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Abstract; In this study, we investigated the effects of natural grass growth on the physical properties of soil and microbial
diversity in a pear orchard located in the yellow river delta. The soil properties and microbe diversity in orchards containing
grass grown for 4, 6, and 9 years respectively, was characterized and compared with those in soil from orchards that did not
have grass growth, which served as the control in this experiment. The results showed that multiple years of grass growing

significantly enhanced soil porosity and reduced soil bulk density and conductivity, suggesting that permitting growth of
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natural grass in the orchard could reduce soluble salts in soil, without an influence on water content in the soil. Grass growth
also increased the microbial mass C and N. By employing PCR-DGGE and sequencing technology, we found that the
majority of the increased bacteria were species that could not be cultured. In comparison with control, the microbial
respiration and activity, and the global phospholipid fatty acid concentration was increased after several years of grass
growth, although the phospholipid fatty acid varieties were not affected, and no significant differences were found among
treatments. Meanwhile, grass growth also improved carbon utilization capacity, with the most significant effect being
displayed after 4 years implementation, and the more balanced utilization of six carbons were simultaneously achieved during
this process.

In summary, our study shows that the culture of naturally grown grass in the orchard significantly increases microbial
biomass C, N, and microbe diversity, and that uncultured species constitute the major part of the increased bacterial
concentration. Moreover, sustained grass culture in the orchard benefits the up-regulation of soil microbial activity and
respiration and the increasing amount of active microbes and total phospholipid fatty acids. It is also effective at stimulating

the balanced utilization of six carbons by microbes.
Key Words: natural grass growing; pear orchard; soil physical property; soil microbe; diversity

VT JLAERFGE 2 I SR Bl A B ) T B kAR AR o3 e 25 0 B oA WL 3R v S BTG AR TSR A Lk
IREETG Y DA KA R B T g HUE AR SR TR 2 A Il R R i R R R B A A Al R % R A S
YU HE RN R SR e H RS B A P et B R SR & B, SR A R A A T 28 A 4R v SR
e PR )RR S B R B - M T R R R ) LA AR 2R B AR A K S [ GRAR M DL B A B AR e
M S Ay T B2 R A, 2 5 T 2 90% Y I v A AR R o M 20 U W R
TE AR 5 P A5 AT U A e - B A IR R S AR DA R B A R A B R, — e R I e T VR X 37 43
BRSO P A5 A R IR 5 RISt B2k Ay - < 5 A Y i S S5 ML A pH A8 (b TR
SRy TR R AR IR E I REAERE A T AR S5 T B LA K € NP LS SEFR R TE IR 5 4k,
S T TR PP R AR A R TR T A A LSS A R, B A R T e A W R AR AL R S
A AR R A TP S A e R RO B R

