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A (R) R BIRABHAEERE, 2 ABFLTE (P) B FLE(A) L, KA Biolog Eco # AN & + 3%
WAEMHRIRR A, T LERRENEREYE, FRET . AR ERALHA AN T LEAKERH
Mot 4E0#EE,0~15m L2 FEE T 9.78% 7 24.00%,15~30 cm + 2 25 # 5 T 7.08%%1 15.81% ; F A &
7 15~30 cm + Et pH 8 6.67% , # AT E HAEE T 0~15 em £ 2 09 pH 15 4.32%, FWFBEFLTHYHA TRE %
HE(FEERR FREIFESEE) HERMEENRET,0~15cm L ERHRE T 26.84% ,3.84%F1 38.02%, 15
~30 em 2 B FRE T 11.87% . 3.63%71 14.74% , F K447 & U1 % LB A 15 A7 F 28 B o e #F AHE R AT A £ |
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Effects of tillage methods and straw return on soil properties, metabolism
of microbial carbon source and wheat yield

WEI Anpei, DING Wenchao, HU Hengyu, SUI Yewei, LIU Shaomei, CHEN Ziming, LI Jing

(Key laboratory of soil and water conservation and environmental conservation in Shandong Province,

College of resources and environment, Linyi University, Linyi, Shandong 276000, China)

Abstract ; Using wheat 22 as test material , this experiment adopted a split-plot design, with tillage methods as
main treatments including conventional tillage (C) , subsoiling (S) and rotary tillage (R), with straw returning a-
mount as sub treatments including straw returning (P) and no straw returning( A).We used Biolog Eco technology
to measure metabolism function of carbon source of soil microorganisms, and analyzed basic physical and chemical
properties of soil and crop yield. The results showed that, subsoiling and straw returning significantly enhanced soil
water and organic carbon content, with 0~ 15 cm soil layers increased by 9.78% and 24.00% , 15~30 cm soil lay-
ers increased by 7.08% and 15.81%, respectively. Also, subsoiling increased the pH in 15~30 cm soil layer by
6.67% , and straw returning increased the pH of 0~15 cm soil layer by 4.32%. Subsoiling and straw returning sig-
nificantly increased the metabolic diversity (richness index, aroma diversity index) and carbon metabolism intensi-
ty, 0~ 15 cm soil layer increased by 26.84%, 3.84% and 38.02%, and 15 ~30 cm soil layer increased by
11.87%, 3.63% and 14.74% , respectively. Principal component analysis showed that the metabolic functions of
carbon source between AC and AR were similar, and the metabolic functions of carbon source between PC and PS
were similar in 15 ~ 30 c¢m soil layer. Both subsoiling and straw returning significantly increased wheat yield by

5.82% on average, and the microbial carbon metabolism function had a very significant correlation with wheat yield.
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e A A AR DA R S B AT R B K R N T B
B B Bl A Al R R HA 2R S

TREEWIRETS ANAUTE A HLIT IR 5 20 fiff | 4
WO LA 7 o 3R S5 AR 2 L AU i e b i =
KH MR, T H AL 3 R GE R 55 A 15 34 D g
RSB H A OLT, A Y 84 2 B 1
R RE T A 2 RIE ) T Biolog /£ H
HiT B HIRATSE LR MR I REZ AR — Rl 7
W BATRTE PR A S S B R K
PR HE BIRFAEAT AR IR A HIRE ST, AR Biolog EC A
SR T RCE YRR PE RS 007 | AN [R] (Rl A1
FIRE T ARAEEE YIRS I 22 S

WRYGHT AR FEE IR TEA RIBRE 25 45 19 B 4%
SRR T, IR B B LR R R+
HERY IRy A S R IR R A T
—E MR, AN, R AT 7R 42 ] i 2 A A HE
T ARBETR o | B i A 7 A5 5 i R AR
o AT 3 23 B AN ) B B4 D7 X CREBIE 4 L 7
B A R FIRSFFIL i (4ib AR ) 1958
AR, R B R A 2 R R B AL
AR TH A 25 A R AR S AR PR AR SO H

