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Abstract

The aim was to study the influence of different tillage methods on functional diversity of soil mi-
crobial community in the North China farming areas. Using the method of Biolog-Eco, a compara-
tive study was made on the utilization level of single carbon source by the soil microbes of four
tillage methods (abandoned LF, conventional FT, rotary RT, no-tillage NT). The results showed
that: 1) the Average Well Color Development (AWCD) value of abandoned tillage, no-tillage, rotary
tillage were significantly higher than conventional tillage (P < 0.05); 2) the Shannon index (H) and
Simpson’s Dominance (D) of the soil microbial community of abandoned tillage, no-tillage, rotary
tillage were significantly higher than conventional tillage (P < 0.05), whereas the Shannon index
(H), Simpson’s Dominance and Substrate evenness (E) had no significant difference among aban-
doned tillage, no-tillage and rotary tillage (P > 0.05); 3) principal component analysis indicated
that the carbon source utilization of soil microbial community was similar among the rotary til-
lage and no-tillage treatment. In conclusion, rotary tillage with straw return and abandoned til-
lage were helpful to improve the soil metabolic activity of microorganism and the functional di-
versity of soil microbial communities.
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RIERBHE T o bR IR AR R ThRE SR RURE M, KA Biolog-Ecofi R, WA T 4R #HELL
B (#ESELF. BIBIFT. JEBIRT. ABINT) IR YBE RSN . ERRA: 1) FEBHES
AT IR P24 % (Average well color development) AWCDIE M\ & BURAKUCHLF >
NT > RT >FT, LF. NT. RTHAWCDEZE® TFT (P <0.05). 2) LF. NTRIRTAE HIRMAEMBEEE
FEfaH. RBERBDYEERT TFTAE(P <0.05). LF. NTRIRTHEEEHEHH. RAFEHDANY
SERBEEMNATLEEEZR(P > 0.05). 3) ERSTFITRY, RTSLFBMAEYBERIER HARR
AL, ERFREFTIE H AR A A T4 B LB AR a3 AR VB TR B ARt

K §EiA
FEAR, AW, Biolog, IhRELEEM

1. 53|

TR RE R Bl A RS RGN E B R S, SR LA MUR KM IR AL PRI RS ), TEHED)
IR AV T RGOS AR Pl EEAE A . LIRS B AR R e BRI ) EE
JRARIR[1]-[3]. LA 2T DL SO I8 B, RREMAEREE i, R g
AU B -1 e A P eV o Rg e, DR et L3R AR W B IR S M RN ThRE I AL — B TR S s
TR AR [4] [5]. IR 2 51 R IR A 2 R A2 L, IS R AR SRR e % V) AH
K.

HHERECCE B . . AWlEtE, dhmsem L3RR E M gk AL 2R . B TS T RMEST
WAMIBER S MR AR 2, (AIERIE R — 4t — St nss fREm, Eaftasd, L+
BRI S VE AN AR A 2 = TR e, RE IR Y - 8 S S B A O [6]-[8]
> IR 45 B RS AT 7 56 AT R R B IR B S i, SN IR AR (Y 2 FEPE[9]-[12] - Drijber 45(2000)
FIF PIFA J5 200 58 /N 22 ML AE KA e bt 2% 1R T AR M EVE S5 A 78 A R B, S R Ao - s e B AN 2R ) =
160 3 2 3 A1 [13] 0 110 53— LEBIF FE R, SR RO B 4 o) 3 B P 1) 52 MR AR /N [14] .« Diosma %5(2003)
WEFC T B SK BTAR A % s 2 VAT SR (PR AR 3R R IR RAE I X R IV, RO SR, R g
BAIRRYE R &S TESEHHE, (B LM IX REE MG A KA 8 [15]. {2 Meriles %(2009) &
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B, BRI DL s b SR AR BB R MEARA[16]. ik, AR Biolog TR XA A B
PR BT 3T IR E R R D RE 2 REVEREAT BB T, IR IEBFE 7 SO0 L3RR E MR, DU R
WU 3638 EL A A 7 AN 15 A FH RTS8 P SR AR 2 AR A

