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Effect of four tillage systems (1) winter wheat and rice rotary tillage (WRRT) (CK), (2) winter wheat and rice 
no-tillage system (WRNT), (3) winter wheat no-tillage and rice rotary tillage (WNRR), and lastly, (4) winter 
wheat and rice no-tillage in a raised bed (WRNB) on soil properties and crop yields was investigated in a 
field experiment in 2004–2010 in a wheat-rice crop rotation on the Chengdu Plain, China. The WRNT system 
significantly increased the saturated hydraulic conductivity and water infiltration relative to the WNRR and 
the WRRT (CK) systems. The soil cone penetration resistance was greater in certain soil layers beneath the 
three systems, compared to the CK system (P < 0.05). The three tillage systems also significantly increased 
soil erodibility K (P < 0.05) and soil organic matter (SOM) (P < 0.05) in certain soil layers but had no 
significant differences in the soil bulk density, total porosity, and specific gravity among the four tillage 
systems. Additionally, WNRR improved the wheat yield by 4.0% and rice yield by 8.8% relative to CK.  
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Abbreviations: SOM – soil organic matter, WNRR – winter wheat no-tillage and rice rotary tillage, WRNB – winter 

wheat and rice no-tillage in a raised bed, WRNT – winter wheat and rice no-tillage system, WRRT (CK) – winter wheat 

and rice rotary tillage  

 

INTRODUCTION 

The wheat-rice rotation system is the dominant cropping 

system used on the Chengdu Plain, China. However, 

many years of conventional tillage, based on "high input 

(inorganic chemical fertilizer, pesticide, water resources) 

consumption and high pollution," had a harmful effect on 

this region’s environment (Wang 2006). The continued 

use of tillage cultivation and straw burning is known to 

increase erosion, desertification and salinization of soils in 

the region (Yang et al. 2004). Hence, a significant focus 

has been placed on efforts to facilitate a transition from 

traditional cultivation methods to those that are more 

sustainable.  

The use of alternative tillage systems has been 

reported to change the structural characteristics of the soil 

(Liang 2010). For example, a no-tillage system combined 

with the return of straw residue reduces soil erosion and 

improves overall soil quality (Liu et al. 2010). Such 

practices also have a positive effect on the soil organic 

matter (SOM), surface roughness, moisture content, total 

porosity, aeration porosity, and soil strength limitations 

for root growth (Letey 1985; Benjamin et al. 2003), and 

reduce the soil bulk density and soil specific gravity 

relative to conventional tillage (Villamil et al. 2006). No-

tillage systems also play a key role in the soil 

hydrophysical properties (Feng et al. 2011). For example, 

no-tillage enhances water infiltration (Chang and 
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Lindwall 1989; Dao 1993; Shaver et al. 2002; Hobbs 2007) 

and saturated hydraulic conductivity (Hill 1990). Use of 

no-tillage, in combination with straw mulching and direct 

seeding, reduces labour inputs and potentially harmful 

emissions resulting from the straw burning. Additionally, 

numerous studies have confirmed that soil physical and 

biological factors are major regulators of overall crop 

growth (Kirkegaard et al. 1994; Ferreras et al. 2000). The 

combination of the effects of no-tillage systems on these 

factors increases crop productivity as no-tillage increases 

the soil’s water-holding capacity and aeration (Letey 

1985; Benjamin et al. 2003).  

Although no-tillage affects the soil properties, no 

consensus has been reached on the overall effects on 

crop yield (Wu et al. 2012). The effects have been 

demonstrated in wheat-rice rotation regimes in which 

wheat yield significantly increases under no-tillage 

(Zhuang et al. 1999; Tang et al. 2005; Liu et al. 2010). 

However, the effect of no-tillage on rice yield remains 

unclear (Saharawat et al. 2011). In fact, Shao et al. (2007) 

demonstrated that the rice grain yield and tiller number 

actually decreased under no-tillage. This trend was 

likely a result of water stress and increased soil 

infiltration rates that restrict water capture efficiency 

(Shaver et al. 2002). Previous studies have primarily 

focused on the effects of no-tillage on dry season crops 

(e.g., Shaver et al. 2002; Liu et al. 2010). The widely 

distributed wheat-rice crop coverage in China provided 

an opportunity to study crop yield and soil property 

responses to no-tillage in different cropping systems. 

