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Effect of Conservation Tillage Systems on Soybean Growth and Soil

Microbial Diversity
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(1. Key Laboratory of Mollisols Agroecology, Northeast Institute of Geography and Agroecology, Chinese Academy of Sciences, Harbin 150081, China;

2. Northeast Forestry University , Harbin 150040, China)

Abstract: The effect of conservation tillage on crop growth and soil microbial community play an important role in soil manage-
ment. A long-term tillage experiment was conducted at Hailun Agro-Ecological Experiment Station of the Chinese Academy of
Sciences. Tillage systems included no-tillage (NT) ,reduced tillage( RT) and rotary tillage (ROT). The study was to determine
soybean growth and yield under conservation tillage,and analyze soil microbial diversity with Real-time QPCR and denaturing
gradient gel electrophoresis( DGGE). NT and RT inhibited soybean growth and increased the disease severity of root rot at
seedling stage. Soybean growth and yield was significantly increased under NT and RT compared with ROT at maturing stage.
The highest yield of 2 507.3 kg+ha™" was obtained under RT,which was increased by 3.9% compared with ROT. The three
tillage systems had no significant effect on the amount of bacteria,and the amount of fungi was NT > RT > ROT(P <0.05).
The colony forming units( CFU) and the genomic DNA quality of soil fungi were increased by 31.9% and 13.3% under NT
compared with ROT, respectively. The ratio of bacteria and fungi was increased significantly under RT and ROT. DGGE finger-
print showed that the soil bacterial diversity had no significant difference under three tillage systems,however,NT and RT in-
creased soil fungal diversity. Principal component analysis( PCA ) of DGGE banding patterns indicated that the bacterial com-
munity structure had a higher similarity under RT and ROT, and significant differences were observed on the fungal community
structure under three tillage systems.
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4B A A 0 BEAE R R ™ R
AT R TR FE T R TR R AR e AR O
7%, (0 FELAE e A HLT R P BRI K R
PRFE 7 1E 1 34 b 55 4 g ELAL M A 5T, X
TRA WIS AR X 0 R G ) 2 A e o e A
B R W R b A WL T T
TR YRR 3 AR E A PR w2 AR, 2
e SRR W P RO B AR Gl Ok
YRR E 7 2RV W 7 5 3 ok R fF 3 HIL
R AR AR Z T RE A I 2 A 4 v i A Ak PR T X
TIEATE R EN AN A EECHEENE
S AEG R R, HRT R SR ) R SRS AR
i PR AR 53 (0. 1% ~1.0% ) , N g 55 RN T
AR RV TE 4540 . SER 28 ' %E 7 PCR ( Real-
time PCR) £ ARAE Jy—Fh G % 55 A% IR o 1 F- B¢, DA
R RO | R S L RN AR SR s gD
O, FERU A W AR A T B AR R )z B N
FIU AR R FL 9K ( DGGE ) J& DNA $840 >
My (g — b, AT LAXT 4 S84 5 o B e v 1 A
IR A5 R AR R 53 1) 532 M A7 e A0 B 2 [R) () 2%
G R MR IEIT M. S5 AP RP T i
AT RAL G 5 SRR T SR 2 T A T R A 1Y
EE ) F I, BLE FH Real-time PCR %54 PCR-
DGGE A, X 8 4= X AR M AR T R &2 3987
U S AE I K R B 370 B, B R R 4P
PEREVE XA AED) A 25 F A 3 AW 2, B 1E
SRy g ST A 3R R e AR R R S A b AT R L
FHER Rl 2K

| RS

1.1 REEi&t

TRIG T AE P B 2 B VA8 A b AR 253 50 3 BF
Y 305 X, 0 F B e VLA W 1T (47°26' N,
126°38'E) , +HERA )RR B 1, 7R WA
T R B R B 7 R ke 1 b v g, 1
JEH LR BB e 5, B KB B E R e, +
B K BE I AR BE SR K R RN L
AR5 N 2003 AEFF 4R, B B T HEMABEE (rotary till-
age , PR 5 FHTE RS MLIEAS AL 28) Ay %of BEL, 2 f
(reduced tillage, & Z= 2B I VR BN, WA 5 B AE LA )
bt (no tillage, RS FFEF A 175 55, S ERE A,
AHATATATHERE) 3 BV E D = AR AR ) =X &
K-RE-FK-KE ., A 3 )EE 2012 4EFp
HARES