2. MRSRE
2.1. WIS XA

58T 2008 4F 6 H AR E, 78 E RO RS Bt s Ak AR S PR AN 058k 2 AT, %
I A TR T U X (64 39°21", R4 117°12"), 4K 6.3 m, J& TR A7 IR it % . -F
BIRIRAE 11.4°C~12.9°C, 7 AR E R, FHE 26C~27CLLE, 1 ARIRHRAK, “FHE3C~5C, £F
BTN 196~246 d, 4FHIBE/KE 520~660 mm. iZHh[X 3R RURIYII R /0 e bR e /E 4 Ok 3R A SRR
A TR, BAR WS SCIR[17]

2.2. W+

BAE T AL - BEK, EGAAHE 6 4. IR HBENLX H T, WEF(LF). BEHFET). bt
(NT). BEHFRT) 4 ANMEEE, FEFEAHEAF, BHHEHHA 25 cm, FEFFHHA 10 cm, GFFEABE. TR FEH
5N 4000 kg/hm?, Jifi % & 180 kg/hm?; /N REFF 4 ik B, Jiti % 150 kg/hm?; FEFFA IR 8~10
cm. /NXEFA 400 m? (40 m x 10 m), P A = REE, /NX A 50 cm AETE R A ER R A
KHEAP=,

2.3. BEmRER AR

1 2008 E T KB T AT HIEARFE S COREE, 1F 2014 4E TOKRWOIR G R H3RE . AN EE /N
X4 “S” RUEUREVEIEEL 6 5, FHEAGREL 0~20 cm 2 14F, JREWSIAFEI SIS, EBRHYIR R AR
B, REUGE, AT L kg HHEEALEE 48, MANIKEA, BRELIE. K580 Rk
oy —HATIN-20°CUKFEIRAE, SIS — Mo EE N KT, HXFLid 0.25 mm F1 1.00
mm i, e IR AR A

2.4, ARAZE

T PR A R R E AR IR - AL AECRAEMELIRE: 2R AP 6,
T AR R A 0 Y6 P i s e A R P B Iy W5 Bl (2t s S 28l SR P AR B o b €92, ELAA L2 2% SCiR[ 18]

Biolog M. JuillE HIE S /KE, MREUE2T 10 g Mt LIS g e H3get 5 T COKE I =M,
FERE TAE G WP AE = AR 90 ml KB NaCl ¥3(0.85%), FHE BRI B i NIk 2%, BB
7y 250 r/min, 7&3% 30 min. W5, EEE LG #FE 10 min, W EHE® 5 ml T =M+, H
0.85%I1 1 NaCl i H AR 2 107, EEMB A 107°, KRRBREN SRR SRR, K Bk
PR A\ 2 Biolog-Eco AR AL+, FEFLINAE & 150 wl. K2R () Biolog-Eco fFH & T 853548
F 28 CHEIR &AM TR 7%, 4iB% 24 h 7F Biolog ffLAR 204X (BIOLOG Inc., USA) 24, LT 7d.

2.5. BRSHT

Tl AR P AR MR B R O T AR AL 1 35 22 4K 2 (Average well color development, AWCD )>k#
N, BALPEE AR AR (AWCD ) THE AL R
AWCD =Y (C-R)/n
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Xt CRFMFEFRIEERFLE 590 nm FOGEE(E, R NG HAEFRERFLAE 750 nm FRDGHEME, n
4 Biolog-Eco P4 bl A 254, n {6y 31.

K H Biolog-Eco “FARFLH 5577 96 h % v 5 LI A Mk hae 2 A48, HE AT

Shannon-Wiener ¥ Fi & EEHE H: H =-Zpiln pi

Simpson {34 5% D: D =1-3Pi’,

Shannon-Wiener %5 JE#6% E: E=H/H,, =H/InS

[ Pi AR | LA 5 AP ARA G RO A S A L . H 22 Shannon 48%L, S £AHIOAE
LI H .

TRI8 45 R FH SPSS 16.0 B AFHEAT 4341, B K 25 7 22 43 BT (one-way ANOVA) 56 25 TR AE 48 b 1) 22 7,
F Duncan ¥ &M 21 i Ho 22 57 B V(o = 0.05) .