I ORPR i

1.1 R HEER 51X 58 i% it

RIS AE I YT K2 S AT AT AREE 116°02°
~117°59" ,4t.4 35°38' ~36°33", J& Tl 21 15 viE Kk
Bt b, DUZR B % b X AR 4 13.0°C L 4F
Y H R4 2627.1 h AFEFERT & 697 mm, HA 4L
AN L X N R WE, 0~
20 em THEEATIEMRS . pH A 7.09, ALK 10.87
g ke BE 1.1 g kg™, 2W8.09 mg - kg,

R R S X BT, 2 X R # H BB HEE (C,
HER 30 em) TRAABHE (S, BHK 40 cm) | FERFBEE
(R,PHE 15 em) 3 F#F/E T =X, B IX A48 H (P,
FK 7 500 kg + hm™) FIASKE H (A) 2 FpfsFFL H 7
3,4k 6 AL FE 435K PC(CH BN EE R VE RS AT 4
WH) ACCH BBIHEBHERS AR H ) (PSR HE
YERSFF AR ) ASCRIABHER AL M) (PR(JiE

HERHERS AT 28 1) AR (IERFBHEFRSFF AL H) |
BAVNXTERUN 15 mx4 m, AIRE LL/NE S AT
22 MHFRE, F 2016 4F 10 A 13 HEEF, 375 90
kg « hm™ 478 20 em, FEii2l N 225 kg - hm™, P, 0;
180 kg - hm > il K,0 180 kg - hm™*, 45 Ab ¥ 43 5| £
SONEPRTHIAE FoR K O HI5EK 60 mm, F 2017
46 A 13 HYR,
1.2 TEHFmRE

T 2017 4F 5 A 17 H/NZZ RER N 647 ORE | 1
AKX N LA EBEHLECS 445, 0~15 em Fil 15~30
em M)ZE HRE IR G5, —F0id 2 mm
i, BT 4°C AR, T — A N A B A [a) 2 BT -
SR PR YR AR 7 A s s 55— B AR T
Je a0, FH 00 5 T A AR R A B A5
1.3 HIEEARELERSHT

B EA LR (TOC ) HIH 5% B2 #1 - B iR A1 I 4
P R R A e L AR RE
S (NH-N) FEAZ(NOT-N) F 2 M KCl =242
Je R ST S AT s K A R T
PR pH (AR L AL Y R A R
FHERTI7ED0E
1.4 TEMEYBREREE DD

R TR V& KO AR S 22 3R 14E , ] Biolog Eco-
Plate™( Biolog Inc., Hayward, CA, USA) Jlj &%),
Biolog EC MR £ H 9 FH T A= W e e FIE 3% 20 #T
A EC AL E 31 i 5 RN I me ekt | 55 Ak, A ik
JEAFL MK AVE % R UMY F 10 ¢ T 08T
i+ FE I 95 mL JCH 1Y 0.85% NaCl IF IR 30
min, §# 30 min J5, 8 LB F AR ER 1 000
i B 150 wL i RE e 1 HEA WD 2 Biolog Eco-
Plate™ 1 SR J5 B F 25°C fHRBE SR AEEE IR 240 h, &
12 h F Biolog fi/E¥) H sh %8 & ARG AL L% 1 Ik,
I E P 590 nmt
1.5 /hE=

A ALEAR HIEL 2 m® 5 X3, 0 RE SR 7 A
SURER, 3 YR A BEALER 20 A ICFME B RE | 2F
ITENEF SRR TR E 3 IREE
1.6 HIETE

Tl 1) FH 2% F L A - 34 B30 0,28 4 % ((Average
Well Color Development, AWCD) k%7~ T8 ik
MG Garland and Mills (1991) FriR i .

AWCD = Y, (C - R)/n (1)
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K, € MR EEFR AL RO BE(E , R Sy Xf BRAL
IS RE{E , n A Biolog A= &M Lt IR £ H , B
31, #& C - R AGENIBEE N 0,

ARG SR 60 h(FE B 24k 240 h P, fe Rk
AWCD {1 50% Bt Xof 1 A28 8] ) 25444, H Lo-
gistic 77 R UG AWCD 153 2| i W O FE R SR AE Biolog
AR A A 2 RS R R O A
HEMH AWCD 7E 60 h T B LA E UK LS K
F0.25 (AR Bk HEMTE AT,

H ==Y, Pi x InPi (2)

