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Soil properties affected by different rotation systems under
long-term zero tillage in paddy field

LI Chaosu, TANG Yonglu® . WU Xiaoli, LI Ming, LIU Miao, XIONG Tao
(Crop Research Institute, Sichuan Academy of Agricultural Science, Chengdu 610066, China)

Abstract The effects of different rotation systems under zero tillage on soil properties were compared in this study. A
long-term experiment involving three cropping systems was established in Chengdu Plain in 2004, which were rotary
tillage without residue retention under wheat-rice rotation, which was local conventional practice (CW-CR) , year-round
zero tillage combined with residue mulching under wheat-rice system (ZW-ZR) and zero tillage with residue retention
under oilseed rape-rice system (Z0O-ZR) . After 10 completed rotations, soil samples were collected from four soil layers
(0-7.5,7.5-15.0,15.0-30.0,30.0—-45.0 cm) to determine its soil physical and chemical properties and enzyme
activity. Compared with CW-CR, continuous zero tillage increased topsoil organic carbon and available nitrogen content
by 41.3% —52.2% and 33.6% — 33.7% , respectively. However, soil available potassium content was significantly
reduced under zero tillage systems in all four soil layers. Zero tillage also had a potential to increase the formation of
large water-stable aggregates (diameter>>2 mm), while, it had little effect on soil bulk density, porosity, maximum
water holding capacity and enzyme activity. Under continuous zero tillage system, wheat-rice rotation was more
favorable to the formation of water-stable aggregates with diameter more than 5 mm in the topsoil than oilseed rape-rice

rotation,and there was no significant difference in other parameters for two systems. The highest soil quality index
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(SQD in 0= 7.5 cm soil depth was recorded in ZO-ZR, and the lowest was in CW-CR. Moreover, zero tillage was

favorable for wheat and oilseed rape growth, but decreased rice yield by 8. 7% and 4. 6% averagely due to poor

irrigated water retention. In the present study. zero tillage is beneficial to improve soil quality. especially ZO-ZR

practice, but limits rice production incensement.

Keywords zero tillage; wheat-rice rotation; oilseed rape-rice rotation; soil properties; crop yield
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Table 1 Effect of long-term tillage practices and rotations on soil nutrient contents of paddy field

~ LR/ 2R/ LW/ X Tl it &/ R/ e/

TR R/
Ab P q (g/kg) (g/kg) (g/kg) (g/kg) (mg/kg) (mg/kg) (mg/kg)

cm
Soil depth Treatment P Organic Total Total Total Available Available Available
D01 ept

P carbon nitrogen phosphorus potassium nitrogen  phosphorus potassium
CW-CR 7.05 ab 23.0b 2.29 a 1.11 a 17.4 a 143.7 b 40.0 b 199.3 a
0~7.5 ZW-ZR 6.77 b 35.0 a 2.66 a 1.27 a 12.6 b 192.1 a 50.5 ab 148.8 b
7Z0O-ZR 7.28 a 32.5a 2.73 a 1.18 a 16.3 a 192.1 a 59.0 a 153.7 b
CW-CR 6.97 a 22.5 a 2.23 a 1.02 a 16.8 a 136.5 a 38.3 a 186.8 a
7.5~15.0 ZW-7ZR 7.01 a 26.7 a 2.12 a 1.13 a 13.0 a 133.4 a 33.2 a 142.0 b
7Z0O-ZR 7.27 a 23.4 a 2.15 a 1.04 a 14.8 a 139.0 a 38.2 a 138.8 b
CW-CR 7.24 a 15.0 a 1.45 a 0.77a 17.0 a 76.6 a 15.9 a 190.9 a
15.0~30.0 ZW-ZR 7.13 a 18.2 a 1.70 a 0.86 a 13.0 b 80.8 a 14. 8 ab 147.0 b
7Z0-ZR 7.14 a 15.8 a 1.49 a 0.80 a 15.4 ab 115.0 a 9.5 b 143.5 b
CW-CR 7.44 a 9.4 a 0.91a 0.61 a 16.9 a 39.6 a 9.3 a 186.5 a
30.0~45.0 ZW-ZR 7.42 a 10.6 a 0.90 a 0.59 a 13.1b 43.0 a 8.2 ab 149.6 b
ZO-ZR 7.58 a 12.5 a 0.93 a 0.58 a 15.0 ab 40.7 a 5.5 b 141.0 b

1 : CW-CR, 2 7 A 4F e #F -+ JC it FF I8 L ZW-ZR , 22 %8 A AF Sa fk + A5 FF 48 1 ZO-ZR, il R R AR Sl + RS PR 1 A — £ 2 & 285 NS