P AAS [R) A A S s S [ B SR B - S A M i AT T — ST, R R AR AR g AR
WA MR - BE A s e B, AR BE da Ji5 SRR Y ik (MBC) 39 T 138.61%—159.68% ,3 FiA= R Ab 34
TR E YRR R AWCD (535 TRk W6 A A A5 X G AR A s R IR b AR B R S R AR Ik
HEAT T I , 25 R IANIAG AL B P, 3R W AN R 3, B /D (R Rh AR B8 = 1 200 P RN 2 TR 4 i
F AR S0 B S 4 i T 3 BB R A O AR R A g 5 R R SR LT e ) A I
AHE s B A5 IR T AR R A e e R B, e R B A W R 2 2R SR AT AR Y SR E AN
G55 B . A SRAE T VD M AL el 38R b R e i o & B, TR D5 B A A S0 T R W e
NOLRER AN TE | LT R T L), HLAY Bl (I VE 7 O 248 FAy i 50 e A AR A R s8R T4, B Ui 3
PR = 9 L AR AR 3 T 2 DX B ] — A U AR = i, AR IR 0.3%—0.4% , BRI KRBT, BB BR 5 Oy X
RIRFY. , B Pl BT R AR A (A1 5 1993 AR SN [E 1 =t BRAE B 25856 10 R wfp  f 47580 &
- N TR EZE SRR, N =M 5 R LMk gk, BAA R S EFHFRAKRIE, 5o REZE T RE R
PR 500 0 ST 2R M 2003 A1 A4 [l 24 5 1 AR A R, B R 3—4 IR/a 8 35 TSR, IF Ui 7. 5—10kg IR %/
667m” B T4 F1 ML s vl A B, A3 30 T R RIS A A mT 0 AR VRIS SR A K T = A
AL E 148 pH (5200, & A B RE S S5 B AR R RN A T [R] 4% 1 )2 1458 pH (i, LB A= 5047 BR 04 38 in 2R s 47
AR 5 B AR W R B, A AR AR W AR ) = A AL I 0—40em 42 358 3 6 5 K i+ e ML
Rl Bl A AR BRI &5 i T S KL T BV JE (0—20em) - BERGIG PE 1 80 E R OT R
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i, T T RS BT (EAT OB = A YA Rk AR A B AL SR B IR A ) AR R
BARWATIEIRE i, ARG LA L ZR 2R 5 e 45 DX BT = A U A= 7 Bl [ AR ZE 5 4a 6a F1T 9a AYFLFE HF
PRJZ 3T, AT B R ur B RS R A R0 BB 1 J2= 1 ey B AR BB Wi | L e e il
P TR BRIACAE YR RIS R PR s i B SRR A Wt DR A DL A5 B B2 B A R R A AR Bl A ) 2
PEBIE SRR JF Jhy F e SRl A R 15 A M H AR B ) 4 BB SCEE AR AR 3

1 HREH®

1.1 Rk

ARG T 2012—2013 AFEFE L AR LMV KA AE ) A 2 6 5 o o S 96 28 AR S5 T sy = A I % P 22 DX 5
=W+ =37 A 17 SRR SB[ Pyrus pyrifolia (Burm.f.).cv. Nakai |, i AR WFERL | R AT 2%
i 2mxdm,, RIGELE AR 14.7hm? , R EEREERE £, 2011 AEIAS S Eh A 0.3%, pHS.5, H AL 12.8mg/
kg, A 0.52¢/kg, M 0.20g/kg, &8 21.58¢/ kg, Blifift A 135me/ kg, HAHE 20 mg/kg, HALH 152 mg/kg, /.
AR, HAE R
1.2 RAah

G 4 AEBE L A SRA L 4a 6a 9a FITE B ; 40 BRAR 5 TF 4R T 2009 42007 41 2004 4F (1) 5 ZEiE
bl AR AT R/ NX A5 2.7 3.3 .7.3 hm?® iEH/NX A 1.3 hm®, BEOLIX %3, 3 EE, %
b PR /INIX A 98 KRB R BR AR A — B, ATEBE AT B R XN 3—4 WK/, S 55, 4 K #1 5 J5 Uit 7.5—10
kg PRE/667Tm” , MR HE R A K (A FRAE ) | TR IXCR AL G )7 kit A TR B R 3
1.3 AR b A M S R LR 1,
1.4 FEECREE R Ab R

WA BENLIX H 5T, 3 WA, HIEREM T 2013 4E 5 A 21 HAER AL BI/NX % 5 S ERES: 1 A5 BUHEE
JZ(0—20cm) 12 +HE /MK 5 MR GBS EER 1A LIRS 38 12 0 1A BIBRAR Y 3R AR S5 44
Je MR SRR AR b 7 IR S0 28 J5 43 3 &R 43, — 8R40 BT BB 3 i R A7 5 05 — 8 00 T = 20°C UK FR R A7
FHF AR YR AR I RE 5 565 3 3B/ 7E —80°C KAGIRAT , I T A il st AL Z AR 22

F1 BREEMEEVBEEREE

Table 1 Natural grassland vegetation communities and grass yield

i el i Y
b bHAUEY
AL ﬁﬁﬁh R Fresh weight/ Biomass/
Control Dominant grasses (ke/667m?) (ke/66Tm?)
B R B 4 WYL Herba taraxact , fEEFhA W) BB L Setaira viridis (L.) Beauv,
Ne l | o ‘a4 BT Echinochloa crusgalli (L.) Beauv., & & 5 Chloris virgata 2545 612.
atural grass4 years Swartz % 15 Fib
SR B 6a JRJEHL Chloris virgata Swartz, £ 4= F A FT Wi f€ Calystegia hedercea 4983 1245
Natural grass 6 years Wall. ,#-F Echinochloa crusgalli (L.) Beauv.)%F 6 i
AR 9a I, J% Digitaria sanguinalis ( L.) Scop,f:/EF4 JE R Chloris virgata 5255 1318
Natural grass 9 years Swartz , F1F Echinochloa crusgalli (L.) Beauv.%§ 7 Fif