T2012 486 H 7 H(KEHW,VE) #i17 + 1%
SRFE, A4 5 SRR LA T EAER S, KR O ~

5 em At RAEIFMRPR S ~20 ecm HIEFES RS
A1JE RO B A8 L% B, & T ok &l 0] 525
%A AR 2 mm R T ACHAFR
1.2 MEmMBSAE
1.2.1 Xa¥AERKAFRIFAE KL
HRRAE, B SR 10 Bk, 3 RE R, E K
SRR AR M E A R R (105°C 4t
AP AT 30 min J5[EIRZE 70 ~80CHE T EfH ) |
SEIER K kLT [R) B O A AR e R AR i
TRIRHI AR . BN X R 3
AN A BE R 2 m UEAT PR AE
1.2.2 E3gmiifAd o &its LW mE
PR, 23 0 0 28 PR 2R R S 3% B R0 iz
AR S ST G 35 v O [ TS
1.2.3 L3% A fo A H Real-time PCR & 240
T HEAEY) DNA $2BCR ] 56 [ Omega 23 w] Y Soil
DNA Kit, #£ 0.5 g +3ff it T3 e, FHIRBU 4L
4 0. 8% (1% BN A BE K i Uk AG 9 DNA JiT s

A0 TR I ELTE AE VR Real-time PCR N I8 B 2577
UTE e HALN 53 B AT B 1Y 26 AR R ML AT T ( Pesudo-
monas fluorescens ) FNIXR A H ( Fusarium oxysproum )
5L ZH DNA VR R bR il ( B S0 50 % OR A7, 90 1R
PR PR ISR SR B IE R 4 DNA MR 73 51k 94. 5
F128.4 ng-ul™") o 40E T R 514 Eub338(5'-
ACTCCTACGGGAGGCAGCAG-3") 1 Eub518 (5'-AT-
TACCGCGGCTGCTGG-3") , H i o W R Al 5. 88
(5'-CGCTGCGTTCTTCATCG-3") H1 ITSIF (5'-CTTG-
GTCATTTAGAGGAAGTAA-3") , 81 ¥1iT H Ki&E £ 4
YT, R, 40 R 19 Real-time
PCR RN ARZR A 20 pL, B H K& A TR
F] Y SYBR Premix Ex Taq( Perfect Real Time ) il
ST 3, PCR N 4% B4 [F] 2 95°C il 4% P
5 s;9RJ5 94°C A5 30 5,53°C R k 30 s,72°C ZEfift
30 s, FFREEDOEAE 5,40 DPFEF;72°C 5 min, 5
FUMZ I PTREE R 65 ~95°C , B F 0. 2°C St AL 2%
HfES 1 s,
1.2.4 +3 PCR-DGGE 447 LI#EHt 14 DNA
Bk, R HI 2 % PCR, 44 2 Ik PCR 514344 16S
rDNA V3 [X 438 F 5| 9 % F357-GC (5'-CCTACGG-
GAGGCAGCAG-3") il R518 #£4F PCR(5'-ATT ACC
GCG GCT GCT GG-3") 4 1at ) - B B K B 4k
230 bp, ELE% % PCR 5|¥°H ITS1 (5'-CTTGGT-
CATTTAGAGGAAGTAA-3") F1 ITS4 ( 5'-TCCTC-
CGCTTATTGATATGC-3") , L% — % PCR F=4) Wi
Be, 45 — % PCR 3| ¥ & GC-ITSIf ( 5'-AICCAT-
TCAATCGGTAIT-3") Fl ITS2 ( 5'-GCTGCGTTCT-
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TCATCGATGC-3") ™"*" | 4154 Fl BL 1 i 47 PCR )X
MAK Z ¥ K. 10 x PCR buffer (& Mg>* ) 2.5 pl;
2.5 mmol-L ™"y ANTP > 2 wL; P4 4551 ¥ i F ik )&
100 wmol « L™", £ 0. 125 pL; Taq DNA & & [
0.5 UsAHg DNA 1wl e AN K i 2 5 57K 2=
25 wlo T B AR P 2 2y - 94°C BUEHE 3 min, i
15 MEFH R 94°C 1 min,65°C 1 min,72°C 1 min, )i
20 MEFF R 94°C 1 min,55°C 1 min,72°C 1 min, f%
JEAE T2°CHEAH 10 min, ECR SN FE T 128 :94°C Tl
54 5 min,94°C 1 min,55°C 1 min,72°C 1 min,35
AME I, fx J5 A2 72°C SEfif 10 min, PCR ¥ H]
1. 5% IR HHEEIE L IR AGI