Pi = ni/N (3)

o N FER A SR 96 h T A FLIUK LS 1Y
AWCD W BHUE , ni SR FLIBUKFLE R EUE

K IS A O R Al TR D5 A 5 5, O R
TEIBL(S) fRFAaREE "

S=2 ((v, +v,)/2% (1, =1,,)) (4)
Ao, Fom o = i BRI AWCD {8, Y, FmHEA
RS E] () BT, o 240 h N4ERE 12 h B 14
AWCD {H, Bl i 535128 0 ~ 20,

1.7 #EFEITS ST
ARSCNH Excel A UEAT 505 Fcis kb 21, 22

M SigmaPlot 11.0 1 Origin 8 {4, #|H SPSS
16. 04K AFEAT J5 2250 M s O SPSS B AF b AT F 1oy
BT (PCA) .

2 LR
21 MMEARSHFTEHMN LEERBH SR

A1)

BHED X R AR e L B 7 XS AR 22 A
YEH B2 T 3 pH . &Kk AH AL
e dr i BA ESA SRS E(E D), pHEHE
KTE 5.69~7.47 JEFEINARAL  TRAA TR & 40 B, 15
~30 em 1R T pH A, F¥E T 0~15 em 1JEF
7 pH {H 6.67% ., [FIFHHET X ,0~15 em T)Z,
FiFFid H pH B34 5 TR FF A 4 1 4.329% , A7)
FEFFIE BT, W AL BIHF pH (B 2 5 TR A FI
BERE, FLURFA B3 ThEdk, 15~30 em H)2 A9y
TKER 15.56%, i T 0~ 15 em )2 FKE
14.84%, 1E 0~15 cm fl 15~30 em + 2, F5FFib
FH 5 7K A3 2 = TR FEANIA FH Y 9.249%F17.47 %
0~15 em PN, TRAN 2 35 0 T HERE AN R BR B 7.58%
M16.24% ;15~30 cm N, B FUTERF =5 15 0L 51 B
6.24% M1 5.2% , ZEFRIAREL)ZINEMmE M, 0

F1 BHMEAXRSHFEHEI T EEREBEUERNZIG

Table 1  Effects of tillage methods and straw returning on basic physical and chemical properties of soil
+JZ/em Ab R - EKE/ % T/ (gem™) BHBR/ (g kg™') ME/ (g kg™") BSE/ (mg - kg™ ) BESE/ (mg - k™)
Soil layer  Treatment b Water content  Bulk density ~ Soil organic carbon  Total nitrogen NH;-N NO3-N

PC 6.54a 15.18b 1.47b 15.94d 1.42d 4.29¢ 16.02d
AC 6.49a 13.53d 1.56a 15.43d 1.14e 4.30e 14.34¢
0~15 PS 6.40b 16.00a 1.26d 19.81a 1.76a 5.09a 23.36b
- AS 6.39h 14.89h 1.49h 16.70c 1.43d 4.56d 25.31a
PR 6.05¢ 15.30b 1.41c 17.22b 1.57b 4.76b 15.55d
AR 5.69d 14.13¢ 1.56a 14.82¢ 1.48¢c 4.65¢ 21.51¢
SEHA3HT
Single factor S S EES EES * * % EES
and interaction
analysis TS * 3k ns L L EE S ® ok * sk
pPC 6.16¢ 15.73be 1.73b 15.45a 1.38a 4.59¢ 18.93a
AC 6.21c 14.26d 1.79a 14.23b 1.12b 4.64b 19.43a
15~30 PS 7.18ab 16.45a 1.50f 14.50b 1.06¢ 4.69a 14.79b
AS 7.47a 15.41c¢ 1.63e 11.23cd 0.86d 4.53d 10.35¢
PR 6.59bc 16.20ab 1.66d 11.78¢ 0.78f 3.48¢ 10.29¢
AR 6.26¢ 15.35¢ 1.69¢ 11.06d 0.83e 4.60c 14.35b
iw%& T * * sk * sk EE * ok ® ok * sk
EH ST
Single factor S ns * ok * ok * ok * % * ns
and interaction
TxS ns ns * % ® ok k% * % * %

analysis

R PE — L2 TR R/NG FRERIR 2 57 .35 (P<0.05) 5 + FIRBEME(P<0.05) , + + FIRW W EES(P<0.01) ,ns RiRE

SR THHER R S AR TS BHE ST LB, T,

Note : Different lowercase letters of the same soil layer in the same column show significant differences ( P<0.05). * ; Significant difference ( P<0.