1.5 I Febr My ik
1.5.1 3P PRERME I 2
S K R SR FME T 2 F A SR BR JT 5 5 pH 52 SR FHK - HE 2.5:1 BREE T8 ; o SR R K
o H 51 HL SRR SE 5 AL BRI R R U AT
1.5.2 A E RS E
(1) fCE Pyt i
EE C W R (AD)) BERBIA &0k, A& N R (S 07) 528 38 -8 =1 Lk
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ke,

(2) 3G BRI Wi SR T 1 R A SRR )

TG BRI B SRR R B A R S B R AR O i AT e g
T BRAGCA 1y 1 D 2 SR P W it R 5502 20 W v, R 8 3% 3 2k, JLE Oy Ry I 0% 3¢ BEBEFY 0. 75 NH, Cl
1.125g MgS0,7H,00.3g . KH,P0,0.25g . 7K 1000mL, 5555 /7 %02 1g Hrfif AP A0 0.4mL 55575, 20°C 557
10h, € CO, i, HHHEAK N X, = 0.283Y, x10h/ T 2535 X G s E Y (mg AW T/ (kg 1) ) o
Yoo, o0 M 10h F5FEHIA CO, 7= B [ mg-CO, kg™ T+ 10h™") o 534h,44mgCO, =22.4mL CO, ; HIERE Wi 1
DU R FH BRI CO,MAE V., 5g 8 + T 310mL A, 22°C [ 24h M5E CO, B ; - HET Ml 2 >R
CO, Bl vk B S g 8+ FilFDH A, 28°C K5 5% 24 h J5 I CO, MW ok 3 MEARHE LI+ H 5,
W52 {1 A8 R Portable Gas Analyser( ADC BioSientific Ltd) ,

(3) WAE Y BEBEAR TR ( PLFA ) 1

T YRR AR W 2 ( PLEA ) (A0 22 SR FH 38 64 90 4 HT——FAME 3% (fatty acid methyl esters) ™" #F17
LR K 15mL 19 0.2mol/L KOH FEEIE AN 4g Hr it £ 305 S0mL (34 35mL) B0, nzs , 76 37°CF
RS E Th(IRITRR R, I HL I Eefk, %9 10min B 5 IRE 20s/1 1K) ;i1 3mL 1.0mol/L BEFR I A1 pH H,
FEOMERA) . N 10mL IECBE, (IR HE 30s) TR AT, fd FAMEs %% 2 1E 2 %6¢ k0 11, 800r/min 2.0 15min ¥ 1F C ki AR
BT TE NSRRI RN FAMEs %% T 0.8 mL 1:1 B1F C & AT S48 ( methyl-
tertbutyl ether) IR H , FE % 3—5 min, 55 A GC /NI, FIEF A 10l ¥ 1mg/mL B AR €190 Ff I
HLIE , £ GC-MS( Shimadzu GC/MS-QP 2010) 43#7, DA+ JURERR (19:0 S NAR) R NAR#EA T8 S35
1.5.3  TIEME L Z R E

(1) DGGE 78 B e Ao i Ha vk

D4 DNA 2L, R OMEGA (Soil DNA Kit) &7 & , B ki & 3 47,

@16SrDNA H:[H V8 [X PCR M, PA(1) HHEHUA DNA SHEHR , W AR 2 50pL: 2l 10pmol/L 341F
(5'-CGCCCGCLGCGLCCCGCGCCCGGCCCGCCCGCCCCCGCCCGCCTACGGGA GGCAGCAG-3") (K RIR 44y
4 GC clamp) , 2L 10pmol/L 907R (5'-CCGTCAATTCCTTTGA GTTT-3")""" 1L DNA #5547, 4pl dNTP, 5uL
PCR Buffer,r Taq i 0.25uL, #MIN#EE4I/K 2 50pL, PCR FW £514:94°C 5 min;94°C 1min,65°C 3s,0.3°C/s [%
% 55°C,55°C 2s,72%C 30s, 10 MEH;94°C 1min, 55°C Imin, 72°C 1min, 19 PMEFR;72°C Smin, 4°C {1,
PCR 7=t FH] 1% BrtIEA B g el ARGl