DGGE 7r72 466 B8 IS L UK A | 147 ( Bio-Rad,
CAUSA) , N Tt I 58 IS 5 32 R 8%, 240 TR 726 1 ) A4
JEHR 30% ~T70% , LS VERIBE Ry 40% ~60% , i
B HIVESS 5 A S 1 x TAE (i B kA v
AR 60°C I, ite, BALANA 20 pL ) PCR 4]
FFIA 10 L 2 x Loadding Dye R2], IFESE MU , 1%
UK HLIE , ZHBEAE 90 V 60°C 4504 FHITK 14 h, B §
TET5 V.6OCHMTHIK 17 he HLUKEEHRG  HBER
BT Genefinder DNA 4443 *h 440 30 min B 05
AIBERE ] GelDoc BEI IS R GEAHIR

1.3 HIESWHZE

Real-time PCR %{#5% F MJ Opticon Monitor TM
3.1 S B B o A R 54T 23 s DGGE H ik
S5 K B , SR A Quantity One( Version 4.5) 734
A4 ( Bio-Rad) #4734 ; Shannon-Wiener index ( H)
P 5 R g 0 A i O ik BT AR R &
Microsoft Excel 2003 #EATALHHE , 5K FH SPSS 19.0 it
AR AT 22 5 0 R 03 53T o

2 HER5HH

2.1 KEEKARE

2.1.1 ReHHAKLFRMRBR 3 FHHE
X, KEMRE RK LT T 3 AR 2 e fa b B
. KTk A/ D Bk BE (P < 0. 05) , 11 Gk /b
BEAD P22 18] 22 20 0 35 b |- T S R BUA e >
Bt > G, HACH R 22 5% 8 3% (P <0.05) , Hop s
FE kAL B 1 108 % , Fb /D HF AL HELEE 1T 68 % ; T AR
O 999 156 8 5 S A /B Ak 3] b L e b ™ L (H
KRR BN R A R O EEE (R,
A BRI R G i B, ek R DB KA K kR E
A E A, S EO b gL 551k,
HLAIAR SRl T AR T 5 A I = (B 34

R RIPERERKAEEREZERREFM

Table I Conservative tillage system on soybean growth and root rot disease
SOsii (SIS e M b/ bR Bl N RV S VIR iR
Treatment Root length/ecm  Plant height/cm Dry shoot weight per plant/g Dry root weight per plant/g Disease index
bk NT 8.4+1.0b 11.9+2.2 b 0.64+0.13 ¢ 0.20+0.03 b 48 £19 a
/D#F RT 8.4+1.2b 12.2+1.9b 0.79+0.11 b 0.23+0.02 b 34 £13 ab
JEFs ROT 10.4£0.9 a 14.8+1.6 a 1.33+0.17 a 0.30+0.06 a 26 +10 b

[EIFVEELS A NG R R 28 5 B3 K (P<0.05) , T I,

NT:no-tillage ; RT : reduced tillage ; ROT :rotary tillage. Values within a column followed by different letters are significantly different at 0. 05 probabil-

ity level. The same below.

2.1.2 X2 FZFFHRASE I EHE RS R
(2 2) BIR, RTMES A BIEE BARRRLEL L S
AR BRI BRERE R 4  H B K T
/DL NTTNER TAG Spe =7 Ny N 2 1 o S
B 2 B R K FREAM AR ER (P <0.05) , A 3048k LLfie

FARLFRERYE NN 8. 3% , FLRRALEL 43 W) 3G i 14. 3% Fil
8.3% . i = & Wl & A #F 4b B & &, 8 F
2 507.3 kg-hm ™ 4351 HC A B FIE R b RIS 722, 0%
13.9% , FICATLAE H, Sl DT DA A kR
G ERIRI R F AR JEART R T I