The objectives of this study were to evaluate the 

cumulative effects of conventional systems (no crop 

residue coverage) and no-tillage (with crop straw 

coverage) systems by measuring the chemical and 

physical indicators of soil quality to evaluate soil quality 

in a long-term wheat-rice rotation, and to characterize 

the soil physical properties related to reduced rice 

growth and yield under long-term wheat-rice and no-

tillage rotation system (WRNT).  

MATERIALS AND METHODS  

This long-term tillage field study was initiated in 2004 at 

the Lianshan Experimental Station, located in Jinhua 

Village (30°59′N, 104°24′E), Chengdu Plain, China. The 

soil was clay loam (alluvial loam) with the topsoil (pH 

7.59) containing 39.9 g kg–1 SOM, 2.24 g kg–1 total nitrogen 

(N), 1.06 g kg–1 total phosphorus (P), 20.41 g kg–1 total 

potassium (K), 162.48 mg kg–1 alkali-hydrolyzable N, 

19.67 mg kg–1 available P, and 116.37 mg kg–1 available K. 

Prior to the beginning of the study, the experiment site 

had been under conventional cultivation (wheat and rice 

with annual tilling) for over 100 yr.  

The climate of the region is classified as “subtropical 

humid monsoon,” with a mean annual temperature of 

16.4 °C and rainfall of 910 mm (1954–2008), with 80% of 

the rainfall occurring between April and October. The 

monthly mean temperature and precipitation during the 

rice and wheat cycle during 2004–2009 and the long-term 

average (1954–2008) are presented in Tables 1 and 2.  

The experiment employed a randomized complete 

block design of four treatments with three replications 

(Table 4). The area of each treatment plot was 8.5 m × 10.5 

m.  

Initially, winter wheat cultivar ‘Chuanmai42’ was 

seeded by a 2BJ-2 planter on 30 October 2004 with an 

Shumin Liang et al. Tillage Systems on Soil Properties and Yield of Wheat and Rice in Rotation  

Table 1. The description of experiment treatments.  

Treatment Description 

WRNT 
Wheat and rice both no-tillage with rice/wheat straw 
coverage and wheat seeded by a 2BJ-2 planter, and 
rice transplanted by hand. 

WNRR 

Wheat no-tillage with rice straw coverage and rice 
rotary tillage without wheat straw coverage, wheat 
seeded by a 2BJ-2 planter, and rice transplanted by 
hand. 

WRRT (CK) 
Wheat and rice both rotary tillage without rice/wheat 
straw coverage and wheat seeded by a 2BJ-2 plant-
er, and rice transplanted by hand. 

WRNB 

Wheat and rice both ridge tillage (no-tillage, raised-
bed planting) with rice/wheat straw coverage, wheat 
seeded by hand in prying holes, and rice transplant-
ed by hand. 

 

Table 2. Monthly mean temperature and precipitation during 
the rice cycle during 2004–2009 and long-term average (1954–
2009)a. 

Month  

Monthly Mean  
Temperature (ºC) 

Mean Precipitation (mm) 

2004-2009 1954-2009 2004-2009 1954-2009 

May 22.3 ± 0.4 21.6 ± 0.1 85.9 ± 32.6 76.9 ± 7.4 

June 24.8 ± 0.4  24.3 ± 0.1 74.8 ± 12.8 118.1 ± 16.5 

July 26.6 ± 0.4 26.0 ± 0.1 228.6 ± 36.8 222.8 ± 14.4 

August 25.8 ± 0.6 25.5 ± 0.1 126.3 ± 22.5 199.1 ± 12.9 

September 22.5 ± 0.3 21.7 ± 0.1 143.4 ± 34.0 141.0 ± 12.8 

aSource: http://cdc.cma.gov.cn/home.do  
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average seed rate of 150 kg ha–1. For rice, the WRNB plot 

was planted with 30 × 42 rows of bundle seedlings and 

the WRNT, WNRR, and WRRT (CK) plots with 39 × 42 

rows of bundle seedlings.  

