs ) B OTU 132751 580408 2 LU X SR TR e B B G B BI{E M 0. 8.,

{4 mothur (http://www. mothur. org/ wiki/Schloss_SOP #Alpha_diversity) #5704 Alpha ZFE0E fy
& Chaol \ace JZ simpson $8%%; i FH R R4 M Bl 28 R 255 i Excel 2010 A1 SPSS #E4T4HRAL#E

2 HREHM

2.1 fifeFssit

T HEREARIN P EE RGN 2 B, v 20 R R 8 AR BUT B SR 335497, ik IR AR T = 19 )5 5
J& A BILAL T 5 S8 CR 260764, PLALITH BT 5 LI KT 76 % ; BRSNS A 80T 51 5800 400976 , i g 4w
R F I AU sk 358816 , AL 51 A o5 LL il K T 86%
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R it i e 2 (PR 1) S R v 00 e 8 R 2 7 AU ToR i e i v T A (A ) e 1) B R0, 8 A o
BRI OTUs K lEE 1751 132 OB B3 e theade b5 58728 o G208 o T F, 17 91 i ik 31 4000 B, 2 AEAR
TR I 2 A 1] - 3L, R TN P R B B, AT LS WA i v B R 4L

R2 TEHABHVEENFSERSGIT

Table 2 Sequencing data statistics of soil samples of bacteria and fungi

FEem e YT Bacteria H I Fungi
Soil layer Code A RUTS AL Rz BT 1R AL 51 He B/ %
Effective tag Optimized tag Percent Effective tag Optimized tag Percent
0—20 A_l 40544 30917 76.26 50168 43307 86.32
B_1 40829 31894 78.12 50598 44689 88.32
C_1 49925 39254 78.63 51265 45490 88.74
D_1 40393 31282 77.44 49429 42945 86. 88
20—40 A2 48585 38113 78.45 48568 44928 92.51
B2 38755 29983 77.37 48111 46085 95.79
C2 36302 27984 77.09 51408 46053 89.58
D_2 40164 31337 78.02 51429 45319 88.12
A Total 335497 260764 400976 358816

A_1 AT 0—20 em; A_2 A EE 20—40 em; B_1 3B /Kl 2 A 3 55 0—20 em; B_2 3B /K el 25 M A 2 35 20—40 em; C_1 . Bi7K [ 22 M A
B3 0—20 cm; C_2.BisK 2 AT 7 35 20—40 cm; D_1 . WDEMEA 2% 0—20 cm; D_2 . WIEME A 2% 20—40 cm

ik =
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5 Al
=]
= m A2 200
P m Bl
= L m B2
é 1000 ¥ yun
3 m C2
“ @ DI
o m D2 100
&
= 500} |
[_1
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7 %3 B Number of Sequences

B 1 A4 B N B B AR 2
Fig.1 Rarefaction curves of bacteria and fungi of soil samples
A_L AN 0—20 em; A2 ABEE 20—40 om; B_1 /K P 2 A B 3 0—20 om; B_2: /K bd Z AT 5 20—40 em; C_1: ik 2 A
B35 0—20 cm; C_2 . Bi/KIE A 7 36 20—40 em; D_1. BIAHIEA 25 0—20 em; D_2. BPRHIEA 25 20—40 cm

2.2 WEERN HIEMEY) Alpha ZFEPERYRENE

Alpha ZF£%: (Alpha diversity) F 2445 Chaol 541, Ace F84UHN Simpson $645, Herh Chaol F5%UHN Ace 15
BT WRE SR 19 B Simpson $8 U VA I ZREHET 2 ARG R FH 97 % (19— BUE R S R A
G PEAT R SEA R L JZ B E YR 2R (3 3) | th 8 S5 T 97% R, 7EEE£E OTU 2y 0. 03 AH{M
JEIKAF N BEAS 2 BT I A A v 200 T 7 LS O