FREARRR 253K 5% RFEKF. T,

Note; CW-CR,rotary tillage without residue retention under wheat-rice rotation; ZW-ZR, year-round zero tillage combined with residue
mulching under wheat-rice system;Z0O-ZR,year-round zero tillage with residue retention under oilseed rape-rice system; The data for
each parameter in the same soil depth followed by different letters are significantly different at the 0. 05 probability level. The same

below.
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AT ALK R AR R AF T AT . R AR
A —DNRKTURB R S S 10 4R 5 1Y K i
FI/INZE WS S o3 0 BORE 3, 45 2R 3R WY (R 2) L Bk
0~7.5 cm + )2 i B4 LI EE Ab A 4 BE MR

AE EBERE R KEUKL 7.5 em 22
DL B9 548 LB R b 1 R) 22 S 2 R GA B 18 25 K .
SRR IS . )R B A LB WA BRI B A A
L AR B LB AR Tl A AR S, 2 A BORE
i T 34— 2
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Table 2 Effect of long-term tillage practices and rotations on soil physical properties of paddy field

2014 4F K FE WK J5 2015 4FE/NZZ WOk Je
After rice harvest in 2014 After wheat harvest in 2015
1=} = 1=} ==
BRI B = TR el
em i KE/ KE/% - TEIL Bl A&/ KER/X% . EEL  BAL
; X 195°3 0 . . U 0 N I
Soil depth Treatment (g/cm?) Maximum =~ BRjE/%  BE/%  (g/em®) Maximum N" BRRE/ Y BRI/ %
on- on-

Bulk water- ) Capillary  Total Bulk water- ) Capillary  Total

) capillary ) ) ) capillary . )
density  holding ) porosity porosity density  holding ) porosity porosity

porosity porosity
capacity capacity

CW-CR 1.23a 41.0a 5.79a 44.4b 50.2a 1.34a 36.5a 8.83a 40.0b 48.9a

0~7.5 ZW-7ZR 1.25a 39.1a 3.89a 44.7b 48.6a 1.24a 41.6a 10.74a 40.8 ab 51.5a
7Z0-7ZR 1.19a 43.9a 5.06a 47.0a 52.1a 1.25a 42.2a 9.10a 43.2a 52.3a

CW-CR 1.33a 34.1a 0.93a 44.4a 45.4a 1.37a 35.0a 7.82a 39.7a 47.5a

7.5~15.0 ZW-ZR 1.33 a 34.7 a 2.88 a 43.1 a 46.0 a 1.43 a 31.9 a 5.69 a 39.3 a 45.0 a
7Z0-ZR 1.37a 33.9a 2.94a 43.3a 46.2a 1.40a 34.4a 6.36a 41.5a 47.9a

CW-CR 1.54a 26.3a 1.13a 39.4a 40.5a 1.59a 27.3a 4.41a 38.8a 43.2a

15.0~30.0 ZW-ZR 1.51a 27.9a 1.95a 39.9a 41.8a 1.59a 27.0a 3.60a 39.3a 42.9a
7Z0-ZR 1.51a 28.1a 2.33a 40.0 a 42.3 a 1.54 a 27.7 a 3.66a 38.8a 42.5a

CW-CR 1.51a 26.9a 1.33a 39.4a 40.7a 1.58a 27.0a 3.48a 39.2a 42.7a

30.0~45.0 ZW-ZR 1.53a 26.5a 1.49a 38.9a 40.4a 1.57a 26.4a 2.72a 38.6a 41.3a
7ZO-7ZR 1.50a 28.2a 2.21a 39.9a 42.1a 1.51a 28.8a 4.10a 39.5a 43.6a

2.3 AREE#HBEEXNBH LT EKEERARK ZNTE

Pkl R

e SR AT SR AR R B T A R 4
i« SBFRE AT AT 3 AT SRR TE 10T 2 v LK 3R
P ARBESEABIESE T IX — 258 (% 3) . 5 CW-CR
HHLE 35 22 G BF 22 R 189 I A8 > 2 mm ) K AR PE
PR L] S HAE 0~ 15. 0 em 4 J2 34 i 5 > BA
2.2 AR IR — B AR L2 R AR AE
A 3 R TR K AR 8 DA SR (ACRE A2 o A B AT T I
ZE 5 RAR >5 mm [ LE L 22 RS AR SR T Il A A
Ko 7.5 em REPUTE 2 B 48 LA b i) 22 5