The average ratio of N:P:K was 135.0:37.2:32.0 kg ha–1 

for wheat and 165.5:25.2:35.3 kg ha–1 for rice. In all plots, 

before sowing the wheat or transplanting the rice, the 

existing weeds were killed using pre-emergence 

herbicides (40% pretilachlor + bensulfuron-methyl, 750 g 

ha–1). Weeds that emerged following wheat emergence 

were controlled via use of post-emergence herbicides 

(10% tribenuron-methyl, 150 g ha–1) or were removed by 

hand in the rice fields.  

At the end of the growing season for winter wheat in 

May 2009, three soil samples were collected from each 

plot at 0–10 and 10–20 cm intervals for determination of 

soil pH and SOM content. The soil samples were air-dried 

and sieved through a 2-mm sieve in the laboratory. The 

soil physical properties were determined using the 

cylinder method (Wei 1990). Three samples of intact soil 

cores from each plot were collected in 100-cm3 stainless 

steel rings at depths of 0–10 and 10–20 cm and the soil 

bulk density, total soil porosity, capillary porosity, and 

non-capillary porosity were measured.  

The saturated hydraulic conductivity was determined 

using the constant head technique (Dai 2008). Three 

undisturbed soil core samples were extracted from each 

plot from depths of 0–10 cm and 10–20 cm using stainless 

steel tubing (50.4 mm diameter × 50 mm length). The 

tubing was inserted into the soil until the upper edge of 

the tube was level with the soil surface, and extracted by 

hand (Feng et al. 2011).  

The penetration resistance was determined with a SC-

900 penetration resistance meter (Cone index; Spectrum 

Technologies, Inc., Plainfield, IL, USA) between rows at 5 

cm increments from the soil surface to a depth of 45 cm. 

Five measurements were made at each position for each 

(18 May and 6 October) harvest of winter wheat.  

The soil erodibility (K factor) was determined by 

placing 50 air-dried and weighed soil clods (5–7 mm 

diameter) on a 5-mm aperture sieve and subsequently 

immersing in water (Yu 2010). The number of cracked 

clods was counted at 1-min intervals for 10 min and the 

remaining soil was weighed after drying. K was 

determined from the equation:  

K = 2.303/t*logX/X – x  

where X is the weight of the 50 air-dried soil clods, x is the 

weight of the 50 soil clods after immersion in water, and t 

is the time (Chandra and De 1978).  

The soil water infiltration rate was measured using a 

calibration method. The first water level was recorded 

shortly after an irrigation event and the second water 

level was measured 2 h later. This measurement was 

repeated every 10 d and the soil water infiltration rate 

was calculated as follows:  

Soil water infiltration rate = (first level – second 

level)/120 min  

The soil pH was determined using a potentiometer 

immersed in a 1:2.5 soil:water mixture (the soil was sieved 

through a 2-mm sieve). The SOM content was determined 

using the potassium dichromate volumetric method (Bao 

2000), and analyzed in composite samples that had been 

previously air-dried and sieved through a 2-mm sieve.  

At harvest, all plants within each treatment plot were 

harvested by hand to determine the wheat and rice yields. 

During the rice transplanting period, the rice tiller 

number within a zone of area 1 m multiplied by the width 

of one row (>1 m from the boundary line) was counted 

with three repeats in each plot. The tiller number within 

this same zone was then counted every 7 d. These data 

were subsequently used to calculate the mean rice tiller 

number per square meter.  

The soil physical and chemical properties were 

analyzed using analysis of variance (ANOVA). The data 

model was as follows:  

yij = µ + τi + βj + εij  

where µ is the population mean, τi represents tillage 

system effects (fixed effects), βj indicates block effects 

Table 3. Monthly mean temperature and precipitation during 
the wheat cycle during 2004–2009 and long-term average  
(1954–2009)a. 

Month  

Average Temperature 
(ºC) 

Average Precipitation  
(mm) 

2004-2009 1954-2009 2004-2009 1954-2009 

October 17.5 ± 0.6 17.1 ± 0.1 47.4 ± 11.1 40.8 ± 2.9 

November 12.7 ± 0.4  12.0 ± 0.1 11.7 ± 2.4 15.6 ± 1.8 

December 7.5 ± 0.3 6.9 ± 0.1 5.1 ± 2.3 5.0 ± 0.6 

January 5.7 ± 0.3 5.4 ± 0.1 10.2 ± 2.0 7.6 ± 0.8 

February 8.8 ± 1.1 7.7 ± 0.2 7.7 ± 2.4 10.6 ± 1.1 

March 13.1 ± 0.3 12.0 ± 0.2 20.1 ± 4.7 20.0 ± 1.4 

April 18.4 ± 0.3 17.2 ± 0.2 50.9 ± 14.0 50.3 ± 4.6 

aSource: http://cdc.cma.gov.cn/home.do  
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(random effects), and εij is error (in the random effects). 