TR VR S5 A 2 REPESE SRR WY, Bl 20 Ml A7 7 o RN BT S5 AL B 10 54 5 T 0—20 em )2 Ace il
Chaol F=&TBEFREL, Foh bR C 5 A ML ZE 5 AN W2 b, oA S A 35 0] AR L 22 53 L 38 | 45 i A B 22 1) 22
SR, Simpson fLIEFEEL) C H b5 0.0147 , & X 93.42% , R EI/NIY 2 C B.D A, & 7
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AL BRAA  E TR IR {HSE B A D Z MBS AR E X T 20—40 em )2 4 PRI Ace F- 5 BETEEL
M K ENEITT A C A B .D;Chaol F & RS KE/NAIT A A C.D. B, £ A FE AR B E 25,
Simpson L EEFEE R KB/ NAITT D C B A, £ T ALY 1 2 o TR HARI 22 5

LR TR TE S A0 22 R PR 2 SR e I Dl 20 b A 7 = R O I 7 5 Ah B B S5 P AR T 0—20 em 1 )2 LY Ace
M Chaol F & BEFEEL, KRBTSR A D B C, £ S A0 FRA B KT XTI (B2 A A D Z 225 A
i3, Simpson {EFEE B KE/NGIF SR, HA5 5 IEYRME B EEZE R 5T 2040 em 12 4
FiAb PR LB Ace Chaol =F & BEFREUH R EI/IMOITT R A B .C D, Simpson SR E 65 b KB/ N IGUT K
C.A.D B, HAAFRH R 0125 5

g5 L B R SR AL T LI R 0—20 em )R AN PRS0 4 6 B AL S8 | IR L AR 1 3 s B 2 A
P, TR RRAR 20—40 om 2 ANERHEE 10 3= & B R 2 R R B B RS 1) = 5 1, S Bl K el 25 A Ak R e 1

®3 WEBEITEREY Alpha SHIER 0

Table 3 Effects of mulching on Alpha diversity of soil microorganisms

ZH T Bacteria H# Fungi

B Sl S B o el S T
Ace index index index Coverage Ace index index index Coverage

0—20 Al 1789.8b 1784.77h 0.0076¢ 99.11 288.98a 289.19a 0.0762d 99.95

B_1 1886.85a 1909.90a 0.0097h 98.96 173. 11¢ 174.39b 0.2149h 99.96

C_1 1820.67ab  1827.22ab 0.0147a 99.24 137.54d 137.77¢ 0.3788a 99.95

D_1 1900. 18a 1905. 18a 0.0092b 99.11 264.31b 267.34a 0.1036¢ 99.98

20—40 A2 1940.73a 1956.70a 0.0074c¢ 99.12 256.87a 267.00a 0.1918b 99.97

B2 1921.12a 1907.46a 0.0084hb 98.93 221.13b 222.20b 0. 1468d 99.78

C2 1944.92a 1947.48a 0.0091b 98.73 211.08bc 209. 60b 0.2548a 99.97

D_2 1903. 06a 1925.75a 0.0192a 98. 86 200. 08¢ 201.88b 0.1629¢ 99.97

[ FUA RN SRR R AL B H] 22 57 1 % (P<0. 05)

2.3 WA HIEBEY) Beta ZHEMERYR I

Beta ZFEVE (Beta diversity ) 55 H , £ £F unweighted unifrac 8 5508 47 12 46 5 (8] 5404 0 7% B9 AR RS,
unweighted unifrac B 2523 HIRE AR SR2EM . T IRARTR TR S HREIR B an 18] 2 Z6 itz PR AR AR EE 7K
SR A AN BRI 2R e SR R R S, B A 5 A B R SR — S RN B SR RE AR ON I — 3, R A 5
9 e %) 20 T R A S DX AN 5 AR A 5 R SO 7 T R R - J2E R A B T
SEFHRA S 3B K I 2 A 0—20 ,20—40 em HAEPERAE—R , UL 35 AR R KT - R IR BE R
MR 7K bel 22 A 20—40 em  JH 5 20—40 em B ZRTE—E , Ui W 4 2 VR BE 9 52 Ml e T8 o AR 25 5 5 b JBE 7
i 0—10 cm FZE /K e 2 A7 7 55 0—10 cm 20 BRI 4548 AHABLBE &8k, 1 By 7K el 22 A 78 35 0—10 em 4%
2 TR VA 254 5 LA 7 S A BN 25 S A