R2 RIPERENKREFEMREEZ M

Table 2 Conservative tillage system on soybean yield components and yield

PGB N AR
Treatment Plant height/cm Pods per plant
ik NT 73.1+£2.7 a 39+2.7 a
/BHF RT 73.4+1.5a 390+1.8 a
JiERs ROT 68.5+1.4b 36+3.8a

bR L s FORL
Seeds per plant Yield/kg-hm =2 100-seed weight/g
96 +10.7 a 2458.9 +361.0 a 15.1+0.9 a
91 £5.9 a 2507.3 £292.6 a 14.7£0.3 a
84+9.1a 2413.7 £287.6 a 15.0+0.5 a
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2.2 XEHHTEMEYEENE
I PR BT A R WL 3 AR R
R, Sk B 4 HEAN T CFU (P AR VR 20 ) 48,
ﬂ%m? CHEFIBERA AL BE  (H 25 S5 AN (P >0.05) .
Real-time PCR 7% 73 H7 3 B /0 Bk Ak 4 -+ 48 440 1 5L
PHI2H DNA Joit i 28 5 TR pA b 2 , iy H 2 S
[FIFEAN (P >0.05) . BLBH AR MBEE 515
BETRERA B AE T - S 40 TR B e 25 B S e N B i, AR
M4 EE CFU $22 5B 8. (P <0.05) , Hoh Gt
FHE 5 A L 3 1 A 23 0] b e A 15 i 329%
12% ., [A]i Real-time PCR 43 #7 3 B, 1 438 5L A 4
DNA [ 2 Bk A/ Bk A BE ARG 12 T e A AL BE L 1A 3
FBHE T R Z M ZEFAHE(P>0.05), BRTHR
114455 Real-time PCR Kl 25 54— 22 5, (HHR

EE AR R, TR TR ES, LEDA
ML FIZK 3 5 B 3G, = 3K 4978 & ik 2>, DT 5
AR TR AR

398 20 B R B S Bk A B e, A E 2. 71 x
10’CFU- g", B HE CFU By 120 f5; Wt E &
PCR J3 Mt o] LAFE Y, 2> Bk b PRAH B DNA 5 2
X, ﬂﬁi%&#rﬁ%]&@] 504 ng, /& H ELH DNA it
1) 1.93 £, AL Gb 2o+ Ik a b #ln] L&
:LH,JE%EF‘QEEIE’J?&ELLjCTEEI,E$ Al
. RO TE S TR FU AR RT DL SO - M A £ B
P RE AR 7 3T A B L T
Gk F /R B Hoh CFU B9 oA B i dse i B 8,
HEAS e B B 5 21. 8% » F B RN A F)
TGN PE/ FLTR Y LA, DT o408 3B AR, A7 3K

A—ASEE S IRV R ERRRER B £ WA E R AE K
R3 RPESHEN T EREYBENT N
Table 3 Conservative tillage system on microorganism amount in soil
T HH ElTEEN s
Bacteria Fungi The ratio of bacteria to fungi
LR FE[H2H DNA FE[R 2 DNA
Treatment CFU e CFU = CFU MR DNA [ %
. -, Genomic DNA 5 . Genomic DNA R . .
/ x10°CFU-g /x10%ng-g"! / x10°CFU-¢ /%10%ng-g"! Ratio of CFU Ratio of genomic DNA

bF NT 2.71+0.21 a 4.66£0.18 a 2.28 £0.09 a 2.82+0.58 a 119.2+4.5b 1.7+0.3 a
/b#F RT 2.54+0.11 a 5.04+1.18 a 1.94£0.014 b 2.59+0.45 a 131.1+3.9 ab 1.9+0.2 a
JiEFs ROT 2.51+0.59 a 4.61 £0.41 a 1.73 £0.05 ¢ 2.49 +0.07 a 145.0+13.5 a 1.9+0.1 a

2.3 TIEAEBE SN
2.3.1 A% DGGE Bt & 4n mE 1]
AT DGGE B S5 B % 4, H 28Uk 2
V) 5 B 25 S AN, 36 W) A 38 v 40 T (0 S5 Pl A 2R 8¢
% , HAB ARG B0t 3 S48 o LA R B AR Ach 38
[0 74 DGGE I35 HA7 AR 58 i AR AL , 1R 2 2%
A PG, U] S 450 R B AR B A2
ﬁ*ﬁ?ﬁfﬁfﬁﬂﬂiﬁcd\ (A7 B A ] — o7 B 550, AN
[Fi] Acb 3L ] 7 B 2 S D A, e W L PRI v Ao 25 S R