The least significant difference (LSD) was used to separate 

the means if the effect was considered significant (P < 

0.05). All statistical analyses were performed using the 

Statistical Analysis System (version 8.0; SAS Institute, 

Cary, NC, USA).  

RESULTS  

No statistically significant differences in the soil bulk 

density, total porosity and soil specific gravity were 

observed among the tillage treatments (P > 0.05; Table 3). 

The soil bulk density at 0–10 cm depth was significantly 

lower (8.4%) than that observed at 10–20 cm for all 

treatments (P < 0.05). However, the no-tillage systems 

reduced the soil non-capillary porosity by 23% except for 

WRNB at 10–20 cm depth. 

After harvest in the wheat fields, the soil penetration 

resistance under no-tillage was significantly higher 

(35.5%) than that measured under conventional tillage at 

32.5 cm depth, and 9.9% higher at 40 cm depth (P < 0.05; 

Fig. 1). After harvest in the rice fields, the soil penetration 

resistance under no-tillage was 22% lower (P < 0.05) than 

that measured under conventional tillage at 22.5 cm depth 

and 17% (P < 0.05) lower at 25 cm depth (Fig. 1). No 

difference in the water content was observed between the 

tillage systems over the sampling period.  

No significant differences in the saturated hydraulic 

conductivity existed among the four tillage systems 

(WRNT, WRRT, WNRR, WRNB) at a depth of 0–10 cm 

but significant differences were noted at 10–20 cm (Fig. 2). 

The saturated hydraulic conductivity (mm min–1) of 

WRNT at 10–20 cm was greater (57.8%) than that at 0–10 

cm. The saturated hydraulic conductivity and water 

infiltration under no-tillage were on average 2.1 times 

greater than under the WNRR and WRRT systems. The 

soil water infiltration rate at a depth of 0–20 cm was 

identical under the four tillage systems (Fig. 3). The 

infiltration rate was greater under WRNT than under 

WNRR and CK especially during the rice transplanting 

period after which it gradually fell.  

The soil pH was lower at a depth of 0–10 cm in the 

WRNT and WRNB systems compared with WRRT (CK) 

Fig. 2. Soil-saturated hydraulic conductivity following 
wheat harvest at a depth of 0–20 cm under different 
treatments. Note 1: Bars of the same color and the same 
letter are not significantly different according to a least-
significant difference (LSD) test at P ≤ 0.05. Note 2: WRNT, 
wheat and rice no-tillage; WNRR, wheat no-tillage and rice 
rotary tillage; WRRT, wheat and rice rotary tillage (CK); 
WRNB, wheat and rice no-tillage in a raised bed.  

Fig. 3. Soil water infiltration under different treatments in 
rice fields. Parallel to the x-axis and at the top of the figure, 
(*) indicates significance at the 0.05 level of probability, (ns) 
indicates no significant difference, and (**) indicates 
significance at the 0.01 level of probability. Note: WRNT, 
wheat and rice no-tillage; WNRR, wheat no-tillage and rice 
rotary tillage; WRRT, wheat and rice rotary tillage (CK); 
WRNB, wheat and rice no-tillage in a raised bed.  

Fig. 1. Variation in soil penetration resistance with depth at 
wheat harvest (May 2009) and at rice harvest (October 2009) 
averaged for measurements at five different sampling 
points for four different treatments. Among two columns on 
right side of the figure, left column (*) indicates significance 
at the 0.05 level of probability and (ns) indicates no 
significant difference at rice harvest. The right column (*) 
indicates significance at the 0.05 level of probability and 
(ns) denotes no significant difference at wheat harvest. 
Note: WRNT, wheat and rice no-tillage; WNRR, wheat no-
tillage and rice rotary-tillage; WRRT, wheat and rice rotary 
tillage (CK); WRNB, wheat and rice no-tillage in a raised 
bed.  
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(P < 0.05) but was almost neutral under the WRNT and 

WRNB systems. The soil pH of all treatments at a depth 

of 0–10 cm was lower (4.1%) than that at 10–20 cm. No-

tillage increased soil pH (0.9%) at a depth of 10–20 cm 

compared with WRRT with the exception of WRNB (P < 

0.05; Table 4).  