3. B{RE S
3.1 FEHEARN T LR EYH & TR AWCD)

ANRIBHE 7 20T LR A YR R BUR R AR SHE P AWCD {E3R0R . #5358 )5, BERG 24 h il
HALFER) AWCD H, 85375 168 h, 15%] AWCD Bl (B fRsh 220 B LIS 1. 1537 24 h Z 1T AWCD B3
RN, JUTNE, 24 h 2 G845 70 A ZE K AWCD EHGER K, PLHITE 24 h 2 JE BRIE SRR A .
BB IR R e, 4 FOREBHME 7 B RUE Y BEE H) AWCD 3 23Kk, Hd, LF b+
A MBS AWCD (BT e, NT 5 RT ACFE -3 Mt vs AWCD {Ha3s AL, FT ALFE AWCD
A . AEF 7T A YA R S — BRI Re J1 Ty LF > NT > RT > FT. 7E853% 1)
168 h 2N, LF. NT. RT 3B 9mxd SATRIE R A 258 20 A G FT & 67.73%. 45.88%. 36.24%.
ULRH FT MBI A BE AR UM, v 1ESS, LF ACE - 3ERE R s b, bR,

3.2. REFHEA R T RN EDRETIRE SR IEY

AL AR AAFERHE T, TIERAEBEE YA T S A HL S5 B4R S E MRS 4R E D
W 1 FoR. ARBHEAIE T, LIEFHCEVRE D REZ PR BN, R LAY ThRe 2 Rk
KA T M. LF OB RYF 4= E TR 3 HL AL B4 D ¥y, NT IR, FT A&, RT 455
FEE fafuR . HTESTEREY, 4 MORFEBHE DT T LR REE £ B B EOR R B R s
BE, WSERBEEEER. LF. RT 5 NT QM HEMEMBE R EE ST FT 43,
LFNT 55 RT3 Fofih A A 22 1) L e A MR v =F 8 R0 HL 3 5] BEFR 4L E AR Fa 4 D S B B 25 7

3.3. ERA ST

3.3.1. PEBREEM S LREFE

HR ¥ H HE 1K Biolog-Eco B _EIRRIZ /TN 4 KK WEI AT 12 B REEIR L IHATED 6 7
JEWTERAIARSE 5 Ay AR =PRI AL AR YY) 8 Fi. Biolog-ECO 4 L 31 MERIRLERT 2 A 32 lisr B4R
Sl I 4E 2, VAEMIr PCL MIBHE B P AR BB R, Rl 3 o R RE iR .l 4
2L, 55 1 ER PCL A B AHSRIERIBRIEA 11 F, JLppEe 2 b, &IEIRR 4 Fh, R3S 2 F,
AR P4 SR AR Y 3 A, RWISEMAEE 1 3 o3 AR YR 3 2 i R R A A v [ 74 B I A AR
Y. 5% 2 B> PC2 BARRMCHERIBRIEA O Fr, HrbBEK 4 B, SRS 1 A0, JRJE 2 A, A
PR RAEARYM) 2 Bl RWIREIER 2 R BOIRIR E RS . RUMEAFBHE LB A bR
FE SRR ) ) S SRR R AR 2 . SR RSN AR o [ 747 B O AR AR )
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3.3.2. ANEILIBERR 5T 53

F2 BRI AU B U U S A X RARFAE AR T 1 BIRT m ANy, —BER Rt Z oTik R I8 3 85%
DL b fRAEHEIEN, IR T 7 ARG, B TiERERIA S| 94.78%. H A 1 E s PCL ITTERE N
39.56%, M H K 5 2 TR PC2 HITTHRE N 24.12%, 55 3-7 T8 I TTHRE 2 )~ : 12.33%. 6.85%.
4.92%. 3.55%7N 3.45%. K% 3-7 F s oTikEEN, EHGETHIA F AT 8. LA PCL A4, PC2
J G, CAASRI A AR P AN = il sr B o O AR AR E B, 15 30 AN 7] A 2 = 3 i A Wi R P 1) = i oy
rHT (] 2).
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Figure 1. Dynamic changes of soil microbial community AWCD with time of
different tillage treatments
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Figure 2. Principal components analysis for carbon utilization of soil micro-
bial communities in different treatments
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Table 1. Diversity indices for soil microbial communities in different tillage treatments

L ANEHMEA RN T LRBE MR E TR SR

A3 FFERAH KI5 EERH E % % D
Treatments Shannon index Substrate evenness Simpson’s Dominance
LF 2.830 + 0.025b 0.713 £ 0.006a 0.953 + 0.032b
FT 2.397 £ 0.136a 0.669 + 0.038a 0.878 £ 0.021a
NT 2.740 £ 0.089b 0.678 £ 0.022a 0.917 +0.008ab
RT 2.724 +0.059 0.720 + 0.016a 0.922 + 0.006ab

e [ —F AR R R 2 RS B 25 KPP < 0.05)