e E R S APIR A 2 AP, T ILBR A IREAR SN | A 9 B BT 4 AL A SR R R ST, W A
TR F AN IR — 3 AN RN 5) — 3, R 27 5 A B M v 1) R R E 2 AL 2 T B e
A TR 5 5 BRSOk U, R R B A B RV RS AR, BR B K e 2 M A 0—20 ,20—40 em HFERE
TR M 4 K R AR — AR A, HA AN TR] 4 288 i 35 A IR A — S s 5 B 0 A B4 2, B K ) 5 b A 7 26
20—40 em SR 0—20 em RIE— &, ULV B E R AT 8 , 5 2 m TAE SR B~ 1211
HARIEH TG i — 250 H7

INIHEA - B MR S5 AR, T S A B P LB K ) 20 M A R I A R, 8 B AR T 0 R
FETR S5
2.4 WELEE TR IR MR VE A S )

W R R G BAEE X RIS FPTE RS SR R4 0 KO LSRR A I BRI LA, A i FpAR T
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Fig.2 Cluster analysis of soil microbial bacteria and fungicommunity structure similarity

FEREAR 2R LIAE I 52 B W H A FEARTEAN 6] 53 267K 7 AR = BE s g W S el AT 1KSF-4 Al
X BEATE A ], 43 A 555 i X - 3B G VR AL R 52 (BT 3)

H 1 3 TR0, TR TR KV b, AN [ 7 i A R ) 200 TR Vi 23 A8 RH DL R A v, b A B AR B 10 1T 50501
NAZIE ] ( Proteobacteria) (FRFT 1] ( Acidobacteria) | ZE i [ ] ( Actinobacteria ) #LFT 1# I] ( Bacteroidetes ) .
R 1] ( Chloroflexi) |\ ZF A I ] ( Gemmatimonadetes ) 7% %% 1 [ ] ( Planctomycetes ) | Latescibacteria  filf {632 Jig
P11 ( Nitrospirae ) LA SCBEAIIR ] ( Verrucomicrobia) , £5 20 & AH X & 5t 40 #1 Wb , LSS IE W 1] BT
1] BB T IR T, X 4 FhOCESERERT & LUl 7E 80% Ze A7 , X 0—20 em 42245, 175 7K 1B 7K bl 253,
A QR B 1 AR B 1 TR 28 B B Sl 3R R 1 13.65% A1 14, 52% , AR 1 40T B81 11 MIRR 1T 11 1] )
HF T B HRAT BB T 11.32% (11.23% 1 1.31% (4. 87% , 3% /K [ 25 4t A b B 85 T R B 1100 F
JE A A5 B E T 8. 75% s PRI s AR TSI TR 1] R BT T B9 AR XS B, 00k BRIEAIR T 12, 029% F11
38.04% , P T BRIF R T TRHURF I T THOARRS 25 0 X 20—40 em A JZHA, B K bel 2 HiAfi AN SRR 74 5 Ak 2L
$ei TSI IR B T TR BE 70 3ot BB 5 17 3. 28% \35.95% 1 8.43% \1.30% , AR T RIT IR [']
B2 E O B3 A T 3.53% F15.68% ., 5K el b AT AL FRER 5 1 BRI I 1T ARG B2 BRI T A2 IE 1
") BCER B T T RIDURT B T AR 2 B 00 BT IR AR 1 6.44% 0.08% F11.16%