SOM content at 0–10 cm depth was 18.2% and 24.4% 

higher, and at 10–20 cm, it was 0.3% and 22.8% higher, 

under the WRNT and WRNB systems, respectively, than 

under WRRT. The SOM content was higher under the 

WRNB system relative to all other treatments at depths of 

0–10 and 10–20 cm, and was significantly higher relative 

to WRRT (CK). This increase in SOM content under the 

WRNT and WRNB systems also resulted an increase in 

the soil erodibility K by 23%, 3.3%, 12%, and 32% at 0–10 

cm depth (P < 0.05) and 10–20 cm (P > 0.05), respectively 

(Table 4).  

For identical irrigation levels, the tiller number 

decreased under the WRNT and WRNB systems relative 

to the WRRT system. For WRRT, the rice reached the 

maximum tillering stage of 21 d after transplanting, but in 

the WRNT and WRNB systems, the maximum tillering 

stage did not occur until 42 d after transplanting (Fig. 4). 

The entire rice growth cycle (i.e., flowering, producing a 

head, and reaching maturity) was delayed by 1 wk under 

the WRNT and WRNB systems relative to the WRRT 

system (Table 4).  

The trend of mean wheat grain yields from 2005 to 

2010 under different tillage treatments was as follows: 

WNRR (6974.9 kg ha–1) > WRNB (6948.5 kg ha–1) > WRNT 

(6900.8 kg ha–1) > CK (6703.8 kg ha–1) (P > 0.05). With the 

exception of 2006 and 2007, no significant differences in 

the wheat grain yield were found among the tillage 

systems. The trends under different tillage treatments 

from 2005 to 2010 were not completely identical (Fig. 5). 

The trend of mean rice grain yields from 2005 to 2010 

under different tillage treatments was: WNRR (8209.8 kg 

ha–1) > CK (7546.9 kg ha–1) > WRNT (6880.1 kg ha–1) > 

WRNB (6352.0 kg ha–1) (P < 0.05); hence, significant 

differences occurred in the rice grain yield among the 

tillage systems (Fig. 6).  

DISCUSSION  

The results showed that for rice-wheat cropping system, 

the soil bulk density was not significantly different 

Table 4. Effects of different treatments on soil properties 

Soil Property Depth 

WRNT WRNB WRRT (CK) WNRR 

0-10 
cm 

10-20 
cm 

0-10 
cm 

10-20 
cm 

0-10  
cm 

10-20 
cm 

0-10 
cm 

10-20 
cm 

Soil bulk density (Mg·m–3) 1.20a 1.37a 1.22a 1.25a 1.27a 1.33a 1.20a 1.35a 

Total porosity (%) 54.59a 48.92a 52.33a 52.61a 51.15a 48.21a 52.78a 48.96a 

Capillary porosity (%) 51.35a 46.92a 49.23a 47.54a 48.78a 45.53a 49.13a 46.86a 

Non-capillary porosity (%) 3.24a 2.00b 3.09a 5.06a 2.37a 2.68b 3.66a 2.10b 

Soil erodibility K 0.37a 0.28a 0.31b 0.33a 0.30c 0.25a 0.37a 0.28a 

Soil specific gravity (g·cm–3) 2.55a 2.57a 2.52a 2.58a 2.55a 2.58a 2.50a 2.57a 

pH 7.08b 7.55a 6.94c 7.32b 7.44a 7.50a 7.27a 7.58a 

Soil organic matter (g·kg–1) 44.55a 29.53b 46.9a 36.16a 37.70b 29.45b 41.83ab 30.45b 

Means for soil properties under a wheat-rice cropping system within different tillage systems followed by the same lower case let-
ters (a, b, and c) are not significantly different at the 5% level.  
WRNT, wheat and rice no-tillage; WNRR, wheat no-tillage and rice rotary tillage; WRRT, wheat and rice rotary tillage (CK); WRNB, 
wheat and rice no-tillage in a raised bed  

