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BN VA v T F A = ) N L1 B = 4
= e SRR A A 5 T L SR AR o R A (R )
(30° 17" 43" N, 114° 08’ 37" E ), % HiJ&@ ¥ 447
FRE 2 A, AR 16.8 °C, AF H BRI £
1800 ~ 2000 h, =10 °C 4E F I 4500 ~ 5200 °C,
AR PR K & 1100 mm, TG 75 I 266 d, 14K 36
m, RIS IR AT+, pH {H 5.73, AL
J5i 16.84 g/kg. 4R 1.19 g/kg. A 85.44 mg/ke.
A ZUHE 126.97 mg/kg . AL B 264.46 mg/kg, il
AR AR arEE ALY MR 124F, BRATHE 2
mx4 m, FURAL A4 46.74% . 2R 0.625% ., 4
W 0.089% . 421 0.324% . &K 13.1%,
1.2 Rt

R 48 72 AF B RGBT b 45 B 2 298 8 ke Bk,
ARG I BEE 4 LB, ARIEH (RO), RARZ
WA A S RIS (R4), RAREMIHY
4 kg BRIEATEE TS HOEIAH (R8), R
WY 8 ke MRIFATE T ; miEA M (R12), R
SR 12 ke/ BRIEATHE T 0 BB FRE SR B —
Y 5 BRAR T LAbRiE, T 2016 4 11 A KBTI
R HERL 2 ~ 3 em /NBE, HARBET, 2017 4F 3
A 10 HASE SR8 518 55 TR &, W4
5530 cm, BE 100 emo ZSARBLR R AL ) 40 A 7 [
—1T, FALBR AN PR R — B
1.3 SRS 0
1.3.1 3R RS

I TT 4G BT AR IC 20 BRALA, A0 RS Bk
T 2018 4% 7 H ) (B ), LBk
=Y, AR JIREO ~ 10em LE T, ATHE
B RN S E . B BT 4% 30 em
AEBEHLIEI S A 05, REASAE SRR 25 AN 05 . R
A5 IR, FH 75% 2 BT TR OV 4L HEAT K
W, RIGHLEREO ~ 20em -2 L1, K
Ade FAR, FEAFERIR T UL 22, SR U4y
BARGIIS), R 3y, — I araE A 4°CrkAR Ik
12, HFIE HEHAEY A R ; — K
T, HFREAOR ., & E R, SEmre; —
WIS THAVELF, WA BTRE R T -80C
AR VKRS, T2 . FCRR R VR 2 A e
)5 s
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1.3.2  HIERAE I R A A i . R

ARSI R, IR R H
PO G, AT AL R S A R 4
BRIE L B BRI AR &R AR IR /
A AR I - A PR PP A A A I (NY/T
1867-2010 ). TiEMAYIEY ik . ZRHEANE
7 —K,S0, B - AHLEREM I E .
1.3.3  UEYZ T

PR BUHT i 133, R ] E.Z.N.A® Soil NDA Kit
( Omega Bio—tek, USA ) {50 & $#& B + R A= 9 6
DNA, FIIH 1% BB e e i ik 0 bt 0 5 R 241
DNA, ZFE X} 16S rRNA FEH ) V3 ~ V4 54X
B4 PCR 473, 5195518 338F (5’ —ACT CCT
ACG GGA GGC AGC AG-3" ) 1 806R (5’ -GGA CTA
CHV GGG TWT CTA AT-3" ), H & X 18S rRNA J&
M) V3 ~ V4 SR B it PCR Y1, 51907
51)°k SSUOBITF (57 —TTA GCA TGG AAT AAT RRA
ATA GGA-3") F181196R (5’ -TCT GGA CCT GGT
GAG TTT CC-3" ), ¥4 HR: 95 CHIAEHE: 2 min,
FE AT 25 MEA, 145595 CAME30s, 55 C
BAk30s, 72 CIEM30s; THEIHFLGHIG 72 ChH
ZIEM 5 min, FEAEAR 3 WREE, W [F—FEA
PCR J*WNRA 5 2% SERRWEEE R R VKA, i
AxyPrepDNA EE i MIGA R & (AXYGEN A F] ) V)
JBE 81 0 PCR 7= ¥, Tris_HC1 %k Bt 2% B g b e
VKA, Z Rk eI e m a5, ¥ PCR =9 H
QuantiFluoer—ST WA E | RS (Promega 23 F )
HEATRIN S i, i BRI REAS I 2SR A T AR
N LGB TR A o FE R SE T A B 25 R A BR A
f) Tllumina Miseq PE300, PE250 & |43 #1740
PRI EL TR U o
14 Bdugeit 558