2.4 AEGHEEEXERLEEFIENZM
- ST T B A R W AR A ALY 4
fife A R FR LA BE I HEAEH . AR
Wl (3 O KRG 0~7.5 em + 25 0§ FI
7.5~15.0 cm + )3 i AL AR AL L oA A5 4 2 A0 3R
] 4 Fp e Geb S0 10 S0 55 T | % 1 0 2 i A
TP Tl T i) V5 M 25 R OR 3. CW-CR B3R 2
AL PR AS . RS I R R S R
22 V10 2 Al T T B e T il 0 o T R 22
RIKLF 2 KOF X AT e S H 18 pH e A 6.
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Table 3 Effect of long-term tillage practices and rotations on the distribution of soil water-stable aggregates of paddy field
2014 4F K FEWOIR 2015 4 /N WK FF
LBRE, m After rice harvest in 2014 After wheat harvest in 2015
Soﬂczlpth Treatment —50 50~ 2.0~ 0.5~ <025 50 5.0~ 2.0~ 0.5~ <025
mm 2.0 mm 0.5 mm 0.25 mm mm mm 2.0 mm 0.5 mm 0.25 mm mm
CW-CR  35.3b 18.5b 24.4a 7.7 a 14.2a 25.5b  21.5a 28.1a 9.4 a 15.5 a
0~7.5 ZW-ZR  47.8a 22.8ab 17.2b 3.6¢c 8.6b 40.3a 22.9a 20.2c¢ 5.7b 10.9a
ZO-ZR 35.4b 24.1a 24.2a 5.9b 10.4b 32.0b 24.8a 24.1b 6.6b 12.5a
CW-CR  40.5b 20.0b  21.2a 6.1 a 12.3a 35.6b 24.7a 21.9 a 6.5 a 11.3 a
7.5~15.0 ZW-ZR  47.7 ab 25.3a 16.2b 3.5Db 7.3b 49.6a 21.4a 16.0b 4.4b 8.7b
ZO-ZR 50.0 a 23.8 a 14.2 b 3.4 b 8.7ab 49.9 a 23.3a 15.8b 3.8b 7.3 b
CW-CR 42.4a 24.4a 16.6 a 5.6 a 10.9a 33.4a 21.5a 22.9a 8.2 a 14.1 a
15.0~30.0 ZW-ZR 48.0 a 23.9 a 14.0 a 4.4 a 9.7a 38.5a 22.9a 20.9 a 6.9 a 10.9 a
ZO-ZR 48.9a 21.8a 13.9a 4.9 a 10.6a 41.9a 21.1a 19.3a 6.5 a 11.1 a
CW-CR 25.1a 23.8a 22.4a 10.0a 18.7a 28.9 a 14.7a 27.8a 11.7a 16.9 a
30.0~45.0 ZW-ZR 36.5a 23.4a 18.9a 7.4 a 13.8a 28.3 a 23.0a 21.9a 10.3a 16.5 a
ZO-ZR  37.8a 23.8a 17.3a 7.0a 14.1a 349a 20.7a 22.7a 8.2a 13.5a
F4 KEHEREEXNER T ERFENZMN
Table 4 Effect of long-term tillage practices and rotations on the activity of soil enzymes of paddy field
2014 4E KRR G 2015 4 /N WK FE
After rice harvest in 2014 After wheat harvest in 2015
PREE. L L
em oo A/ oAl BERRW/ BRIR G/ i EeAbmy/  WERREE/ BRI T/
Soil depth vy (mg/ (mg/ (mg/ Uy (mg/ (mg/ (mg/
(g~ ) (g+d)) (g'é)) (g°d‘)) (g~ b)) (g« d)) (g°‘d)) (g-c‘))
Catalase Invertase Acid Alkaline Catalase Invertase Acid Alkaline
phosphatase phosphatase phosphatase phosphatase
CW-CR 9.36 a 18.18 b 0.88 a 1.20 a 10.5 a 28.29 a 3.61a 4.00 a
0~7.5 ZW-ZR 9.36 a 25.40 ab 1.00 a 1.13 a 9.96a 25.83a 3.63 a 4,12 a
Z0O-ZR 9.66 a 30.11 a 1.39 a 1.34 a 10.38a 32.29 a 3.35a 4.47 a
CW-CR 9.06 a 11.10 a 0.70 a 1.10 a 10.38a 13.35a 3.45 a 3.62 a
7.5~15.0 ZW-ZR 8.58 b 14.12 a 0.85a 0.78 a 9.60a 11.74 a 2.84 a 3.17 a
Z0O-ZR 8.46 b 13.63 a 1.27 a 1.07 a 9.96a 11.71 a 2.67 a 3.63 a
CW-CR 7.56 a 5.10 a 0.57 a 0.42 a 9.12 a 4.80 a 1.40 a 2.36 a
15.0~30.0 ZW-ZR 7.50 a 6.22 a 0.63 a 0.46 a 8.94 a 5.18 a 1.51 a 2.18 a
Z0O-ZR 7.62 a 7.54 a 0.73 a 0.41 a 9.54 a 5.47 a 1.36 a 2.49 a
CW-CR 6.96 a 3.17 a 0.38 a 0.17 a 8.76 a 1.46 a 0. 70a 1.06 a
30.0~45.0 ZW-ZR 6.60 a 2.36 a 0.41 a 0.11 a 8.52 a 1.66 a 0.59 a 0.99 a
Z0O-ZR 6.90 a 2.95 a 0.49 a 0.08 a 8.94 a 1.20 a 0.52 a 0.89 a
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2.5 FEBHBEEXBEHIERERBHZME