Table 2. Loading factors of principle components of 31 sole-carbon sources

7= 2. 31 MR E R S BT E T

55 Plate number BRIESSAL Carbon source FE 4 PCL FE g PC2

F2 D751 B 1 B (#2%) D-Glucosaminic Acid 0.983 0.069
D4 L- 22 H FR (R HL R JE) L-Serine 0.96 -0.109
D3 A-$2 3L R (Hifl) 4-Hydroxy Benzoic Acid 0.95 0.218
Ad L-F5 2B (2 R 2K) L-Arginine 0.903 0.366
H2 D, L-o-Bf&HM(ELAh) D, L-a-Glycerol Phosphate 0.876 -0.158
c4 L-ZK TN ZUBR (2 3E R 2K) L-Phenylalanine 0.857 -0.27
C1 ki 40 (JR25) Tweend0 0.844 0.448
c3 2-$2 57 R (HiAth) 2-Hydroxy Benzoic Acid 0.744 0.61
Bl PIEARR H G (I525) Pyruvic Acid Methyl Ester 0.744 0.608
H1 o-D-FLAE (B 2E) a-D-Lactose 0.705 0.168
B4 L- K| 1A% (R 2L R ZK) L-Asparagine 0.665 0.175
D1 3% 80(fE%) Tween 80 0.584 0.769
E2 N-ZE-D % % HE 2 (F525) N-Acetyl-D-Glucosamine 0.466 -0.037
E4 L-JR & R (R LR 25) L-Threonine 0.413 0.517
A3 D-2FFLHEER y- I 5 (BE2) D-Galactonic Acid y-Lactone 0.381 -0.166
G2 -T2 %61 %5 Bl (F44th) Glucose-1-Phosphate 0.314 0.918
H4 Ji& W (At Putrescine 0.23 0.065
El a-IR MRS (FE2%) o-Cyclodextrin 0.187 0.909
F3 KR (5 J5) Itaconic Acid 0.1 0.508
Gl D-£F 4k — B (h42%) D-Cellobiose 0.067 0.851
E3 y-¥2 TR (f§3%) y-Hydroxybutyric Acid 0.037 0.372
B2 D-AHE (FE2) D-Xylose -0.01 0.391
B3 D-2- FL B % HR (FE2K) D-Galacturonic Acid -0.075 0.896
F1 HFHE (B 25) Glycogen -0.101 0.705
H3 D-3 % (FAth) D-Malic Acid -0.225 -0.133
F4 H&BE-L- B & R (E A ) Glyeyl-L-Glutamic Acid -0.29 0.889
D2 D-H #& % (H%2%) D-Mannitol —0.499 -0.187
A2 - 3D &7 B (F52K) p-Methyl-D-Glucoside -0.711 -0.664
G3 o T TR (FiAt) o-Ketobutyric Acid -0.818 0.218
G4 2 2 (FL4th) Phenylethylamine -0.823 0.053
c2 i- 7R BERERE () i-Erythritol -0.948 -0.227
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F R TR T S TR B I AE M B R R R B ARAE 22 R o FEARAE 32 By il b oy A AN G A ot
WIRIEYIM R GE M DG, mlE 2 oL, AFEACEEYE PC 4l FH L TR0 A2 5. ANFEBHETT 1
TS BRI IR R T 3 26, RT 5 LF 204 fE PCL i1 E 75 [ A1 PC2 B 5 1) s NT 43
£ PC2 Bh1EJ7 [ F1 PCL {77 1A L, FT 43 ARfE PCL Al PC2 {65 . 22 &8 RT 5 LF Hfit
IR bR R AR AR AL
4. ¥1ig

Biolog AR, J& AL BRG] FH 9 B fli ) 58 & 2 732, 5 T AR A xR ) FH 82 R4 i
VDR A ALA[19] [20], CF Z R TP LIRMAR R R DR 2 FEE . LIRGUEYIREVE T 350
AL 2 (AWCD) (B =7, 3 B 3B 3 A W ) Bt e 70 R U v Pt gt B v o AR 5 285 SRS R R TR
VEALFR ) 50 EY) AWCD (A E, B B R FH R FARUNE TE AN A . 4580049 AWCD fE T A
BIE > bk > edt > B BIEFHOHER IR AWCD B, $ETAbEE 3 AWCD (.
XERBEE[21]F0 Zabinski SF[22]0F 45 R —8. ATRE2 FBHESS I T 0 L3RR REE, AR R,
KN F Y e LI RAR G, A2 TR TP W IR W BIR s a2 TR 2 1 R, (&
GURHMEROR T L3 R R ARG, I T AW, S s T BRI