__ROT

i

B 1 FREHMEHFXTYE 16S rDNA FE DGGE 43
Fig.1 DGGE profile of bacteria 16S rDNA

fragment in different tillage systems

XF e 3 MR B4 DGGE 3% n] L& 3
(£4),3 FkETT T 478 DGGE 1 2% KU
Shannon Z #1448 B #F 22 = AW W (P > 0. 05)
DGGE Zfi 8ot bt b B w2 T /D B A A b 3, 2D
HHSERAAL I LF-JE22 5 o 17 Shannon ZFEEHE %L
WIRIL R e E > DB > e, H b S Bk b BRAR X
L, B D BRI AL PR 2% SRR (P > 0. 05)
PR, BFE D7 2008 - A0 TR 2 FEPERZ IR

F4 AEMEARKEHEHER DCGGE
g &40 Shannon &%
Table 4 DGGE bands number and Shannon index

of bacteria communities in different tillage systems

usil AR

Treatment

SRR R

Bands number Shannon index

bk NT 30.3+0.6 a 3.39+0.02 a
/LHE RT 28.7+2.3 a 3.30£0.09 a
iEFs ROT 28.3+1.2a 3.33£0.05 a

2.3.2 A% DCCE Bk mm o &2
AP, AN TR AR O 20T 98 20 T 45 4 A A ] I 22
5. PCA [EIH7 % /l\fﬂlilﬁ%é}ﬁﬂﬁ/\%l,ﬁqﬂ”\
B FIE R Ak B8R O — A~ £R AT, 4 T 5 FHug
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B2, A /D Bk 0I5 A8 Ak 2 A 98 200 T A i AR AL
o MTARBFAE BN T28 = R IR, 5 D FFFUREFA b 2
ZESEB B UL S AT T A B FIE R 200 1 T
LA, 22RO

2.0 T
. ®RT
A ROT
1.0
2 0.0
N
& .
(=
71.0_
| ]
2.0
2.0 -L0 0.0 1.0 2.0
PC1 (41.3%)

2 AEMIETHEE%E DGGE M5 2T EE
Fig.2 Principal component analysis on change of

bacteria diversity in different tillage systems

2.4 TEEWEBEESHN

2.4.1 AWAH%DGGE HiER $#K SHMEHE
VLB TR] , B DGGE 4t B Wl i di/b (1 3)
IRERE R, H A TKE R A DB
52, 0 L B AL R TR R Rh A D
M DGGE K3k ,3 MdiEJr L DGGE Z 4% H
FISEFEAFAE I 0 25 5, B UIGH PP 2 2R Y 07 B 22
BRI, AT A R B 7 3 rh B P 26 22 Bl AR
R HC B 2208 B R, e RN TR Horp A
HEA B B DGCE S5 A 2, S5 R DL v,
BRSSO 2 57, T @A Ak B 2605 WU o3 A1
BONEED, A B0, BA B 6 MEH &
i, AR B ] 2 5 SRR A A B b BN TR, B
HALH A AR A 2 5

NT RT ROT
1 -

- .. -

EEERRRRN
A
G

B3 AREHBETEHR ITS rDNA F B DGGE £ 3R
Fig.3 DGGE profile of fungi ITS rDNA

fragment in different tillage systems
v ] Shannon #5414 DGCGE iy £ & & (&
5) , K BB 7 2Ok - HE T R v 20 0 A B T 4R
IR, TR AL B ) JEL T o A = T ISR T S R D

AEFR(P <0.05) AL 3. 17, T DB A plk Ak 3 1) 22
S AR . DGGE Z5 Bods 52 SR RE i a3, S #f
DB 55 LU BEAS AL B2 3 F0 S 2%, HAEF &P
B Ak B X 5 1 o
x5 AEMEARTAEEHER
DGGE & & 80 & # ik
Table 5 DGGE band number and Shannon index

of fungi communities in different tillage systems

AbFR Pk ZRETERR R
Treatment Bands number Shannon index

Bk NT 28.3+0.6 a 3.30+£0.01 a
/LHE RT 30,0£1.7 a 3.37+£0.06 a
JiE#s ROT 25.0+1.7b 3.17 £0.08 b

