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Abstract: Four types of mulching techniques (cornstalk mulch, sawdust mulch, forest soil mulch,
control) in the dryland apple orchards of Weibei were tested in this study. Based on the determination of
soil basic physical and chemical indicators and enzyme activity, the quantitative analysis of soil bacterial
community structure and diversity under different coverage measures were carried out by using real-time
PCR (g-PCR) and Illumina HiSeq high-throughput sequencing technology. The results showed that
different mulching treatments significantly increased water content, organic matter and total nitrogen of

0 - 20 cm soil layer and reduced soil pH value. At the same time, soil urease, sucrase and catalase
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activities were remarkably improved. The results of real-time PCR indicated that the 16S rRNA copy
number of soil bacteria under each covering treatment was observably higher than that of clear tillage.
[llumina HiSeq high-throughput sequencing revealed that Proteobacteria, Acidophilus and Actinomycetes
were dominant bacteria populations at phylum level whose relative abundances ranged from 57.12% to
74.72%; a-proteobacteria, subgroup 6, B-proteobacteria and d-deformation were dominant at class level,
and the relative abundances ranged from 33.39% to 43.15%. The o diversity analysis showed that different
mulching treatments could increase the abundances and diversity indices of soil bacterial communities.
The analysis of B diversity manifested that there were considerable differences in the phylogenetic
compositions of each bacterial treatment compared to the control bacterial community. The results of RDA
analysis showed that there were correlations between relative soil bacterial community abundances and
soil nutrient and enzyme activities in the condition of different mulching treatments. These three mulching
treatments had positive effects on 100-fruit weight and sugar content, among which cornstalk mulch was
the best.
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Table 1 Comparison of soil properties of different mulch treatments

i 47 B FIKE/ % - HHUR/ (g- kgD 4%/ (g - kg
Period Treatment SWC P OM ™
K1 %} & Control 10.71b 8.0l a 12.11b 0.77b
Young FiFF 55 Cornstalk mulch 1437 a 793 a 17.17 a 0.80 ab
fruit BE AR 78 % Sawdust mulch 13.96a 7.87 a 17.48 a 1.19a
period FRARA-7E 55 Forest soil mulch 12.39 ab 7.88a 1540 a 1.14a
Jig K %t Control 7.90 a 837a 12.68 b 091 a
Expanding 4 #T % 5% Cornstalk mulch 10.36 a 8.09 ab 1772 a 1.06 a
period Hi A7 5% Sawdust mulch 9.86 a 7.98b 13.85b 0.94 a
ARAK L7 7 Forest soil mulch 9.19a 797b 15.39 ab 1.21a
R X} Control 1372 ¢ 8.15a 821d 0.79 ¢
Mature period ~ F%#17 25 Cornstalk mulch 1724 a 8.10a 12.65a 0.86 ab
AR 78 7% Sawdust mulch 16.71 ab 7.89b 9.85¢ 0.89a
R 178 75 Forest soil mulch 1638 b 771¢ 11.00 b 0.82b

e RPFESIAFENG FEAREE — IR A 95% B EK T EEREE. FH,

Note: Different letters in the same column at the same growth stage represent significant differences the 95% confidence level. The same below.
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Table 2 Soil enzyme activities of different mulch treatments

- 1] PE 2
l!?;;f)d E::éfe}i URE/ (mg-g'-d") SSC/ (mg-g'-dD CAT/ (mg-g'-h"
AR it it Control 1.17¢ 0.76 b 6.13a
Young FEFFE 5 Cornstalk mulch 1.63 a 1.90 a 7.16 a
fruit period K7 25 Sawdust mulch 1.48b 191a 6.47 a
FRA 78 75 Forest soil mulch 1.65a 2.38a 7.17 a
(L PN ] % Control 135b 0.46 b 485¢c
Expanding FEFFE i Cornstalk mulch 1.85a 1.36 ab 6.42b
period HE K78 5% Sawdust mulch 1.64a 1.15 ab 631b
FRHR 175 35 Forest soil mulch 1.81a 2.07 a 8.18a
A Xt Control 134a 0.53d 6.83b
Mature period F4F 5% Cornstalk mulch 1.68a 1.87 ¢ 7.69 ab
HEK 7 % Sawdust mulch 139a 2.58b 7.60 ab
FRAR 178 55 Forest soil mulch 1.56a 3.28a 8.23 a
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Table 3 Statistics of soil bacterial community diversity under different mulch treatments