05); #* #* . Extremely significant difference (P<0.01) ; ns: No significant difference; T Tillage factors; S; Straw factor; TXS; Interaction between till-

age and straw. The same below.
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~15 em E2E N, HHBHERFF AL B AESHBHER
FEAS 6 W & 2 T WAL R A RS AT 458 1 Ab 28
16.27% ,F&FF AN H i 2 & TR FFE H 11.71% 515
~30 cm PN, H AL BHBERS A AN H o 1.79 g -
em” EOMLBI RS AL YR Z R 1.73 g - em”
T T UEMHHERS FFAE I, RS FF A I 1 3 T
FFE H Y 4.5% ; B+ 2 NBHE ST FHA | 58
VB8R 31 i 25K

FXT 0~15 em +J2,15~30 em +J2H) + 5
APk S EERETRBE, 7£0~15 ecm LJEN,
A B B 1 3 A TR AN B VR R AT A T A 2 A
1, B T A A B RS AR R S T RAER
A 12.81% , TR ¥ 43 5] i 325 v T #0804 0 e
16.35% 1 14.06% ; 7 15 ~30 cm + 2, #& FF 4 H
REFRA LA S B TR AR H 14.33% , H L
FIREHEAE A LR & 2 0 0l 2 3 o 1 TR A R e
13.41% %1 30.75% ., FRH EHO A 2 A S =1
W2 NEEATC 2 5540, RIS FIE B AL B Y 15 ~ 30
em EAGEHEMM T O0~15em T EL2A S =, H
BHE BHE SR A2 BAE R 8 B 20K, W4
JZPIFEFTF A 4 2 & i3 B S TR AT AN 8 A
H;0~15 em N, RN FIIERF A& 1 0 2 & T L
FHFE, T 15 ~30 em £ )2 P95 FLBIHE B 25 & IR
R, W M BIHFEBAN S SR B A S &
PIBt 2 RN, 0~15 em N, BB AR
PRI R A B E e, 8 R RH B S5 A0 T E
15~30 em JZIRN, B BRI PSR IS A & i
1 ISR ERF A, ELRS FFASIA i 25 8 T F%
FFAE FHALBE
2.2 MMEAXSHEFIZEX L EREwERIRE R 5

by
22.1  EIEHAEM AWCD 1T A AWCD H 2
Biolog M A= Wi a PSR I A A4 TGk B 5 A
AWCD {HREK , Fe7m tUE Wi DR AR g g s, e
AR EEE RIS Wk REWH M RRIE
FUEAE 6 KW T, ARG 19 + e A:
6 KZEBRIFEF I AWCD 45 Logistic B8k, 4540
P A S50 A Wy AR X R G W2 IS BRI kU A
FHRE R X B = R T (T 1)

0~15 ecm L2, T FBHE X, BRED
2 WS FILRERIE AWCD K 2 B R A5 A8
FH Ab BER TG AT AS o FH AL 3L ] — 5% AT 3 AR
T RA WA B I R ik R 35 2 B R TR
o eI , R RS AT AN I BT, R B IR
e, B RA

15~30 ecm 12N, E LRI IE R AWCD TF
BRI RAABEVE Or U B R IO RS A 4 A Ak
PR FANE H AL ERE T F5FF 0 AL B/ 7%
FEAE H  REWRABEZ 2 RAEmIET AWCD 8
1E PC PS ZbPRAS & PR AS IRZ,AC AR B1I%,
222 REA T 3 A M AOR AR S AR
RAIR A BRI S B R B R A W Y e
ZFEVE 8 AR ZEFEAM 15 ~30 em 12 T R IE F
B ER 0~ 15 cm B FTREIR (£ 2)

0~15 ecm 1JEWN, I 2085 KR W, PC F1 PS
A BRI - E S 28.5 WO EE B I 3 i T A AL
PR OURAAAL B o R 5 = TR LB RRE B, HL
LB T ERE;15~30 em )2, PC PS,
AR Kb Bl 24 TROGEE S 3 i T A
AREE PRJZUR Y, AC Ab B =F & R YA, O 2540 MT
SRR/ ENFEEEYRES TR/
WH