Fig. 4. Rice tillering growth of a 1 m2 dynamic graph under 
four different treatments after transplanting. Parallel to the 
x-axis and at the top of the figure, (*) indicates significance 
at the 0.05 level of probability, (ns) indicates no significant 
difference, and (**) indicates significance at the 0.01 level of 
probability. Note: WRNT, wheat and rice no-tillage; WNRR, 
wheat no-tillage and rice rotary tillage; WRRT, wheat and 
rice rotary tillage (CK); WRNB, wheat and rice no-tillage in a 
raised bed.  
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among tillage treatments. This is not consistent with 

Shaver et al. (2002) who demonstrated that if no-tillage 

decreased bulk density, it must also increase total 

porosity, and as residue increased, so would total 

porosity. Villamil et al. (2006) also showed that no-tillage 

(with a winter cover crop) decreased bulk density and 

significantly increased total porosity. But in this study, no 

significant differences were observed in total porosity and 

soil capillary porosity between the tillage treatments; 

however, the WRNB systems did significantly increase 

the non-capillary porosity at a depth of 0–10 cm, which 

was beneficial for improving the soil pore structure. It 

means tillage systems may have a significant effect on the 

soil bulk density required for longer term: the effect did 

not yet reach statistical significance in 6 yr tillage system 

experiment.  

At wheat harvest and rice harvest, the soil cone 

penetration resistance was significantly different among 

the tillage treatments at 22.5 and 25 cm soil layers (Fig. 1). 

The soil cone penetration resistance (Kpa) is known to be 

highly correlated with soil physical properties, such as 

soil moisture content, soil texture and structure (Celik et 

al. 2010; Vaz et al. 2011), which is also known as an 

indicator of the quality of the soil structure (Singh and 

Kaur 2012) and soil productivity (Chung et al. 1995). 

Because a plough pan was under the WRRT (CK) and 

WNRR systems at 22.5 and 25 cm depths, the soil cone 

penetration resistance was greater under WRRT (CK) and 

WNRR at top soil, which had the beneficial effect of 

preventing water in the topsoil from leaking into the 

subsoil. Meanwhile, they had a small effect on deeper soil 

under tillage systems but there still was a general trend 

for an increase in influence on deeper soil under 6 yr 

tillage system experiment, which was due to the water 

moisture that reduced the effect of tillage systems. 

Relative to post-harvest of rice, the post wheat-harvest 

soil penetration resistance increased, whereas the WNRR, 

WRNT and WRNB systems increased the soil penetration 

resistance relative to the WRRT (CK) system. The soil 

penetration resistance was >400 Kpa under WRNB below 

30 cm depth, which had a detrimental effect on the soil 

production system. The increases in the soil cone 

penetration resistance ultimately affected the root system 

distribution, plant growth and final yield when the soil 

penetration resistance is too high. It should be reduced by 

irrigation (http://www.ac.ntu.edu.tw/DYLee/acrobat/

wen.pdf), which is in agreement with the results of our 

research; compared with the WRRT (CK) system, the 

WRNT and WRNB regimes can increase the need for 

irrigation post wheat-harvest.  

The soil water storage is usually characterized by the 

Fig. 5. Wheat yields from 2005 to 2010 under four different 
treatments. Note: WRNT, wheat and rice no-tillage; WNRR, 
wheat no-tillage and rice rotary tillage; WRRT, wheat and 
rice rotary tillage (CK); WRNB, wheat and rice no-tillage in a 
raised bed. Along the x-axis, (*) indicates significance at 
the 0.05 level of probability, and (ns) indicates no 
significant difference.  

Fig. 6. Rice yields from 2005 to 2010 under four different 
treatments. Note: WRNT, wheat and rice no-tillage; WNRR, 
wheat no-tillage and rice rotary tillage; WRRT, wheat and 
rice rotary tillage (CK); WRNB, wheat and rice no-tillage in a 
raised bed. Along the x-axis, (*) indicates significance at 
the 0.05 level of probability.  

Table 5. Effect of tillage systems on the growth stages of 
rice.  