@ 54T 3 SE4T PCR 722Kl OMEGA /23 ] Cycle-Pure Kit 7 & FU2iifk Ay S0l , ELAL TS 18
W17,

@R Bio-Rad /A ] Deode T B I i 2% 25 B, il 28 A8 4 70 VR B DN 40%—T0% 11 8% 5 VA s Tt i 58 ¢
FRICEERE 5, i PCR P24 45wl F1 10xLoading Buffer 15wl BYIRAY) , 7E 80V HLE .60°C 4514 R HLIK 16h,

OHL K 45 R )5 5 58 I AE DuRed A% R YL YR (044 15 ) Y 8 40—50min, R A UVP ( Gel Doc-It Imaging
System) R R GEAN IR, I ( Bio-Rad ) #AF HEA T EMR 4047 .

(2) DGGE #4347 T e

DBEFE DGGE HLJK B AR B 4—9a 4055 %6 BEAH Eb 2 B2 BH S8 B i 258 (1—7 4 7 %) 647 il )
HEEEIMT PSR S E T 1.5mL #5048 (5% 900wl JCHE /K ) Had 4% ; IS #E4T PCR 9738 JF 84T
alifl,, ¥ 1K TIANGEN /A 7] 2xTaq PCR Master Mix 30, J5 i K S F M 3 i W B k4T, 9731851494 .
341F(5'-CCTACGGGAGGCAGCAG-3") ,907R (5'-CCGTCAATTCCTTTGAGTTT-3") ;

Q¥ R RIFER A 1.5.2 v (3) 7 kit A72l4k, 28 J5 >R F TIAN GEN /A F] Zero Back Fast Ligation
Kit & DH5 o 852 A5 20 ML A 7% 526 AL T Pk BR s B | LA IR Z: BRG] B kAT | AR 25 s A 0
PREERE () B A IR R T
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1.5.4 A=Wy I8 A A Aol

T E W J5R T 900 52 SR ] Biolog-Eco JrigiiffAT ™ o FRHX 10g i +4F 7685 TAE & ol +390m 25787
ABIEER, N 90mL K 0.85%NaCl ¥ = F NS5 PR35 40min (523425 250r/min) , ##E Smin J5 %%
AR RKARRE 107 107° HIERFE IR/ GEIE R I 245 1] ECO AL imA 107 09 1387 ik, 22
O 1S0L, BRI I BFLARECTE 25°C T 224557 10d, BB 24h 7€ 590nm 4b FHEGFR YL ( PerkinElmer USA)
D G288 P A, 2 220 5 7d, R 96h (PR A= 4 1)) BCE 2EA TR DR A 4047
1.6 HEabis orHr

(1) AT A IR EIE N 3 WEE |, HRH Excel 2003 A1 DPS7.05 Bds /0 W A 47 5o 1504, I FHA
HREHIT 2 H LR, 25 B EEHAR KNG FH3R7R ; DGGE Z&a i H quantity one-4.6.2 BAarar, B3PS
SrHTR AR AL P23 (UPGMA) 5 18050 73R T SAS9.0 B 734,

(2)fdi ] Shannon $§%% ( H) Margalef F= & FEF5 50 (D) Al Pielou Y5 FEFE L (E) VT 40 T BEVE 104G 2 4%

i S AR N H == 3 PInPsD = (S - 1)/nN;E= /S o sKoft P, e AHPSR i 5 Rkt oh A

ZAT B LUAE, B0 P, = ny/N;S N —TKIE BRI

(5]