TR R R A ER SR ER
F 84S LIRS B HAR AT A B SR R i o
MR+ L5 5 0 R AR 4 (SQD o R T bR 1 40
SN AR AR S EE UEAT T b AL AR B, B SQT A
BB B AR 52 A B A Ak B i) 614 22 5 R X 448 X6 4
EPEFTPER, £ 54 REFW,3 NI 0~7.5 cm
+ 2 SQI HE ¥k ZO-ZR>ZW-ZR>CW-CR, . #f
ARSI T LR G R O A T AR g e AR AR X
Tk LT 2Rt
2.6 FRASHEBEEXMNBHSAENE M

5 ME 1 LLRE R MIE R KR 3 A b B
2004—2015 4EAEY) p= i AR AL AN F- 2 7= th g . R
SRAEBREAE W) 7= i A7 8 R 8 Z2 804F 1y ZW-ZR
KRG P AR T CW-CROE 1(a)) ; IIR /T 3 4F , ZO-

x5 KEHEREEKXWEE 0~7.5 com TIEFR SR (SQI) EHIEY T HIFHIEE

Table 5

ZR KA = i W = T CW-CR, Z J5 AL T CW-CR,
Y 8 45 . 2 F o BEA R CW-CR K 7 & 22
FEAH R &S, T /hEE 1(b)), ZW-ZR #
X7 ZHE MR T CW-CRE X . ZO-ZR il
ST A I ) E KA TR . 10
R E R R F (£ 5),ZW-ZR Fl ZO-ZR K FE =
I CW-CR 20 I FEAR 8. 7 % Hl 4. 6 %, J4F 7 i
FEAK 3. 200 F1 20. 6% . BRI A AT+
BmE s . e RE FTEYRAR . 5L
S RCEIBI A AR RN S 7R (IR X & O
7K 3B W R . K RS B8 AR BT I P BE BF L X 2 3 1A
B3 T ROKRE RS . AR BESE BHK 5B U
B BF A B 1 K R TE B8 Ak I 2 B ) &b 1 K 43 B
HREREWER, BN TR, 8> 8
TR

EHRm

Effect of long-term tillage practices and rotations on soil quality index (SQI) of 0—7.5 cm

depth and averaged energy of grain for each crop and annual production from 2005 to 2014

KAEFFRIREIE/ /N QSO AT RIRE(E/ JE A KPR REAH /
Ak B 58 5 R AR 2K (GJ/hm*) (GJ/hm*) (GJ/hm*)
Treatment SQI Energy of Energy of wheat Energy of annual
rice grain (oilseed rape) grain production
CW-CR —0.39 127.2 111.7 239.0
ZW-ZR —0.27 116.1 115.3 231.4
7Z0-ZR 0. 66 121.3 68.5 189. 8
£ )
_ 180.0 [ () E gﬂ 140.0 (b)
£ £ 1600} 3 & 1200}
S @y
JE?; 1400 = ¢ 1000}
Ruky) g: é‘?&‘ ;_E‘
g =
& = 1200} 23 800t
Y w_CR 22
g D =2 ——CW-CR
< 100.0¢ —-ZW-ZR =< 600F —e-ZW-7R
—+70-ZR R —+70-ZR
80.0 : < g "

AE()Y Years

2004 2006 2008 2010 2012 2014

40.0 . . .
2004 2006 2008 2010 2012 2014
A4}y Years

CW-CR., 2 5 J& 48 e Bk -+ oAb A1 34 1 3 ZW-ZR . 22 7 J8 48 e BF -+ A5 AT I8 5 ZO-ZR . il 75 J8 48 S B+ R AP e 1

CW-CR,rotary tillage without residue retention under wheat-rice rotation; ZW-ZR, year-round zero tillage combined with

residue mulching under wheat-rice system;ZO-ZR,year-round zero tillage with residue retention under oilseed rape-rice system

1 2005—2014 FHAERERA KT (a) T/ E(

Fig. 1

i3 ) (b) ¥F I BE 18 B 5% 0

Effect of long-term tillage practices and rotations on energy of rice

grain (a) and wheat (oilseed rape) grain (b) from 2005 to 2014
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