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EXTENDED ABSTRACT

Introduction

Rice (Oryza sativa L.) is a strategic staple crop that plays a critical role in global food security, particularly
in Asia. A substantial share of production costs in paddy systems is associated with conventional land
preparation, which typically involves primary tillage, puddling, and leveling conducted in sequential stages.
Although effective, this system is time consuming and characterized by high fuel consumption, excessive
irrigation water use, and increased machinery-related emissions. Therefore, developing an alternative tillage
method that is economically and environmentally efficient, while maintaining soil quality and crop
productivity comparable to conventional tillage, is of high priority. This study aimed to (1) evaluate the effects
of single-stage tillage and conventional puddled tillage on selected soil physical and chemical properties, and

(2) assess the feasibility of single-stage tillage as a substitute for conventional paddy land preparation.

Materials and Methods

A field experiment was conducted using three 200 m?2 plots under practical farming conditions. The
experimental design included three treatments: control (untilled soil), single-stage tillage, and conventional
tillage and two soil depths (0-15 and 15-30 cm). Soil samples were collected randomly with three replications
per treatment and depth. Prior to tillage, both treatment plots were flooded (12 cm water depth) for seven days.
In the single-stage system, puddling and leveling were performed simultaneously using a tractor-mounted
rotary tiller equipped with a leveling cover. In the conventional system, primary tillage (moldboard plow),
puddling, and leveling were conducted sequentially at seven-day intervals using a two-wheel power tiller.
After completion of operations, both tilled plots remained flooded for five days before sampling. Measured
soil properties included pH, electrical conductivity (EC), soil organic carbon (OC), redox potential (Eh), mean
weight diameter (MWD) of aggregates, bulk density (BD), saturated hydraulic conductivity (Ks), soil texture,
and field capacity moisture. Agronomic parameters were measured after rice harvest, including number of
tillers per plant, number of panicles and grain weight per square meter, and grain yield were measured after
harvest. Statistical comparisons were performed ANOVA test.

Results

Both tillage systems significantly reduced soil redox potential compared with the control, reflecting
anaerobic conditions induced by flooding; however, no significant difference was observed between single-
stage and conventional tillage. Tillage under flooded conditions altered soil electrical conductivity, creating
depth-dependent differences. Significant EC differences were observed between depths within each tillage
treatment. At 0-15 cm, the two tillage methods differed significantly, whereas no significant difference was
detected at 15-30 cm. Bulk density decreased significantly under both tillage systems relative to the control at
both depths. However, no statistically significant difference was found between the two tillage methods at a
given depth. Saturated hydraulic conductivity (Ks) increased under both tillage treatments compared with the
control. Significant differences were observed among treatments and depths. Notably, single-stage tillage
exhibited lower Ks than conventional tillage at both depths. Rice yield components and final grain yield
showed negligible and statistically non-significant differences between the two tillage systems, indicating
comparable crop productivity. Operationally, single-stage tillage reduced irrigation water use for land
preparation by at least 50 percent, decreased fuel consumption, and substantially shortened operation time
compared with the conventional multi-stage system.

Conclusion

Single-stage tillage demonstrated performance comparable to conventional puddled tillage in terms of
key soil physical and chemical properties and rice yield. Although minor variations were observed in certain
parameters, most differences were not statistically significant. Given its reduced operational time, lower fuel
consumption and associated emissions, and significant water savings (at least 50 percent) during land
preparation, single-stage tillage represents a promising, cost-effective, and environmentally favorable
alternative for paddy cultivation. Nevertheless, long-term studies are required to evaluate its cumulative
impacts on soil structural stability, nutrient dynamics, and overall soil quality to confirm its sustainability under

diverse agro-ecological conditions.
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