&HR

2.1 FRA FOAS A AR FROS AL el 3y A IR B 5

H SR A BN R A FR AL ] + e BRI e S5 R LR 2, i3 2 WTRAAE 1, H AR 5 4—9a 1Y B LI 2
TP IREY 1.27 A%, T IS d AT R (Al P& AR i) 20 ORISR B 85% F1 59% , 22 5 Y43k it 2%
IR, B A BN PR A] 22 R B 255 [ ARAE BT 9a ) 3 PHT.67 , ZIEHFXT IR (7.95) 1Y 96% , 22 53k B /K, H
s Kb P ] 22 SN (g T A A A ) S SR R R R R B

R2 BHAREEFREFERIET=AMEE T IEYEFER0

Table 2  Effect of natural grass of different years on soil physical properties of pear orchard in YellowRiver delta

b BALBE % RE KA/ % BRE/ (ps/em)

Treatment Total porosity Capacity Weight Water content Conductivity ph
BT IR Control 35.46%bB 1.71aA 13.30%aA 900.33aA 7.95aA
FI k£ 2 4a Natural grass 4 years 44.84aA 1.46bB 12.76aA 542.67bB 7.76abA
H #k: . 6a Natural grass 6 years 44.33aA 1.46bB 14.00aA 606.33bB 7.75abA
H 4R E 7 9a Natural grass 9 years 45.81aA 1.44bB 13.27aA 453.67bB 7.67bA

[R5 R AR RNG TR R R 22 57 835 (P<0.05) , AR E F R R 22 5 8.3 (P<0.01)

PSRBT, ARSI Bt i 1 AL G AL PR BRI T RIS ER A S A (AT S B ) i
HHEES KA R,
2.2 FARAFAFEAEBR N B b el U 2 RE v
221 HIEMUEYRAZL

H AR ROR R AR PR AL P B 2 U i D e 45 R DU 1, 1 T RUE W Bk BRI E P i C N
R AR, B AR FAR RN AE Y C N BN, AR R B RAE Y C Ay B s B B Y
1.40 .1.76 F1 2.86 1% , i3/ Wy N i #EAE BRI 1.25 1,53 F12.07 4%, Hoh AR % 4a fUZE Y& C N 515 #Ex IR

SV A B 6—9a AbBRS VE BT IR 22 S 43K 1 KR

222 TIEAEBHE SR

ARG — 38 5 DGGE-PCR J ikt 1 HE A f R AR HE 7% 7 AT TIE . DGGE MUK A5 R WL 2, H
B2 nT LA, SIS A L, A AR R A B i 2 S I B

DGGE £y BT EE WK 3, FIE 3 v LA 4 ORI A FARBR AN BEIL IR A 3 28 1 Je il # ko e o
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Fig.1 Microbial biomass C, N

ARG F IR 22 5 8.3 (P<0.05)

MR R —2 R AE B da BRI —2K BB 5 6a
1 9a A,

TEFEA: B 4—9a b3 5 %5 BEAH bb 2 B2 B S 3 fn
R (1—=7 36 7 25) AT LE X, 28707 00 e L X 45
(R 3), W3 AH, XRS5 B AR P I AR
IBE 91%—100%,7 %7 LI E it 16 D75, Kb A
13 NP ARIEFREE, 4 BB 5E 81% , Ri¥E
W2 o oR B SR W, oA kB W B
( Sphaerobacteraceae ) | 1% 2 Ik 7 H ( Planctomycetales ) |
TR (planctomycete ) | ( Chitinophagaceae ) i AT 7
H . ( Comamonadaceae ) )\ T HLfif & £} A ( Chitinophaga )
SRR PR S

MBI 2RI A R LR 4, lR 4 TR
A B 4—9a AR RIS 2, 2R R R R
FEEZ T R, AR B da ZAEETE BORF & B4R 50y
AZTERT 1.14 50 1.35 4%, A5 9a SR IEHFI 1.224%
F1.44 4% (B A BRI S PR EL E S AR i

PCR-DGGE Z3R SR UL, A AR A= B F) T Hg st
T = N AL bl SR B R A0 TR R 2 AR B A AT
FREIE K, 4 B RE % 1) 5 1 2R R R
223 IEGUEYINEW EPE R BRGUE Y SR
BEBRIR IR 2E Sk