2.4.2 AW % DGCGE 44 24K Fnnbr
(B 4) ATt — s e B B R i 2 5, T
A EF RS PCL AT PC2 43 5 ff B T 2745 B 11
43.2% 1 32. 4% , 3 FhHFEAL BT Ry 3 4
P, Herf /0 R R e s Ak B A3 S0 5 — RN 4
B, e BEAL FEAY T2 = DU 4 PR32 XAk, B H
DARETE 22 3R M Bt AL/ D HEAL B AR PCT 15
OYARBET A5 0 FEAS R O 1 AR, T e A Ak BRAS 53 (EL
HIRGE . UERAZE T B RN BE R AR P R T
T TR A U A B AR A

v

~1. 04
]
( aNT
o RT

=2:07 4 ROT

20 -.0 0.0 1.0 20
PC1(43. 2%)

B4 FEMIETEEEE DGGE £ 54 i Bk

Fig.4 Principal component analysis on change of

PC2 (32.4%)

fungi diversity in different tillage systems
3 GigSitie

ARBIFEEE R B, b M2 0F T, R
WA= K sz B, & F R W] I 85 T A K A
i, I ELARJE 9o 35 A o B 4 3, 5L S Bk A /0 B T
RE R T HEME v 391 A 1 2 4 il al BE 2 i
TR ORI PR A 0 D - BB, AR H R T A
TRIFER G R KR, HOR R A RO RS, T
FIEYIEE Ao M IR 4y 0 KR AR R A K
55, Al ESE: i T b AL Bk 1 e = BA B R
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B, WA REIAR R A K R B i — ™, K
W] LU 3 A R, A s R K I
HE e e 76 T 28 R I e T T e
FR I 7R b Hl DX 3 A0 TR 2 DR R AR S o Y 0 R
B DTSRRI T AR T 0 1) e £ 9 T 0
AR FRAERNE . TR B, SRR E R O A KSR
557 ERER A T TG R , 2 G A K T
W KRR E RIS, MR R A RS
S, B LR & A I Ty, R EREK
PEGF, DRIHAE G PR AP PR K A KRS
U TALGE AL B, RS = el B s b
TP BEVE A, VE P 0 RS FF 38 AT HLAE A
FERG I A3 LR AR AR, TR, o BT AR S 2
LRV o

BN ST VING R e s TS
o MR P AR TN AR B A B R,
4 R R A AR A T LR Y LU AR, ek g
AR . AR ORI PE BV 7 AT 5 15 hn - 3885 HL T
P B RN T R R OK o AR TR
Y EaE . (BRI BT Adr U, R Ry kb
Bsh , LR, S AN, Al il B B R
SZE—E M AR BRI g,
X T RE S R R A AT 7 o5 e A 1 M R 2 IR B A%
GERRVEAIG, 1 R AE AR PR 85 v %) 33 07 1 B 4 R
50 YR M P L 22 T RER SR A A
GERHEHIREER D) BT, T PR B8 T SR IE B — 4> R AR
SERE LA AT LA 9% IR 25 4 2R T 5% 43 1 75 FE
SOAMTEERERD

ARMFFE K IR A B A B O SO0 - R AN T 2R
PETCHI R S Il 4R T A 2 A
A3 43 B AT 1 B e R A AR VR LA R R A
eIV, 3 FREE I 2N B HER S5A AE7E ] f 22 5
Al RESE R Sk o B G AT 7 5, A ML RIK 43 3
I AR T B, R T e S
B, 8 S22 AR AR A2 B BT LUK 4 B A
TEECE 2 AN K, AT 52 3 Shannon Z2 #7422 A
B M R Ak B 4 o 4 A 1 A K32 3
T, SR A 4 B OK B BEA, DA T et LA 2 TR R VR
A E B B AR AR R P AR A T L
A5 I A AR R, 0 TS ) SR WU 1
2E¥) . Helgason F 2010 i A PCR-DGGE 43 i &
K3 AR X R b7 + GERE I 4540 & B0, e dF i
BERHE L IEAN DA HE o0 A5 O A d 25 5, T B A 454
2R WE, ARG SRR & T A 2 A
P Robert 25 2007 4E(WF5E B IRAE O ~2 cm +
Herp bR A A HIE S AR EZN R

SN AT (B AE 2 ~ 10 em B2 A%
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