FEA OTU ACE f5%¢ Chaol &% YLk AR BRI %
Sample ACE Chaol Shannon Simpson Coverage
XE Control 4317 4904.17 493237 7.0340 0.0028 99.04
F5FF4E % Cornstalk mulch 4572 4927.66 4976.82 7.0530 0.0026 99.53
HE A7 5 Sawdust mulch 4780 5183.62 5203.97 7.1785 0.0021 99.32
FxMR 17 55 Forest soil mulch 4429 4938.89 5007.91 7.0601 0.0025 99.01
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Fig. 2 Analysis of B diversity among different mulching treatments

* represents a significant difference, ** represents a remarkable significant difference.
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Fig.3 Relative abundance of bacterial community of different mulching treatments
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Fig. 4 Redundancy analysis of abundance phyla and soil environmental factors
CK: Control; CM: Cornstalk mulch; SM: Sawdust mulch; FSM: Forest soil mulch; SWC: Soil water content; OM: Organic matter;
TN: Total nitrogen; URE: Urease; SSC: Sucrase; CAT: Catalase.
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F4 TELETERAREE. BEENABLEERE
Table 4 Apple 100-fruit weight, hardness and sugar degree under different treatments

Epy b T R kg fi#ifE/ (kg - em™) AT HERE S R %
Year Treatment 100-fruit weight Firmness Saccharinity
2017 %} Control 2291b 4.06 a 12.41b
A% #T % 5 Cornstalk mulch 25.10a 423 a 13.12a
BE K78 i Sawdust mulch 23.28b 421a 13.67 a
FRAK 178 75 Forest soil mulch 26.05a 4.11a 13.05 ab
2018 X Control 18.06 b 4.11b 1243 b
F5FF78 % Cornstalk mulch 21.56a 4.67a 13.59a
HE A7 % Sawdust mulch 19.17b 4.62a 14.00 a
FRM L 3% Forest soil mulch 2223 a 4.66 a 1333 a

2.6 AEBZLIBXRITENREGERERMER SPAD EHHIFNT

Il 5 R, 207 i AL B AR 19O G R AT 2) 3K SPAD {E RO JAFAE— R £ 57 . 2017 EAG AT
BRI AR BT, BEE TR AL A IRAL T, 2018 4ELIREATA . 4R
B i AL RO IR T B 2 . AR R B i A R I 23K SPAD (B8 2 2 v 0 I

2017 2018

20 ¢
g 18y ol 3 .
2 % E
@Emf ? @560700
o 214t % %m
2 & o % =
Siell
Z % 2040,
8 = © :%
OMVA 1770444 OMVA 177/0444) 1770444)

RS T RS T kL
Control 7% Control 7% b
Cornstalk Sawdust Forest Cornstalk Sawdust Forest

mulch  mulch soil mulch  mulch soil

mulch mulch

5 TRESZLEEREGEERMEFR SPAD
Fig. 5 Net photosynthetic rate and chlorophyll SPAD value under different coverage treatments

3.1 BENFMFERETIRBUMREEEERMm

8 i AR PSR Y AR 7 TR AR Dy — 0 i 80 SRR 1 K R A i CAE B A 42 S (Farzanian et
al., 2010 5 [ SR B Hh 171 78 75 48 i n] LA Rk b 7K 73 MR 28« 420, [RII i o] DL T IR e e
oG RIEAE R, HR A IR AR S ) S BRI R SR B, N A LB AR
AR, femTIEA ) (Lvetal, 2007; Songetal., 2011; Rodrigues etal., 2013). Ff ABFFIME
BREGEAZ ARIES . ARES. MEEGS, A RAEESHGMAT s AR, Dig
GUERHE AN R, FEFE S A ER R FER, DN TR ARE S AR L R A . IR, RA
ANFEA WAL R b St R G o5, AR SRR E N LIRS K& B S TEM (Liu et
al., 2013). Xf BFE AT AR B 55 BUE PR LI b G LRI N 16.44%. SN 50%,
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BERETIEAEVRMFESEE (Qian et al., 2015). XFEM IR IR IR GLA F) T 14 0 5L s
P AR, ARG REN, B R AR 3 AR E T 0 ~ 20 cm
TR R, HEELEF ML, KoSERIONERET, HERTRETERSE A, K
SRR, HRKSERE, BT RA, WKRESEERE LK SET . FNESL
PRSI RO IR B P m AU A AR S &, BG83 pH, DL B IRS T (R 45,
2009; Guzménetal., 2014; JHVLIE 55, 2014) —F, 0T olas Rl e, $em gt
fERe ) BA B L.