NN ZAEE TR chaol Fi1 shannon F6%5
n, (ny—1)

Hep S, AR OTU (operational taxonomic
unit ) $X, S, R SEER L] ) OTU 2%, n, N H A&
H— 275 OTU % (Ul singletons ) , n, A H &
HWZRTFHIN OTU 4.

Cha()] Tﬁbiﬁiﬂ‘%ﬁ\\ﬁ: Schaol = Sol)s +

S

shannon ?E‘}j’f&i+%://-\\ﬁy‘j : Hxhulmoﬂ == Z ﬂ 1

n;
n—

Forp, Sy, o SEBRULIN 2 £ OTU %, n, A5 i
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A OTU Frs P oL, N WA 7515

R 2R 75 22 0 IR 25 Ak B2 ] LR 7 4t
s, HIERRAPERT, BUEMAYER R . A, AN
HIRfE Z YRR IR S5 Z M 22 5, ZHE
R A i/ 35 22807 (Least significant difference,
LSD), P<0.05 %7825 W%, Bl bR 1] SPss
20.0 (SPSS Inc., Chicago, IL, USA) #47.
TCA T ( Redundancy analysis, RDA ) MR b
PRl X A= e i o AT 52, >R CANOCO 4.5
(Microcomputer Power, Ithaca, NY, USA) #790¥7.

2 GRE5SMH
2.1 BLERIE X e B RN iR A AR )
B . R

BB A5 i I FXT S92 S R LA ZE B 1) 52

W25 SR ANZ% 1 FT7n, RO ~ R12 Ab 34 B8 25 7 2% i
H 110 ~ 1.27 glem®, RIERE S48 H BT 4 845 &
T EHW . N EENMA R, RO ZLERANHE
WrRL RS R &2 N 5.52% . 81.83% Fl 12.65%,
R4 Ab #2510 T KRR R & L RRAR T R
T, (HBHEE RS o f) ot — 1 m, RS M
R12 Ab F U0 B3 AR 1 KR FR kL & . B T bk
T

M2 W LLE N, RE R AE 550 o A
Wrsom, AN, B RN R A R
B 5 Y A8 AL R A, H R4 T R12 &b BEAG HLE A A
R o R T ROAE, M Ay YR
W, AR L RO AL BEM 55 5%, AN RAL 4k
FH & Ak B DL R4 A B B, 4 i ol 123.82 F
34.04 mg/kg.

® 1 RFEHEXTEAEMYUMER IR0

b e FHEHURALE (% )
o (g/em) B (<0.002 mm ) FHL (0.002 ~ 0.05 mm ) AL (0.05 ~ 2 mm)
RO 127£0.11a 5.52+0.38b 81.83+ 1.14a 12.65 + 1.01h
R4 1.10+0.16a 6.83+0.37a 82.22 + 0.62a 10.95 + 0.73¢
RS 1.25 + 0.04a 5.15+0.10b 79.35 = 0.45b 15.50 + 0.37a
RI12 1.12 £ 0.07a 4.42 +0.40¢ 79.83 + 1.05h 15.75 + 0.74a

e RN [F RS R AR 25 53k B /K7 (P<0.05). Tl

F2 HMELHEXNTBEUFERNMEDEDER. BHZN

AbE FHHLT (%) W B (gkg) BIHIR (g/ke)