BRI B R TR Al i B TE A 2
BEVED 2 A e W (3 2) L HERLA: Yt
TR MR 2R BR T4 15~30 ecm 12 AS
FINT AR SN AW )2 RN ik 2
FEPEFE R T e HE AL E R B A, AC ZEWT L2 &
W R B A, A FFA R RS T %
YRR, RS FF 30 B -2 5 v 2 M 508 TREFEAS
WH

x2 AREAET HEREMBIRERG ZHEFMREEEE
Table 2 Metabolic diversity and metabolic intensity of soil

microbial carbon sources under different treatments

IR AR N
e LB A T
+)Z/em  AbEE The abundance " Carbon source
. Fragrant .
Soil layer Treatment of carbon - metabolic
diversity . .
source . intensity
. index
metabolism

pC 28.5a 3.22a 318.83b

AC 19.0e 3.0lc 206.79¢

PS 28.5a 3.23a 332.17a

0~15

AS 23.0c 3.10b 247.78d

PR 23.5b 3.12b 260.76¢

AR 20.5d 3.11b 202.75¢

pC 24.0a 3.16bc 281.37a

AC 17.0c 2.94e 205.86e

PS 24.0a 3.21a 264.87b

15~30

AS 22.0b 3.13cd 248.76¢

PR 22.0b 3.10d 226.40d

AR 24.0a 3.17b 207.82e
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Fig.1 Changes in AWCD value of amino acids, polymers and carbohydrates in different soil layer

15~30 em )2 Hr 45 b B A ik 51 C 3 5 i 3k
L 0~15 em RJZERETEBEE(E 2) ML H
AbPRZAET B 15~30 em +J2 0 PC & T PS 4b, H:
RBIFI N URN 2 5 1 5 R BB RE R 5 1T A [
BT RS AR Ak B e A Q0 ot g g W 3%
e TGRS AT A AR R

0~15 em 1, PS e I AR 58 B A =5 o 318.83,
3 T HAANEE, AC B K 206.79, B E KT H

fliAbEE ;15 ~30 em 12, PC &l 281.37, 3%
T AN FE , AC 158 B 5 A1k 205.86, B K
FH AL,

223 B EBEHAMBEBRA R LG R0
A N FE B4 40 Bt ( Principal  Component
Analyses, PCA) RMWFFEARRIBHE I X SFEFFE H T
- R R T X ST 31 FRRIE R R L
A DAL BRAN [ B A e A 0 B 7 O QSRR AE , T
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JFH SR it R Al 2 ol i V5 R 1) 22 R AR R
FHREFR 60 h I I BUIE #EAT 00 o B, R4 0 2
AERST, 0~15 em 2B B Yras IR A
FHIIBEZAEEAR DY 2 A F iy, R DTk 3 35 2]
80.0% , 4 — M4 (PC1) By 47 AF #1157 ik 3% Ny
20.428F165.9% , 55 — A5 (PC2) AYRFAE AR A1 51 ik
FN4.356% 1 14.1% ;15 ~30 em + 2B 2 5
WA, BRTTENRIA S 69.1% , 55— F 4 (PCL) 1Y
FEHEAR RN BTk A K 13.479 1 43.52% , 45 — F Wiy
(PC2) IRHEARFITTHR 3y 7.94 F1 25.64% 5 iX KW
PC1 Al PC2 27 519 EZOR IR, - H AR B 32 BLARE
IR, T LU R AR B A KA E R (B 2) .

0~15 em 42, BRI NN KI5, % PC1 il
DURIR R K 1 e U5 A JHe 2, L UR oAy 0 Rk 1R 2 R A,
255k PC2 Bl BT R A5 KA e U A e 2K RO Oy PR
%5, M 2a AT, AS[FEALERAE PC Bl R B0 B
(25 5, PS . PC A In] T A A7 i1 DX 38k i Al 88 i
AR AC DU 1] 1) FH 22 0 X3 A ik s, A BT 5
PS PC A3 A FIF A P 6 B 43 Ut %) 1
PS A3 A i A W i 1) TR B2 ROR R 2K
PC i [ 1 ) FH H Al B 2 R JE R 2, 1T AS FII PR
Ab B - ST A ) A R A AR P sk S e UL, R 1) A
FIC2E 5 AP FH 1 5 B ARG, 45 0 A1, R k7
FIrp w22 T 7 o, [RIEAT A AC A1 AR ) 4k BE
(%£3),

