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Effects of tillage and residue management on soil quality in a
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Abstract: To determine reasonable cultivation mode for dryland farming practice, the effects of tillage and residue
management on soil properties were compared in a winter wheat-summer maize cropping system. This experiment was con-
ducted during the seven consecutive years of 2002—2009 in Guanzhong plain of Shaanxi province. Treatments included 8
factorial combinations of four tillage practices: subsoiling tillage (ST), rotary tillage (RT), no tillage (NT), conven-
tional tillage (CT), and maize residue (with or without) management. Soil samples were collected after wheat harvest in
June 2009 and maize harvest in October 2009. The highest soil bulk density in the O ~ 10 ¢m soil layer after maize har-
vest was observed under NT, followed by that for CT and RT, and the lowest value was observed under ST. Compared
with maize residue removed treatment ( —r), soil bulk density in the 0 ~ 10 cm soil layer under residue retained treat-
ment ( + 1) was significantly decreased by 2.33% . Multivariate analyses were used to select appropriate soil quality in-
dicators. The results showed that the three soil property groups (i.e. soil nutrient group, soil organic matter and environ-
ment group, enzymatic activity group) responded more to tillage practice than to residue management. CT resulted in the
poorest soil quality in both seasons. The residual effects of ST and RT on soil quality were found in maize season. Addi-

tionally, scores for soil organic matter and nutrient factor under ST and RT were higher in both seasons, but the opposite
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occurred in NT. Based on soil quality, crop yield and economic benefit, the practice of the subsoiling rotary tillage plus

residue retained to wheat combined with no tillage plus high stubble mulching to maize can be promoted in such dryland

regions.

Keywords: conservation tillage; residue management; winter wheat-summer maize rotation; soil quality assessment
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&P 97.5 kg-hm~2,2000 4F 6 F 10 HYLHR/NE;
2009 4F 6 H 12 HEEFP K, s Fioh < KB 958, # Fi
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2.1 AEHEEESEFEBN TREFENID
IINFE AN AL B et o 98 72 T A 2 7 R OK

T — &R KIARAE (P =2 k) i 3 A n
B MU o A FFAR Y RERRAK T3 &, &40
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SR I A E R, S GEHHE (VN =R,
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J13.94% .10.64% (P <0.05) ; EAAALBE (/NFE BT
Py FERZE R /N B SESHHE T 25
PURERHARTE (29 10 em) /N T RIBHRRE (29 20 em) ,
10 ~20 em 13 75 T GEHF AL PR T R T #IHEL
B, FEFFA B LA A 2N TR E RS i 5
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Table 1 Effects of tillage and residue management on soil

bulk density after maize harvest

WFFEEZ Factor 0~10 cm 10 ~20 cm
HHERS B Tillage (T)
YR Subsoiling tillage (ST) 1.25b 1.37¢
JWEBF Rotary tillage (RT) 1.26b 1.49b
ik No tillage (NT) 1.32a 1.56a
aﬁlﬁm tillage (CT) 1276 L.dle
FEFFE B Residue (R)
AT
KFEFFA R
viﬁﬁiﬁii@e (-1) 1 2% .46
A5 5 YE Sources of variation P {4 P values
HEES T Tillage (T) 0.008 0.002
FEFFE RS Residue (R) 0.026 ns
B x RS FFE LA T . .

Tillage x Residue (T x R)

T AR/NGFEERR 2257 03 (P <0.05) 50, 25 AR F (P
<0.05). R,

Note: Different letter are significantly different at P < 0.05; ns, non-

significant at P <0.05, and hereinafter.

2.2 AEMERESHEAEETIERENEF
T
2.2.1 FARGE 5P P ERVEYIOR I E Y
0~20 cm 13/ 16 DMEIRAS R/ =41, B 14855
A A BB BT A RS PR, T 2007 2250
(MANOVA)H (1) Wilk” s Lambda %5 K6 56 4% 41 725 & 2
BEDZ MR EZNEEZM(P<0.05), 45
SRR, BEVERS f 25 E e b = AR bR A i T AS AT
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RS /N A WOR J5 1 RIS PR AR (P IERCR . BTLAER & T3S M e e F AR A, BR
<0.05) (% 2) , AL HU/NZFEAT B i AL A 25 /N ORISR AT I RS S8l 135 1 ) 52 el A1
LA/ T AR FORFEAE IR AL Trsgma iy B BB R X 25 F8 bR B2
et o TN, TALHE KL AT BE 24 S 5 Ak A 15
®2 MMESHFIENIEEHERSBHSTAES (P (H)
Table 2 Significance of management factors on soil response groups based on multivariate Wilk’s Lambda F statistics
o INFEWIR G After wheat harvest FKWGKIG After maize harvest
R LV il
Soil property group BOERSIG  RERFATRRESIG BRI RRRF ERSIG RRFEIEIE  BHE xR
Tillage (T) Residue (R) Tx R Tillage (T) Residue (R) Tx R
TSRS Soil nutrient <0.001 ns 0.011 <0.001 ns <0.001
ﬁrfaln?\j Irf:i*érﬂan d environment <0.001 ns ns <0.001 ns 0.010
TG 4 Enzymatic activity <0.001 0.007 0.003 <0.001 ns <0.001