X A 2 BRI TR B, AR ERHE D N IR RE BT (DB 2 FEE TR BN A . B
AHRYI AR BRI A B AR BRI, B B i B ERRRSFTIE HHA S BERS FT A H ALEE 3
FIAFRHE T N TR MBS hRe 2 A fe B B35 2 7 o ST E SR [10)0F AR, R A A o+
AR R RO Z FEE R SR 3 o T FUHE o X 5 A IR AT 70 45 S — 0. U 8 55 [ 23] 71 3% 9,
P& B A EE T R AR ) 2 AR R B TR R e AL 3 . 5 ARIS R AR — 8. X TR AN
BT T AR, REFRIE H A RIERE R e R I RSy, AR TR A Y 2 A RS
P£[11] [24] [25].

TR TR, RICR BAEARIBHE T XI5 1R 2 32 5 A SR P A QRN R B8 A
Ao ASFEBHE b 22 3 A Wi IR R FH B D AP R B35 2 5, T E M IE AR IE AN ], BRI HHE
77 2O IR A T RO . BB 1 O R T ORI A S, PR S iR RS AT AL B 4 A E PCL B
(IETT M) b, G FIERBERS FTAE 43 A 78 PCL B £ 05 1) b o X 5 IS SE[21]F0 B RIS SE[24) 0 ST 45 R —
. WEHEHSE[23)0E AR, A R AT IR AR YR B S A B A AR A . B R SR [26] B 7T
T, FORFEFRRBIE Hw] DR B 5 Bt R S5 e i v, X 5 AR A 48 A — 5. AWFA
FUAPE S A HE RS FFAE HH AL FE S + 3 E M Th g 2 BEPE B AR UE 1

N TR PR c fe, BRI BRI ER i, (R IR . Hul, S THHEMFFE
HE S5 0 A PV S5 A R0 22 PR VR RS A BN — B 4510 2 S, D BERIRS FTAE H R GBS VR 4500,
FIT- e k5 IR AW 2 BEPE[9] [10] [27]. Bending Z5[25]0F 78 T VEM5% 4. 34 HUB BT A 3 A4
ZAEVEZ RIAH AR, FEFTEUR 200 AR B 3 s T3 UE W 2 R . AdI S5 [28]4F 570 & I 0 S
AT DA IO HE AR ) 2 R o B S [ S [ 10T R 28 555 (9] 70 R I S B RS #178 s (2 ot 1 SR g
PE, 0T RIEMAEYSE .. ERTARNERARBHE RS, IR ePREC B S RIS IS L
FIRHRE AT A R T2 35 LRI 2R JOE . X 5 K2 H s R —5.

AW 5T FIH Biolog T2 R0 ) B 1 AN [EIRHE 77 205 R AT 34 FOGT L 388 5 A W % D e 22 14k 1)
SO, N EAR S L AN B . D EELR A PP B 7 SO0 R R E I e, TR A5 S iR e TR
(PLFA)FHIAR {1166 P 8 1 B UK (DGGE) S5 7 v, #E— D T HHE 5 REFFIE B 3B AR MR I s, i
AW E S DN ER SR, R JE A .
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5. &

AW FUIE LT 4 BT AL HE - A M RIR R FH e 1 A S ThRE Z R b, YD AR DL R 4 ik

1) AREBHEALBE 50 A0 2 (AWCD) £ I H DU R AR #8535 (LF) > fb(NT) > BEdF(RT) >
BIFH(FT). REABIPHAL 22 L e E B TE A 0, TR PR SS .

2) $E5E. HERHS AR L IR AE MR T E R TR R HL R EETRE D S B TR 4R
it S ERT 3 PR AL ER I IR E TS AR HL S AR E E AR A TR D BB R E
e

3) LM AT aE BRI, AFRBHEAIALE T AR H B YR 0 BRI R S E R
25 AREIIZE KR AE AR RS RNHEREARS FT-34 B AR ZE R R P 2SR ARARL, S E AR A 25— 4.

4) FERHRE AT B ANIE S A R T 3R e SR AN I A IR R R DR 2 e, BRI T
P IR E Y T RE 2

=
gl N i PRI B BT 56 AR 25 9% T CAOL 3 3R 53 R4 BHIE IR BT 2012-szjj-1hm) 7% B .
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