HIE 3 vl FEE K S EE ERE A1 61T ( Zygomycota) fHF-T# ] ( Basidiomycota) .
PETR ] ( Ascomycota) ERZEFE [ ] ( Glomeromycota) 4% [ | ] ( Chytridiomycota ) | 24781 ( Blastocladiomycota ) , 4%
B AEXS S AT AR B R G R T T T TR R ], X 3 RIS RE T, B AN 55 2040 em
FEAS, It o ELBIRIHE 90% 2247, % 0—20 em )2k Ui, i 7K | B 7K Fel 25 oA Fr S B o5 2 88 & THE B AT
FEXF BN R B R T 117.96% (113.61% FiI 52.56% ; FEAIR T 45T 1 T TAH XS F B, AT 55 43 Bl
IR T 56.82% 96.44% M1 78.23% ; Xt T FHE G, bel 25 i A B st o G~ P2 AR, S IR ot (2 B Tk %
20—40 em T JE AL, FIK B K bl 25 1A A AT 55 A S A PRI R R T G T I ARN R AN 1 ]
PR T 26.94% 118.81% M1 57.29% ; M7 /K bl 25 A M1ER JR AT o A PRSI 7 17 $H7 1 1M1 98 17 1 TAR X 2
VAR  BIAR R T 56.79% (168. 83% F149. 41% (10. 59% 5 B /K P8l & 4t 75 783 5 B T $HF B 1T AT
T [ TARO 2 B2, 00t B IR T 57. 219% H133.48%
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B FJEAET] Saccharibacteria @ :ﬁﬁﬁ'ﬁ[] Armatimonadetes O ##i%%7 Blastocladiomycota
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@ ELLHE] Caldiserica B FFHJIE] Gemmatimonadetes B A4FHKEE Unclsssified Fungi
B Aerophobetes O %7517 Chloroflexi O F3E] Ascomycota
O Parcubacteria O FH4LE2JER ] Nitrospirae B #43% Unclsssified
O fFENR B R4 KU Unclassified O #H7E] Basidiomycota

OP3Candidate_division_OP3 B S ERp-HiFA ] O B4EIT Zygomycota
@ KERR] Elusimicrobia Deinococcus-Thermus
O EWAE Cyanobacteria @ Latescibacteria
=] ﬁ%l]‘Chlorobl O FRATFE] Acidobacteria
B AR Thermotogae O #FE] Bacteroidetes
o ﬁﬁ%l‘] Hydrogenedentes O J#%% &1 Actinobacteria
B XJF{#] Chlamydiae @ BIEET] Proteobacteria
O JE4YHE] Verrucomicrobia
O JEREE] Firmicutes
gL
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Fig.3 Composition and relative abundance of bacterial and fungal communities in soil samples at phylum level

3 iFig
e A UM D S b B R AT R O3, AR AT R S W SRR ) E AR AR 1A R
Vi 2H A2 B 5 TR R MRS OA , AS [v) ) e T 0 b SBR  FE S A S BRI R I A ], S B SR E M 24
PERIF R R AR 220 B A5 BT A IR, SRl 2R e 8 1 = 0T P ) S 4 v S
PRHE P, 0 L R W 2 R s PV A5 90 R UM A 5 %) 5—15 em L2 R 1048 w7 WS ROR W
e T R E Pih P P IR . ARIRES Alpha AR PRI T AE R W | /K el 2 A A BRI 25 v T 0—
20 cm - JRANTE A ZREVERR B, AR T AR BRI B2 K, DEWTZE K be A B 5 5 T AR R R R A A T
I Rl 24 5] BE S v | BETTAR @5 1 HOW R IO ER B Re 0 7 IR A PO B o R SR FE R R S AR T
TSR PR B SRR IEE AR T8/, X5 A IR A R — B, 200 el 2 M A A 2 B 5 AR S 20—40 om
bR AR R R EL TR VR B 20 R TR A RE A T AR, JFG v g i e 2 A b P R AR T R TR A A A
AL
T IRGAE WU REIS S5 S 2 RS A 25 AR GE AP AL A B A T, o 0/ 20 A R R TR A 14 A 35 S R
AR R AT R FR P A9 13 i T AT Y RO el e 0 3 A3 R, T LA LA ot 52 e 24
VAN EL B RFVEREAE ™ BV Ss BFoe Ae B, AN TR S 40 BBV it 45 0 2 X Bl 2B W (R R P S M L U L %
FEPEF B , AEABESE 3 A BERRALBIAE 17K 20 B U3 B 4L ), 22 IR T] s
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I3 IOFF BT B RRATRA ) I 2 R 0 A T 25 20— 30, 33 26 B R A LA — BE B 5 v L DA g AR 3
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