 

Tillering Transplanting Flowering Entire 

(d) 
- Flowering 

(d) 
-Harvest  

(d) 
Growth 

(d) 

WRRT (CK) 77 84 30 114 

WNRR 76 84 30 114 

WRNT 84 93 29 122 

WRNB 84 93 29 122 

WRNT, wheat and rice no-tillage; WNRR, wheat no-tillage and 
rice rotary tillage; WRRT, wheat and rice rotary tillage (CK); 
WRNB, wheat and rice no-tillage in a raised bed  
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saturated hydraulic conductivity and the water 

infiltration rate. The WRNT and WRNB systems 

significantly increased the saturated hydraulic 

conductivity and water infiltration relative to WRRT (CK) 

which did not disturb the soil, as the SOM was low below 

20 cm soil depth. When soil dries, it shrinks and large 

cracks form. Additionally, long-term no-tillage broke the 

plough pan, which caused significant water leakage 

during rice transplanting, which is detrimental for the rice 

tiller number and rice grain yield and waste irrigation 

water. These results were consistent with those of Panday 

et al. (2008) but inconsistent with Laxmi et al. (2007) and 

Saharawat et al. (2010), who found that no-tillage resulted 

in a saving of irrigation water. Conversely, WNRR and 

CK, due to the rice rotary tillage, formed a dense plough 

pan at 20–25 cm depth. Therefore, the soil-saturated 

hydraulic conductivity and soil water infiltration rate 

were significantly lower and water leakage was slow, 

which was beneficial for the rice tiller number and grain 

yield. The soil-saturated hydraulic conductivity and soil 

infiltration rates were 8.47, 12.60, 1.18, and 1.40 mm min–

1 under the WRNT and WRNB systems at 10–20 cm soil 

depth, which was beneficial for wheat yields, but not for 

rice yields.  

Tillage systems greatly influence the soil properties  

(Table 5) and the performance of plant growth (e.g., 

tillering), which in turn affects crop production (Singh 

and Kaur 2012). The yield of winter wheat under the 

WRNT and WRNB systems was higher than that under 

the WRRT (CK) system, consistent with that observed by 

Tang et al. (2005) and Liu et al. (2010). However, the effect 

of WRNT and WRNB management on rice yield was less 

evident. Several studies have reported that WRNT results 

in an increased rice yield, while others reported a 

decrease (Zhuang et al. 1999; Li et al. 2001). The study 

showed that the WRNT and WRNB systems increased the 

saturated hydraulic conductivity and water infiltration, 

which caused rapid water loss, thus diminishing the tiller 

number. As a result, the field population of rice was 

insufficient, with an average increase in above-ground 

dry weight of <1 g m2/day, resulting in a loss in yield. 

However, the WNRR regime resulted in less water loss, 

ultimately increasing yield (Liang et al. 2010).  

The results showed the WNRR regime is better than 

the three other tillage systems in a wheat-rice cropping 

system which might be due to the generally positive effect 

of WNRR on the soil properties as demonstrated by the 

increase in resistance to soil erosion. However, the WRNT 

and WRNB systems resulted in a high saturated hydraulic 

conductivity and water infiltration rate, both of which are 

favourable for dry ploughing operations but were not 

beneficial for wet ploughing as they caused rapid water 

loss and increased the need for irrigation, since 

precipitation was lower during the rice cycle (Table 2); 

thus, rice tillering decreased, ultimately reducing grain 

yields. Findings of this study further highlight the key 

restrictive factors to crop growth in the region. The 

mechanism of the effect on the tillage systems in wheat-

rice rotation for a longer-term needs more research in the 

future.  

CONCLUSION  

More than 6 yr of cropping and tillage system studies on 

the Chengdu Plain showed that tillage/no-tillage systems 

significantly altered the soil physical and chemical 

properties, especially soil permeability. Changes in the 

soil properties directly affected crop growth and 

production but these effects differed depending on the 

crop type (e.g., no-tillage was beneficial to wheat 

production but not beneficial to rice yield due to a lower 

tillering number). The highest annual yield of the four 

tillage treatments was found in the WNRR system. These 

data provide a theoretical foundation for efforts to select 

the most appropriate region- and crop-specific tillage 

methods. A more complete understanding would form 

the basis for tillage management for improving the soil 

and crop yields in wheat-rice rotation areas.  
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