AR AR RS ) AF PR 2 Pl B J2 - S i A= g i T
PE BRI Wi BRI EEENR TR (PLFA ) Fh2 K L
HIMESERIERS, HES LA, A 4a UEDTE
PE I BRSO W R A Wi mie N 105 1R 5 1 5 W B 0T R
ZRARE (AR 6—9a Kb - ERUE YN 1M
T BR AR W i S B0 A= W Wl TG B D 1R A 5 43 0l S i
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Fig.3 Cluster dendrogram analysis of DGGE bands in gel
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Table 3 Sequence alignment with blast

i A FPo XS24 AR
Band Accession number Most similar sequence similarity/ %
1 AM935838.1 Uncultured Sphaerobacteraceae bacterium partial 16S rRNA gene, clone AMAHS 99
IN825587. 1 E;iﬂtgtl:i Planctomycetales bacterium clone Alchichica_AL522_1B160 small subunit ribosomal 9%
JF703505.1 Uncultured Chitinophagaceae bacterium clone L1-10 16S ribosomal RNA gene, 99
2 AB231417.1 Uncultured bacterium gene for 168 ribosomal RNA, partial sequence, clone: SBR-Sludge-27 92
GQ202634.1 Uncultured bacterium clone C51 16S ribosomal RNA gene, 95
EU589311.1 Uncultured soil bacterium clone 2_F1 16S ribosomal RNA gene, 99
3 AB545742.1 Comamonadaceae bacterium Gu-R-8 gene for 16S ribosomal RNA 100
AB656423.1 Uncultured bacterium RNA for 16S rRNA, partial sequence, clone: B0423R002_K08 96
KC331435.1 Uncultured bacterium clone 1p217 16S ribosomal RNA gene, 99
4 FJ949399.1 Uncultured planctomycete clone MS-C156 16S ribosomal RNA gene, 97
HM556976.1 Uncultured bacterium clone BICH805 16S ribosomal RNA gene, 97
HM186028.1 Uncultured bacterium clone HDB_SION1004 16S ribosomal RNA gene, 97
5 JN178907.1 Uncultured planctomycete clone 29G 16S ribosomal RNA gene, 91
6 KC464820.1 Chitinophaga sp. M43 16S ribosomal RNA gene, 99
7 KC555026.1 Uncultured bacterium clone K3-295. 16S ribosomal RNA gene, 100
GQ162414.1 Bacterium enrichment culture clone 1.89 168 ribosomal RNA gene, 96

R4 BEESHEEEHTL

Table 4 Genetic diversity indices

Kb SRR (s) Shannon ZHEVESEEL(H)  margalel “F R BEFEE(D) Pielou ¥J2JEE 4 (E)
Treatment Number of bands Shannon diversity index Margalef richness index) Pielou evenness index
S S i
(‘ﬁ e AR 21 2.70 3.72 0.89
Control
SRR 4
HANE da 38 3.09 5.02 0.85
Natural grass 4 years
SR B
F AR EE 6a 41 3.00 5.63 0.81
Natural grass 6 years
SRR B
HARA B 9a 40 3.30 5.36 0.89

Natural grass 9 years

R5 WEMTRGERMENE GEERBEMBEERBNE 28T

Table 5 Microbial respiration, active microbial volume, activity, phosphoric acids and microbial species, the total changes

R o T BRBCE Y o
fb3m Soil microbial A(’tiVE;/ Active microbial plfa Fh2E [If ;“téi/
Treatment respiration/ ( k‘ S h) biomass/ plfa Species p(a g/ﬂ 2;
(mgkg'h') T (mg/kg T+) reE
T HEXT B8 Control 2.90bB 1.99bB 50.76bC 15 aA 16.65bA
H #Rk A= %T 4a Natural grass 4 years 5.72aA 3.56bLAB 61.77bBC 17 aA 20.95abA
8! y
H #k A= %% 6a Natural grass 6 years 6.38aA 5.32aA 89.83aAB 17 aA 25.92aA
H #k 4= %% 9a Natural grass 9 years 6.75aA 5.63aA 99.28aA 17 aA 26.47aA
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Fig.4 Microbial utilization of different carbon sources in grass soil of the same years
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