A YRR (mg/kg) MAEMAEYEA (mgke)

RO 1.64 +0.27¢ 2.44 + 0.05¢ 1.19 +0.09d
R4 2.16 +0.34b 3.02+0.12a 0.97 +0.04d
R8 1.53 £ 0.64d 2.32+£0.02¢ 0.70 + 0.06¢
R12 2.25+0.34a 2.62 +0.10b 1.72 £0.14a

29.14 +3.58¢ 9.53+0.23¢
123.82 £9.23a 34.04+231a
46.69 = 10.96b 9.09 £ 0.63¢c

119.53 £2.99a 17.87 £ 1.01b

2.2 BLAcIS FH X A S 4 TR 22 A FRE VR A Y
A

AR A B A3 41 1 chaol F1 shannon 8 4 19 45
BA£ 3R, RO ~ RI2 AL FEAY chaol 55U T
3406 ~ 3509 6], HALPR[ETCE FH225,; +1E40

®3 TEGEMSHEREBSN

i) N}
Lzt 5 5 - -
chaol $5%% shannon F5%% chaol 3840  shannon $5%k
RO 3430 + 146a  10.48 £ 0.02b 593 + 66bc  6.45 +0.08a
R4 3406 +905a  10.73 £ 0.07a 859 + 90a 6.35 £ 0.04a
R8 3509 + 146a  10.53 + 0.04b 703 + 34b 6.47 £ 0.05a
RI12 3476 +250a  10.50 + 0.10b 527 +31e 4.09 +0.67h

# shannon #5504 T 10.48 ~ 10.73 Z 1], M R4
AR PRI T RO ACFE, [RIL, AUA R A7 55 A
X BN R R T T TC I B, 1 4 ke/ BRIV
T 27 T34 FH T B = AN TRV 2R

mE R, @K FE E, RO ~ RI2 44
AL PRGOS HE 5351 A TE B T] ( Proteobacteria ) |
TZR ] ( Actinobacteria ) . BEFFIE ] ( Acidobacteria )
MEETETT (Chloroflexi ) , FAHNFEH#E L 10%.,
TEIX 4 AR, RO ADFRASIE BT T AR S
26.3%, R4 ~ RI2 4L # A F29.7% ~ 31.5% 2 [d],
IR RO ALFE, Hod D) R12 ZbFH & ; RO AL FHLE
T TR R R N 15.5%, R4 ~ RIZ AT
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10.5% ~ 13.6% Z[A], PILT ROALHH, Ll R4
A PRIFAR s TR T AR AR ] A AR 2 B AR W )
BHR 17.6% ~ 20.3% F113.7% ~ 16.7%, ANIFIAbHE
[ TG B AR R, BAORE, MR IS
BRI T AR BT TRIARX FRE . BRAK T4 BT
PRI B2, R4 Ab PR -3 rh e e B T ARG =F B2
BALT RS Al R12 4b3H,

EHE HKE L CE1), RO AL HE A 198 41 15
FER DL B XS B >5% ) A2 B B
( Gemmatimonadales, 7.9% ). ¥R H ( Rhizobia—
les, 6.0%) . {AFIKE H ( Burkholderiales, 5.4% ) .
Vicinamibacterales ( 5.2% ) . FRFFEE H ( Acidobacte—
riales, 5.1% ) MIE2FLCE H ( Frankiales, 5.0% ).
K 5 R S, R4 AL BROCSVE H AR AR
JRE T H (9.8% ) . Vicinamibacterales (82% ) . 1A 7& (5
B H (6.6%) MZFHRJEE H (65%); BEH AL
FH & @935 0, R8 Fl R12 AL F AL #4474 H 4 R4 Ab 3
BT AT H AR 5 5.9% 1 5.0%.
PR, SANIE F SRR A H AL, B aE il
FH F- 22 0 1 MR s H AR R, HLDL 4 ke Bk
ik i .