T IERERE L 2 LR GE R, ISR R R R, B R ERERAE T4
i ER M (Armando etal., 2012; Burnsetal., 2013). 7E--38mR. BRI R, 3 e e A iR
fitg & ¥ BB w R S A B A R N FE R R IR SR, B 5 AR
BB (E5E 55, 2008). ABFFTARRN, &8 f S By Y B &R 1+
Herp 3 Mg VEYE, X5 S EESE (20100 KBRS R 2. FiESG T, LIREEIEN, Ik
TETEARXT R R, Halid RDA b iEon, HIEEREEEYE . S EAAREES ISR S R UK IR
TEPEBEE S TIPS B 2 IEAHX SR, X5 Huang 4 (2008) FIMSCALSE (2014) (M5
SR —H B E R LA IE i s R ARG, I IO S T A AR K
T AR AR AR A 1) 38 rp oA B 22 A B, I AL S N R, R IR A R e SRR, 3R
LG R T .

32 BENEMFREHRMAEFETHREESHNFN

AN FE I, [RIANTE 55 A0 EL, SR 55 FHAF A 3 42 v SR el - 338 40 B 250 i (SR 4%, 2014),
H -3 4i B 30E S SR E M (RAEF %5, 2004) o AR H 45 R AR R 5 3K
FBE A IR R S EE R TR, BREE AT NS, REATHER, MEEEE
RN ET m a S REESHHE T LEAYUR S E R E0Mm, X AR Tk L5 iE g
3 (Yangetal.,, 2003; Tuetal., 2006) , HZ7E 5 EAHEMREAMGBKIER Gkitd &, 2004;
T 55, 2018) , AT DU IR AAE M) GG AR Fe i AR BE , TR S A R R T R 2 AR
TR (RHE 45, 2013) o FEARWFZCH, BTN il s KRB, AN 7 o A B0 R 5 Bt
YiRhEE B, SRR K, 3 PP ST ACE f5 5. Chaol fE¥UIE TXHE, mkEER
BHERROE IR o SR Il - e e 2 A, R DU R 56 A0 B R AN = e 3 P aR b AR
fTRE TR, BRI EIICT AR, SR S P EA SR S T R A B R TR A 2
FEPES

B0 0 %78 T A ER R AR B TE T TN 20 SR E TR RS, A R I AL R T 3
BT TR TR B8 1T BRAT B T TR B 1T, AR =2 B 2 A S 3 57.12% ~ 74.72%, X 5 F 2 45(2016)
A % el T 3B 2 B A VR 45 A 2 FE IR LR B S5 R — 8 N3 KKK, o BIE RN Subgroup_6.+
B AT BN & AT AN NI AN, HARXTFXT Z A5 33.39% ~ 43.15%. RBAEHNZ NETEET
AR, TN S T &0 RKF FRRA R BoHB5SE (2017) XHTHES -
SR T RIS A ORI AL W], 7 an A0 3RS R AR TR B T TR TR g, i 17.60% BTN 37.77%,
TEHRAZRME T o LN v BIRENRIMEE 28, SRR P AURE 3. AAFEESR
AEEE T IRANEEREVR 1) B 2R VE TS TR A, 3 PR a5 A0 B T 3N R P ol 2H ORI 9 5 400 35 57
TR, HAEATE o A H S IR AR A S v, AR R ik, AR AR o A B0 A TR ) P A
S BRIV T 225 46 AR AN 5 ) i B Y
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3.3 BEFUHTEMEREEMENSHFEEFHXR

