
Citation: Elsoragaby, S.; Kheiralla,

A.F.; Tola, E.; Yahya, A.; Mairghany,

M.; Ahmed, M.; Elamin, W.M.;

Mahgoub, B.K.M. Energy Utilization

and Greenhouse Gas (GHG)

Emissions of Tillage Operation in

Wetland Rice Cultivation. Land 2024,

13, 587. https://doi.org/10.3390/

land13050587

Academic Editors: Xue-Chao Wang,

Weize Song and Yingjie Li

Received: 22 August 2023

Revised: 17 September 2023

Accepted: 20 September 2023

Published: 28 April 2024

Copyright: © 2024 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

land

Article

Energy Utilization and Greenhouse Gas (GHG) Emissions of
Tillage Operation in Wetland Rice Cultivation
Suha Elsoragaby 1,* , A. F. Kheiralla 1, Elkamil Tola 2 , Azmi Yahya 3, Modather Mairghany 3, Mojahid Ahmed 1,
Wael M. Elamin 1 and Bahaaddein K. M. Mahgoub 1

1 Department of Agricultural and Biological Engineering, Faculty of Engineering, University of Khartoum,
Khartoum P.O. Box 321, Sudan

2 Precision Agriculture Research Chair, King Saud University, Riyadh 11415, Saudi Arabia
3 Department of Biological and Agricultural Engineering, Faculty of Engineering, University Putra Malaysia,

Serdang 43400, Selangor D. E., Malaysia
* Correspondence: suha.star.upm@gmail.com

Abstract: In Malaysia, wetland rice is cultivated over two cropping seasons: the main season,
from June to November, and the off-season, from January to June. The aim of this study was to
investigate tillage operations in rice production in relation to actual field operations and under real
field conditions for two rice cultivation seasons. The results showed that 80.7%, 17%, and 2.3% of
the total time was spent on the actual operation, turning time, and reversing time, respectively. The
results also showed that the mean effective field capacity, field efficiency, and fuel consumption were
1.2 ha/h, 80%, and 7.6 L/ha, respectively. The distribution of energy used in the first, second, and third
tillage passes amounted to 37%, 33%, and 30% of the total energy, respectively. Fuel, machinery, and
total GHG emissions were 62.4, 7.6, and 70 kg CO2eq/ha, respectively. Fuel represented the highest
contributor of energy expenditure and GHG emissions. The distributions of GHG emissions in the
first, second, and third tillage passes were 37%, 32%, and 31% of the total GHG emissions. The results
reveal that carrying out minimum-tillage operations led to a reduction in environmental impacts.
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1. Introduction

Rice is the most produced and consumed cereal in Malaysia [1]. The average amount
of rice produced in Malaysia in 1968 was 1.4 million tons, which has increased by 57.2%,
with 2.3 million tons produced in 2016. With proper infrastructural support and the
development of new rice varieties by the government, the country’s average yield increased
from 2.9 tons/ha in 1980 to 3.8 tons/ha in 2014 [2]. Land preparation in rice cultivation is
performed to provide suitable growing conditions for optimum plant establishment. The
result of any good land preparation activity is the facilitation of effective weed control
and the enhancement of water-use efficiency during the crop-growing season. Tillage is
also a concern as it facilitates the movement of air and water through the breaking up
and pulverization of soil [3]. Tillage operations in rice cultivation are used to enhance soil
surface roughness and aerate soil by increasing porosity and stimulating the decomposition
of crop residues. Hence, tillage is considered a key factor in optimizing growth. In rice
cultivation, tillage usually takes place at least twice in one growing season. It consumes up
to 59% of the total diesel required for all operations in crop production [4]. Performance data
on tractors and implements constitute a crucial factor for the management of agricultural
machinery; they facilitate and support the optimal selection of suitable tillage machines for
a particular farm, which minimizes crop production energy input [5].

Although agriculture is considered a major producer and consumer of energy, agri-
cultural production is positively related to energy input. Agricultural operations need
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