1007 [ Others A

[ Latescibacterota
[ Patescibacteria
[ Nitrospirae
[ Methylomirabilota
[ Verrucomicrobia
[ Firmicutes
Bacteroidetes
= Planctomycetes
[ Myxococcota
Gemmatimonadetes
[ Chloroflexi

75t

S50F

HRTEEE (%)

25F

[ Actinobacteria
[ Acidobacteria
[ Proteobacteria
0
1001 [ Others B

Sphingomonadales
- Solirubrobacterales
[ Alteromonadales

Micromonosporales
EISBR1031
[ Elsterales
[ Gaiellales
[ Ktedonobacterales
[ Frankiales
I Acidobacteriales

~
W
T

HAERE (%)
=

[3o]
W
T

[ Vicinamibacterales
[ Burkholderiales
I Rhizobiales

I Gemmatimonadales

RO R4 R8 R12

B 1 TEEEHESEAER
e BACHTTRE, BB EHKYE
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2.3 BRI O LR RIS S5 A 1 50

ANTA] b B - 1€ FL TR chaol il shannon 48 £ Y 45
RN 3 F7R, ROALFLETE chaol 5% 593, 4
Ko 2kIA 38 N3] 4 ke/ #RET, chaol 8 8GA B
(859), FifiJei &[4 ; shannon $5%7E RO ~ RS 4b
i) TC R EES, ABIRN 6.35 ~ 647, MEAAH
A 12 ke/ #RAT,  shannon XU 2 /A (4.09),
PRI, AR A 50 B AE 8 ke/ AR N, IR
Vs 45 B Z R AT R E R S K, Hid
FH R 4 kg/ BRI, ECRRFE & BEIR B i .

W 2 i, fEEET K 1, RO AL B
KRN T HEE ] (Ascomycota ) , BT & o 4] ik |
68.5%; UK N F ] (Basidiomycota ), {H b
BT 5%, R4 ~ RI2 ACFRARHTE 1T F R 1]
FHHTE T, By Lo B2 8 73531 0 23.4% ~ 63.5%
1 14.1% ~ 65.5%, WEEBSEMEREN, F#
BT TET o5 LOZr R, i 4E A ] S s
B, FHAh, RO ~ R12 4 MAEFRAY unclassified_
k_Fungi It (5 FL A E 9.2% ~ 24.5%, i d1 8 1]
( Zoopagomycota ) MR ( Mortierellomycota )
T 2%, L, BAH A X S FC R LS )
(SR 32 B R AR A B AT T 28 T 1T A AR T2

1001 [ Others A
[ Mortierellomycota
[ Zoopagomycota
751 [_Junclassified_k_Fungi
[ Basidiomycota
;.\ [ Ascomycota
50t
"
=<
z

25¢

RO R4 R8 R12

1007 [ Others B

[ Agaricales
I Helotiales
[ Glomerellales
[ Eurotiales
B Pleosporales
Capnodiales
Onygenales
[ Chactothyriales
[ Pezizales
[T Hypocreales
[ Sordariales
Microascales

751

S50F

FEXTERE (%)

25}

RO R4 R8 R12

B2 TEEEESERAER
e B AR, BB REKF,
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B 7T ROARX R, B (12 kg R ) A2
FBLHHA F R TR O B R B AR

EEEEAEE (E2), RO I
LA (AXTFERE >5% ) /NFREH (Mi-
croascales, 13.0% ). 2672 H (Sordariales, 10.8% ) .
WEEF H ( Hypocreales, 10.8% ). FHEH (Pezizales,
8.0% ) FIHIJE R H ( Chaetothyriales, 5.6% ), R &K
W SR S, R4 FI RS ARBR A 3B H 24k 25%
W L P H AT H (Agaricales ), R12 203
hFEFER H AR H ;5 RO AAMBAHEL, AR H 3
S ASTHE L R H R H A
[ REAR /3 B . BT HAURE 22 H A ARXS
FE, KRR, Bk I IR A LA B 1Y