15~30 em )2 #5375 KRG, % PCL il
DUHK f5e R ) B U R 28, LR Ol B R R 2 X PC2
B DTER SR K A B IR R R R 28 LR B N 2
1 &l 2b ATRN, PC PSS AS i ] T 1) A 321 X 358 1y e
U5, PR AR AC i 7] T FHZE 320 X S8y e 5, AH LR T

4

(a)0~15cm
3
PS
2 :
~ AC :
° ! i |AS
= ! =t 1
g,l AR %
PRI
-3 +
PC
—4

-8 —6 —4 =2 0 2 4 6 8
PC1(65.9%)

7, PS . PC A F T4 AR W X6 B 43 U8 i A
WL 2b TR I . PC AL PR+ A W i ) TR
FHRFR ARG W2, PS b P+ 3 Ak Wy fhi 1) F 1) FH
W2 LRSI PR AL B8 S Wi 5] T
FIHRBRIE MM S, 1 AS AR AC Kb BR + 3 4k
YA oAk, R 8 B A, (H R e A XS K
FEU AR (K 3) .

F3 AEAME T TR W RO RORF B R 1

Table 3 Carbon source utilization tendency of soil

microorganisms under different treatments

+2/em Qb B T DR A0 1) 44
Soil layer Treatment Tendency of carbon source utilization
ot B2 A SR
pPC . .
Other sugars and amino acids
AC I FH 38 BE AR 52/
Utilization intensity is relatively small
s Bk AR
0-15 Amines and carboxylic acids
AS M FH i BE AR 52/
Utilization intensity is relatively small
) 5 BE AR /N
PR e o .
Utilization intensity is relatively small
I FH i BE AR 5/
AR e o .
Utilization intensity is relatively small
o ot AU £
Carboxylic acids and polymers
) FH B AR RS 5/
AC e o .
Utilization intensity is relatively small
s Bk BRI
: Sugar, amino acids and amines
15~30 N
AS ) PSR AR 5/
Utilization intensity is relatively small
PR AR RIS
Amines and carboxylic acids
AR ) FH B E AR /N
Utilization intensity is relatively small
o) 15-30 em
4 PR

PC2(25.6%)
(=]

AR
— |

—4r '_IX'C

—6 —4 -2 0 2 4 6 8
PC1(43.5%)

T AR B R AT BRI PCL AN PC2 Bl 2R BB AU, AT 5 5 95 AR i i AR B S X Ry, 5ad
D R L RN 22 400 AT F PCL AN PC2 Bl 252k

Note ; The center point of each processing corresponds to the vertical projection value of PC1 axis and PC2 axis , espe-

ctively, and its symbol corresponds to the processing number marked nearby. The horizontal and vertical lines passing

through the center point are error lines parallel to PC1 axis and PC2 axis, respectively.
B2 RaEmmRENREERESHHERS ST

Fig.2 Principal component analysis and load coefficient distribution of microbial carbon source utilization
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23 AELEBTHMEFEREMBEEZR

AN AL B X /N 22 77t e oA i PR 28 A AN R 1
SO (% 4)  FEFFAAE 0 v T R B T
[R N TR R L N e a1
BE; TR I RN B35 = T e Bk AN R L B,
e TR B R TR T
B m o 7.375 t - hm 2, B3 w T B
JEREIYT 6.34% F1 6.96% , {H & HLBIHE FIE#E =z (8] If:
TREER.

4 FRAKETHNEFBREMKES

Table 4 Wheat yield and its components under different treatments

Qb TR EL THE/ g /(1 - hm™2)
Treatment  Grains perspike  1000—grain weight Yield
PC 34.02b 34.64b 7.47b
AC 33.05¢ 31.61d 6.40e
PS 36.85a 36.75a 7.81a
AS 34.38b 34.88b 6.94d
PR 34.43b 34.96b 7.33¢
AR 32.86¢ 33.07c 6.46¢
T * ok ns % %
S ® ok * * ok
TxS ns ns *
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