FEZILTT 2200 kil b (3R 2) , il X 4%+ 4

JR PSR bR IEAT 58 42 BEAL X 4L BT 7 22 73 4 (ANO-
VA) , G0 36 AN [ A 1 RIRS A5 2R it o 7 5 114
s (P <0.05) /5 3 i PO (19 e i 45 b (3%

3)o Hp NEFHERAMAIR . 2R 20 2.
B 0 RS SO AR R IR R
MR I 12 48542 A B R 1 20 B v 1) D 2B

T s FARTH AL % 2B Bk CEC A
ROHF Vi R AR BRI 9 SR bn AL AL U
BARFEE . IR VR A LR HAT HLBK B RE R St 4
N /I Lo CA (ENPR % (= T R 25 R = el ]
78 5 AR BOROR R BE RN R A8 b o ASRIFF A
Jtixh 22 (/NA2 2 ) 22500 S PR AR AR I TR
N (TKTF) MM (3£ 3)

R3 HHMESHFTEEEEN LEBEEFRZMNAESH(P HEH)
Table 3 Significance of management factors on soil properties based on ANOVA

INFZURARG After wheat harvest

FERWHRSG After maize harvest

LR

- . FEFFaE b i FEFFeE o sbgr
Soil property HHERE I FHHE G HHE x REFF HHER it G HHE x RS FF
Tillage (T) K Tx R Tillage (T) K Tx R
Residue (R) Residue (R)
4% Total N™ <0.001 ns ns 0.004 0.016 ns
41 Total P 0.001 0.013 0.004 ns ns ns
48 Total K™ 0.025 0.002 ns < 0.001 ns 0.004
WA Available N™ 0.026 ns 0.035 ns ns ns
+ g A BB Available P™ 0.006 ns 0.017 0.011 ns 0.035
Soil nutrient B Available K™ <0.001 ns 0.023 ns ns ns
HUEE DIPA - Zn™ 0.007 ns ns <0.001 0.011 ns
B DTPA - Cu ns <0.001 <0.001 ns ns ns
A58 DIPA - Fe™ <0.001 0.007 <0.001 ns ns ns
A% DTPA — Mn™ 0.006 ns ns 0.017 0.045 0.008
ﬁm}ﬁ <0.001 ns ns 0.023 ns 0.041
Organic matter™
APUIREEAL g
Organ](:' matter I_ﬂb]le ()I‘ga_nic C ns ns ns ns ns ns
and environment
CEC" ns ns ns 0.041 ns ns
EC ns ns ns ns ns ns
HETE P 4L IREE Urease™ 0.024 ns ns 0.017 ns ns
Enzymatic P R
- S 0.001 0.015 0.007 0.030
activity Alkaline phosphatase™ " "

T e m, /N2 L R P B REFE AR 5 0, KT LIRFOR PR R 6 br

Note: m, properties were retained for soil quality assessment in wheat season.

n, properties were retained for soil quality assessment in maize season.
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AR BR A R U 21 A4 BT 2 i A2 Ak, (0 AE ek
1IN A OR B R SR A Dy T i AR
S SR A R ] B g RS A A R
FLA e 2 (HAA WL 5 A 08 B AR 1 L
A W FEM (P <0.05) , 50 F1 a4 A DL
ST 1o 35 (F2) b B 5 e B 7 2
S B LG A R K Ay 2 IRk

N o 2 = (F3) ERA RS es H  28m 1Y
AT AL G A DR T | T R I, R i 44 R TS
PEHE T

FORFARYE Kaiser MEWIHEHL TSN+, B
T2 TTHRAN 78.62% (K 4) . FI EHRARK F e
PRl - 2807 1 28 T A4 4 A R L CEC IR I8 B P
WEIREE . Horb, 2 E M A R | RIS R
FEATRETIMI RN 5 CEC 48 - 18 e 4 J R U B 45 f FH
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Table 4 Results of factor analysis using varimax rotation for each of the retained soil properties