S EEARIAEE N T H . BRI T /N RER H
MR H, MiE (4 ke/ #8 ) B 354 H R 28 5%
B H O BB BRI H
2.4 RSETR TR A A B R A B 25 K 1) R
- A YRR 5 4 5 IR EE R T 19 RDA 4 #r
LEFLANE 3 T8, RDAL FI RDA2 43 51 1T i o 40 7
TEVR R S0 74.37% F110.52% , 1 BE T8 S 1Y
82.75% F1 12.16% , i WA >29 Al 43 il i B 1 240 7
FEC B AR 5 1Y) 84.89% H194.91% i — 243 HT G
PRBP SRR TZRINCR AN, HHE BHRS
= 598 H (Rhizobiales ) #1 Vicinamibacterales
PR IEAHOCOCR ; TR R b & 38 5 2
5¢h H (Sordariales ) T FIEARLR.

Fulvic acid

SOM

I
|
|
|
|
|
Sordariales |
|
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>
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RDA2 (12.16% )

Humic acid

|

| Sand

|

|

-80F |
|
|

-1001
-100-80 -60 =40 =20 0 20 40 60 80 100 120 140 160 180
RDA1 (82.75% )

B3 TEEMEAEFEEEN RDA S
e BA KA, BB NEH,

A
30 H
|
L |
|
|
201
Sand I
R : SOM
R
N |
wy
3 | .
= | deriales __Vicinamibacterales
o | ) Fulvic acid
S INN Rhizobiales |
2 | Rhizobiales
" Frankiales :
10+ |
|
i : stie  Clay
=20 !
L | y
-20 -10 0 10 20 30
RDAI1 (74.37% )
3 iFig

SRARAE B2 R Pl A PR AY E B, S AR T
NAM A2 BAEE IR SRR 2 . SR FRIL FTE AL
AT AN, SRPE RSk IE FUR UGS 1345 | 12
i S BB — o R TR AR

R, %R BERSAIIBCA . W, #1250 5
Feor, efdm TIELE G IE T W E AR, 7ERIEAR

JEHIX, SERBAR R R HIEE G . &R
B B R A 773, AR T AL R
A AR, HRFEESCR BRI T4
F, AN, ERESE Sl AR Ik T K

SriFER D T E X, A B IR RE SR R A%
PN R H T SRR 28 i, EL IR L
Jit . R RSB o A T A B
R e O EIL VUMLK, Y FE SR P R A
P R T, DA R E KR i H
g 10, FER VTR iEIX, AL AL A4 R B VS
RSB REHT, T 2550 AT RRAR 13 &, O
MKV M BUBR R T o i L AR
gedn, AL BRI, SRR H AL, S
(4 ke/ bR ) BOABIRE IR R T L IERbs &
N T MR A, X AT AR A SRR T K T I
PRI AR A S 1 B AR B I T
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TN, i ) R B KRN T A KU, T
RRL A BRI RRAR T 5340, R Akl B 34k
PR R ZARBIAE S s A LI . B S AN A
Hah, —Jrm, SR SE MR T s,
AR T CO, BIHERL, AR TAPLIIRER; J—T5