AR VR 2 2 FE A D R R R R U R bR, 2 B TR RIS SR A R
A5 (Garciaorenes et al., 2013) o ASHF 7T A i XA [F) 78 55 AL EE T H 3 IR5E R - 54018 143 287K
Ff#) RDA o, FF78 o5 A e — @ R b PR 3% pH, 5 13438 5 0 15 A5 B G R 1 4 K S0 1)
3, BAEAMAR TR FEI 15 13 pH 2IEMSSE AR, X5 Eichorst % (2011) A H +
e AT T 25 AR . R B AIE N — PR A R SRR A R AT e R IR, RN ILRERE = A A AR
JRR I, ZHE AR MRS RS RN RZDIN, £ 8L EA R T TS E A oLk A
)53 i (Ding et al., 2003; RIAIXE/NIL, 2005) o AR RER, FNRAFEIINBLETS
TIEEENR S E, REE. RS E R IEMHEK R, WS T o A B N Lk i F 4
I, AU ARG R, AR s S 3 Nk i 51 A G EEEYE R T . Zhang 25 (2014) AR
B, T8k, AR SESLHEI TN FEAERE EMKR. MERPY, BIREITS
ISR P AR R, HFEFA Rl — 0 8R . SRR R T 2 IRPH 4 v, 145
pH & H = AR R sem, BAmLF AR H3EAEE R (Jennifer etal., 2011) o Efik (2016)
AR, FHRMETFEESZE IR mefEdE. A, 3 FhE o s T2 SR e A
ST ST, RDA BoRHFFHME TS TSR A E WM MK R, HE5 155 pH 26
KKFR, GNP R MR RETEEE —2RE LS5 LA SR EAMERIKR
(EFE, 2009) , Li%E (2011) 3507 B S A K S BARE & AR R 2 W s i, -t I3g gt 40
AR S Z R —EMEIER . AT, T10J0KPET, 575 5 A RS S B | 1A X 3 BE 351K
TxiH, H RDA IR, MLIBIER 1S HIEAR . AVUREAHICCR, XAl m TEE mal
T, TSR AR, HARRASTRAAAESN R WG, AR FAR X = B = A 5

34 BEEAENRILZEMHRRNFN

SE S R (K AR S R R AR 25— b SR A R R R A e, S R
BB A O R 4, JEIEH ), oG R AR AT IR, SRR A R 2 R
TR BERE YRR RAK A A TR e, AT B s RS = 2 AL, AT AR AR, AN A7 a5 iU ReAE
ANEFEE FRESER B2~ EM 7 (Bunnaetal., 2011; Teravestetal., 2011). 7 X %5 (2010)
WESE T 5 PR [RIHb R T8 25 15 Moot SR A K ASE R = s, 2R RI, FEFFER. aEmUK
EHLEGENERREE R TARES, MEES - ESELEEER, HER RN
B FAE— B MR g N FE=E N, M AESEMAERKERE, il xRS, e
ARBENR . K (2016) WM TR A B SRS 7= & 5 i s R B, FEFFP e S
B AR B I FH 78 5 ot RS B S e m R s R R A AT A M S, B SR A R (U R R
A AR, PR N S bR SR8 5, 9 R SR T 13 2 A R FE R e
T A BRI R R R R ATV MR S R R, 2017 SR 43 BB BT 4R A
8.3%-+ 3.1%F1 7.0%; 2018 4 A R34 T 16.2% 13.1%H1 9.7%. HFE 4 ATLLA H 2018
FEER 2017 SE T R UEA TN, HIRETARE )Y 2018 4F 4 H VR 53, {H 2018 4F sz & AAE
B IR IR = T 2017 4, ULBABE SR AE — e R LT AR I SR BT, R SR SR R 4, T
DA 2580 1 9% B S BN R, R R G, AN, 7 A BREOR PR R T R AR DL
J 43 SPAD {1, HPFELER—8. R\E ST B2 T B E WA, e85
AFEE, HRT R R & RE ) IR RE . X H 5 78 5 1 il R e i R ST R I
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FAHRF o

AHEFeas RARW], SR bR A 2 B 7T DL I 5 S A PR P BRI %, 3k i =3 v
P20 T RV A RO s S I SR~ SR A TR R VR 40 M) e 22 R R (K AR A S 36 3 (1 57 7 IR DL AR B
St TR MR IA I RE, SO0 TR AR A BRI B i 3R T R AIME - £R 8 R,
FhEFF7 26 ANAR PR 7 35 X SRS W T ER I 2, B AT 5 0 SR A R v A I 2 RV G T
Fo HJi, mTEbEEIBXAREIRE, R RIRS SRR, B A 2 BT N
ASHITFE AT B RS BT B BT B AR R DR, SRS TS A . WA HRAS IR, BB B
F: MARM A G T ATHBNBOR, BUR A S, B A R T 7 EUC I 8] A4 e
L PRI, AR R AR A B RO B AR AT BRI — o M SR e 7 s B

AHIEFE O R el SR TR AT oM, RIRGUEM AR 2R 2R, R RS, AR
B bHE T HIRHADBUAE VSR E AT Rt W b, DAYy R 2t s 2 R el S A ) At
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