INFZURERSG After wheat harvest

FHEFEHR Soil property

FARWIRSG After maize harvest

F1 F2 3 F1 F2
2% Total N -0.345 0.761 0.339 0.842 0.418
42 Total P 0.464 -0.330 0.732
2 Total K 0.063 -0.946 0.216 0.439 0.805
R Available N 0.880 0.278 -0.047
AL Available P 0.027 0.937 0.184 0.964 0.038
FHAEN Available K 0.845 -0.324 -0.189
AL DIPA - Zn 0.950 -0.047 -0.041 0.392 0.682
H 3k DIPA - Fe -0.720 0.623 0.042
H 3 DTPA - Mn 0.753 -0.261 0.197 0.173 0.839
AL Soil organic matter 0.940 -0.118 0.184 0.029 0.902
CEC -0.635 -0.244
JIkEG Urease 0.155 0.279 0.750 -0.948 -0.185
B PEE AR AR Alkaline phosphatase -0.376 0.068 0.827 0.876 0.299
FFIE(E Eigenvalue 4.860 3.200 2.090 4.090 2.990
J7 ZTIRRE Proportion/ % 40.540 26.660 17.430 45.390 33.230
FF5 22500k Cumulative/ % 40.540 67.200 84.630 45.390 78.620
2.2.3 BAFHAokix HLEREEIFRESAE  EEa R R, N ZE (K 1) $HEE A
1553, 715353 BIH R AL F; k00 PUFEFR43 T 1(F1)1545 ST> RT > NT > CT, A AL
F; = bZX, P A SEA AL o A A A AR R

b, b, TR REGERER S 9 ik, ZX, Fp
NEPR X1, Xy, AL X, FREAL IS R 1) 6

AR FRAE FLUF2 B B 45 0 e (1),
Pl v 25 AT, U BH A ARV B RS T8 F 2 X £

L ARG EN A S o BEVERS I 5= 53 i A7 X 5 (F2)
343 NT > ST > CT > RT, G #fAb BE 4 38 4 0 | s
TR

Tk Z (1) B AR AR AE IR B (F1) 78
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4 RT> ST> NT > CT, £ 4 PEBFVE RS it 2 I T 15 48
HHE . BHEREA LR T 2(F2) 1543 ST >
RT> CT > NT, 5/h&Z F1 1850 A — 500, R

2
A NT-r
(a)
1
g
it ® CTr A NT+
R NT+r
w2 & ST+r
s 0 L
&2 RT-r
¥
A ¢ ST-r
z
-1 @® CT+r
RT+r]
-2
-2 -1 0 1 2

F1 A HLR TR 2 71

Organic matter and nutrient factor 1

e ra, /NGRS 5b, EKIGR)E o

e LA —RE J& 2 M g A LBSR 40 A1 H 4 %
o ZRE PRI SR, TRAL e 13 U Ay,
G ICIE FRFEFTIE 1575 L e i P 5 22 o

2

(®)

W RT-r

@® CT+r
® ST-r

® ST+r

(=}

NT+r RT=+r

F2 5 BUs 37 43 Bl 52

Organic matter and nutrient factor 2
>

'
—_

A NT-r

@® CT-r

2 -1 0 1 2
F1 £ AE 4 AL X -7

Nutrient storage and supply factor

Note: a, after wheat harvest; b, after maize harvest.

B 1 SHESHEMEERENTREREHEREWNEFES

Fig.1 Biplot of tillage and residue management effects on factor scores
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<0.05),1 10 ~ 20 cm +3ERZ M, 0] GE 5 F5FF
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(Stratification ratio) U - IE T &, 45 5L F B NT 4bFE
T CT AbFE, Fuentes 252V F £ 5007 2543047 e %,
3o HTIETE LA, 25 R NT + r R E
55 ,CT+ 1/ - IRZ,NT - r £/ ; Govaerts %“5]&
RBNEMILER . B s 71500 LAZ R 5T
MRS AE AT AR RN B4 4 398 o o i 25 5 15
A7 AR NT A0 W 1 25 A 15 0 B T CT &b
PR ONT + v UNEFLERR RN 014, K FEH
—0.40) MR T NT - r(VNEFERH 0.50, EAKFEH
-0.07). TRFA JERHA I T L3850 IR PR RF Bk
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