17, BRI T MKy ZE R, WAL T KA PE
HES AR A, AR TREENBEA

FEFFIA H - 0k A4 1 WA A H A I
RN, BAER He, byt EL T
SHASTAREA B BE ), AR5 i JE 0 A A ks T
R, G E . RIS B KIEE R
o, A — Bt ) A AR A B AR RS . TR O
T, FEATFR AR R o5 05 SR R, 4 R
FEAT (20 A P B0 T 0 e SR R &5
Kt H, o R —E ENT 8 kg Bk, ASHE
FEPR SRl 4 ~ 8 ke/ BRI, BT chaol #5%k
WEETFAEHAEE, AR T 40 2T
B Ak, WU E RIS S5 R R, ANk St M
AP TASE RIS R, ASTE R R
B PR R . IR AT S —, AR
H. 2fFEH. 288 . ek H ., B2 BE i
HAIE ", SRTES S T P 0EeY
FRE TR BRI R EER 0, AR R s b A
AT A F T LSRR S A4 T 0 BB 4508 T
IO 4 kg ARET, HYIE R EH ORI v G TE H ¥ 3
THAALIE, MR L TR, A=Ak 1
AHUTEIEE, 1070 R R B RIE-, M
TEHEEPI AR P2 SAN, R AR IR AR i e
FRFFBA T TROAE FE 5, AT A 2 2% Iy 1 4
TR HOVE ] 22, R AA T (4 ke/ B ) 67T
P R e T RS A T H AR R,
PR R R A Y, BRI SEE IR
FRAE 20, A A A AT L 3 L, A
P2 R, i A AR AR
I ARRE | ISR IR Y, YL
M 4 ke/ ARET, 588 H BRI A0 10 f5L4 L,
BRI BEA I E TR, BARE, EAME &
R A 4 ke/ BRI, HHEHUBRLE A . A BRI
FRoy e A T, SR SR T 4N B B
TR, AL PR AN A T B de

4 E®

AW T RAGE XA 55, L+
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SERALPE T . A AR . R IR S
BRI LSS, RD0 0 E T (2 4F ) 24
B w ik A TR, B 4 ke/ R, (HEUZRIE
MR (5 ~ 8 4F ) IR, T AU AL
FHH BT 8 ke/ #k, 3 —FRIBSATE
ABEEFI, P, SRS TEOR (ki #
Ji o BEHEACIE I B RIS RGN A ) A it —
I
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Effects of short-term pear branches mulching on soil physical-chemical properties and microbial community
structures

CHEN Qi-liang', YANG Xiao-ping', ZHANG Jing-guo', FAN Jing', SHI Hao’, LIU Li’, HU Hong-ju" * (1. Hubei
Key Laboratory of Germplasm Innovation and Utilization of Fruit Trees, Research Institute of Fruit and Tea , Hubei
Academy of Agriculture Sciences, Wuhan Hubei 430064; 2. College of Horticulture, Anhui Agricultural University, Hefei
Anhui 230036; 3. Hubei Hongshan Laboratory, Wuhan Hubei 430070 )

Abstract: Branches returning is not only an effective way of waste resource utilization, but also an important approach
to improve soil comprehensive fertility. In the present study, a branches mulching experiment was conducted from 2017
to 2018 and the pear tree cultivar was ‘Jinmi’ pear. Four treatments were set up: no branches mulching at 0 kg/plant
(RO), low branches mulching rate at 4 kg/plant (R4 ), conventional branches mulching rate at 8 kg/plant ( R8 ) and
high branches mulching rate at 12 kg/plant (R12). In order to study the effect of different branches mulching rate on soil
physico-chemical properties and microbial community structures, the general analysis method and Illumina MiSeq high-
throughput sequencing technology were adopted, after 8 months of the return of pear branches to the filed. The resulis
showed: With the increasing branches mulching rate, R4 treatment improved soil clay content, R8 and R12 treatment
improved soil sand content. The highest microbial biomass carbon and nitrogen were both obtained in R4 treatment, which
were 123.82 and 34.04 mg/kg, respectively. Compared with RO, branches mulching (R4 ~ R12) had no significant
effect on bacterial diversity, but increased the relative abundance of Proteobacteria, and decreased Chloroflexi.
Branches mulching altered the bacterial community structures at order level. For the fungi, R4 treatment had the highest
chaol index. At fungal phylum level, branches mulching (R4 ~ R12 ) increased the relative abundance of Basidiomycota,
but decreased the relative abundance of Ascomycota. At fungal order level, branches mulching increased the relative
abundance of the relative abundance Agaricales and Sordariales, but decreased Microascales. The redundancy analysis
showed that soil fulvic acid and mechanical composition ( clay and silt ) were the main environmental driving factors.
Therefore, under the current condition of pear branches mulching, considering the changes in soil physico-chemical
properties and microbial community structures, the optimal branches mulching rate in the short-term was 4 kg/plant.

Key words: branches returning; mulching; bacteria; fungi; community structures
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